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Figure 8.14 Defining metallic and covalent radii. " o
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Sample Problem 8.3 Ranking Elements by Atomic Size

PROBLEM:  Using only the periodic table (not Figure 8.15), rank each set of
main-group elements in order of decreasing atomic size:

(a) Ca, Mg, Sr (b)K, Ga, Ca (c) Br, Rb, Kr (d) Sr, Ca, Rb

PLAN: Elements in the same group increase in size and you go down a
group; elements decrease in size as you go across a period.

SOLUTION:
Ia) Sr>Ca > Ml These elements are in Group 2A(2).
‘b) K> Ca> Ga These elements are in Period 4.

lc) Rb > Br> Krl Rb has a higher energy level and is far to the left.
Br is to the left of Kr.

ld) Rb > Sr> Ci Cais one energy level smaller than Rb and Sr.
Rb is to the left of Sr.

Figure 8.16 Periodicity of atomic radius.
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Figure 8.17 Periodicity of first ionization energy (IE,).
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Figure 8.18 First ionization energies of the main-group elements.

Figure 8.19 The first three ionization energies of beryllium (in MJ/

Sample Problem 8.4 Ranking Elements by First lonization Energy
mol).
loniza\ion
eﬂergz‘) PROBLEM: Using the periodic table only, rank the elements in each of the
(Jfm following sets in order of decreasing IE,:
(a) Kr, He, Ar (b) Sb, Te, Sn (c) K, Ca, Rb (d) I, Xe, Cs
PLAN:  IE decreases as you proceed down in a group; |E increases as you
go across a period.
SOLUTION:
I(a) He > Ar > Krl Group 8A(18) - IE, decreases down a group.
lb) Te >Sb > Srl Period 5 elements — IE, increases across a period.
[ic) ca >k >Rbl Ca's to the right of K; Rb is below K.
E [ xe>1>CsH] listothe leftof Xe; Cs s farther to the left and
® down one period.
Sample Problem 8.5 Identifying an Element from Successive lonization
Energies
Copyright © The McGraw-Hill C: ies, Inc. Permission required for ion or display. PROBLEM: Name the Pirf/)d Sleler:j\ent'tm'th thle following flomza.tlor.\ energies (in
Successive lonization Energies of the Elements Lithium Through Sodium mol ) and write its electron con |gurat|on.
Numberaf lonization Energy (M)/mol)* IE, IE, IE; IE, IE5 IEg
Z  Element Electrons IE; IE, IE5 IE4 IE5 IEg IE; IEg IEg 1E3o 1012 1903 2910 4956 6278 22 230
3 Li 1 052 [7.30 11.81
4 Be 2 0.90 CORE ELECTRONS
5 B 3 080 243 366 32.82 PLAN:  Look for a large increase in energy which indicates that all of the
? f, : :‘4’3 ;;2 jf;g 78 0% 6436 valence electrons have been removed.
8 o 6 1.31 3.39 5.30 747 10.98 13.33 il 84.08
9 F 7 1.68 ey 6.05 8.41 11.02 15.16 17.87 92.04 106.43 .
10 Ne 8 208 395 6.12 9.37 12.18 15.24 20.00 23.07 115.38 131.43 SOLUT|ON
11 Na 1 050 [456 6.91 9.54 1385 16.61 20.11 2549 28.93 141.37

*MJ/mol, or megajoules per mole = 10% kJ/mol.

The largest increase occurs after IE;, that is, after the 5th valence

electron has been removed. Five electrons would mean that the
valence configuration is 3s23p? and the element must be
phosphorous, P (Z = 15).

The complete electron configuration is 1s22s22p®3s23p3.
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Figure 8.20 Electron affinities of the main-group elements. 18u
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and Period 3.

Figure 8.25 Main-group ions and the noble gas electron configurations.

Figure 8.24 The trend in acid-base behavior of element oxides.
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Sample Problem 8.6 Writing Electron Configurations of Main-Group lons

PROBLEM:  Using condensed electron configurations, write reactions for the
formation of the common ions of the following elements:

(a) lodine (Z = 53) (b) Potassium (Z = 19) (c) Indium (Z = 49)

PLAN: lons of elements in Groups 1A(1), 2A(2), 6A(16), and 7A(17) are usually
isoelectronic with the nearest noble gas.

Metals in Groups 3A(13) to 5A(15) can lose their np or ns and np

electrons.
SOLUTION:
(a) lodine (Z = 53) is in Group 7A(17) and will gain one electron to be isoelectronic
with Xe: | ([Kr] 5s24€105p5) + e I- ([Kr] 5524d'05p5)
(b) Potassium (Z = 19) is in Group 1A(1) and will lose one electron to be isoelectronic
—witlh Ar: K ([Ar] 4s) K* ([Ar]) +e
(c) Indium (Z = 49) is in Group 3A(13) and can lose either one electron or three
electrons:  In ([Kd55240'05p1) In* ([Kr] 5s2401) +e*
In ([Kr] 5s?4d'%5p") In3*([Kr] 4d'0) + 3e-

Figure 8.26 The Period 4 crossover in sublevel energies.
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Figure 8.27 Apparatus for measuring the magnetic behavior of a sample.
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Sample Problem 8.7 Writing Electron Configurations and Predicting
Magnetic Behavior of Transition Metal lons

PROBLEM: Use condensed electron configurations to write the reaction for the
formation of each transition metal ion, and predict whether the ion is

paramagnetic.
(a) Mn2+(Z = 25) (b) Cré+(Z = 24) (c) Hg?*(Z = 80)
PLAN: Write the electron configuration and remove electrons starting with

ns to match the charge on the ion. If the remaining configuration has
unpaired electrons, it is paramagnetic.

SOLUTION:
(2) Mn2(Z = 25) Mn ([Ar] 4s23d5—— Mn2* ([Ar] 3cF) + 2e- [[paramagnetic]

(b) Cr¥*Z =24) Cr ([Ar] 4s"3d%— Cr** ([Ar] 3c°) + 3¢~ [[paramagnetic]

Electromagnet B Electromagnet (c) Hg?>*(Z = 80) Hg ([Xe] 652414560y Hg?* ([Xe] 4f145d10) + 2e~
l)t paramagnetic (is diamagneti.
Figure 8.28 Depicting ionic radius. Figure 8.29 lonic vs. atomic radius.
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Sample Problem 8.8 Ranking lons by Size

PROBLEM: Rank each set of ions in order of decreasing size, and explain your

ranking:
(a) Ca?*, Sr2*, Mg2* (b) K, 82-, CI- (c) Aut, Aud*
PLAN: Compare positions in the periodic table, formation of positive and

negative ions and changes in size due to gain or loss of electrons.
SOLUTION:

[ (@) sr2* > Ca2*> Mg2*

These are members of the same Group 2A(2) and
therefore decrease in size going up the group.

[ (b) S>> CI->K#| The ions are isoelectronic; S$2- has the smallest Z.q and
therefore is the largest while K* is a cation with a large Z
and is the smallest.

) Aur > Au®

The higher the + charge, the smaller the ion.




