BI107R SPRING04   CHAP 3  WATER     CHAP 4 MOLECULES and FUNCTIONAL GROUPS

EFFECTS OF WATER’S POLARITY

      Water seems like a simple molecule but is extraordinary

1. polarity of water results in hydrogen bonding

oxygen is more electronegative than hydrogen so hydrogen atom electrons spend more time around the oxygen atom      leads to the oxygen having a partial negative charge and the 2 hydrogen atoms having a partial positive charge   molecule is polar                polar molecules interact by electrical attraction with a slightly positive hydrogen of 1 water molecule attracted to the slightly negative oxygen of a 2nd water molecule                can form a network of interconnected electrical attractions due to hydrogen bonding            gives water it’s emergent properties

        2  first property - water has cohesion     organisms depend on it

               hydrogen bonds form, break, reform constantly and rapidly

               large % of water molecules are hydrogen bonded at any instant 

                    holding the water together     called cohesion

               important – plants ‘pull’ water from roots to leaves

               adhesion – water sticks to sides of vessels in plants

               surface tension – difficulty in breaking surface of a liquid

                            can over fill a cup       small animals can walk or run on water

                              can skip a stone over the surface of water

2. second property – water moderates temperature

            water absorbs heat from the air when air is warmer than water

            water releases heat to air when water is warmer

            water can absorb or release large amounts of heat with only slight change in its 

                own temperature

a.   heat and temperature

atoms and molecules have kinetic energy – energy of motion

faster movement means more kinetic energy

heat – measure of total amount of kinetic energy in a body of matter

temperature – measure of intensity of the heat due to average kinetic energy of the molecules      if average speed of molecules increases then detect this as increased temperature

heat always passes from warmer body to colder body until 2 have equal temp.        ice in a drink

temperature indicated by Celsius scale

calorie – unit of heat – amount of heat needed to raise 1 gram of water by 1 degree Celsius     kcal = amount of heat needed to raise 1000 grams of water by 1 degree Celsius

joule (J) – another energy unit =0.239 cal.    Cal = 4.184 J

b. high specific heat of water

specific heat of a substance is amount of heat absorbed or lost to change the temperature of the substance by 1 degree Celsius

     1 cal/gr/degree Celsius for water    higher than most substances

high specific heat of water due to hydrogen bonding

heat absorbed to break hydrogen bonds    heat released when hydrogen bonds formed

oceans help keep earth’s temp. within limits compatible with life

c. evaporative cooling

molecules in a liquid attracted to each other so stay together 

fastest molecules can escape to gas phase   

called vaporization or evaporation 

heat of vaporization = amount of heat needed for 1 gr to go from liquid to gas        water has high heat of vaporization 

as liquid evaporates surface of liquid left behind cools      called evaporative cooling       contributes to temp stability

sweat cools the body

3. third property - ice floats

water is less dense as a solid than as a liquid

hydrogen bonds are more rigid in ice and keep the water molecules farther apart in ice  so it is less dense

water does not freeze solid and so life survives underneath the ice

4. fourth property – water is solvent of life

               solution – homogeneous mix of 2 or more substances dissolved in a liquid

               liquid is called solvent     dissolved substances called solutes

               aqueous solution has water as solvent

               water molecules surround ions forming a hydration shell

               water molecules can surround polar molecules such as sugars and proteins                        

                 which have polar and ionic regions

                any substance – ionic or polar – that has an affinity for water is hydrophilic

                       cotton towel    made of cellulose with many polar bonds

                any substance without an affinity for water is hydrophobic

                         many nonpolar bonds

                  solute concentrations in aqueous solutions

                        1 mole is equal to the molecular weight of a substance in grams

                         1 mole of any substance has the same number of molecules

                             called Avogadro’s number  6.02 x 1023 molecules

                         a 1M solution of any substance always has the same number of 

                                   molecules of the substance

                              molarity – number of moles of solute per liter of solution is 

                                    unit of concentration most often used in biology

Water molecules can dissociate

2H2O molecules can dissociate into H3O+ and  OH-   

usually write equation as H2O          H+       +      OH-      
                 in pure water dissociation is very slight    10-7M

          hydrogen ion concentration equals hydroxide ion in pure water

          dissociation is reversible    both ions are very reactive

          adding certain solutes called acids or bases changes the balance

          pH scale used to describe how acidic or basic a solution is

         acids – substances that increase hydrogen ion concentration of solution

         bases – substances which decrease the hydrogen ion concentration of a solution 

                      decrease hydrogen ion conc. directly (accept hydrogen ion) or indirectly

                         by dissociating into something and a hydroxide ion which accepts 

                           hydrogen ion

                  substances which dissociate completely called strong acids or strong bases

                  substances which dissociate incompletely called weak acids or weak bases

       pH scale

                in aqueous solution the product of hydrogen ion concentration and hydroxide

                   ion concentration is always 10-14.

                 Product of H+   and   OH- always = 10-14.

                 Acids add hydrogen ion to solutions and also removes hydroxide ions from

                         solution

                 bases add hydroxide to the solution and remove hydrogen ions from solution

                 pH scale ranging from 0 to 14 compresses  the range of hydrogen ion and 

                   hydroxide ion concentrations by using logarithms

                pH of a solution is the negative log (base 10) of the hydrogen ion concentration

                 pH = -log [H+]      for neutral solution [H+] = 10-7 M

                          -log 10-7 = -(-7) = 7

                 pH declines as hydrogen ion concentration increases

                  pH scale implies hydroxide concentration also 

                    pH scale below 7 is acidic   above 7 is basic

                   biological solutions are mostly in the pH 6-8 range with exceptions

                   10 fold change in hydrogen ion concentration for each pH unit

         buffers

              substances which minimize changes in hydrogen ion or hydroxide ion

                in biological systems

              act by accepting or donating hydrogen ions    usually a weak acid and its base

CHAP 4   CARBON and MOLECULES

            Carbon – greatest ability to form large, complex and diverse molecules

             Carbon based molecules – proteins, DNA and RNA, carbohydrates, etc.

                    Carbon atoms bonded to other elements – hydrogen, oxygen, 

                       Nitrogen, sulfur, phosphorus

             Carbon has 6 electrons    2 in 1st shell and 4 in outer shell which can hold 8

                          Half full and half empty so has no tendency to gain or lose electrons 

                                          And form ionic bonds

             Completes outer shell (called valence shell) by sharing electrons – forming 

                   Covalent bonds      can share 4 pairs of electrons   acts as a crossroad    +
                         To make large complex molecules

             Carbon chains form the skeleton of most organic molecules

                        Skeleltons can be straight, branched, or ring structures

                       Can have single or double bonds

                  Hydrocarbons are carbon compounds with addition of only hydrogen

                         Major component of petroleum

                         In the cell many molecules have hydrocarbon parts – fat molecules

                              Long hydrocarbon tails 

                   Hydrocarbon molecules are nonpolar and so are hydrophobic (water

                         Avoiding)          store large amount of energy 

   Isomers of organic molecules

          Compounds with same molecular formula but different structures and so different

               Properties 

          3 types of isomers

              a. structural isomers

                    differ in covalent arrangement of atoms      number of possible isomers 

                          increases as length of carbon skeleton increases

                          location of double bonds may also vary

              b. geometric isomers

                     same covalent partners but differ in spatial arrangement

                     small differences in shape can be very important

              c. enantiomers 

                     molecules that are mirror images of each other

                     molecules built around an asymmetric carbon or middle carbon

                     carbon attached to 4 different atoms or groups of atoms

                        like right and left hand molecules which have different shapes

                        cells can detect different shapes and only 1 enantiomer is active

FUNCTIONAL GROUPS

             Molecular components attached to carbon skeletons

              Give distinctive properties to organic molecules

             Most commonly involved in chemical reactions
             Number and arrangement of functional groups in organic molecules

                   Gives each molecule its unique properties

             Functional groups behave the same on different organic molecules

      Main types of functional groups in biological chemistry are hydroxyl,

          Carbonyl, carboxyl, amino, sulfhydryl, and phosphate

           Hydroxyl – hydrogen atom bonded to oxygen atom which is bonded to

                A carbon atom in the carbon skeleton

                 Organic compounds with hydroxyl groups are called alcohols

                Functional group designated by ( -OH  or HO-  )  ( not OH-) the hydroxide ion

                Hydroxyl group  is polar because of electronegative oxygen atom  so 

                    The group attracts water so compounds are water soluble

           Carbonyl – carbon atom joined to oxygen atom by double bond

                If carbonyl group is on end of organic molecule called an aldehyde

                    If not on end called a ketone

                Simplest ketone is 3 carbon acetone     simplest aldehyde is 3 carbon propanal

                         Structural isomers but have different properties

                      Designated by    (    CO)

           Carboxyl – oxygen atom double-bonded to a carbon atom which is also bonded to

                   A hydroxyl group    all together called carboxyl group

                   Compounds with a carboxyl group are called carboxylic acids or organic acid

                      Carboxyl groups have acidic properties since bond between hydrogen and 

                             Oxygen of the hydroxyl group is very electronegative and hydrogen ion

                             Dissociates reversibly to form hydrogen ion   H+.
                          Designated by   ( -COOH)                

            Amino – nitrogen atom bonded to 2 hydrogen atoms and to the carbon skeleton

                    Organic compounds with the amino group are called amines

                    Amino group acts as a base picking up an extra H+ and giving the group a 

                         Charge of  +1     most common state in the cell

                          Designated by   ( -NH2)

            Sulfhydryl -  designated by  ( -SH)    sulfur atom bonded to hydrogen atom

                     Organic compounds with sulfhydryl groups are called thiols

                       Mainly help stabilize protein structure

            Phosphate – anion formed by dissociation of the inorganic acid called phosphoric
                    Acid    (H3PO4)   loss of hydogens by dissociation gives the group 2 negative

                       Charges            organic compounds with a phosphate group (-OPO32-) 

                               Have the phosphate attached to the carbon skeleton                  

                         Used in cells for energy transfer

