CHEM 208 Notes

Module 1 – Basics

Lesson 1.1 – Scientific Method

· Five Steps of the Scientific Method
1. Performing experiments
· Set of steps under controlled conditions to propose/test hypothesis
2. Making observations:
· Quantitative
· Qualitative
3. Proposing a Hypothesis
· Tentative explanation for observations
4. Confirming the Hypothesis
· Validity needs to be confirmed via repeated and controlled experiments
5. Proposing Scientific Law

· Repeatedly perform experiments and modify hypothesis
· Significant Figures
· Rules for Determining Sig Figs
· All non-zero digits are significant figures
· Counting begins from left with first non-zero number (leading 0s not significant)
· Zeros between non-zero digits are significant figures
· Terminal zeros are always considered significant if number contains decimal
· Rules for Sig Figs in Chemical Calculations
· Addition/subtraction: final answer contains same number of decimal places as the measurement with the least number of decimal places (least precise measurement)
· Multiplication/Division: final answer contains same number of significant figures as the measurement with least number of significant figures
· When exact numbers, unit conversions and constants are involved, number of significant figures are dictated by the measured quantity involved
· Rules for Rounding-Off in Chemical Calculations
· For multi-step calculations, all numbers are carried to the final result which is then rounded off to correct number of significant figures
· If digit being rounded is 5, round up if preceding digit is odd and stays same if even
· SI System of Units
· Length ( m
· Volume ( m3, L, mL
· Mass (kg
· Density ( kg/m3, g/L, g/mL

· Prefixes

· Giga=109, Mega=106, Kilo-103, Centi=10-2, Milli=10-3, Micro=10-6, Nano=10-9
Lesson 1.2 – Matter
· Elements and Compounds
· Elements: one type of atom ( metal, non-metal or metalloid
· Compounds: combination of elements
· Atoms
· Protons and neutrons in nucleus
· Electrons surround nucleus
· Electrons = Protons in a neutral atom
· Atomic Number, Mass Number and Atomic Symbol
· Atomic number: number of protons in nucleus, each element has a different number

· Mass number: total number of protons and neutrons

· Molecules and Ions
· Molecules: a combination of atoms ( H2O
· Ions: charged species formed by loss or gain of electrons (cation or anion)
· Cation generation: metal in a gaseous state loses electron
· Anion generation: non-metal gains electron
Lesson 1.3 – Periodic Table
· Russian scientist Dmitri Mendeleev proposed periodic table in 1869
· Groups: Vertical columns 1 to 8 and A or B
· Similar chemical properties
· Letter A designation are main-group elements

· Alkali metals, alkaline earth metals, halogens, noble gases

· Period: Horizontal rows 1 to 7
· Different chemical properties
Lesson 1.4 – Naming of Compounds

· Naming of Compounds
· Organic: compounds that contain at least one carbon atom
· Inorganic: compounds that don’t have carbon (exceptions ( CO, CO2, CO3 etc.)
· Ionic: metal and non-metal
· Covalent: two non-metals
· Ionic Compounds

· Electrostatic attraction between positive (cation from metal) and negative ion (anion from non-metal)
· Have a neutral charge
· In general, metals lose electrons and non-metals gain electrons
· Rules for Naming and Deriving Formulas of Ionic Compounds

1. Metals of group 1A, 2A, 3A ( charge = group number
· Li=Lithium, Mg=Magnesium etc.

2. Non-metals of group 5A, 6A, 7A ( charge = group number – 8
· Name is root ending with suffix-ide ( N=Nitride, O=Oxide, F=Fluoride

3. Many metals can form more than one cation

· Sn2+/Sn4+, Pb2+/Pb4+, Cu+/Cu2+, Cr2+/Cr3+
· Fe2+ and Fe3+ form FeCl2=iron (II) chloride and FeCl3=iron (III) chloride
4. Ions with a non-neutral charge are referred to as polyatomic ions
· Ammonium NH4+ and Carbonate CO32-are examples

· Ca2+ and NO3- form Ca(NO3)2
5. Name, formula and charge can be derived from common acids and bases
· Rules for Naming Covalent Compounds
1. Name first element in formula first

2. Name second element as an anion

3. Use prefixes to indicate numbers of atoms of each element

· Mono-, Di-, Tri-, Tetra-, Penta-, Hexa-

4. Do not use prefix mono- for first element
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Module 2 – Hazards in Work Environment
Lesson 2.1 – Occupational Hazards

· Types of Occupational Hazards
· Safety hazards
· Material handling, machine, energy, work practice and confined space

· Health hazards
· Physical, chemical, biological and ergonomic

· Causative agent is hazardous in high concentrations or prolonged exposure

· Assessment of Occupational Hazards
· Processes, operations and related activities ( emissions
· Equipment ( mechanical and electrical safety
· Properties of substances used and produced ( eval. of RM and FG in terms of phys/chem.
· Control measures ( engineering controls, ventilation system, protective equipment
· Physical Agents

· Pressure/temperature extremes, noise/vibration, poor illumination, radiation
· Pressure

· Hyperbaric: higher than normal ( mining and underwater
· Hypobaric: lower than normal ( high elevations

· Temperature

· Hot conditions: heat exhaustion, fainting, heat stroke
· Cold conditions: frostbite, hypothermia

· Noise

· Loud sound hinders communication leading to poor performance and safety
· Vibration

· Whole-body: mining equipment ( cancause back pain etc.
· Hand-arm: power tools (carpal tunnel syndrome
· Radiation

· Ionizing radiation: strong enough to damage cells and DNA (x-rays, high UV)
· Non-ionizing: prolonged exposure can harm (visible light, microwaves, infrared)
· Chemical Agents
· Fine Particles
· Potentially most hazardous because of entry and retention in lungs
· Dust, fume, smoke and mist
· Gases and Vapors
· Readily enter bloodstream through lungs

· Solvent degreasing, spray painting, welding
· Biological Agents
· Bacteria, fungi, viruses, other microorganisms and associated toxins
· Ergonomic Stresses

· Designing a work environment to fit people
· Reduce injuries/illnesses, improve productivity, increase satisfaction, satisfy gov’t regul.
Lesson 2.2 – Toxicology

· Introduction

· Toxicology is study of properties and interactions of physical, chemical or biological agents

· Entry routes into body

· Respiratory tract (inhalation)

· Digestive tract (ingestion)

· Skin and eyes (absorption)

· Toxicity
· Degree of danger of a material to injure living organism by other than mechanical means
· Influenced by
· Physical and chemical properties
· Intensity of exposure (concentration x duration of exposure)
· Mode of handling
· Routes of entry
· Susceptibility of worker
· Dose and Exposure

· Dose is amount of toxicants actually delivered to target organ (mg/kg)
· Exposure is total amount of toxicants present in workplace 
· Mg/m3 (mass of toxicant/volume of air) for particles
· Ppm for gases and vapors
· Higher exposures = greater probability of larger dose
· American Conference of Governmenetal Industrial Hygienists developed guidelines
· Lower TLVs = more dangerous substance
· TLV-TWA: average concentration  of exposure of substance during normal working hours
· Effects of Toxicants

· Duration of effect
· Acute: effect appears soon after exposure usually due to brief high concentration
· Chronic: appears over time after long periods of low concentration exposure
· Organ Affected and Physiological Action
· Toxicant may change normal functioning of an organ
· Chemicals causing physiological effects
· Asphyxiants, irritants, anaesthetics, narcotics, systemic, lung scarring, carcinogens, mutagens, teratogens
Lesson 2.3 – W.H.M.I.S.
· Workplace Hazardous Material Information System
· WHMIS was published in 1988 as a system to reduce illnesses and injuries caused by hazardous materials in the workplace
· Three key elements

· Cautionary labelling of hazardous materials

· Material Safety Data Sheet (MSDS) provides details of hazardous nature of material

· Worker education program

· WHMIS – Symbols and Classes

· Class A: compressed gas
· Class B: flammable and combustible material
· Class C: oxidizing material
· Class D, 1: poisonous and infectious material ( immediate effects
· Class D, 2: poisonous and infectious material ( other toxic effects
· Class D, 3: poisonous and infectious material ( biohazardous infectious materials
· Class E: Corrosive material
· Class F: dangerously reactive material
· WHMIS – Label

· Product Identifier, Risk Phrases, Precautionary Measures, First Aid Measures, Supplier Identifier and Class Symbols
· WHMIS – MSDS
· Product ID and Use, Hazardous Ingredients, Physical Data, Fire and Explosion Data, Reactivity Data, Toxological Properties, Preventative Measures, First Aid Measures, Prepartion Date of MSDS
· Successful Implementation of WHMIS
· Suppliers: provide hazard information through labels and MSDS
· Employers: ensure WHMIS labels, identifiers and MSDS are on all products
· Employees: handle products safely and inform managers of missing labels
· Regulators: administer WHMIS legislation
· Globally Harmonized System (GHS) developed by UN will reduce trade barriers
Module 3 – Air and Water

Lesson 3.1 – Air

· Atmosphere
· Divided into layers  according to variety of criteria (lowest to highest altitude)
· Troposphere: 8-15 km
· Stratosphere: 50 km
· Mesosphere: 80 km
· Thermosphere: 500-600 km
· Composition of Air
· Air is mixture of particles and vapors ( dry air = 21% oxygen, 78% nitrogen, 1% other
· Major components (essential for life): N2, O2, H20, C20
· Minor components (pollutants): CO, O3, SOx, NOx
· Emitted into air during combustion and production processes
· Burning of fossil fuels
· Generate energy, transportation, industrial processes
· Carbon Monoxide

· Incomplete combustion of fossil fuels due to lack of oxygen so CO instead of CO2

· Sources: combustion of organic matter, forest fires, volcanoes

· CO binds to oxygen-carrying site on hemoglobin of red blood cells reducing O2 to body

· Impaired ability to use oxygen

· Decreased athletic performance

· Cardiac problems

· Groud-level Ozone

· Naturally occurring gas in stratosphere protecting from UV radiation from Sun
· Produced during photochemical reactions between volatile organic compounds and oxides of nitrogen in presence of sunlight

· Health effects

· Damaged biological tissues and cells

· Reduced lung function

· Breathing difficulties

· Itchy, burning and watery eyes

· Oxides of Sulfur
· Produced during smelting of mineral ores and combustion of fossil fuels

· Health effects

· Breathing problems

· Respiratory illness

· Oxides of Nitrogen
· Fuel burnt in the air at high temperatures ( usually forms NO and then oxidized to NO2

· Health effects
· Serious lung damage

· Shortness of breath and chest pains

· Risk Assessment
· Exposure assessment: Estimates concentration

· Gases and vapors ( PPM, PPB, %

· Particles ( mg/m3, micrograms/m3

· TLV-TWA ( CO=25 ppm, NO2=3 ppm, O3=0.1 ppm, SO2=2ppm
· Effects assessment
Lesson 3.2 – Water

· Polarity of Water
· Oxygen atom attracts two hydrogen atoms because its high electronegativity
· Hydrogen Bonding

· Partial charges lead to intermolecular attraction to four other water molecules
· Solvent Properties of Water
· Highly solvent due to high polarity and hydrogen bonding ability

· Excellent solvent for ionic, polar covalent and non-polar compounds
· Thermal Properties of Water

· Presence of hydrogen accounts for high boiling point, specific heat and heat of vaporization
· Specific heat: amount of heat energy required to increase temperature of 1 g of substance by 1 degree C
· Heat of vaporization: qty of heat required for conversion of 1 g of liquid into vapour
· Density of Solid and Liquid Water

· Liquid water has higher density than ice
· Surface Properties of Water
· High surface tension due to presence of hydrogen bonds
· Water is liquid with highest surface tension
Module 4 – Household Products
Lesson 4.1 – Soaps and Detergents
· Surfactants
· Water-soluble and surface-active agents

· Composed of a hydrophilic head that is stable in water(water-soluble) and a hydrophobic tail that is stable when surrounded by other organic groups (fat soluble, water-hating)

· Different classes of surfactants categorized by the charge of the hydrophilic component

· Anionic=negative charge

· Cationic=positive charge

· Non-ionic=no charge

· Amphoteric=positive and negative charges

· Compositions and Limitations
Soap (sodium stearate)
· Traditionally made of animal fat and wood ash (potassium hydroxide and potassium carbonate)

· Consists of hydrocarbon tails of fatty acids and polar heads of potassium salts of fatty acids

· Disadvantages of soap as cleaning agent
· Formation of soap film in water containing Ca2+ and Mg2+ (hard water) because Ca and Mg ions react with soap molecules to produce Ca and Mg salts of fatty acids so amount of soap available for cleaning is reduced
· Poor adaptability to diversity of fibers, washing temperatures and water conditions
Detergents (sodium paradodecylbenzene sulfonate)
· Considered synthetic surfactants

· Designed to perform well under diverse conditions and almost eliminate the film formation

· Made from petrochemicals and less affected by calcium and magnesium in water thus acting as better cleaning agents

· The Cleaning Process
· Polar end of surfactant is attracted to water and non-polar end is attracted to oil or grease

· Chemical Interaction: use of soap or detergent causing hydrophobic tails, attracted to grease, to separate and surround grease from soiled surface

· Thermal Interaction: uses hot water to help dissolve oil and grease molecules

· Mechanical Interaction: using machine agitation or hand rubbing to remove oily and greasy soil from fabric

· Functional Classification
· Categorized: 1. personal hygiene, 2. Laundry, 3. dishwashing, 4. household cleaning
· Safety and Environmental Impact

· Certain household cleaners may contain reactive or corrosive chemicals so precaution is key

· Manufacturers obliged to evaluate environmental safety of ingredients

· Consumers should buy usable amounts and dispose of them properly

· Recent Trends
· Contain surface protectors or modifiers that repel soil and stains more effectively

· Deliver active ingredients in a controlled way

· Are effective in cold water

· Contain natural or naturally derived ingredient(s)

· Do not contain chemicals of concern with respect to toxicity

· Generate less carbon dioxide during production (smaller environmental footprint)

Lesson 4.2 – Personal Care Products
· Changing Needs of Society
· Aging population

· Changing attitudes of men

· More women in the workplace

· Concerns about the exposure to ultraviolet radiation
· Hair Care Products
· Shampoos (sodium dodecylsulfate)  - contain anionic surfactants that produce foam and lift oil and dirt from hair
· Conditioners (hexidecyltrimethylammonium chloride)– usually contain cationic surfactants to help rinse out any residual shampoo and provide softer hair
· Hair curling – treatment of hair with reducing agent (donates electrons), setting hair in desired shape, treat hair with oxidizing agent  (accepts electrons) to reform previously broken covalent bonds
· Hair coloring – oxidation of natural pigments using a bleaching agent, application of dye of a desired color
· Skin Care Products
· Moisturizers
· Maintain the moisture content of skin

· May include various oils and waxes, emulsifiers, surfactants and perfumes
· Sunscreens
· Used to protect against harmful effects of UV radiation (potentially skin cancer)
· Formulated with additional chemical ingredients that absorb UV radiation
· Inorganic: reflect and scatter UV light
· Organic: absorb UV light and dissipate as heat

· Higher Sun Protection Factor (SPF) means better protection
· Cosmeceuticals
· Used to describe cosmetics containing ingredients which have pharmaceutical effects

· Alpha hydroxyl acids (AHAs) became important ingredients in many cosmetic formulations because of anti-aging properties achieved by lifting off part of top layer of dead-skin cells and accelerating the growth of living cells
· Perfumes - Alcoholic solutions of organic compounds with pleasant odours 
· Miscellaneous Products – deodorants, lipsticks, mascara

Module 5 – Drugs and Medications

Lesson 5.1 – Intro to Organic Chemistry

· The Element Carbon

· Organic chemistry is the study of carbon compounds
· Charactersitics of carbon that allow it to form large number of organic compounds:
· Covalent single, double, triple bonds with some other elements including carbon
· Covalent bonds with other atoms to build chains
· Covalent bonds with elements like H, N, O and halogens
· Covalent bond is sharing of electrons ( Single=one pair of electrons being shared etc.
· Hexagonal carbon rings ( 3 single and 3 double bonds = benzene (C6H6)
· Functional Groups
· Organic compounds divided based on their characteristic functional group
· Functional group=small arrangement of atoms that is chemically function part of molecule
· FG might determine rate of uptake and reaction and time of residence of the drug in the body
· Examples: Amine, Alcohol, Ether, Aldehyde, Ketone, Carboxylic acid, Ester
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Lesson 5.2 – The Treatment of Infections and Diseases
· Antibiotics

· Used to fight bacteria that causes diseases like meningitis, pneumonia etc.

· Actual mechanism of antibiotics is to alter or inhibit the following cellular processes:

· Cell wall synthesis: prevents new bacteria by preventing formation of wall

· Cell membrane permeability: breakdown of outer cell membrane

· Protein synthesis: starvation of bacteria by preventing protein to energy conversion

· Nucleic acid synthesis: prevents bacteria growth by interrupting DNA synthesis

· Competitive inhibitor: mimic’s bacteria’s growth factors

· Different categories

· Penicilins

· Treat infections from bacteria

· Don’t fight infections from viruses

· Action ( Cell wall synthesis

· Cephalosporins

· Treat broader range of infections than penicillins

· Action ( Cell wall synthesis

· Tetracyclines

· Chemical structure consist of four rings

· Used to treat penicillin-resistant infections

· Action ( Protein synthesis
· Decreasing antibiotic resistance from superbugs
· More cautious use, monitor outbreaks, develop new antibiotics

· Antibiotic=amoxicillin

· Antiviral Drugs
· Used to treat viral infections ( flu, polio, herpes and AIDS

· Two Strategies to fight viral infections ( vaccines and antiviral drugs
· Vaccination
· Injected vaccine cause development of antibodies to fight future infection
· Antiviral drugs

· Nucleoside derivatives

· Inhibit DNA synthesis
· Protease inhibitors

· Interfere with viral protein formation

· Combination cocktails

· Success of therapy attributed to cocktail’s ability to disrupt the viral replication at different stages
· Major problems with multiple drug therapy:
· Moderate effectiveness

· Lack of response sometimes

· Serious/severe side effects

· Drug resistance by virus

· Anticancer Drugs
· Chemotherapy targets rapidly dividing cells to kill cancerous cells
· Chemotherapeutic agents:

· Alkylating agents ( Highly reactive, kill cancerous cells by introducing defects in the DNA

· Antimetabolites ( Inhibit DNA synthesis

· Topoisomerase inhibitors ( damage DNA which causes cell death

· Hormone thepary ( use against certain cancers (breast cancer and of sexual organs), stop production of certain hormones or change their mode of function

· Anti-depressants
· Cause by deficiency of certain neurotransmitters (serotonin)

· Helps restore chemical balance in brain
· Examples of antidepressants

· SSRIs, MAOIs, Serotonin and Norepinephrine Reuptake Inhibitors, Norepinephrine and Dopamine Reuptake Inhibitors, Tricyclics
· Anti-inflammatory

· Inflammation is first response of immune system to infection or irritation

· Inflammation results from the rapid transport of blood proteins and other substances to a damaged tissue site
· Over the Counter Drugs
· No prescription required
· Aspirin Functions
· Analgesic – relieve minor pain
· Antipyretic – lower fever
· Anti-inflammatory – reduce swelling
· Effective because of its ability to reduce production of prostaglandins (promotes inflammation) and thromboxanes (platelet aggregation ( Strokes)

· Aspirin side effects ( stomach irritation, ear ringing, allergy, Reye syndrome in children

· Drug Delivery Systems
· Advantages of new drug delivery methods
· User convenience
· Improved drug performance
· Better patient compliance
· Examples of methods
· Pulmonary delivery, skin absorption, nanocrystals

· Environmental Effects of Pharmaceuticals
· Feminization of male fish due to estrogenic compounds

· Slow development of fish and frogs due to certain antidepressants

· Recent Trends

· Shift from blockbuster drugs (works on many patients) to personalized drugs

· Exploring marine organisms for new therapeutic compounds
· Conclusion
· Reduce drug-related risk

· Read labels acrefully

· Learn about warnings of all drugs taken

· Inform health care provider of all drugs taken

· Keep a record of all medication taken

Module 6 – Some Environmental Concerns

Lesson 6.1 – Acid Rain
· Suggested Control Strategies

· Reduce SOX and NOX through emission control technologies

· Cleaner energy sources in transportation

· Developing/using alternate energy sources
Lesson 6.2 – Global Warming
· Origin

· Global warming refers to increase in Earth’s average temperature
· Result of increased absorption of IR caused by an increased concentration of gases that trap heat in the atmosphere
· Greenhouse gases
· Carbon dioxide: due to burning of fossil fuels, waste materials
· Methane: production and transport of fossil fuels, livestock, agricultural practices
· Nitrous oxide: emitted during agricultural/industrial activities, combustion of waste
· Fluorinated gases: variety of industrial process, High Greenhouse Warming Potential
· CFC = Chlorofluorocarbons

· Effects

· Climatic changes

· Changes in sea level due to melting of polar ice caps

· Droughts and heat waves
· Unforeseen problems with vegetation and insects

· Heat-related illnesses and deaths

· Suggest Control Strategies
· Reduce CO2 emissions
· Alternate energy sources (hydro, solar, wind, nuclear)
· Energy conservation
· Replanting of forests
· Present Situation

· Kyoto protocol in 1997 calls for industrialized nations to cut greenhouse gas emissions
· Final Report in 2007 of UNEP and IPCC observes:
· Increases in average air and ocean temperatures
· Widespread melting of snow and ice
· Rising global average sea level
· Stern Report on global and economic impact suggest 20% shrinkage of global economy
Lesson 6.3 – Ozone Depletion

· Origin
· Ozone layer plays a double role in our environment
· Atmosphere ( air pollutant contributing to photochemical smog
· Stratosphere ( filters UV radiation thus protecting against harmful effects
· Interaction of high energy with oxygen in the atmosphere leads to formation of O3
· In stratosphere, oxygen and ozone interact with energy from solar radiation to form dynamic O2/O3 screen that filters out UV
· Effects

· Stratospheric depletion leads to less efficient filtration of harmful solar UV rays

· This will increase ground-level UV radiation which may have harmful effects on human, plants, marine ecosystems, materials

· Ozone depleting substances (OSDs) include natural and human-made sources

· Control Strategy
· Use of CFCs banned in 1978
· Montreal protocol in 1978 set out to band manufacture of CFCs

