Sweetener and flavoring 
Acesulfame Potassium (Ace K)   

Ace K is a non-caloric sweetener 200 times sweeter than sugar. It is used in tabletop sweeteners, toothpastes, soft drinks, desserts, baked good, etc. People with diabetes are safe to consume Ace K, and it does not contribute to teeth decay. No studies show that a small amount of Ace K is linked to any types of diseases. However, it might have some toxicity as female rats fed Ace K were more likely to develop breast tumors.
Saccharin 
Saccharin is used as a sweetener in food products such as drinks and candies. It is used because it has no food energy and it’s much sweeter than sucrose (table sugar). Saccharin is a white crystalline solid at room temperature. Saccharin by itself is insoluble in water, so its sodium salt is usually used in food. It also doesn’t react with chemicals in food, which makes it ideal for an additive. Saccharin had been proven to cause bladder cancer in rats. However scientists discovered this was because of special bladder conditions in rodents, different from that of humans, which led to bladder cancer. Saccharin is considered safe by food safety agencies in most countries.

MSG – Monosodium Glutamate
MSG is used in almost all fast-food chains and processed foods, including barbecue sauce, salad dressing, canned foods, dried foods, and snack foods such as potato chips, beef jerky, tortilla chips, and other seasoning mixtures. It is correlated with health effects such as headaches and nausea, but no definite links established.

Preservatives
Preservative food additives can be used alone or in conjunction with other methods of food preservation. They inhibit the growth of fescies or fungi, including mold, or antioxidants that inhibit the oxidation of food constituents. Common food preservatives include calcium propionate, sodium nitrate, sodium nitrite, and ethanol. 

Natural food preservation

Natural substances such as salt, sugar, vinegar, alcohol, and diatomaceous earth are also used as traditional preservatives. Certain processes such as freezing, pickling, smoking and salting can also be used to preserve food. Another group of preservatives targets enzymes in fruits and vegetables that continue to metabolize after they are cut. For instance, citric and ascorbic acids from lemon or other citrus juice can inhibit the action of the enzyme phenolase which turns surfaces of cut apples and potatoes brown.
Vanillin   
Vanillin is used as a flavoring agent in foods, beverages, and pharmaceuticals. Natural vanillin is extracted from the seed pods of Vanilla planifola. However, due to the limited production of natural vanilla and its high cost, synthetic vanillin is used more widely.
Xylitol
Xylitol is a food additive that acts as a sweetener. Xylitol is often present in chewing gums for the sweetening effect. It has fewer calories than table sugar, and it does not promote tooth decay. Not only is it useful for dental health care, recent study confirms that it is useful in many other fields, too. For example, it has a huge potential of being a cure for osteoporosis. Research proves that it improves xylitol improves bone density and prevents weakening of bones. It is also use for the sweetening of flavor in foods for people with diabetes. 

Xylitol is used around the world, mainly as a sweetener in chewing gums and pastilles. Other applications include oral hygiene products, such as toothpaste, fluoride tablets and mouthwashes. The pharmaceutical industry uses xylitol as a sweetener in its products.”

Food coloring and dye
Allura Red AC 
Allura Red AC is a red azo dye. At room temperature, Allura Red AC is in a dark red powder. In recent medical studies, Allura Red is found to be associated with several health effects. The results show that the mixture of this food coloring (as well as other colorings) with sodium benzoate preservative increases the hyperactive behavior in children. Like most of the other azo dyes, it may have slight allergy reaction by aspirin intolerant people and asthmatics. Studies also suggest that it is connected with cancer in mice tests.
Carmine
Carmine is used to brighten colors of a lot of foods. The color mainly comes from the carminic acid as produced by insects as deterrents to predators. It is one of the few natural and water-soluble colorants that resist degradation with time. It is also the most light- and heat-stable and oxidation-resistant of all the natural colorant. Carmines serve as antioxidants. In fact, carmines are 500 times stronger as antioxidants than Vitamin E. Therefore, they enhance the defense immune defense and repair damages done when body cells produce by-products from using oxygen. Carmine itself is not toxic. However, impurities in its preparation can cause a anaphylactic shock, which is a severe, multi-system allergy. Manufactured carmine exposed to impurities in a lab setting can be toxic enough to kill certain organisms in an animal testing.

Dye that used in food coloring
	Natural
	Artificial/Synthetic

	· Weaker coloring strength

· Unstable

· Abundant in resources

· Cost higher in production processes

· Safe

· Plants, animals, or microorganisms
	· Stronger coloring strength

· Stable

· Low cost: less amount produces brighter color

· Form carcinogenic β-naphthylamine in human body 


How it works?

· Colored dye molecules attach to food molecules to present colors. (Not chemical reactions since most dyes are water-soluble.)

· Commercial purposes. (Bright color makes food eye-catching; people tend to have mind-set on what color should the flavor of food be; eliminate natural differences on color presented to make food looks more natural…)

· Protection from damage by light (ex: vitamin). 

Baking Soda  
H2CO3+ NaOH ( NaHCO3 + H2O
· Is a white powder with crystalline grains

· Weak alkaline – acts to neutralize acids and break down proteins

· In combination with a liquid and an acid, baking soda undergoes a chemical reaction that releases CO2. This is a good use for baking because these carbon dioxide bubbles that are trapped in the dough will help the baked good to rise. That is why there are small holes in breads and cakes because they are holes left by escaping CO2 bubbles.

· Inexpensive, environmentally friendly, fragrance-free, and safe for nearly all surfaces

· Baking soda in the fridge helps to remove excess moisture and absorb odors.

· It helps crisper veggies to last longer

· Baking soda can be thrown on stove fires to produce CO2 to extinguish the flames. 

· It helps to wash chemicals and pesticides off fruits and vegetables

· It helps boiling vegetables to preserve their color, but this practice is not recommended because it destroys the vitamin C content of vegetables.

· Stains on porcelain sinks, toilets and plastics can be removed by applying baking soda.

· Baking soda can deter ants – pour a solid line and they won’t cross it

· A half teaspoon of baking soda mixed into a glass of water can act as a mouthwash

Citric Acid
Citric acid is a colorless odorless translucent crystals or powder. Has a strongly sour taste. Usually produced in powder form, citric acid is naturally found in citrus fruits. It easily mixes into liquids, making it a valuable acid. Lemons and limes have high concentrations of citric acid, accounting for their bitter taste. As a food additive, citric acid is in common use. It is used to make foods tart, or to adjust the acidity, or to mix with bicarbonates to generate carbon dioxide gas. It can be added to flavor soft drinks. It works well as a meat tenderizer because it tends to break down the meat proteins. However, it is bitter — one of its main uses in food is to make certain candy sour. When you buy sour candies, you may note many of them are covered with a fine white powder. This is citric acid, which adds an exterior coating to the candies and provides quite a bit of sour taste. It can make the mouth pucker or feel dry, and higher quantities will produce very sour candies. 
Gum arabic 
Gum arabic's mixture of saccharides and glycoproteins gives it the properties of a glue, and binder which is edible by humans. Other substances have replaced it in situations where toxicity is not an issue, as the proportions of the various chemicals in gum arabic vary widely and make it unpredictable. Still, it remains an important ingredient in soft drink syrups, "hard" gummy candies such as gumdrops, marshmallows, M&M's chocolate candies and edible glitter, a very popular, modern cake-decorating staple. It is an important ingredient in shoe polish, and can be used in making homemade incense cones. It is also used as a lickable adhesive, for example on postage stamps and cigarette papers. Printers employ it to stop oxidation of aluminum printing plates in the interval between processing of the plate and its use on a printing press. It is one of the most soluble gums in nature. 

Sodium Benzoate 
Sodium benzoate is present in much food around us. It can prevent bacteria and fungi, but it also poses threat to human health. Although sodium benzoate is popularly used in preserving food and drinks, such as salad sauce, soda drinks, jams, juices, and pickles, it poses certain threat to our health. When sodium benzoate reacts with ascorbic acid (Vitamin C), which is present in many of the aforementioned food and drinks, benzene will form. Benzene is a carcinogen. 

Sodium Nitrite
Sodium nitrite is a pivotal ingredient in processed meats, cured and smoked meat and fish, root vegetables.  It acts a preservative and curing agent in meat. Its purpose is to cure meats like ham, bacon and hot dogs. Sodium nitrite serves a vital public health function: it blocks the growth of bacteria and prevents spoilage. Sodium nitrite also gives cured meats their characteristic color and flavor.

Sodium nitrite has many benefits when it is an ingredient in a food product. Sodium nitrite greatly extends a product’s shelf-life, which is essential because the product lasts longer.  

Sodium Phosphate Dibasic   

Sodium phosphate dibasic has many uses. It can be used as an antioxidant as it preserves the food longer; prevents the food, such as noodles and pasta, from going soft. It can be used as an emulsifier as it helps to mix the oil and the water, for example, in salad dressing and pasteurized cheese. It can prevent gelation, ensuring that the food, such as milk powder, will not congeal. It can be used as a foaming agent to create foams. It can be used as a stabilizer, reducing cooking time as the ingredients of instant foods will stay mixed. It can be used as a buffering agent, because it controls the acidity of the product. Outside the kitchen, it can be used as a detergent, bleach, and cleansing of pipes, because it can remove the metal ions (Ca2+, Mg2+) from the material. In cosmetics and gel, it helps to emulsify and allow for the oil to be removed. In mouthwash and eye-drops, its alkalinity can kill bacteria. In colonoscopy it is used in small, dilute dosage to clear away the intestines and bowel before the checkup. 
Ceramics

Ceramics are heat-resistant, non-metallic, inorganic solids. In general, ceramics are corrosion-resistant, hard, and brittle. They are good insulators and can withstand high temperatures. Chemical bonds in ceramics can be covalent, ionic, or polar covalent depending on the chemical composition. There are two types of ceramics, traditional ceramics and advanced modern ceramics. Traditional ceramics are made of clay, heated at high temperature. They are used for dishes, flowerpots, roof and wall tiles. Clay consists of a large number of very tiny flat plates, stacked together but separated by thin layers of water. The water allows the plates to cling together but also act as a lubricant. Clay is easily molded. Advanced modern ceramics is one of the other types of ceramics. Commonly known advanced modern ceramics are SiC, silicon carbide, Al2O3, aluminum oxide, and Si3N4, silicon nitride.

Chemistry in Air Freshener 
· An air freshener is used to spread fragrances into the air. It works on the basic concept that molecules are free to move throughout the air. When the fragrance is sprayed into the air, it tends to move freely and spread, which is usually the main motive for using an air freshener.

· Air fresheners work the same way. The artificial fragrances mask the odors, while the chemicals coat nasal passages and diminish the sense of smell by deadening the olfactory nerves.

· Most store-bought air fresheners consist of formaldehyde, petrochemicals, p-dichlorobenzene and aerosol pollutants

· Formaldehyde: irritates the lungs and mucous membranes and may cause cancer.
· Petroleum distillates: are flammable, irritate the eyes, skin, and lungs, and may cause fatal pulmonary edema in sensitive individuals. 
· Aerosol propellants: used may cause nervous system damage if inhaled. 
· Air fresheners will aggravate asthma and there were also indications of neurotoxicity.
· It is recommended to use natural scent or look on the product label carefully. 
Soap   
Soap is created through a chemical reaction between a strong base and a fatty acid. In the experiment we did at school, we used lye and lard, and when these two compounds reacted, a saponification reaction occurred. This reaction created a bar of soap to be used for antibacterial, cleansing and moisturizing purposes. Yet how does soap clean? 

“Soap is an excellent cleanser because of its ability to act as an emulsifying agent. An emulsifier is capable of dispersing one liquid into another immiscible liquid. This means that while oil (which attracts dirt) doesn't naturally mix with water, soap can suspend oil/dirt in such a way that it can be removed.” A soap particle consists of a hydrophilic and carboxylate group which interacts with water molecules due to ion-dipole interactions and hydrogen bonding. The soap particles will then attract each other, due to the negative carboxylate groups, and form structures called micelles. When interacting with nonpolar substances such as grease and oil, the nonpolar hydrocarbon portion of the micelles break up the nonpolar oil molecules. A different type of micelle then forms, with nonpolar soiling molecules in the center. Thus, grease and oil and the 'dirt' attached to them are caught inside the micelle and can be rinsed away.

Although soaps are excellent cleansers, they do have disadvantages. They can be converted by mineral acids into free fatty acids and may also form insoluble salts in hard water, such as water containing magnesium, calcium, or iron. The products of such reactions form bathtub rings and other deposits on the surfaces of bathroom appliances.

Some of the typical components in soap include sodium lauryl isethionate, which acts as a detergent, wetting agent, and emulsifier,  stearic acid, which acts as a hardener, sodium tallowate, which is a cleansing agent, sodium isethionate, which is a saponification agent, and sodium stearate, which has lubricating properties and keeps the oil and water layers from separating.

Nail Polish 
Nitrocellulose

· flammable and explosive, so it's used to make dynamite

· come in different viscosities

· film forming agent, the film is brittle and adheres poorly to nails

Formaldehyde

· preservative, sterilizer, used to embalm bodies

· also used in particle board, plywood, and furniture
Dibutyl phthalate (DBP)-  to avoid cracks and chips

Toluene- purpose in nail polish is to make it apply smoothly

Eraser (Rubber) 
An eraser is made of rubber, factis, sulfur, quartz powder, fillers, and dye. 
The natural rubber is made of Latex, colloid that is tapped from plant, a mix of organic polymers. This kind of rubber is hard in cold and soft in hot, and it is perishable. The factis is softener made of rapeseed milk—the more the softer. Vulcanization is a process of adding sulfur into rubber which made it more durable by adding sulfur to the polymer. The crosslink from the disulfide bridge allows for the rubber to not lose form. Fillers are pumice or cretaceous powder (rocks). Now eraser is made of synthetic (plastic) rubber, softener, polythene, and dye. Polythene prevents the softener from getting onto the paper. It allows for the shaving to be rolled into a ball. When we rub the rubber becomes warm. When warm, it becomes stickier than the paper, thus the carbon (graphite), the visible part of the pencil, sticks to the rubber instead.
Glass  
Glass is an amorphous solid, which is responsible for its indefinite structure. It contains a good deal of disorder, unlike ionic solids that have a lattice structure. The chemical equation is SiO2, which is a network solid. Glass is made first by heating up the quartz and then immediately cooling it down. Various additives are added in the heated quartz. For example, the Na2CO3 is added to make the glass itself hard. B2O3 is added to make things expand and contract easily under large temperature changes for lab ware and cooking (Pyrex). K2O, which produces a hard glass that can be ground to the precise shapes needed for eyeglass and contact lenses. 

There are various creative applications to glass into real life. Golf club with glasses—apparently, it has some unusual characteristics which combines hardness with a “soft feel”. It transfers more of the energy of the golf swing to the ball with less impact to the golfer’s hands with regular metal woods. 

“The most familiar type of glass, used for centuries in windows and drinking vessels, is soda-lime glass, made of about 75% silica (SiO2) plus Na2O, CaO, and several minor additives. Often, the term glass is used in a restricted sense to refer to this specific use.

In science, however, the term glass is usually defined in a much wider sense, including every solid that possesses a non-crystalline (i.e. amorphous) structure and that exhibits a glass transition when heated towards the liquid state. In this wider sense, glasses can be made of quite different classes of materials: metallic alloys, ionic melts, aqueous solutions, molecular liquids, and polymers. For many applications polymer glasses (acrylic glass, PET) are a lighter alternative to traditional silica glasses.

Keratin  
Keratin is a family of proteins found in hair. Keratin is extremely strong due to strong hydrogen bonding. The flexibility of keratin can vary. Flexibility is governed by disulfide bridging between chains of keratin. Less disulfide bridges means less rigidity. An application of this is to permanently curl hair by breaking its disulfide bridges, then reforming them when the hair is curled. The disulfide bonds will then hold the hair in its curly place.
Kevlar                 

Kevlar is such a successful material due to its tremendous tensile strength (the amount of stretching it can withstand before breaking). The reason why it is so strong is mainly due to the straight fibers that it possesses. It is used in armor (bulletproof vests, combat helmets), drumheads, sports equipment, substitute for steel in tires.
Water resistant mascara composed of volatile solvent, animal waxes, vegetable waxes, mineral origin wax pigments. The foundation is a mixture of water and oil agents that contain various pigments (naturally derived minerals or color agents), moisturizers like mineral oil, silicone, alcohols or other drying agents to dry quickly on skin. 

Lipstick is made of solid, insoluble waxy material mixed with non-volatile oil (easily applied to lips without stiffening), pigment and shiny film, esters of fatty acids which can be added to create stickiness, and cetyl alcohol which prevents melting.
It may cost cancer, neurological and reproductive damage, lipstick is often swallowed.
Pen
A ballpoint pen dispenses viscous oil-based ink by rolling a small hard sphere. The ink dries almost immediately on contact with paper. It has replaced the fountain pen as the most popular tool for everyday writing. The ink is prepared by adding some ferrous sulfate (FeSO4) to a solution of gallotannic acid. Fermentation or hydrolysis of the tannic acid releases gallic acid. Gradual darkening of the ink was due to the oxidation of the iron ions from ferrous (Fe2+) to ferric (Fe3+) state by atmospheric oxygen.
Perfumes composition
	base oil
	solvent
	It’s typically the mixture of ethanol and water that will eventually evaporate after absorbing body heat.

	
	fragrant essential oil
	It is a concentrated hydrophobic (repelling from water) liquid that comes from plants, fruits, or even animals. As its name, the essential oil is the main source of the fragrance of the perfume/cologne.

	aromatic compounds
	It has to be volatile and in high concentration to function. Its volatility and concentration determine how long the perfume can last and how strong it smells. Also, perfumes have three-part smell because the evaporation rates of the aromatic compounds are different. (EX: aldehyde, ketone, esters)

	fixatives
	It is used to reduce the evaporation rate and to improve the stability of the chemicals, especially the more volatile components, so that it allows the final product to last longer while keeping its original fragrance.


Some ingredients in perfume may cause health problem. For example:

· Nitro-musk such as musk xylene can cause cancer.
· Natural aromatics such as oak moss absolutes may cause allergies.

· Polycyclic synthetic musk can disrupt the balance of hormones in the human body and for example cause endocrine disruption.
To preserve your perfume (keep it from chemical reaction), keep it away from:
· Air can corrode the fragrance by oxidation (although anti-oxidants are added).

· Visible light has enough energy to bust the bonds in fragrance molecules.
· Heat
Plastics 
· Polymers mostly composed of hydrocarbons, sometimes contains N, Cl, S
· Two types: Thermoplastics and Thermosetting Plastics

· Thermoplastics: Do not undergo significant chemical changes when heating; can be formed and reformed.  

· Thermosets: Can only be heated and shaped once, as bonds form when cooled.  Assumed to have infinite molecular weight.

· Pure plastics are nontoxic.  They are insoluble in water and are chemically inert.

· However, pure plastics are often brittle, and other chemicals such as plasticizers are commonly added. These plasticizers such as cellulose nitrate and camphor may leach from the plastic into food or other things.

· Also, some monomers may be left in the plastic.  These monomers by themselves could be toxic.

· Plastics are generally formed from condensation reactions in which water and a copolymer are formed.

· Production of plastic involves cracking oil to reduce the number of large hydrocarbons, and then adding plasticizers, dyes, etc. 

· All plastics are biodegradable.  However, the rate of degradation is really slow.

· All plastics must be separated before recycling, because different plastics have different properties and melting points.

· Researchers look into biodegradable plastics which degrade at a faster rate.

· DEHP is a kind of plasticizer. It is a kind of phthalate which is an ester. 
Chemical in chili and peppers: capsaicin (a kind of amide)
Chemical in onion: sulfenic acid, RSOH
Chemical that gives the redness of tomato: lycopene 
Career Review

Aerospace Engineering

Synonymous with rocket science, aerospace engineering is the branch of engineering that deals with the design, construction, and science of aircraft and spacecraft.  Aerospace engineering involves a lot of knowledge in both chemistry and physics because they go hand in hand in this career.  Chemistry is needed to understand the composition of materials, which often branches into material science, and physics is pivotal because much of the science behind aerospace engineering is physics.  

Analytical Chemistry

Analytical chemistry is generally defined as the study of matter in order to reveal its composition, structure, and extent. The analyses obtained from the studies are fundamental and essential in both theoretical and applied chemistry. Early analytical chemists focused on the discovery and the identification of elements and compounds, whereas modern analytical chemists study on the structure and the characteristics of these already-discovered compounds.

Biochemistry
Biochemists are scientists who study the complex chemical combinations and reactions involving metabolism, reproduction, growth, and heredity. Half of all biochemists usually work for colleges and universities. Most of their tasks are weighing chemicals, filtering liquids, distilling ingredients, and growing cultures of microorganisms. 
Catalytic Chemistry
Catalytic chemistry is important in industrial processes, including areas such as petroleum, pharmaceutical, and environmental catalysis. Chemists working with catalysis have backgrounds in areas such as organic and inorganic chemistry, physical chemistry, solid state chemistry, surface chemistry, chemical engineering. Biology is also required for enzyme catalysis. Specialization in fields such as polymer and materials science is important for jobs in many industries.

Chemical Engineering

Chemical engineering is a field of engineering that applies physical sciences, natural sciences, mathematics, economics, and engineering to the manufacturing of chemicals from raw materials.

Cosmetic Chemistry
The cosmetics industry works to develop new and improved practices with benefits for the skin and for aesthetic appeal. Cosmetic chemists produce skincare products, makeup.
Ecotoxicologist

Ecotoxicology is the study of the effects of toxic chemicals on biological organisms, especially at the population, community, ecosystem level.

Explosive Ordnance Disposal
Explosive Ordinance Disposal specialists are the Army’s tactical and technical explosives soldiers. It is one of the most dangerous jobs in the US military. They are trained to handle and destroy explosives seized or turned over to the US Military, such as chemical, biological, nuclear ordnance, and Weapons of Mass Destruction. 

Flavor Chemist 
A flavor chemist creates flavors by enhancing the natural flavors already present in a certain food. Then, they must consider the ways in which this flavor can be used.
Food Chemistry Testing 

Studies to learn those chemical processes taking place inside food tell us what is safe to eat, make sure the quality is consistent and appetizing. These studies mainly include studies that do flavor, texture, aroma, temperature effects, and calorie analysis.

Forensic Chemistry

Essentially a scientist + analyst + witness, as the scientist needs to analyze data and defend the results based upon scientific findings.
Material Scientists

A materials scientist does two things. First, he does basic research, which studies materials on an atomic level, examining their composition, atomic characteristics, etc. Then, in applied research and development, he uses the information obtained from basic research and applies it on improving daily objects or creating new objects. Materials scientists have developed new and improved synthetic fibers, paints, adhesives, drugs, cosmetics, electronic components, lubricants, and thousands of other products.
Nuclear Chemistry

Nuclear engineers research and develop the processes, instruments, and systems used to derive benefits from nuclear energy and radiation. They design, develop, monitor, and operate nuclear plants to generate power. They may work on the nuclear fuel cycle—the production, handling, and use of nuclear fuel and the safe disposal of waste produced by the generation of nuclear energy—or on the development of fusion energy. Some specialize in the development of nuclear power sources for naval vessels or spacecraft; others find industrial and medical uses for radioactive materials—for example, in equipment used to diagnose and treat medical problems. 
Water Chemistry

What water chemists basically do is to study the impact of water on other elements in the systems and how other elements in these systems affect the quality of water. Water chemists also contribute to the design and implementation of processes and policies to manage these effects. 

Lab review

Spectrophotometry is numerous and can provide far more data than is often available by traditional wet methods. Spectroscopic techniques are based on that fact that light may be either absorbed or emitted by a sample. The amount absorbed or emitted is a function of the concentration.

Transmittance = I/I0 
Absorbance = -log T

Alum

KAl(SO4)2 . 12 H2O 
(K can be substituted by any metal with oxidation state +1 and Al can be substituted by any metal with oxidation state +3)
Melting point determination
Melting point is the temperature at which the solid substance is converted to its liquid form. Freezing point should have the same value as the melting point, but the physical reaction is reversed. A water bath should be set up for the determination of the melting point if the melting point is between 0 and 100 degrees Celsius. Otherwise, an oil bath is needed because its range is larger. Put the solid substance in a capillary tube that is closed at one end, and tape it with a thermometer and align the bottom of the capillary tube with the bottom of the thermometer, so that the temperature measured by the thermometer is the same as the temperature experienced by the substance. Then dip the thermometer with capillary attached into the water bath but not completely inside so that the water doesn’t go into the capillary tube, and the thermometer should not touching the bottom of the container. Increase the temperature of the water bath by heating it slowly, until the solid substance starts to melt, that is to become transparent, and the temperature at that point would be the melting point.
Boiling point determination

Boiling point is the temperature at which liquid substance is converted to its gaseous form. It is also the temperature at which the vapor pressure of the liquid substance is the same as the atmospheric pressure of the surrounding. This is why water boils faster, or the boiling point of water is lower, in places where atmospheric pressure is low such as a highland. The setup of the experiment is the same as that to determine the melting point. However, the capillary tube is not filled with the liquid substance, but dipped into small amount of it. Again, the boiling point should be between 0 and 100 degrees if water-bath is used, otherwise oil-bath is used. As the temperature of the bath increases, bubbles will gradually form in the liquid substance, but the boiling point is the temperature at which the formation of the bubbles becomes really slow and the liquid enters the capillary tube. This is because the vapor pressure is equal to the atmospheric pressure, which is also the pressure in the tube, so they are blended all together as gases.
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Aspirin

Aspirin is produced by the synthesis reaction of salicylic acid and acetic anhydride, with acetic as a byproduct. The laboratory reaction should take place in a flask in a hot water bath. But the formation of the product, which is crystalline form, should take place in low temperature. It is almost impossible to get a perfect 100% yield, meaning that it is impossible to convert all reactant molecules to product molecules. Therefore, to increase the percent yield, a process known as recrystallization should take place in ethanol solution, because the product is insoluble in ethanol, so it will separate out. 

Salicylic acid is a benzene group connected to a hydroxyl and a carboxyl functional group. A benzene group connected to a hydroxyl group is called phenol. Phenol forms a purple colored complex with ferric (iron) ions. The more intense the color, the more phenol is present in the solution. Aspirin, however, has no phenol group. So pure aspirin dissolved in ferric ions solution will show no color, whereas impure aspirin dissolved in ferric ions will show purple color with different intensity depending on the purity. Thus, the color can be used to determine the purity of a sample of aspirin and the successfulness of a synthesis reaction. Another method is to determine the melting point of the sample to compare with the official melting point. The more pure the substance is, the closer the melting point is to the official melting point.

Hardness of water

Hard water is water that has high concentration of mineral ions such as Ca2+ and Mg2+. It is not harmful to health, but it can create problems in industrial setting. Minerals such as calcium sulfate and calcium carbonate can precipitate. With hard water, soap solutions form scum instead of foam. Soap is made of long chain of hydrocarbon surfactant, stearate ions, C17H35COO-. This ion can attach to polar compounds that want to be removed. However, when soap is treated with hard water, it loses its effect and forms a precipitate with the calcium ion, (C17H35COO)2Ca. To solve this problem, water softening is necessary. A common method of water softening is to replace calcium and magnesium ions with sodium ions. 
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