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Chapter 2

Elements, Atoms, and the Periodic Table

Opening Essay
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2.1 The Elements

LEARNING OBJECTIVES
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Figure 2.1

Gold is a yellowish solid, iron is a silvery solid, whle mercury is a silvery liquid at room temperature.
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Looking Closer: Phosphorus, the Chemical Bottleneck
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*The symbol comes from the Latin name of element.
I The symbol for tungsten comes from its German nameN wolfram.
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2.2 Atomic Theory
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John Dalton was an English
scientist who enunciated the
modern atomic theory.

Looking Closer: Atomic Theory
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2.3 The Structure of Atoms
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Figure 2.3The Geiger-Marsden Experimental Setup
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Experiments using this setup were used to investigate the structure of atoms.
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Figure 2.4RutherfordOs Metal-Foil Experiments

Rutherford explained the results of the metal-foil experiments by proposing that most of the mass and the pos
charge of an atom are located in its nucleus, while the relatively low-mass electrons orbit about the nucleus. N
alpha particles go straight through the empty space, a few particles are deflected, and fewer still ricochet bacl
toward the source. The nucleus is much smaller proportionately than depicted here.
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Figure 2.5A Modern Depiction of Atomic Structure

(a) (b)

A more modern understanding of atoms, reflected in these representations of the electron in a hydrogen atom
that electrons occupy regions of space about the nucleus; they are not in discrete orbits like planets around tr
(a) The darker the color, the higher the probability that an electron will be at that point. (b) In a two-dimension
cross section of the electron in a hydrogen atom, the more crowded the dots, the higher the probability that ar
electron will be at that point. In both (a) and (b), the nucleus is in the center of the diagram.
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2.4 Nuclei of Atoms
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number

CF 9L5AD@9 <M8FC;9B <5G H<9 5HCA=7 BIAG9F 5@@ <M8FC;9B 5HCAG <5J9
=B H<9=F BI7@9= "9@=IA <5G H<9 5HCA=7 BIAG9F 5@@ <9@=IA 5SHCAG <5J9
H<9=F BI7@9= -<9F9 =G BC GI7< H<=B; 5G 5 <M8FC;9B 5HCA K=H< DFCHCBG =
BI7T@9IG 5 BI7@9IG K=H< DFCHCBG KCI@8 69 5 <9@=IA 5HCA -<9 5HCA=7 BIA
define$B 9@9A9B&bDHIOF  DD9B8=L *9F=C8=7 -56@9 C: H<9 @@9BHG H<9
9@9A9BHG 5B8 H<9=F 5HCA=7 BIAGO9FG FCA H<=G H56@9 MCI 75B 89H9FA=B9
C: DFCHCBG =B H<9 BI7@9IG C: 5BM 9@9A9BH -<9 @5F;9GH 5HCAG <5J9 CJ9F
=B H<9=F BI7@9=

-<9 BIAG69F C: DFCHCBG =B H<9

BI7@9IG C: 5B 5HCA



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

EXAMPLE 3

0<5H =G H<9 BIA69F C: DFCHCBG =B H<9 BI7T@9IG C: 957< 9@9A9BH .G9 H<C
H56@9 <BDHI9F  DD9B8=L *9F=C8=7 -56@9 C: H<9 @9A9BHG

5@IA=BIA
=FCB
75F6CB

,C@IH=CB

77CF8=B; HC H<9 H56 @9 5@IA=BIA <5G 5B 5HCA=7 BIAGIF C:
-<9F9:CF9 9J9FM 5@IA=BIA 5HCA <5G DFCHCBG =B =HG BI7@9IG
#FCB <5G 5B 5SHCA=7 BIA69F C: -<9F9:CF9 9J9FM =FCB 5HCA <5G
DFCHCBG =B =HG BI7T@9IG

5F6CB <5G 5B 5HCA=7 BIAGOF C: -<9F9:CF9 9J9FM 75F6CB 5HCA <5G
DFCHCBG =B =HG BI7T@9IG

SKILL-BUILDING EXERCISE

0<5H =G H<9 BIA69F C: DFCHCBG =B H<9 BI7T@9IG C: 957< 9@9A9BH .G9 H<C
H56@9 <BDHOF DD9B8=L *9F=C8=7 -56@9 C: H<9 @9A9BHG

GC8=IA
CLM;9B

7<@CF=B9

"CK A5BM 9@97HFCBG 5F9 =B 5B 5HCA *F9J=CIG@M K9 G5=8 H<5H :CF 5B 9@9
BOIHF5@ 5HCA H<9 BIAG9F C: 9@97HFCBG 9EI5S@G H<9 BIA69F C: DFCHCBG G
CDDCG=H9 7<5F;9G 75B79@ -<IG H<9 5HCA=7 BIAG69F C: 5B 9@9A9BH 5@GC ;=
BIAGIF C: 9@97HFCBG =B 5B 5HCA C: H<5H 9@9A9BH &5H9F K9 K=@@ :=B8 H<
9@9A9BHG A5M ;5=B CF @CG9 9@97HFCBG :FCA H<9=F 5HCAG GC H<CG9 5HC
69 9@97HF=75@@M BIIHF5@ -<IG K9 K=@@ B998 5 K5M HC 8=::9F9BH=5H9 H<!
9@97HFCBG :CF H<CG9 9@9A9BHG

(I7@9= C: HCAG



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

EXAMPLE 4

"CK A5BM 9@97HFCBG 5F9 DF9G9BH =B H<9 5HCAG C: 957< 9@9A9BH

Gl@:IF
HIB;GHO9B
5F,CB

,C@IH=CB

-<9 5HCA=7 BIAGIF C: GI@:IF =G -<9F9:CF9 =B 5 B9IHF5@ 5HCA C: GI@:
H<9F9 5F9 9@97HFCBG

-<9 5SHCA=7 BIAG9F C: HIB;GH9B =G  -<9F9:CF9 =B 5 B9IHF5@ 5HCA C:
HIB;GH9B H<9F9 5F9 9@97HFCBG

-<9 5HCA=7 BIAG9F C: 5F;,CB =G -<9F9:CF9 =B 5 B9IHF5@ 5HCA C: 5F;CB
H<9F9 5F9 9@97HFCBG

SKILL-BUILDING EXERCISE

"CK A5BM 9@97HFCBG 5F9 DF9G9BH =B H<9 5HCAG C: 957< 9@9A9BH
A5;B9G=IA
DCH5GG=IA
=C8=B9

Isotopes

"CK A5BM BIIHFCBG 5F9 =B 5HCAG C: 5 D5FH=7I@5F 9@9A9BH H :=FGH =H K5¢
H<5H H<9 BIAG9F C: BOIHFCBG =B 5 BI7T@9IG K5G 5@GC 7<5F57H9F=GH=7 C: 5B
"CK9J9F =H K5G :CIB8 H<5H 5HCAG C: H<9 G5A9 9@9A9iiffieréBBIABDFG C:

BOIHFCBG HCAG C: H<9 G5A9 9@9A9BH H<5H <5J9 8=::9F9BH BIAG69FG C: BIIHF
75@@98opes CFILS5AD@9 C: H<9 75F6CB 5HCAG CB 5FH< <5J9 B9IHFCBG
5B8 DFCHCBG =B H<9=F BI7@9= 56CIH C: H<9 75F6CB 5HCAG <5J9 B9IHFCB
BI7T@9= (SHIF5@@M C77IFF=B; 75F6CB CB 5FH< H<9F9:CF9 =G 57HI5@@M 5 A
=GCHCDY9G 5@69=H 5 A=LHIF9 H<5H =G  75F6CB K=H< B9IHFCBG =B 957< BI7

HCAG C: H<9 G5A9 9@9A9BH B =ADCFH5BH G9F=9G C: =GCHCD9G =G :CIB8 K=H< <M8FC;9B 5HCAG 'CGH <M

ESFHHFESBJS 8=::9F9BH BIABIFE GicAG <519 5 BI7@9IG K=H< CB@M 5 G=B:@9 DFCHCB 6CIH =B  <MS8FC:9B

(I7@9= C: HCAG



<5DH9F @9A9BHG HCAG

-<9 GIA C: H<9 BIAGIFG C:
DFCHCBG 5B8 BO9IHFCBG =B 5
BI7@9IG C: 5B 5HCA

(I7@9= C: HCAG

5B8 H<9 *9F=C8=7 -56 @9

<CK9J9F 5@GC <5G 5 B9IHFCB H<=G D5FH=71@5F eCid@D8 BG 75@ @98
9LHF9A9@M F5F9 <M8FC;9B #GlirCRSG DFCHCB 5B8 B9IHFCBG =B =HG
BI7T@9IG=1F9  #GCHCDYG C: "M8FC;BBAD5FI9G H<9 H<F99 =GCHCD9G C:
<M8FC;9B

Figure 2.6/sotopes of Hydrogen

@ ‘1p1no ‘1p2n0

(@)  Hydrogen Deuterium Tritium

Most hydrogen atoms have only a proton in the nucleus (a). A small amount of hydrogen exists as the isotope
deuterium, which has one proton and one neutron in its nucleus (b). A tiny amount of the hydrogen isotope tri
with one proton and two neutrons in its nucleus, also exists on Earth (c). The nuclei and electrons are
proportionately much smaller than depicted here.

Note

-<9 8=G7CJ9FM C: =GCHCD9G F9EI=F98 5 A=BCF 7<5B;9 =B 5@HCBUG 5HCA=
5@HCB H<Cl;<H H<5H 5@@ 5HCAG C: H<9 G5A9 9@9A9BH K9F9 9L57H@M H<

'CGH 9@9A9BHG 9L=GH 5G A=LHIF9G C: =GCHCD9G #B :57H H<9F9 5F9 7IFF9BI
=GCHCD9G ?BCKB :CF 5@ @ H<9 9@9A9BHG 0<9B G7=9BH=GHG 8=G7IGG =B8=
H<9M B998 5B 9::=7=9BH K5M HC GD97=:M H<9 BIA69F C: BOIHFCBG =B 5BM D5F
BI7T@9IG -<fhass number C: 5B 5HCA =G H<9 GIA C: H<9 BIA69FG C: DFCHCBG 5
BI9IHFCBG =B H<9 BI7T@9IG '=J9B H<9 A5GG BIAG9F :CF 5 BI7@9IG 5B8 ?BCK=B;
5HCA=7 BIA69F C: H<5H D5FH=7I@5F 5HCA MCI 75B 89H9FA=B9 H<9 BIAGIF C: |
6M GI6HF57H=B; H<9 5SHCA=7 BIAG69F :FCA H<9 A5GG BIAGIF

G=AD@9 K5M C: =B8=75H=B; H<9 A5GG BIAG9F C: 5 D5FH=7I@5F =GCHCD9 =G
GID9FG7F=DH CB H<9 @9:H G=89 C: 5B 9@9A9BHUG GMAG6C@ HCA=7 BIAGIFG
5G 5 GI6G7F=DH CB H<9 @9:H G=89 C: 5B 9@9A9BHUG GMAGC@ -<IG K9 A=;<H



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

(I7@9= C: HCAG

NBTOIVNCFS , =
BRINJDVNCFS

K<=7<=B8=75H9G 5 D5FH=7I@5F =GCHCD9 C: =FCB -<9 =G H<9 5HCA=7 BIAG9

H<9 G5A9 :CF5@@ =FCB 5HCAG K<=@9 H<9 =G H<9 A5GG BIAG9F C: H<9 =G(

89HI9FA=B9 H<9 BIAG9F C: BOIHFCBG =B H<=G =GCHCD9 K9 GI6HF57H :FCA
GC H<9F9 5F9 B9IHFCBG =B H<=G 5HCA

EXAMPLE 5

"CK A5BM DFCHCBG 5B8 BOIHFCBG 5F9 =B 957< 5HCA

$M

*

,C@IH=CB

#B8 $MH<9F9 5F9 DFCHCBG 5B8 V BOIHFCBG =B 957< BI7T@9IG
#8  *H<9F95F9 DFCHCBG 5B8 V BOIHFCBG =B 957< BI7T@9IG

SKILL-BUILDING EXERCISE

"CK A5BM DFCHCBG 5B8 BOIHFCBG 5F9 =B 957< 5HCA
n V
/ B

#H =G BCH 56GC@IH9@M B979GG5FM HC =B8=75H9 H<9 5SHCA=7 BIA69F 5G 5 G
957< 9@9A9BH <5G =HG CKB IB=EI9 5SHCA=7 BIA69F '5BM =GCHCD9G 5F9 =B8=7
5 GID9FG7F=DH CB@M GIZE 5G 2CI A5M 5@GC G99 =GCHCD9G FO9DF9G9BH98
DF=BH 5G :CF 9L5AD@9 75F6CB CF IF5B=IA



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

(I7@9= C: HCAG

CONCEPT REVIEW EXERCISES

0<M =G H<9 5HCA=7 BIA69F GC =ADCFH5BH HC H<9 =89BH=HM C: 5B 5HCA

0<5H =G H<9 FO@5H=CBG<=D 69HK99B H<9 BIA69F C: DFCHCBG 5B8 H<9 BI
9@97HFCBG =B 5B 5HCA

"CK 8C =GCHCD9G C: 5B 9@9A9BH 8=::9F :FCA 957< CH<9F

0<5H =G H<9 A5GG BIA69F C: 5B 9@9A9BH

ANSWERS

-<9 5SHCA=7 BIA69F 89:=B9G H<9 =89BH=HM C: 5B 9@9A9BH

#B 5B 9@97HF=75@ @M B9IHF5@ 5HCA H<9 BIA69F C: DFCHCBG 9EI5@G H
9@97HFCBG

#GCHCD9G <5J9 8=::9F9BH BIAG9FG C: BOIHFCBG =B H<9=F BI7T@9=

-<9 A5GG BIAG9F =G H<9 GIA C: H<9 BIAG9FG C: DFCHCBG 5B8 BOIHFCBG =E
BI7@9IG C: 5B 5HCA

KEY TAKEAWAYS

P @9A9BHG 75B 69 =89BH=:=98 6M H<9=F 5SHCA=7 BIA69F 5B8 A5GG BIAG9F
P #GCHCD9G 5F9 5HCAG C: H<9 G5A9 9@9A9BH H<5H <5J9 8=::9F9BH A5GC



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

EXERCISES

"CK A5BM DFCHCBG 5F9 =B H<9 BI7@9IG C: 957< 9@9A9BH

5 F58CB

6 HIB;GH9B

7 T<FCA=IA

8 69FM@@=IA

"CK A5BM DFCHCBG 5F9 =B H<9 BI7@9IG C: 957< 9@9A9BH

5 Gl@:IF
6 IF5B=IA
7 75@7=IA
8 @=H<=IA

0<5H 5F9 H<9 5HCA=7 BIAG9FG C: H<9 9@9A9BHG =B L9F7=G9
0<5H 5F9 H<9 5HCA=7 BIAG9FG C: H<9 9@9A9BHG =B L9F7=G9
"CK A5BM 9@97HFCBG 5F9 =B BOIHF5@ 5HCAG C: H<9 9@9A9BHG =B L9F7:
"CK A5BM 9@97HFCBG 5F9 =B BOIHF5@ 5HCAG C: H<9 9@9A9BHG =B L9F7:

CAD@9H9 H<9 :C@@CK=B; H56 @9

Number of Number of Element Isotope
Protons Neutrons Name Symbol
' F

<M8FC;9B

CAD@9H9 H<9 :C@@CK=B; H56 @9

Number of Number of [ Element Isotope
Protons Neutrons Name Symbol
) i
DCH5GG=IA

,H5H9 H<9 BIAG69F C: DFCHCBG B9IHFCBG 5B8 9@97HFCBG =B BOIHF5@ 5F
=GCHCD9

(I7@9= C: HCAG



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

5 #

6 %

7

8

,H5H9 H<9 BIAG9F C: DFCHCBG B9IHFCBG 5B8 9@97HFCBG =B BOIHF5@ 5F
=GCHCD9

5

6 G

7 9

8 *6

0<5H =G H<9 A5GG BIAB9F C: 5 ;5@ @=IA 5HCA H<5H <5G B9IHFCBG =B =H
0<5H =G H<9 A5GG BIAG9F C: 5 IF5B=IA 5HCA H<5H <5G B9IHFCBG =B =H
CAD@9H9 957< G9BH9B79

5 -= <5G 44444 BO9IHFCBG
6 F <5G 44444 BOIHFCBG
7 "<5G 44444 BOIHFCBG

CAD@9H9 957< GO9BH9B79

5 ) <5G 44444 BOIHFCBG
6 (= <5G 44444 BOIHFCBG
7 # <5G 44444 BOIHFCBG

(I7@9= C: HCAG



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

ANSWERS

5
6
7
8
5B8
5B8
Number of Number of Element Isotope
Protons Neutrons Name Symbol
A9F7IFM ) H
=FCB "F
<M8FC;9B )
5 DFCHCBG B9IHFCBG 9@97HFCBG
6 DFCHCBG B9IHFCBG 9@97HFCBG
7 DFCHCBG B9IHFCBG 9@97HFCBG
8 DFCHCBG B9IHFCBG 9@97HFCBG
5
6
7

(I7@9= C: HCAG



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

2.5 Atomic Masses

)B9 HK9@:H< H<9 A5GG C: 5
SHCA

K9=;<H98 5J9F5:;9 C: H<9
A5GGIG C: 5@@ H<9 9@9A9
B5HIF5@ @M C771FF=B; =GCl{

LEARNING OBJECTIVE

9:=B9 5SHCA=7 A5GG 5B8 5SHCA=7 A5GG IB=H

J9B H<CI;< 5HCAG 5F9 J9FM H=BM D=979G C: ASHHOF H<9M <5J9 A5GG -<9=F /
GC GAS5@@ <CK9J9F H<5H 7<9A=GHG C:H9B IG9 5 IB=H CH<9F H<5B ;F5AG HC
H<9ARH<9 5HCA=7 A5GG IB=H

-<9 atomic mass unit 566F9J=5H98 | 5@H<CI;< 5AI =G 5@GC 1G98 =G 89:=B98 5!
C: H<9 A5GG C: 5 5HCA

V — UFNBTPIG$ BRIN
#H =G 9EI5@ HC YW:

'5GGI9G C: CH<9F 5HCAG 5F9 9LDF9GG98 K=H< FOGD97H HC H<9 5SHCA=7 A5GG
9LS5AD@9 H<9 A5GG C: 5B 5SHGASC: | H<9 A5GG C: 5B 5HCA Q:=G I

5B8 H<9 A5GG C: 5B 5HCA €6 I (CH9 <CK9J9F H<5H H<9G9 A5GG9G 5F9 :CF
D5FH=71@5F =GCHCD9G C: 957< 9@9A9BH 9751G9 ACGH 9@9A9BHG 9L=GH =B
A=LHIF9 C: =GCHCD9G 5BM G5AD@9 C: 5B 9@9A9BH K=@@ 57HI5@@M 69 5 A-
<5J=B; G@=;<H@M 8=::9F9BH A5GG9G 6975IG9 BOIHFCBG <5J9 5 G=;B=:=75BH ¢
S5HCAUG A5GG "CK H<9B 8C K9 89G7F=69 H<9 A5GG C: 5;=J9B 9@9A9BH M
75@71@5H=B; 5B 5J9F5;9 C: 5B 9@9A9BHUG 5HCA=7 A5GG9G K9=;<H98 6M H<9
56IB85B79 C: 957< =GCHCD9 K9 C6H5=B 5 K9=;<H98 5J9F5;9 A5G i@ @98 H<9
mass 5@GC 7CAACB@M F9:9FF98 do®E MehC: 5B 9@9A9BH

CF 9L5AD@9 6CFCB 9L=GHG 5G 5 A=LHIF9 H<5BB&5 -<9 5HCA=7

A5GG C: 6CFCB KCI@8 69 75@71@5H98 5G W W I

,=A=@5F 5J9F5;9 5HCA=7 A5GG9G 75B 69 75@71@5H98 :CF CH<9F 9@9A9BHG
CB 5FH<5G 56CIH  5B8 56CIH GC H<9 K9=;<H98 5J9F5;9 A5GG C:
75F6CB 5HCAG =G I

-<9 H56@9 <BDH9F DD9B8=L *9F=C8=7 -56@9 C: H<9 @9MABHG@=GHG H<9

priCA=7 ASGGIG C: H<9 9@9A9BHG
A1CD9G



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

EXAMPLE 6

0<5H =G H<9 5J9F5;9 A5GG C: 5 75F6CB 5SHCA =B ;F5AG

,C@IH=CB

-<=G =G 5 G=AD@9 CB9 GH9D 7CBJ9FG=CB G=A=@5F HC 7CBJ9FG=CBG K9
<5DH9F <9A=GHFM 'S5HHO9F 5B8 '95GIF9AIBHGY H<9 :57H H<5H |

i vV .
1
m H
X m 0 m * H
-<=G =G 5B 9LHF9A9@M GAS@@ A5GG K<=7<=@@IGHF5HIG >IGH <CK GA:
5HCAG 5F9

SKILL-BUILDING EXERCISE

0<5H =G H<9 5J9F5;9 A5GG C: 5 H=B 5HCA =B ;F5AG -<9 5HCA=7 A5GG C: H=

CONCEPT REVIEW EXERCISES

9:=B9 5HCA=7 A5GG 0<M =G =H 7CBG=89F98 5 K9=;<H98 5J9F5;9

0<5H =G 5B 5HCA=7 A5GG IB=H

ANSWERS

-<9 5SHCA=7 A5GG =G 5B 5J9F5;9 C: 5B 9@9A9BHUG 5HCA=7 A5GG9G K9=;<lI
B5HIF5@ 56IB85B79 C: 957< =GCHCD9 C: H<5H 9@9A9BH #H =G 5 K9=;<H98
6975IG9 8=::9F9BH =GCHCD9G <5J9 8=::9F9BH A5GG9G

B 5SHCA=7 A5GG IB=H =G H< C: H<9 A5GGSEtGA

HCA=7 '5GG9G



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

KEY TAKEAWAY

P HCAG <5J9 5 A5GG H<5H =G 65G98 @5F;9@M CB H<9 BIAG69F C: DFCHCBC
BOIHFCBG =B H<9=F BI7T@9IG

EXERCISES

0<5H =G H<9 5HCA=7 A5GG C: N=B7 =B 5HCA=7 A5GG IB=HG

0<5H =G H<9 5HCA=7 A5GG C: 65F=IA =B 5SHCA=7 A5GG IB=HG
0<5H =G H<9 5J9F5;9 A5GG C: 5 G=B;@9 A5;B9G=IA 5HCA =B ;F5AG
0<5H =G H<9 5J9F5;9 A5GG C: 5 G=B;@9 75@7=IA 5HCA =B ;F5AG
0<5H =G H<9 A5GG C: W 5@IA=BIA 5HCAG =B ;F5AG

0<5H =G H<9 A5GG C: W 75F6CB 5HCAG =B ;F5AG

0<=7<<5G ACF9 A5GGR HIB;GH9B 5HCA CF CLM;9B 5HCAG
0<=7< <5G ACF9 A5GGR A5;B9G=IA5HCA CF <9@=IA5HCAG

ANSWERS

HIB;GH9B 5SHCA

HCA=7 '5GG9G



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

2.6 Arrangements of Electrons

LEARNING OBJECTIVE

9G7F=69 <CK 9@97HFCBG 5F9 ;FCID98 K=H<=B 5SHCAG

@H<CI;< K9 <5J9 8=G71GG98 H<9 ;9BI9F5@ 5FF5B;9A9BH C: GI65HCA=7 D5FH=7
5HCAG K9 <5J9 G5=8 @=HH@9 56CIH <CK 9@97HFCBG C77IDM H<9 GD579 56C|
C H<9M ACJ9 5FCIB8 H<9 BI7@9IG 5H F5B8CA CF 8C H<9M 9L=GH =B GCA9 CF8
5FF5B;9A9BH

-<9 AC89FB H<9CFM C: 9@97HFCB 69<5J=Cfuatuin@edtanics #H A579G
H<9 :C@@CK=B; GH5H9A9BHG 56CIH 9@97HFCBG =B 5HCAG

P @97HFCBG =B 5HCAG 75B <5J9 CB@M 79FH5=B GD97=:=7 9B9F;=9G
H<9 9B9F;=9G C: H<9 9@97HE G ZD

P @97HFCBG 5F9 CF;5B=N98 577CF8=B; HC H<9=F 9B9F;=9G =BHC GO9I
shells 19B9F5@ @M H<9 <=;<9F H<9 9B9F;M C: 5 G<9@@ H<9 :5FH<¢
5J9F5;9 :FCA H<9 BI7T@9IG ,<9@@G 8C BCH <5J9 GD97=:=7 :=L98 8=
:FCA H<9 BI7@9IG 6IH 5B 9@97HFCB =B 5 <=;<9F 9B9F;M G<9@ @ K=
ACF9 H=A9 :5FH<9F :FCA H<9 BI7@9IG H<5B 8C9G 5B 9@97HFCB =B !
9BI9F;:M G<9@@

P ,<9@@G 5F9 :IFH<9F 8=J=898 =BHC GI6G9HG C: 9@MHEHEIBBG 75@ @¢
-<9 :=FGH G<9@@ <5G CB@M CB9 GI6G<9@@ H<9 G97CB8 G<9@@
H<9 H<=F8 G<9@@ <5G H<F99 GI6G<9@@G 5B8 GC CB -<9 GI6G<9(
G<9@@ 5F9 @569@98 =B CF89F K=H<pHKkSEBOHHAFE<9 :=FGH
G<9@@ <5G CR@INGB@@ H<9 G97CB8 G<%GHS 55GI6B<9@ @

H<9 H<=F8 G<9@@ $BB8d GI6G<9@@G 5B8 GC :CFH<

P =:9F9BH GI6G<9@@G <C@8 5 8=::9F9BH A5L=AIA BIA69F C: 9@97HF

sGI6G<9@@ 75B <C@8 ID HC 9@ 97HFCRS f

<9 AC89FB H<9CEM C- 9@97H|§%—E:G H<9 5FF5B;9A9BH C: 9@97HFCBG =BHC G<9@ @G 5B8 GI6G<9@ @G H<5F
69<5J=CF ' <9F9 GC K9 K=@@ :C7IG CB H<5H

"5J=B; 5 :=L98 J5@I9
09 1G9 BIA6G9FG HC =B8=75H9 K<=7< G<9@ @ 5B 9@97HFCB =G =B -<9 :=FGH G<
_ﬁ:_lgg BI7@91G 5B8 K=H< H<9 @CK9GH 9B9F:M 9@97HFCBG =G G<9@@ -<=G =
CB9 GI6G<9@@ K<=7<=GEBEHIT8C @8 5 A5L=AIAC: 9@97HFCBG 09 7CA6G=E

S:ZCIQD@;%; C: 9@97HFCBG K=H44B9 G<9@@ 5B8 GI6G<9@@ @569@G K<9B F9:9FF=B; HC H<9 CF;5B=N5H=CB C
<

;FCID=B; C: 9@97HFCBG K=
5B 5HCA
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BI7@9IG 5B8 1G9 5 GID9FG7F=DH HC =B8=75H9 <CK A5BM 9@97HFCBG 5F9 =B 5
-<IG 6975IG9 5 <M8FC;9B 5HCA <5G =HG G=B;@9 9@9GHH&BeB® €I H<9 :=FGH
G<9@@ K9 KZBIC 89G7F=69 H<9 9@97HFCB=7 GHFI7HIF9 C: <M8FC;9B -<=G GH
75@ @9&!8tron configuration @97HFCB 7CB:=;IF5H=CBG 5F9 G<CFH<5B8
89G7F=DH=CBG C: H<9 5FF5B;9A9BHG C: 9@97HFCBG =B 5HCAG -<9 9@97HFC
C: 5 <M8FC;9B 5HCA =G GDC?9B CIH @CI8 5G SCB99GG CB9 T

"9@=IA5HCAG <5J9 9@97HFCBG CH< 9@97HFCBSGH#G=<BE@HEDAIGO
Gl6G<9@@G 75B <C@8 ID HC 9@97HFCBG H<9F9:CF9 H<9 9@97HFCB 7CB:=;|
<9@=IA 5HCAGs=GDC?9B 5G SCB9 9GG HKCT

-<9 sGI6G<9@@ 75BBCH <C@8 9@97HFCBSGCEIESIED@E/5B <C@8 5 ASL=AIA
C: 9@97HFCBG GC H<9 9@97HFCB 7CB:=;IF5H=CB :CF 5 @=H<=3A S&{CA 75BB(
C: H<9 @=H<=IA 9@97HFCBG 75B :=GH{BHO@® 6/H H<9 H<=F8 9@97HFCB AIG}
=BHC H<9 G97CB8 G<9@@ -<9 G97CB8 G<9@ @ <5EBIRK&IG6<8@@ B=H<
9@97HFCBG =B H<5H CF8%56G899@@ <C@8G 5 A5L=AIAC: 9@97HFCRG 5B8 I-
Gl6G<9@@ <C@8G 5 A5L=AIAC: 9@97HFCBG 975IG9 @=H<=IAUG :=B5@ 9@9
H<9sGI6G<9@@ K9 KF=H9 H<9 9@97HFCB 7CB:=;IF5H=CB C: 5 @sH<=IA 5HCA

-<9 BOLH @5F;9GH 5HCA 69FM@ @=IA <5G 9@97HFCBG GC =HG 9@97HFCB 7
s s (CKH<5H H<8GI6G<9@@ =G :=@@98 9@97HFCBG =B @5F;9F 5SHRAG GH
GI6G<9@@ -<IG H<9 9@97HFCB 7CB:=;IF5H=CBG :CF H<9 B9LH G=L 5HCAG 5F¢

9 s sp

0=H< B9CB H9GI6G<9@@ =G 7CAD@9HI@M :=@@98 9751G9 H<9 G97CB8 G<
HKC GI6G<9@@G 5HCAG K=H< ACF9 9@97HFCBG BCK AIGH 69;=B H<9 H<=F8 (

G<CFH<5B8 89G7F=DH=CB C:B<9@ @ <5G H<F99 GI6G<9@HRBHS@UGI6G<9@ @ 75B <C@8 5 A5L=AIA C:
SFFSB;9A9BH C: 9@97HFCBG =B §By97HFCBG -<9 :=FGH HKC GI6G<9@ @G C: H<9 H<=F8 G<9@@ 5F9 :=@ @98 :

SHCA

FF5B;9A9BHG C: @97HFCBG
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B 9@97HFCB =B H<9 <=;<9G
BIAGIF98 G<9@@ C: 5B 5HCA

-<9 <=;<9GH BIA69F98 G<9@
5B 5SHCA H<5H 7CBH5=BG
9@97HFCBG

B 9@97HFCB =B 5 @CK9F
BIAGIF98 G<9@@ C: 5B 5HCA

-~ L

3>

9L5AD@9 H<9 9@97HFCB 7CB:=;IF5H=CB C: 5@IA=BIA K=H< 9@97HFCBG =G
S s p s p "CKOJ9F 57IF=CIG H<=B; <5DD9BG 5:HpIGH®<9@ @ =G =@ @98 |
SGI6G<9@@ 69;=BG HC =@ @ ¢&I6B3:8igda 8C9G #B :57H H<9 9L57H CF89F=B
Gl6G<9@@G 697CA9G ACF9 7TCAD@=75H98 5H H<=G DC=BH 5:H9F 5F;CB K=H<
9@97HFCBG GC K9 K=@@ BCH 7CBG=89F H<9 9@97HFCB 7CB:=;IF5H=CBG C:

:CIFH< GI6G<9@ @ GG<9@@ =G B99898 HC 7CAD@9H9 H<9 9@97HFCB 7CB:
CF5@@ 9@9A9BIBEBE@E9@@ 75B <C@8 ID HC 9@97HFCBG

EXAMPLE 7

0<5H =G H<9 9@97HFCB 7CB:=;IF5H=CB C: 5 BOIHF5@ D<CGD<CFIG 5HCA
,C@IH=CB

BIOIHF5@ D<CGD<CFIG 5HCA <5G 9@97HFCBG -KC 9@97HFCBG 75B ;C =B
sGI6G<9@@ 75B ;C =BHGHBG<9@@ 5B8 75B ;C =BHXGHE<9@ @
-<5H @95J9G 9@97HFCBG ): HKCGY9 9@97HFCBG 75BIE<BIENaH<9
5B8 H<9 F9A5=B=B; 9@97HFCBG 75B ;C pEHEE4® @ -<IG H<9 9@97HFCB
7CB:=;IF5H=CB C: BOIHF5@ D<CGD<CFIGS5KCAGs=®

SKILL-BUILDING EXERCISE

0<5H =G H<9 9@97HFCB 7CB:=;IF5H=CB C: 5 B9IHF5@ 7<@CF=B9 5HCA

<9A=GHFM F9GI@HG :FCA =BHI9F57H=CBG 69HK99B H<9 CIH9FACGH G<9@ @G
8=::9F9BH 5HCAG -<IG =H =G 7CBJ9B=9BH HC G9D5F5H9 9@97HFCBG =BHC HKk
Valence shell electrons CF ACF9 G=AD@Malé¢ree electrorsF9 H<9 9@97HFCBG
=B H<9 <=;<9GH BIA69F98 G<A@l@celshell K<=@®@re electrons 5F9 H<9
9@97HFCBG =B @CKO9F BIAG9F98 G<9@@G 09 75B G99 :FCA H<9 9@97HFCB 7C
75F6CB 5SHCAR s p RH<G6H =H <5G J5@9B79 9@¥ HFCI&E8 7CF9

9@97HFCBG

o

FF5B;9A9BHG C: @97HFCBG
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EXAMPLE 8

FCA H<9 9@97HFCB 7CB:=;IF5H=CB C: BOIHF5@ D<CGD<CFIG 5HCAG =B L5/
<CK A5BM J5@9B79 9@97HFCBG 5B8 <CK A5BM 7CF9 9@97HFCBG 8C9G 5 B¢
D<CGD<CFIG 5HCA <539

,C@IH=CB

-<9 <=;<9GH BIAGIF98 G<9@@ =G H<9 H<=F8 G<9@@ K<=7<<5G s9@97HFCI
Gl6G<9@@ 5B8 9@97HFCHRGHBE{™ @ -<5H ;=J9G 5 HCH5@ C: 9@97HFCE
GC B9IHF5@ D<CGD<CFIG 5HCAG <5J9 J5@9B79 9@97HFCBG -<9 F9A5=B
9@97HFCBG :FCA H<9 :=FGH 5B8 G97CB8 G<9@@G 5F9 7CF9 9@97HFCBG

SKILL-BUILDING EXERCISE

FCA H<9 9@97HFCB 7CB:=;IF5H=CB C: BIIHF5@ 7<@CF=B9 5HCAG G99 H<
I=@8=B; L9F7=G9 .C@@CK=B; L5SAD@9 <CK A5BM J5@9B79 9@97HFCBC
A5BM 7CF9 9@97HFCBG 8C9G 5 BIIHF5@ 7<@CF=B9 5HCA <5J9

CONCEPT REVIEW EXERCISES

"CK 5F9 9@97HFCBG CF;5B=N98 =B 5SHCAG
0<5H =B:CFA5H=CB 8C9G 5B 9@97HFCB 7CB:=;IF5H=CB 7CBJ9M
0<5H =G H<9 8=::9F9B79 69HK99B 7CF9 9@97HFCBG 5B8 J5@9B79 9@97HF(

ANSWERS

@97HFCBG 5F9 CF;5B=N98 =BHC G<9@ @G 5B8 GI6G<9@@G 5FCIB8 BI7@¥

-<9 9@97HFCB 7CB:=;IF5H=CB GH5H9G H<9 5FF5B;9A9BH C: 9@97HFCBG =t
GlI6G<9@@G

/5@9B79 9@97HFCBG 5F9 =B H<9 <=;<9GH BIA69F98 G<9@@ 5@@ CH<9IF ¢
7CF9 9@97HFCBG

FF5B;9A9BHG C: @97HFCBG
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KEY TAKEAWAY

P @97HFCBG 5F9 CF;5B=N98 =BHC G<9@@G 5B8 GI6G<9@ @G 56CIH H<9 |
SHCA

EXERCISES

FF5B;9A9BHG C: @97HFCBG

0<5H =G H<9 A5L=AIA BIAGIF C: 9@97HFCBG H<5H 75B16B<®B®»&® C9G =H
AS5HHIF K<5H G<9@@It399@ @ =G =B

0<5H =G H<9 A5L=AIA BIAG9F C: 9@97HFCBG H<5H pEBI6G+s@® C9G =H
A5HHI9F K<5H G<9@@16399@ @ =G =B

0<5H =G H<9 A5L=AIA BIAG9F C: 9@97HFCBG H<5H t5BI66G+«s@® C9G =H
A5HHI9F K<5H G<9@®@16399@ @ =G =B

0<5H =G H<9 A5L=AIA BIAG9F C: 9@97HFCBG H<5H 75B668<®b® C9G =H
A5HHI9F K<5H G<9@@6GPO@@ =G =B

0<5H =G H<9 9@97HFCB 7CB:=;IF5H=CB C: 5 75F6CB 5HCA

0<5H =G H<9 9@97HFCB 7CB:=;IF5H=CB C: 5 GI@:IF 5HCA

0<5H =G H<9 J5@9B79 G<9@@ 9@97HFCB 7CB:=;IF5H=CB C: 5 75@7=IA 5HC

0<5H =G H<9 J5@9B79 G<9@@ 9@97HFCB 7CB:=;IF5H=CB C: 5 GO@9B=IA 5}

0<5H 5HCA <5G H<9 9@97HFCB 7CB:=dF5H+CB

0<5H 5HCA <5G H<9 9@97HFCB 7CB:=dFSHCB p

F5K 5 FODF9G9BH5H=CB C: H<9 9@97HFCB=7 GHFI7HIF9 C: 5B CLM;9B 5HC
F5K 5 FODF9G9BH5H=CB C: H<9 9@97HFCB=7 GHFI7HIF9 C: 5 D<CGD<CFIG
DCH5GG=IA 5HCA <5G 4444 7CF9 9@97HFCBG 5B8 4444 J5@9B79 9@97HF
G=@=7CB 5HCA <5G 4444 7CF9 9@97HFCBG 5B8 4444 J5@9B79 9@97HFCE



<5DH9F @9A9BHG HCAG 5B8 H<9 *9F=C8=7 -56@9

ANSWERS

BC
BC

s s p
s

:@ICF=B9
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2.7 The Periodic Table

LEARNING OBJECTIVES

LD@5=B <CK 9@9A9BHG 5F9 CF;5B=N98 =BHC H<9 D9F=C8=7 H56 @9
9G7F=69 <CK GCA9 7<5F57H9F=GH=7G C: 9@9A9BHG FO@5H9 HC H<9=F
CB H<9 D9F=C8=7 H56 @9

#B H<9 H< 79BHIFM A5BM DF9J=CIG@M IB?BCKB 9@9A9BHG K9F9 8=G7CJ9F9
G7=9BH=GHG BCH98 H<5H 79FH5=B G9HG C: 9@9A9BHG <58 G=A=@5F 7<9A=T7"
9L5SAD@9 7<@CF=B9 6FCA=B9 5B8 =C8=B9 F957H K=H< CH<9F 9@9A9BHG Gl
HC A5?9 G=A=@5F 7CADCIB8G &=?9K=G9 @=H<=IA GCB8=IA 5B8 DCH5GG=IAF
CH<9F 9@9A9BHG GI7<5G CLM;9B HC A5?9 G=A=@5F 7CADCIB8G 0<M =G H<=

#B  $l@=IG &CH<5F '9M9F 5 !19FA5B 7<9A=GH CF;5B=N98 H<9 9@9A9BHG 6M !
A5GG 5B8 ;FCID98 H<9A 577CF8=B; HC H<9=F 7<9A=75@ DFCD9FH=9G &5H9F H
A=HF="9B89@99J 5 +IGG=5B 7<9A=GH CF;5B=N98 5@ @ H<9 ?BCKB 9@9A9BH(
HC G=A=@5F DFCD9FH=9G "9 @9:H ;5DG =B <=G H56@9 :CF K<5H <9 H<CI;<H K
IB8=G7CJ9F98 9@9A9BHG 5B8 <9 A589 GCA9 6C@8 DF98=7H=CBG F9;5F8=B; H-<
DFCD9FH=9G C: H<CG9 IB8=G7CJ9F98 9@9A9BHG 0<9B 9@9A9BHG KIF9 @5HC
K<CG9 DFCD9FH=9G 7@CG9@M A5H7<98 '9B89@99JUG DF98=7H=CBG <=G J9F
;5=B98 :5JCF =B H<9 G7=9BH=:=7 7CAAIB=HM 975IG9 79FH5=B DFCD9FH=9G C:
9@9A9BHG FI9D95H CB 5 F9;I@5F 65G=G H<FCI;<CIH H<9 H56 @9 H<5H =G H<9N\
=H 6975A9 ?BCKB 5Gp¢«iadic table

Note

'9B89@99J <58 HC @=GH GCA9 9@9A9BHG CIH C: H<9 CF89F C: H<9=F 5HCA=
;FCID H<9A K=H< CH<9F 9@9A9BHG H<5H <58 G=A=@5F DFCD9FH=9G

-<9 D9F=C8=7 H56@9 =G CB9 C: H<9 7CFBI9FGHCB9G C: 7<9A=GHFM 6975IG9 =H

H<9 ?BCKB 9@9A9BHG CB H<9 65G=G C: H<9=F 7<9A=75@ DFCD9FH=9G ACS89

G<CKB =B;IF9 'C89FB *9F=C8=7 -56@9'CGH D9F=C8=7 H56@9G DFCJ=89
7<5FH C: 9@9A9BHG H<5H | 588=H=CB5@ 85H5 GI7<5G 5HCA=7 A5GG =B 5 6CL H<5H 7CBH5=BG 957< 9@9/

;FCIDG H<9 9@9A9BHG 6M GCAZ9 9@9AIBHG 5F9 @=GH98 =B CF89F C: 5SHCA=7 BIA69F
C: H<9=F DFCD9FH=9G
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Figure 2.7A Modern Periodic Table

1 B = Solids Hg = Liquids Kr = Gases = Not found in nature 18
1 2
He
1.00794 2 13 14 15 16 & 4 4.002602
3 4 5 7 8 9 0
Li | Be F | Ne
6.941 9.012182 10811 12,0107 |14.00674 | 15.9994 | 189984032 [ 20.1797
1 12 13 14 15 16 17 18
Na | M Al Si Cl | Ar
22.989770) 24.3(%0 3 4 5 6 7 8 9 10 " 12 |26581538] 280855 [30.973761| 32066 | 354527 | 39948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Ca|Sc | Ti Cr [Mn| Fe | Co | Ni [Cu|Zn | Ga | Ge | As | Se | Br | Kr
39.0983 | 40.078 [44.955910| 47.867 50.9415 | 51.9961 |54.938049| 55.845 |58.933200( 58.6534 | 63.545 65.39 69.723 7261 74.92160 78.96 79.504 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Zr | Nb | Mo Ru | Rh | Pd Cd|In|Sn|Sb|Te | I | Xe
85.4678 87.62 88.90585 91.224 | 92.90638 95.94 (98) 101.07 [102.90550| 10642 |196.56655| 112.411 114.818 | 118.710 | 121.760 12760 |[126.90447 131.29
55 56 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Ba|Lu |Hf | Ta|W |Re|Os | Ir | Pt |Au|Hg| Tl | Pb|Bi |Po| At | Rn
132.90545( 137.327 | 174.967 17849 |180.94.79| 183.84 186.207 190.23 192.217 [ 195.078 [196.56655| 200.59 2043833 207.2 |208.58038 (209) (210) (222)
87 88 103 104 105 106 107 108 109 110 111 112 113 114 115 116 118
Fr | Ra
(223) (226) (262) (261) (262) (263) (262) (265) (266) (269) (272) (277) (277) 77) (277) (277) 277)
57 58 59 60 61 62 63 64 65 66 67 68 69 70
La [Ce | Pr [ Nd Sm| Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb
138.9055 | 140.116 [140.50765( 144.24 (145) 150.36 151.964 157.25 [158.92534( 16250 [164.93032| 167.26 [168.93421| 173.04
89 90 91 2 93 %4 95 % 97 98 99 100 | 101 102
Ac | Th | Pa
232,0381 | 232.0381 | 231.035888 | 238.0289 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259)

A modern periodic table lists elements left to right by atomic number.

Features of the Periodic Table

@9A9BHG H<5H <5J9 G=A=@5F 7<9A=75@ DFCD9FH=9G 5F9 ;FCID98 =B 7C@IA
G K9@@ 5G 69=B; BIA69F98 GCA9 C: H<9G9 ;FCIDG <5J9

groups (or families)

B5A9GR:CF 9L5AD@lkali metalsH<9 :=FGH 7C@IAB C: 9@ 9AR&E earth metals
H<9 G97CB8 7C@IAB C: 9@9AaRigenH<9 BOLH HC @5GH 7C@IAB C: 9@9A9BHC

5B8noble gased<9 @5GH 7C@IAB C: 9@9A9BHG

Note

-<9 KCF8halogeryCA9G :FCA H<9 'F99? :CF SG5@H A5?9FT 6975I1G9 H<9G9
9@9A9BHG 7CA6=B9 K=H< CH<9F 9@9A9BHG HC :CFA 5 ;FCID C: 7CADCIB8G 7

G5@HG

7C@IAB C: 9@9A9BHG CB H<9

D9F=C8=7 H56@9

-<9 *9F=C8=7 -56 @9
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FCK C: 9@9A9BHG CB H<9
D9F=C8=7 H56 @9

B 9@9A9BH H<5H =G G<=BM
HMD=75@@M G=@J9FM =B }
9L79@@9BH 7CB8I7HCF C: <
5B8 9@97HF=7=HM A5@ @945
8I7TH=@9

B 9@9A9BH H<5H =G HMD=7
81@@ BCH 5;CC8 7CB8I7THC
<95H 5B8 9@97HF=7=HM 5B
6F=HH@9

To Your Health: Radon

+58CB =G 5B =BJ=G=6@9 C8CF@9GG BC6@9 ;5G H<5H =G G@CK@M FI9@95(
;FCIB8 D5FH=7I@5F@M :FCA FC7?G 5B8 GC=@G K<CG9 IF5B=IA 7CBH9BH =G
975IG9 =H =G 5 BC6@9 ;5G F58CB =G BCH 7<9A=75@@M F957H=J9 .B:CFHIB!
F58=C57H=J9 5B8 =B7F95G98 9LDCGIF9 HC =H <5G 699B 7CFF9@5H98 K=H< 5
@IB; 75B79F F=G?

9751G9 F58CB 7CA9G :FCA H<9 ;FCIB8 K9 75BBCH 5JC=8 =H 9BH=F9@M 'CF9(
69751G9 =H =G 89BG9F H<5B 5=F F58CB H9B8G HC 577IAI@5H9 =B 65G9A9BH(
=ADFCD9F@M J9BH=@5H98 75B 69 <5N5F8CIG HC 5 61=@8=B;UG =B<56=H5B}
CFHIB5H9@M GD97=5@=N98 J9BH=@5H=CB A=B=A=N9G H<9 5ACIBH C: F58(
7C@@97H ,D97=5@ :5B 5B8 J9BH GMGH9AG 5F9 5J5=@56 @9 H<5H 8F5K 5=F
65G9A9BH :@CCF 69:CF9 =H 75B 9BHI9F H<9 @=J=B; GD579 5B8 J9BH =H 56C.
C:5<CIG9

‘HO9F GAC?=B; F58CB =G H<CI;<H HC 69 H<9 G97QB8\&tatlés1G9o C:
@IB; 75B79F =B H<9 .B=H98 ,H5H9G -<9 A9F=75B 5B79F ,C7=9HM 9GH=A5H9C
C:5@@ @IB; 75B79FG 5F9 FO@5H98 HC F58CB 9LDCGIF9 -<9F9 =G IB79FH5
F9;5F8=B; K<5H @9J9@G C: 9LDCGIF9 751G9 75B79F 5G K9@@ 5G K<5H H<9 9
5;9BH A=;<H 69 9=H<9F F58CB CF CB9 C: =HG 6F95?8CKB DFC8I7HG A5BM C:
5F9 5@GC F58=C57H=J9 5B8 IB@=?9 F58CB BCH ;5G9G -<9., BJ=FCBA9BH5
*FCH97H=CB ;9B7M F97CAA9B8G HI9GH=B; 9J9FM :@CCF 69@CK H<9 H<=F8 :(
F58CB @9J9@G HC ;I5F8 5;5=BGH @CB; H9FA <95@H< 9::97HG

57< FCK C: 9@9A9BHG CB H<9 D9F=C8=7 H56 @£ie@ 75@r2886G <5J9

8=:19F9BH @9B;H<G H<9 :=FGH D9F=C8 <5G CB@M 9@9A9BHG <M8FC;9B 5B8
H<9 G97CB8 5B8 H<=F8 D9F=C8G <5J9 9@9A9BHG 957< -<9 :CIFH< 5B8 :=:H< D!
<5J9 9@9A9IBHG 957< 5B8 @5HIF DIF=C8G 5F9 GC @CB; H<5H 5 G9;A9BH :FC
F9ACJ98 5B8 D@5798 69B95H< H<9 A5=B 6C8M C: H<9 H56 @9

9FH5=B 9@9A9BH5@ DFCD9FH=9G 697CA9 5DD5F9BH =B 5 GIFJ9M C: H<9 D9F-=

[CRREEDE JOFM 9@9A9BH 75B 69 7@5GG=:=98 5G 9=H<9F 5 AQH5@ 5 BCBA9H5@
965§8%@§9H5@ 5G G<CKf#FESB -MD9G C: @9A9BHG metal =G 5 GI6GH5B79 H<5H

o1

=G G<=BM HMD=75@@M 6IH BCH 5@K5MG G=@J9FM =B 7C@CF 5B8 5B 9L79
9@97HF=7=HM 5B8 <95H '9H5@G 5F9 5@GC A5@@956@9 H<9M 75B 69 695H9E
S@’%}WH:@Q H<9M 75B 69 8F5KB =BHC H<a®imEeb =G HMD=75@@M 81@@ 5
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Figure 2.8Types of Elements
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Figure 2.9Special Names for Sections of the Periodic Table

/ Main group elements \

Alkaline earth metals

Alkali metals
Noble gases

Actinide metals

Some sections of the periodic table have special names. The elements lithium, sodium, potassium, rubidium,
and francium are collectively known as alkali metals.
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Figure 2.10rhe Shape of the Periodic Table
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The shape of the periodic table reflects the order in which electron shells and subshells fill with electrons.
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Figure 2.117rends on the Periodic Table
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The relative sizes of the atoms show several trends with regard to the structure of the periodic table. Atoms b
larger going down a column and smaller going across a period.
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Chapter Summary

To ensure that you understand the material in this chapter, you should review the meanings of the following bold tern
ask yourself how they relate to the topics in the chapter.
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*FCHCBG B9IHFCBG 5B8 9@97HFCBG <5J9 5 GD97=:=7 5FF5B;9A9BH =B 5B 5HCA -<9 DFCHCBG 5B8 B9IHF
H<9 79BHI9F C: H<9 5HCA ;FCID98 HC;9H<akcHRISGE9 9@97HFCBG 5F9 :CIB8 =B :INNM 7@CI8G 5FCIB8 H<9
BI7T@9IG

57< 9@9A9BH <5G 5 7<5F57H9F=GH=7 BIA69F C: DFCHCBG =B =HG BI7@9IG -<=G BlI&6®2fi€C: DFCHCBG =G
number C: H<9 9@9A9BH B 9@9A9BH A5M <5J9 8=::9F9BH BIAG9FG C: BOIHFCBG =B H<9 BI7@9= C: =HG 5H
5HCAG 5F9 F9:9FF98 KBaiges -KC =GCHCD9G C: <M8FC;9B 5F9 89IH9F=IA K=H< 5 DFCHCB 5B8 5 B9IHFCB -
BI7@9IG 5B8 HF=H=IA K=H< 5 DFCHCB 5B8 HKC BOIHFCBG =B =HG BI7T@9IG -<9 GIA C: H<9 BIAG69FG C: DF
BOIHFCBG =B 5 BI7@9IG =G 75@x@08uisiser 5B8 =G 1G98 HC 8=GH=B;|=G< =GCHCD9G :FCA 957< CH<9F

'5GG9G C: =B8=J=815@ 5HCAG 5F9 A9%dREB rass units B SHCA=7 A5GG IB=H =G 9EI5@ HC H<C: H<9
A5GG C: 5 G=B;@9 75F6CB 5HCA 975IG9 8=::9F9BH =GCHCD9G C: 5B 9@9A9BH <5J9 8at0@fi@eBH A5GG9G
massC: 5B 9@9A9BH =G 5 K9=;<H98 5J9F5;9 C: H<9 A5GG9G C: 5@@ H<9 9@9A9BHUG B5HIF5@@M C771FF

-<9 AC89FB H<9CFM C: 9@97HFCB 69<5J=Cfuatutb@@dtanics 77CF8=B; HC H<=G H<9CFM 9@97HFCBG =
5HCAG 75B CB@M <5J9 GD9quamfizEF 9BIF;=9G @97HFCBG 5F9 ;FCID98 =BHC ;9B9F5@ FEhelBBG 75@ @ 9"
5B8 K=H<=B H<9G9 =BHC ACF9 GD97=:=7 F&ub®B6IE5@e@9IHF9 :CIF HMD9G C: GI6G<9@@G 5B8 957< HMD
75B <C@8 ID HC 5 A5L=AIA BIA69F C: 9@97HFCBG -<9 8=GHF=6IH=CB C: 9@97HFCBG =BHC G<9@ @G 5B8
electron configuration C: 5B 5HCA <9A=GHFM HMD=75@@M C771FG 69751G9 C: =BH9F57H=CBG 69HK99B H
H<9 CIH9FACGH G<9@@ C: 8=::9F9BH 5HCAG 75@ @98 H<9 J5@9B79 G<9@@ 9@97HFCBG @97HFCBG =
9@97HFCBG
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@9A9BHG 5F9 ;FCID98 HC;9H<9F 6M G=A=@5F 7<9A=75@ DFCD9FH=9G G c/tethif¢ 7TBRISPRBDI<O
7C@IABG C: 9@9A9BHG 5Fgromigs@¥Families ,CA9 C: H<9 ;FCIDG C: 9@9A9BHG <5J9 B5A9G @=?9 H<9 5@~
AIH5@G H<9 5@?5@=B9 95FH< A9QH5@G H<9 <56@C;9BG 5B8 H<9 BC6@9 ;5G9G <CF=NCBH5@ FCK C: 9
period *9F=C8G 5B8 ;FCIDG <5J9 8=::9F=B; BIA69FG C: 9@9A9BHG =B H<9A -<9 D9F=C8=7 H56@9 G9D5F5H
=BH@etals nonmetals 5B8semimetals -<9 D9F=C8=7 H56@9 =G 5@GC Gob&ibdlgatipBtetents
transition metals lanthanide elements 5B8actinide elements -<9 @5BH<5B=89 5B8 57H=B=89 9@9A9BHG 5F9 !
F9:9FF98 HCim&r transition metal elements -<9 G<5D9 C: H<9 D9F=C8=7 H56 @9 F9:@97HG H<9 G9EI9BH=5(@
G<9@@G 5B8 GI6G<9@@G =B 5HCAG

-<9 D9F=C8=7 H56 @9 <9@DG IG IB89FGH5B8 HF9B8G =B GCA9 C: H<9 DFCD9FH=9G C: 5HCAG )B9 GI7< DF
atomic radius C: 5SHCAG FCA HCD HC 6CHHCA C: H<9 D9F=C8=7 H56@9 5HCAG ;9H 6=;;9F 6975IG9 9@97HF
C77IDM=B; @5F;9F 5B8 6=;;9F G<9@@G FCA @9:H HC F=;<H 57FCGG H<9 D9F=C8=7 H56 @9 9@97HFCBG
G<9@@ 6IH 5F9 69=B; 5SHHF57H98 6M 5B =B7F95G=B; DCG=H=J9 7<5F;9 :FCA H<9 BI7@9IG 5B8 H<IG H<9 5}
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ADDITIONAL EXERCISES

#: H<9 5HCA=7 F58=IG C: GC8=IA 5SHCAG =6 A WCK A5BM GC8=IA
5HCAG 5F9 B99898 HC A5?795 @=B9 H<5H =G 7A =B @9B;H<

#: H<9 5HCA=7 F58=IG C: CGA=IA 5HCAG =% AWCK A5BM CGA=IA
5HCAG 5F9 B99898 HC A5?795 @=B9H<5H=G A =B @9B;H<

0<5H A=;<H 69 H<9 9@97HFCB 7CB:=;IF5H®BBBCH H<5H <5G @CGH 5B
9@97HFCB

0<5H A=;<H 69 H<9 9@97HFCB 7CB::;IF5I¥=5'.B33HC@ H<5H <5G ;5=B98 5B
588=H=CB5@ 9@97HFCB

-<9 9@97HFCB 7CB:=;IF5H=CB C: H<9 -=bHCA=6G p s d 0<5H=G
H<9 J5@9B79 G<9@@ 9@97HFCB 7CB:=;IF5H=CB C: -=

-<9 9@97HFCB 7CB:=;IF5H=CB C: H<9 |19 8HEAF=Gs p s d p O<5H
=G H<9 J5@9B79 G<9@@ 9@97HFCB 7CB:=;IF5H=CB C: !9

0<5H =G H<9 A5GG C: 5B 9@97HFCB =B 5SHCA=7 A5GG IB=HG

#B 5 :CCHBCH9 =B H<=G 7<5DH9F 5B 5@D<5 D5FH=7@9 K5G 89:=B98 5G 5
DFCHCBG 5B8 B9IHFCBG 0<5H =G H<9 A5GG =B ;F5AG C: 5B 5@D<5 D5FF
K<5H 9@9A9BH 8C9G 5B 5@D<5 D5FH=7@9 FOG9A6@9

G5AD@9 C: H<9 BCBIL=GH9BH 9@9A9BH AMH<=IA 7CBG=GHG C: C: 5E
K=H< A5GG BIAGIF C: 5B =GCHCD9 K=H< A5GG BIAG9F 5B8
C: 5B =GCHCD9 K=H< A5GG BIAGIF  0<5H =G H<9 5HCA=7 A5GG C: AMH<=

975IG9 H<9 8=GHF=6IH=CB C: =GCHCD9G =G 8=::9F9BH CB 8=::9F9BH D@5
GC@5F GMGHY9A H<9 5J9F5;9 5HCA=7 A5GG C: 5BM 9@9A9BH 8=::9FG :FCA
D@5B9H GGIA9 H<5H CB '9F7IFM 5 F5H<9F <CH D@5B9H H<9F9 =G ACF9 ¢
@9:H =B H<9 5SHACGD<9F9 H<5B CB 5FH< GC H<5H C: H<9 <M8FC;9B CE
'OF7IFM =G" K<=@9 H<9 FOA5=B89F 8&bH =G H<9 5HCA=7 A5GG C: <M8FC;9
CB '9F7IFM

-<9 7CADCIB8 H<5H GC8=IA A5?9G K=H< 7<@CF=B9 <5G GC8=IA 5B8 7<@CF
5HCAG =B5 F5H=C (5A9 HKC CH<9F 9@9A9BHG H<5H G<CI@8 A5?9 5 7C:
<5J=B;5 F5H=C C: SHCAG K=H< GC8=IA

-<9 7CADCIB8 H<5H A5;B9G=IA A5?9G K=H< CLM;9B <5G A5;B9G=IA HC CLM,;
5HCAG=B5 F5H=C (5A9 HKC CH<9F 9@9A9BHG H<5H G<CI@8 A5?9 5 7C/
<5J=B;5 F5H=C C: 5SHCAG K=H< A5;B9G=IA
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ANSWERS

W 5HCAG
S Spsp

S

DCH5GG=IA 5B8 6FCA=B9 5BGK9FG K=@@ J5FM
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