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Ch. 1:  Chemistry

chemistry - study of the properties of matter and the changes which it undergoes.

matter - physical material of the universe (anything which has mass and occupies space).

pure substance - matter with distinct properties and uniform composition

element - simplest form of matter (114).   (Table on inside cover)
metals and nonmetals

metals



nonmetals
have luster



dull

malleable & ductile
brittle

conduct heat &elect
insulators

atom - smallest unit into which an element can be divided without losing its identity.

molecule - two or more atoms joined together in a specific shape.

compound - contains 2 or more elements; The elemental composition of a pure compound is always the same.

mixture - combination of 2 or more substances, each of which retains its own chemical identity.

homogeneous mixture - uniform composition (solution)

heterogeneous mixture - nonuniform composition.

colloidal dispersion (colloids) - small particles suspended in solvent, not true solution.  

States of matter:

gas - no set shape or volume; expands to fill container; mostly empty space; compresses.

liquid - set volume, but not set shape.


solid - set shape and volume.

alloy - mixture of elements with metallic properties, such as steel, brass, bronze


solution alloys – same size atoms


interstitial alloys – interstitial element, often nonmetal, such as C (steel)

heterogeneous alloys – nonuniform composition 
intermetallic compounds – definite properties and composition

Ch. 2:  Physical and Chemical Change

Scientific Method
1. observation and question

2. hypothesis (tentative explanation)

3. test hypothesis (experimentation)

4. theory (tested hypothesis)

5. law (statement of generally expected behavior)
Properties of matter:


physical properties - can be measured without involving chemical reactivity; can be used to identify a substance.


Examples: density, color, BP


d = m/v   (d = density, m = mass, v = volume)


chemical properties - involve reactivity.



Examples: flammability, toxicity

Changes in matter:


physical change - does not change chemical identity.

phase changes -  change of state


melting-freezing  (liquid ↔ solid)


vaporization-condensation (liquid ↔ gas)


sublimation-deposition (gas ↔ solid)


note – dissolution differs from melting.

intermolecular forces - attractive forces between molecules.  

The state of a substance at a given temperature is a result of the relative strength of the intermolecular forces compared to the kinetic energy.

evaporation - escape of molecules from the surface of a liquid (cooling process)

volatile - substance which evaporates easily

vapor pressure - partial pressure of a vapor above a liquid at a certain temperature.  This is an example of equilibrium (forward and reverse rates are equal).

boiling - when vapor pressure within a liquid equals external pressure.

chemical change - changes chemical identity.
Law of Conservation of Mass - total mass of substances present after a chemical reaction is the same as present before the reaction.

Chemical Equations - show products and reactants (states)




Reactants  →  Products

*balance by using coefficients


combustion reactions - (HC's in O2)


flammable – substance which will burn


complete combustion → CO2 and H2O


incomplete combustion → CO and soot

catalysts - increase rate without undergoing a permanent change; an enzyme is a biological catalyst

explosion – rapid reaction accompanied by evolution of large volumes of gas.
Ch. 3:  Atoms and Molecules
Modern View of the Atom:

atomic mass units (1 amu = 1.66054 x 10-24 g)

proton - (+ chg)  charge = 1.602 x 10-19 C





   mass = 1.0073 amu


   

neuton - (0 chg)  charge = 0 C





   mass = 1.0086 amu

electon - (- chg)  charge = - 1.602 x 10-19 C





   mass = 5.486 x 10-4 amu

nucleus - core of atom; contains protons and neutrons; d ≈ 10-14 m.

electrons - located outside of nucleus.  Diameter of atom ≈ 10-10 m, so the atom is mostly empty space.

** In an atom, the number of protons is equal to the number of electrons.

atomic number - number of protons in a nucleus; defines the element.

mass number - number of protons + neutrons.

isotopes - atoms of an element with differing numbers of neutrons.  Some isotopes are unstable (radioactive).

atomic mass - avg. mass of element, considering isotopes and natural abundance.

Periodic table - elements are arranged in order of increasing atomic number.  Elements in columns have same outer electron configurations.


representative elements - s and p orbitals


transition elements - d orbitals


f-block elements
molecule - two or more atoms bound tightly together.

chemical formula - tells types and relative number of atoms in a molecule.

structural formula - shows bonding.

ion - charged particle (protons ≠ electrons)



anion - neg. ion (protons < electrons)


cation - pos. ion (protons > electrons)

ionic compound - formed by combination of cations and anions (+ and - charged ions), with relative numbers so that charge is zero.

ionic bond - electrostatic attraction between oppositely charged ions.

covalent bond - electrons are shared between two atoms.

Lewis dot structures - symbol of element showing valence electrons as dots.


ionic:  NaCl, CaCl2 




note: no electron sharing


covalent:



pure covalent: H2, F2


polar covalent: H2O, NH4+
Ionic Bonds: electrostatic attraction between oppositely charged ions (no e- sharing).  In the solid state, the ions are held together in a geometric array called a crystal lattice.  
molecular shapes - geometric form of molecule (linear, tetrahedral, etc)

bond angle - angle formed by lines joining bonded atoms in a molecule.  This will dictate the molecular shape.

Ch. 4:  Hydrocarbons and Fossil Fuels

organic chemistry - study of C-containing compounds (CO, CO2, CO32-, CN- are considered inorganic) – 16 x 106 known 

C is unique because of its ability to bond to itself in long chains.

biological chemistry (biochemistry) - study of chemistry of living organisms

hydrocarbons - compounds containing C and H; obtained from petroleum by distillation processes  

alkanes - HC compounds containing only C-C bonds (4 single bonds per C); also known as saturated hydrocarbons.  
structural formulas - All bond angles are 109 degrees.


CH4 - methane


C2H6 - ethane


C3H8 - propane


C4H10 - butane


C5H12 - pentane


C6H14 - hexane


C7H16 - heptane


C8H18 - octane


C9H20 - nonane


C10H22 - decane

isomers - different compounds with same chemical formula

structural isomers - different bonding; branched HCs

cycloalkanes - C5H10, C6H12, etc

unsaturated HC's - have one or more C=C or CXC's.
alkenes - contain one or more C=C.
aromatics - contain planar ring structures with alternating single and double bonds


example: benzene (C6H6)
alkynes - contain one or more CXC.

Fossil fuels – coal, petroleum, natural gas; currently provide 90+% of energy in US


Reserves – see table, p. 146.

Natural gas – mostly methane


Cleanest burning fuel (if no H2S)

Petroleum – liquid hydrocarbon mixture


complex mixture; up to 17k from one sample


from ancient animals



mostly clean burning, unless S present


worldwide reserves still abundant, but not US, so mostly imported; oil spills.

separated into components by distillation



see p. 151.

cracking – lighter components from heavier


gasoline – mixture (mostly C5 – C12)


octane rating – smooth burning index p. 153


improved by branching



additives – tetraethyl Pb



ethanol


alternative fuels


diesel – higher boiling (kerosene)



biodiesel (ethanol + oils or fats)



ethanol

Coal – from ancient buried plants


powered industrial revolution

reserves should last about 200 years

complex organic mixture – mostly C with inorganic components (ash)

graded by C content (p. 158)
pollution – S oxides

mining – dangerous and environmental damage; shaft mining and strip mining

source of chemicals


gasification and liquefaction

electricity – most convenient


heat, boil water, steam turns turbine


mostly coal fired
Ch. 5: Elemental C, Polymers, and Sub. HCs 

Organic molecules containing halogens

halogens sub for H with C-X bond


CH3X, CH2X2, chloroform, and CCl4

chloroflurocarbons (CHFs) and ozone


vinyl chloride (C2H3Cl) and PVC

polymer – large molecule composed of repeating units called monomers.

may have molecular weights in the 1000’s; often called macromolecules.

Biopolymers (naturally occurring):

proteins - chains of amino acids linked by amide bonds (polypeptides)

polysaccharides -  chains of simple sugars (monosaccharides)


ex: starch, cellulose, glycogen


nucleic acids - polymers of nucleotides 

synthetic polymers – plastics


addition polymers – polymer has all of the atoms of the starting monomers

examples – polypropylene, polystyrene, PVC, Teflon –p. 176-182


thermoplastic polymers – can be softened by heat and molded

thermosetting polymers – harden permanently



crystalline vs amorphous – depends on glass transition temperature (T above which polymer becomes rubbery)

polyethylene




HD – linear molecules (bottles)



LD – side chains (bags)


elastomers – natural rubber (-C=C-)

vulcanization – S crosslinking

conducting polymers – chains of alternating C-C and C=C
Properties of polymers:


strength due to tangling of chains

disposal of plastics

landfills – up to 20% by volume


incineration – some toxic gases


degradable plastics


recycling –problems – p. 192
Elemental forms of C (allotropes)

diamond – hardest substance 

graphite – layers of 6-mem. rings


fullerenes and nanotubes 



“Buckyballs” – C60
Impure forms of C


soot (like gracphite but 10% H)



coke and charcoal



“activated carbon”


PAHs - polycyclic aromatic hydrocarbons

naphthalene

carcinogens?

disposal of tires – big problem

Ch. 6: O-containing Organic Compounds 

functional group – another atom sub for C or H
if O subs for C, must form 2 bonds

1. Ethers   C-O-C

diethyl ether – anesthetic, non-reactive, but flammable
2. Alcohols  C-OH  (name ends in –ol)
methanol – “wood alcohol”, very toxic


fuel and solvent

ethanol – alcoholic beverages  “proof”


fuel or additive

hydrogen bonding – weak attractive forces between molecules with –OH or –NH bonds; hydrophilic vs hydrophobic 
polyalcohols – ethylene glycol and glycerin

sweetners
3.  Aldehydes  H-C=O   (C=O is carbonyl group}
formaldehyde

other aldehydes used in foods and perfumes

4.  Ketones   2 C’s bonded to C=O
acetone - solvent

5. Carboxylic acids    HO-C=O
formic acid – ant bites and bee stings

acetic acid – vinegar

polyprotic acids – oxalic acid

6.  Esters  C-O-C=O
formed by condensation reaction of alcohols and acids; fragrances of fruits and flowers. 
Ch. 7: Carbohydrates, Fats, and Oils


carbohydrates – sugars and starches; consumption in US 11 kg to 72 kg/yr since 1968; body’s preferred energy source (4 kcal/g)
carbohydrates  (CH2O) – polyhydroxy aldehydes and ketones

monosaccharides - simple sugars


ex: glucose, fructose (C6H12O6)
(aldoses and ketoses)

exist as cyclic structures


chiral molecules (optical isomers)




d- and l- isomers
glucose (blood sugar) – cellular energy source; broken down by complex series of reactions to CO2 + H2O + energy (reverse of photosynthesis reaction) - diabetes

fructose – sweeter than glucose; found in honey and some fruits; can be made by enzymatic isomerization of glucose (high fructose corn syrup)


disaccharides - glycoside linkage 


ex: sucrose, lactose

sucrose (table sugar) – obtained from sugar cane and beets; disaccharide hydrolyzed to form glucose + fructose

lactose (milk sugar) – hydrolyzes to glucose + galactose; essential enzyme for this is present in babies, but not many adults

polysaccharides -  α- or β- linkages


ex: starch, cellulose, glycogen

starch – polymer of α-glucose, hydrolyzes to glucose


cellulose – polymer of β-glucose; can be hydrolyzed by fungi and bacteria in gut of termites and grazing animals; important in diet of humans as dietary fiber.


celluloid – cellulose + nitric acid



billiard balls and movie film

glycogen – formed in liver – energy storage
fats and cholesterol – important cell membrane components; energy source (9 kcal/g)

lipids - fats and oils

(saturated vs unsaturated)

state (solid or liquid) dep. on size, shape

family of compounds which are soluble in organic solvents of low polarity

triglycerides - ester of glycerol and long-chain fatty acid (naturally occurring fatty acids usually have an even number of C atoms) – see p. 276

unsaturated fatty acids – tend to be liquid at room temperature; saturated fats are solids; polyunsaturated



mono – lower LDL cholesterol



omega-3 – fish oil



natural unsat. fatty acids are cis



see table – p. 279


trans – formed during hydrogenation

triglycerides – clumps broken down by bile salts, then hydrolyzed by lipases, reassembled and (excess) stored in fat deposits as adipose tissue


soap - alkali metal salt of fatty acid


micelle

Ch. 8: Condensation Polymers

Amines – substituted ammonia (NH3)



each N has 3 bonds and one :



C-NH2 ,  C-NHR,   C-NRR’


aromas – “fishy”, diamines very foul



antidepressants – Prosac




neurotransmitters – serotonin



stimulants – nicotine and caffeine




adrenaline


half-life – time required for 50% of a substance to react (t1/2)


ammonium salts – solubility


drugs 
cocaine – affects dopamine levels

amphetamines

analgesics – acetaminophen

Amides – formed by condensation reaction of amines and carboxylic acids; C-C=O-NH-

condensation polymers (polyamides)


Nylon


Kelvar


Polyesters


Plastics 
Polycarbonates – much harder plastics

Ch. 9: Nucleic Acids, Proteins, and Hormones

Nucleic acids - 

- polymers of nucleotides containing

1. 5-C sugar




deoxyribose in DNA




ribose in RNA



2. N-containing organic base




purines – fused ring





adenine and guanine




pyrimidines – single ring





cytosine





thymine (DNA only)





uracil (RNA only)



3. phosphoric acid - linkage
DNA - deoxyribonucleic acid 

- genetic information as code (base sequence in genes) for protein synthesis
DNA exists in form of double helix


strands linked by H-bonding of complimentary base pairs



C-G



A-T
- chromosomes (in nucleus)

RNA - ribonucleic acid

- transfers info. to ribosomes, where protein synthesis occurs


messenger RNA – transcription

· codons



transfer RNA - anticodons


ribosomal RNA – translation

· amino acid sequence
proteins - chains of α-amino acids linked by amide bonds (polypeptides)

1. primary structure - amino acid sequence

20 amino acids in human proteins- p 340

2. secondary structure - coiling into α-helix or β-pleated sheet by H-bonding of N-H on one amino acid and C=O on another

3. tertiary structure - folding into final shape

a.  salt bridge attractions between side chains

b.  Hydrogen bonds

c.  S-S bonds

d.  weak attractions between hydrophobic groups

4. quaternary structure – subunits

hair – see pp. 347-348

protein shape is essential to function.

denaturation - destruction of shape

protein is not stored in body; essential to diet (10 are essential) – complete proteins

functions of proteins – p. 352
1.  structure – hair, cartilage, tendons

2. contraction – muscles

3. regulatory – hormones

4. protective – coagulation
5. transport – hemoglobin

6. enzymes – biological catalysts

7. storage – store nutrients
enzyme - biological catalyst - "lock-and-key" model.  

The substrate, the substance which undergoes reaction, binds at the active site.  (name often ends in –ase)
An inhibitor blocks the active site.

Some enzymes require cofactors

simple proteins – contain only amino acids

conjugated proteins – other groups

lipoproteins

Enzyme function depends on shape (especially about active site), which is determined by DNA.

mutation – change in sequence of bases on a section of DNA.  May be spontaneous or due to external factors.

-silent or lethal
genetic diseases
mutagen – agent which induces mutation in DNA.

teratogens – cause birth defects.
cloning – same genetic material
DNA as forensic evidence – pp. 358-359
Steroids – hormones – chemical messengers

hydrocarbon backbone of 4 fused rings


A, B, C are 6-C rings; D is 5-C ring.


substituents on A and D rings dictate function


anabolic steroids – promote muscle growth



testosterone – anabolic steroid 


androgens - responsible for male sex characteristics


estrogens - responsible for fwmale sex characteristics.


progestins – regulate ovulation and pregnancy

Cholesterol – most abundant steroid in animals; produced in the body from fats.
Lipoproteins – transport cholesterol in body

LDL (bad) and HDL (good) – p.365
Ch. 10: Vitamins, Food Additives, Pesticides

Minerals – inorganic; about 4% of body mass


blood and body fluids – electrolytes


organic components – P in nucleic acids, Ca in bone, etc


Fe2+ in hemoglobin, I in thyroid
Vitamins – organic compounds essential in diet; enable body to absorb, digest, build and maintain components. 
Balanced diet should provide, but need may increase during pregnancy, rapid growth, recovery from trauma/disease. 

water-soluble – Table, p. 376
· B vitamins (8 in family) – skin and nervous system, coenzymes, p 374 

Folic acid – B9 – prevents neural tube defects in newborns.
· Vitamin C (ascorbic acid) – antiscurvy, antioxidant, wound healing, immune support, antiox. 
fat-soluble 

· Vitamin A – vision, development of bone, skin maintenance; toxic in large doses

· Vitamin D – bone development; produced in body by sunlight on cholesterol derivative in skin. 

· Vitamin E – cardiovascular, fertility, antioxidant (reacts with free radicals)
· Vitamin K – blood clotting

Food preservation

dehydration

salts and sugars remove H2O through osmosis


freeze drying


organic acids toxic to microorganisms



sulfites



nitrites

Additives –color and flavor enhancement, etc.

food coloring and bleaching – p. 386
some are good – I in salt, ascorbic acid in juices, “enriched” flour, etc

sweeteners – natural (vanillin and esters) and artificial 
flavor enhancers – salt, spices, MSG

Pesticides

substances that kill or otherwise control organisms humans consider undesirable; block essential metabolic processes; 50% of 109 kg in N. America used in agriculture

insecticides


DDT – dichlorodiphenyldichloroethane


organochlorines – fat-soluble


“bioaccumulation” and “bioconcentration”


“biomagnifications” up food chain


organophosphorus compounds – nerve poisons, but degrade rapidly


carbamates – similar to organophosphates

natural and green pesticides

biological insect control

sterile insects


pheromone traps

herbicides and defoliants


phenoxyherbicides

2,4-D – growth regulator for broad-leaf weeds

dioxin – toxic byproduct of synthesis



Agent Orange

PCB’s (polychlorinated biphenyls) and furans
environmental estrogens - ??

Ch. 11: Chemistry in Water
solution - homogeneous mixture.

solute - minor component (is dissolved); must have attraction to solvent.  “like dissolves like”

solvent - major component (retains phase).

if solvent is H2O (aqueous), is X(aq).  Water is sometimes called the universal solvent - it dissolves many other substances – salts and some molecules - because it is  polar molecule with strong hydrogen bonding.

saturated solution - maximum amount of dissolved solute at a given temperature; is in equilibrium with undissolved solute.

unsaturated solution - contains less solute than saturated solution.

supersaturated solution - has more solute dissolved than a saturated solution at a given temperature; is unstable.

precipitate – solid that drops out of solution when its solubility is exceeded.
Concentration:


mass % =  mass solute    X 100% 




     mass solution



- ppm, ppb

seawater is about 3.5% dissolved salts

drinking water – see pp 419-421 (F-)

“hard” water, mineral water
Acids and Bases 


acid - tastes sour




        - turns litmus red




 - forms H2(g) with active metals




base - tastes bitter





   - slippery feel





   - turns litmus blue

Acid + Base  →  Salt + H2O (neutralization)

Definitions:




acid - H+ donor

base - OH- donor or H+ acceptor

(note: H+ = proton; in aqueous solution, will be as H3O+ - hydronium ion)

strong acid - completely dissociated



HCl, HNO3, H2SO4,

strong base - completely dissociated



NaOH, KOH


weak acid - incompletely dissociated


HF, HC2H3O2, organic acids (-CO2H)



weak base - incompletely dissociated↔


NH3, organic bases (amines)

polyprotic acids - more than one H+

molarity = M = moles solute = [X]





 L solution

water can act as either acid or base:



H2O  ↔  H+  +  OH-

 Kw = [H+][OH-] = 1 x 10-14 at 25o C

neutral solution: [H+] = [OH-] = 1 x 10-7M

acidic solution: [H+] >[OH-], [H+] >1 x 10-7M

basic solution: [H+] < [OH-], [H+] <1 x 10-7M

pH Scale:  pH = -log [H+]

neutral solution: [H+] = 1 x 10-7 M, pH = 7

acidic solution: [H+] > 1 x 10-7 M, pH < 7

basic solution: [H+] < 1 x 10-7 M, pH > 7


indicators – change color with pH
pH from hydrogen ion concentration

hydrogen ion concentration from pH

     pOH = -log [OH-]




     pH  +  pOH = 14

weak acids and bases – both ions and undissociated molecules in solution

reversible reactions -

equilibrium - state when forward and reverse reaction rates become equal; concentrations will become constant.
buffer solutions – resist changes in pH; contain a weak acid or base and its salt
Salt - pH controlled by strength of conjugate species

salt of strong acid + strong base = neutral

salt of strong acid + weak base = acidic

salt of weak acid + strong base = basic

HCO3- buffer system in blood and environment
Chapter 12: Oxidation and Reduction 
oxidation-reduction reactions (redox) – electron transfer processes
corrosion - natural oxidation of metals



Example:  rusting of iron

explosive reactions – rapid with large volume increase (often with N2 production)




Example: NH4NO3
biological reactions:


metabolism and photosynthesis
oxidation - loss of electrons by a substance

reduction - gain of electrons by a substance

**the two process must occur together

Ex:  Cu2+ +  Zn  →  Cu  +  Zn2+

note – electrons lost = electrons gained
oxidizing agent – substance reduced

common oxidizing agents:


O2 and O3, H2O2, I2, bleach
reducing agent – substance oxidized


metals, C, H2
electricity – flow of electrons ; can be produced in an electrochemical cell.  A voltaic (galvanic) cell uses energy from spontaneous redox reaction to generate electricity by transfer of electrons through external pathway.  An electrolytic cell requires an input of electricity.
electrodes – sites in cell where electrons are transferred.
anode - electrode where oxidation occurs

cathode - electrode where reduction occurs

salt bridge - allows for passage of ions to maintain electrical neutrality

cell potential - driving force for electron flow; measured in volts; also called emf or electromotive force
battery – voltaic cell or series of voltaic cells

Examples:  dry cell, Pb storage battery 

fuel cell - voltaic cell with constant potential because reactants are constantly added



Example:  H2  +  O2  (space shuttle)
electrolysis - forcing a current through a cell to drive a nonspontaneous reaction to occur.



Examples:  production of Cl2 and Na


  electroplating



refining metals

Hydrogen – fuel of future?  pp 466-470


minimal pollution


produced from CH4 or H2O

storage is a problem

Chapter 13: Water – Sources, Pollution, and Purification

Water in history – patterns of settlement, droughts and diseases
Current US consumption = 300 L/day (7 intake)

Agriculture and industry = 46%

Distribution of water

Oceans – 97.6%

Freshwater – 0.01%

Atmospheric water / clouds – 0.01%

Icecaps / glaciers – 2.07%

Groundwater – 0.28% (underground) – provides 39% of US supplies (aquifers)
Distribution of precipitation in world:


Non-uniform  (map, p. 485)

The main problem in an industrial society is not disease organisms, but toxic chemicals (especially in groundwater).

Water treatment depends on source and intended use.


Domestic use - remove pathogens


Industrial use - remove hardness, metals

Wastewater - make suitable for discharge


Municipal water treatment



aeration – remove volatiles and oxidize


lime – basic for ppt of metal ions


settling basin


filtration (sand)


activated charcoal – remove organics


reverse osmosis – expensive



ion exchange


Disinfection – remove pathogens


Chlorine – Cl2, HOCl, NaOCl

Ozone – O3 (no residual)


ClO2

UV light (kills Cryptosporidium)
Pollution

Organics – leached from soil; often from landfills or leaking storage tanks; plumes in groundwater.  Treat by pump-and-treat or bioremediation (natural processes)

Nitrogen – nitrates from fertilizer runoff



health hazards – methemoglobinemia


and carcinogens

Phosphates – from soaps and detergents
soaps – from fats and strong base; attract grease to hydrophobic portion; form scum in hard water
detergents – synthetic; contain long, unbranched hydrocarbon chain on benzene ring with sulfonate group; are mixed with polyphosphate builders to bind Ca and Mg ions (chelating agents).
Aluminosilicate builders (zeolites) can be used, but have solubility issues.

Problems with phosphates – limiting factor in algal growth (eutropication – excess algal bloom; clogs waterways and leads to decreased dissolved O2 levels, causing fish kills).
Pollution point source – specific site.

Nonpoint source – numerous small polluters.
Chapter 14: Air Pollution 

atmosphere -  gaseous potion of the earth's environment; provides essential gases and temperature regulation; divided into regions based on temperature changes with increasing altitude separated by - pauses 

troposphere - lowermost region of atmosphere; where weather occurs


stratosphere - second region; where ozone layer occurs

composition - varies with altitude


troposphere


78.08 % N2


20.95 % O2


  0.93 % Ar



  0.04 % CO2

Chemistry of the troposphere - air pollution

N oxides - mostly from automobile exhaust - photochemical smog

Complex process involving N oxides, hydrocarbons (VOC), O2, and sunlight. 


O2  +  N2  → 2 NO


sunlight +  2 NO + O2  → 2 NO2

O2  + O  → O3 (very bad for plants)

VOC – unsaturated more reactive

catalytic co
nverters reverse reactions
S oxides - mostly from burning of coal with high S content


S + O2  → SO2

2 SO2  + O2  → SO3

SO3  + H2O  →  H2SO4  (acid rain)


see map, p. 530 

control by reduced emissions –


(cleaner coal or scrubbers)

Acid rain - H2SO4, HNO3, HCl


- streams and high altitude lakes



- harmful to fish and plants
Particulates

Aerosols - colloidal particles d <100 (m




 - may be solid or liquid



condensation - formed by joining




 - usually small size and acidic



dispersion - formed by fragmentation

- usually larger and basic (less damaging)


haze - indicates decreased visibility


mist - indicates liquid particles

fog - indicates water droplets

smoke - indicates combustion products.

Inorganic particles


Metal oxides - many toxic


SO2 ( H2SO4

CaCO3

Salts


"fly ash" - much carbon black


toxic substances



Hg, Pb, Be, asbestos 
Organic particulates 

Indoor Air Pollution

CO - blocks O2 transport by hemoglobin

formaldehyde – carcinogenic

nitrogen oxides 

tobacco smoke – second-hand 

asbestos
primary pollutant – directly produced

secondary pollutant – from primary

synergistic effect – combined effect of two pollutants is greater than sum alone

Chapter 15: Stratospheric Chemistry

Ozone - main absorber of λ = 240-310 nm (mid UV range)




O3 + hν  →  O2 + O


Light is frequently described in terms of a wave:

( = frequency (cycles per second) 

( = wavelength (distance between two              equivalent points)


c = ((
c = 3.00 x 108 m/sec
    

electromagnetic spectrum - large range of  (; divisions based on methods required to generate radiation.


E = h( = hc/(


UV-C = 200-280 nm

UV-B = 280-320 nm

UV-A = 320-400 nm

health effects of excess UV-B are primarily skin cancers (malignant melanomas) and cataracts; also harmful to plants and other animals – especially amphibians.

Ozone depletion - see p. 554


Chloroflurocarbons – CFC’s  




CF2Cl2  + hν  →  CF2Cl  +  Cl



Cl  +  O3  →  ClO  +  O2



2 ClO  →  ClOOCl



ClOOCl + hν  →  2 Cl  +  O2
ClO acts as catalyst to further break down ozone by a series of reactions.

Concentration of gases in polar ice clouds has caused formation of Antarctic Ozone Hole, which is increasing in size. pp 565-568
other regions of atmospheric ozone layer depletion also noted, but less severe
other ozone depleting substances – 

hydrofluorochlorocarbons – HCFCs

hydrofluorocarbons – HFCs

Br containing compounds
NO

International agreements are resulting in reduction of production of these compounds and Cl content of stratosphere has temporarily peaked.
Chapter 16: Global Warming and the Greenhouse Effect

Global Warming Effects 

Higher air temperatures (p. 584)


Increased rainfall (p. 585)


Higher sea levels

Shorter winters (11 days)

Shrinking ice cover

Dearh of coral reefs

Mosquito problems

Extreme weather

Radiation balance – greenhouse effect 

Greenhouse gases (p. 591)

H2O

CO2

CH4

N2O


O3
Anthropogenic Sources of CO2

Combustion of fossil fuels


Deforestation

Sinks – ocean

CH4 – shorter lifetime, but better IR absorber


Anaerobic decomposition


2 CH2O  →  CO2  +  CH4
Aerosols – reflect radiation

Cloud cover

Predictions?

Chapter 17: Radioactivity, Nuclear Energy, and Solar Energy

Review Ch 3


atomic number = protons in nucleus (defines identity of element)


mass number = sum of protons and neutrons for a particular nucleus


isotope = atom with a particular number of neutrons in nucleus



Example: 1H, 2H, 3H


radioactivity - decay of an unstable nucleus by emission of particles and/or electromagnetic radiation.  A nucleus which is radioactive is called a radionuclide  or radioisotope). 

Nuclear equations:
alpha particle (α) - 24He nucleus

92238U → 24He  + 90234Th

beta particle (β) - electron (e-)

90234Th → -0e  +  91234Pa

positron (β+) - positive electron (e+)

1122Na → +0e  +  1022Ne


gamma radiation (γ) - high energy electromagnetic radiation (shorter λ than X-Rays)
nuclear stability - neutron/proton ratio;

all nuclei with Z>84 are radioactive.

nuclear transmutation - conversion of one element into another (decay series)
manmade elements - transuranium elements (Z > 92)

half-life -     t1/2 = ln 2 / k  =  0.693 / k

isotopic dating - 614C  (t1/2 = 5730 yr)

detection techniques
1. photographic film

2. Geiger counter

3. scintillation counter

Radioactivity produces ionizing radiation which is harmful to living organisms.  However, since radioactive isotopes exist for all elements and many occur naturally, we are constantly exposed to low levels of radioactivity.

effects of radiation - depend upon

1. E of radiation

2. penetrating ability

3. ionizing ability

4. chemical properties of element

(biological concentration)

somatic effects - during lifetime of organism (burns, cancer, etc)

genetic effects - evidenced in later generations (DNA alteration)

Radon gas

medical applications of radioactivity:

1. tracers 

2. cancer treatment

Energy relationships:  E = mc2
mass defect - difference in mass between a nucleus and the sum of its nucleons

fission - splitting of heavy nuclei

92235U +  01n  → 56141Ba  + 3692Kr  +  3 01n

nuclear energy - reactor types


byproducts - Pu
fusion - combining of lighter nuclei into heavier nuclei


11H + 12H  →  23He

thermonuclear reactions – difficult to control


best candidates for energy production
2 21H (  32He  + 10n + E

21H + 31H  (  42He  + 10n + E


magnetic confinement


inertial confinement
not yet a viable energy source

Pros and Cons of Nuclear Energy


Pro – no greenhouse gases

no coal mining problems

conserves fossil fuels

Con – radiation release hazards



U mining and waste storage 


Pu security issues

Other Energy Sources
1. solar – from fusion reactions in sun
plentiful, reliable, and renewable
passive solar – positioning 
active solar – circulate hot water
photovoltaics – convert to electric
problems - density and intermittent
2. hydroelectric – use power of falling water to turn generator
limited by locations
3. wind – indirect solar
wind farms in areas with sufficient wind
increasing in usage; some environmental impact – bird kills
4. biomass – indirect solar; uses organic compounds produced by photosynthesis; efficiency??
competition with food

fuel - wood and gasohol
5. Tide and Wave Power – limited sites
6. Geothermal – natural hot water
steam - the geysers (CA)



     hot rocks

