Chapter 2 The Chemistry of Life

2-1 The Nature of Matter

· Atoms

· basic unit of matter

· 3 subatomic particles

· Protons

· Mass: 1 AMU

· Found in the nucleus

· (+) positive charge

· Neutrons

· Mass: 1AMU

· Found in nucleus

· No charge

· Electrons

· 1/1840 the mass of a proton

· found outside of nucleus in orbital (electron shell)

· (-) negative charge

· neutral atoms have equal protons and electrons

· Elements and Isotopes

· element – a pure substance consisting of 1 type of atom

· represented by chemical symbols

· atomic # represents the # of protons in an element

· atoms of an element can have a different # of neutrons

· atoms of the same element that differ in the number of neutrons – isotopes

· mass number = # of protons + # of neutrons

· Isotopes are identified by their mass number

· The average of the masses give the atomic mass

· because they have the same # of electrons all isotopes of an element have the same chemical properties

· Radioactive Isotopes

· isotopes that nuclei are unstable and break down at a constant rate over time

· Uses:

· determine age of rock and fossils

· treat cancer

· kill bacteria that causes food to spoil

· labels or tracers

· Chemical Compounds

· a substance formed by the chemical combination of 2 or more elements in definite proportions

· written as a chemical formula

· physical and chemical properties are different than the elements that make it up

· Chemical Bonds

· bond formation involves the electrons that surround each atomic nucleus

· the electrons that are available to form bonds are called valence electrons

· Ionic Bonds

· one or more electrons are transferred from one atom to another

· atom loses electrons ( are positive

· atoms that gain electrons ( are negative

· charged electrons are ions

· Ex:  NaCl  - salt

· Covalent Bonds

· electrons are shared by atoms

· electrons travel in the orbitals of both atoms

· share 2 electrons – single bond

· share 4 electrons – double bond

· share 6 electrons – triple bond

· the resulting structure is a molecule

· Ex. Water

· Van der Waals Forces

· the slight attraction between the oppositely charged regions of nearby molecules

· Ex. Gecko’s foot

2-2 Properties of water

· water is the single most abundant compound in most living things

· Water expands as it freezes (Ice is less dense and floats on water (This is why fish can survive in winter.

· Water Molecule

· Polarity

· The 8 protons in the nucleus of the Oxygen atom it has a much stronger attraction for electrons than the 1 proton of Hydrogen.  The two electrons from the 2 Hydrogen stay around the Oxygen atom more.

· It has a bent shape—Oxygen on one side and Hydrogen on the other.

· Oxygen side has a slight negative charge.

· Hydrogen end has a slight positive charge.

- Hydrogen Bonds

· water can attract each other forming Hydrogen bonds between the Hydrogen of one atom and the Oxygen of another atom

· not as strong as covalent bonds or ionic bonds

· Can form multiple Hydrogen bonds.

· 1 water molecule can have 4 Hydrogen bonds at the same time.

· Cohesion – attraction between molecules of the same substance

· Ex – water forms beads on glass

· Adhesion – attraction between molecules of different substances.  Stronger than cohesion.  Adhesion can cause water to raise against gravity –this is called capillary action(this draws water out of roots up to stems and to the leaves.  Cohesion holds the water together as it rises.

· Solutions and Suspensions

· mixture – 2 or more elements or compounds chemically combined

· solutions – all components are evenly distributed throughout the solution

· solute – the substance that is dissolved

· Solvent – the substance in which the solute dissolves –water is the greatest solvent on Earth.

      - Suspensions – mixtures of water and nondissolved material

· Acids, Bases, and pH

· a water molecule can react to form ions

· double arrows show that the reaction can occur in either direction
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· pH scale

· indicates the concentration of Hydrogen ions in a solution 

· ranges from 0-14

· 7 is neutral – Hydrogen ions = Hydroxide ions –pH of pure water is 7

· The lower the pH the more acidic a substance ( the more Hydrogen ions

· The higher the pH the more basic because the more hydroxide ions present then hydrogen ions.

· Each step represents a factor of 10

· Acids

· Compound that forms hydrogen ions in a solution

· Strong acids have a pH range of 1-3

· Ex – HCl

· Bases

· A compound that produces hydroxide ions in solution

· Has a lower concentration of Hydrogen ions than pure water

· Strong bases pH range from 11-14

· Ex – lye

· Buffers

· Weak acids or bases that can react with strong acids and bases to prevent sharp sudden changes in pH

· Ex. Human body must be kept at 6.5 to 7.5 pH.  Buffers occur naturally to maintain Homeostasis

2-3 Carbon Compounds

· Organic Chemistry – the study of all compounds that contain bonds between carbon atoms

· The Chemistry of Carbon

· 4 valent electrons – to form 4 strong covalent bonds

· can form chains and rings from attached carbon atoms

· single, double, or triple bonded

· Macromolecules - “giant molecules”

· polymerization – large compounds are built by joining smaller ones together

· monomer – small unit 

· polymer – monomers join together

· Four groups of organic compounds found in living things are carbohydrates, lipids, nucleic acids, and proteins

· Carbohydrates

· made of Carbon, hydrogen, and oxygen, usually in a ration of 1:2:1

· main source of energy

· structural purposes

· sugars  are used for immediate energy– glucose

· complex carbohydrates used to store sugar – starch

· single sugar molecules – monosaccharides

· monosaccharides:  glucose, galactose, fructose

· disaccharides: sucrose, lactose, maltose

· monosaccharides form a macromolecule – polysaccharide

· polysaccharide – in animals:  glycogen, animal starch;  in plants:  cellulose , plant starch

· cellulose is tough, flexible, and major component in wood and paper

· Lipids

· not soluble in water

· made mostly from carbon and hydrogen

· fats, oils, and waxes

· Used to store energy, important parts of biological membranes, and waterproof coverings

· Steroids are lipids.  They are chemical messengers

· Glycerol combines with fatty acids

· If all carbon atoms are attached to another carbon atom by a single bond the lipid is saturated ( It has the maximum number possible of hydrogen atoms)

· If there is one carbon to carbon double bond in a fatty acid, it is unsaturated

· If it contains more that one double bond it is polyunsaturated

· Unsaturated lipids seem to be liquid at room temp – oil

· Unsaturated – olive oil

· Polyunsaturated – corn oil, sesame oil, canola oil, peanut oil

· Nucleic Acids

· macromolecules containing Hydrogen, oxygen, nitrogen, carbon, and phosphorus

· monomers are nucleotides

· nucleotides have three parts: 5-Carbon sugar, a phosphate group, and nitrogenous base

· Store and transmit hereditary, or genetic, information.

· Two kinds: DNA – deoxyribonucleic acid and RNA – ribonucleic acid

· Named according to the 5 – carbon sugar

· Proteins

· macromolecules that contain nitrogen, carbon, hydrogen, and oxygen

· polymers of amino acids

· amino acids are compounds of an amino group (-NH2) on one end and a carboxyl group (-COOH) on the other end

· more than 20 different amino acids in nature 

· all amino acids are identical in regions where they may be joined by covalent bonds

· amino group of one bonds to a carboxyl group of another

· The part of the amino acid that is different is a side chain called an R-group – Each type of amino acids’ R - group is different.

· The instructions for arranging amino acids into many different proteins are stored in DNA.

· Each protein has a specific role

· Some proteins control the rate of reactions and regulate cell processes.  Some are used to form bones and muscles.  Others transport substances into or out of cells or help to fight disease

· Proteins can have up to four levels of organization

· First level is the sequence of amino acids in a protein chain

· Second is the amino acids within a chain can be twisted or folded.

· Third the chain itself is folded.  If a protein has more than one chain each chain has a specific arrangement in space.  Van der Waahs forces and hydrogen bonds help maintain a protein’s shape

2-4 Chemical Reactions and Enzymes

· Chemical Reactions

· a process that changes one set of chemicals into another set of chemicals

· some slow; others fast

· reactants – elements or compounds that enter into a chemical reaction

· products – the elements or compounds produced by a chemical reaction

· chemical reactions always involve the breaking of bonds in reactants and the formation of new bonds in products

· Carbon dioxide reacts with water to form carbonic acid in the blood.  Carbonic acid is soluble in water and is carried away from tissues in the body.
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· Energy in Reactions

· Energy is released or absorbed whenever chemical bonds form or are broken

· Energy Changes

· Chemical reactions that release energy often occur spontaneously.  Chemical reactions that absorb energy will not occur without a source of energy

· EX:  
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· energy is released in the form of heat and sometimes H2 explodes – light and sound energy is released

· Reverse requires so much energy it generally does not occur by itself require energy from an electrical current.

· Organisms need to carry out reactions that require energy ( every organism must have a source of energy to carry out chemical reactions

· Plants (trap and store energy from sunlight in energy – rich compounds

· Animals ( energy comes from consuming plants and other animals

· Humans release the energy needed to grow, breathe, and think through chemical reactions that occur with metabolism or digestion/break down of food

· Activation Energy

· energy that is needed to get a reaction started

· This is a factor in whether the overall chemical reaction releases energy or absorbs energy.

· This is why your book does not burst into flames.  Cellulose in paper burns in the presence of oxygen and releases heat and light but there is not enough activation energy to get this reaction started.

· Enzymes

· some chemical reactions that make life possible are too slow or have activation energies that are too high to make them practical for living tissue

· catalyst is a substance that speeds up the rate of a chemical reactions

· catalysts work by lowering a reaction’s activation energy

· Enzymes are proteins that act as biological catalysts.

· Enzymes speed up chemical reactions that take place in cells.

· Lowering the activation energy has a dramatic effect on how quickly the reaction is completed

· EX:  Carbonic anhydrase speeds up the reaction that converts carbon dioxide and water to carbonic acid.  Speeds up the reaction by a factor of 10 million

· Enzymes are specific—catalyzing only one chemical reaction.

· Enzyme Action

· The reactants must collide with enough energy so that existing bonds will be broken and new bonds will be formed

· The Enzyme –Substrate Complex

· Substrate – enzymes provide a site where reactants can be brought together to react.  This site reduces the energy needed for the reaction.  The reactants of enzyme –catalyzed reactions are substrates.

· The substrates bind to a site on the enzyme called the active site.

· The substrate and active site have complimentary shapes. – called a lock and key

· The enzyme and substrate are bound together by intermolecular forces and form an enzyme – substrate complex.  (They stay bound together until the reaction is done)

· Regulation of Enzyme Activity

· enzymes can be affected by any variable that influences a chemical reaction

· pH values

· temperature – in humans 37(  C

· Most cells contain proteins that help to turn key enzymes on or off at critical stages in the life of the cell

· Enzymes play essential roles in regulating chemical pathways, making materials that cells need, releasing energy, and transferring information.

