UNIT 4 -THE PERIODIC TABLE AND TRENDS (Chapter 14)
1. SHIELDING - a barrier made of inner-shell electrons which serves to decrease the 

pull of the nucleus on the outer electrons. Shielding INCREASES as you go DOWN a column because there are more inner-shell electrons due to more and more shells of electrons. Ex: There are only 2 shells of electrons in lithium and therefore only ONE INNER SHELL of shielding, but as you move down the column, cesium has 6 shells of electrons and therefore 5 INNER SHELLS which serve as shielding. 

Shielding is considered to be CONSTANT as you move ACROSS a period 

because the number of inner shells is staying the same. Ex: Sodium has 3 shells of electrons and therefore 2 INNER SHELLS of electrons of shielding and chlorine which is in the same period STILL HAS ONLY 3 SHELLS of electrons and 2 INNER SHELLS of shielding. 

2. ATOMIC RADIUS - the size of atomic radius cannot be measured exactly because an atom does not have a sharply-defined boundary. Based on estimations, the size of an atom INCREASES as you move DOWN a column because: 

(1) the atoms have more and more orbits of electrons and 

(2) shielding is increasing down the column which means the outermost electrons are not held as tightly and "roam" out to a bigger diameter. 
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As you move ACROSS a period from left to right, the size of the atom DECREASES because 

(1) there are more and more protons in the nucleus (which means it can act as a stronger and stronger magnet) but the nucleus is still pulling on the same number of orbits and there is no additional shielding to cut down on the pull of the nucleus. 

Example 4-1: 

Which atom is larger? Zr (#40) or Sn (#50) Why? 

Which atom is larger? Li (#3) or Cs (#55) Why? 

3. IONIZATION ENERGY - the amount of energy required to remove the most loosely-held electron from an atom or an ion (usually the outermost electron); is sometimes called ionization potential 

Ionization energy DECREASES as you go DOWN a column because 

(1) there is more and more shielding 

(2) the atoms are getting bigger and bigger which means that the outermost electrons are held more and more loosely and therefore it doesn't take as much energy to remove them. 

Ionization energy GENERALLY INCREASES as you move across a period from left to right because 

(1) the atom size is decreasing 

(2) the outer electrons are closer to the nucleus and therefore harder to remove. 

(2) Also, as you move to the right across a period, the elements are becoming more non-metallic in character and do not give up their electrons as easily 

However, there are several exceptions to this trend in each period due to the STABILITY of the electron you are removing. 
If the elements you are comparing ARE NOT SIDE BY SIDE on the Periodic Table, you may use the trend of increasing ionization energy toward the right to predict them. However, if the two elements you are comparing are SIDE BY SIDE, you must look at the electron configuration to decide whether the trend applies or whether this is an exception to the trend. Stability is ONLY important when the two elements being compared are SIDE BY SIDE. 
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Example 4-2 

Which has higher ionization energy? Mg (#12) or Ba (#56). Why? 

Which has higher ionization energy? Al (#13) or Si (#14) Why? 

Which has higher ionization energy? Sb (#52) or Te (#52) Why? 

Which has higher ionization energy? Mg (#12) or Cl (#17) Why? 

Multiple ionization energies - removal of a second, third, fourth, etc. electrons from an atom. As more and more electrons are removed from an atom, it is noticed that 

there are places where there seems to be a big JUMP in the energy required to 

remove an electron. The amount of “jump” can be classified in 4 levels, each level requiring a larger and larger jump in IE. 

The lowest jump in IE occurs when removal of an electron disrupts a stable ½ 

full condition of orbitals 

A higher jump will be noticed if the electron being removed is in a different 

sublevel. 

A much higher jump will be noticed if the electron being removed is in a different energy level (orbit) 

The highest jump in IE will occur if the electron being removed is in the FIRST 

energy level. 

Example 4-3: 

In removing 5 electrons from Mg, where will the greatest JUMP in ionization energy occur? Why? 

In removing 4 electrons from boron, where would the greatest JUMP in ionization energy occur? Why? 

4. ELECTRONEGATIVITY - the tendency of an atom to pull electrons WHICH ARE BONDED closer to itself. The most electronegative elements are going to be the very small (not much shielding, so therefore readily attracting electrons) non-metals (elements which want to GAIN electrons anyway). The most electronegative element on the periodic chart is fluorine. 
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Electronegativity INCREASES as you move ACROSS a period from left to right 

because 

(1) the atoms are getting smaller in size with more protons in the nucleus, so they have more ability to attract other elements' electrons and pull them toward themselves 

Electronegativity DECREASES as you move DOWN a column because 

(1) the atoms are getting larger in size with more shielding, so they have less and less ability to attract electrons from another atom and pull them toward themselves

Dr. Linus Pauling created an electronegativity scale from 0 to 4 to provide a means of comparing electronegative tendencies of elements. The most electronegative element on the table has a value of 4 assigned to it and all other elements have lower numbers than this, with large metals having the lowest numbers of all. 

Example 4-4: 

Which of the following elements is the most electronegative? Si (#14) or Cl (#17) Why? 

Which would be the most electronegative? K (#19) or Cs (#55) Why? 

Which would be the more electronegative? oxygen with a Pauling Electronegativity value of 3.44 or chlorine with a EN value of 3.14?   

5. ELECTRON AFFINITY - the amount of energy which is absorbed or given off when an atom is forced to accept an electron. If the electron affinity value is negative, it means energy was given off as the atom accepted the electron and thus it has high electron affinity. The more negative the number, the higher the electron affinity. If the electron affinity value is positive, it means energy had to be put into that atom in order to force it to accept the electron. This is low electron affinity, and the higher the positive value, the less electron affinity the atom shows. The electron affinity values are only known for about 30 elements, but trends have been established based on these few values. 

Electron affinity DECREASES (gets more positive/less negative, less energy GIVEN OFF or requires more energy to be PUT IN) as you move DOWN a column because 

(1) increased shielding and size. This means there is less pull from the nucleus and therefore less "love" for electrons by the atom. The electron affinity values become less and less negative as you move down the column--i.e. the atoms give off less and less energy when they receive an electron because they have less and less ability to attract them. 

Electron affinity GENERALLY INCREASES (gets more negative/less positive, more energy GIVEN OFF or required less energy to be PUT IN) as you move ACROSS a period from left to right because 

(1) the size of the atom decreases across a period. However, there are exceptions to this trend where the electron affinity decreases slightly as well as two columns where the values are positive due to having sublevels which are full and not having a place to put the gained electron. 

Example 4-5: 

Which would have more electron affinity Mg (#12) or Ba (#56) Why? 

Which would have more electron affinity Si (#14) or P (#15) Why? 

Which would have more electron affinity Mg (#12) or Al (#13) Why? 

Which atom has greater electron affinity--one whose value is –350 kJ/mole or one whose electron affinity value is -60 kJ/mole? Why? 

Which atom has greater electron affinity--one whose value is +40 kJ/mole or one whose value is +100 kJ/mole? Why? 

6. REACTIVITY - how easily a metal atom loses its electrons (low ionization energy) determines the reactivity of the metals and how easily a non-metal atom gains electrons (high electron affinity) determines the reactivity of the non-metals. 

Reactivity in metals INCREASES as you move DOWN a column because 

(1) the atoms are getting larger with more and more orbits 

(2) since there is more and more shielding it means that it is easier and easier to remove an electron, so the metals are more and more active. 

Reactivity in metals DECREASES as you move ACROSS a period from left to right 

because 

(1) the atoms are getting smaller and more non-metallic in character, so it becomes harder and harder to lose an electron and therefore less and less reactive. 

Example 4-6: 

Which is more active metal, Ca (#20) or Ba (#56) Why? 

Which is more active metal , Sr (#38) or Sn (#50)? Why? 

Reactivity in non-metals DECREASES as you move DOWN a column because 

(1) the atoms are getting larger with more orbits and more shielding, so it becomes harder and harder for them to gain electrons in their outer orbit easily and thus they are less and less reactive (active). 

Reactivity in non-metals INCREASES as you move ACROSS a period because 

(1) the atoms are getting smaller with more protons in the nucleus to attract electrons into its outer orbit, so therefore it becomes easier and easier for them to be reactive 

Example 4-7: 

Which is the more active non-metal, P (#15) or Cl (#17) Why? 

Which is the more active non-metal, Cl (#17) or Br (#35)? Why? 

7. ION SIZE 
The METALLIC ion is SMALLER than its corresponding atom due to the fact that all metal ions LOSE ALL of the electrons in the outer orbit and therefore have one less orbit of electrons than its corresponding atom, so it is smaller. Also, another way to 

Think about this is the fact that the proton to electron ratio is HIGHER in positive (metal) ions and the higher the proton/electron ratio, the SMALLER the particle--there are more protons than there are electrons; therefore the protons can exert more pull on each of the electrons and hold them tighter and closer. 

The NON-METALLIC ion is LARGER than its corresponding atom due to the fact that all non-metals GAIN electrons in the outer orbit until the highest sublevel is full, and these additional electrons create REPULSION in the outer orbit which causes it to expand and make the non-metallic ion larger. Also, another way to think about this is the fact that the proton to electron ratio is SMALLER in negative (non-metal) ions, and the lower the proton/electron ratio, the LARGER the particle--there are less protons than there are electrons; therefore, the protons cannot exert as much pull on each of the electrons and cannot hold them as tightly as the atom can. 

For METAL ions, the size of the ion DECREASES as you move ACROSS a period 

from the left to the stairstep due to increasing proton/electron ratios. Also, the size of the METAL ion INCREASES as you move DOWN a column due to increased shielding and additional orbits added. 

For NON-METAL ions, the size of the ion DECREASES as you move ACROSS a period from the stairstep to the right due to increasing proton/electron ratios. Also, the size of the NON-METAL ion INCREASES as you move DOWN a column due to increased shielding and additional orbits added. 

Example 4-8: 

Which would be larger, aluminum atom or aluminum ion? Why? 

Which would be larger, fluorine ion or fluorine atom? Why? 

Which would be larger, oxide ion or sulfide ion? Why? 

Arrange the following in order of increasing size, Cl-1, Al+3, P-3, Mg+2, Na+1 
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