Mendeleev, a Russian Chemist, was one of the first to be partially sucessful in arranging the known elements in the 1870's into a chart that would allow the prediction of properties. He arranged the elements known in those days according to increasing atomic masses. The first Periodic Law proposed by him stated: 

"The properties of the elements are a periodic function of their atomic masses" 

When Mendeleev arranged the known elements using this principle as a guide, he found that certain elements grouped themselves into vertical groupings sometimes called families. If one measured a property of each of the elements in the group, Mendeleev noted that the value for that property would either be high or low depending upon the group under observation. For example, measuring the atomic radius of the atoms of elements which is the distance from the outermost valence region to the nucleus of an atom, one would find that in the case of the first group of elements on the left side of the chart all the elements seemed to have characteristically high values where those elements grouped on the right side of the chart seemed to have characteristically small radii values. All of the elements in group 1 had the highest radius value of any element in its respective period. A period is a horizontal row of elements in the table. Likewise all the elements in group 17 on the far right of the chart had the lowest radius value of any element in its respective period. This is a manifestation of the periodicity exhibited by the elements between their atomic weights and their property measurements. One could conceivably show this periodicity using other properties such as boiling points, melting points, etc. 

You may access a short biography of Demitri Mendeleev here. 

There were some inconsistencies in the arrangement of the elements according to his law, however it wasn't until the early 1900's (1914) that a Prof Moseley, a British Physicist, was able to determine the atomic numbers of all the known elements using an experimental technique. Moseley then proceeded to rearrange the elements according to increasing atomic numbers. Moseley's arrangement seemed to clear up the contradictions and inconsistencies of Mendeleev's arrangement, but Moseley based his arrangement on atomic numbers and not atomic masses. 

Moseley's periodic law is now considered the current Periodic Law. It resulted in a slight alteration of Mendeleev's arrangement, but the slight difference was enough to correct the inconsistencies that existed in Mendeleev's arrangement. 

The elements are arranged in vertical columns known as Groups. The elements in each group have consistently high or low values for certain properties. The horizontal rows of elements are referred to as "periods" 

Group 1 is also called the alkali metal group. These are strong metals that are unusually soft and very reactive toward Oxygen forming Oxides and water forming hydroxides of the metal. These elements are so reactive toward Oxygen and water vapor that they are stored under an inert liquid to protect them from Oxygen and water vapor. 

Group 2 is called the alkaline earth metals. These metals are not as soft as Group 1 metals. They also react more mildly with Oxygen to produce oxides of the metals and only react with water at temperatures where the water is steam. 

Groups 3-12 are referred to as the transition metal groups. These metals are not as predictable because of the shielding effect of the inner electrons. As for the "shielding effect" this refers to the inner electrons found in the transition state elements and the inner transition (rare earth) elements. These electrons had a tendency to block the electrical effect of the positive nucleus upon the outer valence electrons of those atoms. This shielding effect helps to partially explain the erratic placement of the electrons in the d and f orbitals relative to the s and p orbitals. 

Groups 1-2 and 13-18 are referred to as the representative elements 

Group 17 is referred to as the halogen group 

Group 18 is referred to as the Noble gas group previously known as the inert gas group. 

There are two special series of elements that occur right after the transition metal element Actinium (Actinides) and Lanthanum(Lathanides). These special inner transition state metals were first rearranged by Dr. Glen Seaborg of Univ. of Calif. at Berkeley in the 1950's. It caused quite a stir until it was pointed out and demonstrated that this arrangement seemed to predict the properties of several newly synthesized man-made elements. I would call Dr. Seaborg's work the third milestone in our quest to make order out of the behavior of elemental substances. You may access a brief biography of Glen Seaborg here. 

The metals which tend to have their atoms losing electrons during a chemical change are roughly found to the left Group 14 

Non-metals which tend to have their atoms gaining electrons during chemical change are roughly found in Group16-17 with some elements in the lower parts of Groups 15. 

Metalloids which tend to have their atoms sometimes losing and sometimes gaining electrons during chemical change are generally found in Groups 14-16 

The Noble gases really belong to their own category since their atoms tend neither to lose or gain electrons. There are only a handful of compounds involving the Noble Gases (mostly involving Xenon). 

Concerning the so called "representative elements" (Groups 1,2,13,14,15,16,17,18) the following general trends are observed which have their basis in the periodicity exhibited by the elements: 

As you proceed downward in a group two factors are at work. The nuclear charge is increasing which should if it were the only factor make the electrons more tightly bound to the atom. However as you proceed downward the valence shell is moving farther away from the positive nucleus. This factor overweighs the first because of the shielding effect of inner electrons as you proceed downward. Even though the nuclear charge is increasing as you move downward there are more electrons between the valence outer electrons and the nucleus. These inner electrons will shield the valence electrons from the attractive influence of the positive nucleus. Therefore the distance factor is the dominate factor and the energy requirement for removing a valence electron decreases. 

As you proceed to the left in a period or as you proceed down within a group: 

· The metallic strengths increase(non-metallic strengths decrease). 

· The atomic radius of atoms (distance from the nucleus to the outermost occupied region) increases. Atomic radii are the distance between the outermost occupied probability region of an atom and its nucleus. Atomic radii are useful in determining the average bond length between two atoms. Indeed, atomic radii are usually calculated using X-ray diffraction data that is collected from a crystal of the substance. If ion particles are involved, this results in ionic radii. Atomic radii tend to increase as one proceeds to the left within a period(horizontal arrangement of elements) of the periodic table, atomic radii increase. Furthermore, as one proceeds downward within a group (vertical arrangement) the atomic radii tend to increase. Metallic elements generally have the largest atomic radii and non-metallic elements the smallest. Ionic radii of cations are always smaller than the atomic radii because the positive charge pulls the remaining electrons closer to the nucleus. Negative ions on the other hand tend to have larger ionic radii then the corresponding atomic radii because the negative charge tends to repel the electrons causing a shell expansion.

· The ionization potential (energy required to remove an electron from an atom) decreases. Ionization Potential is the energy required to remove an electron from an atom. Basically the ionization exhibits periodicity by decreasing as you proceed to the left along a horizontal row called a period. As you proceed downward in a column of elements called a group the ionization potential will also decrease. The first trend is because as you proceed to the left in a period the nuclear charge decreases making it easier to remove electrons so the energy requirement will decrease. 

· The electron affinity (energy released when an electron is picked up by an atom) decreases 

· The electronegativity (the electron attracting ability of an atom) decreases.
Review
Period - a row of elements on the periodic table. Remember that sentences are written in rows and end with a period. 
Group - a column of elements on the periodic table. Remember that group is spelled group and groups go up and down.

Atomic Radius - Atomic radius is simply the radius of the atom, an indication of the atom's volume. 

Period - atomic radius decreases as you go from left to right across a period. 

Why? Stronger attractive forces in atoms (as you go from left to right) between the opposite charges in the nucleus and electron cloud cause the atom to be 'sucked' together a little tighter.

Group - atomic radius increases as you go down a group. 

Why? There is a significant jump in the size of the nucleus (protons + neutrons) each time you move from period to period down a group. Additionally, new energy levels of elections clouds are added to the atom as you move from period to period down a group, making the each atom significantly more massive, both is mass and volume.

Electronegativity - Electronegativity is an atom's 'desire' to grab another atom's electrons. 

Period - electronegativity increases as you go from left to right across a period. 

Why? Elements on the left of the period table have 1 -2 valence electrons and would rather give those few valence electrons away (to achieve the octet in a lower energy level) than grab another atom's electrons. As a result, they have low electronegativity. Elements on the right side of the period table only need a few electrons to complete the octet, so they have strong desire to grab another atom's electrons.

Group - electronegativity decreases as you go down a group. 

Why? Elements near the top of the period table have few electrons to begin with; every electron is a big deal. They have a stronger desire to acquire more electrons. Elements near the bottom of the chart have so many electrons that loosing or acquiring an electron is not as big a deal. This is due to the shielding affect where electrons in lower energy levels shield the positive charge of the nucleus from outer electrons resulting in those outer electrons not being as tightly bound to the atom.

Ionization Energy - Ionization energy is the amount of energy required to remove the outmost electron. It is closely related to electronegativity. 

Period - ionization energy increases as you go from left to right across a period. 

Why? Elements on the right of the chart want to take others atom's electron (not given them up) because they are close to achieving the octet. The means it will require more energy to remove the outer most electron. Elements on the left of the chart would prefer to give up their electrons so it is easy to remove them, requiring less energy (low ionization energy).

Group - ionization energy decreases as you go down a group. 

Why? The shielding affect makes it easier to remove the outer most electrons from those atoms that have many electrons (those near the bottom of the chart).

Reactivity - Reactivity refers to how likely or vigorously an atom is to react with other substances. This is usually determined by how easily electrons can be removed (ionization energy) and how badly they want to take other atom's electrons (electronegativity) because it is the transfer/interaction of electrons that is the basis of chemical reactions. 

Metals 

Period - reactivity decreases as you go from left to right across a period. 
Group - reactivity increases as you go down a group 

Why? The farther to the left and down the periodic chart you go, the easier it is for electrons to be given or taken away, resulting in higher reactivity.

Non-metals 

Period - reactivity increases as you go from the left to the right across a period. 
Group - reactivity decreases as you go down the group. 

Why? The farther right and up you go on the periodic table, the higher the electronegativity, resulting in a more vigorous exchange of electron.

Ionic Radius vs. Atomic Radius 

Metals - the atomic radius of a metal is generally larger than the ionic radius of the same element. 

Why? Generally, metals loose electrons to achieve the octet. This creates a larger positive charge in the nucleus than the negative charge in the electron cloud, causing the electron cloud to be drawn a little closer to the nucleus as an ion.

Non-metals - the atomic radius of a non-metal is generally smaller than the ionic radius of the same element. 

Why? Generally, non-metals loose electrons to achieve the octet. This creates a larger negative charge in the electron cloud than positive charge in the nucleus, causing the electron cloud to 'puff out' a little bit as an ion.

Melting Point 

Metals - the melting point for metals generally decreases as you go down a group. 
Non-metals - the melting point for non-metals generally increases as you go down a group.

Metals, Nonmetals and Metalloids 

Characteristic properties of metallic and non-metallic elements: 

	Metallic Elements
	Nonmetallic elements

	Distinguishing luster (shine)
	Non-lustrous, various colors 

	Malleable and ductile (flexible) as solids
	Brittle, hard or soft

	Conduct heat and electricity
	Poor conductors 

	Metallic oxides are basic, ionic
	Nonmetallic oxides are acidic, compounds 

	Cations in aqueous solution
	Anions, oxyanions in aqueous solution 


Metals

· Most metals are malleable (can be pounded into thin sheets; a sugar cube chunk of gold can be pounded into a thin sheet which will cover a football field), and ductile (can be drawn out into a thin wire). 

· All are solids at room temp (except Mercury, which is a liquid) 

· Metals tend to have low ionization energies, and typically lose electrons (i.e. are oxidized) when they undergo chemical reactions 

· Alkali metals are always 1+ (lose the electron in s subshell) 

· Alkaline earth metals are always 2+ (lose both electrons in s subshell) 

· Transition metal ions do not follow an obvious pattern, 2+ is common, and 1+ and 3+ are also observed 

· Compounds of metals with non-metals tend to be ionic in nature 

· Most metal oxides are basic oxides; those that dissolve in water react to form metal hydroxides: 

Metal oxide + water -> metal hydroxide

Na2O(s) + H2O(l) -> 2NaOH(aq)

CaO(s) + H2O(l) -> Ca(OH)2(aq) 

· Metal oxides exhibit their basic chemical nature by reacting with acids to form salts and water: 

Metal oxide + acid -> salt + water

MgO(s) + HCl(aq) -> MgCl2(aq) + H2O(l)

NiO(s) + H2SO4(aq) -> NiSO4(aq) + H2O(l)



· What is the chemical formula for aluminum oxide? 

Al has 3+ charge, the oxide ion is O2-, thus Al2O3

· Would you expect it to be solid, liquid or gas at room temp? 

Oxides of metals are characteristically solid at room temp

· Write the balanced chemical equation for the reaction of aluminum oxide with nitric acid: 

Metal oxide + acid -> salt + water

Al2O3(s) + 6HNO3(aq) -> 2Al(NO3)3(aq) + 3H2O(l)



Nonmetals

· Vary greatly in appearance 

· Non-lustrous 

· Poor conductors of heat and electricity 

· The melting points of non-metals are generally lower than metals 

· Seven non-metals exist under standard conditions as diatomic molecules: 

1. H2(g) 
2. N2(g) 
3. O2(g) 
4. F2(g) 
5. Cl2(g) 
6. Br2(l) 
7. I2(l) (volatile liquid - evaporates readily) 

· Nonmetals, when reacting with metals, tend to gain electrons (typically attaining noble gas electron configuration) and become anions: 

Nonmetal + Metal -> Salt

3Br2(l) + 2Al(s) -> 2AlBr3(s) 

· Compounds composed entirely of nonmetals are molecular substances (not ionic) 

· Most nonmetal oxides are acidic oxides. Those that dissolve in water react to form acids: 

Nonmetal oxide + water -> acid

CO2(g) + H2O(l) -> H2CO3(aq) [carbonic acid]

(carbonated water is slightly acidic)

· Nonmetal oxides can combine with bases to form salts 

Nonmetal oxide + base -> salt

CO2(g) + 2NaOH(aq) -> Na2CO3(aq) + H2O(l) 

Metalloids

Properties intermediate between the metals and nonmetals. 

Silicon for example appears lustrous, but is not malleable or ductile (it is brittle - a characteristic of some nonmetals). It is a much poorer conductor of heat and electricity than the metals. Metalloids are useful in the semiconductor industry.

Trends in Metallic and Nonmetallic Character

· Metallic character is strongest for the elements in the leftmost part of the periodic table, and tends to decrease as we move to the right in any period (nonmetallic character increases with increasing ionization values) 

· Within any group of elements (columns), the metallic character increases from top to bottom (the ionization values generally decrease as we move down a group). This general trend is not necessarily observed with the transition metals. 

QUIZZ!!

Which periodic group or series of elements is not correctly matched with its common family name?
  alkaline earth elements IIA

  alkali metals IIIA

  lanthanides 58Ce-71Lu

  halogens VIIA

  noble gases 0

Which one is an inner transition (f-transition) element?

  Rb

  Ho

  Co

  Ru

  Bi

Which element of the following does not match its designation?

  Sr representitive metal

  In representitive nonmetal

  Si metalloid

  W d-transition metal

  Th f-transition metal

----- is a representative element.

  Ti

  Mo

  Tl

  Kr

  U

----- is a noble gas.

  Ti

  Mo

  Tl

  Kr

  U

----- is an actinide.

  Ti

  Mo

  Tl

  Kr

  U

Which element has the largest atomic radius?

  Al

  Si

  P

  S

  Cl

Which element has the largest atomic radius?

  B

  Al

  Ga

  In

  Tl

Which element has the largest atomic radius?

  Cs

  Ba

  Tl

  Pb

  Bi

Which element has the largest atomic radius?

  Ga

  In

  Ge

  P

  O

Which element has the largest atomic radius?

  Li

  Na

  Rb

  F

  I

Which element has the largest atomic radius?

  Mo

  Mg

  Ba

  Cl

  At

Which element has the largest atomic radius?

  F

  S

  Na

  Ni

  Rb

Which element has the smallest radius?

  Na

  Mg

  Al

  Si

  P

Which element has the smallest radius?

  F

  Cl

  Br

  I

  At

Which element has the smallest radius?

  Ca

  Ga

  Ge

  As

  Se

Which element has the smallest radius?

  K

  Na

  Rb

  Mg

  Cl

Arrange the following elements in order of increasing atomic radii.
Sr, Rb, Sn, I, IN

  Rb, Sr, In, Sb, I

  I, Sb, In, Rb, Sr

  In, Sb, I, Sr, Rb

  Sb, I, In, Sr, Rb

  I, Sb, In, Sr, Rb

Arrange the following elements in order of incresing atomic radii.
. K, Na, Mg, Cs, Cl

  Na, Mg, Cl, K, Cs

  Cl, Mg, Na, K, Cs

  Cs, K, Cl, Mg, Na

  Cl, Mg, Cs, K, Na

  Cl, Mg, Na, Cs, K

Arrange the following elements in order of decreasing atomic radii.
Pb, P, Cl, F, Si

  Cl, F, Pb, Si, P

  Pb, Si, P, F, Cl

  Pb, Si, P, Cl, F

  Pb, Cl, P, Si, F

  Pb, Cl, P, F, Si

The first ionization energy of sulfur is less than that of phosphorus. A reasonable explanation for this fact involves

  the stability of half filled electronic energy levels in atomic sulfur.

  pairing of two electrons in one 3p orbital in sulfur atoms.

  the smaller size of sulfur atoms relative to phosphorus atoms.

  the ease with which phosphorus attains a noble gas electronic configuration.

  the higher electronegativity of sulfur relative to phosphorus.

Which element has the lowest first ionization energy?

  F

  Cl

  Br

  I

  At

Which element has the lowest first ionization energy?

  Al

  Si

  P

  S

  Cl

Which element has the lowest first ionization energy?

  F

  B

  O

  S

  Sr

Which element has the lowest first ionization energy?

  Be

  B

  C

  N

  O

Which element has the highest first ionization energy?

  B

  Al

  Ga

  In

  Tl

Which element has the highest first ionization energy?

  Na

  Mg

  Al

  Si

  P

Which element has the highest first ionization energy?

  Li

  Cs

  Cl

  I

  Ar

Which element has the highest first ionization energy?

  Be

  B

  C

  N

  O

The amount of energy absorbed in the process in which an electron is added to a neutral gaseous atom is defined as -----.

  first ionization energy

  electronegativity

  electron affinity

  standard reduction potential

  none of these

Which one of the following species is not isoelectronic with neon?

  Mg2+
  Na+
  O2-
  Cl-
  Al3+
Which one of the following pairs contains isoelectronic species?

  Na, Na+
  S, Se

  S2-, Se2-
  F2, Cl2
  Na+, O2-
Which one of the following ions is not isoelectronic with a noble gas?

  Mg2+
  P2-
  Cs+
  Se2-
  Ba2+
Which ion has the largest radius?

  O2-
  S2-
  Se2-
  Te2-
  Po2-
Which ion has the largest radius?

  Li+
  Na+
  Be2+
  Mg2+
  Al3+
Which ion has the largest radius?

  P3-
  S2-
  Cl-
  N3-
  F-
Which ion has the smallest radius?

  F-
  Cl-
  Br-
  I-
  At-
Which ion has the smallest radius?

  As3-
  Se2-
  Br-
  Rb+
  Sr2+
Which ion has the smallest radius?

  K+
  Cs+
  Sr2+
  Ba2+
  Tl3+
Which ion has the smallest radius?

  K+
  Rb+
  Ca2+
  Sr2+
  Ba2+
Which ion or atom has the largest radius?

  S

  S2-
  Se

  Se2-
  Br

Which ion or atom has the largest radius?

  Sr2+
  Rb+
  Kr

  Br-
  Se2-
Arrange the following set of ions in order of increasing atomic radii.
Ca2+, Cl-, K+, P3-, S2-
  Ca2+, K+, P3-, S2-, Cl-
  K+, Cl-, Ca2+, S2-, P3-
  Ca2+, K+, Cl-, S2-, P3-
  Cl-, S2-, P3-, Ca2+, K+
  P3-, S2-, Cl-, K+, Ca2+
Which one of the following properties is based on the attraction of an atom for electrons in a chemical bond?

  binding energy

  mass defect

  electron affinity

  ionization energy

  electronegativity

Which element has the lowest electronegativity?

  H

  Li

  Na

  K

  Cs

Which element has the lowest electronegativity?

  K

  Ca

  Ga

  Ge

  As

Which element has the lowest electronegativity?

  P

  As

  Sb

  Te

  I

Which element has the lowest electronegativity?

  Be

  Ba

  Ga

  Tl

  I

Which element has the highest electronegativity?

  C

  Si

  Ge

  Sn

  Pb

Which element has the highest electronegativity?

  Li

  N

  K

  As

  Ba

Which element has the highest electronegativity?

  B

  Ge

  Cs

  O

  At

Arrange the following elements in order of increasing electronegativities.
At, Bi, Cl, F, I

  At, Bi, Cl, F, I

  F, Cl, Bi, I, At

  Bi, At, I, Cl, F

  F, Cl, I, At, Bi

  At, Bi, I, Cl, F

Which of the following elements has the greatest attraction for electrons in a covalent bond?

  Ge

  As

  Se

  Br

  Kr

Which of the following pairs of elements would be expected to form an ionic compound?

  S, F

  H, C

  Rb, Cl

  As, Br

  C, I

Which pair of elements would be least likely to form an ionic bond between them?

  Na, S

  C, N

  Al, F

  Mg, Br

  Cs, O

Which one of the following pure compounds of hydrogen is ionic?

  HF

  HCl

  NaH

  H2O

  H2Se

Which one of the following is an ionic hydride?

  CH4
  H2Se

  AsH3
  BaH2
  B2H6
Which one of the following is a covalent hydride?

  RbH

  SrH2
  NaH

  PH3
  CaH2
Which one of the following hydrides is basic?

  H2Te

  B2H6
  CaH2
  HI

  CH4
Which statement does not accurately describe ozone?

  Its molecules are angular.

  Its density is one and a half times that of O2.

  Its molecules are paramagnetic.

  It is unstable.

  It is a very strong oxidizing agent.

