Honors Chemistry Worksheet on Periodic Table

NEATLY provide the best, complete, detailed, yet concise response to each of the following questions/problems.

1. By examining the modern periodic table, find as many examples as you can of violations of Mendeleev’s periodic law that the chemical and physical properties of the elements are periodic functions of their atomic weights. Why do these violations occur? State the modern day version of the periodic law.

2. The formula for water is H2O. Write the formulas one might expect for the corresponding hydrogen compounds of the other elements in Group 16 (VIA or 6A).

3. Although potassium has a lower atomic weight than argon, it is clear that potassium should follow argon in the periodic table. What reasons can you give for why K and Ar occur in this order, rather than K first and Ar following?

4. What is the general electronic configuration that characterizes each of the following groups of elements? (e.g. alkali metals have a characteristic ns1 valence)

a. The noble gases

b. The Group 11 (IB or 1B)

c. The Group 15 (VA or 5A)

5. What changes in the electron configurations of each of the following elements are necessary for them to attain a noble gas configuration?
a. S;
b. Ca;

c. F;

d. H

6. Identify the specific element or groups of elements that can have the following outer electron configurations:

a. 1s2 2s2 2p6 3s2 3p5
b. ns2 (n-1)d7

c. [Kr] 5s2 4d3
7. The elements of Group 12 (IIB) commonly lose two electrons in chemical    

reaction, forming + 2 ions, for example Zn  --->  Zn2+   +   2 e-. Does this ion have a noble gas configuration (is it isoelectronic with a noble gas)? If not, how does it differ, and why?

8. Indicate the number of unpaired electrons expected to be in each of the following atoms:

a. C

b. V

c. In

d. Sm

9. The number of unpaired electrons in the electron configuration of chromium is not what might be expected. What is the reason for this? Show an orbital diagram of this element.
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10. The most common oxyacid of the element sulfur is H2SO4, sulfuric acid. Predict the formulas of readily available oxyacids of selenium and chromium. In which of these predictions would you feel most confident? Explain.
11. How does atomic size (radius) vary within a given family (group or vertical column)? Explain. 

12. How does atomic size (radius) vary within a period (horizontal row) of the periodic table? Explain how this variation arises.

13. Would you expect the inert gas argon to show a negative electron affinity? Explain your response. 

14. The ionization potential for scandium is 631 kJ/mol and that for yttrium is 615 kJ/mol. In Sc an electron is lost from a 4s orbital, in Y from a 5s orbital. In which atom does the electron experience a higher effective nuclear charge? Explain your answer.

15. How does the ionization potential (ionization energy) vary in the series of elements from potassium through krypton? Explain the observed variation in terms of effective nuclear charge. (Refer to a table of ionization energies as needed).

16. How does the ionization potential (ionization energy) vary with vertical position among Group 15 (VA or 5A) elements? Explain the observed trend.
17. How is the change in radii of the atoms in the series from potassium through krypton related to the change in ionization potentials (ionization energies) in the same series? Explain the reason for the observed trend.

18. The Mg+2 and Na+ ions have the same number of electrons about the nucleus, ten (isoelectronic). Which ion would you expect to have the smaller radius? Explain.

19. It requires considerably more energy to ionize a 4s electron from zinc than from calcium. Explain this phenomenon.
20. The ionization potential (ionization energy) of strontium is 546 kJ/mol, whereas that for cadmium is 864 kJ/mol. Explain the reason for the higher value for Cd.
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21. The element technetium, atomic number 43, is not observed in nature because it happens to be radioactive. Assuming that it can be synthesized in a nuclear reactor in quantity, predict some of its characteristic properties. These should include electron configuration, density, melting point, and formulas of oxides and chlorides. If necessary, consult a handbook of chemistry or chemistry and physics on some of the related elements.

22. The difference in atomic numbers between arsenic, an element of Group 15 (VA or 5A), and antimony, also an element of Group 15 (VA or 5A), is 18. Where are these 18 electrons in the Sb atom?

23. Notice in the figure below, the radius of lanthanum is larger than lutetium. The atomic number of Lu is fourteen (14) greater than that for lanthanum. The fourteen electrons (14 e-) added to the atom in going from La to Lu occupy 4f  orbitals. Suggest a reason why Lu has a smaller radius than La.


[image: image1]
24. Why are the gases in Group 18 (VIIIA or 8A) called noble gases?
25. In 1871 Mendeleev predicted that the element that we now call gallium would someday be discovered. How was he able to do this?

26. After Mendeleev devised his periodic table, he concluded that the atomic weights of certain elements had been incorrectly determined, and this was found to be true to a limited extent. How was Mendeleev able to predict that certain atomic weights were in error? Why was his prediction not valid in all cases?

27. The first ionization energy of chlorine is larger than that of sodium. How can this be explained in terms of modern atomic theory?

28. The first ionization energy of sodium is larger than that of potassium. How can this be explained in terms of modern atomic theory?
29. The first, second, and third ionization energies of magnesium are 7.647, 15.037, and 80.154 eV, respectively. What do these data indicate about the structure of the magnesium atom?

30. Why should more energy be required to knock off the second electron of an atom than was required for the first?
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31. Name the element that is in group I, is a member of the “B” family, and is found in period 6.

32. Do the first ionization energies vary in a regular way as the atomic number increases? Is the variation through the second period comparable with that in the third period? With that in the fourth period? Explain.
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NEATLY provide the best, complete, detailed, yet concise response to each of the following questions/problems.

1. By examining the modern periodic table, find as many examples as you can of violations of Mendeleev’s periodic law that the chemical and physical properties of the elements are periodic functions of their atomic weights. Why do these violations occur? State the modern day version of the periodic law.

Argon & potassium; tellurium and iodine; nickel & cobalt
The elements like argon, tellurium, and cobalt happen to have a greater percentage of “heavier” isotopes naturally occur in nature. The elements like potassium, iodine, and nickel happen to have greater percentages of “lighter” naturally occurring isotopes.
The modern periodic law states that the properties of the elements are periodic functions of their atomic numbers.
2. The formula for water is H2O. Write the formulas one might expect for the corresponding hydrogen compounds of the other elements in Group 16 (VIA or 6A).

H2S;

H2Se;

H2Te

3. Although potassium has a lower atomic weight than argon, it is clear that potassium should follow argon in the periodic table. What reasons can you give for why K and Ar occur in this order, rather than K first and Ar following?

The percentage of argon – 40, a heavier isotope of argon, is 99+ % of naturally occurring argon. Potassium’s largest percentage isotope is potassium – 39, a lighter isotope of potassium, which makes up 93+% of all naturally occurring potassium.
4. What is the general electronic configuration that characterizes each of the following groups of elements? (e.g. alkali metals have a characteristic ns1 valence)

a. The noble gases
ns2 np6
b. The Group 11 (IB or 1B) ns1 (n-1)d10
c. The Group 15 (VA or 5A) ns2 np3
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5. What changes in the electron configurations of each of the following elements are necessary for them to attain a noble gas configuration?

a. S;
b. Ca;

c. F;

d. H

a. capture/gain of two electrons

b. loss of two electrons

c. capture/gain of one electron

d. gain/capture of one electron
6. Identify the specific element or groups of elements that can have the following outer electron configurations:

a. 1s2 2s2 2p6 3s2 3p5
b. ns2 (n-1)d7

c. [Kr] 5s2 4d3
a.  Cl, chlorine;

b. Group 9 (Co, Rh, Ir, Mt);

c. Nb, niobium

7. The elements of Group 12 (IIB) commonly lose two electrons in chemical    

reaction, forming + 2 ions, for example Zn  --->  Zn2+   +   2 e-. Does this ion have a noble gas configuration (is it isoelectronic with a noble gas)? If not, how does it differ, and why?

No, this ion does not have a noble gas configuration. It loses the two valence shell electrons (from the 4s), but is then left with a completely filled d sublevel. This filled d sublevel provides a significant amount of configurational stability and therefore, requires significant amounts of ionization energy to break it open by removing another electron.
8. Indicate the number of unpaired electrons expected to be in each of the following atoms:

a. C

b. V

c. In

d. Sm

a. two;

b. three;

c. one;


d. six

9. The number of unpaired electrons in the electron configuration of chromium is not what might be expected. What is the reason for this? Show an orbital diagram of this element.

Chromium promotes an s sublevel electron in order to obtain the configurational stability obtained by having a half-filled d sublevel. Therefore, its configuration is [Ar] 4s1 3d5. 
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10. The most common oxyacid of the element sulfur is H2SO4, sulfuric acid. Predict the formulas of readily available oxyacids of selenium and chromium. In which of these predictions would you feel most confident? Explain.

H2SeO4 and H2CrO4  

I would feel more confident in H2SeO4 due to the fact it is also a chalcogen (family VIA or Group 16) and therefore, would probably react/behavior similarly to sulfur.
11. How does atomic size (radius) vary within a given family (group or vertical column)? Explain. 

The size of atoms increases moving down a family with increasing atomic number. This is because an increase in shielding negates any increase in nuclear strength. However, the electrons are placed in a valence shell further from the nucleus as one moves down which physically increases the size of the atoms as well as weakening nuclear attraction as distance from the nucleus increases. 

fel = kQQ/r2
12. How does atomic size (radius) vary within a period (horizontal row) of the periodic table? Explain how this variation arises.

The sizes of the atoms decreases moving from left to right across a period with increasing atomic number. 

This occurs due to an increase in effective nuclear charge. The effective nuclear charge increases with each proton added to the nucleus and the fact that electrons are added to the valence region of the atom, therefore, shielding does not increase appreciably, according to Slater only by a value of 0.35. Therefore, Zeff increases by 0.65 with each element. As a result of this increased force of nuclear attraction, the valence electrons are “pulled” closer to the nucleus.
13. Would you expect the inert gas argon to show a negative electron affinity? Explain your response. 

No. Argon has a completely filled valence shell ([Ne] 3s2 3p6), and therefore; would have limited desire to capture an additional electron upsetting the configurational stability provided by the filled valence shell.
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14. The ionization potential for scandium is 631 kJ/mol and that for yttrium is 615 kJ/mol. In Sc an electron is lost from a 4s orbital, in Y from a 5s orbital. In which atom does the electron experience a higher effective nuclear charge? Explain your answer.

The electron experiences a higher effective nuclear charge in scandium because the n = 4 valence shell is closer to the nucleus than the n = 5 valence shell. This is supported by the fact that the first ionization energy of scandium is greater than that of yttrium, meaning scandium’s valence electrons are held with greater force. According to Coulomb’s law, the electrostatic force will decrease with an increase in distance between the charges.

15. How does the ionization potential (ionization energy) vary in the series of elements from potassium through krypton? Explain the observed variation in terms of effective nuclear charge. (Refer to a table of ionization energies as needed).

The ionization energy generally increases moving from potassium to krypton. There are some anomalies that appear due to some stabilities associated with certain configurations (i.e. full d sublevel) and other factors. The overall trend of increasing ionization energy results from increasing effective nuclear charge.
16. How does the ionization potential (ionization energy) vary with vertical position among Group 15 (VA or 5A) elements? Explain the observed trend.

The ionization energy decreases moving down Group 15 (VA or 5A) due to an increase in valence shell of the electrons. This increase in distance from the nucleus decreases the electrostatic force of attraction. Coulomb’s law – 

fel = kQQ/r2
17. How is the change in radii of the atoms in the series from potassium through krypton related to the change in ionization potentials (ionization energies) in the same series? Explain the reason for the observed trend.

Moving left to right, the ionization energy tends to increases with each element. This corresponds to a decrease in atomic radius or atomic size. The increase in ionization energy and the decrease in atomic size results from an increase in effective nuclear charge as you go from left to right across the period. It should be noted the change in ionization energy through the transition elements is not significant due to the fact they are all losing an electron from the 4s orbital first.
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18. The Mg+2 and Na+ ions have the same number of electrons about the nucleus, ten (isoelectronic). Which ion would you expect to have the smaller radius? Explain.

The magnesium +2 ion will be smaller than the sodium +1 ion. Recognize, the magnesium atom is already smaller than the sodium atom due to greater Zeff. The removal of the two valence electrons from magnesium’s electron cloud creates two increases in the effective nuclear charge resulting from the decrease in electron – electron repulsion (and, hence decrease in shielding). Sodium only experiences one increase in effective nuclear charge due to decreasing electron-electron repulsion (and, hence decrease in shielding) with removal of only the one electron.

19. It requires considerably more energy to ionize a 4s electron from zinc than from calcium. Explain this phenomenon.

The reason is that the 4s electron of zinc experiences greater effective nuclear charge due to the greater number of protons found in zinc; Z = 30 compared to calcium’s Z = 20. 

Zeff  =  Z  -  S

Ca  (1s2) (2s2, 2p6) (3s2 , 3p6) (4s2 ,4p0)


S = (1 x 0.35)  +  (8 x 0.85)  + (10 x 1.0)  =  17.15


Zeff  =  20  -  17.15  =  2.85
Zn (1s2) (2s2, 2p6) (3s2 , 3p6) (3d10) (4s2 ,4p0)


S = (1 x 0.35)  +  (18 x 0.85)  +  (10 x 1.0)  =  25.65


Zeff  = 30  -  25.65  =  4.35
20. The ionization potential (ionization energy) of strontium is 546 kJ/mol, whereas that for cadmium is 864 kJ/mol. Explain the reason for the higher value for Cd.

The reason is that the 5s electron of cadmium experiences greater effective nuclear charge due to the greater number of protons found in it; Z = 48 compared to strontium’s Z = 38. 

Practice your own calculation. 

Zeff  =  Z  -  S
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21. The element technetium, atomic number 43, is not observed in nature because it happens to be radioactive. Assuming that it can be synthesized in a nuclear reactor in quantity, predict some of its characteristic properties. These should include electron configuration, density, melting point, and formulas of oxides and chlorides. If necessary, consult a handbook of chemistry or chemistry and physics on some of the related elements.

Electron configuration   [Kr] 5s2 4d5
Density   13.865 g/cc

Melting point   2,212 oC

Chloride compounds   TcCl2;
TcCl3;

TcCl4; 
TcCl5
Oxide compounds
TcO;
TcO2;  Tc2O3;

TcO3

Tc2O7

22. The difference in atomic numbers between arsenic, an element of Group 15 (VA or 5A), and antimony, also an element of Group 15 (VA or 5A), is 18. Where are these 18 electrons in the Sb atom?

These 18 electrons are found in the 4p (3 e-), 5s (2 e-), 4d (10 e-), and 5p (3 e-) sublevels
23. Notice in the figure below, the radius lanthanum is larger than lutetium. The atomic number of Lu is fourteen (14) greater than that for lanthanum. The fourteen electrons (14 e-) added to the atom in going from La to Lu occupy 4f  orbitals. Suggest a reason why Lu has a smaller radius than La.


[image: image2]
The electrons of lutetium’s valence region are acted upon by a greater effective nuclear charge as lutetium has 71 protons in its nucleus compared to lanthanum’s 57 protons. Since these electrons are being placed in the same energy sublevel, their contribution to shielding is limited (Slater 0.35), thus the greater number of protons (Z increase by 1 for each element) results in greater force of attraction The electrons respond by shifting closer to the nucleus. 
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24. Why are the gases in Group 18 (VIIIA or 8A) called noble gases?

They are referred to as “noble” because they seldom interact with other elements much as nobility seldom interact with the “common folk”

25. In 1871 Mendeleev predicted that the element that we now call gallium would someday be discovered. How was he able to do this?

There was an opening or blank spot left in gallium’s position on the table he had constructed. He recognized that no known element had the properties needed to fit into the open “slot”, hence he believed it had yet to be discovered.
26. After Mendeleev devised his periodic table, he concluded that the atomic weights of certain elements had been incorrectly determined, and this was found to be true to a limited extent. How was Mendeleev able to predict that certain atomic weights were in error? Why was his prediction not valid in all cases?

After arranging the elements based upon similarity of properties, Mendeleev observed that with but a few exceptions, the elements were arranged in order of increasing atomic mass/weight. Therefore, he felt that the properties of the elements were based upon increasing atomic weight of the elements. However, there were cases where if the elements assumed a position of increasing atomic mass/weight, the element properties did not fit with the other elements of that family/group. As a result, he felt the masses of some of these elements were incorrectly determined, and once correctly found would place all elements in position of proper alignment with regard to mass and properties.

His prediction was not correct in all cases because as Moseley later determined, the properties are related to atomic number, not atomic mass.

27. The first ionization energy of chlorine is larger than that of sodium. How can this be explained in terms of modern atomic theory?

The effective nuclear charge acting on the valence electrons of chlorine is greater than the effective nuclear charge acting on the valence electrons of sodium due to the greater number of protons in chlorine’s nucleus (Na Z = 11 and Cl Z = 17). As a result, since chlorine’s valence electrons are held with greater force than sodium’s, it requires more work (and hence more energy) to remove one of the more tightly held electrons of chlorine.

Honors Chemistry Worksheet on Periodic Table


Page 8

28. The first ionization energy of sodium is larger than that of potassium. How can this be explained in terms of modern atomic theory?
The valence shell of sodium’s ns1 electron is closer to the nucleus (n = 3) than the valence shell of potassium’s ns1 electron (n = 4). According to Coulomb’s law (fel = kQQ/r2), the closer two charged objects are, the stronger the electrostatic force between them. As a result, the Coulombic attraction for sodium’s valence electron is greater than that for potassium’s valence electron. More work (and hence energy expended) must be done in removing the electron from sodium than must be done in the removing of potassium’s valence electron.

29. The first, second, and third ionization energies of magnesium are 7.647, 15.037, and 80.154 eV, respectively. What do these data indicate about the structure of the magnesium atom?

The fact that I.E.2 is greater than I.E.1 is anticipated since electron removal decreases the electron-electron repulsion reducing shielding (Slater by 0.35) and increasing the effective nuclear charge. Thus there is an increased force of attraction for the remaining electrons which would result in doing more work (energy expended) to liberate the next electron. 

The large increase in the I.E.3 however would indicate the disruption of a particularly stable condition, possibly such as a filled valence shell, a filled energy sublevel, etc. In the case of magnesium, it has a 3s2 valence shell ([Ne] 3s2), when the two valence electrons are lost, the resulting configuration is isoelectronic with neon, a noble gas. As a result, removal of the third electron requires disruption of a stable filled valence configuration. In order to upset the stability of this configuration, significant amounts of energy are required. 
30. Why should more energy be required to knock off the second electron of an atom than was required for the first?

The fact that I.E.2 is greater than I.E.1 is expected since electron removal decreases the electron-electron repulsion reducing shielding, increasing the effective nuclear charge, and thus increasing the force of attraction for the remaining electrons. This increase in attraction results in more work being done to remove the next electron.

31. Name the element that is in group I, is a member of the “B” family, and is found in period 6.

Gold, Au
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32. Do the first ionization energies vary in a regular way as the atomic number increases? Is the variation through the second period comparable with that in the third period? With that in the fourth period? Explain.

Yes, it varies in a regular way. As atomic number increases across a period ionization increases, however, at points (every 2, 8, or 18th element) where a new energy level is added, the ionization energy drops sharply and then begins to increase again.
Yes, the variations found in the ionization energies of the second period are comparable to those variations found in the third period. We see ionization energy dips going from beryllium (Gp IIA) to boron (Gp IIIA) (period 2) and going from magnesium (Gp IIA) to aluminum (GpIIIA) (period 3). We also observe a dip in ionization energy going from nitrogen (GpVA) to oxygen (GpVIA) (period 2) and in going from phosphorus (GpVA) to sulfur (GpVIA) (period 3).

No, the fourth period includes elements filling the 3d sublevel. As a result, this causes the ionization energy to “level out” through these elements as they are all losing a first electron from the 4s orbital. Only minor changes result from slight variation in effective nuclear charge as the number of protons increases.
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