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Atoms, Ions and Molecules

· The chemical elements

· Atomic structure

· Isotopes and radioactivity

· Ions, electrolytes and free radicals

· Molecules and chemical bonds

The Chemical Elements

· Element 

· simplest form of matter with unique chemical properties

· Atomic number of each element

· number of protons in its nucleus

· Periodic table 

· letter symbols of elements arranged by atomic number

· Only 24 elements have a role in our body

· 98.5% of body weight consists of

· O, C, H, N, Ca, P

Atomic Structure
· Nucleus - center of atom contains

· protons: positive charge,  mass of 1 amu

· neutrons: neutral charge,  mass of 1 amu

· atomic mass = total # of protons + neutrons

· Electron shells 

· electrons: negative charge

· # of electrons = # of protons, atoms have neutral charge

· electrons further from nucleus have higher energy

· valence electrons are in the outermost shell

· interact with other atoms

· determine chemical behavior

· octet rule - atoms react to obtain a stable number of 8 valence electrons

Bohr Planetary Model of an Atom

Planetary Models of Elements

Isotopes and Radioactivity

· Isotopes

· elements that differ in the number of neutrons

· 1H, 2H, 3H

· extra neutrons result in increased atomic weight

· “heavy water”

· have no change in chemical behavior

· same valence electrons

· Atomic weight

· Average atomic mass of the mixture of isotopes of an element found in a sample

Isotopes of Hydrogen

Radioisotopes and Radioactivity

· Isotopes 

· same chemical behavior, differ in physical behavior

· Radioisotopes 

· unstable isotopes

· Radioactivity 

· radioisotopes decay to stable isotopes releasing radiation

Marie Curie

Ionizing Radiation

· High energy

· Ejects electrons from atoms

· Destroys molecules and produces free radicals

· sources include:

· UV light, X rays, nuclear decay ((, (, ()

· ( particle - 

· 2 protons + 2 neutrons can’t penetrate skin

· ( particle -

· free electron - penetrates skin a few millimeters

· ( particle - 

· high energy, penetrating; very dangerous

Ionizing Radiation 2

· Physical half-life

· time for 50% of atoms to decay

· 90Sr - 28 yr.

· 40K - 1.3 billion years

· Biological half-life

· time for 50% of atoms to disappear from the body

· function of decay and physiological clearance

· Cesium 137 - physical half-life -- 30 years 



           - biological half-life -- 17 days

· Radiation exposure

· background radiation

· radon gas from decay of uranium in granite

· cosmic rays

Ions

· Ionization - transfer of electrons from one atom to another (( stability of valence shell)

Anions and Cations

Electrolytes

· Salts that ionize in water, form solutions capable of conducting electricity 

· Bodies most abundant electrolytes

· Na+, Ca2+, Mg2+, Cl-, PO43- and HCO3-

· Essential to nerve and muscle function

· Imbalance effects range from muscle cramps, brittle bones to coma and death

Free Radicals

· A particle with an odd number of electrons

· superoxide anion O2-.  

· oxygen molecule with an extra electron

· Produced by 

· metabolic reactions, radiation, chemicals

· Causes tissue damage

· triggers chain reactions that destroy molecules

· Antioxidants

· neutralize free radicals

· SOD (superoxide dismutase enzyme)

· vitamin E, carotenoids, vitamin C 

Molecules and Chemical Bonds

· Molecules

· two or more atoms of same element covalently bonded

· Compounds

· two or more atoms of different elements covalently bonded

· Molecular formula 

· itemizes each element present and its quantity

· Structural formula

· shows arrangement of atoms

· needed to show structural isomers

Structural Isomers

· Molecular formulae are identical, but the structures and chemical properties are different

Molecular Weight

· MW of a compound is the sum of the atomic weights of its atoms.

· Calculate the MW of glucose (C6H12O6)



6 C atoms x 12 amu each = 72 amu

       12 H atoms x   1 amu each = 12 amu



6 O atoms x 16 amu each = 96 amu



Molecular weight (MW) = 180 amu

Chemical Bonds

· Ionic bonds

· Covalent bonds

· Hydrogen bonds

Ionic Bonds

· Attraction of oppositely charged ions to each other forms an ionic bond - no sharing of electrons

· Ionic bonds are weak and dissociate in water

· These compounds tend to form crystals...

Sodium Chloride Lattice

Sodium Chloride Crystals

Covalent Bonds

· Formed by sharing valence electrons

· Types of covalent bonds

· single covalent bond

· double covalent bond

· nonpolar covalent bond

· polar covalent bond

Single Covalent Bond

· One pair of electrons are shared

Nonpolar /Polar Covalent Bonds

electrons shared equally
Hydrogen Bonds

· Weakest of the bonds

· Attraction between polar molecules – no sharing of electrons

· Greatest physiological importance

· properties of water

· shapes of complex molecules

· proteins, DNA

Hydrogen Bonding in Water
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Water and Mixtures

· Structure

· polar, V-shaped molecule with 105° bond angle

· Solutions, colloids and suspensions

· Measures of concentration

· Acids, Bases and pH

Solvency

· Solvency - ability to dissolve matter

· Hydrophilic - charged substances that dissolve easily in water

· Hydrophobic - neutral substances that do not easily dissolve in water

· Water is the universal solvent, important for metabolic reactions and transport of substances

Water as a Solvent

· Water molecules overpower the ionic bond above between Na+Cl-  by forming hydration spheres. 

· Note orientation of water molecules: negative pole faces Na+, positive pole faces Cl- 

Adhesion and Cohesion

· Adhesion - attraction between one substance and another substance

· Cohesion - attraction between one substance and itself

· water is very cohesive due to hydrogen bonds

· Surface tension 

· elastic surface film caused by the attraction of molecules at the surface from those below

Chemical Reactivity of Water

· Facilitates and participates in chemical reactions

· ionization of acids, salts and itself

· important in the transport of molecules for reactions (universal solvent) 

· involved in hydrolysis and  condensation

Thermal Stability of Water

· Heat capacity: amount of heat required to raise the temperature of 1g of a substance by 1°C

· Calorie: amount of heat required to raise the temperature of 1g of water by 1°C

· Water stabilizes internal temperature of the body

· high heat capacity

·  its hydrogen bonds inhibit increased temperature (molecular motion) caused by increased heat

· effective coolant

·  1 ml of perspiration removes 500 calories from the body 

Mixtures

 Substances that are physically blended but not chemically combined

· Solutions

· Colloids

· Suspensions
Solutions

· Solute < 1nm

· pass through membranes

· Transparent

· e.g. copper sulfate solution

Colloids

· Particles 1 to 100nm

· to large to pass through membranes

· Cloudy

· e.g. milk protein

Suspensions

· Particles >100nm

· Cloudy or opaque

· Separate on standing

· e.g. blood cells
Measures of Concentration

· Weight per Volume

· weight of solute in a given volume of solution

· e.g. IV saline contains 8.5 g/L NaCl

· Percentages

· weight or volume of solute in solution

· e.g. IV D5W (5% w/v dextrose in distilled water)

· 5 grams of dextrose in add 100ml water

· Molarity

· number of moles of solute/liter in solution

· physiologic effects of a chemical based on the number of molecules in solution

Molarity

· Based on molecular weight

· for a known MW, weigh out that many grams, this gives you its gram molecular weight or 1 mole

· 1 mole always contains the same number of molecules

· Molarity is the number of moles of solute per liter of solution

· MW of glucose is 180, so one mole of glucose is 180g, a one molar solution of glucose contains 180g/L 

Percentage vs. Molar Concentrations

· Percentage

· # of molecules unequal

·  weight of solute equal
· Molar

· # of molecules equal

· weight of solute unequal
Electrolyte Concentrations

· Measured in equivalents

· 1 Eq will neutralize 1 mole of H+ or OH- ions

· Depends on concentration and electric charge of ion

· multiply molar concentration x valence of the ion

· 1 mM Na+ = 1 mEq/L

· 1 mM Ca2+ = 2 mEq/L

Acids, Bases and pH

· An acid is a proton donor

· A base is a proton acceptor

· pH measures the concentration of H+ ions in solution

pH

· pH - based on the molarity of H+ on a logarithmic scale

· pH = -log [H+]

· for molarity of H+ = 100,10-1,10-2,etc.

· pH = - log [100] = 0, - log [10-1] = 1, etc.

· a change of one number on the pH scale therefore represents a 10 fold change in H+ concentration

· Our body uses buffers to resist any change in pH

pH Scale
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Work and Energy

· Energy - the capacity to do work

· Kinetic energy - energy of motion

· Potential energy- inherent energy due to an objects position or internal state

· Chemical energy - potential energy stored in the molecular bonds

· Electromagnetic energy - kinetic energy of photons: 

· light, infrared, UV, X rays + ( rays

Chemical Reactions

· A chemical bond is formed or broken

· A chemical equation shows:              reactants ( products

 Classes of reactions

· Decomposition reactions

· Synthesis reactions

· Exchange reactions

Decomposition Reactions

· Large molecules broken down into simpler ones

· AB ( A + B

Synthesis Reactions

· Two or more small molecules combine to form a larger one

· A + B ( AB

Exchange Reactions

· Two molecules collide and exchange atoms or group of atoms

· AB+CD  (     ABCD     (       AC + BD

Reaction Rates

· Basis for chemical reactions is molecular motion and collisions

· Reaction Rates affected by:

· concentration

· more concentrated, more collisions, faster rx

· temperature

· higher temperature, greater collision force, faster rx

· catalysts

· speed up reactions without permanent change to itself

· biological catalysts are enzymes

Metabolism

· All the chemical reactions of the body

· Catabolism

· energy releasing (exergonic) decomposition reactions

· Anabolism

· energy releasing (endergonic) synthesis reactions

Oxidation-Reduction Reactions

· Oxidation

· molecule releases electrons and energy, often as hydrogen atoms

· Reduction

· molecule accepts electrons (its charge is reduced) and gains chemical energy (E)

Organic Molecules

· Carbon compounds and functional groups

· carbohydrates

· lipids

· proteins

· nucleotides and nucleic acids

Organic Molecules: Carbon

· Bonds readily with other carbon atoms, hydrogen, oxygen, nitrogen, sulfur 

· needs 4 more valence electrons

· Can form rings or long carbon chains that serve as the backbone for organic molecules

Functional Groups 

· Groups of atoms attach to carbon backbone

· Determine the properties of organic molecules

Monomers and Polymers

· Monomers 

· subunits of macromolecules

· DNA has 4 different monomers (nucleotides)

· proteins have 20 different monomers (amino acids)

· Polymers

· series of monomers bonded together

· Polymerization

· the bonding of monomers together to form a polymer

· caused by a reaction called dehydration synthesis

Dehydration Synthesis

· Monomers bond together to form a polymer (synthesis), with the removal of a water molecule (dehydration)

Hydrolysis

· Splitting a polymer (lysis) by the addition of a water molecule (hydro)

· Digestion consists of hydrolysis reactions
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Organic Molecules: Carbohydrates

· Hydrophilic organic molecule

· General formula 

· (CH2O)n ,  n = number of carbon atoms

· for glucose, n = 6, so formula is C6H12O6

· Names of carbohydrates

· word root sacchar- or the suffix -ose often used

· monosaccharide or glucose

Monosaccharides

· Simplest carbohydrates

· General formula is C6H12O6

· structural isomers

Disaccharides

· Pairs of monosaccharides

· Three major disaccharides

· sucrose 

· glucose + fructose

· lactose

· glucose + galactose

· maltose

· glucose + glucose

Polysaccharides

· Starch, cellulose and glycogen 

· long chains of glucose form these polysaccharides

· Starch produced by plants is digested by amylase

· Cellulose gives structure to plants, fiber to our diet

Polysaccharides

· Glycogen is an energy storage polysaccharide produced by animals 

· Liver cells synthesize glycogen after a meal to maintain blood glucose levels

Carbohydrate Functions

· Source of energy

· Conjugated carbohydrates

· glycolipids 

· external surface of cell membrane

· glycoproteins

· external surface of cell membrane

· mucus of respiratory and digestive tracts

· proteoglycans

· carbohydrate component dominant

· cell adhesion, gelatinous filler of tissues (eye) and lubricates joints

Moieties of Macromolecules

· A moiety is a chemically different component of a conjugated macromolecule

· For example, proteoglycans have a protein moiety and a carbohydrate moiety

Organic Molecules: Lipids

· Hydrophobic organic molecule

· Less oxidized than carbohydrates, have more calories per gram

· Five primary types

· fatty acids

· triglycerides

· phospholipids

· eicosanoids

· steroids

Fatty Acids

· Chain of usually 4 to 24 carbon atoms

Fatty Acids

· Saturated fatty acid - carbon atoms saturated with hydrogen 

· Unsaturated fatty acid - contains C=C bonds that could bond more hydrogen 

Triglyceride Synthesis (1)

· Three fatty acids bonded to glycerol by dehydration synthesis

Triglyceride Synthesis (2)

· Triglycerides called neutral fats

· fatty acids bond with their carboxyl ends, therefore no longer acidic

Triglycerides

· Hydrolysis of fats occurs by lipase enzyme

· Triglycerides at room temperature

· liquid called oils, often polyunsaturated fats from plants

· solid called fat, saturated fats from animals

· Function - energy storage

· also insulation and shock absorption for organs

Phospholipids

· Amphiphilic character

· Hydrophobic “tails” similar to neutral fats with two fatty acids attached to glycerol

· Hydrophilic “head” differs from neutral fat with the third fatty acid replaced with a phosphate group attached to other functional groups

A Phospholipid - Lecithin

Eicosanoids

· Derived from arachidonic acid (a fatty acid)

· Function as chemical signals between cells

· Includes prostaglandins 

· role in inflammation, blood clotting, hormone action, labor contractions, control of blood vessel diameter

Steroids

· Cholesterol

· other steroids derive from cholesterol

· cortisol, progesterone, estrogens, testosterone and bile acids

· required for proper nervous system function and is an important component of cell membranes 

· produced only by animals

· 85% naturally produced by our body 

· only 15% derived from our diet

Cholesterol

· All steroids have this 4 ringed structure with variations in the functional groups and location of double bonds

Organic Molecules: Proteins

· Polymer of amino acids

Amino Acids

· Nonpolar -R groups are hydrophobic 

· Polar -R groups are hydrophilic

· Proteins contain many amino acids and are often amphiphilic

Peptides

· A polymer of 2 or more amino acids

· Named for the number of amino acids they contain

· dipeptides have 2, tripeptides have 3

· oligopeptides have fewer than 10 to 15 

· polypeptides have more than 15

· proteins have more than 100

· Dehydration synthesis creates a peptide bond that joins amino acids
Dipeptide Synthesis

Protein Structure

· Primary structure

· determined by amino acid sequence (as the sequence of letters of our alphabet make up different words) 

Primary Structure of Insulin

· Composed of two polypeptide chains joined by disulfide bridges

Conjugated Proteins

· Contain a non-amino acid moiety called a prosthetic group

· Hemoglobin has 4 polypeptide chains, each chain has a complex iron containing ring called a heme moiety

Hemoglobin

Protein Conformation and Denaturation

· Conformation - overall 3-D shape is crucial to function

· important property of proteins is the ability to change their conformation

· opening and closing of cell membrane pores

· Denaturation

· drastic conformational change that destroys protein function

· as occurs with extreme heat or pH

· often permanent

Protein Functions

· Structure

· collagen, keratin

· Communication

· some hormones, cell receptors

· ligand - molecule that reversibly binds to a protein

· Membrane Transport

· form channels, carriers (for solute across membranes)

· Catalysis

· enzymes are proteins

Protein Functions 2

· Recognition and protection

· glycoprotein antigens, antibodies and clotting proteins

· Movement

· muscle contraction

· Cell adhesion

· proteins bind cells together

Enzymes

· Function as catalysts 

· promote rapid reaction rates

· Substrate - the substance an enzyme acts upon

· Naming Convention

· enzymes now named for their substrate with -ase as the suffix

· amylase enzyme digests starch (amylose)

· Lower activation energy 

· energy needed to get reaction started is lowered

· enzymes facilitate molecular interaction

Enzymes and Activation Energy

Enzyme Structure and Action

· Active sites

· area on enzyme that attracts and binds a substrate

· Enzyme-substrate complex

· temporarily changes a substrates conformation, promoting reactions to occur

· Reusability of enzymes

· enzymes are unchanged by reactions and repeat process

· Enzyme-substrate specificity

· active site is specific for a particular substrate

· Effects of temperature and pH

· change reaction rate by altering enzyme shape

· optimum:  temp = body temp, pH = location of enzyme
Enzymatic Reaction Steps

Cofactors and Coenzymes

· Cofactors

·  nonprotein partners, (like iron, copper, zinc, magnesium or calcium ions) may bind to an enzyme and change its shape, creating an active site

· many enzymes cannot function without cofactors

· Coenzymes

· organic cofactors usually derive from water-soluble vitamins

· pantothenic acid in coenzyme A (required for synthesis of triglycerides and ATP), niacin in NAD+ and riboflavin (B2) in FAD (transfer electrons as H)

Coenzyme Action

· NAD+ involved in ATP synthesis 

· transfers electrons and energy

· review redox reactions next 

Oxidation - Reduction Reactions

· Oxidation

· molecule releases electrons and energy, often on hydrogen atoms

· Reduction (negative e- reduces charge)

· molecule accepts electrons, gains chemical energy (E)

  AH         +        NAD+    (    A     +       NADH

Metabolic Pathways

· Chain of reactions, each catalyzed by an enzyme 

Organic Molecules: Nucleotides

· 3 principle components

· nitrogenous base

· single or double carbon-nitrogen ring

· sugar (monosaccharide)

· one or more phosphate groups

· ATP contains 

· adenine

· ribose

· 3 phosphate groups

· ATP is the universal energy carrying molecule

ATP

· High energy bonds 

· second and third phosphate groups are attached by high energy covalent bonds

· phosphate groups are negatively charged and naturally repel each other

· ATPases hydrolyze the 3rd high energy phosphate bond of ATP producing ADP + Pi + energy

· Kinases (phosphokinases)

· enzymes that phosphorylate (add the Pi released from ATP to) other enzymes or molecules to activate them

ATP

Production and Uses of ATP

ATP Production - Glycolysis

· Glycolysis

· splits one 6 carbon glucose into two 3 carbon pyruvic acid molecules

· yield 2 net ATP’s

ATP Production - Anaerobic Fermentation

· If no oxygen is available pyruvic acid is converted to lactic acid (build up causes muscle soreness) 

· No ATP produced 

· Allows glycolysis to start over (regenerates NAD+)

ATP Production - Aerobic Respiration

· If oxygen is available pyruvic acid is efficiently consumed

·  yielding 36 more ATP molecules (from the original glucose)

· Aerobic respiration occurs in mitochondrion

Overview of ATP Production

Other Nucleotides

· Guanosine triphosphate (GTP)

· may donate a phosphate group (Pi) to other molecules or to ADP

· Cyclic adenosine monophosphate (cAMP)

· formed after removal of both high energy Pi’s

· after chemical signal (first messenger) binds to cell surface, it triggers the conversion of ATP to cAMP (second messenger) to activate effects inside cell

· Nucleic acids are polymers of nucleotides

cAMP

Nucleic Acids

· DNA (deoxyribonucleic acid)

· 100 million to 1 billion nucleotides long

· contains the genetic code for

· cell division, sexual reproduction, the instructions for protein synthesis 

· RNA (ribonucleic acid)

· 3 forms of RNA range from 70 to 10,000 nucleotides long

· carries out instructions given by DNA

· synthesizes the proteins coded for by DNA

