I Chem I  -  2nd Problem Assignment  -  January 18, 2000

Reading Assignment:  Unit 3 of Lecture Notes; Chapt. 2 (R.-C.).

Study problems (not to be turned in): R.-C., Chpt. 2, pp.35-36: 20, 24, 25, 30, 31, 32, 37.

Problems from R.-C. due: Tuesday, January 25, 2000: Chapt. 2, pp. 35-36: 

19, 21, 22, 26, 28.

Additional problems (also due on Jan. 25):

(1) Electronic screening and effective nuclear charge:

(a) Arrange the following orbitals in order of increasing effectiveness in screening an electron in a 5s orbital from the protonic charge of the nucleus: 4s, 3d, 3s, 3p, 2s, 4p, 2p.

(b) Arrange the elements in the 2nd row of the periodic table from Li --> Ne in order of: (i) increasing ionization enthalpies and, (ii) increasing atomic radii.

(2)  (a) From each of the following groups of atoms or ions select the ones with 

(i) the largest and (ii) the smallest radii:

(1)   Al, Al3+, S, S2-, P
(2)   Mg, Ba, Ca, Be, Sr

(3)   Ca, As, Br, K, Se

(4)   He, Ne, Ar, H+, H
(b) Among the elements in (2) and (3) above, choose the most electronegative and the most electropositive elements.

(3) (a) From the following groups of elements, select the one which has 

the highest electron attachment enthalpy:

 Na, Cl, Al, Ar, Mg, As, Se, S
                  

(b) (i) Give the most stable/common oxidation state for those elements in part (a) 

that can form compounds and (ii) arrange the corresponding En+ ions in order of increasing size.

(4)  (a) Arrange the following elements in order of increasing ionization enthalpy:

Li, F, Ne, O, Be, Rb, Sr, Mg

(b) Which one would be most likely to act as a reducing agent in a chemical reaction?

(5) (a) Classify each of the elements listed below into one of the following categories:  metals, nonmetals and semimetals.

Ca, F, Li, Mg, Si, Ge, O, Bi, Ga, I

(b)  What are the main distinguishing features (physical properties) of these three categories of elements?  List the most common oxidation states for each of these elements.  

(6) (a) Give the ionic species that exist in aqueous solution and in the simple compounds of

 Li, Be, Mg, and Al.

(c) Give two examples that show that these ions are, in some ways, more similar when grouped in a diagonal manner than when they are paired up by Group number in the periodic table.

(d) Explain why this diagonal relationship exists for these two pairs of ions.

(7) What are the reasons for the observation that the first element in each of the main Groups of the periodic table is, in some ways, less representative of that Group than the second element in the Group?

[image: image1.jpg]2.1 Define the following terms: (a) rare carth metals;
(b) van der Waals radius; (c) effective nuclear charge.

2.2 Define the following terms: (a) sccond ionization en
ergy: (b) electron affinity; (c) Bertrand’s rulc.

2.3 Explain the two reasons why the discovery of argon
posed problems for the original Mendeleev periodic

2.4 Explain why the atomic mass of cobalt is greater
than that of nickel cven though the atomic number
of cobalt i less than that of nickel.

216 Suggesx why polonium-210 and astatine-211 arc the
topes of those clements with the longest half-lives.
2.17 In the chssification of elements into metals and non-
metals,
(a) why is a metallic luster a poor guide?
(b) why can’t thermal conductivity be used?

(c) why is it important to definc clectrical conduc-
tivity in three dimensions as the best criteria
for metallic behavior!

2.18 On what basis are clements classified as semimetals?

2.5 Give one advantage and one disadvantage of the A (2.19] Which atom should have the larger covalent radius,

long form of the periodic table.
2.6 Suggest why the Group 11 clements are sometimes

porassium or calcium? Give your reasoning

G.20)Which atom should have the larger covalent adiv,

fluorine or chiorine? Give your reasoning.

called the coinage metals. ,
2.7 Suggest why it would be more logical o call element 7@ Suggest a reason why the covalent radius of germa-

2 “helon” rather than helium. Why is the -ium
ending inappropriate?

nium (122 pm) is almost the same as that of silicon
(117 pm), even though germanium has 18 more

2.8 Why were the names lanthanides and actinides inap- clectrons than silicon.
7 ]2

propriate for those series of clements?
2.9 Why is iron the highest atomic number clement
formed in stellar processes?

2.10 Why must the heavy clements on this planc have
been formed from the very early supernovas that cx-
ploded?

211 Identify

(a) the highest atomic number element for which
scable isotopes exist;

(b) the only transition meta] for which no stable
isotopes are know

(<) the only liquid monmetal 3t SATP

2.12 Identify the only two radioactive clements to exist in
significant quantitics on Earth, Explain why they are
still present.

2.13 Which element—sodium or magnesium—is likcly to
have oaly one stable isotope? Explain your reason

2.14 Suggest the number of neutrons in the most com-
mon isotope’of calcium.

2.15 Neon-20 and iron-56 are the most common iso-
topes of those two elements. On the basis of the
shell model, suggest a possible explanation for this
fact.

(ii) the relative first ionization cnergies of the two

atoms.
2.27 Which element should have the higher ioniza-
tion energy, silicon or phosphorus? Give your

reasoning,
2.28) Which clement should have the higher ionization

encrgy, arsenic or phosphorus? Give your reasoning
2.29 An clement has the following first through fourth
fonization energics in Mjomol =07, 15, 7.
Deduce to which group in the periodic table it
robably belongs. Give your reasoning.

_@j}/mch one, in each pair of elements—boron and
carbon, and carbon and nitrogen—will have the
higher second fonization energy? Give your reason-
ing in cach casc.

(2.30)For the clements sodium and magnesium, which has

.5

236 Contrary to the general trend, the first ionization
encrgy of lead (715 kJomol ') is higher than that of
tin (708 kJ-mol™"). Suggest a reason for this
Why are elemental hydrogen and helium not present
in any significant amounts in the Earth’s atmosphere
cven though they are the two most abundant ele-
ments in the universe?

2.38 Why is it wise for your food to come from a number
of different geographic locations?

22]Suggest a reason why the covalent radius of
hafnium (144 pm) is less than that of zirconium
(145 pm), the clement above it in the periodic

rable.

2.23 [n Table 2.3, we show the values of effective nuclear
charge for the second period elements calculated by
the sophisticated method of Clementi an
Raimondi. For cach of those elements, calculate
the effective nuclear charge on each of the 15 25
and 2p orbitals according to Slater’s rules. Com-
parc them ta the Clementi and Raimondi values
and discuss whether the differences are really
sigaificant.

(228)Using Staer’s ruls, calculace the effective nuclear

charge o an lcton each of the orbials in an
atom of potassium.

2.25: Using Slater's + rule, calculate the relaive effecive
nuclear charge on onc of the 34 electrons compared
to that on onc of the 4s electrons for an atom of
mangane:

226} Using Shaer's rles,caeulat the effective nuclear

charge on a 3p electron in (a) aluminum and
(b) chlorine. Explain how your results relate to:
(i) the relative atomic radii of the two atoms.

the higher first ionization energy? Second ionization
 encrgy? Third ionization encrgy?

Which clement, sodium or magnesium, should have

an clectron affinity closer to zero? Give your reason-

ing.

2.33 Would you cxpect the electron affinity of helium to
be positive or negative in sign? Explain your reason-
ing.

2.34 What part of the periodic table contains the ele-
ments that we nced in large quantitics? How does
this correspond to the element abundances?

2.35 Without consulting data tables or a periodic table,
write the mass number for: (a) the most common
isotope of lead (clement 82); (b) the only stable iso-
tope of bismuth (clement 83); (c) the longest-lived
isotope of polonium (element 84).

2.39 When element 117 is synthesized, what would you
expect qualitatively in terms of its physical and
chemical propertics?

240 Use an advanced inorganic chemistry or bioinor-
ganic chemistry text to identify a role in human nu
tition for as many of the ultratrace elements shown
in Figure 2.15 as possible.




