Honors Chemistry Worksheet – Periodic Table 
ANSWER KEY
Neatly provide the best response to the following questions and problems. 

1. Explain how the following terms are used in connection with the periodic table. Use illustrative examples. 

a.) group
b.) period
    c.) periodicity
     d.) representative/main block elements
e.) transition elements

f.) A and B groups



g.) family of elements
    h.) lanthanide series

i.) actinide series
j.) triad

k.) inner transition/rare earth elements
l) noble gases

m) coinage metal family

n) chalcogen family

o) alkali metal family



p) alkaline earth metal family


q.) halogens
a.) A group is a vertical column of elements on the periodic table. There are eighteen groups.

b.) A period is a horizontal row of elements on the periodic table. There are seven periods.

c.) Periodicity refers to some recurrence at a regular interval.

d.) The representative or main block elements are those elements occupying the Groups 1,2, and 13 – 18 or Families IA, IIA, and IIIA to VIIIA. These elements are located in the s or p sublevel regions of the table.

e.) The transition elements are located in Groups 3 – 12 or “B” families. They are found in the d sublevel region of the table.

f.) The A and B groups are the headings for most of the groups (families) of the periodic table. The include the groups of the main block (A heading) and the groups of the transition metals (B heading).


g.) A family of elements also represents a vertical column of elements on the table. The elements of a family general have common characteristics or behaviors, especially chemically.

h.) The lanthanide series is the upper row of elements found located below the periodic table on most tables. These elements represent the filling of the 4f sublevel. They are part of the inner transition elements or rare earth elements.

i.) The actinide series is the lower row of elements found located below the periodic table on most tables. These elements represent the filling of the 5f sublevel. They are part of the inner transition elements or rare earth elements. The vast majority of these elements are synthetic (man-made) and are very radioactive.

j.) A triad is a group of three elements that share similar properties. In addition, according to Dobereiner, the mass of the middle element of the triad was the average of the masses of the two other elements.

k.) The inner transition/rare earth elements are usually located below the periodic table on most tables. These elements represent the f energy sublevel. In addition, they are usually considered trace elements and have some exclusive and unique uses. They also contain several synthetic elements and some radioactive elements.

l.) The noble gases represent the elements found in group 18 or VIIIA. They have completely filled valence shells; low energy electron configurations. These configurations result in their stability and hence inertness or limited reactivity.
m.) The coinage metals are a family of elements found in the transition elements consisting of copper, silver, and gold.

n.) The chalcogen family consists of the nonmetallic elements found in Group 16 or VIA. These elements represent the second most chemically active family of nonmetals.
o.) The alkali metals are the elements found in group 1 or family IA excluding hydrogen. They represent the chemically most active family of metals.

p.) The alkaline earth metal family consists of the elements found in group 2 or family IIA. They represent the second most chemically active family of metallic elements.

q.) The halogens are the elements found in group 17 or Family VIIA. They represent the chemically most active family of nonmetallic elements. This family possesses fluorine, chemically considered the most reactive of all elements. 

2. From the standpoint of modern atomic theory, why would you expect the elements calcium, strontium, and barium to fall in the same group in the periodic table?

The elements calcium, strontium, and barium have a similar valence shell electron configuration. As a result, these elements exhibit similar chemical behaviors and would be found in the same family or group on the periodic table. These elements are found in Group 2 or Family IIA of today’s table. 
3. Describe the electron configurations of the first twenty elements (Z = 1 to 20) using the s, p, d, f notation. Show how the periodic law follows from this orderly organization.

H
1s1
He
1s2 
Li
1s2 2s1

Be
1s2 2s2 
B
1s2 2s2 2p1

C
1s2 2s2 2p2

N
1s2 2s2 2p3

O
1s2 2s2 2p4

F
1s2 2s2 2p5

Ne
1s2 2s2 2p6

Na
1s2 2s2 2p6 3s1

Mg
1s2 2s2 2p6 3s2

Al
1s2 2s2 2p6 3s2 3p1

Si
1s2 2s2 2p6 3s2 3p2

P
1s2 2s2 2p6 3s2 3p3

S
1s2 2s2 2p6 3s2 3p4

Cl
1s2 2s2 2p6 3s2 3p5

Ar
1s2 2s2 2p6 3s2 3p6

K
1s2 2s2 2p6 3s2 3p6 4s2

Ca
1s2 2s2 2p6 3s2 3p6 4s2
In looking at the valence shell configurations of elements in the same family or group, it becomes obvious these elements are similar. As a result, it would be expected that these elements exhibit similar chemical behaviors and properties. 
4. Why are the horizontal rows in the periodic table of varying length – that is 2, 8, 18, 32?

This results from the incorporation of varying numbers of energy sublevels as well as the numbers of electrons held within each sublevel as the size of the energy level increases. 

5. Point out two or three irregularities which would appear in the periodic table if the elements were arranged according to increasing atomic weight rather than increasing Z.

The irregularities where atomic weight does not follow increasing order with atomic number are: argon to potassium; tellurium to iodine; and cobalt and nickel.
6. On the basis of position in the periodic table, how would you expect the following atoms and ions to compare in size? In each case explain your answer.

a.) Li and Be

b.) Li+ and Be2+ 
c.) Ca++ and Sc+++
   d.) S2- and Br-
e.) Cu++ and Zn++ 
f.) Cl- and Ar

g.) Ra2+ and Ba+2 
    h.) Al and Ga

i.) Si and S

j.) Zn2+ and Cd+2 
k. O-2 and F-
a.) Li would be larger than Be due to Be having an additional proton, but increasing shielding by only 0.35. the result is an increase in effective nuclear charge (Zeff) by 0.65. the valence electrons are pulled with greater force and respond by moving closer.

b.) Be+2 would be significantly smaller than Li+. Be was already smaller as a neutral atom. It has lost two electrons as compared to lithium’s one electron, thereby reducing electron - electron repulsion even further resulting in a much larger Zeff. 

c.) Sc+++ will be smaller than Ca++. Sc was already smaller than Ca as a neutral atom due to an increase of one proton and only a 0.35 increase in shielding resulting in a greater Zeff. It has lost three electrons as compared to calcium’s two electrons, thereby reducing electron - electron repulsion even further resulting in a much larger Zeff. 

d.) Br- would be larger than S-2. Even though sulfur has increased electron-electron repulsion significantly by adding two electrons compared to bromine’s addition of one electron, bromine’s valence shell is n = 4 compared to sulfur’s n = 3.

e.) Cu++ would be smaller than Zn++ but by very little. While zinc has one additional proton, it relaxes its electron cloud as a result of the full d energy sublevel which is unaltered by the loss of the electrons from 4s. Copper, while smaller as a neutral atom would not appreciably decrease in size as compared to zinc with its loss of a 4s electron and a 3d electron.
f.) The Cl- ion would be larger than Ar. Ar is smaller the neutral Cl due to its grater Zeff (one more proton, but only 0.35 more shielding). And, the Cl- ion has now increased its electron- electron repulsion by adding one electron. This increase in electron – electron repulsion increases shielding which decreases Zeff. The result being electrons held with less force in the valence shell. As a result, the electrons spread further apart reducing their Coulombic repulsion.

g.) The Ra2+ ion would be larger than the Ba+2ion. The radium atom is larger than the barium atom as its valence electrons are in the n = 7 energy level while barium’s valence electrons are in the n = 6 energy level. Since both are in the same family and have lost the same number of electrons, the valence shell of the radium ion is n = 6 which is further from the nucleus  than the barium ion whose valence shell is n = 5.  

h.) The gallium atom is larger than the aluminum atom. Even though gallium has 18 more protons than aluminum, their attractive ability is cancelled out by an increase in shielding electrons. However, the valence electrons of gallium are found in the n=4 energy level compared to aluminum’s which are found in the n=3. This increase in distance decreases Coulombic attraction, decreasing Zeff allowing the electrons to spread further apart.
i.) The sulfur atom would be significantly smaller than the silicon atom as it has increased its Zeff by possessing two additional protons, but only increasing shielding by 0.7 due to the two additional electrons. This increased effective nuclear charge results in greater attraction for the valence electrons which respond by moving closer to the nucleus.
j.) The Zn+2 ion would be smaller than the Cd+2 ion. The zinc atom is smaller than the cadmium atom as its valence electrons are in the n = 4 energy level while cadmium’s valence electrons are in the n = 5 energy level. Since both are in the same family and have lost the same number of electrons, the valence shell of the zinc ion is n = 3 which is closer to the nucleus  than the cadmium ion whose valence shell is n = 4.
k.) The O2- ion will be larger than the F- ion. They both have a valence shell of n = 2. The oxygen ion has acquired two additional electrons increasing its electron-electron repulsion significantly as compared to the fluorine ion which has only added one electron. The additional increase in electron-electron repulsion experienced by the oxygen ion decreases Zeff appreciably allowing the electrons to spread far apart increasing atomic size. The fluorine ion while increasing shielding and decreasing Zeff is only affected by the gain of one electron, therefore, its electrons spread further apart, but not to the extent of oxygen. 
7. What is the fundamental difference in structure (electron configuration) between the A and B divisions of the periodic table?
 In the past, two different systems of Roman numerals and letters were used to denote the various groups. North Americans added the letter B to denote the d-block groups (filling of the d energy sublevel) and A for the representative/main block elements that are filling either the s or p energy sublevel.  The rest of the world used A for the d-block elements and B for the others. In 1985, a new international system was adopted in which the columns were simply labeled 1-18.
8. What changes in chemical activity takes place with increasing atomic number of the 

a.) metals in a group

b.) nonmetals in a group
        c.) elements in a period

a.) Metals increase in activity with increasing atomic number within a group because metals tend to lose electrons. As one moves down a group, the ionization energy decreases as the Zeff decreases due to increased distance between valence electrons and the nucleus.

b.) Nonmetals decrease in activity with increasing number within a group. Nonmetals tend to capture electrons. As one moves down a group, Zeff decreases with the valence shell increasing in distance from the nucleus which decreases electron affinity, electronegativity, and the ability to capture electrons.

c.) The elements within a period decrease in activity through the metals and increase in activity through the nonmetals. Metals tend to lose electrons, Zeff and ionization energy increase moving left to right across a period making it more difficult for metals to lose electrons. The nonmetals tend to gain electrons, as one moves left to right the increase in Zeff increases the ability of nonmetals to capture electrons as can be seen through increased electron affinities and electronegativities.

9. How do the ionization potentials vary in 

a.) elements of a given family (group)?

b.) elements in a given period?

Answer the same questions if electron affinity is substituted for ionization potential.
Note: Ionization potential is the equivalent of ionization energy. Therefore, it is the amount of energy needed to remove an electron from an atom.
a.) The ionization potential decreases moving down a family as Zeff decreases with the increasing distance of the valence shell from the nucleus.

The electron affinity decreases moving down a family as Zeff decreases with the increasing distance of the valence shell from the nucleus.
Recognize, metals have small negative to positive electron affinities whereas, nonmetals tend to have substantial negative electron affinities.

b.) The ionization potential increases moving from left to right across a given period as Zeff increases with increasing atomic number because shielding only increase by a small amount (0.35 according to Slater) with each additional electron.

The electron affinity increases moving from left to right across a given period as Zeff increases with increasing atomic number because shielding only increase by a small amount (0.35 according to Slater) with each additional electron.
Recognize, metals have small negative to positive electron affinities whereas, nonmetals tend to have substantial negative electron affinities.
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10. From the data recorded for the families of elements listed below, predict the properties of the last member of each family.


The value in parentheses ( ) is the researched value.

Element       Density(g/cc)   Melting Point
oC    Boiling Point oC     Color
	S
	      2.07
	        113
	       445
	Yellow

	Se
	       4.81
	        217
	       685
	Gray

	Te
	    7.55 (6.24)
	        321 (450)
	       925 (988)
	Gray (gray)


Element       Density(g/cc)   Melting Point
oC    Boiling Point oC     Color
	F
	0.34(1.70x10-3)
	     -219
	       - 188
	Pale yellow

	Cl
	1.87 (3.21x10-3)
	     - 102
	       - 35
	Greenish yellow

	Br
	      3.12
	     - 7
	         59
	Brown

	I
	      4.93
	     113
	         184
	Black

	At
	6.74 (no data)
	     226 (302)
	     309 (337)    
	Black(dark in sol’n)


Element       Density(g/cc)   Melting Point
oC    Boiling Point oC   Solubility of sulfate 










   per 100 g of water
	Mg
	     1.74
	      650
	        1,107
	          27.0

	Ca
	     1.55
	      839
	        1,487
	          0.208

	Sr
	      2.6
	      769
	        1,384
	          0.01

	Ba
	      3.51
	      725
	        1,640
	          0.000 24

	Ra
	4.42 (~5)
	681 (700)
	1,896 (1,536)
	insoluble


11. Write the chemical symbol and classify the following elements as metals, nonmetals, or metalloids:

iridium, sodium, astatine, francium, boron, yttrium, fluorine, arsenic, thallium, silicon, rubidium, krypton

Ir – metal; Na – metal; At – nonmetal; Fr – metal; B – metalloid; Y – metal; F – nonmetal; As – metalloid; Tl – metal; Si – metalloid; Rb – metal; Kr - nonmetal
12. Where in the periodic table do we find the following with:

a.) metallic properties?
   b.) nonmetallic properties

c.) greatest activity

d.) highest ionization potentials
e.) lowest ionization potentials

f.) highest electron affinities

g.) largest atoms

h.) highest densities


i.) least chemical activity

a.) The metallic properties are predominant in elements left of the staircase. The further left and further down, the more metallic.

b.) The nonmetallic properties predominate in elements right of the staircase. The further right and up, the greater the nonmetallic character.

c.) The greatest metallic activity is found in Group (alkali metals) increasing moving down the family. The greatest nonmetallic activity is found in Group 17 (halogens) increasing as you move up the family.

d.) The highest ionization potentials are found in group 18 (noble gases) increasing moving up the family.

e.) The lowest ionization potentials are found in Group 1 (alkali metals) and decrease moving down the family.

f.) The highest electron affinities are found in Group 17 (halogens) increasing as you move up.

g.) The largest atoms are found moving left and down, therefore, Group 1 (alkali metals) and increasing moving down the family.

h.) The highest densities are possessed by the elements toward the middle and bottom of the transition metals.
i.) The least chemical activity is possessed by the elements of Group 18 (noble gases) which decreases moving up the family.

13. Without referring to or consulting the periodic table, from each of the following lists of elements (with atomic numbers), select those which should appear in the same group in the periodic table. 

a.) 10Ne; 36Kr; 62Sm; 44Ru; 54Xe

e.) 21Sc; 29Cu; 57La; 39Y; 89Ac; 71Lu

b.) 37Rb; 69Tm; 29Cu; 87Fr; 55Cs; 3Li

f.) 7N; 15P; 23V; 31Ga; 33As; 51Sb

c.) 27Co; 35Br; 9F; 85At; 19K


g.) 8O; 16S; 24Cr; 32Ge; 34Se; 52Te

d.) 5B; 13Al; 21Sc; 29Cu; 49In; 81Tl

a.) 10Ne; 36Kr; 54Xe


b.) 37Rb; 87Fr; 55Cs; 3Li

c.) 35Br; 9F; 85At

d.) 5B; 13Al;49In; 81Tl

e.) 21Sc; 57La; 39Y; 89Ac; 71Lu

f.) 7N; 15P; 33As; 51Sb

g.) 8O; 16S; 34Se; 52Te
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14. Which three groups of the Periodic Table contain the most elements classified as metalloids (semimetals)?

a.) 1,2, and 13 
  b.) 2, 13, and 14 
   c.) 14, 15, and 16 
    d.) 16, 17, and 18 
15. Which element has the highest first ionization energy?

a.) sodium 

b.) aluminum 

c.) calcium 

d.) phosphorus 
16. Which element has the largest atomic radius?

a.) sodium 

b.) aluminum 

c.) calcium 

d.) phosphorus 
17. Which element has the smallest atomic radius?

a.) sodium 

b.) aluminum 

c.) calcium 

d.) phosphorus 
18. Which element has the most negative electron affinity value?

a.) sodium 

b.) aluminum 

c.) calcium 

d.) phosphorus 
19. Which element has the second most negative electron affinity?

a.) sodium 

b.) aluminum 

c.) calcium 

d.) phosphorus 
20. Which element has the greatest electronegativity?

a.) sodium 

b.) aluminum 

c.) calcium 

d.) phosphorus 
21. Which element has the smallest ionization energy?

a.) barium

b.) astatine

c.) radon


d.) gold

22. Which element has the smallest atomic radius?

a.) barium

b.) astatine

c.) radon


d.) gold

23. Which element has the highest ionization energy?

a.) barium

b.) astatine

c.) radon


d.) gold

24. Which element has the highest 3rd ionization energy?

a.) barium

b.) astatine

c.) radon


d.) gold
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25. Which element has the lowest electronegativity value?

a.) barium

b.) astatine

c.) radon


d.) gold

26. Which element has the greatest electronegativity value?

a.) tellurium

b.) sulfur

c.) oxygen


d.) selenium

27. Which element has the most negative electron affinity value?

a.) tellurium

b.) sulfur

c.) oxygen


d.) selenium

28. Which element has the largest atomic radius?

a.) tellurium

b.) sulfur

c.) oxygen


d.) selenium

29. Which element has the smallest atomic radius?

a.) tellurium

b.) sulfur

c.) oxygen


d.) selenium

30. Which element will attempt to achieve stability by capturing two electrons?

a.) tellurium

b.) sulfur

c.) oxygen


d.) selenium

