Atomic Energy Structure

HFIEZ YA X 2712 (MFA9008)

CH F

JO|‘

PTEAEAPN ko)

_|OF

(=]
T

oz oz
02 [

o
S

yvjeong@changwon.ac.kr
https://youngung.github.io
https://github.com/youngung



mailto:yjeong@changwon.ac.kr
https://youngung.github.io/
https://github.com/youngung/

Introduction: why do we study atomic bonding?

JWe talked about properties
JWhat determines the properties?

JAtomic bonding is the first aspect we want to

know
» Later we will learn structures in a larger scale than
atomic one.
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Why do we study atomic structure?




Objectives

CIName the a few atomic models and understand the differences (& At 2&l/2 &)

CdUnderstand quantum mechanical principles (ZFAtE st & 2|)

JHow does an atom bond with its neighboring one? (R X7t =2| | Xt=1} 225l = 2
a) Force
b) Energy

c)  Equilibrium condition (& &El)

OTypes of bonds (A At 28 T7F)
a) lonic
b) Covalent
c) Metallic
d)  Hydrogen

e) van der Waals

Correlate the types of material with their bonds (Al 22| S F 0| L}2f CHE ARt 22
O|3H)




7|=7h'8

Q@A 7|12

> X = AKX (nuclei) + DAt (electron)

>R AN = R (=22 PAE DR 7H= =8 proton)+ S & Xt (neutron)
QYRS T YR 4T

> TSt (electric charge) & = &A= TAr2F X}

> U GXR S A= Hl=sot & (9F 1.67 x10727kg); WA= =2 &2 2EE

(9.11 x10~31kg)

Aztst A= AXH D (atomic number, 7|2 22 B L 7| £)0| 2}
=7 .

-2 HSE YNRO 40t 5

o .
> AtA MO =X ot= | A= |IAFHZ 191 =2 (Hydrogen) £ E{ 929!
2 2t& (Uranium)77t X].
& 2ot AAS0| S EA = 20tE SEXTEE = UL S92 2 isotope




Isotope: Hydrogen

Protium Deuterium Tritium

99.985% 0.015% the balance




A
-~ RHA 0| EXHS

-1 =1

2l 2f= L O ‘A XF2F (atomic weight)
»>UHI™ O 2 QX SI (5 kg, g )0O| OFtl amu (Atomic Mass Unit)
A&t
>1amu= A0 XIS /12 = Bt S| A0 B AEk/12
QA =/ EAE ®7(?
> AR 7

=~
’0’ o“

v 5, “Elt0) A

—

EtA BIXFOFLIZF xxx amu = ZFECF7 20 &
» =22 “EIL 9 BIAFEHE xxx amu/atom O/Lf” 211 HHA
>EXEFHT|?

rof

+“=(H,0)2| X2 ot Z(mol)E xxx g (gram) O|C}”, 2t 10 H P
» 22 “Z2| A2 xxx g/mol O|CH 211 HPH,

> A O &= EFel= S oL =

“*amu/atom = g/mol




G| X[ 2.1

AM& R AR A A2
dCerium= 47 2| &% & A (isotope)= 7HX| L

UL,
A5 439 2N 4 AL E=(fraction)?

»>136Ce 135.907 amu / atom 0.185%
»>138Ce 137.906 amu / atom 0.251%
»>140Ce 139.905 amu / atom 88.450%
»142Ce 141.909 amu / atom 11.114%

AME2| HArE (a)2 AAA O EXot=s s Ao ‘B 2
(weighted average):

>K — Zi fiAi
A2 MEe| B AE 22

»>A = 135.907x0.00185 + 137.906x0.00251 + 139.905x0.8845 +
141.909x0.11114

<




Atomic models

Image from https://en.wikipedia.org/wiki/Spectral line &




Historical development of atomic model

Inner Magnetic

Deflection Yoke Shield

Dalton: All matters are made of atoms Electron Gun

Electron Beam

Shadow Mask ™ _

Cathode Ray Tube Pl Fies Phosphor Screen
JI +@
i ©.o-®
+
v / @ -
+ @ +
a) Mostly penetrated. THOMSON MODEL
b) Some reflected. -
Conclusion? e
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Niels Bohr: Discrete energy levels (next slide)



http://www.nobelprize.org/
http://www.wikipedia.org/

Experimental support on Bohr’s model: Atomic Spectral lines

Continuous Spectrum

Emission Lines

Absorption Lines

i

- /
g Screen or

photographic

Tube containing Lens Prism plate

excited H, gas

Hydrogen (H)

SRR+

WHY?

Electrons have discrete levels of energy states




Bohr’s atom model

(Explain how electrons have discontinuous energy levels)

Think about the “planet model AR RFO| Ol L K| 7 2 xF3} (quantized) gofolc}
Orbital lctry > MR QX EHBP O] 3R 7HE 3 YUk
> o4 K| = H2t 7ts, oF K| B, @ X 5| 8 &
O| L4 X| =2 (state, level) Bt 7S SEEF (ZF A=Y
» S22 | HX|SEL =2 O H X & ER=Z
‘L OF(jump; leap) 7t

> Y X7} == HO|Ct — &M energy spectrum
Z1tE & X,

Electrons revolve around the nucleus at a particular
distance from nucleus (3 Dimensionally equidistant: shell)




Bohr’s model2| StA|

Eventually people found some limitations in Bohr’s model.

Historically, a) de Broglie (1923) discovered that electrons have a dual nature, i.e., it has
properties pertaining to both particles and waves. b) Heisenberg (1927) proposed the
principle of indeterminacy — you cannot know both the position and velocity of a particle at
the same time. c) Schrodinger (1930) viewed electrons as continuous clouds and introduced
‘wave-mechanics’ as a mathematical model of atom.

Conclusion: Physicists needed a better model
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Bohr’s model and Wave-mechanical (L& S S model

o _ Zero:O| .4 X|: Free electron_ __ ____ 0

(E2 oL X| HE ,
s % AN Each shell may consist of

& 37 /////’ subshells (52
_ RNy
_) —_— n=2 =——
-5

S

\ 2s 7 T 1.0 |—
B Shell .
= = o} ax10 4 Wave-mechanics
e (T4) e Bohr T o} = ol 8t
:
ne_ |
“10— |
Bohr Bohr model + |
|
model wave-mechanijcs |
—-2x 1078 : ° i
<—+— Distance from nucleus —+>
—> — n=1 1s : I :
i i R :
— L X |
15 @ ®) | i N
%9' O“ L-I X| : % x|-Ol" —_l'l'_ilk_ Iil-% O" u x| gEH) Orbital electron & b Nucleus
|
St Y = A
it} orbital X}0|? . oL ol =t . |
Orblt-l—l' orbital |' | %!_%E E?_:IElE -?—|7(|, %!_% EéIE o:nl-‘Jlk_ :

(@) ®)

Images from W. Calister’s textbook




Electronic Structure

_IElectrons have both wavelike and particulate properties.
(de Broglie - =& 1})

JTwo of the wavelike characteristics are
»electrons are in orbitals defined by a probability.
>each orbital at discrete energy level (2 8%-d) is determined by quantum numbers.

A4l F2| YAt (quantum number)E ™AL 25 7t
7”*5._“3 (A=)

Q) Orbit and Orbital?
- Probability distribution




1tz Fotof| 2| AL G0 2[5

ALtz gsto| Mol TRt K] (orbital)2 TAF =2+ 2 =0 IHE
s

QX =2E EEol 37|, FEf, &eF2 L Ata=(quantum
o[l & & X|O LIt (characterized).
—

|
QR0 20 =3 (HX2]) of|H K| == 2

>332t (shel) L2 EH
FIOs et ME2H 24 2200 MEX 2 = B 2i(subshell)O| =AY,
A4 SR

> T2 ‘=LA (principal quantum number, n)

7 = L(Z)E H7|5H orbital2] 'E'S 27
mS B HAH A4S AT
m, & HXte| AH DHE (spin moment) 27

3/27/18



Orbital: areas where electrons are ‘detected’




There is a high
probability of finding the
electron in this direction.

There is very low
probability of finding
the electron in this
direction.

There is very low
probability of finding el
the electron in this
direction.

There is a high
probability of finding the
electron in this direction.
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https://en.wikibooks.org/wiki/High _School Chemistry/Shapes_of Atomic_Orbitals




U X Quantum Numbers

n,l,m;,mg
Quantum # (ZAt=) Designation
n = principal (energy level-shell) K,L,M,N, O (1, 2, 3, etc.)
¢ = subsidiary (orbitals) s,p,d, f (0,1,2,3,..., n-1)
m, = magnetic 1,3,9,7 (-/to +/)
mg = spin Y, V%2
Table 2.1 Summary of the Relationships among the Quantum Numbers n, [, m;, and Numbers of Orbitals
and Electrons
Value of n  Value of 1 Values of m, Subshell ~ Number of Orbitals ~ Number of Electrons
1 0 0 Is 1 2
) 0 0 2s 1 2
1 -1,0, +1 2p 3 6
0 0 3s 1 2
3 1 ~1,.0,++1 3p 3 6
2 —2,=1,0,41, +2 3d S 10
0 0 4s 1 2
4 1 -1,0, +1 4p 3 6
2 =2,:—1,0,:+1; +2 4d S 10
3 -3,-2,-1,0,+1,+2,+3 4f 7 14
Source: From J. E. Brady and F. Senese, Chemistry: Matter and Its Changes, 4th edition. Reprinted with permission of John Wiley &
Sons, Inc.

3/27/18




X/ lHd7F0| A =
=/ 20| T AL 4 K| FH=F T
1 T T T T ]
f
f—fd\— 51—
A2 - Fuf0] 1’%#%01“-17%"7}
; - 2 FZUO|M 1410
T dXA-PT— HETF O HX| "7Hs<p<d)
N\ .« FZALOIQ o4 X| =217t
& d——% GXl= 47t 2.
5 p—
p—
N A A N N B
1 2 3 4 5 6 7

Principal quantum number, n ——
From K. M. Ralls, T. H. Courtney, and J. Wulff, Introduction to
Materials Science and Engineering, p. 22. Copyright © 1976 by
John Wiley & Sons, New York. Reprinted by permission of
John Wiley & Sons, Inc.
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Electron Energy States

Electrons...
* have discrete energy states

 tend to occupy lowest available energy state.

A

3d
Energy gp M-shell n=3
S —
2p L-shell n=2
28 _

1s _— K-shell n=1




XL B (AR )

« TX}HYR| (B2 MK FLE; electron configuration); & AH0H| T X} 74 X K| = 2HAL,
- I=2| 2| B El-R 2| (Pauli exclusion principle): StLEe| = 0| = Z|CH AT Hisk0| 282}
Ch= 270 2| O[5t HAIHA| 2 XY & == UL (2 0|2 27+5)

Aufbau principle (building-up principle)



Electronic Configurations

ex: Fe - atomic# = 26

182 2s822pb 352 3pb | 3d° 4s2

4 Valence electrons
ARF7} R

3d g R S N
v o X7} MR} QKO
t HFZHA 2 of Q| X| 8t
v Sf3t B2 0f £0jB
ol I I ~ — LMol =9 H
Energy gg T M-shell n=3 | 7I5d0| =2 ™A}
2p -4 L-shell n=2
25 |¢ v |l shell n

1s % K-shell n=1




Valence electron (& At7F ™ XH

QR X7F ® XL (valence electron)
>UHtY o 2 X Q| Ztof A{ Tl MALE YZ O, o|2{ot MAE2
SSHOI= Y XFIF ZASHEF Il AFOI SHCE

N 2

>IEEA, °._J7(f7f MAt= dg Al e S0 S22 0| XICt
Fagae A2, /X | dot gt 2 giEh dgto 2 BF =0 T
=2 ’S’émﬂ 0 < & 2= 77| X CH
IValence electron2| Eaf?
>0l & =0, QP = DX ER(F, =4 o] o| || =7 715 &t
B 7P‘| HAS2 Y= & 220t oA ?%E'J—%%‘é

]
7| ™| (inert gas) — Neon, Argon, Krypton, Helium.
|.

q1 0 — re)
»>O|248e, s7 28Y .. a9 &4

3/27/18



The Periodic Table (7| = #)

« Columns: Similar Valence Structure — similar chemical/physical property

* Rows : Gradual property changes "
O )
h wan 1 U) _] =] ==
g [P R eEs
=N O 240'F7g RO,
O S el S 1740] valence electron1f
2 ) Metal 8 (- -l—|'E=|O| |'
D> O o
T 1 — Nonmetal p)

(@)) (O
H | A WA WA VA VIA VIA|He
3 | 4 : 51767 8 910
LilBe Intermediate BlcIN|o!ElNe
Nalw il u | 4 186 gl K Adapted
a | .
19 20g Iél:; Ing \ég \;IE VzusB m Iz% Izl,g 31 | 32| 33 [ 34 | 35 36r from Fig. 2.8,
K|Ca Ti |V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As Se Brl Kr| Callister &
37 | 38 39 40 | 41 | 42 | 43 | 44 | 45 |46 | 47 | 48 | 49 [ 50 | 51 | 52 | 53 | 54 | Rethwisch
Rbll Sr Zr [Nb|Mo| Tc |Ru|[Rh |Pd|Ag|Cd|In |[Sn|Sb Te | | Xel 9.
56 Rae 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86

Cs|Ba &% Hf [Ta|W |Re|Os| Ir | Pt |Au|Hg| Tl | Pb| Bi |Po| Atl Rn
87 | 88 | A 104 | 105 | 106 | 107 | 108 | 109 | 110
FriRa . Rf|Db| Sg|Bh|Hs|Mt|Ds

E!@itgaﬁs't've ;llegfe”ts'r - Electronegative elements:

o) . .
=7|(715)ord &7 HAHE 20f Z0|-2(-, anion)0| &|2{g}

QFO| 2 (+, cation)O| E|2{Et




Force F

Potential energy E

Attraction

Attraction

Repulsion

Repulsion

Bonding forces and energy

\ Attractive force Fy

()

A schematic illustration that help you understand
the bonding of two neighboring atoms

Slo| A,
OoO—| O o O

The interatomic distance at which the potential
energy is minimum

Simple explanation using Coulombic forces —
attraction between the electrons and nuclei
(protons) and attraction between electrons and
between nuclei. Also, note that the electrons are
located in the outer region so that when atoms
are getting closer, electrons are the ones that
dominate the bonding forces — Coulombic force:

(0]

Fpotential zj Fattraction(r) dT'+j Frepulsion(r) dr
r

r

Ey: bonding energy




Properties From Bonding: Ex) T,

* Melting Temperature, T,,
Ener
i gy

smaller T,,

larger T,

T, is larger if E_ is larger.




Material properties and bonding?

Examples: Eo (B=OLX]) | Preferred state in T
. 0 room
* Melting temperature T;,, determines the state of temperature

materials at a certain temperature such as room Solid High
Liquid Intermediate
temp. Low Gas Low

» Stiffness, thermal coefficients are also closely related with the atomic bonding behavior

Primary bonding (relatively strong) — chemical bond

o lonic (Valence electrons are transferred) - circles
o Covalent (Valence electrons are shared, directional) - crosses
o Metallic (Valence electrons are delocalized) - squares
[ N.aCI X C!Z % SiC B Ag ¢ Kr A HF
c Mo X mb  mA $ A ¢ 4 o
® CaF, X Diamond
» Secondary bonding (relatively weaker) — s . 100
7 |
physical bond G 3000 o x 5 ) N
o Dipole-Dipole Eae 5 s o
. . 52000 g | f
o Polar module-induced dipole 2 1500 « . 81‘5’;’ g
: > 1000 . 2o0d
o H-bonds (triangles) ;1222 T e e Sl W
o Fluctuating dipole (weakest) 01 ¢« 20
5 so0 100 1500 Us0 6 S0 100 150
Bonding Energy [kJ/mol] Bonding Energy [k)/mol]

200

p—

2D
N
L



Properties From Bonding: Ex) Stiffness

Strongly
bonded

Separation r

Force F'
o




Properties From Bonding: Ex) Thermal expansion

» Coefficient of thermal expansion, a

length, Lo, coeff. thermal expansion
unheated, T
1 AL

A
A5 — =a (T2-T
heated, T2 LO ( 2 1)

Asymmetric Symmetric
0 Interatomic distance o Interatomic distance
= Thermal expansion can be T T
viewed as increase of average 5 §
interatomic distance. gL Sw
2SE 25
a £
= Temperature increase induces S B, 3
vibration of atoms = =

(a) (b)

Adapted from R. M. Rose, L. A. Shepard, and J. Wulff, The Structure and Properties of Materials, Vol. 4,
Electronic Properties. Copyright © 1966 by John Wiley & Sons, New York. Reprinted by permission of




IPrimary bonds
> 0| =24 %! (ionic)

> S F L2 (covalent)

>:“:7é'<.§ (metal

ISecondary bonc

ic)

S, van der Waals bonding



lonic Bonding: Introduction

Occurs between + and - ions.

Requires electron transfer (M1 At2| 12t — donor and acceptor)

Large difference in electronegativity required (next slide)

« Example: NaCl
Valence Electron g
Na (metal)@ Q CI (nonmetal) -
unstable unstable
electron
: Na* lon Cl™ lon
Na (cation ClI (anion)
stable Coulombic stable [Ne] [Ar]
Attraction
cOulombuc bonding force Electron configuration of a participant
' @ﬁﬁ‘ @ ‘ becomes that of the corresponding inert gas.
In the above example, Na and Cl have the

" configuration of He and Ar, respectively.
©:6-@-6-@

kM (directionality)O| SiC}.

®
éi
M
G,
éb
Y
®
o
o
I
oo
rlo
o]




lonic Bonding: Electronegativity (37|58 k)

« Ranges from 0.9 to 4.1,

« Large values: tendency to acquire electrons.

(= =5 UAE 4§ B0l 228 82 37h)

A

H He
2.1 1 lIA [ITA IVA VA VIA VIIA| -
Li | Be B|I C|NJ|]O]| F |Ne
1.0[1.5 2012513135141 -
Na | Mg VIII Al | Si| P | S |Cl|Ar
1.0 1.3(11IB IVB VB VIB VIIB / \ IB 1IB|15]|18|2.1|24|29| -

K|Ca|[Sc| Ti|V |Cr|Mn|Fe|Co|Ni|Cul|Zn|Ga|Ge|As | Se | Br | Kr
09|1.1(12|13|15|16|16|1.7]|1.7]18|18|1.7|11.8|20|22|25[28| -

Rb|Sr| Y | Zr [ Nb|Mo|Tc |Ru|Rh|Pd|Ag|[Cd|In |[Sn|Sb|Te| | | Xe
09110]1.1112]13[1.3|14(14|15|14|14|15|15]1.7[1.8[20|22]| -

Cs|Ba|lLa|Hf |Ta|W |Re|Os| Ir |Pt|Au|Hg| Tl | Pb| Bi | Po| At | Rn
09(09|1.1]1.2|14]14|15[15]|16|15|14]15|15]|16]|1.7]1.8|20] -

oFgr; 53 '10‘% Lanthanides: 1.0-1.2

Actinides: 1.0-1.2

«— —

Smaller electronegativity Larger electronegativity
FAE gRotEe HALOf 2 2l




lonic Bonding: electron transfer

lonic bond: metal + nonmetal

Between ‘donor’ and ‘acceptor’
Forms inert gas configurations (i.e., filling the shell completely, thus

stable electron configuration)
The atoms become ions and render the columbic attraction.

Dissimilar electronegativities N
ex) MgO: Mg 1s?2s?2p®3s?; O 1s? 2s% 2p*
[Ne] 3s2

Mg?* 1s? 252 2p° 0% 18?252 2p°

[Ne] [Ne]




lonic Bonding: Bonding forces and energy

Potential energy — minimum energy; most stable
»Energy balance of attractive and repulsive terms

A B
Eyz=E,+E.= -2 +°2
N A R r rn
+
w o T
> O Ol Al 2.2
>3
9
O oc
0
© C
55 [ |
+—
2% | 5
_— z Al Adapted from Fig.
<  |-d_ 2.10(b), Callister &
,l— Attractive energy E, Rethwisch 9e.
— ’ 4




TIPS T
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lonic Bonding: examples

* Predominant bonding in Ceramics

NaCl —_—

MgO 0
CaFQW VIIA Iie

B|C/|N F|| Ne
| CsCl 202531 3?4% -
g W/ VI ATTSIT P TSP Cl| Ar
1.0]11.3/1 IVB VB VIIB / \ IB 1IB|15(|18|2.1[24(29| -
Sc| Ti Cr{Mn|Fe|Co|Ni|Cul|Zn|Ga|Ge| As | Se | Br

09(|1.1]1.2 ,1,8/ 15(16(16|1.711.7118|1.8|1.7]18(20(2.2|25|28]| -

Rb | Sr )V'Zr Nb|Mo| Tc [Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te | | | Xe
1111213 (1.3(14(14]15(14[14]15]15]|1.7]1.8|20|22| -

10
CskBa La|Hf | Ta| W |Re|Os | Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At | Rn
09]09|1.1|12]14]14|15|15]16]15|1.4]|15]15]|16|1.7]1.8{2.0] -

2.1 1A

Give up electrons Acquire electrons




Covalent Bonding

* similar electronegativity .. share electrons
* bonds determined by valence — s & p orbitals dominant

« Example: H,
H,
Each H: has 1 valence e,
needs 1 more

The same H atoms are eshared 1s electron ®shared 1s electron

bonded: The participants from 1st hydrogen from 2nd hydrogen
have the same atom atom

electronegativities.

2 0} EIEISH 230l CIOJOlR ERE] L AR RS JHTI B A2 = (6t

F A A AR BES| 2RO, MY 22 RN Z2 BN O]t




Ot

T =

I

(_T'_O7:I
o

ax ues) Hybridization (hybrid orbitals)

(@) Energy

Mixing orbitals into a new
orbitals (with different energy
levels and shapes).

(b) Energy

(c) Energy

A

A

++5 2
HIS

H- 1s

promotion
of electron

4+ 2
-— 2s

H 1s

sp3
hybridization
-4 2sp3

+H 1s

Fig. 2.13, Callister & Rethwisch 9e.

Carbon can form sp?
hybrid orbitals

sp°

Fig. 2.14, Callister & Rethwisch 9e.
(Adapted from J.E. Brady and F. Senese, Chemistr
Matter and Its Changes, 4™ edition. Reprinted with
permission of John Wiley and Sons, Inc.)




Hybridization (hybrid orbitals): carbon sp3

 Example: CH, (Methane)

C: has 4 valence e,
needs 4 more

H: has 1 valence e,
needs 1 more

Region of overlap

Electronegativities of C and H are Fig. 2.15, Callister & Rethwisch 9e.
(Adapted from J.E. Brady and F. Senese, Chemistry:
comparable, so electrons are Matorand s anges 4" etion Repred i
. permission or Jonn ey an ons, Inc.
shared in covalent bonds.
C:25

H: 2.1




sp? Hybridization




Metallic bonding

JThe most outer electrons are not ‘localized’ and can freely move around.
IElectron cloud (sea)

_JElectron adhesives

I Delocalized electron cloud is the origin of good electrical and thermal conductivities




\

bond
Atomic or molecular dipoles

—_—
-

van der Waals

P, 7k 2

=

—
o

N

Secondary bonding

Induced dipole

Atomic nucleus
—_—
<—
der Waals
bond

S van r
on

+

Atomic nucleu
®)

Electron cloud
Electrically symmetric
atom/molecule
Dipole
+ +
icn

Atomic nucleus

Electron cloud

K N

nr oo

20 x ox__uWL_/u
_ = ~
el o o Lol
I K m_m = 10 &5 ©
- o _Es L
i =0 3> IH b ._._.O._o=._ =
__ "< S 0= o01% =
T SESW  SmRD
|_.__.._ﬁ|.A_I T %0 %0 IH 100 H__._H__._mﬁ_._t
ZW”%%%E_MW%W
TR — - G
I_/_Em mﬂ - « o An_ ﬂ_A|._O |__A|ﬂ._O
R a0 e ok SRIN
32 a a = THRK



Secondary Bonding

Arises from interaction between dipoles (atom or molecule)

» Fluctuating dipoles

asymmetric electron ex: liquid H2
¢ clouds Ho >» < H2
bondlng bondlng

 Permanent dipoles-molecule induced
Originally symmetric but gets asymmetric by neighboring dipoles.

-general case: @—)Seconc_lary (_®C>
bonding Adapted from Fig. 2.22,
Callister & Rethwisch 9e.
-ex: liquid HCI secondary
bondlng

-ex: polymer S eco

ndary bondl




A special case of secondary bonding: Hydrogen bonding

JA special case of secondary bonding

JWhat makes hydrogen bonding strong?
> BAXE K| of= 7 ok TAZF Aol T 0 SHH, Of$ ZSt Columbic force & 715
[2fM O|X 2t S =4 ARO[ 71 HotLt.

-

»
A 7

Hyd ;ogen
bond




Mixed bonds

Not all bondings are ‘pure’.

Covalent
Bonding

Covalent—
Metallic

Covalent-
lonic

Metallic
Bonding

van der Waals
Bonding

Metallic—
lonic

lonic
Bonding

Polymers
(Covalent)

Semiconductors

Semi-metals Ceramics

(Metalloids)

Molecular
solids
(van der Waals)

Metals
(Metallic)

Intermetallics

lonic




Mixed bonds: example (Eq. 2.16 & 0| K| 2.3)

%IC = {1 — exp[—0.25(X, — X5)?]}x100

Linus Pauling

Consult with the electronegativity table to determine the bonding nature




Summary: Primary Bonds

Ceramics Large bond energy
(lonic & covalent bonding): large T,
large E
small a
Metals Variable bond energy
(Metallic bonding): moderate 7,
moderate E
moderate a
Polymers Directional Properties
(Covalent & Secondary): Secondary bonding dominates
m"‘“ small Tm
Seco small E

ddary bo
nai
WQ |arge a




Summary: Bonding

Type Bond Energy Comments
lonic Large! Nondirectional (ceramics)
Covalent Variable Directional
- large-Diamond | (semiconductors, ceramics
- small-Bismuth = polymer chains)
Metallic  Variable ~ Nondirectional (metals)

- large-Tungsten
- small-Mercury

Directional
~inter-chain (polymer)
~inter-molecular

Secondary smallest




