Chapter-3

Chemical Context of Life

· Biology is a multidisciplinary science, drawing on the insights from other sciences.

· While biologists specialized in the study of life, organisms and the world they live in are natural systems to which the basic concepts of chemistry and physics apply.

· Study of Biology requires an understanding of simple organic chemistry and biological chemistry.

                                                        Why?

· Cells are living things, they are made up of chemical compounds 

· The dominant element in the living system is C 

· A whole variety of C compounds are the structural components of cells 

     Ex; proteins, carbohydrates, lipids, Nucleic acids are C compounds found in cell 

· Many important elements are found in living body. 

· Studying chemistry is necessary to understand the structures and functions of these biological compounds in living organisms.

· Molecular organization and activities of living things arise from the interactions between electrons, these interactions form ionic bonds, covalent bonds, hydrogen bonds. 

A. Element: 

An element is a substance that cannot be broken down to other substance by chemical reactions. Each element consists of only one kind of atom.
· Fundamental forms of matter (all matter of the universe is composed of some basic elements)

· All Living organisms are made up of combinations of elements 

· Each element has a unique symbol usually first one or two letters of the name

· 92 naturally occurring elements, 25 are essential for life 

· Biologically important elements are C, O, H, N, make up 96% of living matter. 

· Trace elements and other elements make up 4% of organic weight 

Trace elements: Are required by organism by minute quantities, Fe (iron) required by all organisms, I2 (iodine) required for normal activity of the thyroid.

B. Molecule and Compound

· Is a substance consisting of two or more atoms held together in a fixed ratio by chemical bonds
· Those atoms may be of the same (molecule) or different elements (molecule, compound) when they form molecules

· Hydrogen (H 2 )  and Oxygen ( O 2 )  are made from same elements 

· H 2 O is made from two different elements, table salt, sodium chloride( Nacl) are compounds.

· When different atoms are combined in definite proportions they form a compound. Compound contains more than one element. 

· Which of the following molecules are compounds and which of them are elements?        H 2O, CO 2, O 2, CO, CH 4, O 3, H 2
C. Atoms

· Each single unit of a particular element is called an atom

· Smallest particles of an element is an atom

•All atoms of a particular element have the same number of protons in their nuclei.

· Each atom consists of
                  §         A small dense positively charged nucleus

                  §         Surrounded by much lighter negatively charged electrons

•Two of these, neutrons and protons, are packed together to form a dense core, the atomic nucleus, at the center of an atom. •Electrons form a cloud around the nucleus.
            Atom contains 3 types of sub atomic particles:
1. Protons: (P) -  Have a positive charge 

                 
2. Neutrons: (No Charge)-  Neutral , no charge 

                 
3. Electrons: (N)-  Have negative charge 

•The attractions between the positive charges in the nucleus and the negative charges of the electrons keep the electrons in the vicinity of the nucleus.

      Atomic Number:  Each element has a unique number of protons, its unique atomic number.

· The number of protons in the nucleus of an atom.

· All atoms of a particular element have the same number of protons in their nuclei.

· # of protons  =  # of electrons

· Therefore, the atomic number tells us the number of protons and the number of electrons that are found in a neutral atom of a specific element.

      H-atom has 1 proton in the nucleus, its atomic number is 1

      Uranium : 92 protons in the nucleus, atomic number is 92

Mass Number:  Number of protons + number of neutrons.

•A neutron and a proton are almost identical in mass, about 1.7 x 10-24 gram per particle.
•The mass of an electron is about 1/200th that of a neutron or proton.

•Therefore, we typically ignore the contribution of electrons when determining the total mass of an atom

Isotopes

•While all atoms of a given element have the same number of protons, they may differ in the number of neutrons.

•Two atoms of the same element that differ in the number of neutrons are called isotopes.

•In nature, an element occurs as a mixture of isotopes.

•For example, 99% of carbon atoms have 6 neutrons (12C).

•Most of the remaining 1% of carbon atoms have 7 neutrons (13C) while the rarest isotope, with 8 neutrons is 14C.

Uses:

•Radioactive isotopes are used to diagnose medical disorders.

•For example, the rate of excretion in the urine can be measured after injection into the blood of known quantity of radioactive isotope.

•Also, radioactive tracers can be used with imaging instruments to monitor chemical processes in the body

•While useful in research and medicine, the energy emitted in radioactive decay is hazardous to life.

•This energy can destroy cellular molecules.

•The severity of damage depends on the type and amount of energy that an organism absorbs.

Ion: An atom has no net charge.  An ion is an atom that has gained or lost one or more electrons and has acquired an electrical charge. Cation has positive charge ( Na+ ) , Anion has negative charge( Cl- )

Electronic Orbital : While the paths of electrons are often visualized as concentric paths, like planets orbiting the sun.

In reality, an electron occupies a more complex three-dimensional space, an orbital.
· The volume of space in which the electron will be found 90% of the time.

· Electrons have potential energy because of their position relative to the nucleus.

· The negatively charged electrons are attracted to the positively charged nucleus.

· The farther electrons are from the nucleus, the more potential energy they have.
· The first shell has room for a single spherical orbital for its pair of electrons.

· The second shell can pack pairs of electrons into a spherical orbital and three porbitals (dumbbell-shaped).
· First shell: A single spherical orbital at the first energy level. 

· The first shell, closest to the nucleus, has the lowest potential energy.

· The first electron shell can hold only 2 electrons.

· The two electrons of Helium fill the first shell.

· Atoms with more than two electrons must place the extra electrons in higher shells.

· For example, Lithium with three electrons has two in the first shell and one in the second shell.
Second shell: Electrons in outer shells have more potential energy.

· Electrons can only change their position if they absorb or release a quantity of energy that matches the difference in potential energy between the two levels.

·  At the second energy level, there are 4 orbital, one of these orbital is spherical and others are dumbbell shaped. Each occupies 2 electrons. 

· The second shell can hold up to 8 electrons.

· Neon, with 10 total electrons, has two in the first shell and eight in the second, filling both shells.
•The chemical behavior of an atom is determined by its electron configuration - the distribution of electrons in its electron shells.

· The reactivity of atoms arises from the presence of unpaired electrons in one or more orbital of their valence shells.

· When atoms interact to complete their valence shells, it is the unpaired electrons that are involved.
An atom with outer shell completely filled with electrons is more stable than one in which the outer energy level is partially filled.

     
He     -----2 electrons (outer most shell)  ---    Stable and un reactive

            Ne  ------- 8 electrons (outer most shell)   --     Stable and un reactive 

     Outer energy shell of most atoms is partially filled 

· Unfilled orbital makes an atom likely to react.

· These atoms interact with other atoms, so they have completely filled outer energy shells

· When atoms interact with one another, bonds are formed between atoms and they makeup a molecule        

· Atoms are mostly empty space.

· When two elements interact during a chemical reaction, it is actually their electrons that are actually involved.

· The nuclei do not come close enough to interact.
                                                         Chemical Bonds

· Atoms with incomplete valence shells interact by either sharing or transferring valence electrons.

· These interactions typically result in the atoms remaining close together, held by an attractions called chemical bonds.

      3 types of bonds

· 1. Ionic Bonds: •An ionic bond can form if two atoms are so unequal in their attraction for valence electrons that one atom strips an electron completely from the other.
· Here is a complete transfer of electron from one atom to another, one atom gains electron and other loses

· Resulting in 2 ions, one positively charged ion and one negatively charged ion

· Because of differences in charge, cations and anions are attracted to each other to form an ionic bond.
· Bonds that are formed between Na+ ions and  cl – ions in salt crystals

                  ·        Ex, Nacl,  

            2.      Covalent Bonds:  

· Strongest chemical bonds

· They are formed by sharing of a pair of valence electrons by both atoms

· Covalent bonds rarely break spontaneously

· Non-Polar Covalent Bond: Electrons are shared equally by atoms ( bonds between same type of atoms ,bonds between H atoms in H2)

· Substituting a line for each pair of shared electrons, H-H is the structural formula for the covalent bond between two hydrogen atoms.
· Oxygen needs to add 2 electrons to the 6 already present to complete its valence shell.

· Two oxygen atoms can form a molecule by sharing two pairs of valence electrons.

· These atoms have formed a double covalent bond.
·    Polar –Covalent Bond:  

The attraction of an atom for the electrons of a covalent bond is called its electronegativity. Strongly electronegative atoms attempt to pull the shared electrons toward themselves
· Electrons are not shared equally by atoms that are involved in the polar covalent bond     

· The bonds between oxygen and hydrogen in water are polar covalent because oxygen has a much higher electronegativity than does hydrogen.

            3.      H-Bond:

· A weak attraction between an electronegative atom( which is a part of polar covalent bond) and H-atom which is a part of a second polar covalent bond).

· The partially positive charged hydrogen atom is attracted to negatively charged (partial or full) molecules, atoms, or even regions of the same large molecule.
· Hydrogen bonds may from between two molecules or within the same molecule. 

• 

       4. Weak bonds:

· Within a cell, weak, brief bonds between molecules are important to a variety of processes.

· For example, signal molecules from one neuron use weak bonds to bind briefly to receptor molecules on the surface of a receiving neuron.

· This triggers a momentary response by the recipient.

· Hydrogen bonds, and van der Waals interactions.

· Even molecules with nonpolar covalent bonds can have partially negative and positive regions.

· Because electrons are constantly in motion, there can be periods when they accumulate by chance in one area of a molecule. 

· This created ever-changing regions of negative and positive charge within a molecule.

· Molecules or atoms in close proximity can be attracted by these fleeting charge differences, creating van der Waals interactions. 

While individual bonds (ionic, hydrogen, van der Waals) are weak,

                                                          Water

      ·    H2 O is the most abundant molecules found in living things.

      ·    It makes 50-95% of the weight of any living system.

· Water is a polar molecule.

· Water molecules hydrogen bond with each other

· Hydrogen Bond form between a (-) corner of one water molecule & a (+) corner of another.

· H bonds are very weak, but all together H-bonds have considerable strength, causing water molecules to cling together.

· H-Bond between  H2O molecules is responsible for the following properties of water.
         1. Temperature stabilization

· Water has high specific heat.

· Specific heat= Amount of heat that must be absorbed or lost for 1 gm of a substance to change its temperature by  10 centigrade             

· High sp heat resists temperature changes when water absorbs and release heat.

· Because so much heat input or heat loss is required to raise or lower the temperature of water, organism in the ocean and fresh water live in an environment of relatively constant temperature.

            2. Cohesion ,Adhesion and Surface Tension
· Cohesion= Holding together of like substances. Water molecules cling to each other.

· Adhesion= Holding together of unlike substances. Water molecules cling to many other molecules .

· Surface tension= Measure how difficult it is to stretch or break the surface of a liquid.

· H2O has greater surface tension.

· Surface tension of water is due to the result of cohesion or clinging together of H2O  molecules  by H-Bonds.

      3. H 2O as solvent

· Many substances in living system are found in the solution.

· Solution: A uniform mixture of the molecules of two or more substances.

· Solvent: Fluid in which one or more substances can be dissolved.

· Solutes:  Substance that get dissolved in the solvent.
· H2 O is the solvent of life.
                             Hydrophobic & Hydrophilic Substance:

                        
Hydro=water

                       

 Philo=loving

· Hydrophilic molecules have affinity for water.

                        ex, polar molecules.

                              Phobes= fearing

· Hydrophobic molecules have no affinity for H2O.

                     ex, non-polar molecule, oil, wax

                     PH-scale

                     Acids: Substances which release H+ when dissolved in H2O (Hcl)

                     HCl  --(H+ + Cl-

                     Bases: Substances which release O H- when dissolved in H2O (Nacl)

                     PH scale= Measures of the concentration of H+  in solutions , 

                     The degree of acidity is measured by PH scale.

                     scale range from 0-(14.

                     Buffers: can take up excess H+ or O H- to maintain a certain PH.

                     Ph=7.0 [H+ ] & [OH-] same= neutral

                     Ph<7.o [H+ ] more=acidic

                     Ph>7.0 [OH- ] more= basic

                     General Biological Reactions 

1.  Condensation Reactions- Reactions which build up larger molecules from small subunits, RELEASE water

                        4.  Hydrolytic (hydrolysis) Reaction- These reactions break down

                            molecules, use water during the reaction

