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FI\E KEFERMTF. RSN
Chapter 8 Chemical Bonds and Structures of

Molecules & Crystals

R—TRAEM L, FONEMPCE MR . A, B aMARE, AR,
s NI Coo S5 AR, TERBAR. X—R5E N, BriE. &5
LT U EE SR R TSR T AR SRS . AN RAT R e T

=8

18] )£ FH 0 RA RS 701 s R (8 — P R (1 52

§8-1 #HgELoF/ILAHE

Covalent Bonds and Molecular Geometric Structure

—. ZHIENHEIEL (Classical Covalent Bond Theory) — Lewis Structure

vV ETOoSON

(Octet Rule) (J\EF#HM)
1. EAREE: Yonsy np R THERBET, SHON/NHETHE, ZBTHEERE

1, prLER T, AR A EROY N TR (HIR T8 2 7)) .
2. Lo RO L X T B

B4n: P4Ssv HN3v NI+ HoCNy (EEH L) - NOjJ

(1) THHE PR

a. X no— Mo, FrAETEENE TR (Hy2 iR frifZm
HLT R

b. & ny—3ktirarrr, Bra R TR R EE A

c. X ns— N1, AT RS T R

Ns=no— Ny » NJ2=(no—ny)/2= A
d. & m— XM+, FEMIBEFE.  EERRBE R T30
nmo=ny—ns, m/2 =(ny—ns)/2 =P HF XL
P4S3 HN3 Ng H>CN; NOj

No 7x8 =56 2+3x8=26 5x8 =40 2x2 +8x3 =28 4x8 =32

ny 4x5+3%x6=38 1+3x5=16 5x5-1=24 1xX2+4+5%x2=16 5+6x3+1=24

ns/ 2 (56-38)12=9 26-16)2=5 | (40-24)/2=8 (28-16)2=6 (32-24)2=4

3. Lewis £t X115
P4S; o ~§.

HN; H—N=N=N

'S : .
& \ H—N—N=N:

p- -+ +_—P: .o
‘ - e
\P/ H—N=N—N:
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Ny N=N=N=N=N :N=N-N-N=N: ;N=N—N=N=KN :N=N—N=N—N:
CHaN> (EZEF ) H . H_,,
C—=N=N C—N=N:
H "

2 Lewis Z5f A R — B aU,  fa) R KX £ Lewis &5 F NI ASE PEWE? 40
HN; 7] U5 H = Fha] G2 Lewis £54950, NI ATLUS DU AT RE (1 Lewis 54950, 1M
HAME R GS AR RER) Lewis 544 2.
4. Lewis &4 2URa e M 0 4 JE A Or (formal charge)
(D) OrfydIck  BLCO Mfl

ne=2x8=16 ne=4+6=10
n/2=(16-10)/2=3  m/2=(10-6)/2=4
N T IR =X 3, WTBVEME O R B — M rH B s C
g 0% ®
:C:x0O%
¥, B » FTRVAJR T OF A1, R T [ Qr -1 XSS AT
AE H: B So R WA BERR, BRI BIE ST 5 5 1)
PR
(2) Or HITHE A5

Or = JET I HL T30 — B3 — 014k
ECOH, QOne=4-3-2=-1 Oroy=6-3-2= +1

0 0 ® O 0 @ @ -2 00 @ o0
ST HN; H—N=N=N H—N=N—N H—N—N=N
@ (IT) (111)

RO AR, AExRRE, Ao, i EAE AR R
TR BAARE S, AT, RN,
Or ATV 53 — M A RCRRAG: Or = B8 — RPEALCRAIEE = 8 — 1 s T30
T TIEYEE ST HEY, TP ORI B TAETTN 6
(BF3). 10 (OPCl3). 12 (SFe)%&, U H 0o i - [R4RFAIE £ 0 1% F SR B A L T e 2
(EIEHD k2 H M B FHCRTS . B0 SFe b S MRFIEECAE 2, TN 1%
&6 (12-6=6)
(3) R M I -
a. fE Lewis &it) X\, Qe MR WIRE/N, #5320 7 B i 7 1 LA 358
%, N AR ) Lewis 2544 1
b. PIAEARJE T2 8] 1) 7% 3 e fur SR AT ek e [R5
@) RN TH UM TREN Lewis 45030, I8 O (RN, NAR B ke
ERIRARE B JURR Lewis 858930, EATEMONILIRGE W il
H—N=N=N <> H—N—N=N, HHN HN; 3R,
5. Lewis #3018 ] (Application of Lewis structures)
(1) AT LA Lewis 25 A0 Fa 2 1
. FER BT OCN™ LR FERIR % 7 ONC f25E .
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(2) ATLATHHE 2 57340 7 7 1B
W BTN H—N@—Np— N, @)~ (D) FE HN; HEPREE R 20aT 50
N@— N Z 8L = (14+2)/2=3/2, Npy— N Z [ HI8%=2+3)/2=5/2
s CeHe ) HIEARAH 3N @%’@ s C—CHY=(1+2)/2=32

(3) AT LA W7 Ji - TR B K
BEGEOR, BEREECR, HERKOGMAE . 7F HN3 Y, N — N B4 K >Np) — N 2
K, £ CeHoH, C—CHEREKAE R, #nT U BRI W .

6. FFERMENL (Special conditions)
() X THBTAEY, N0y, REEHERI T EF R

N
Jo N\ . €«—>» N

o' O 0 0
Q) T TS, W BFs: no=4x8=32, ny=3+7x3=24,
ns/2=032-24)/2=4 BF; 1) Lewis 454300 :
®
i i i
B =<«—> B =—> BO
FOF ¥ OF FOF
® ®
B—F BN (1+1+2)/3=4/3
i
M B TR R AT 0, B—F I#E0N 1.
FF

XRHET BIR TR Z 6 %, AT LARR BFs AT &4
BATHEIE no 71 BH T 5 no s
ne’=6+3x8=30, n//2=030-24)/2=3
XA E T BFs BBk ) Lewis £ 3. FTCL BF: 355 4 MILiR45H, B—F
RN 1~4/3,
Q) M TEHETIEY, W OPCls. SFe%%
AR IS REUE IE no I IR V15 1 B 45
SFe: & MME 8T, M ne=7x8=56, ny=6+6x7=48
ne/2=(56-48)/2=4, VUIAREEANREIEE 6 FJET 1,
“one =12+6x8=60, ny’/2=(60-48)/2=6, SFs NIE/\HARJLATHIA,
POCl: no=5x8=40, ny=5+6+3x7=32, n/2=(40-32)/2=4

Cl
|
" Lewis Sifa: | FP 0O, i Lewis 45Ut PCFREA 8 1M T

Cl
HPEFREREA LA 10 MET, & ne/=10+4x8=42

‘Cl

ns12=(42-32)/2=5 . Lewis &ifxU%:  R=0  BABETI e fNE
cl
P—Cl®#% =1, P-O#LH=3/2~2
K U A E L T T BT B AFE RN ?
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AR R ST A B R B F R T R R AR B L A A R

DR A

Bln: XeFay XeFsw XeOF2w XeOsZELEW), EAIEZEE B THEY
XeFs: 8+ 1x2=10 XeFs: 8+ 1x4=12
XeOF: 8+2+1x2=12 XeOq: 8+2x4=16

Pl J5 o i I 8 B L, AR BAR B OO R TR R 2SR E

* AUEE TSN AT UAMBIENR? HECAL R 580N T 808 T3, wTUAE
1E, FONERERAR RSO 7 B0 R 7 A B oA R 78 H Eid 4, 2o
BUEIE nos

—. IEX1"$#32i& (Modern Valence Bond Theory)

1. i it BRI WX © BRI G, AR EAF? @ fEf 3t
EYH, vl 5 RO T S BoR I 8, Nt AR AR AE ? ) IR
R, RO B T B S R B IR B RE A 5%, I8 KRy S A B )
REMATITOR ? @ 22 LA B AR AN B i B L A 88 (9 7 [ 2R R P A

2. ARG R A 0
(1) IR T IR — AL BES, AN R T

WIS BE— DR O T (RIE ;
T HEMMERTMAAHR. A Ha— .
HpfaeE R (B 8.1) Hhaf%l: ~
Ha n=1, I=0, m=+1/2; Hp)

n=1, [=0, m=0, my=-1/2, WLIIE
AR ERI Hy (81 % b)) o MM v
JRFIRENA B e FATIR T, BT

T B AGE RHE R S, TIAGER AR Fig. 8.1 The potential energy depends on the distance
AT (E81Fal) . between two hydrogen atoms

() IR T TR RS B, H B P RS AT . 4l Ho v 1s~ 1s $LIE it
HF # H 1 1s 5 F 1) 2p #iE e ss .

(3) FLA 5 H T AR R T RE B YUl Y — 8 SR HAE FE T~ B B R T7 1) LR E & (AP
PAFBORMBERE, I T T A ERPIRES ) —— vk 7B 7 Mtk (H b
BN, BT s B RERIESHRI, FTbh s—s TR FL M s T 7 ik

3. LU AR A
(1) WA . — DA LA ARBS BT, SR BAA LA B e S s 7 le xS, Rk

Energy

v

L.
Q) HEE: s—p p—p. p—d EFHPUIE K ESEA TR
(3) A EE KA
a. offt: WrERBMITM, KA SRk R PUE K E SRRSO, R
Nott

b. nfi: JETHUELL “RELRE " 107 R E BRI, PR Ount.
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+ % £ |
. e
Positive t 1 7
overlap b (N/-0 oo
v . A L, overlap
Px+px dex
o’ x&bf <
Pz+pz

Negative ) ?M
overlap (:\f -

Fig. 8.2 Diagram of the positive, negative, and zero overlapping of all kinds of atomic orbitals

ZE LFTIR, TR B ) S A
() BEARET, () R THUERERMIT, (i) B 7F KRS, (1v) LI T8
W EAAMFERFRE R FE IR AR+ + ES, - —HE, BN
SRR ES) .
4. FALPUEHE (Hybrid orbital theory)
(1) AR HE -
a. BECHETFRA2AMRET, NS 44 H EFIR CHa 5> 72 B g
SRR R A e 1 LR G 2
b. K3 FH K LHOH =104.5°, 5R#FE2NMHIETH s R FHIES O JE 111
2pes 2p JETHUEES, TR 90 ARF o BRIV U] SR Al HR AN S (1) 7 ) 4 2
(2) Pauling [fJ 34 AL EUIE 2 18 SRR AR Y R A T
a. WA BAFREMWETHPOERG K, B4R S A 5 i E
2, FRNIEFHUIE SR
Biltn: 7E CHy ™ C JR-F RIS sp 244k, 7EREEAZEMIPUA sp? 241051
EHEE B e PAT YAl FrCAaT LS YA H R 7 o, fig ek 1A
PEs sp? AL HUE LT B E DU T, X 7 Atk B BA Pauling (1)
AL HUEFIR IR TR

CHT @ @@Q spPZrfk,
2s

» > OOO®

X H0 4> F1fi &, < HOH =104.5°, #:ir 109°28', FrLA/K4TH 1 O

JEF B RNCREL sp® 2. BT 2 4b 08 A XTI 75, X R A bR oA

PE sp3 444bo B THI0GS B 7500 %o BB LT X HE R DK, (B A A /N
Q)b HIE A

Fetk 7550 FAGENIE AT 4 2 FRAEILIE [H] I £

sp B eg.qt 180°
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sp? P = b}{ 120°
” P %3% 109°28’
90° (51D
VT eﬁ N
spd ’\b iégo E;I;E?])
sp’d2 1E/\ A %x% 193(1:0 ((?QHETE\ BT

(4) ZRBE IR B 51N T IR A AT . SEBR B R R LA
R, A RerfiE O T RIAAR A . N BFs A1 NFs, HI&E N FI=M%, &
HNZAMERL, RATHEAT LAHERT BFs th A B JE 7R sp? 284K, NFs HP i N 7
KH sp? 4k

(5) FEAF 7> 3857 [l rh, [ —FfrdC iR 5 A R A 207 H R DR BN [ 1 2%
WA,

Biltn: PJRF: PCls (sp®) . PCls (sp’d) . PCl, (sp®) . PCl; (sp’d® ,
CJE¥: CHe (sp®) + CoHs (sp?) « CoHz (sp) o
B2 A SRAHE T LA 75K T LT R L e 2
5. MEHETXHEFHE i (Valence Shell Electron Pair Repulsion) (VSEPR i)

1940 ££ 1 Sidgwick F1 Powell $2 H

(1) FA AR 7RI > 7B IEM BB 7 rbr, s Ji A B R 6 P o ) 28 ) Ok
B FL AT R ) AT BESR A 2 A By 52 B A B HE R e/ AR L AR
e, BT A 0 S5 JA L 2% HEL 0 R R R T B R K

The best arrangement of a given number of electron pairs is the one that minimizes
the repulsion among them.

(2) FIWr 731 JLRT R B (0 B
a. B E 0 T I AR A SRR —— TS b R A BSOS R T AR R

TXHEH

() R 2 7 B R T R T ()
PCI; ny=5+4x7-1=32 PCls ny=5+5x7=40
PCly ny=5+6x7+1=48 XeFq ny=8+4x7=36

(i) ny+ 8= M- R iy = BT XL
(111) %%&(1) +2= Féﬁ(z) ----- %ﬁzl E‘Z 0, Frﬁ(Z) = %XUL %%Xﬁﬁ,
(v) B+ B =P0EFRRMEIES CGEREGER 1, T 2 E— X0

HL X0 R AR
(V) ;WU
XeF2 XeOF4 XeOs I3
JS B FEL X 22/8 =206 | 42/8 =50+ | 26/8 =302 | 22/8=2:0006
RS HL7 X6 £ 6/2=3 212=1 212=1 6/2=3
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HG R A R A sp’d sp’d? sp’ sp’d
b. FZREEAR LA AL, ) LA B
filtn: PCl; CIEPYME {4 PCl; (=R PCly CIE/\[f4)
SN Cl Cl
R I Cl _ Clm--}---> cl
[;}/}ijﬁCl] // i\:j:CI [ ! \\\t///7
Cl::\\cf Cf/’/T Cl%,,\,cﬁ
cl cl
F CIF; (4x7)+8=34 4:2=2

ClER T RH sp>d 284K, CIF3 73 RJ LA = AS [7] ) 2 1) J LA 4 7

F
F |
F—Q{HF D%< F— 'fl@
0 F E F
D (ID (I11)

c. WERIBBIAFAE LR AT REM 2 8] J LT R RE I, B iR Ra e I 45 M3, BRI

TR AR F1 8o T = AHET . IUE 90° A 1 IHERE 7T,
NN Z A AR F DI R o & BT I8 e 0 R R/ g AIOKS | T
X —— PO X > IO HL 0 — XU > IO EL o — B > XU — XY
B> X0 —— B > g —

90° ) (1) (I11)
PIORT B 5% ——— OGS B30 0 1 0
IO B X ——— s F 0 6 3 4
BB R ——— s H X 0 2 2

Fir AR AL (M) A2 e e, BP0 B - X ICFE~F T Y, CIFs B LA 248 T 2.

* FAHEFTE 5 T R AR B TR BLE 45 T R &
Vit sp sp? sp?
AR Nt AB; AB3 AB:E AB4 ABsE AB:E;
¥ JUA R HHR P =M v WEPY AR | = fMAHER v &
s il CO, BF; SO, XeOqy NCl3 H,O
CS» NPCl, ONCI1 CCly AsH3 OF;
& Ak 2k A spid sp’d?

A it ABs ABLE ABsE> AB:E;3 ABg ABsE AB4E>
ST VAR R | =mxdE | PR T Hk 1E AT VU 5 HE Py gy
g i PCls TeCls CIF; I SFe XeOF; | XeFs

AsCls SCly XeOF, XeF, PCI; IFs IF;
6. AN

(D) ANFEFIZALSER, SAAE
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() FEMIE 2 AL BB SRR, A0 B Tt 2, Bl o 7% 2 0 PR £ N

Blhn: CHsw NHz. HoO, 8RN

(3) FEHF 1 2 A 25T R HL T 261

a. o JET R O R, PR T e S TR, R PR T B A
AN, HERFR AR, BEMAS K. Bl NHs. PHs. AsHs, 08 1 PR
AN, AR .

b. FOALE T s SRk, AN . Bt NHs T £ HNH KF NF; o

[t
ZFNF.

c. Wik, BEMEN: hTEE-BRZENHFH >0 HT™ H
W2 T J > X — R ROHE R > e T
2R

7. d—prfEHIiTie
(1) LA HsPOs N, UiBH d—prBEIJE R 7E(HO)sPO H P 54K HL sp’ 444k, P JH+

13 A sp HALBLIE G 3 B TS OH ST IR = Ao, P4 spd 4eibiiis

AT TR AT O BT 4 ) 2p BUE . TS AR T 2p BE L i

Heti [T Jsem s, B9 7 %90 PR 7 Edld B s, o 5T i

ol op Bl B T A 2p i [PIL] | R PR T RIAI TR

R P — O oL .

FUR T 2p Bl E PO B R ok AT A A P ST 3d A BUE, X
Ap—dHUERAE “EIE” ES, WMa, By d—prit. FiLlP. O Z AKX
R P%O (—~olick#, M~ d—prlictd) , 4T P=0,

VFZ 2R 30 HaPOL HI 45 BT s

HO\ HO\
HO—P—0 %  HO_P»O
HO Ho”

(2)d—p n## 1N A (Applications of d—pn bond)
(a) A LASRRE AN 43 T LT A Y
(SiH3)sN 5 (CHa)sN A A B U A, Ji3E 9P =M, J&#H N =M
HEZY . IXE BT E(SiH3)N N 70l DICREL sp? 2040, RARH) 2p P CF
— XS ) ATRL “JE IR B Si JE T 3d FEHPE ES MK d—pn
e, P = AEEMEURE . (CHa)sN 1 C IR F AL d g, Frbl
N R F UKL sp? 244k, BE 459106 B 756 BAAr3d 1 =5 1)
(b) 7 LASERE Lewis B 142 59
%% HsC—O—CHs 5 HaSi—O—CHs B, A& BB 5 T )5 3 BB
Mo X BT HsSi—O—CHs O J5 -7 ERAICH B 75X /] LA 5 4 Si Ji 1
(1) 3d SHIE, TER d—prfl, MIMESS T O JEF MG i FXae ), (H15)5
W] Lewis B4 9555 .
(c) W DASRRE B 1 R AR AL,
XFF NH3 5 NFs, <HNH>/FNF, Ti*fT PHs 5 PFs, ~/HPH</FPF.
WE T, XK NGEEZET FET LRI S5E PIRF LK
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3dFHIE, W9R T PR T BT R W, R T A R
Ky Brls Ak,

Practice Exercise: 7E H3SiNCS ', ZSiNC £ /b & ? 7& H;CNCS H' LCNC £ N % /b JE?
N4
8. Bl
(1) B3 (1) % B 2%
a. TAZ 5B 51 0% AHE R — PN, BERIX LR 7o 51 R
AERH sp BY sp? 44k
b. A 25 5B 1 5 # 06 ZiE f— AN AN BPAT Y p Pl
c. BN pHUIE ER BT ELIUNT 2 51 p FUEEL
(2) =451
L3-TZM H,C=CH—CH=CH,

SO; 1 S - REL sp2 244k, KRS 5L 3p il EAFAE X T, B T7E sp? 2
tepiE B —xte e [ 1] | Gsp2adt) Lk SOs H AR T 2p Bl E
TRAEBFMEE T —A 2p BUEREI S R 71 2p2 24 B8 ER 17X, % %R
FHAERPATH 2p PUIE & —XT B ¥, FrBL SO S JEF—/ 3p PLiE M 34~ 0
JEF 1) 2p Bl GGEPUANHE ETAT I p B8 $REBEK p T HCN: 2+2+1+1=6.

S2hr 1 NO; HI COT™ AT, SOs 5EABRZ] LM% ik, Frel ey
MR B (T15) .

00 oo OO
O 0 © O

I3 3AIIS I

=\ 7 FHiEIEL (Molecular Orbital Theory) (MO ;%)
1. VB LI & R
(1) H [EEEEN 269kT-mol ™, (HELHL-FANGERCNT, AT A fFAE LA B Be e 2
(2) Bav 0247 F 2 i 1% (paramagnetism) 1, B Bow O2 2> FHE BT, (HH BT
SHEARGEVL I Bo Al O 43 T R AF(E B LT o R R IBURG 1 5 B TR0 96 RO

u=+n(n+2) BM. (B/RELT)
(3) NEEMARE CO2 BFsy CoHe %58 425 T B8 sk
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2. MO EMAE
(1) ZbFE 75 vk EId KRf# Schrodinger equation, AR A 3K il &R 7 4% 41 B8 T 19 U bR 2K
(p) FEEE (B) o BFRNMSFHUIEERE R B, Frblor+ 508 i ok 2 A
¥, TR FIIER KBS Mo, VORXANETHPE S THUE. BOYEEE TS )T
REREHR R TR R, W T H, IHEMRE T TEFRR, BEE R4 A
ATDURSHASK MR, SRAFUCRE P N FRUE B A, RIBEEE E A THUER S,
| |2 3% o T4 T2 [ LA LR
(2) 73 FHE & B R 7 HUE 1 2 41 A (Linear Combination of Atomic Orbitals)ifij % »
(LCAO)
(3) 5. WH, o FETKE, —IHTHEZE Hofl He €
R %125, MIEXNETFE a ik, HiZ3/ 505 es
MIXAHETE b ZIER, HEHFE0sw, WEANDT ) .
BT TRIE S AW (1) Pis=cil@is@ + Qs m], EPARNEEE B T
i, FIRIGE, <E, » BTBLWHONEEE S THUIE, Mo Rons (1) w. =
lPis@— Qisw], B AUNEEEE H S, A RkE was >E, BT, BN %

B FHE, H o ®oR.
(4) Bt R T PUE LR Sl THUER, AR TRUE, R o

STFHE.
H," H> He;’ He»
LT R (a3,)' (01,)° (6’0 (6 (0
87,4 1/2 1 12 0
o TR Fof okt = Fofit —

B = (BREEIE M T - RBEIE LT D) < 2
I3 HUE B L A R 2 L R R A A R
3. FARURE 72 F 10 FHUEREZ B (Molecular orbital energy level diagram for homo-

nuclear diatomic molecules)

(1) 02 F241 1 (2) B2v Cov N2
E, <E, E,, = E,
2p 2p 2p 2p
(0]} F»> B; C N»
oy === == oy - — -

oo 44+ Mooy —— = = — —
H H HH

Ty Ty 5, - o H
o H o mom 4 A H
o yid il o + H +
Os + + Os + + +
mﬁ%%%&:ﬁigzz Qﬁ?%%ﬁ=f§9:2

B — Aol A= T, Gy

HRABAET, 7 LRIGEE . Wl BT, LR R
O A FII THUEFR R A: (01,)7(01,)7(05,)°(03,)°(0,,) (7,,) " (73,)°
WH: KK (05)7(02)°(02) (72) " (73)
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4. FRENIET 0105 TEiE e K (Molecular orbital energy level diagram for hetero-
nuclear diatomic molecules)

(1) NO 7> ¥ e 1Al (2) HF 7 FHLIE REH -
60
4 —\2n —4
bl o
e A 1s A A 4

M ﬂ—/171: \\_1'%/3/(5 2p

ﬂ(ﬁpﬁ\‘w
\ ar H A A

2s \_H_/:’j(i 2s 20 non A
/—ﬂ—\ 20

4.‘_( \
N S A

1s 1 ' Is lcnon 1s

N NO O HF F

NO A FHIEERERR: (10)*(20)* (o) (4o)’ (1) (50)* 2x)'
HF ﬁ%i‘m‘ﬁ%z‘—_\.ﬁ (lo_non )2 (2Gnon )2 (36)2 (lﬂ_non )4

NO. NO'. NO*FI NO ¥ el S -

NO NO* NO?* NO
34 2.5 3 25 2
%EEE | 0%’ - T[![E; | G%r —‘/l\ﬁ%%(?%y — 0%;
—/N = H P — Ak — A= i

5. BRI TR A A BE 3 AT ]

o5
aritibonding

O1s
bonding

Fig. 8.3 The angular distribution diagram of a bonding ( & ,,; ) and antibonding ( G:s ) molecular orbital
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Gy, bonding

Fig. 8.4 The angular distribution diagram of a bonding (O'np ) and antibonding ( GZP ) molecular orbital

i n, bonding

Fig. 8.5 The angular distribution diagram of a bonding ( 7 p ) and antibonding ( 77 ;p ) molecular orbital

71, $##5% (Bond References)
1. B#HE(Bond energies) E — AN EEmIHIARE
(1) 58 X: 1F 298.15k #1 100kPa F, 1mol FRARS RS> 4% B S A48 5L BT IS BE R
N B fRRE, LTES D RO,
B Cl(g) —> 2CI(g)  Di_cy = 239.7kJ-mol™' o XF FXUR 770 Tk id, H g
REML R IZ A TR BRI RE E, #1W0 Eci_cy = Dai—cy, 100 T PR G 2 4R
ZEF kUL, PTRGSARRE RIS IEE VR . B, NH: 2 FH =AM N—
H 8, (HEN N—H 8 FE SRS F AR, 1mEA AR SR

NHi(g) — > NHx(g) D1 =427 kJ-mol!
NHa(g) —> NH(g) + H(g) D> =375 kJ-mol™!
NH(g) —> N(g) + H(g) D3 =356 kJ-mol™!
S NHs(g) —> N(g) + 3H(g) D =D+ Dy+ D3=1158 kJ-mol™!

7E NHs 73 1-H N—H B 1 B il ae it /e =S50 B 1 -F 24 B i e
E(N_H) = (D1 + Dy + D3 ) /3=1158/3=2386 kJ-mol™!
JIT LABEE RE AR P 2 S A e
(2) HAES A Hn [IC R T LU BT # AR L R

Sample exercise:
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CU%0: C(s) + 2Ha(g) — > CHau(g) + Ha(g) AH S oy, o=~ 7482 kI-mol™!
Ha(g) —> H(g) + H(g) Dgi-my = 434.7 kJ-mol™!
C(s) —> C(g) AH ], =719.0 kJ-mol !
3K CHa(g)H C—H BB A
Solution: C(s) + 2Hy(g) ——— > CHal®

me,CH()
=9 48
iAJ%m@ iZDm_m T‘4E@—m

C(g) + 4H(g)

o o
Ame,CH.,‘(g) = ASHm,C(S) + 2D(H -H) - 4E(C—H)
. 1 . &
. E(C—H) = Z[AsHm,C(S) + 2D(H—H) - At‘Hm,CH (© ]

= %x(719+2x434.7+74.82) =415.8 kJ-mol!

(3) HEH BB, SRR, IR A A B T AR E
(4) W g Ae B Il A =k Can B D B0 E .
2. 8K (Bond lengths)
(D) X 7P AR 72 L F R, FOpBR G (BZIaRE) .
The bond length is defined as the distance between the nuclei of the atoms involved in the bond.
() Bt B E 72 R A LS R, SERR BT R 2R AR AR I I i
B X SR AT AR SRR T VR I S B AG
Q) KSR (R A%, MEaRBO, S,
3. #ff (Bond angles)
(D) EX: 0T, #ERZEKIM, M.
The angles made by the lines joining the nuclei of the atoms in the molecule.
Q) BKMEMHE T, TR HE 7. The bond angles of a molecule,

together with the bond lengths, accurately define the size and shape of the molecule.

4. HRIHME (Bond polarity )
(1) AT LA AN 1 H A7t 1 Z2 A R R s BB IR #5214 . We can use the difference in

electronegativity between two atoms to gauge the polarity of the bonding between them.

For example: Species F> HF LiF
Electronegativity difference 4.0 -4.0=0 40-2.1=19 4.0-1.0=3.0
Type of bond non-polar covalent polar covalent ionic

(2) R JE T (v SRR, AR AR
() B R G I, W N<H B N—F, &M IE A 7.

. 9FzZE/{ER S (Intermolecular Forces)

1. BRI 2, Hoor 2 AR SR 4118 (AR T4 F 100

2. HhaF

() M7 AR B R AN 2 TR AR 2, 9 [ R U T 4y
T AR AR LART R B S FR K LA 2 P R O AR 2, 18 COa.

Q) W7 R R, ELSE AR AN RESRIH IO SRR 2 TR R 2 7

3. TR RN EE —— B (dipole moment) ()

(D) e — Mg, BHEKN, XHEFR. KN p=q-d, AT (Debye).
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JE - MIEFRAFi. 1 Debye =3.336x107 C'm
Q) M TXEF 77, SRR, 57 Rk,

Hy: u=0 CO: u=0.112 NO: 1=0.159
HI: u=0.448 HBr: p=0.828 HCl: p=1.09
HF: u=1.827

G) XM F 2T, Rl R B A S s, HR ik i o
PHBSRIfE. Blln: COx: u=0 O=<— C—> 0, SCO: S<—C—>0

’utotal
;’;OTE o 5’@1@% S'QW@?

0 N Mtotal S+ NS- Mtotal 5+ N lﬁ MHtotal
a AN /NE
HO+ ' H pd+H SF | F

10 NH NF,

4. FIEFIFEEAEH 77 (van der Waals forces)

Three types of intermolecular attractive forces are known to exist between neutral
molecules : dipole-dipole forces, London dispersion force, and hydrogen bonding forces.
These forces are also called van der Waals forces.

(1) B¢/ /7 Corientation force)
a. KA (permanent dipole)  MEFIIIE. A EOARBAAE S, 1A
BAFAEAE — D IERA — DG, B2 B M A B, ORI .
b. HPARIE S TR EIEER, — Dl R I S A A IR
iy B — I P30, IXRERUEAS e 7 $— 2 07 R g s, R A
651 71, FRONECE 17
c. WtEoyT 08, BT SRIETZRRA AR s8R e /g, BIEA A7 A
TIK AR 2 18] 8BS T 5K AfliR 2 (8] .
(2) #5571 (induction force)
a. %M (induced dipole)  Aksr¥ ik, AW EOLESE K, HT
e 1E AT A% A 51 1) A7 R T A FE 1 = B 5 1) IE RN, 45 SR T s AR R A A
XHIRLRE, TR TR, BATEOSE, SEEARRMES TSN (BHE
A>T B AR, AR S SR

b. NVER, HAEIGIEAN, BRERIEKL, o7 LEFRBARE S T

c. HIFEFENER S TIRER T, FRAFESI.

d. FFIAAEAET AR 7 5D T2 00, WA TR T AR5 221

(3) 4 /1 (dispersion force)

a. WERSEML (instantaneous dipole) 1T &AM 7 H 1 B 7 AN Wiz 8 A 7 %
FIANBTIRSN, PR AL B i T 5 IR A RO AL A%, 8 RIE . S far E O
03B, XA A B AR AR R gk I A A
Tl P A PR 0 2 5 AR 1) 1 A I N A AR
TR A R A, SRR TR AR AR 0, RO EEUT
TSRO, UK
OO TR RS 70 1 22 18]

o o o o
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Mg Bua . S IR EU I8 RON van der Waals 7. fERR M 73 2 [ A7 AEHX
[ /3. SR EC ), ERME S T REHER M 2 7 2 B AE S T Ay, fEAER
PEI> ¥ SRR A 7 7 2 B AE (LB
(4) &% C(hydrogen bond)

a. SRBAAET T (FRAGTREHE , Wl FEETHTHE (FRAS

THEE MIER I,

b. EHALFHTS, HIL van der Waals /)5

CEX: AR TS e R ANEE - X UM EAER H R, R
— AN AR IR Y T T R — A S AR BAE R RR O S

d. MK RS X MY MKEEX—HY).

e. HBEMFES: BAWAMAT R, BT HEREFEBN, TS XY Z
BT, AV RIS, AT 180° , Xt EERN T M, YHTA
JRF BN, EEBRIM X YHEME, 55— MRKEE 7T Fn e 5
i, P AP SR A O 2, X S A

£, SRR 2R 55 -

BIX. Y My favEsoR, SR, X, Y Bk, Sk
g. SUBERT ot M o FR) 5
() HTERERAAAE, K, IKBRAEARSHERER . UK EZNTK.
(1) SV Wb AU M g1 TA) SUEE W] DASR e M T 0 R, T 40 P B T DA
AR BT 0 a5, Bl AEFEOR My AB—AH LK) (mp. = 45°C); [H]-AH 2
A (m.p. = 96°C), Xf—FHEAH (m.p. = 114°C)
H,O BT 14y 1 [a) A5« Qi B 2R T 1 731 A S
o—H O\N/O\‘\
\

P H
H/O \\\ @O
\ 0

h. EEMAE#E v oH
(i) X—H----nd i £ —A X—H--nS 8, i e il ik RAE N+

(HY B2, HHRERSET5 4 30 0 B i S T 1) X—H - -, OB
NS (aromatic hydrogen bonds) o

/Q\H{x

v
Cl /N
cl_ ¢ d—cH,
b o—_
| “Svew

<
(ii) X—H-+--M & 8E: 7F {(PtCly)-cis-[PtCI,(NHMe)2 ]2} IR, AN T~ 1
U5 (%) Pt 1) 4 B AZAC B 7l i N—He++ Pt f1 N—H-+---Cl i MR 45 &

fE—itg.
(iii) X—H----H—Y &8 R NHZETFRIVE S
H;C—CHs H;C—F  H;N—BH;
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~181°C -141°C ~104°C : . “ 5
WAL, 78 HaN—BHs ik, SFRGERT /N B0

W SRZUA HAEH o XA AR X—He-- - H—Y S50 182
o AE R HsN—BH; 45/ 5

§8-2 BIEEmBRE
Ionic Bond and Lattice Energy
—. BEF#% (Ionic Bond)

1. JERE TR DB BERIKEREE TR S FRaREIERIEEEITER
2. JERILHE (The process of ionic bond formation) :

nl
nNa(@) > Na' (@) piSmTrREl. SR
> n[Na'Cl ](s)

WOl e Ol (p) ) BFSBFIHRLLTE

3. EFHISHE (Tonic characterization) :
(1) &-FHfr Cionic charge) : AL*03*. Ca*F,
(2) B FHIHE M (ionic electron configurations) :
a. SHLFMM: Na'. K'. Ca?*. Mg, Rl (n-1)p°
b. 9-17 BEFMRL (BAMM EFHAED © Mn2. Cr*. Co* S{RA A 4
JEBE T, VAR (n-1)d%
c. I8H AL Cu's Agt. Zn?, {£Bm —1)d°,
d. 18+2 L% Pb2*. Bi**. Sn?', FEEF .. ANHYIK A, IVA. VAR
PUREE S, RE (n - 1) d'%s%,
(3) B F2F12 (ionicradii) : Pauling 5 FF12hrE
a.%$%ﬁ,%¥¥%5ﬁﬁﬁﬁﬁﬁﬁw,W%fmg%;

b. SHGIREN ey TRGHTHEAG IR, W r=c/(Z-0)
G T TR AN, oM, W /=2 /Z

Z  9-8x035-2x0.85 4.5

2% 11-8x035-2x085 65
Na*

CHI NaF (K r, +r N 231A, f#f3r,. =0945A, r, =1365A
. BT &EEE (The Ionic Lattice Energy)
Lo €3 {E25°CHI Tatm &, B Imol &1 F A28 A B TE 55 () SAS 1B 508 T Tl
Werhe s, FOvaRERE, HRES U Ron.

U>0

41 NaF : . /rF, =

NaCl(s) Na'(g) + Cl (g

2. B

A& (The Born-Haber cycle)
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() FIHAS 2B — e () Hess ) , 0] DR 7 SR AR 1 AR R
(2) Born-Haber JE¥ 111 MX (B4 )@ <L)

M(s)  + % Arflux SEEmMX o VX (s)
AHZ 1,

l o lz X)

M(g) X(g -
o lA(

M'(g) X (9

1
AcH Dy =AH T+ 1) + 5 Doxy + Aoy + U
. 1
SU=AH+ 1y, 5 Doxy + Aex) - ArH Jix
. 1
Sample Exercise: L% AanijaCl =-410.9kJ-mol ™', ED(Clz) =121.7kJ-mol ™,

Ay =349 kJ'mol™!, I, =496kI'mol, A HZ\, =107.7kJ'mol™!, 3K Unacio

Solution: U =107.7 + 496 +121.7 — 349 — (-410.9) = 787.3 kJ-mol !
(3) Born-Haber {f ¥ AEAE R T 5 S290 E LUSRAF AU I 250, e 7ok A BE B 1

’f L\}:,/r

3. fmi&HEM) fii@ﬁ‘ﬁ (Theoretical calculation of lattice energy) :

O@Q@O@Q@O@Q

2rg~]

Fig. 8.6 The one-dimensional ionic crystal model

2 2
W AT O S — AN BT 2R M RERR: 2x—— 2x—0 ;
EYT, 4re, (2ry)
—e’ . 2¢? 1 1 1 - e 2
A (I-—+=——+-), FESFHERREKRT
4re,(3ry) 4reyry 2 3 4
2
%o 1K U B BB JROCE — 4 it A rRORE IO HE 1 R B BL SRR X B B R (- eg ) K,
&G
FrBAIE . B8 F7E di R A B AR ks - o S AR o
(2) M4 AR R ) B SEPR I =4 AR DL NaCl(s) A1
—/N Na™ & F-1£ NaCl(s)H 52 21| i & B A FH e
2 ‘ «.
E El/% 3T B —=r N . _ .— ; J
S5&RAAIERCIET (64 @ E =6x( ”50’"0) 9 ,__t_/‘;f/\}l
2 3 -
WAL Nat B 1 (124« E, =12x——+— .
- ! 2 47&90\5;’0 - ‘
SUABEN CI BT (84« E; =8x —e L/ /0/

47750 \/_ ro v
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2
0 Eo__°¢ 6 12 8 6 24

pEm \/_ 52 [ ...... )
F&5 R EUE WS TT, WEkT 1.74756, BCEFR N E FE 5% (Madelung constant)
b. DiEREER (M) SET AR K

BETHERARR | NaClB | CsCIB | CaFa i | NERH B | £F4Ebey 2
M 1.74756 | 1.76767 | 5.03878 | 1.63805 1.64132

. s MN , &>
. Imol Na* B T-(UMF AR )y E=— A
4reyr,

c. MTBETFRMAAERTZENHF NS RHF, HHFfeLte T 1/,
JITCLE e =B/ 7" BNCBIREL n )y Born $5%. BRI (n) SETHH

T R A
e e Ry ARt He Ne Ar Kr Xe
n 5 7 9 10 12
%F NaCl: n=(7+9)2=8
&, Imol BT B MHER: £, -2 NaB
4reyr r"

N SR B A RS REAE r=ro i, A RRAE, W En X r 9— BT SBRONZE,

dE o i e
JITEA d_() =0, RXFEARGHE B.
"=y,
Ep|  _MNye nNAB_ . g M
dr r=r, dnggry  rg" dreyn
MN,e* 1 s g
£ BEAN Egns\H, Hr=nif, E, =~ (1——), FTHAH BN
4reyry n
A WU ==y =+ -0y Ssh U B mol 6L, 7o b pm v
To
(e
LR HIE. B FHRAN Zo Z-, EAaRERATSE N
U:+%(l——), TARI AP — 2 A K (Born-Lander A0
T

e. REHTEIEE (Kapustinskii ) 245X

Z Z . —11
U=1202x107 x Y Zele 234510
I, I,

Hovalk. BT REG ro=ri+r, BLm AHAL

Sample Exercise: KClO4 ] U=591kJI'mol™, r . =133pm, 3K et

—-11
Solutions v=2, U =1202x10"7 x 21 345107y 5o
o To

S, =3.69x10""m, mr, =3.8x10"'m (FEK) , W =
134
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; YAVA "
METH B B — 22 A S, JATAT AR R U oo —— . SRTIH L & o i R
T
IR R N
BeCOs3 MgCO3 CaCO:s; SrCO3 BaCOs3
100°C 540°C 960°C 1289°C 1360°C

5 UM 1R . BFOIM Be? 3l Ba?' B 1, BT BAAMK, Mgz, Mfaetk
P>, I AR R RIS, VAR SMSE R, 3X b 5 e e A8 AU S R P B A AL e, v
DLA B 7 AR A0 B SRARFE

4. ET 1AL (Tonic polarization) 7437 (Fajans) H5Gigih
(1) B rtktt
a. BTN EANE TR T, RS BT m e KAEAALR AT
WER, FRAE TR,
b. WALAEH (polarization power)  BS T8 7 5 B FARALIER, FROARAE .
c. WAE (BUEEM) (polarizability) #i7 5 & T A1l &K 42 L+ = Z R 1 g
71, FRONRAL ZE B AT A o
(2) e s IE & 7 5 £ 5 1 28 E WAL A AR TE N 7 THT, (E2 IE B T2 — M L
/N, FTAEB IR E R OR, A B IR T K. 408 % IE B 11
WAAER (B TR EXN S TR RAERE) , FROMInR/ES .
(3) BT IIARAL AT FH wT A S 2R ) B - e UL R AN BRI U . IXRAIE. BT
[ ARAAE R, e 1“8 MERZ), TS 18505 80 2 T AR

IR
B 7 AR (L 3R
HALAE A HTE  BOREREA St

Fig. 8.8 Polarization effect between cation and anion
(4) BT A R AR
a. IEETHAABRR, PEBN, BTH e (Z/r) BOK, WA RGE,
b. FEAARIE T BT AEARARE O 0T, A A A B A R B T R A A AN D«
8 LY < 9-17 EF Y < (18, 18+2) L HyZY
e ry o =102pm, 1. =100pm, {2 He FIRALIERI KT Ca®
ke () BT d SR T BRI RRIE, SRR R/
() BT dESBTaAL 5T, Bl d 97 R BT Ik 4 1 FH #82E LLAE [F]
LT AH [REAR Y 8 LA Y A 3 1 AR AL AT BRI AR A 1 K
c. TUETHIEMEE, PR, IR
filin: F <Cl <Br <I; 0*<S»; OH <SH-
d. X TEEKPE T OB FRE S, TR
fltn: AFPE MK EINMES: Sioy” > POy >S05 > ClO;,
(ﬂ%?&%ﬂ%E%A%ﬁﬁm%ﬁ
IR EDIE KRN MgCl>CuCl,
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b.

SR B IRYERIZRAL  So.agr > 504001 50 AeBr > S0.A01, XA TMNF —> 1
BT 23] Ag BIRRAAT FH TS T A4 1 K IR 0
&8 B A EME NaHCOs [ #25E /T NaxCOs. A BeCO3 —> BaCOs
PAEMEIE R, €BE X O EFHRWMAIER X T CV 5 0> Bk
TEAEMACPERD BR5E, 4@k EhBATE .
SIERAEVBE R RAVE R ERSR, &8 &I BBk

AgCl (1) , AgBr GE#) , Agl (3)

HgCl, (K1) , HgBr» () , Hgly (40D
SR EYRHAREA  CdS: r/r- = 97pm/184pm = 0.53>0.414, FEN &
NaCl &, BI/SECA7, SEBr b, CdS k2 UBCAI R ZnS B o XU 7/ ro<
0.414. XZHTE RN, B BESMAMA /- EZR NS
BT A RREEMSE Y EANER T, PIE S TR
Jo AR T I RO T, X R ) 4 e A
WEDIE SR, SEMEAMHNIE G, 41 FeS. CoS. NiS#\E —2E & @k,

§8-3 MmEEM
The Structures of Crystalline Solids

—. EAX#E2Z (The Basic Concepts) :
1. &k (Crystals) :
WP S (o BT EURE T B2 B HE 2 TR ). B RS E

(Fr L2 R BRI AR BT, FRON di s o

Q) A FERZ e BFEFER DT (EJR T AT E 87 AUHERR AN [ ) &

M, XML R R B 2 Gttt Bl ZoS R TN BRI LR AESEA . (BRI —Fh
YIRS WS RAFAE— Mgy . BRI AEDT 70 A A I, 8 A 2 A (AN 56
—, Rt D Hait, A REIRNRTT B AR o

(3) sier VAR B LART 2 B AN B A B 7 1) AN (R T R L B B 22 5, IR SRR O A

[ 57 1

Fig. 8.9 The striking beauty of crystalline solids. The symmetry and regularity of crystals are due to the

orderly arrangement of their particles. Left to right: beryl; barite and calcite; aragonite.
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2. % (Crystal lattices)
(1) DA 58 A B s A2 22 A I R 51 B BT — @ LR, FRON &S T

At Thr M E
(IR A o
Cubic
Simple Body-centered Face-centered
Tetragonal Monoclinic
Simple Simple End-centered
- Orthorhombic
[
SR
= Simple Body-centered Face-centered End-centered
- Rhombohedral Hexagonal Triclinic

Fig. 8.10 The 14 Bravais unit cells
Q) M T R (CEHOFERHAT UL MR (EEOFE R TATN
A .
3. fmffe (Unit cells)
(D) fEAAS T, A ML, RAAGRIERRNATT, FROVRITHM, AR,

() 7E R & 45 5 N AL AU R . it BRI OST I R, S N
AN A AT R AR T (R T 5 T NaCl f i 2 0 o2 7 454, )

FSANTHNC AT\ TR A 1 Nat BT, B 02 CL B 1
(3) EIEE[]H@;%%@ HEE[]H@‘%%@: Ei\ E\ E\ O~ ﬂ\ y

FRAE A 5] 1) s L 2 4 .

p -
Cubic a=b=c, a=B=y=90°, BIEMSE N a %’b
Tetragonal a=b#c, a==y=90°, BIEMSE N a. ¢ a7
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Orthorhombic a#b+#c, a=p=y=90°, B SE N a. b. c

Trigonal a=b=c, a=f=y#90°, BIFMRZSEHN a. b c. «

Hexagonal a=b+#c, a==90° y=120°, RIS EN a. c

Monoclinic a#b#c¢, a==90° y+90°, HIEMSE N a. b c. p

Triclinic a#b+#c, a#f#y#90° ENRWSE N a. b cv av By
(4) 73 BB bR ﬂiﬂ%%?a%ﬂ@quﬁ A E

fldn: A 473‘14‘ TR SEJT I
1 1 1 1 1 1 1
(07070) (O 0 0) (5 5 5) (5’5’0)7(57075)7 (0’575

Fig. 8.11 The coordinates of atoms in the unit cell
TEA B bR, daSEANREH I 1, BN TRD 0. X UL M2 v LRl A4, b
TP BH . SO A HE AN ERRR ORI AT, R = AN R i 5 R0
1. 2 4, FrUloycsbns il 141, 2 4180 4 41.
(5) AHTARAL AT AE =4 () A AR _ERBBE BRI (A kD SRR R SR
17, FROUAHTEAEEL,  WINEJ5 8 & 1 (100),(110),(111)iH 735
(100) (110) (111)

™

K <

o h N\kk\.
Fig. 8.12 Selected planes and their Miller indices for cubic system
F X-ray AT 07 LA & & AR B TRT (BT EE,  2d-sin = n- /s
— eI IEEE, O— 75, n— AT 8, A—X-ray K.
MR, WEEE (D SRS H@ R RRK:

dyg =a/Nh? +k* +17

Incident rays Reflected rays

Fig. 8.13 Constructive interference of X-ray scattered by atoms in lattice planes. Two beams of X-rays, scattered

by atoms in two suceessive layers of a simple cubic crystal, are shown.
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4. MRAEEAETP BN ERAR, AT SJE A (metallic crystals) &
& (ionic crystals). J& - &t {4 (atomic crystals). 43 F it ¥ (molecular crystals). V&4 din A
(mixture crystals)

—. £ER#E5£E&AIK (Metallic Bond and Metallic Crystals)

1. &JE##MEL (Metallic bond)

Important information on the nature of the chemical bonds in
metals can be obtained from the two specific features distinguishing
them from covalent and ionic compounds. Metals differ from all other
substances, first, in their high electrical and thermal conductivity and,

second, in being crystalline substances in ordinary conditions (except

mercury) with high coordination numbers (see, for example, Fig.
8.14). Fig 8.14 Arrangement of atoms
It follows from the first property that at least some of the in a lithium crystal
electrons can move throughout a piece of metal. On the other hand, it follows from the crystal
structure of metals that their atoms are not linked to each other by localized two-electron bonds
since the number of valence electrons in an atom is not sufficient to form such bonds with all its
neighbours. Lithium, for example, crystallizes in a cubic or regular body-centred lattice and
each of its atoms has eight close neighbours within the crystal.
(1) etk A0 s 2 e
The simplest metallic bonding model is the electron-sea (or electron-gas) model. In
this model, the valence electrons are free to move through the bulk metal structure
(hence the term electron sea) and even leave the metal, thereby producing positive ions.
It is valence electrons, then, that convey electric current, and it is the motion of the
valence electrons that transfers heat through a metal. However, this model is more
qualitative than quantitative.
(2) BETT 21 (band theory) (LA2rT-HLiEHIE ANEEAD
Molecular orbital theory provides a more comprehensive model of metallic bonding.
This extension of molecular orbital theory is sometimes called band theory, which we
will illustrate by looking at the orbitals of sodium.
(a) BEAT BRIQ (A ZE
() WD THERE, LB NSEREEE DR T, LR T aegHE
MR FREZLMEA S R FHEES) R, RABANEEREILENE
ToHFHE, AFRNEET (energy band), BI4 )@ SR 1) n AR TR R R —
T e EAHSE I R T B B PR n D TRE, FO—ANRE

®
Na— @ .. 9
/—
Na, [ X J
[ X J
—
@ = o
Na2 L<
3 ® 0

Fig. 8.15 Bands of molecular orbitals in a metal crystal.
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Empty levels
Empty Conduction band
levels

. Fermi

53 levels &

. e 2

& 3

Fig. 8.16 The partially filled band of “molecular Fig. 8.17 Band theory applied to semiconductors
orbitals” in a metal. (Left) The highest and insulators. In contrast to metals, the

band of filled levels (the valence band)
is separated from the band of empty

filled level is referred to as the Fermi

level. (Right) The electrons are freer to

move in the now partially filled levels, levels (the conduction band) by a band
gap. The band gap can range from just a

this property accounts for the electrical
few kJ'mol™! to 500 kJ-mol™" or more.

conductivity of metals.

(i) # M FHUEE, SRR ETh N2 R T IR R R TR, o AR E
LHEHE R n AN TFHIE, HAE a2 NGRS THIE, B n2 NS T
HmiE (K 8.15) ;

(iii) F1 2 ANHH E A 7836 BT 10 R 7 30 & BT B Re . BN (filled
band) ; H n AN]SR 703 FE T (0 iR 7 00 2 S BT AT = R R AR
FrASH (conduction band) , A& 5 AT 2 8] R A] bR 2 F AN RRAETE I
X, FRA%EH (forbidden band) . FLICHL TR 1 HIUiE 5 & I P K RE
i, MO (empty bond) 5 FUUTHLFFRERIREH, BN (valence
band) . Wi 5 WAHEES, 22N T4 (conduction bond) (]
8.16, 8.17).

(b) A& EIR 1K R
(1) ATPAX G S . ABGARRI: SR —— PoE TR S (Ey)
E.<0.3eV YR E T 31K, 0.3eV<E,<3eV HMHEJET Sk,
E,=5eV MY J&E T4
(i) 7T LA 5 B 4 1) PR o R L T T v T B
KREFNRES S, &P EFEE TR IR, B S Pk
k1 EApI N S
(iii) AT AR 4 8 HA L
X2 H T 4 I F T SO K Y BRLART R T S T Bk B v
REL, 4k ml BEUKRE LT ST R R H R B2
2. &JEfE (Metallic crystals) :
(1) &)@ 2 DLE B HERUT SCHES, bR HES 7 A AR AK, iR RFR e, A
R K. FEFMHAZE = SihERTS RARFR /6 irARR
(2) PR CEERE)
&8 R T EESERMEER, AR, WHIERCEERE (F
8.18) . FEHBERZET, BE  =METH=1"2.
iEW: 7E/7ABCD W, BR¥i=4x(1/4), =Ma =2, MOEHE.
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FUE: fEIENILES, =M E=6, B¥=6x(1/3)+1=3,
3:6=1:2

&
1]
=
&
H
>
0

Fig. 8.18 Closest-packing of spheres of one layer. Fig. 8.19 Closest-packing of spheres of two layers.
Q) HEXZ: B ERERBAHAE S —HE RN =MAEaXE (K819 .
a. HEXZE TN BRI
() IEU A BB =TI RS 8 B =M R ER—
BRAAK (8200 5 (i) IE/\HAZR 5 —ER=THUIKERS S 2 M
=AHVIRER, B b NERAUEMIPIA = MR DT R U R (B 8.21) .

//"\\ //‘\\ //‘\\ //’“\\ /"\\ //‘\\ 4
\ § /( H /( / ) i \ ( ( | \\ /0
\\ﬂ,A\ﬁ,_\\d/ /// X \\_7’/13\_7’/&\_’// (
/ N \ v / \ \ 4 /Q\ y
CADELN \ / { ( 1 N By
& ‘e i X o o [ \
— = = o~ — \ /

Fig. 8.20 Tetrahedral holes are surrounded Fig. 8.21 Octahedral holes in a closest packed structure
by four atoms arranged toward are surrounded by six atoms arranged toward
the corners of a tetrahedron the corners of an octahedron

b. UEBR: EREL  EPUmAAREEER C ENATE =221 .

EFHESRIAR (B822) , K HBAENEASR 7_
(5—1. 2. 3; 4—6. 7. 8 , —MNIEJ\HAEZ (3—5. 2. 4. *’ \' s
7—6) , ERECN 4= (1/4) + 4 x (1/4) =2 (EFAT IUL T A B 1 6
B PAT VAT I Tk o 174, BRAEANTH S B AOER N DY AN 47 DU 14 Fie 5.22
B =) MUES . o
@ EBENZE EINHE=2 BIZE - GLiRZEHD

a. HMEEITE: BEBES5HE 2 (AR T, BUESSE -2 BE) F

17, JEHL ABABAB----- B! (] 8.23) , FABENA (B A8 M BRER
HEFX (hep, hexagonal closest packing ).

() A SO0 dR M N 1] 8.23 H R Sk A

(i) S a,c

(iii) BREL @ IEPUTAARERE NS =121 1

EH] (PRI
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JiE—: AZ5 BEMBEEENZ, B EkEc: EPUmASE B NIETER =221,
M BEET— AR EXZ, FroABRE: B mARZBR I\ T2 R
=2:2:1, A—ZHRH T PIREGE A Z B0 2 BRI DTk 172, BREU
A, Frbh, BREC IEDURASRR ¢ IR \IARTERR =121 1.

Tk EANTT T, BB =8x1/R)+1 =1+1=2; SMAAWNDENEEER, c
RS EAE 2 M IEN AR SR (K 8.24) , FrLAIEVU M ARZET = 2 + 8 x
(1/4) = 2+2 = 4; 1IE)\HAEZER =2 (K825 , #ER¥ © IEPY A - 15/
MATER=2:4:2=1:2"1,

<1 |
|

\

A

r A
%ﬁ
& x

iy
e —e
N v
Fig. 8.24 The site of tetrahedral holes in 43 type Fig. 8.25 The site of octahedral holes in A3 type

b. M E Tk %:F<0F>T%%~F¥ﬁ,ﬁ%%f~\:ﬁE$E
EWMH —H =T E (H82) , FWEEH —EF1I, HK
ABCABCABC ++- - ,%ﬁxﬁﬁi<3mﬂ>%jﬁﬁ®%%%ﬁﬂ
(cep)o

Fig. 8.26 Cubic closest packing (ABCABC:+*+* )
(i) A SEJTTHO A A A 8.26 A .
(i) RS a
(iii) BRE: EPUTHAASRE  E\HAERR =121 1
TEB: ST M, BREC = 8 x (1/8) + 6 x (1/2) = 1 +3 = 4, IENUHMAES A 8
A, BEALTT RN TR 5 A AT I = AN TEOH S — AN IE A B (B 8.27) , 1B\
T2 12 % (14) + 1 =4, B b0 R4S b OB 0 5 2 TE VTR 2 R B B (B
8.28) , WhERY L2 AAENHRZER =484 oL =

Fig. 8.27 The site of tetrahedral holes in 4; type Fig. 8.28 The sites of octahedral holes in 4, type
(5) 3 A e A ) 2 ) A R
INTT B 5 HERR

2X— -1
IR H 2 = 23 sﬁ}:MM%,ﬁ¢,h=%yV—@xﬁ§yﬁ
(2r)” xsin120° x2h 6 302
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3{13 =(32\/5r)3 =*/?27z 74.05%
Practice Exercise: MM TS 77 740 (A2) 55 G WA 2R (A ) 725 () R FH 2 2
CARAR RS E, RBEEE, ke, CHBEEE, KRiafiZH.
Sample Exercise: 5B A RO dtg, CHIE RN 19.30 grom™, RIHEAE 142,
My, =183.9

Solution: p = 2x183.9 21930,  nog= [ 22A839X10 gk
a’x6.022x10% x107* 19.30 x 6.022
CERRLS,  Ba=4r  Sor=+3/4a=137A

. BF @& (Ionic Crystals)
1By TR /e HRAEICR: T AB RS AT )

SEJT DR R HER AR R =

rolr LA A
=>0.155 3 =
=>0.225 4 ITAREN
=>0.414 6 J\THA
=>0.732 8 ST

1 12 B B HER

UERT: NECAL (LTI BENEAREE G/ ro) HITHE:
MK 8.29 H A, 2(r, +r,):«/§x 2 S+ = 2
—2 -1=0414

J\ECAL CRIESETT) HRANEARLE (ro/ ro) HITHE

CNLHRIAK a=2r-, KRB 20r +r—) =Ba =28
rolr =43-1=0.732

VURCAL  SLI5AR 7N AS TR A 2ty i — 4> IR DY T4

SR G R DY T ) e (1] 8.27) Fig. 8.29 Cross section of an octahedral hole

WEEI 8,28 s : PUT A T4 K J s J7 AR f 2k, K

N2a, s =N2ar2, SEERHERHAEEN 20 +r)=Ba S o+ =+3a/2

n(\f IJI ff

(—a= —— 0.225

v

\
4

I~

i \\

|

=—

I\

P

\

U

Za
Fig. 8.30 The tetrahedron is shown as four vertices of a cube Fig. 8.31 The (110) face in Fig. 8.30
ER: ro/r- BAEARVOE R AL EIME— BRI ZR, I8 B 7 B A S5 R 30 A B0k A 52
2. W IUETHE YR LA g R
(1) NaCl Y & L& 8.32

. éEﬁﬁﬂi[gxl%xlj:(12xl+1j:4;4:1:1
b. B THRITR: R RS 5 &
142
SEECIR, 1%V I www kaoyancas.net FBE AR, EikT L o< gz Camurs
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. - - 11 1 11
. ﬁé AN Cl : 01070 y _7_70 > _;07_ o 07_7_
. W o 000320} 10 302 0)

11 1)1 1 1
+o — —y —— —_— —_— —_—
Nar: (2 o’ 2}( 2 ,O’O}LO’ 2 ’0}(0’ 0 2) Fig. 8.32 The unit cell of sodium chloride

d. IE. fiE TR EZEE: 6 6;
e. EETFHIETEREL AR E/)UOESE 100% Q0 51

(2) CsC1 2 HAE LA 8.33

a. LAt (8x%):1:1:1
.. N ,

/ O
Cs* Ocr

b. MEFHR A @RS
C. %—?gé*i: Cl_: (0,070) ’ Cer: (%’%’%)
N . . Fig. 8.33 The unite cell of cesium chloride
d. EfMEFERAH: 8:8
e. IEETATETEEMERLEHFR: SIHERT 100%
(3) 377 ZnS L R ILIE 8.34
a. ZHAkLL (8><%+6><%j:4:4:4:1:1
b. TEFHER R L ECERER

. - 11 1 11
. ﬁé AN 827: 07070 y _7_70 y _;O,_ o 07_7_
R e e

Zﬁ%LL%FA%@LQFAg] O
4°4 af\a" 4" 4)\4 4 a4 4" 4
d. IERMEFERAE: 44

e. IEETAT MR EER: ENHATE  50%
(4) 7577 ZnS T S A LI 8.36

a. ARtk (8x%+lj:(4xi+1j:2:2:l:l

- Zn**
Fig. 8.34 The unit cell of zinc blende

w

b. B FHEART R NI R E M

C. %%gé*i: 827: (0,0’0)’ lyzyl
332

Fig. 8.35 1
Zn+! (07072)7(1 2 1}

ite
8°133"8

d. IE. TR HZt: 404

e. BTGB SAZE. ENIETER  50%
(5) CaF2 7 LI 8.37 T amatosan

a HRH (8x é +6x %) 8_4:8-1:2 Fig. 8.36 The unit cell of wurtzite
b. FETHERATT R R8I T HEAR
c. BTAARR

Caer: (0;0,0), lylyo 3 1707l b Oyl’l
2 2 2 2 2 2
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4:4;4 s 4)4,4 ) 4’4’4 ’ 4’4’4 ’ 1g. 8. ¢ unit cell ot calcium tluorite
[Eiij(iil}[ili}(iik}
4°4°4)\4°4°4)\4’4°4) (4744

d. IEFETRAHZI: 84
e. IEBSTHTEEBRENE A LR 50%
M. [EF&E (Atomic crystals)
1. DARHr e ah & m s ik, FRON R T Sk
2. EEMENERERE, Bk, b Fig. 8.38 Partial ionic lattice diagram of calcium
3. R VEILE: Si——HmiE  C——&KIA
(Si O)—WtbiE  MA—VABEITGE: (BN), (AIN),
F. 7F&EE (Molecular crystals)
po g R BRI 1o AR AUEE AL XR W T EER 5 &
75 SEA &I (Mixture crystals) 775 514
AEEN U EIER:, BESREZERSTEEM Y. @i (LK 8.39)

Fig. 8.39 The structure of graphite Fig. 8.40 The unit cell of graphite
Practice Exercise: fszmmfSHZIA S “70 17 1% ABAB J7 AAMERRTIAL, 401 8.40 s .
(1) 1A R 12 5 P OB S 7S
(2) 5 H it PN B ) ST A B
(3) CAnA7 5212 R FE A 334.8pm, C—C KN 142pm, 54 8B KB .
4) R LR A A SEE) A B 2R, SECAEM AL BEMLFT, BN
LiCs FIHR AL W o 1E LiCs 1, Lit GAHAR AT SN TeA MR @ A g 2 2 i
HLitfE A A B B
(5) BT SR /N IO RO BN —AS Lit, F AR, ml R (e kD .
Using X—rays to Determine Crystal Structure
How do chemists determine the distance between the atoms in a metal, the ions in a salt, or
the atoms of a molecule? In 1912 Max von Laue (1879-1960), a German physicist, found that
crystalline solids diffract x—rays. Somewhat later, the English scientists William (1862—1942) and
Lawrence (1890—1971) Bragg (father and son), showed that x—ray diffraction by crystalline solids
could be used to determine distances between atoms. X-ray crystallography, the science of
determining atomic—scale crystal structure, is now a procedure used extensively by chemists.
To determine distances on an atomic scale we have to use a probe that can locate atoms or
ions. The probe must have dimensions not much larger than the atoms, otherwise it would pass

over them unperturbed. The probe must therefore be only a few picometers in size. X—rays meet
this requirement.
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Solids are generally studied because the atoms or molecules are in fixed positions, so they
can be located with x—ray photons and because the ions, atoms, or molecules of the crystal must
be arranged in an orderly manner to get a regular diffraction pattern.

To “see” radiation interact with atoms we have to rely on a change in the radiation as its
passes through the crystal. The change is observed as a scattering, or “diffraction,” of the photons
of the radiation from their origina path (Figure A). The diffraction of x—ray produces a regularly

arranged series of spots on a fluorescent screen or photographic film.

:_?lﬁ;mgmrhic Figure A In the x—ray diffraction
experiment, a beam of x-rays is
directed at a crystalline solid. The
photons of the x—ray beam are scattered
Sl by the atoms of the solid. The angle of
. T 1 scattering depends on the locations of
the atoms in the crystal. The scattered
x—rays are detected by a photographic
film or an electronic detector.

K-ray source ‘ X-ray beam

Figure B (a) Constructive
interference occurs when two in—phase
waves combine to produce a wave of
greater amplitude. (b) Destructive
el interference results from the
combination of two waves of equal

mamgnitude that are exactly out of
\/\/ phase.

Structural information from x—ray crystallography comes from the fact that crystals scatter
x—rays depending on the locations of the atoms in the crystal. We can understand this by
considering the wave properties of photons. You know that waves have peaks and valleys at
different points in space. If two waves meet at some point, and the peak of one wave meets the
valley of another, the waves cancel each other at that point. If the waves meet peak—to—peak,
however, they reinforce each other, and the radiation produces a detectable signal or spots on a
photographic film (Figure B). This condition is met when the x—rays are scattered at special values
of the angel ¢, an angel related to the distances between atoms in the solid.

The experiment as it is really done is more complicated than we have described. Nonetheless,
with modern instruments and computers, chemists and physicists can usually determine quite
readily the location of atoms in a crystal and the distances between them. Indeed, the technique
has provided so much structural information in the past 20 years or so that the science of
chemistry has itself been revolutionized. Many of the structural models you have seen in this book

are based on the results of x—ray crystallography.
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