BI107R SPRING04 CHAP 2     CHEMICAL CONTEXT OF LIFE

Chemical elements and compounds

1. matter

· anything that occupies space and has mass

· consists of chemical elements in pure form and in combinations called compounds       rocks, metals, oils, gases

     2.   elements

· substance which cannot be broken down to other substances by chemical  

reactions

· 92 naturally occurring elements  each has a symbol

· life requires about 25 chemical elements

· 4 – carbon, hydrogen, oxygen, and nitrogen make up 96% of living matter

· 7 make up most of the rest

· trace elements required in minute amounts   some trace elements needed by all living organisms and other trace elements needed by only some 

      3.   compounds

· substance consisting of 2 or more elements in a fixed ratio

· emergent properties – compound has characteristics beyond those of the combined elements     NaCl - salt

 Atoms and Molecules 

1. atoms

· smallest unit of matter that retains properties of an element 

· atom of 1 element differs from atom of all other elements

2. subatomic particles

· stable subatomic particles protons, neutrons, electrons

· protons and neutrons in the dense core called nucleus

· electrons circle in a cloud at about speed of light

· electrons are negatively charged and protons are positively charged

· neutrons are electrically neutral

· neutron and proton have about equal mass 1.7 x 10 to –24 gr    called a Dalton    same as atomic mass unit    1 Dalton

· electron mass very low so can ignore

3. atomic number and atomic weight

· atoms of different elements differ in number of subatomic particles

· all atoms of 1 element have same number of protons in the nucleus

called atomic number    left side subscript 

· atoms are neutral so have equal number of electrons

· mass number is sum of number of protons and neutrons 

          superscript to the left

· atomic weight approx. equal to sum of protons and neutrons

4. isotopes

· all atoms of an element have same number of protons in nucleus

· atoms of an element can have differing numbers of neutrons

· can weigh more  and called isotopes

· carbon12, carbon13, carbon14         3 isotopes of carbon

·  c12 and c13 are stable – do not have a tendency to lose particles

· c14 is unstable or radioactive  - nucleus decays spontaneously giving off particles and energy   if proton is released then get a change of element

· can detect the decay so useful in research and medicine 

5. energy levels of electrons

· only electrons are involved directly in chemical reactions

· electrons are far from the atomic nucleus

· electrons vary in the amount of energy they have

· energy – ability to do work and potential energy – energy that matter stores because of its position or location   water in a reservoir

· matter has a tendency to move to the lowest state of potential energy and work must be done to restore used potential energy

· electrons have this potential energy due to their position in relation to the nucleus

· negative electrons attracted to positive nucleus and further electrons are from the nucleus the greater the potential energy       changes in the potential energy of electrons occurs in discrete steps

· different states of potential energy electrons have in the atom are called energy levels or electron shells 

· 1st shell closest to nucleus and has lowest energy  more energy in 2nd shell and even more energy in 3rd shell

· electron can change its shell by absorbing or losing energy equal to difference in potential energy between the old and the new shell

· electrons in photosynthesis and electrons in paint of dark car on hot summer day

6. electron configuration and chemical properties

· chemical behavior of an atom determined by electron configuration –distribution of electron in electron shells of the atom 

· chemical behavior of an atom depends mostly on number of electrons in outermost shell called valence shell and electrons here called valence electrons   if valence shell is ‘complete’ then atom is inert not reactive

· 2dimensional view of electrons in atoms changed to 3 dimensional view 

· 3D space where an electron spends 90% of its time is called an ‘orbital’

· each electron shell consists of specific number of orbitals of specific shapes          no more than 2 electrons can occupy an orbital 

· 1st electron shell has 1 orbital and can hold 2 electrons   orbital is spherical and called 1s orbital      2nd shell has 4 orbitals and can hold 8 electrons

· electrons in the 4 orbitals have about same energy but move in different volumes of space      2s orbital is spherical and 2p orbitals are dumbbell shaped

· reactivity comes from having unpaired electrons in 1 or more orbitals of the valence shell    electrons fill orbitals one at a time

· atoms interact to complete valence shells  and the unpaired electrons react

  Atoms combine by chemical bonding to form molecules

· atoms with incomplete valence shells interact with other atoms so that the 

valence shells are completed    by sharing or transferring electrons

atoms stay close together held by attractions called chemical bonds

2 strongest types are covalent bonds and ionic bonds

1. covalent bonds

          - sharing of pair of valence electrons    hydrogen atoms 1 electron in 1st shell 

             capacity is 2    the 2 share the pair of electrons

· 2 or more atoms held together by covalent bonds constitutes a molecule

· structural formula H-H  or molecular formula H subscript 2 

· can share 2 pairs of electrons and have a double bond    3 pairs give triple bond

· bonding capacity is the number of covalent bonds an atom can form

· called the atom’s valence and generally equals number of unpaired electrons in the outermost shell    hydrogen – 1     carbon – 4 

phosphorus – 3 but in biological systems usually 5    3 single and 1 double bond

H-H is not a compound but CH4 is    2 or more different atoms in a compound

2. nonpolar and polar covalent bonds

· attraction of the atom for the electrons of a covalent bond is called its 

electronegativity        some atoms are more electronegative than others and so pull the shared electrons strongly toward themselves

in H-H the pull is equal because the electronegativity is equal  electrons are equally shared    called nonpolar covalent bond  same for methane  CH4

· if 1 atom is more electronegative it will pull or attract the electrons to a 

greater extent and this results in unequal sharing of electrons      also leads to the molecule have regions with a negative aspect and regions with a positive aspect     called polar covalent bonds   water is a polar molecule

3. ionic bonds

· where 2 atoms differ tremendously in attraction for valence electrons the 

more electronegative atom removes an electron    the electron is transferred

atoms start as electrically neutral so it transfer occurs 1 atom loses a negative charge and becomes positive  called a cation   other atom gains a negative charge and becomes negative   called an anion 

atoms are held together by attraction of these positive and negative ions and this attraction is called an ionic bond     not as strong as covalent bond

salt    sodium chloride  1:1      magnesium chloride 2:1

‘ion’ refers to entire molecules with electrical charge

4. weak chemical bonds are important in biological systems

· strongest chemical bonds are covalent bonds linking atoms to form molecules

· bonding between molecules is also important    these are weak, temporary bonds 

· important types of weak chemical bonds – ionic bond is weak in water 

hydrogen bond – positive region of 1 molecule attracted to negative region of another molecule    water to water or water to methane

Van der Waals interactions – even a nonpolar molecule can temporarily have positive and negative regions which allows molecules and atoms to stick together temporarily called Van der Waals interactions

All weak bonds can form between regions of a single large molecule 

Which gives rise to molecular shape  important in biological function 

5. chemical reactions make and break chemical bonds

          - reactants and products    break bonds in reactants and form bonds in products

