Characteristics of Types of Solids

Metallic

Ionic

Molecular

Covalent

Particles of
unit cell

Strongest
interparticle
forces

Properties

Examples

Metal ions in “electron
cloud”

Metallic bonds
attraction between
cations and ¢7's)

Soft to very hard; good

thermal and

electrical conductors,

wide range of
melting points
(—39 to 3400°C)

Li, K, Ca, Cu, Cr, Ni
{metals)

Anilons, cations

Electrostatic

Hard; brittle; poor

thermal and

electrical conductors;

high melting points
(400 to 3000°C)

NaCl, CaBr,, K,50,
(typical salts)

Molecules (or atoms)

Dispersion, dipole—dipole,
and/or hydrogen bonds

Soft; poor thermal and

electrical conductors;

low melting points
(=272 to 400°C)

CH, (methane), P, O,,

Ar, CO,, H,0, S,

Atoms

Covalent bonds

Very hard; poor
thermal and electrical
conductors;* high
melting points
(1200 to 4000°C)

C (diamond), 510,
(quartz)



NANG LUONG LIEN KET KIM LOAI







* C6 kha ndng dan dién

* C6 kha n3ng dan nhiét

*C6 anh kim 7
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Thuyét khi electron

1.Mang Iuéi kim loai gdm cac ion duong
kim loal.

2.Cé4c e héa tri chuyén doéng tu do trong
toan mang luéi nhu phan tu khi.

> Gitp giai thich dinh tinh duoc tinh
chat vat ly chung cua kim loai

- Han ché do e khéng dong vai tro nhiét

dung nguyén t& nén mau thuan. 6



Thuyét vung

1.Kim loai la hé nhiéu nhan.

2. Trang thai e trong hé gidong nhu trang thai
cua e trong phan tu.

3. Cac e khong la héa tri ¢ trong truong hat
nhan riéng cua nguyén tu.

4. Cac e héa tri @ trong truong chung cua tat
ca hat nhan nguyén ta kim loai.

5. Trang thai cia e héa tri duoc md ta bang
orbital phan tu - MO.

6. MO trong kim loai thudc vé nhiéu nguyén
td > MO khéng dinh cho 7



MO-LCAOQO: Molecular Orbitals-Linear
Combination of the Atomic Orbitals

A S
\J/
A, A

(a) In-phase overlap (add) (b Cwt-of-phase overlap (subtract)
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Atomic orbitals

Molecular orbitals

Atomic orbitals

(b}

Atomic orbitals Molecular orbitals

5 through Ne;

Atomic orbitals
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TABLE 9-1

TiNH CHAT TU

Molecular Ovbitals for First- and Second-Period (Row) Diatomic Molecules”

B,b

C,b

Increasing energy
(not w scale)
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Paramagnertic?
Bond order

Observed bond length ( ﬁi}
Observed bond energy (k]/mol)

no

1

0.74
436

no
1

2.67

110

1

0

9

ves
l
1.59

~270

no
2

1.31

602

no

-
3

1.09
945

ves no
2 1

1.21 1.43

498 155

no

aEiectron distribution in molecular ovbitals, bond ovder, bond length, and bond energy of bomonuclear diatomic molecules of the first- and second-period elements. Note
that nitrogen molecules, N, bave the bighest bond energies listed; they bave a bond order of three. The species O and O, with a bond ovder of tivo, bave the next
bhighest bond energies.

bExvists only in the vapor state at elevated temperatures.

Unknown species.
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{(a) Lewis formulas for valence bond resonance structures

(b} p-Orbital overlap in valence bond resonance
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(¢) Delocalized MO representation
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(b) p-orbital overlap in valence bond resonance structures



Thuyét vung

-




Empty band ot
3N molecular
orbitals from 3p
orbitals

} Bands overlap

Half-filled band of N
molecular orbitals
from 3s orbitals
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o
Li L
(a)
5x2¢ _H:ﬁ"
3Li Li, 3L Li,
) (d)

FIGURE 2.1 Formation of a metallic state, exemplified by lithium.
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[ E, (HOMO)

= DOS(E)
— (c)

- DOS(E)

(b)

= DOS(E)

(a)
FIGURE 2.2 Formation of a band structure (a) from a molecular state, (b) from a nanosized
particle with broadened energy states, and (c) the fully developed band structure consisting of
s and d band. £y = Fermi energy: DOS =density of states. In (a) Ex corresponds to the highest
occupied molecular orbital (HOMO).
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1. We have just accounted for thelability of metals to conduct electricity.

2. Metals are alsoconductors of heat] They can absorb heat as electrons become ther-
mally excited to low-lying vacant orbitals in a conduction band. The reverse process
accompanies the release of heat.

3. Metals have af lustrous appearance |because the mobile electrons can absorb a wide

-ange of wavelengths ot radiant energy as they jump to higher energy levels. Then
they emit photons of visible light and fall back to lower levels within the conduc-
tion band.




Melting Point ["C]
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1 2 3 4 5 6 7 8 9 10 M
Particle Radius [nm]
FIGURE 2.6 Relation between the size of gold particles and their melting point.
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Ti s6 hé mat trén thé tich

Fullshell Clisters

Total Number
af Adoms

Sarface Adoms
{%a)

1 Ehell

2 Bhelk

3 Shelk

4 Shelk

5 Shelk

T Shells

15

55

147

561

1415

Th

%

a5

15

> Xuat phat to¢ kim loai :
chong khit ki€u 2 16p ( sau
phuong ) va 3 10p ( lap
phuong tdm mat ) véi so
phoi tri = 12 , cac nguyén tu
nam trén bé mat hat c6 so
phoi tri = 9 hodc nhd hon
tuy thudc nam trén mat
nao , canh va dinh

Khi kich thuéc hat giam, %
sO nguyén t& nam trén bé
mat tang.

Ding md hinh giot chat
long (Psaras P.A and
Langford HD /Ed 1987)
Advancing materials
Research Washington DC
National Academy Pressy p
203
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bce

IA, Fe, Ba... .—‘ .

hcp
Be, Mg, 2n...

fce
Ca, Cu, Ag, Al...
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(+)

X-ray tube

Slit system

Crystal

=

Photographic film
or recording device



1. AH, déu I6n, Ién nhat 1a W,
nhd nhat la Hg.

2. AH_ cua kim loai d néi chung
cao hon kim loai khong d.

3. Tu trai sang phai trong day d,
AH, tang theo soO e héa tri (n-1)d
va dat cuc dai ¢ gilra day.

4. TU trén xudng trong nhém A,
AH. giam, con trong nhém B thi

N B i a N



NANG LUONG SOLVAT HOA

Néng luong solvat héa ion la nédng luong toéa ra khi 1
mol ion & thé khi tan vao dung méi thanh dung dich
vé cung lodng. Khi dung mbi la nwbc, goi la ndng
lurong hydrat hoa.
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A RSS B Jonic Radii, Charge/Radins Ratios, and Hydration Energies
for Seme Cations

Ionic Charge/Radius Hyvdration Energy

Ton Radius (_i) Ratio (k]/mol)
K~ 1.52 0.66 —351
Na™ 1.16 (.86 —435
Li* 0.90 1.11 —544
Cas™ 1.14 1.75 —1650
Fet 0.76 2.63 — 1980
Zn?t 0.74 2.70 —2100
Cult 0.72 2.78 —2160
Fel+ 0.64 4.69 —4340
Crit 0.62 4.584 —4370

A3+ 0.68 4.41 —4750



NCI + (k) T HZO(I) AGyqq =—405.84kJ / mol Na +




Phuong trinh Born:

Z%e’N
AG. =AH_ -TAS. = —k
21
£ —hang soO dién moi cla dung moi
k —hang s6 phu thudc don vi st dung

AH, — nhiét solvat hoa ion

1

AS_ — su bién thién entropi solvat héa ion

AG, — su bién thién thé dang &ap solvat hoa
cation hay anion (nang lugng solvat héa ion).

Z,, Z.- dién tich duong, am cua cation va anion

, , ? L] \ [ ]
r v ©KhAn I'itnh A1lia ~Aatinn V1A ANniAN



Effect of Hydrogen-Bonding on Boiling Point

100
PL:__ 0 HzT‘E
= SbH,
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@

-100

0

© 2003 Thomson - Brooks/Cole
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Nang luong lién két yéu Néng luong lién két hydro E,

H khi da lién két véi nguyén t& cla
nguyén td6 c6 d6 am dién 16n (F, O,
N) con c6 khd nang lién két phu véi
nguyén ti khac trong phan tu. Lién
két phu nay goi la lién két hydro,
bi€u dién bang dau cham.

Nang lugng lién két hydro phu thudc
chu yéu vao d6 am dién cua nguyén
tdr lien két véi ndé. D6 am dién cang
I6n = nang luong lién két hydro
cang lon.

Nang luong lién két hydro nhd hon
rat nhiéu so véi nang luong lién két
ion va lien két cOng hoda tri, gia tri
cla n6 trong khoang 4 — 40 kJ/mol,
I6n nhat la 113 kJ/mol trong FHF

Hydrogen bond

Water molecule 7/
.-

(+) / Hydrogen atom
- Oxygen atom

Hydrogen atom
/ ydrog

@



ing luong lién két yéu

ing lwong tuong tac Van der Waals (1837-1923) U,
U, la luc tuong tac gilra cac phan tdr, nguyén tu trung hoa
la tuong tac hat khi cac vo e chua xam nhap vao nha
1‘. 1

U =-—
" 3RKD) (4r,)’

Z V. Keesom 1912

20U° 1

U ., U, =-

b —momen ludng cuc cla phan t& [Cm]~ v cu R6 2
k — hang s6 Boltzmann, 1.3805102 [J/K] 47EO

T —nhiét do [K] ] Dobai 1920

R — khodng céch giCta 2 phan t& [m]

g, —hang s6 dién méi cla chan khéng, 8.85-10-2 [SI]

_ 3w, 1
t 4R6 ( 47_E_O ) 2

London 1930

a — do phan cuc (bi€n dang) clia phan tl U
h —hang s6 Plank, 6.626:10-3 [Js] k

v, —tan s6 dao dong Ung véi nang lugng 6 T = O K
41



Covalent and van der Waals radii

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

VDW
distance

Covalent
radius

VDW
radius

42
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