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6-1 Light, Photon Energies, and atomic spectra

1.The wave Nature of light :Wavelength and Frequency

Wavelength

o Wavelength /\ ® /
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Direction of wave Wavelength
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Wavelength ( A) The distance between two consecutive crests or troughs, most
often measured in meters or nanometers(1nm=10-°m)

Amplitude (Y) - B & o) g

Frequency (v ): The number of wave cycles that pass a given point in unite time.
=1 08%s==10%Hz (Tt R T Ao SR G (IR (L/S) 5 72K (Hiter Z, HZ)237)




1.Wave nature of Light

The speed at which a wave moves through space can be
found by multiplying the length of a wave cycle by the number
of cycles passing a point in unit time

The speed (c) of the wave =| xn
LR N _ER
Y S - A =

Speed of light (c) in vacuum = 2.998 x 108 m/s

c=| xn =



Ex6.1:The red light associated with the aurora
borealis Is emitted by excited oxygen atom at
630.0nm.What is the frequency of the light?
Sol:

1m

| =630nNm"~ ———=6.300 " 10" 'm
10" nm
2.988 “ 10°M
u = /S =4.759" 10" /s
6.300 10 'm

= 4.759 ~ 10" HZ



2.The Particle Nature of Light ;

Photon Energies
Max Planck(1900) — Blackbody radiation i i+

Albert Einstein(1905) — Photoelectric effect s+

E=hn= ?

h: Planck’s constant i 5. ¥ #c
=6.626" 1034J-s



Ex6-2:The wavelength is 557.5 X 10°m

(a) The energy, in Joules, of a photon emitted by
an excited oxygen atom

(b) The energy, in kiloJoules, of a mole of such
photons (i & 2 (KJ)% 7 1mol % + it £)

(a) E:hn%

_ (6.626X10 * J %3)(2.998X1.0° !/ 5)

y =3.153X10"]
557.5X10 °

23
E =3562X07° 0/ p s 52022440
10°J 1mol

= 1.899x10° KJ / mol



The energy, in Joules, of a photon emitted
(@) | =5.00" 104 nm (= *} &)
(b) | =5.00" 102 nm (X-ray)

hc _ 6.626X10 * Jx$.998X.0°m/ s
| 5.00X10"x10 “m

E=hn = =3.98x10 “*J

hc _ 6.626X10 ™ J x5X2.998X10°m/ s

| 5.00X10 %x10 °m B o Vi

E=hn =




% k3 g & 55.8710%9),What is | ?

E:hn :%

= hc _ 6.626X10™J x5x2.998x10°'m/ s
E 5.87X.0 % J

=3.38X10 °m
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3.Atomic Spectra(m + & z#)

v Sir Isaac Newton showed that visible (white) light
from the sum can be broken sown into its various
color components by a prism. The Spectrum
obtained Is continuous ; it contains essentially all
wavelengths between 400 and 700 nm.

WES DT VEEEE TN e RSP T

% 2k (s L2 Line Spectra)

v The situation with high-energy atoms of gaseous
elements Is quite different(Fig6.3)

12
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B]6.3 Continuous and Line

emission spectra

Anm) 400 500 600 700

400 5000 A00 700
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Chemistry in Action: Discovery of the Noble Gases

Helium Neon Argon Krypton Xenon
(He) (Ne) (Ar) (Kr) (Xe)

Sir William Ramsay?®



6.2 The Hydrogen atom
Bohr's Model of the Atom (1913)

N
mw\' Eri-
&3
4y
F
© ik
é\-\
AU
133
|5

BEE o AL ST g Ak

|

il
E.= —Ry (F)

n=3

n (principal quantum number) =1,2,3,...
R, (Rydberg constant) = 2.180 x 10-18J
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1. Bohr designated zero energy as the point at which
the proton and electron are completely separated -

E:.&2
N

2. The hydrogen electron is in its lowest energy
(ground state) ° n=1 - Electron absorbs enough energy ,
It moves to a higher, (excited state) -

3. An excited electron gives off energy as a photon of
light, it drops back to a lower energy state.

DE=hn =E, - E,

RS 10 _R;€1 1 U
B - u
e(nh. )2 (No)° 0 0 h g(nm)z (ny )2 U
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Ex6.3:Calculate the wavelength in
nanometers of the line in the Balmer
series that results from the transition
n=423 n=2

e U 18
_RH 1 1 U 2180 10*°J é1 12u 61607 104/
h &n.)? (n)°8 6626 10%)xs822 42H

8 9
| =€ _2998X10'm/s. 10"nm = 486.0nM

n 6.169x10"/s m

20



Calculate the wavelength (in nm) of a photon
§ emitted by a hydrogen atom when its electron
drops from the n = 5 state to the n = 3 state.

1 1
Ephoton =DE = RH( N2 N2 )
i f

E =2.18 x 1018 J x (1/25 - 1/9)

photon
Ephoton = DE =-1.55 x 1019
E hoton a2 SER
| YN SEPRET o1
| =6.63 x 1034 (&3) x 3.00 x 108 (m{&)/1.55 x 10187
| =1280 nm

21
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Chemistry in Action: Electron Microscopy

| . =0.004 nm

STM image of iron atoms

Electron Micrograph of on copper surface
Red Blood Cells




2.Quantum Mechanical Model
£ 5 4 4]

 —

Bohr's theory for the structure of the hydrogen atom
was highly successful 0.1 % error. When Bohr's
theory Is applied to the helium atom have
s%error o

v The Kinetic energy of an electron is inversely
related to the volume of the region to which it is
confined. (= = s it fo = &bz b o R bl ff & F 0 o)

v It i1s Impossible to specify the precise position of an
electron in an atom at a given instant.

v (AFTOERPELARARFARF Y B LR AT Fiide)
23



Fig6-4 Two different ways of showing the electron
distribution Iin the ground state of the hydrogen
atom. (A A2 Fen? VA7 3 A3 R F AALPFOL W

Z

> N

my

(a) (b)
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6.3 Quantum numbers
Schrodinger Wave Equation

Ei - S LR S £
Y =fn(n, I, m, m,)

Principal energy levels(

25
6.3



1.First Quantum Number ,n ;
(Principle quantum number)

foff%g?p’é'ﬂ aifcl%ib'ntum number) n




Second Quantum Number £ # ¥ ¥ & #ic
(angular momentum quantum number) |

Schrodinger Wave Equation

Y =fn(n, I, m, m)
for a given value of n,
1=0,1,2,3,...n-1% 3 nig

_ ~ 1 =0 sorbital sharp
e - _I -0 I =1 porbital Pricipal
n=2,1=0or1 ~ . diff
=3 1=0.1 or 2 1 =2 dorbital diffuse
| L I =3 forbital fundamental

Shape of the “volume” of space that the e- occupies

ns <.np < nd < nf 27
6.3



)(d orbitals)

1 =0 (s orBitﬁlé




Third Quantum Number Z & + #&
(magnetic quantum number) m, (Orbitals)

Schrodinger Wave Equation

Y =fn(n, T, my, m,)
for a given value of |
m.z-l,,O,'l'l

if 1 =1 (porbital), my =-1,0,0r 1
if 1 =2 (dorbital), my =-2,-1,0, 1, or 2

orientation of the orbital in space

29
6.3






Fourth Quantum Number*z & + #k

(spin quantum number) m,
Schrodinger Wave Equation (0) Co
Y =fn(n, I, m, m,) Electron

Spin
m, =+ or -2

1
my = —35

\ my = +-§-

Detecting screen

6.3

Slit screen



2.Pauli exclusion principle
(B =7 4p % RIT)

v No two electrons in an atom can have the
same set of four quantum numbers.

v (- BRIPHE-BITIAAEBEEAS L2 2R BE S o)

v If two electrons occupy the same orbital,
they must gave opposed spins.

Each seat is uniquely identified (E, R12, S8)
Each seat can hold only one individual at a
time

32



EX6.4: consider the following sets of
guantum numbers (n,l,ml,ms) Which
ones could not occur? For the valid
sets, Identify the orbital involved.

@ (3,1,0,+1/2)

(b) (1,1,0,-1/2)

(©) (2,2,0,+1/2)

(d) (4,3,2,+1/2)

(e) (2,1,0,0)

33



Ex6.5: (A) What is the capacity for electrons of an S sublevel?
A d sublevel ? f sublevel?
(B) What is the total capacity for electrons of the fourth
principal level?

SOL.:
(a) s sublevel: 1orbital x2e/ orbital=2e-

p sublevel: 3orbital x2e/ orbital=6e-
d sublevel: 5orbital x2e-/ orbital=10e-
f sublevel: 7orbital x2e-/ orbital=14e-
(b) 2e-(4s)+ 6e(4p)+ 10e-(4d)+ 14e-(4f)=32€-

34



Relation Between Quantum Numbers and Atomic Orbitals

“h tab!{:e.pdf ¢ ofN S:L?t(:s OrbitaIA[’)cZ;:‘g:jiations
l 0 I Ls
2 0 I 28
I —1,90. 1 3 2p., 2py, 2p,
3 0 0 I 3s
I =110, 3 3D, 3Dys D5
2 =2 =1.10.1.2 5 35034, 30,

3d2_ 2, 3d
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Schrodinger Wave Equation

Y =fn(n, |, m, m)
Shell — electrons with the same value of n
Subshell — electrons with the same values of n and |
Orbital — electrons with the same values of n, |, and m,

o)
_’ How many electrons can an orbital hold?

If n, |, and m, are fixed, then m_ = %2 or - %

Y=(n,l,m,%)orY =(n,l, m, -%)

An orbital can hold 2 electrons 3675.3



po

2

How many 2p orbitals are there in an atom?

n=2
) If 1 =1, thenm, =-1, 0, or +1

2p |
T 3 orbitals

=1

2p, Zp_‘.

How many electrons can be placed in the 3d
subshell?

nTB IfI=2,thenm, =-2, -1, 0, +1, or +2

3d 5 orbitals which can hold a total of 10 e-

T
=2

38
6.3



6.4 Atom orbitals ;Shapes and sizes

They differ from one another only in size .As n
Increases, the radius of the orbital becomes larger.

@@

A P orbital consists of two lobes along an axis (x,y,z) , there is zero
probability of finding an electron at the origin , at the nucleus or

the atom. ; . .
5*1 A*_}r A*f
2p, 2p, 2p. 3

9



6.5 Electron configurations in Atoms

Shows the number of electrons, indicated by a
superscript, in each sublevel . & + &4 * kit 7+
PR IR B e R R By e
2}
S /ﬁjiiéz\}:’z/é; R

/ 13%\

iE+%n i o s

Orbital diagram

- I

1st

40
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Energy

Single electron orbital energy level

4s = 4p = = = 4d = = = — — 4f = = = ——— -
3§ = 3p—= = = 3d = — — — — +— n=3
2§ = 2p = — — «— n=2
1
En__RH( n2)
ls —<+«— n=1

41
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Energy

dd = — — —
55 =— P p——
3d — — — —
45 —
3P == == =—— =3 =1
3s —— n=31=0

25

|5

2P == == —<— n=) =1
—<—pn:2I:O

—+— n=11=0

42
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Fig 6.8Electron energy sublevels in the order of increasing energy.

Increasing
energy

© 2004 Thomson - Brooks Cole
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Order of orbitals (filling) in multi-electron atom

ls"/
-
‘/23/ 2p/
/35/ 3pt g
43/4])/4(1/ 4_)"/
N AN
/55‘ Sp Sd S
6.s/6p/6d/
1s ip
V4 V4

N

1s<2s <2p<3s<3p<4s <3d <4p <5s <4d <5p<§4s

6.4
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“Fill up” electrons in lowest energy orbitals (Aufbau principle)

A

Energy

ls =—

4 = = = = —
4p = — —
3d = = = = —
3P == =
?
At L — C 6 electrons

B 1s22s%2pt

He 2 electrons

He 1s2

46
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Energy

The most stable arrangement of electrons
In subshells is the one with the greatest
number of parallel spins (Hund’s rule).

3d = — — — —
45 —
3p— — —
35 —
2, Ne 10 electrons
2§ - “p

“d Ne 1s22s22p°®

ls — 47
7.7



Ex6.6:Find the electron configurations of the
sulfur (S) and (NI) atoms?

S 16 electrons

1s<2s<2p<3s<3p<4s

1522522p®3s23p* 2+2+6+2+4=16 electrons
abbreviate [Ne]3s23p~ [Ne] 1s22s22p°

Ni 28 electrons

1s<2s<2p<3s<3p<4s<3d
1522522p03s23p©4s23d® 2+2+6+2+2+6+2+8 = 28 electrons
abbreviate [Ar]4s23d8 [Ar] 1522522p%3s23p°

48



What is the electron configuration of Mg?
§ Mg 12 electrons

1s<2s<2p<3s<3p<4s
1s22s22pb3s? 2+ 2+ 6 + 2 =12 electrons
Abbreviated as [Ne]3s? [Ne] 1s22s22pb

What are the possible quantum numbers for the
§ last (outermost) electron in CI?

Cl 17 electrons 1s<2s<2p<3s<3p</s
1522s22pb3s23p°> 2+2+6+2+5=17 electrons
Last electron added to 3p orbital

n=3 I=1 m=-1,0,or+1 m,=7"%o0r-"% o



Ex6.7:Find the iodine atom. write

(a) The electron configurations (b) the abbreviated

electron configuration.
(a) | 53 electrons

1s<2s<2p<3s<3p<4s<3d<4p<5s<4d<bp

1522522p%3523p®4523d194pb5524d105p°

2+2+6+2+6+2+10+6+2+ 10+ 5 =53 electrons
[Kr] 1522522p%3s23p®4523d194p°

(b) Abbreviate electron configuration [Kr]5s24d105p°

50



Filling of Sublevels and the Periodic Table

(1)
(2)
(3)

(4)

The atoms of elements in a group of the periodic
table have the same distribution of electrons In
the outermost principal energy level.

The elements in groups 1 and 2 are filling an s sublevel.
The elements in groups 13 through 18 fill p sublevels.

The transition metals, in the center of the periodic table ,
fill d sublevels.

The two sets of 14 elements listed separately at the
bottom of the table are filling f sublevels with a principal
guantum number two less than the period number.

o1






17 18
1 2:
Group H He
1 el 13 14 15 16 1s
3 4 5 6 7 8 9 10
Period 2 | 1 Be B G N 0 F Ne
2s 2p
3 [ELE2 13 | 14 | 15 | 16 | 17 | 18
Na | Mg Al Si P ) Cl | Ar
3s 3 4 5 6 7 8 9 10 11 12 3p
1920 | 21 220 | 23 |24 | 25 | 26 | 27 | 28 |29 | 30 (ISR IS SR IS 5
¢ I Ca | 5S¢ Ti V Cr | Mn Fe Co Ni Cu Zn Ga | Ge As Se Br Kr
s ad 4p
s| 37 | 38 | 39 | 40 | *41 | %42 | 43 | *44 | %45 | *46 | *47 | 48 | 49 | S0 | 51 | 52 [ 53 | 54
Rb [ Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te 1 Xe
S5s 4d Sp
ol 55 [ 569 71 [ 72 | 73 | 74 | 75 | 76 | 77 | *78 | *79 | 80 | 81 | 82 | 83 | 84 [ 8 | 86
Cs | Ba | Lu | Hf | Ta W | Re | Os | I Pt | Au | Hg | T | Pb | Bi | Po | At | Rn
65 5d 6p
5| 87 | 88 4103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112
Fr | Ra | Lr Rf | Db | Sg | Bh | Hs | Mt
7s 6d
6l | %38 | 59 | 60 [ 61 | 62 | 63 | *64 | 65 [ 66 | 67 | 68 | 69 | 70
La e Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh
4f
89 [ 190 | 291 | 92 [ *93 | 94 | 95 [ *96 | 97 | 98 | 99 | 100 | 101 | 102
Ac | Th | Pa U | Np| Pu | Am [ Cm | Bk | Cf | Es | Fm | Md | No
5f

© 2004 Thomson - Brooks Cole




5 v
v 3d and4s orbitals have very similar energies. it has been

suggested that there Is a slight increase in stability with a
half- filled (Cr) or completely filled (cu )3d sublevel.

v FR LR 2R en3dS K T O ek B TR

Cu 29 electrons

1s<2s<2p<3s<3p<4s<3d<4p<5s<4d<bp

45225%2p3543p°4s23c>— error
2+2+6+2+6+2+9=29celectrons

1522522p%3s23p®4s13d1°

Abbreviated electron configuration [Ar]4s13d0

o4



Cr 24 electrons

1s<2s<2p<3s<3p<4s<3d<4p<5s<4d<bp

13225%2pL3343p°4s<3e4— error
2+2+6+2+6+2+4=24celectrons

1522522p%3s23p®4s13d°

Abbreviated electron configuration [Ar]4si3d>

55



6.6 Orbital diagrams of atoms

v It Is useful to go a step further and show
how electrons are distribute among orbitals.

v Orbital diagrams each orbital is represented
by ( ),and electrons are shown by arrows
written( 1) ,or () ,depending on spin.

56
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Hund’s rule :zx4g ;= B

v When several orbitals of equal energy are
available, as in a given sublevel, electrons
enter singly with parallel spin.

v Hund’s rule Is based on experiment.
Notice

v 1.In all filled orbitals , the two electrons have
opposed spins.

v 2. In accordance with Hund’s rule , within a
given sublevel there are as many half filled
orbitals as possible.
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v Paramagnetic s g
OFnFpxdpat 18| v RIA R I E
BeH € beipm BOREL o T AR5 g B

v Diamagneticis 2
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Ex6.8:Construct orbital diagrams fro atoms of
sulfur and iron atom

S 16 electrons 15%2s22p®3s23p*

1s 2s 2P 3s 3p
160 (11 (P (A DGO D) DO HYM)

Fe 26 electrons 15%2s22p®3s23p®4s523d°
1s 2s 2P 3s 3p
sFe (1 1) (P (PG () (¢ o

4s 3d
(P 4) CraCH Dt Y Y ) g
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6.7 Electron arrangements in Monatomic ions

v When a monatomic ion i1s formed from an atom,
electrons are added to or removed from sublevels In
the highest principal energy level.

1.lons with Noble-Gas Structures

v Elements close to a noble gas in the periodic table form ions that have the
same number of electrons as the noble- gas atom.

v -N(1s%2s522p3) + 3e~ ® N3~ (1s%25%2p°)

v gO(1522522p%) + 2e~® 0% (1s22522p°)

v oF(1s22s22p°) + e~ ® F—(1s%2s%2p°®)

v 1,Na(1s22s22p®3st)® ,,Na*(1s22s22p°) + e~

v 1,MQg(1522522p°3s?)® ,,Mg+%(1s%25%2p°) + 2e—
v 13Al(15%25%2p®3s23pt)® ;,AIT3(15%2522pf)+3e
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<

Na*: [Ne] AP [Ne] F: 1s22s22p® or [Ne]

02 1s22s22p° or [Ne] N3-: 1s522s522p° or [Ne]
Nat*, AP, F-, O%, and N*# Ne : & 7 + (isoelectronic)
What neutral atom is isoelectronic with H™ ?

H: 1s?2 same electron configuration as He

64



Electron Configurations of Cations of Transition Metals

When a cat ion is formed from an atom of a transition metal,

electrons are always removed first from the ns orbital and
then from the (n — 1)d orbital's.

Fe: [Ar]4s23d° Mn: [Ar]4s23d°
Fe?*: [Ar]4s°3d® or [Ar]3d° Mn2*: [Ar]4s%3d> or [Ar]3d°
Fe3*: [Ar]4s°3d° or [Ar]3d°
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Electron Configurations of Cations and Anions
Of Representative Elements

Na [Ne]3s? Na*

Ca [Ar]4s? Ca?t |
Al [Ne]3s23p!  AIPY |

Atoms gain electrons
so that anion has a

noble-gas outer
electron configuration.

Nej

Atoms lose electrons so
Ar] that cation has a noble-gas
Ne] outer electron configuration.
H 1st H- 1s? or [He]

F 1s22s22p° F 1s22s22p® or [Ne]
O 1s22s22p* 02 1s522s22pb or [Ne!

N 1s22s22p3 NS- 1s522s522p6 or [Ne]
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Cations and Anions Of Representative Elements
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H™ He

Li* | Be** N3~ | 0> | F- | Ne

Na* | Mg?t | AIP* sa I @l || As

K' |BGazt | 'S¢’ Se’” | Br Kr

Rbt | s | ¥ Te’~ | I" | Xe
@s: NhBa N Lat

© 2004 Thomson - Brooks Cole
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Example 6.9 Give the electron configuration of

(@) 30ZNn*?
302N * 1522522pb3s23p®4523d10
30ZN*? + 15%2522p°3s23p°4s°3d1°

(b) 3,Se~?
215€ 1 1522522p®3523pb4523d104p4
2.Se 2 1 1522522p63s23p64s23d104p6
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6.8 Periodic tends in the properties of atoms
Ja =+ 2 FH) L AEF

v The chemical and physical properties of elements
are a periodic function of atomic number.

VARt EHETE RS B Ly oo
v Elements within a given vertical group
resemble one another chemically because

chemical properties repeat themselves at
regular intervals of 2,8,18,32.
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atomic radius

The atomic radius is taken to be
one half the distance of closest
approach between atoms in an
elemental substance.

1.Decrease across a period from
left to right in the periodic table. @ Atomic radius = 223080 - 0,128 nm

2.Increase down a group in the
periodic table. 0.198 nm

Cl,

0.198 nm

> = (0.099 nm

(b) Atomic radius =

© 2004 Thomson - Brooks Cole
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Effective Nuclear Charge (Z.«)
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Increasing atomic radius

1A 2A 3A 4A SA HA TA
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Atomic radius (pm)
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100

50

Li

Na
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40 50
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60

70
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lonic Radius

Positive 1ons are smaller than the metal atoms
from which they are formed.

Negative ions are larger than the nonmetal
atoms from which they are formed.

—

/
atom \
\.4)
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Li* F~

Cation is always smaller than atom from

which it is formed.
Anion iIs always larger than atom from

which it i1s formed.
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Comparison of Atomic Radii with lonic Radii

300 - 300 -
Cs
250 - 250 —
£ U s
+
® 150 Cs ®
= Rbt =
K+ T
= i
100 -
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50 “Li+ 50— ©
0 102030405050 0 1ﬂ2030405053
Atomic number Atomic number
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(PRI

H'.+

10,095

0.133

113

k135

lonic radil (nm)




Lit

Nat

95

133

Rb*

148

Cs*

169

lonic Radii

Be?*
N3~
31
171
Mg+ A3+
3+ +
65 T|4+ Er3+FE BE Hi2+ 50
S+ | V5+ | Mn2+ Cﬂ2+| Zn2t Gadt
Ca2t ) Cu*
99 81 68 59 64 80 gg 72 69 96 74 62 Sh5+
In3* g+
g2+ Agt g2+
113 126 97 81 71 62
Pp+
BEE-I- Aut Hg2+ T|3-|-
135 137 110 95 84

184

Se?”

198

Te2”

221

136

Cl

181

Br

195

216

8.3
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Example 6.10 Using only the periodic table, arrange
each of the following sets of atoms and ions in order

of jnereasing size. Ca> Mg > A
Mg, Al, = i ,Mg, (Al #h+ X EMg > Al
Mg, Ca, & F *,,Mg, ,,Ca’ &k 3+ L =Ca > Mg
(b) S, Cl, S2 S—2>S=>Cl
S,Cl, 52 Bi¥# S, -Cl>#&h+LES > ClI
S, S, EiFLiERRF X mmhFE)ES2>S

(CFFec, Fe  amEes™

Fe’ ' DFe’ DFe
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lonization energy

v It Is a measure of how difficult it Is to remove an
electron from a gaseous atom

v Energy must always be absorbed to bring about
lonization, so Ionization energies are always positive
quUANtIteS. /s feic £ 4 B0 & 2 33 i > Fl P5aii #9518 o

v M(g) ® M*(g) + e~ DE,=first ionization energy

v M*(g) ® M*?%(g) + e~ DE,=Second ionization energy
DE, <DE, ...

v Increases across the periodic table from left to right.

v Decreses moving down the periodic table
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Increasing First lonization Energy

~General Trend in First lonization Energies

Increasing First lonization Energy
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The lonization Energies (kJ/mol) of the First 20 Elements

Z Element First Second Third Fourth Fifth Sixth

I H 1,312

2 He 2,873 5,251

3 Li 520 7,300 11,815

4 Be 899 1,757 14,850 21,005

5 B 801 2,430 3,660 25,000 32,820

6 C 1,086 2,350 4,620 6,220 38,000 47,261

7 N 1,400 2,860 4,580 7,500 9,400 53,000

8 O 1,314 3,390 5,300 7,470 11,000 13,000

9 F 1,680 3,370 6,050 8,400 11,000 15,200
10 Ne 2,080 3,950 6,120 9,370 12,200 15,000
1 Na 495.9 4,560 6,900 9,540 13,400 16,600
12 Mg 738.1 1,450 7,730 10,500 13,600 18,000
13 Al 577.9 1,820 2,750 11,600 14,800 18,400
14 Si 786.3 1,580 3,230 4,360 16,000 20,000
15 P 1,012 1,904 2,910 4,960 6,240 21,000
16 S 099.5 2,250 3,360 4,660 6,990 8,500
17 Cl 1,251 2,297 3,820 5,160 6,540 9,300
18 Ar 1,521 2,666 3,900 5,770 7,240 8,800
19 K 418.7 2052 4410 5,900 8,000 9.600
20 Ca 589.5 1,145 4,900 6,500 8,100 11,000




Variation of the First lonization Energy with
Atomic Number

2500 — Filled n=1 shell
Filled n=2 shell
Ne
2000 =
Filled n=3 shell
L A Filled n=4 shell
1500 -| Kr Filled n=5 shell
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Rn
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First ionization energy (kJ/mol)
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520 4 900 |
Na .: Mg
496+| 738
K E Ca
419°| 590
Rb 3| Sr
403 ZI 550
Cs . Ba ‘
376 | 503

L

MR AR a K4 17 18
. ..'. e, H He
S13% 14 J15 16, | 1312 | 2372
" B 1' cfN| oY F | Ne
801 [.1086. 1402 13141 1681 | 2081
AL [2sis| P | s [2cCl | Ar
578 |786: | 1012 | 1000 | 31251 | 1520
Ga |- Ge: | As Se |: Br Kr
579 |:762: | 944 | 941 |I1140 | 1351
In .: Sn :. Sb Te :' I Xe
558 |+ 7093 832 | 869 1009 | 1170
TI § Pb {.. Bi | Pos At | Rn
2589°| 716 |%703 | 812 1037




Example 6.11: Consider the three elements C ,N, and Si.
Using only the periodic table, predict which of the three
elements has (a) the largest atomic radius; the smallest
atomic radius. (b) the largest ionization energy ; the
smallest ionization energy.

Sol:

(a) C is larger than N but smaller than Si. Silicon must be
the largest atom and nitrogen the smallest.

(b) C has a smaller ionization energy than N but a larger
lonization energy than Si.

88



T

B, Al, & F*%.B, LAl k3 LAl > B

(b) m % 2§ & X 2 B paga C>B=> Al

B,C, 5 Fir#.B, (C- &i%4tiiC > B
B, Al, &k &.B, Al » tidti B > Al



electronegativity

v d Linus Pouling#: 4! » 2 AP ¥ LA °

v Atom is a measure of its tendency to lose
electrons, the larger the ionization energy ,the
more difficult is to remove an electron. -

vizgg e
viE-3FHd A LW p-Rd AT
/l‘ (@)
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Increasing First lonization Energy

e |

General Trend in Electronegativity

Increasing First lonization Energy
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Electronegativities of Common Elements
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Electronegativity
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Variation of Electronegativity
with Atomic Number
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Classification of bonds by difference in electronegativity

Difference Bond Type
0 Covalent
3 2 lonic
0 <and <2 Polar Covalent

Increasing difference in electronegativity

Covalent Polar Covalent lonic
> >

share e- partial transfer of e- transfer e-
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Classify the following bonds as ionic, polar covalent,
or covalent: The bond in CsCl; the bond in H,S; and
the NN bond in H,NNH,.

Cs-0.7 Cl—-3.0 3.0-0.7=2.3 lonic
H-2.1 S-25 25-21=04 Polar Covalent
N - 3.0 N-—-3.0 3.0-3.0=0 Covalent

1A 8A

2A 3A4A5A6ATA
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Electron affinity is the negative of the energy change that
occurs when an electron is accepted by an atom in the
gaseous state to form an anion.

Xgt€ — X
Fgte — Xy DH=-328 kd/mol EA = +328 kJ/mol

Oy+e — 0y DH=-141kJmol  EA =+141 kJ/mol
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Electron Affinities (kJ/mol) of Some Representative Elements and the

Noble Gases*

1A 2A 3A 4A 5A 6A 7A 8A
H He
73 <0
Li Be B & N O F Ne
60 =0 27 122 0 141 328 <0
Na Mg Al Si P S Cl Ar
53 =0 44 134 72 200 349 <0
K Ca Ga Ge As Se Br Kr
48 2.4 29 118 77 195 3725 <0
Rb Sr In Sn Sb Te I Xe
47 4.7 29 121 101 190 295 <0
Cs Ba Tl Pb Bi Po At Rn
45 14 30 110 110 ? ? <0

* The electron affinities of the noble gases, Be, and Mg have not been determined experimentally, but are believed to be
close to zero or negative.



Electron Affinity Versus Atomic Number
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Group 1A Elements (nst, n? 2)

M — M*1+ le

4Ms) + Oyq) = 2My0

Increasing reactivity

1A

2A

3A4A5A6AT7A

8A




Group 2A Elements (ns?, n 3 2)

M—— M*? + 2e-
Be, + 2H,0, — No Reaction

Mgs) + 2H;0 —— Mg(OH), g + Hyg

3A4ASAG6AT7A

8A

Increasing reactivity




Group 3A Elements (ns?npt, n3 2)

2Al) + 6H ) — 2AF" ) + 3Hy(
1A 8A
2A 3A4A5AB6ATA
B
Al
|Gal

In

Tl
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Group 4A Elements (ns?np?, n 3 2)

SNy + 2H" ) — SN (5 + Hz (g
PB) + 2H" gy = PDb?*(oq) + Hz )
1A 8A
|2 3A 4A 5A 6A 7A|

C
Si
G
Sn
Pb




Group 5A Elements (ns?np3, n 3 2)

1A

2A

3A4AS5A6AT7A

8A




Group 6A Elements (ns?np?, n 3 2)

SOz + HOp = HyS04p)

1A

2A 3A4ASA6AT7A

EEEEEE.




Group 7A Elements (ns?np>, n 3 2)

X+lee— X1

Xo T Hag ™ 2HX

1A 8A
2A 3A4A5A6A7A| | 2

>

F =

Cl 3

Br g’

| o

1 (D)

At 5

<
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Group 8A Elements (ns2np®, n 3 2)

N Completely filled ns and np subshells.
Highest ionization energy of all elements.
No tendency to accept extra electrons.
1A 8A
2A 3A4A 5A6A7A[He

NN




Properties of Oxides Across a Period
1A ~ 8A

| 3A4A5
<basic ) acidic
B

Some Properties of Oxides of the Third-Period Elements

Na20 MgO A|203 SiOz P4010 303 C|207

Type of compound Ionic ——— Molecular ——
Structure <« Extensive three-dimensional > — Discrete ——
molecular units
Melting point (°C) 1275 2800 2045 1610 580 168 =913
Boiling point (°C) ? 3600 2980 2230 ? 44.8 82
Acid-base nature  Basic  Basic = Amphoteric < Acidic >
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