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TE H C N F Cl Cs

xp 22 26 30 34 40 32 0.79
NOTAEEYDTIBFE—FA2b

HF HCI HBr HI

/D 1.826 1.109 0.828 0.448
1D=3.336 X 103°Cm

HFEHCIZREER S E:

HFIZBESIEEEDENKEL(1.8), FBHAKEL. (A UHEEETHS

F=HITBFE—AVIDKELN.

HCIZERIZMEEDEA/NEL(1.0), FHEBA/NEL. HBEHEMETHD
F=BITHBFE— A RAVNELN.

Table 11.4 Pauling (italics) and Mulliken electronegativities 6 8
H k He

2.20

3.06

Li Be B C N o F Ne

0.98 1.57 2.04 2.55 3.04 3.44 3.98

1.28 1.99 1.83 2.67 3.08 3.22 443 4.60 j(
Na Mg Al Si P N Cl Ar

0.93 1.31 161 1.90 2.9, 2.58 3.16

1.21 1.63 1.37 2.03 2.39 2.65 3.54 3.36

K Ca Ga Ge As Se Br Kr

0.82 1.00 1.81 2.01 218 2.55 2.96 3.0

1.03 1.30 1.34 1.95 2.26 251 3.24 2.98

Rb Sr In Sn Sb Te 1 Xe

0.82 0.95 178 1.96 2.05 2.10 2.66 2.6

0.99 1.21 1.30 1.83 2.06 2.34 2.88 2.59

Cs Ba Tl Pb Bi

0.79 0.89 2.04 233 2.02

Data: Pauling values: A.L. Allred, J. Inorg. Nucl. Chem. 17,215 (1961); L.C. Allen and J.E.

Huheey, ibid., 42,

1523 (1980). Mulliken values: L.C. Allen, J. Am. Chem. Soc. 111, 9003 (1989). The Mulliken values have been

scaled to the range of the Pauling values.

16




K=Y 2L ZBEIEEELHEE OBH B OBIR

BEREEELAENT Ny, wTHIEFAEB, TOMEIZTETL
5—EHEDAF U MDEICEHTIABUKXELTROLS5GEHXEF
STEMTES.

1 2
- *Z(XA —XB )

1FottnE=1—¢
* 3-7 BERBRHEEDZEL—BERADHINA & kL OBR

xpa—xg AFAEOR xa—xp AFHEOR
0.2 18—+ b 1.8 55 8—+ > b
4 4 2.0 63
.6 9 2.2 70
.8 15 2.4 76
1.0 22 2.6 82 SAFR-R—=YY
1.2 30 2.8 86 EFHEE AR
1.4 39 3.0 89 INRIERER
1.6 47 3.2 92 HITHAR(1968)

70

68
B
#H
o
Ix
[
EREMEOREY.
1.00 7 O
LiFg — |
KCl / oKF
. K E(Br' NaCl
0.7 Csi ®
il CsCl CsFe
|
S
S
$0.50
b
z
0.25— o
ICI
1Br Bl & HBr
0.00§ I

BRABMENE —=—
3-5 HEADAA U EORLE ZODRF O BEREHEDE & DR E R T .
HRZRFAFOBLEFEBTE— A ¥ FOERE»LRD 7LD T, 18@
DIEBREXH L THECTDH D,
2EDEFOESIEEEDEMNT. 7TOEES50% DA EERED
TURETIVAVER, HAIWNIHEE D 2L DTREDIEESDHE
B REDAAETHS.

3. EEMEOHERBELLS

1 fEREE

2-1 1 BFREEf

R ERTHITRAELLAEALZRFOEETHLHENSS
EMTEDL. TNODREERTRESAZLITEY, ZRTORF
(lattice) DR EIND. #EF DR RZEHEF M (lattice point) &k 5.
ERERDOIOILGRMGTBRTEARFRIEFOMEIC—HHE
EEDON—RTHLD, KFRIER—DREICHIADEST
HEMD, TIITRFIHILRMEILGL.

BREBFORLNSVDELMFTTAERT, ChEEMEHD
UMEBGIAE F(unit cell) &k 5.

71




71

B fAIEFEIT/RER
DHELTLWT(EAT
HEIVEITIELY), Th
Mol ERLITEE>T
(8RB%, BlER, RER(EfE
LLEWT)HERBEES
KEEY LEIFRIENT
=5.

b\
TN

Bififa
*
- J/

1=

Figure 20-2
Atkins Physical Chemistry, Eighth Edition
©2006 Peter Atkins and Julio de Paula 21

71

Hfufalg, ZZITRLE
FITWVANALEEATE

e o o RIZ BFOIRTOX
MERTHEARERSY
RIZHE->TWS. ZOR®D
EAKRTTIE EADH
o o [fAZRATLINONER

THb.

22

71
B SR BGTTREAR (FTRRE LSRR THHT, I
EITL->TRYBSNARBO—BEuZEEE. Bl (BEZEmdT oL
VHADESE) BERWGELTH>T, I oM EDEMZFICE>TH
mERDNTEESNDGLDEZEZDIENTES. Bifald, 525BYES
BFREEHRTHRATIS. COIIBEMBEEMEMBEND. I5E
&2 T, FDHEFRAH D RDEL), FEZO0ETS
ELIZBEFRIHS (EDER) .

ol ) e

Cubic P Cubic | Cubic F
BB P) RIDBARLAZ (1) EDEAR(F) 5

Atkins Physical Chemistry, Eighth Edition
©2006 Peter Atkins and Julio de Paula

72

BREOCEGLEMBIZI>TRLEF
ZIRT EMNTESD, SDILILLHED
B, FBRLAEWNICTESZITEER
TG 53 DEES. BuADIORSE
Za, b, cTRL, TENoDEDEEZ, B,
YTRY.

X20-4 HfupniltAENRLA. A
EaldbEhlcEaN T T AETHS.
a — b —>c¢c — a

y o P

24




72 72

X, y, ZEEIZEE K EZ TR FREMHES. 312 #ERRETSTTEF
BB IxEH
* {)\%L?Eliyiﬁ BERIE, ZNNE>TOBEERMTERITEFELT, o0 S
A g [LzEh RICHfESND. 1= X, L ABAIEIXIEUEAEE O3 EEHEF4R
f;ﬁo’iﬂé b ot BoTlVG. BB 2EsE 1 ARD. COTMITELADYEIC
a, b, C
3DDAE(0f)) THESND FOThEHICESD. =MBMMIL, BERAMER-Y, —RIC=D0DiBE
FIGURE 1.28 The right-handed rule /3\ EOG)%Eb{iEOTL\é g*;ﬁj’ﬁ‘, oiua{ﬁﬂﬁﬁ“%éiﬁ:io)“n%
for labelling axes. 3&liﬁﬁ'fz&)(Zkﬁ‘ﬁf‘b‘gﬁ"&?ﬂ’\"—”@ﬁl:#%(f'tabé
EERERORYS * 7
tonHERR
3.1 BERONEAE 5 =MmR =SHEDSER UHR%R
FHOoOnEhby L:‘{I-]T’V) y ﬂ?SI.E' $ IEjJ_EIEEI,\
Bis, NX LR, Hi2dia, c FTHHEZR
by c \ZRIET 5 & 9 Il % o
s (HTFR) A MNARR AVT--EN
25 26

72 ®R3I-17TBEORERR
Table 20.1 The seven crystal systems
idh R BEN7 A BT OB
System Essential symmetries Z#H4%R triclinic system a*b*c, aFfFy 1@
H&HER monoclinic system | a#b%*c; a=y=90°, B#£90° 2/m (C;,0)
=& Triclinic None =L 7ok (gﬁﬁ.f&) a#b*c; a=p=y=90° mmm (cX3)
orthorhombic system
Bl Monoclinic One C, axis 1RDC, EH &R tetragonal system | a=b%*c; a=B=y=90° 4/mmm (Ci/c; 0X2)
" g : 2 =} &% trigonal system
=yl Orthorhombic z)l(lersee perpendicular C, 3ARMDERC, (BT 5% rhombohedral | a=b=c; a=B=y#90" S (G )
system)
=A(Zm) Rhombohedral One C, axis IRDC AJidh% hexagonal system | a=b#*c, a=p=90", y=120° 6/mmm (Cs/c; 0X2)
. MR i tri t . o
1IEA Tetragonal One C4 axis 17'-:0)6'4 (%jmj?:églsggi s;sst}é:n(;m a=b=c; a=B=y=90 m3m (o, Cs,0)
baw;l Hexagonal One C, axis 1RDC,
wF Cubic Four C, axes ina TUEARE */Iﬁ—li‘{;mu ;XEE’F AL :5—7‘3 iiE
tetrahedral arrangement (D44 MD C, ﬁ’ﬁﬁ? o m
El8kEh Sn ER& n
2005 Pt Akim i P 27
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[CoNTRIBUTION FROM GATES CHEMICAL LABORATORY, CALIFORNIA INSTITUTE OF
TEcHNOLOGY, No, 192}
THE PRINCIPLES DETERMINING THE STRUCTURE OF
COMPLEX IONIC CRYSTALS

By Linus PAULING
RECKIVED SEPTEMBER 5, 1928 PusLisuzp AvRu 5, 1920

1. The Relative Stability of Alternative Structures of Ionic Crystals.—
The elucidation of the factors determining the relative stability of alter-
native crystalline structures of a substance would be of the greatest signifi-
cance in the development of the theory of the solid state. Why, for ex-
ample, do some of the alkali halides crystallize with the sodium chloride
structure and some with the cesium chloride structure? Why does ti-
tanium dioxide under different conditions assume the different structures
of rutile, brookite and anatase? Why does aluminum fluosilicate, Al;SiOy-
T, crystallize with the structure of topaz and not with some other struc-
ture? ‘These questions are answered formally by the statement that in
cach case the structure with the minimum free energy is stable. This
answer, however, is not satisfying; what is desired in our atomistic and
quantum theoretical era is the explanation of this minimum free energy
in terms of atoms or ions and their properties.

Efforts to provide such a treatment for simple alternative structures,
such as the sodium chloride and cesium chloride structures and the fluoride
and rutile structures, have been made with the aid of the Born potential
expression and modifications of it. Assuming that all ions repel each
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Linus Pauling, “The Principles Determining the Structure of Complex Ionic Crystals”,
J. Am. Chem. Soc., 1929, 51, 1010-1026.(7 2 U 71 {b54x3%)

R1. FELERME

TaBLE I
Rap1us Ratios AND COORDINATION NUMBERS

Polyhedron Coérdination number Minimum radius ratio

Tetrahedron EmEHA 4 V3/v/2 -1 =0.225
Octahedron iE/\Eik 6 V2 -1 =0.414
Cube IIHE 8 V3 —-1=0.732

Linus Pauling, “The Principles Determining the Structure of Complex Ionic Crystals”,
J. Am. Chem. Soc., 1929, 51, 1010-1026.(7 2 U A1 {b.¥4x3%)

The Nobel Prize in Chemistry 1954

The Nobel Peace Prize 1962

Linus Carl Pauling

Born: 28 February 1901, Portland, OR, USA
Died: 19 August 1994, Big Sur, CA, USA

Residence at the time of the award: USA

86

87

| %
T CsCl /
*

H

A

EII NaCl /|

S| zns /

0 0.2 0.4 0.6 0.8 1

re/ r-

E3-10 V—AYIRILX—Or,  r_{KFHE

BAT D ERAADFELENKENGE,

ROLRELGCHELIR

LoD LBTHY, NGB on, SRR NEHRIEELE

EIZHE>THI<,

1218 Z4£&S K%

(1)EERb([FFE85. 5)[E—AM0. 572nmDEKRIDILAEFE
L TULND, CHIZDNT, ROBIZZZ &,

(a) B FAIAMBEORbRFMNEET HH.
(b) Tmol®H =Y DEKTEIZL S AN,
(c)ERBRbDEFEE LK SH,

)F1ENLEIELTORHAAOVTORE, BERENHN
(FENTTEL.

21



