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Student Questions

1. Why doesn’t water by itself clean clothes very well?

2. Explain why water is a polar molecule.

3. What are surfactants, and what effect do they have on water?

4. What else do surfactants do, and how do they do it?

5. What is a micelle?

6. What role do enzymes play in cleaning clothes?

7. What other factors besides chemical process are involved in cleaning?

8. What’s the latest technology involved in laundry cleaning?

Answers to Student Questions

1. Why doesn’t water by itself clean clothes very well?

Water by itself doesn’t clean clothes very well because “…water molecules tend to attract other water molecules but not molecules of oil or grease that are present in most stains.”

2. Explain why water is a polar molecule.

Water is polar because of uneven distribution of electrical charges within the molecule. The oxygen atom, which has a stronger attraction for electrons than does hydrogen, draws the electrons from the oxygen-hydrogen bonds closer to its end of the molecule making that end partially negative, while the electron-deficient hydrogen atoms’ end of the molecule are partially positive.

3. What are surfactants, and what effect do they have on water?

Surfactants reduce water’s surface tension. This helps water spread out more on the surface of fabrics, allowing them to absorb water faster.

4. What else do surfactants do, and how do they do it?

Besides reducing water’s surface tension, surfactants are also cleaning agents. The surfactant molecule is composed of two parts—a polar part and a nonpolar part. The polar part is attracted to water while the nonpolar part is attracted to grease and oil, thereby lifting the stain off the fabric and allowing the wash water to rinse it away from the fabric.

5. What is a micelle?

A micelle is a cluster of surfactant molecules surrounding a nonpolar oil/grease molecule. The nonpolar ends of the surfactant molecules point in toward the oil while their polar ends point away, attracted to polar water molecules around the oil.

6. What are enzymes and what role do they play in cleaning clothes?

Enzymes are biological catalysts, which speed up chemical reactions without being changed in the process. Different enzymes attack different types of stains: proteases attack protein stains; lipases attack stains composed of lipids or fats; and amylases attack starch-based stains. All these enzymes help remove stains from clothing.

7. What other factors besides chemical process are involved in cleaning?

Besides chemical processes, mechanical processes are also involved in cleaning. Clothes must be agitated to expose the stains to surfactants and water. Heat is also almost essential to cleaning. Besides its effect of speeding up chemical reactions in the washing machine, it also increases the solubility of both detergent in the water and stains from clothing.

8. What’s the latest technology involved in laundry cleaning?

The latest technology for cleaning laundry involves nanoparticles. Nanoparticles that actually repel stains have been incorporated into fabrics.

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.
Directions: Before reading, in the first column, write “A” or “D” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Water alone will remove odors from clothes.

	
	
	2. Surfactants increase the surface tension of water.

	
	
	3. Surfactants have a polar and a nonpolar part.

	
	
	4. Surfactant molecules surround stains so they can be lifted off the fabric being washed.

	
	
	5. Enzymes in laundry detergents usually remove only fats.

	
	
	6. A little saliva may help remove a stain.

	
	
	7. Agitation is unnecessary to remove dirt from clothes.

	
	
	8. Heat speeds up the chemical reactions involving enzymes, helping to remove dirt and stains.

	
	
	9. In the future, nanoparticles may make detergent obsolete.


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. Links to Common Core State Standards: Ask students to develop an argument about using synthetic fragrances, mascara, or laundry detergents. 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. 

2. Vocabulary that may be new to students:

a. Calories

b. Metabolism

c. Maillard reaction

d. Pheromones

e. Surfactant 

f. Micelle

g. Enzyme

Directions: As you read, complete the chart below, describing the chemistry involved in cleaning your clothes.

	Substance or Process
	Why does this help get clothes clean?  

Is it always necessary?

	Water 
	

	Surfactant
	

	Enzymes
	

	Agitation
	

	Hot water
	

	Future: Nanoparticles
	


Background Information 
(teacher information)
More on the history of detergents


Synthetic detergents were first developed in Germany in 1916, partly in response to the shortage of fats being used for the war effort (World War I). The surfactant, marketed as Nekal, was not used much for cleaning clothes, even though it was slightly better at cleaning than soaps of the time (cost may have been a factor here); however, it was a very good wetting agent, and as such it was used extensively (and still is) in the dye and textile industries for that purpose.

Not much happened with detergents for several decades. In the 1930s, detergents were produced in the United States, but they didn’t sell well (probably because they didn’t clean well at that time). As we now know, surfactants by themselves have limited usefulness in cleaning; builders, enzymes, etc. are needed to make surfactants work effectively and efficiently as detergents. 

It wasn’t until World War II that shortages of animal fats (used to produce materials for the war effort) once again forced manufacturers to research the development of cleaning agents that could be synthesized from raw materials not essential for the war effort, and that could be used by soldiers to clean clothes in sea-water (lots of minerals that made it hard water) and in cold water.

Another driving force behind research into new cleaning agents was the fact that cleaning with soap, especially in hard water, resulted in dingy looking clothes due to the residual accumulation of soap scum, called soap curd, on clothes. It was hoped that detergents could solve this problem.


The first commercial detergent produced in the US was Dreft, made by Proctor and Gamble as early as 1933. Unfortunately, with detergent research still in its infancy, that product only worked at cleaning clothing with light or no stains, and in light loads. (Today it is still produced, but primarily used for baby clothing or for fine washables; e.g., silks or wools, because it is such a mild cleaning agent.) 


Until World War II, about the only cleaning material available for washing laundry was soap. Housewives (not being sexist here—but at that time, housewives pretty much did all the laundry) had gotten used to shaving soap to make small shavings or flakes to put into the wash water. Smaller pieces were needed because whole bars of even smaller pieces of soap wouldn’t completely dissolve in the wash water, and would thus not be effective at cleaning. (This would be a good time to discuss with students the effect of particle size on reaction rate.) Proctor and Gamble had realized the usefulness of soap flakes in saving women time at home, and by 1910 they had manufactured Ivory Flakes as a prepared laundry soap. Apparently, P&G wasn’t the first to produce soap flakes (that honor goes to Lever Brothers in 1889 in Europe and imported into the US in 1906), but P&G may have been the first company to actively advertise and promote their flakes product.


In 1943, Proctor and Gamble created their then-brand-new “miracle” laundry cleaner Tide®. This was the first time that a surfactant had been formulated to include builders, the materials that helped surfactant penetrate more deeply into fabrics, increasing their stain-removing powers. After much laboratory testing, the product was released to the public in 1946. It was such a success with housewives that it became the best-selling laundry cleaner within two weeks of its release, and it frequently sold out in stores and at first had to be rationed, until production could be ramped up.

To give an idea of the enormous rise in synthetic detergent production, Table 1 compiled from figures submitted by the American Soap and Detergent Association and the German firm of Henkel & Cie shows both soap and detergent sales in the USA for various years to 1972.

Table 1
	US Soap and Detergent Sales

	Year
	Soap Sales 
(1000 tons)
	Synthetic Sales 
(1000 tons)

	1940
	1410
	4.5

	1950
	1340
	655

	1960
	583
	1645

	1972
	587
	4448


These figures reveal that immediately after the Second World War synthetics started making inroads into the production of soap, which now seems to have settled down to a constant whereas synthetics have increased enormously.

By 1959 although the US per capita consumption had somewhat levelled out, total production was still rising as shown in Table 2 which has been compiled from the 1963 Census of Manufacturers by the Bureau of Census of the US Department of Commerce and from the Henkel figures.

Table 2

	Comparative Production Figures for Synthetic Detergents
	1958
(1000 tons)
	1963
(1000 tons)
	1972
(1000 tons)

	Domestic detergents (solid)
	1200
	1425
	2672

	Domestic detergents (liquid)
	354
	640
	1773


The broad picture that appears from Table 2, is that while solid detergents (among which of course powders are included) are making great strides forward, the liquid detergents are increasing at a much faster rate. (http://chemistry.co.nz/deterghistorypart3.htm)

More on surface tension
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Here is a very simple description of the cause of surface tension. “The molecule in the centre of a beaker of water is very strongly attracted to all of its immediate neighbours, [due to the polar nature of water molecules and hydrogen bonding] and the pull is equal in all directions. The molecule on the surface, however, does not have any neighbours to speak of, in the air or gas phase above. It therefore, is being pulled inward. The result is a force applied across the surface like the skin pulled over a drum. The effect is defined as surface tension. (See Figure One). The related effect is that the water tends to seek the minimum surface area per unit of volume, or tends to form
Figure One 
spheres of droplets.”







Schematic Sketch of
(http://chemistry.co.nz/propwat.htm)





Surface Tension
More on detergents


Laundry detergents are a mixture of many materials, and typically contain surfactants, builders, whiteners, brighteners, perfumes and dyes, anti-re-deposition agents, enzymes and fillers. Each of these is described in a paragraph that follows.

Surfactants, short for “surface active agents”, interact with both water and oil/grease. They “lift” stains from fabrics by attracting nonpolar oil particles and forming micelles. These are then rinsed out of the wash water.  Surfactants make up somewhere between 8 and 18% of the detergent. Sodium lauryl sulfate (SLS, CH3(CH2)11OSO3Na) is a typical laundry anionic surfactant. Another large-scale component of laundry detergents is sodium dodecylbenzenesulfonate (C12H25C6H4SO3Na), a series of organic compounds (isomers). See “More on surfactants” below for more information on surfactants. 

Builders are essentially water softeners, substances added to detergent so that it works better in hard water conditions, where metallic cations such as Ca2+ and Mg2+ could form insoluble compounds that might re-precipitate back onto clothing, or that could react with the surfactants, thus reducing the efficiency of the detergent. Builders like phosphate can react with and remove these cations from the wash water (thus acting as water softeners in the wash cycle). Such compounds are among a group of substances called chelating agents, as they bind preferentially to di-cations (in this case, Ca2+ and Mg2+, which cause hard water). Compounds containing phosphate that once were prevalent in laundry detergents are sodium triphosphate (STP) or sodium tripolyphosphate (STTP). See “More on phosphates” below for information describing the demise of phosphates in laundry detergent. Other builders include sodium carbonate (washing soda), sodium silicate and borax (sodium tetraborate).

In addition to being water softeners, builders are also basic, so they can neutralize acids in the system and aid the breakup of fat and oil molecules by rupturing their chemical bonds. They make surfactants more efficient, so manufacturers can use less surfactant in the mix. Almost half of the weight of a box of detergent can come from builders (typically 20–45%). (Builders are cheaper than surfactants.)


Whiteners are added to help make clothes appear whiter. Bleaches are the most common substances added to serve as whiteners. A drawback to using bleach is that most bleaches contain peroxides, which can also oxidize the fabric. While bleaches make stains colorless, they do not remove the stain, so you still need detergent if you want to wash away the stain. Bleach may comprise 15–30% of the detergent. Typical bleaching agents are sodium percarbonate or sodium perborate.

This equation describes the reaction of sodium percarbonate to produce hydrogen peroxide:




      H2O

2 Na2CO3•3H2O2 (s)      →        2 Na2CO3 (aq)     +      3 H2O2 (aq)
Sodium percarbonate           Sodium carbonate     Hydrogen peroxide

A very simplified equation describing the hydrolysis of perborate ions to produce hydrogen peroxide is shown here:

BO31- (s)     +     2 H2O (l)     →     H2O2 (aq)     +     H2BO31- (aq)

Perborate ion     Water
Hydrogen peroxide
Borate ion
[image: image6.emf] 


The more complete reaction involves not the single sodium perborate monohydrate molecule, NaBO3•H2O, 
but its dimer, Na2H4B2O8, which looks like this:

You can find more about this reaction at 
http://www.organic-chemistry.org/chemicals/oxidations/sodiumperborate.shtm.

Brighteners are added to minimize the yellowing of fabrics. These materials work by absorbing ultraviolet light (340–370 nm range, UVA) and re-emitting it as visible blue light (typically 420–470 nm) that masks yellowing by reflecting more blue light, making whites appear “whiter”, and thus brightening the fabric. Brighteners constitute about 0.1% of the detergent mix. 

Perfumes are added for obvious reasons—to ensure that the clothes we wear smell good after washing. (The fragrance could also mask odors not removed by the detergent.) In addition, the signature smell of a detergent could mean the difference between a manufacturer selling or not selling its product if consumers like/don’t like the smell when they open the bottle of detergent. 

Dyes are added for the same reason—to make their product stand out from others on the market. The dye that colors the detergent is not concentrated enough to color fabrics washed in it, but there could be enough left on clothes after the wash cycle that it could be detectable by chemical/instrumental means.

[image: image7.emf]
[image: image8.emf]Anti-redeposition agents are used to ensure that stain materials removed from clothing in the wash do not re-deposit back onto the clothes later in the wash cycle. Both surfactants and builders can serve this purpose. Surfactants’ hydrophilic ends keep the dirt, attracted to the hydrophobic ends, moving through the wash water, preventing them from reattaching to the fabric, and builders react with the hard water cations, preventing them from reacting with stain molecules to form sticky precipitate molecules that would attach to clothes (and the inside of the washing machine) and remain there even through the rinse cycle. Where more anti-redeposition material is needed, carboxymethylcellulose or other similar water-soluble polymers can be added to the detergent.


Enzymes are biological catalysts similar to those used in the body to digest food. (That shouldn’t be surprising, since it is probably those same foods that have caused the stains on our clothing.) As mentioned in the article, the three types of enzymes in detergents—proteases (work on proteins), lipases (work on fats) and amylases (work on starches)—each breaks down its own type of material. The most effective detergents will have all three types of enzymes (“triple enzyme action”) to help decompose the stains. Since enzymes are biological products that break down over time, detergent manufacturers must also add to the detergent mixture enzyme stabilizers that protect the enzymes and help them function. Enzymes comprise a bit less than 1% of the detergent (0.75%).


Finally, fillers dilute and distribute the active ingredients so they are most effective. Powder and liquid detergents use different fillers. The principal ingredient in powder detergent is sodium sulfate. This gives the powdery, granular texture. Liquid detergents use water as the principal filler. 
Materials used as fillers for detergents include sodium sulfate, sodium chloride, borax, alcohols and anti-foaming agents. Fillers account for 5–45% of the total detergent mix. If the detergent is in liquid form, the filler is mostly water, at about 4–20%.

(http://home.howstuffworks.com/laundry-detergent.htm)

The following is a list of some of the actual materials used by Proctor & Gamble in the production of their detergent line (in Europe):
Surfactants
anionic surfactants
cationic surfactants
nonionic surfactants 

Oxidizing Agents
hydrogen peroxide
peracids 
photo-oxidants

Enzymes
lipases 
amylases 
cellulases 
protease

Softening Agents
soaps
zeolites 
silicates 
citrates

Polymers
polycarboxylates
polyethylene glycols
cellulose derivatives 

Other Ingredients
buffers
perfumes
optical brighteners
suds suppressors
chelators
(Proctor & Gamble’s UK Web site at http://www.scienceinthebox.com/en_UK/research/detergentsprinciple_en.html)

More on surfactants 

Essentially, there are four main types of surfactants, with the first three used the most in laundry detergents, and their actions depend on their interactions with ions. Ions are charged particles due to the gain or loss of electrons. Ions can be positive such as calcium, Ca2+, or negative such as chloride, Cl-.

1. Anionic surfactants are negatively charged in solution. However, they do not work as well by themselves in hard water. This is because hard water has many positively charged ions presents such as calcium (Ca2+) and magnesium (Mg2+). Since anionic surfactants are negative they are attracted to the positive ions and bind, making them unable to bind to other molecules in solution.

2. Nonionic surfactants have no charge. Therefore, they are not as easily impaired under hard water conditions, since they are not attracted to the positive ions.

3. Cationic surfactants are positively charged in solution. They help the anionic surfactant molecules pack in at the water/dirt interface thereby allowing the anionic surfactants to pull more dirt away.

4. Amphoteric or zwitterionic surfactants are both positively and negatively charged. These surfactants are very mild and are often found in gentler cleansers such as hand soaps, shampoos and cosmetics. [source: Silberberg]. 

(from howstuffworks: http://home.howstuffworks.com/laundry-detergent1.htm)

As has been stated, a surfactant can reduce the surface tension of water significantly at quite low concentrations. An example of the extent of the reduction of surface tension in water/aqueous solution via the addition of a surfactant can be seen in the following table, showing 

… that Softanol 90 [surfactant—linear secondary alcohols and ethoxylation products, Softanol 90®—used in detergent formulas] reduces the surface tension of water from 73 to 30 dynes per centimetre (mN/m) when used at a concentration of 0.005 percent. Ethanol when used at a concentration of 20 percent, however, only reduced tension of water to 38 dynes per centimetre.

Relationship of Surface Tension and Concentration

Table Two

	Percent Concentration required to reduce the surface tension of water to indicated values 

	Surface tension, dynes per cm 
	73 
	50 
	40 
	30 
	22 

	Softanol 90 
	0 
	0.003 
	0.0008 
	0.0050 
	--- 

	Ethanol 
	0 
	9 
	18 
	40 
	100



Here is a bit more detailed information about the nature of surfactant molecules and how they work.

[image: image9.emf]A particular type of molecular structure performs as a surfactant. This molecule is made up of a water soluble (hydrophilic) and a water insoluble  (hydrophobic) component (Figure Two).
The hydrophobe is usually the equivalent of an 8 to 18 carbon hydrocarbon, and can be aliphatic, aromatic, or a mixture of both. The sources of hydrophobes are normally natural fats and oils, petroleum fractions, relatively short synthetic polymers, or relatively high molecular weight synthetic alcohols. 
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The hydrophilic groups give the primary classification to surfactants, and are anionic, cationic and nonionic in nature. The anionic hydrophiles are the carboxylates  (soaps),  sulphates, sulphonates and  phosphates. The cationic hydrophiles are some form of an amine product. The nonionic hydrophiles associate with water at the ether oxygens of a polyethylene glycol chain (Figure Three). 

[image: image12.png]


In each case, the hydrophilic end of the surfactant is strongly attracted to the water molecules and the force of attraction between the hydrophobe and water is only slight. As a result, the surfactant molecules align themselves at the surface and internally so that the hydrophile end is toward the water and the hydrophobe is squeezed away from the water (Figure Four). This internal group of surfactant molecules is referred to as a micelle (m).
Figure Four
Schematic Sketch of Surfactant Molecules in Water

(http://chemistry.co.nz/surfactants.htm)

Beyond their use in detergents, surfactants have many and varied uses. For example, they can be found in the following:

· facial creams (surfactant to remove oils from skin)

· contact lens cleaners (reduces surface tension and removes oil—from tears)

· toothpaste (reduces surface tension, allowing toothpaste to enter crevices in teeth)

· paints (wetting agent—reduces surface tension—to ensure more even flow of paint onto surface)

· shampoos (surfactants wash oil away from hair—caused by sebum secreted from oil glands in scalp)

· dry-cleaning that uses liquid carbon dioxide as the solvent (relatively new process)

More on optical brighteners  


Many organic materials (like fibers) tend to yellow with time, due to degradation by UV or visible light. The degraded molecules absorb blue light, resulting in the yellow appearance in daylight. Optical brighteners (really, fluorescent dyes), which absorb ultraviolet light and re-emit it in the blue range of the spectrum, make clothes appear brighter and thus counter this yellowing effect.


A Web page at BASF describes in some detail how optical brighteners work. Actually, the detail involved in the absorption and fluorescence transitions may be more than you want—or not. It also describes the role of laundry bluing in making clothes appear whiter. (Laundry bluing was primarily used before optical brighteners came onto the scene, although it is still sold today.)

Principles of optical brightening 
Optical brighteners are colorless or slightly colored organic compounds that, in solution or applied to a substrate, absorb ultraviolet light and re-emit most of it at between 400 and 500 nm as blue fluorescent light (Figure 1). 

Figure 1: Example absorption and fluorescence emission curves

	Solvent 
	DMF 

	Concentration 
	4.4 mg/l 

	Layer thickness 
	1 cm 

	Absorption maximum 
	375 nm 

	Fluorescence maximum 
	437 nm 

	Quantum yield 
	0.81 
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Figure 2 illustrates the processes involved in light absorption and fluorescence by optical brighteners. Absorption (A) of light quanta by the brightener molecules induces transition from the singlet ground state, S 0, to vibrational levels of the electronically excited singlet state, S 1. 
Brighteners in the S 1 state are deactivated by several routes. Fluorescence results from radiative transition to vibrational levels of the ground state (F).

Deactivation processes competing with fluorescence are mainly non-radiative to the S 0 state (IC) and non-radiative to the triplet state (intersystem crossing, ISC).

The efficiency of fluorescence is measured by the quantum yield Φ:

F = Number of quanta emitted

      Number of quanta absorbed

It is determined by the relative rates of fluorescence emission and the competing processes. When fixed in solid substrates, brighteners fluoresce with high quantum yields (ca. 0.9).

Figure 2: Energy of optical brighteners and transitions

A = absorption                  ISC = intersystem crossing

F = fluorescence               S = singlet state

IC = internal conversion     T = triplet state
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Materials that evenly reflect most of the light at all wavelengths striking their surface appear white to the human eye. Natural fibers, for example, generally absorb more light in the blue range of the visible spectrum (‘blue defect’) than in others because of the impurities (natural pigments) they contain. As a result, natural fibers take on an unwanted, yellowish cast. Synthetic fibers also tend to yellow, although not as much (Figure 3).
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Whiteness in substrates can be improved by (1) increasing reflection (reflectance) or (2) offsetting the blue defect. Bleaching does both of these to some extent, but invariably leaves behind part of the yellowish cast. Even the most thorough bleach cannot remove all traces of yellowing.

Before the advent of optical brighteners, it was common practice to apply small amounts of blue or violet dyes (called ‘bluing’) to boost the visual impression of whiteness. These dyes absorb light in the green-yellow range of the spectrum, thereby reducing lightness. However, since they shift the shade of the yellowish material toward blue at the same time, the human eye perceives increased whiteness.


Unlike dyes, optical brighteners offset the yellowish cast and at the same time improve lightness, because their bluing effect is not based on subtracting yellow-green light, but rather on adding blue light. Optical brighteners are virtually colorless compounds that, when present on a substrate, primarily absorb invisible ultraviolet light in the 300-400 nanometer (nm) range and re-emit it as visible violet-to-blue fluorescent light.

This ability of optical brighteners to absorb invisible short-wave radiation and re-emit it in the visible blue light range, imparting brilliant whiteness to the light reflected by a substrate, is the key to their effectiveness.

(http://www.dispersions-pigments.basf.com/portal/basf/ien/dt.jsp?setCursor=1_564558)

More on the role of enzymes


Each of the three types of enzymes mentioned in the article is responsible for a different type of stain. By combining all three enzyme types, manufacturers can almost guarantee that the stains you encounter will be removed by its detergent formulation. The detergent’s enzyme combination may even result in a synergistic effect, as some stains contain more than one type of substance; e.g., a food stain may contain all three—protein lipid and carbohydrate.

Enzymes in detergent result in a cleaner wash and whiter white. In addition, they are said to be highly energy-efficient molecules, meaning that they can do their job of eliminating stains even in short wash cycles. And since these enzymes are effective at lower temperatures than the older bleaches, cold water detergents are becoming more prevalent.


In addition to the role of stain removers in detergent, enzymes also act as brighteners and whiteners. Fibers, especially cotton, tend to degrade a bit with each wash, resulting in tiny fragments breaking and standing up and away from the fiber. These tiny fibers scatter light, making the fabric appear yellow. Enzymes attack the small strands and destroy them, smoothing out the fiber and reducing the amount of light they scatter, resulting in a whiter, brighter appearance. Here’s a simple animation that illustrates the idea: http://www.scienceinthebox.com/en_UK/glossary/popup_carezyme_en.html.

More on cold water detergents

Detergents that work in cold water seem to work by having surfactant molecules that are shorter in chain length than typical surfactants. These organic molecules are more water soluble than their longer chain relatives. Unfortunately, they are not quite as good at dissolving oil and grease as their longer counterparts. But since they dissolve in cold water when the longer ones would not, they truly do function in cold water, which makes them better at cleaning in cold water than normal detergent surfactants. (Whether they clean at higher temperatures as well as normal detergents is not clear but, after all, consumers don’t buy them to use them in hot water, now do they?)

 “Tide Coldwater is specially designed with an increased amount of surfactant chemistry (as compared to regular Tide) that allows it to penetrate easily into fabrics. Tide Coldwater is also specially formulated with an increased amount of polymer technology (as compared to regular Tide) to suspend dirt particles to help prevent them from redepositing on fabrics, helping keep both your colors bright and your whites white.” (from Tide’s official Web site, http://www.tide.com/en-US/product/ultra-tide-coldwater-powder.jspx#info)

Laundry bleaches like percarbonates and perborates are of little use in cold water detergent formulations, as they are not very soluble at lower temperatures and so, are not very effective in cold water washes. Using a hot water powder detergent formulation in a cold water wash will show cloudy water as the undissolved bleaches remain undissolved.

Cold water detergents also use enzymes that activate at lower temperatures (but don’t deteriorate at the higher temperatures of “normal” wash loads. These enzymes do some of the work of the bleaches that only work at higher temperatures. (“See More on the role of enzymes”, below.)


Of course, the advantage of detergents that work in cold water is that they use much less energy (electricity) to run a load through a washing machine than detergents that require hot water. 

More on phosphates—“out with the old”
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A substance that was formerly widespread as a builder (a water softener) in laundry detergent was sodium triphosphate (Na5P3O10). It is inexpensive and highly effective. The anion of this compound (P3O105–) is strongly attracted to the positive ions naturally present in water (e.g., Ca2+, Mg2+ and Fe3+), because it has such a high negative charge. 

Despite its effectiveness, phosphate use was banned in laundry detergents in the United States in 1993, because its presence in wastewater was causing intense algae blooms in nearby lakes and streams. The phosphates serve as fertilizer for algae and other plant life in the water. When these algae die, they are decomposed  by bacteria on the bottom of the bodies of water. In the process, the bacteria deplete the oxygen dissolved in the water, which causes the death of fish and other aquatic species due to the lack of oxygen. 

Consumers became so wary of phosphate-containing detergent products that even today, manufacturers’ detergent labels still say that the product “contains no phosphates”, even though detergents haven’t contained phosphates for almost 20 years.

Phosphates are still used in dish detergents, but they are becoming illegal and are increasingly regulated in more and more states. As a result, some companies have replaced phosphates with more environmentally friendly substances in both laundry and dishwashing detergents. This led to consumer complaints for non-phosphate dish detergents that these new detergents did not clean dishes well and that glasses were encrusted with a hard white film.  [image: image14.png]OH  Na@
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Research is still being done to ameliorate these problems.

Fortunately, good substitutes have been found for phosphates in laundry detergents, and these phosphate-free substitutes have proven to be effective in removing hard water ions. Such a substitute is ethylenediamine tetraacetic acid or EDTA for short. EDTA is a hexadentate ligand, meaning it has “six teeth”, six negative sites in its structure that can attach to a metal cation and sequester it, rendering it isolated from other ions in solution—thus resulting in softened water, where the surfactants can now work directly on laundry stains, rather than being used up by their interaction with the hard water ions.
More on alkyl polyglycosides— “in with the new”


A relatively new group of surfactants is the alkyl polyglycosides. Although they were discovered in the 1890s, they were of little practical use at that time, and they were difficult to prepare, so they were not used commercially until the 1990s when chemists discovered a way to produce them more easily. These are nonionic surfactants, made from plant-derived raw materials (renewable resources), are suitable for products that come in contact with human skin, and are biodegradable. 
They have been tested and found to be benign environmentally. These surfactants are used primarily in industrial and institutional laundry applications. They find more frequent commercial use in skin care products. They are being hailed as the ideal “green” surfactants. Several of the polyglycosides derive from alcohols from palm or coconut oils reacting with corn starch. If these surfactants are derived from glucose, they are known as alkyl polyglucosides (see structure above). You can read more about them here: http://www.happi.com/articles/2008/04/apga-green-success-story.

It might be interesting for students to compare the ingredients found in detergents back in 1985 (when the ChemMatters article, “Detergents”, was written) with the ingredients in detergents of today. The two tables below allow them to do just that.

Table 1. Some common Ingredients found in detergent formulations

	Name
	Formula
	Abbrev.
	Properties and Uses

	Phosphates

Sodium tripolyphosphate

Tetrasodium 
   pyrophosphate

Tetrapotassium 
   pyrophosphate
Trisodium phosphate


Chlorinated trisodium 
   phosphate
	Na5P3O10
Na4P2O7 

K4P2O7
(Na3PO4 • 12 H2O)5
(Na3PO4 ·

12 H2O)5 • NaCIO
	STPP

TSPP

TKPP


TSP


CI-TSP
	Alkalinity builder, sequestering agent

Same as STPP, slightly more alkaline

Same as TSPP but used in liquid
   formulations because of higher solubility

Gives very high alkalinity but no
  sequestering ability

Gives high alkalinity and some sanitizing
   ability due to the release of
   hypochlorous acid (HCIO)


	Silicates

Sodium metasilicate


Sodium orthosilicate


	Na2SiO3 • 5 H2O 

Na2SiO4
	SMS

SOS
	Provides alkalinity and is an anticorrosion 
   agent due to its buffering ability

In its anhydrous form, provides extremely
   high alkalinity to heavy-duty industrial
   formulations


	Carbonates

Sodium carbonate

Potassium carbonate


	Na2CO3 

K2CO3
	Soda ash

None
	Provides alkalinity and is a water softener

Same as soda ash but in liquid
   formulations due to enhanced solubility


	Miscellaneous

Triethanolamine


Ethylenediamine
   tetraacetic acid, 
   sodium salt

Carboxymethylcellulose

Xylenesulfonic acid, 
   potassium salt

	N(CH2CH2OH)3 

C10H12O8N2Na4 
-(C12H13O10Na3)n- 

C8H9SO3K 
	TEA

EDTA

CMC

None
	Used for sequestering agent, primarily for
   iron(lIl) ion

A strong sequestering agent used in liquid
   formulations

Antiredeposition agent, thickener

Hydrotope, that is, it enhances the
   solubility of other compounds in water


(Wood, C. Detergents. ChemMatters 3 (2), pp 4–7)

	Name
	Formula
	Abbrev.
	Properties and Uses

	Surfactants
	
	
	

	Anionic Surfactants

Linear alkyl sulfonates

Sodium lauryl sulfate

Diethanolamines
Triethanolamines

Alkyl ammonium chloride

Nonionic Surfactants

Alkyl phenoxy polyethoxy

   ethanols

Alkyl polyglucosides

	RSO2O1- (long
   linear alkyl group)
CH3(CH2)11OSO3Na
NH(CH2CH2OH)2 
N(CH2CH2OH)3 
C9H16Cl2N4  
Varied

See section above 
   tables
	LAS

SLS, SDS
DEA
TEA

Quaternium
   15

APGs
	Surfactant—good ability to keep
   particles dispersed in wash water

Surfactant, inexpensive

Surfactant, neutralize acids
Emulsifier, used for sequestering agent, 
   primarily for iron(lIl) ion
Surfactant, disinfectant, deodorant
Surfactant

Natural, sugar-based surfactants,
   biodegradable, used primarily in
   industrial and institutional settings

	Builders
	
	
	

	Silicates

Sodium metasilicate


Sodium orthosilicate


	Na2SiO3 • 5 H2O 

Na2SiO4
	SMS

SOS
	Provides alkalinity and is an anti- 
   corrosion agent due to its buffering ability

In its anhydrous form, provides
   extremely high alkalinity to heavy-duty
   industrial formulations

	Carbonates

Sodium carbonate

Potassium carbonate


	Na2CO3 

K2CO3
	Soda ash

None
	Provides alkalinity and is a water 

   softener

Same as soda ash but in liquid
   formulas due to enhanced solubility

	Borates

Sodium tetraborate
	Na2B4O7
	Borax
	Softens water

	Triethanolamine
	N(CH2CH2OH)3  
	TEA
	Emulsifier, used for sequestering agent, primarily for iron(lIl) ion

	Enzymes
	
	
	

	Proteases

Lipases

Amylases
	
	
	Attack protein-based stains

Attack fat/grease-based stains

Attack carbohydrate-based stains

	Bleaching Agents
	
	
	

	Sodium percarbonate

Sodium perborate
	2 Na2CO3 • 3 H2O

NaBO3 • 4 H2O
	
	

	Miscellaneous
	
	
	

	Ethylenediamine tetraacetic
   acid, sodium salt
Carboxymethylcellulose

Polyethylene glycol
Xylenesulfonic acid, 
   potassium salt
	C10H12O8N2Na4 
-(C12H13O10Na3)n- 


	EDTA

CMC

PEG
	A strong sequestering agent used in 
   liquid formulations to chelate Ca2+, Mg2+
Antiredeposition agent, thickener

Antiredeposition agent, regulates
   viscosity in liquid detergents
Hydrotope—it enhances the
   solubility of other compounds in water


(various sources)
Connections to Chemistry Concepts 
(for correlation to course curriculum)
1. Electron affinity/electronegativity—Oxygen’s higher electron affinity/electronegativity accounts for its ability to draw electrons away from hydrogen atoms toward itself in a water molecule, resulting in the polar nature of water.

2. Hydrogen bonding—Water owes its high surface tension to hydrogen bonding between water molecules.

3. Surface tension—Surface tension must be overcome in order for cleaning agents to be able to lift non-polar molecules away from the fabric.

4. Water’s special properties—Water has many unique properties. The main property focused on in this article is its high surface tension, due to its polar nature. Water’s polarity explains many of its special properties; e.g., its role as “universal solvent”, high boiling and melting points, high heats of vaporization and fusion, high heat capacity, and solid water (ice) floating in its own liquid, caused by decrease of density due to bulk expansion upon freezing (also related to molecular structure of water).

5. Polar molecules—Water’s polar nature causes it to attract the polar ends of surfactant molecules, allowing the dirt molecules attracted to the nonpolar end of the surfactant to be washed out of the fabric and rinsed out of the washing machine. 

6. Non-polar molecules—Non-polar fat/oil/grease molecules are not attracted to water, so surfactant must be added to “draw them out”. Once attracted to the nonpolar end of the surfactant, they travel with the surfactant, which is attracted at its other, polar, end by polar water molecules and are rinsed out of the system.  In addition, fat/oil/grease molecules can also dissolve in other non-polar solvents such as gasoline or perchloroethylene (used in dry cleaning—“dry”, meaning, without water).

7. Hydrophilic and hydrophobic (amphiphilic)—Surfactants need both a hydrophilic part and a hydrophobic part in order to stay dissolved in water (hydrophilic) and also dissolve grease & oil (hydrophobic). Surfactants are thus amphiphilic—attracted to both polar and nonpolar substances.

8. Catalysts—Enzymes are biological catalysts. One fact that was not mentioned in the article is that, since enzymes are not consumed in washing clothes, very little is needed to accomplish the task of removing stains in a wash cycle. This is an example of catalysis in students’ daily lives.

9. Cations, anions—Phosphate’s triply-negative ion holds tightly to mineral cations dissolved/suspended in water and prevents those cations from re-depositing on clothing in the wash cycle. Anionic and cationic surfactants work because of their ionic structure.

10. Double replacement reactions—Many of the builder molecules become involved with these reactions when they remove hard-water ions from the wash water; e.g., Ca2+, Mg2+.

Examples:

a) Washing soda as a water softener (with Ca2+ as hard water ion):

CaSO4 (aq)      +      Na2CO3 (aq)      →      CaCO3 (s)      +      Na2SO4 (aq)
 gypsum
        washing soda
           chalk

   sodium sulfate

 (found dissolved   (added as water
      (precipitates
(remains dissolved)

 in ground water)
softener)

out)

b) Sodium triphosphate as a water softener (with Mg2+ as hard water ion):

MgSO4 (aq)     +     Na5P3O10 (aq)     →     Na2SO4 (aq)     +     MgP3O103-     +     3Na+
Epsom salts
  sodium triphosphate
      sodium sulfate        chelated Mg-     sodium ions

          triphosphate ion

(found dissolved    (added as water
       (remains in
  (all of these remain in
in ground water)          softener)
          solution)
  solution and rinse out)
11. Electromagnetic spectrum—Since brighteners absorb ultraviolet light and re-emit in the blue portion of the visible spectrum, this would be a great topic to kick off discussion of the entire spectrum. It can also be a way to get into the discussion of energies associated with chemical reactions, since UV has higher energy than visible light.

12. Solubility—Some of the water-softening reactions depend on the lower solubility of one of the products to remove the “hard water ions” from the water.

13. Solubility & temperature dependence—Most laundry detergents work better in hot water than in cold water because of increased intermolecular motion.

14. Surfactants—This is a class of substances that have both a hydrophilic end, attracted to polar substances like water, and a hydrophobic end that is attracted to nonpolar substances like oils or fats. They are necessary in detergents to attract the dirt.

Possible Student Misconceptions 
(to aid teacher in addressing misconceptions)
1. “Water is the only substance that has surface tension.” Nope. Water may be the only substance students have ever heard of in the context of surface tension, but actually many substances exhibit surface tension. In fact, any liquid that forms beads or droplets is exhibiting surface tension. Mercury, for instance, forms beads even at extremely tiny sizes, indicating it has lots of surface tension (487 mN/m vs. water’s 72 mN/m vs. gasoline’s 22 mN/m). (http://en.wikipedia.org/wiki/Surface_tension)

2. “Bleach removes stains.” Actually, bleach only removes (or lightens) the color of the stain, not the stain itself; the stain molecules are still there. That’s why you still need to wash the stained article of clothing after the bleach has done its work—or why some detergents contain bleach, to ensure that the stain will “disappear” even if some of its molecules remain after the wash cycle is complete.

3. “I’ll just wash everything in hot water, that way I know it will be clean.” OK, but you might regret it. Sure, the clothes will be clean, but they may also be damaged. Some fabrics need to be washed in warm water—or even cold water—to preserve the integrity of the fibers, to prevent shrinking or deforming of the clothes. Check the label to be sure you’re doing it right.

4. “Once all that nanotechnology stuff comes to market, I’ll never have to worry about washing clothes again.” Nanomaterials have been used in clothing for a while now; e.g., nanoparticles of silver are used as an anti-germ, anti-odor additive to athletic socks, but we’re still washing even those clothes. At best, for now, nano-additives in clothes extend their use between washings, to minimize odor, stains, etc. But they’re not yet to the point of being truly protected from getting dirty, so they still need to be washed—occasionally.

Anticipating Student Questions
(answers to questions students might ask in class)
1. “Are soap and detergent the same thing?” Although they are both made for the purpose of cleaning, and they both have somewhat similar composition, their source and the mechanism of cleaning for each is very different. For more information, see these two ChemMatters articles: “Soap” (Wood, C. Soap. ChemMatters, 1985, 3 (1), pp 4–7) and “Detergent” (Wood, C. Detergents. ChemMatters, 1985, 3 (2), pp 4–7).
2. “Why are there so many different varieties of one brand of detergent?” (Tide, for instance has 32 varieties.)” One reason for many varieties has to do with consumer purchases, based on their preferences and needs: varieties based on scent will attract different consumers, and some consumers have allergies and need a dye- and perfume-free variety; some consumers may want their fabric softener to be included right in the detergent to save them time; some consumers need serious stain-removing capabilities in their detergent while others don’t; consumers who are energy-conscious may choose the cold water formula to cut energy costs. A very real need (beyond consumer preferences) for differentiation exists for different types of washing machines that require different detergent types—high efficiency washers use less water so they need a detergent that produces fewer suds. And then one must consider the consumer’s environment: geographical areas that have soft water can use almost any “garden-variety” detergent, but areas with hard water will need specially formulated detergent made just for hard water environments. 

3. “How does dry cleaning work?” Dry cleaning uses a nonpolar solvent like perchloroethylene (or sometimes liquid carbon dioxide) to attract the oil/grease stains in clothing. The solvent itself then rinses the particles away from the fabric. It is called “dry” cleaning because no water is used, and the solvent molecules tend to stay on the surface of the fabric and don’t penetrate the fibers the way water does.
4. “Do the enzymes used in detergent for stain removal come from living things? (Do we kill things to make them?)” Although enzymes are biological catalysts, and therefore originated from living organisms, the enzymes are mass-produced in huge vats in production facilities, so no living things “were harmed in the preparation” of these enzymes.

5. “If fats are insoluble in water, how is it possible for fat to be absorbed into the blood stream since blood is primarily water?” Fats, either saturated or unsaturated, are made soluble in blood by first dissolving in the digestive tract through the use of a biological detergent called bile, which is produced in the liver and stored in the gall bladder. The mixing (emulsifying) of the detergent with the fats allows for the non-polar end of the detergent to interact with the non-polar end of the fat (the fatty acid end) while the polar end of the detergent bonds with the polar end of the fat (the glyceride ends) just as regular soaps and detergents would do when you wash greasy dishes with soap or detergent. Once the fat is emulsified in the digestive “juices”, it can be broken apart by hydrolysis (water and enzymes) to yield water soluble fatty acids, glycerols, soaps or mono- and di-glycerides which are then small enough and soluble enough to pass through the intestinal wall into the blood stream, although it is not clear what form the digested fat takes in passing through the intestine. Lipids are found in the blood stream but are in the form of lipoproteins that are soluble. This is important because lipids are needed in various locations of the body including the liver and the brain.
In-class Activities 
(lesson ideas, including labs & demonstrations)
1. If you want to discuss with students why detergents are preferred over soap for use in hard water settings, you can discuss the chemistry of soap’s interaction with hard water ions. This might tie in nicely with precipitation reactions, or solubility, or solubility equilibrium. Simple source material can be found here: http://chemistry.about.com/od/cleanerchemistry/a/how-soap-cleans.htm.

2. This Web site provides a series of experiments involving soap and detergent. In the first two experiments, students prepare their own soap and laundry detergent; in the third experiment they then test those two products for their: emulsifying properties, cleaning effectiveness in hard and soft water; alkalinity; and reaction with mineral acid. If you choose not to have students make their own soap and detergent, your students can still do the third experiment, using commercial soap and detergent. A student report sheet is provided. (http://www.chymist.com/Soap%20and%20detergent.pdf)

Here’s another experiment, from Dave Brooks, that investigates the effectiveness of soap vs. that of detergent in hard water. It is followed by an experiment that shows how a precipitation reaction that softens the water helps soap clean. (http://dwb.unl.edu/chemistry/labs/LABS12.html)

3. An interesting addition to the experiment in 2) above would be to investigate a third material, besides soap and laundry detergent—a dishwashing detergent. The properties of this material would all match more closely to those of the tested detergent than to those of the soap, except possibly for their ability to produce suds. Dishwashing detergents are designed to produce few suds, so this would match the soap’s property in terms of suds formation, but it would match the detergent’s property in terms of scum or curd formation.

4. This experiment repeats the hard water dilemma with soap vs. detergent, but it takes the idea one step further by having students measure the hardness of the hard water. They do this by titrating the calcium ions in the hard water using EDTA. A student report form is included. (http://www2.bakersfieldcollege.edu/deharvey/Laboratories/Lab%20Syllabus/Exp%2014%20Hard%20Water.pdf)

5. To demonstrate the effect of hard water on cleaning effectiveness, you could set up two beakers, each containing a powdered laundry detergent solution (say, a teaspoon in 100 mL). Then using a dropper, add a few drops of salt (NaCl) solution to one beaker and Epsom salts (MgSO4) to the other. Nothing will happen with the salt, but precipitate will form when the magnesium ions react with the builder in the detergent. This indicates that some of the chemicals that would normally be used to clean the clothes are now being used to react with the hard water ions, thus decreasing the effectiveness of the detergent.

6. Here is a short (4-page, with lots of photos, illustrations) pdf file that provides information about detergents and then asks a series of questions for students to answer. It is part of the Newfound/Laborador Education Consortium:

http://www.ed.gov.nl.ca/edu/k12/curriculum/guides/science/grade8/STSEScience8_fluids.pdf. Since it is self-contained, you might try it as a lesson plan for a substitute teacher when you are out for a sick day.

7. To show the effect of detergent on the surface tension of water, try the following. Fill a glass to the top with water and cover it securely with a piece of window screen. Cover the screen with a flat plate. Then invert the apparatus using the plate to hold the screen in place. When you carefully remove the plate, the screen will hold the water in the inverted glass. (You could discuss the role of air pressure in holding up the column of water at this point. Although that is not the focus of the demonstration, it helps to explain why the water stays up.) Return the glass to an upright position, add a little detergent, mix well, trying not to make bubbles, and replace the screen and plate. Reinvert the glass and remove the plate as before; the water now pours out. (Remember that the surfactant in the detergent acts to lower the surface tension of the water.)

8. An interesting demonstration/experiment dealing with surface tension involves milk, food coloring and a drop of dish detergent. Observe what happens at http://www.stevespanglerscience.com/experiment/milk-color-explosion. This makes a great inquiry-based experiment, especially if you don’t tell students the science behind the effect.

9. Another experiment that shows how detergent reduces surface tension involves putting a drop of detergent on the stern end of a paper cut-out boat and watching it move across still water. One version is experiment 9 at this site: http://www.scienceinthebox.com/en_UK/main/HTML/Experiment-Sites_Green/HTML/pdf/Experiment_Menu.pdf. The pdf document from Proctor and Gamble contains all 16 experiments involving detergents.

Here’s another version of the detergent-driven boat that uses a plastic bag sealer. There’s a brief (1:13) video to show you how it works. http://www.planet-science.com/categories/experiments/messy/2011/02/power-a-boat-with-soap.aspx
10. Another experiment at the Proctor & Gamble site in #6 above involves a test to see which detergents contain enzymes. The activity uses a Petri dish containing agar gel to see which detergents can liquefy the gel. It is experiment 13 at this site: http://www.scienceinthebox.com/en_UK/main/HTML/Experiment-Sites_Green/HTML/pdf/Experiment_Menu.pdf.

Here’s another experiment along the same vein, from GeorgiaStandards.Org: https://www.georgiastandards.org/Frameworks/GSO%20Frameworks/9-12%20Science%20Block%20Biology%20Energy%20Transformations%20Enzyme%20Action%20of%20Detergents.pdf. This one includes standards, lesson plan, etc.

11. You could demonstrate the alkalinity of detergents by testing with Universal indicator.

12. This site provides an extensive series of student experiments and much background material on “Surface Phenomenon and Colloids”: http://www.funsci.com/fun3_en/exper2/exper2.htm#presentation. It includes discussions of surface tension, surfactants and detergents, and it includes Web references for many of the activities.

13. This may be of more interest to biology teachers, but this pdf provides an experiment for students to perform in the field (well, really in the stream). Students can actually test for the presence of optical brighteners in local streams. Precautions are given to enhance safety. (http://www.longwood.edu/cleanva/images/Sec5.opticalbrightlesson.pdf) Here is a lesson plan that accompanies the pdf above: http://www.eece.maine.edu/research/gk12/Optical_Brighteners.htm. 

14. This site from the Royal Society of Chemistry, UK, has a series of demonstrations involving fluorescence of common materials: http://www.rsc.org/Education/EiC/issues/2006July/ExhibitionChemistry.asp.

15. To add sun protection to clothing, some detergents contain UPF sun blocking material, most likely Tinosorb FD. Students can use a black light and UV beads to test the effectiveness of this sunblock on clothing laundered with the detergent. (http://www.education.com/science-fair/article/laundry-detergent-uv-radiation/)

16. This experiment from the University of Maryland uses a spectrophotometer (you could perhaps use a colorimeter?) to measure the enzymatic action over time of a protease stain remover in laundry detergent as it removes a protein stain from cloth. (http://www.eng.umd.edu/~nsw/ench485/lab2.htm#List)

17. If you’re into typos, you might have students check out calcium “hypocrite”. (“If a name brand laundry detergent gives you or other family members a rash, it may contain sodium or calcium hypocrite, alkyl benzene sodium sulfonate, or sodium tripolyphosphate.”, http://www.helium.com/items/1679867-green-chemistry-detergents) Maybe this detergent thinks it’s better than it really is? 
Out-of-class Activities and Projects 
(student research, class projects)
1. Students might want to run their own tests on some detergents to assess the claims made in their advertisements. They will need to establish a standard testing regimen to ensure fair evaluations of all detergents.

2. Students can form a “research team” to develop a methodical test of a laundry detergent. The will need to work out a protocol that will include control experiments so that their comparisons will be valid. The can test how much detergent remains in clothes, at the end of their wash cycle, that have been washed with the manufacturer’s recommended amount. This could be repeated after several washings with no new detergent added. Compare clothes washed with smaller amounts of detergent. What do your results say about Albert Donnay’s statement that “People use too much detergent. That’s the dirty little secret of the detergent industry.” (From the April 1997 ChemMatters Teacher’s Guide) The tests could include amount of sudsing or alkalinity from detergent left behind from each wash/rinse cycle, as well as brightness remaining on clothes (as seen under ultraviolet light, due to fluorescent additives).

3. Students could compare the cleaning abilities of soaps vs. those of detergents, particularly in hard water. Again, they would need to establish standards of testing. 

4. Students can investigate labels on products such as detergents, soaps, shampoos and dishwashing detergents to determine the contents. They could then use reference books like the Merck Index to research each listed compound, find out its chemical structure and its properties, and finally, suggest its role in the optimal functioning of the product.

5. Students could research and debate the use of phosphates in laundry and dishwashing detergents.

6. Another area of interest (and some concern) related to soaps and detergents is the use of antibacterial soaps in hand-washing. Students could research the effects of washing hands with regular soap compared to those with antibacterial soap. Concern stems from possible bacterial resistance with continued use of anti-bacterial agents, as has happened with antibiotic overuse in both humans who are ill, and in livestock and poultry to prevent illness and spur growth. (Baxter, R. Antibacterials—Fighting Infection Where it Lives. ChemMatters, 2002, 20 (3), pp 10–11) (Sitzman, B., Goode, R. Hand Sanitizers, Soaps, and Antibacterial Agents: The Dirt on Getting Clean. ChemMatters, 2011, 29 (4), p 5) And here is a short About.com answer to the question “Is anti-bacterial soap any better than regular soap?” that students might use as a starting point for this project: http://health.howstuffworks.com/skin-care/cleansing/myths/question692.htm.

7. To test ingredients in detergents responsible for polluting local waterways, students could try something similar to this experiment. The activity involves measuring changes in small (2-L bottle) ecosystems over time. (http://www.life.umd.edu/grad/mlfsc/labs/detergent.html)

8. Students could investigate the effectiveness of a detergent containing a UV-absorbing compound in blocking UV-A radiation. Here’s a place to start: http://www.education.com/science-fair/article/laundry-detergent-uv-radiation/. The site includes a few references.

9. Students might be interested in determining the actual savings realized by using detergent that is designed to function in cold water vs. “normal” detergents. These cold water detergents usually cost more per load, but they save the user money because it takes much less electricity/gas to run cold water through the machine than to heat water for the warm/hot water load. Which detergent costs less overall remains to be determined.

References 
(non-Web-based information sources)
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In this early ChemMatters article, author Wood describes the chemistry of soap, including the formation of soap micelles. (Wood, C. Soap. ChemMatters, 1985, 3 (1), pp 4–7)


Here’s another older article by the same author, this one about detergents. In this one, phosphates are still discussed as potential problems, saying “State laws against phosphates must be considered.” Students might find interesting the progress we’ve made in eliminating phosphates from detergents over these relatively few years.

(Wood, C. Detergents. ChemMatters, 1985, 3 (2), pp 4–7)

Students might be interested in reading about plastic laundry bags used in hospitals to contain soiled laundry that are thrown into the hot water wash right along with the laundry. The bags are made of a plastic, polyvinyl alcohol, that dissolves in hot water. The last page describes a student experiment using various solvents to test the solubility of polyvinyl alcohol plastic. (A sample of the plastic was provided with this issue of ChemMatters.) 

(Wood, C. Dissolving Plastic. ChemMatters, 1987, 5 (3), pp 12–15) 


In the article, “Old News, New Paper”, ChemMatters discusses the role of surfactants and micelles in de-inking old newspaper to prepare it for recycling into new paper. 
(Borchardt, J. Old News, New Paper. ChemMatters, 1993, 11 (2), pp 12–14)

To save money, students might be tempted to use “activated ceramic laundry disks” or similar products that supposedly require no detergent at all! They can read more about them in this article: Goldfarb, B. Laundry Disks: Miracle or Money Down the Drain? ChemMatters, 1997, 15 (2), pp 14–15.

The December 1997 issue of ChemMatters presents a good description of hydrophobic and hydrophilic properties and of micelles as they relate to cleaning products, especially in hard water. (Dorrian, J. Dissolving Household Chores. ChemMatters, 1997, 15 (4), pp 13–15)


In this article author Rohrig discusses additives to detergents to increase their apparent brightness, and the role of fluorescence and its relationship to visible and ultraviolet light. (Rohrig, Brian. A Light of a Different Color. ChemMatters, 1999, 17 (2), pp 5–6)

For a description of the process that uses super-critical carbon dioxide as the solvent for a dry cleaning process, see Kirchoff, M. A Supercritical Clean Machine. ChemMatters, 2000, 18 (2), pp 14–15)

This ChemMatters article discusses the use of anti-bacterial agents in hand-washing—pros and cons. (Baxter, R. Antibacterials—Fighting Infection Where it Lives. ChemMatters, 2002, 20 (3), pp 10–11)

To augment detergents in cleaning clothes, bleach is often used. Here’s ChemMatters’ coverage of bleach. (Parent, K. Building a Better Bleach: A Green Chemistry Challenge. ChemMatters, 2004, 22 (2), pp 17–19)

In this ChemMatters article, author Halim introduces students to the world of nanotechnology. She discusses what nano is (materials from 1–100 nm), the various forms it takes (tubes, wires, balls), applications (medicines, drug-delivery), and methods of fabrication (top-down, bottom-up) (Halim, N. Nanotechnology’s Big Impact. ChemMatters, 2009, 27 (3), pp 15–17) (http://portal.acs.org/portal/PublicWebSite/education/resources/highschool/chemmatters/archive/CNBP_023539)

This ChemMatters article discusses whether we should regularly use anti-bacterial hand sanitizers to wash our hands. (Sitzman, B., Goode, R. Hand Sanitizers, Soaps, and Antibacterial Agents: The Dirt on Getting Clean. ChemMatters, 2011, 29 (4), p 5)

____________________

The Journal of Chemical Education contains the following article about the use of a flatbed scanner to determine “detergent efficiency”: Poce-Fatou, J.A.; Bethencourt, M.; Moreno-Dorado,F.J.; Palacios-Santander, J.M.; Using a Flatbed Scanner to Measure Detergency: A Cost-Effective Undergraduate Laboratory. Journal of Chemical Education, 2011 88, pp 1314–1317. (also available to J Chem Ed subscribers online at http://pubs.acs.org/doi/pdf/10.1021/ed100635z.) 

Web sites for Additional Information 
(Web-based information sources)
More sites on soaps and detergents 

For a visual company history of Proctor & Gamble’s development, that began with the manufacture of candles and soaps and now includes many vastly different families of materials, from 1837 to 2005, visit their historical site at http://www.pg.com/translations/history_pdf/english_history.pdf.

This site, http://inventors.about.com/library/inventors/blsoap.htm, gives a history about the commercial development of soaps, beginning back in the 19th century. Do you realize that liquid soap was first developed in 1865? And how did Ivory soap come to be the floating soap? 

For good illustrations, with equations and with color “3-D” models of important molecules in the synthesis of soap and the various types of detergents, refer to the following Web sites from Elmhurst College Chemistry Department: 

http://elmhcx9.elmhurst.edu/~chm/vchembook/554soap.html and 

http://elmhcx9.elmhurst.edu/~chm/vchembook/558detergent.html.

For a different and less technical discussion of soap and detergent synthesis and the chemistry behind the reactions, refer to http://www.cleaning101.com/sdalatest/html/soapchemistry1.htm.


Howstuffworks.com has a nice, concise 7-screen Web page describing how laundry detergent works. View it at (http://home.howstuffworks.com/laundry-detergent.htm).

The site also has a short 9-screen description involving the chemistry of cleaning clothes. View it at http://science.howstuffworks.com/the-chemistry-of-cleaning-clothes-info.htm.

More sites on detergents 

Proctor and Gamble provides an MSDS sheet for their laundry detergents. Here is the one for many varieties of liquid Tide detergents: http://www.pg.com/productsafety/msds/fabric_and_homecare/detergents/Liquid_2X_TIde_Laundry_Detergent.pdf. The MSDS does not list individual chemicals, but merely cites groups of chemicals. (The fact that the list comprises only 45% of the total composition of the detergent could lead one to surmise that the other 55% is water.) The MSDS for granular Tide found here http://www.pg.com/productsafety/msds/fabric_and_homecare/detergents/Ultra_Tide_Granular_Laundry_Detergent.pdf has ingredients whose varying composition ranges could add up to 100%.

Proctor and Gamble’s Web site also has a series of 16 experiments students can do using detergents. The experiments range from K–12. You can find them here: http://www.scienceinthebox.com/en_UK/main/HTML/Experiment-Sites_Green/HTML/pdf/Experiment_Menu.pdf.

Proctor and Gamble presents a series of 43 slides describing their plan Sustainable Innovation (for detergents) by 2020. Some of the slides might need more explanation, but some might be useful to show where they’re headed in the future, especially with cold water detergents. It includes lots of tables and charts. (http://www.dtsc.ca.gov/PollutionPrevention/GreenChemistryInitiative/upload/AAIII_7_Versteeg.pdf)

The Web site “Kiwi Web: Chemistry & New Zealand” provides some detailed information about detergents: their history, production history, washing improvements, chemistry and environmental history. Go to http://chemistry.co.nz/deterghistorypart2.htm and click on tabs under the “Kiwi Web” logo at the top of the page. And look around on each new page for more topics; the site is not always to navigate. You might actually want to start with this page, http://chemistry.co.nz/propwat.htm, and work your way forward.
http://www.happi.com/articles/2008/04/apga-green-success-story
SteveSpanglerScience.com has a page on UV beads with suggestions for experiments students can do: http://www.stevespanglerscience.com/experiment/uv-reactive-beads. (You can also buy the beads at this site.)

Pin Stripes and Polka Dots provides a rather extensive list of commercial detergents and their ingredients. The list is not terribly revealing, just the list of ingredients that are listed on the label; nonetheless, the list of brands (>60) is extensive. (http://www.pinstripesandpolkadots.com/detergentchart.htm)

More sites on surface tension


The AboutChemistry.com Web site utilized in the Background Information section contains a short synopsis of water’s polar nature, and data on its molecular weight, boiling point and surface tension, relative to its periodic table relatives (H2S, NH3, etc.) that you might want to use in your classroom. View it at http://chemistry.co.nz/propwat.htm.

More sites on surfactants


The AboutChemistry.com Web site also has more detailed information about the various functions of surfactants at utilized in the Background Information section contains a short synopsis of water’s polar nature, and data on its molecular weight, boiling point and surface tension, relative to its periodic table relatives (H2S, NH3, etc.) that you might want to use in your classroom. View it at http://chemistry.co.nz/surfactants.htm.

Here is a request for an exemption to FDA regulation for a series of alkyl polyglucoside surfactants, based on a GRAS (“Generally Regarded As Safe)” report: http://www.accessdata.fda.gov/scripts/fcn/gras_notices/grn000237.pdf. The exemption was submitted by a consulting group to the FDA in 2007.

More sites on enzymes

Laundry Detergent—How Enzymes are Changing Your Wash is the topic of this site. It contains information about how the enzymes are chosen and mass-produced. (http://www.housekeepingchannel.com/a_220-Laundry_Detergent___How_Enzymes_are_Changing_Your_Wash)

The LiveStrong site offers this page that discusses several laundry detergents that use enzymes. View it at http://www.livestrong.com/article/144673-laundry-detergents-that-use-enzymes/.

Proctor and Gamble’s site contains a page on enzymes—what they are and how they work in detergents: http://www.scienceinthebox.com/en_UK/glossary/enzymes2_en.html.

More sites on phosphates and eutrophication

One Web page of the US Geological Survey (USGS) Toxic Substances Hydrology Program Web site at http://toxics.usgs.gov/definitions/eutrophication.html provides several definitions of the term “eutrophication” and contains lots of links to other pages on their site that deal with phosphates and other nutrients that cause eutrophication.

A 2-page (pdf) fact sheet from Cornell University describing the phosphorus cycle can be found here: http://nmsp.cals.cornell.edu/publications/factsheets/factsheet12.pdf. As it is published by the College of Agriculture and Life Sciences, it focuses on phosphorus build-up from runoff of fertilizers into bodies of fresh water. 

You can view the phosphorus cycle via an animation from Discover Biology, 3rd ed., published by W. W. Norton & Co., on the Web at http://www.sumanasinc.com/webcontent/animations/content/phosphorouscycle.html. The animation can be used with or without narration. If the viewer chooses the step-through mode, text appears (without narration) to accompany the diagrams as the viewer can pace herself through the sequence; the narration runs at its own pace.

A comprehensive discussion of the phosphate detergent “conflict” can be found here: http://www.colorado.edu/conflict/full_text_search/AllCRCDocs/94-54.htm. The article, “Historical Perspective of the Phosphate Detergent Conflict” provides just that, with more than 25 references (hard copy references, not Web sites). It covers only the time period from the early 1960s to 1993, so the more recent decisions by states to ban phosphate in dishwashing detergents are not covered.

This article from Virginia Tech describes the detection of optical brighteners in local waters using a fluorometer. It also has a section that describes how optical brighteners work. It includes photos and diagrams, as well as references.

(http://filebox.vt.edu/users/chagedor/biol_4684/BST/OB%20Article-I.pdf)

More sites on soil and the chemistry of washing clothes 

Proctor and Gamble has a simple page that describes what laundry soil is and where it comes from. (http://www.scienceinthebox.com/en_UK/research/originsofdirt_en.html)

“Dr. Chemical: Chemistry in the Real World” is a blog that discusses many chemical topics as they relate to daily life. He discussed the topic of cleaning clothes and detergents in June, 2012. The site below starts at “The Chemistry of Clothes Washing #1 on June 9 and continues through June 25, with episode #13. It is an interesting blog in general, not just for clothes laundering. (http://drchemical.com.au/2012/06/page/4)

More sites on new technology 


The picture in the article involving NeverWet superhydrophobic spray, the chocolate syrup and the sneaker doesn’t do the product justice. Go to the NeverWet Web site to see a brief video that shows water and chocolate syrup “shooting off” the sneaker surface (which, by the way, is cloth, not leather or plastic—so the syrup should sink in, not slide off). (http://www.techeblog.com/index.php/tech-gadget/incredible-neverwet-superhydrophobic-spray-lets-chocolate-syrup-slide-right-off-your-shoes)

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


Coming Clean With Enzymes, a chapter in the Science in the Real World: Microbes in Action series, is a 4-lab, 4-day high school curriculum unit dealing with enzymes. “These labs show the ability of bacteria to produce extracellular enzymes. They also demonstrate the ability of these enzymes, when produced and collected through biotechnological techniques, to function as additives to household detergents and cleaners.”

(http://www.umsl.edu/~microbes/pdf/Coming%20Clean%20With%20Enzymes.pdf)

Carboxymethylcellulose


(Wikipedia)
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Figure Two �Schematic Sketch of �Surfactant Molecule





Figure Three�Polyethylene Glycol Chain
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The chelation of a metal cation (M) by the triphosphate ion


(Wikipedia)
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Metal ion chelated by EDTA


(Wikipedia)
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Alkyl polyglucoside


(Wikipedia)





The reference 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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