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**** The idea that all matter is conposed of atons is
fundanental to our nodern view of the world. It has
given us a firmbasis for understanding the properties
of solid, liquids, and gases. This understandi ng has
led to a host of useful devices, one of the nost
fanous being the |aser. The | aser beans arise because
atons generate light as they undergo transitions from
a higher to a lower atomc energy level. Qur venture
Into the atomc world begins wwth the concept of the
nucl ear atom and continues wth the Bohr nodel of the
hydrogen atom This nodel introduces nmany basic atomc
features, including the notions of discrete energy
states and quantum nunbers. W will see, however, that
guant um nechani cs has di spl aced t he Bohr nodel and
provides a nore conplete description of the atom
Fol | ow ng an overvi ew of quantum nechani cs, the Paul i
exclusion principle wll be discussed. This principle
s inportant for explaining how el ectrons are arranged
Il n conplex atonms and how the el enents are ordered in
the periodic table.



Figure 31-1 The plum pudding
model of an atom

= The model of an atom
proposed by J. J.
—— Thomson consists of a

o ~ Positive charge uniform positive charge,
[ O oR\ which accounts for most
o ° Bl o of the mass of an atom,
) RS TES with small negatively
h T - charged electrons

scattered throughout,
like raisins in a pudding.



Figure 31-2 The solar system
ﬁ model of an atom

= Ernest Rutherford
proposed that an
atom is like a
miniature solar
system, with a
massive, positively
charged nucleus
orbited by lightweight
negatively charged
electrons.

Electron




++»x+  Nucl ear atom

The 1 dea of nuclear atomoriginated In
1911, as a result of experinents by
Ernest Rutherford, Iin which al pha
particles were scattered by a thin

netal foil. The phrase "nucl ear atonf
refers to the fact that an atom
consists of a small, positively charged

nucl eus surrounded at relatively |arge
di stance by a nunber of el ectrons,
whose total negative charge equal s the
positive nucl ear charge when the atom
s electrically neutral.
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LI ne spectrum

A line spectrumis a series of discrete
el ectromagneti ¢ wavel engths emtted by the
atonms of a | owpressure gas that Is
subjected to a sufficiently high potenti al
di fference. Certain groups of discrete
wavel engths are referred to as "series."
The |1 ne spectrumof atom c hydrogen
| ncl udes, anong ot hers, the Lynman seri es,

t he Bal ner series, and the Paschen series
of wavel engt h.



Figure 31-3 The line spectrum
i of an atom

= he light given off

g by by individual
/ | Diffraction atoms, as |n a
7 grating

low-pressure gas,
consists of a

_ series of discrete
wavelengths

1\ corresponding to
Low-pressure gas different colors.

Line spectrum




Figure 31-4 The line spectrum
of hydrogen

I - = The emission (a) and
absorption (b) spectra
of hydrogen. Note that
the wavelengths

. == = == absorbed by hydrogen
(a) (dark lines) are the
n=5n=4 n=3 same as those emitted

by hydrogen (colored
lines). The location of
| , , these lines Is predicted
400 500 600 700 by the Balmer series

®l (Equation 31-1) with the
appropriate values of n.




Paschen series of spectral lines

ﬁ Figure 31-5 The Lyman, Balmer, and
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= The first three series

of spectral lines in
the spectrum of
hydrogen. The
shortest wavelengths
appear in the Lyman
series. There is no
upper limit to the
number of series In
hydrogen, or to the
wavelengths that can
be emitted.



Figure 31-6 A Bohr orbit

= |n the Bohr model of
hydrogen, electrons
orbit the nucleus In
circular orbits. The
centripetal acceleration
of the electron, v4/r, is
produced by the
Coulomb force of
attraction between the
electron and the
nucleus.




**** Bohr nodel (atom

The Bohr nodel applies to atons or ions that have
only a single electron orbiting a nucl eus containing
Z protons. This nodel assunes that the el ectron
exists in circular orbits that are called stationary
orbits, because the el ectron does not radi ate
el ectromagnetic waves while in them According to
this nodel, a photon is emtted only when an el ectron
changes froma higher energy orbit (level) to a | ower
one. The nodel also assunes that the orbital angul ar
nmonmentum L of the electron can only have val ues t hat
are integer nultiples of Plank's constant divided by
2T,

L. =n(h/2m);, n=1, 2, 3, ... Wth the assunption
above, it can be shown that the nth Bohr orbhit has a
radius (in neters) of r_ = (5.29 x 1001 m)(n?/2) and

n

that the total energy associated with this orbit is E
= -(13.6 eV)(Z?/ n?).



Figure 31-7 The first three
ﬁ Bohr orbits

= The first Bohr orbit
has a radius r; =
5.29 x 1011 m. The
second and third
Bohr orbits have
radi
°=2%r, =4r,,
and r; = 3%r, =9r,,
respectively.




Figure 31-8 Energy-level diagram
for the Bohr model of hydrogen

0 el = The energy of the
(-13.6€V)/9 s ground state of
5 = .
hydrogen is -13.6 eV.
(-13.6eV)/4 n=2

Excited states of
hydrogen approach zero
energy, Note that the
difference in energy
from the ground sate to
the first excited state is
3/4 (13.6 eV), and the
energy difference from
the first excited state to
Ground the zero level is only
Slae 1/4 (13.6 eV).

-13.6 eV n=1
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| oni zat i on _ener gy

The 1 onization energy is the energy needed
to renove an electron conpletely from an
atom The Bohr nodel predicts that the
wavel engt hs conprising the |ine spectrum
emtted by a hydrogen atomare given by
Equati on 31. 2.




Figure 31-9 The origin of
‘L spectral series in hydrogen
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Paschen Series

Electron jul‘f‘lpﬁ- end
in second excited
state

Each series of spectral lines in hydrogen is the result of electrons
jumping from an excited state to a particular lower level. For the
Lyman series the lower level is the ground state. The lower level
for the Balmer is the first excited state (n = 2), and the lower
level for the Paschen series Is the second excited state (n = 3).



Fig 31.10a de Broglie
ﬁ wavelengths and Bohr orbits

= Bohr's condition that

the angular momentum
of an allowed orbit must
be an integer n times h
/ 20 is equivalent to the
condition that n de
Broglie wavelengths
must fit into the
circumference of an
orbit. (a) de Broglie
waves for the n = 7 and
n = 8 orbits.



Fig 31.10b de Brogle
wavelengths and Bohr orbits

Bohr's condition that the
angular momentum of an
allowed orbit must be an
Integer n times h / 21tis
equivalent to the condition
that n de Broglie
wavelengths must fit into
the circumference of an
orbit. (b) If an integral
number of wavelengths do
not fit the circumference
of an orbit, the result is
destructive interference.



****  Quant um nunber

Because the various electron orbits and the
associ ated energies have only discrete val ues, one
uses i nteger nunbers to identify each orbit and its
correspondi ng energy. Such integer nunber is called
a quant um nunber. Quantum nmechani cs descri bes the
hydrogen atomin terns of four quantum nunbers: (1)
t he principal quantum nunber n, which can have the
| nteger values n =1, 2, 3, ...; (2) the orbital
guant um nunber |, which can have values | = 0, 1, 2,

., (n - 1); (3) the nmagnetic quantum nunber m,
whi ch can have positive and negative I nteger val ues

m=-l, ..., -2, -1, 0, +1, +2, ..., +l, and (4) the
spi n quant um nunber m, which can be either m = +%
or m = -% According to quantum nmechani cs, an

el ectron does not reside in a circular orbit but,
rat her, has sonme probability of being found at
vari ous di stances fromthe nucl eus.



= The maximum number of
electrons that can
Occupy a given energy
level in a multielectron
atom is 2(21 + 1).
Occupancy by more than
this number of electrons
would violate the Pauli
exclusion principle.

Energy

Figure 31-17 Maximum number
of electrons Iin an energy level
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Figure 31-15 Energy levels In
multielectron atoms

%2 = In multi-electron atoms
the energy increases
with n for fixed | and
e T increases with | for
e fixed n. Note the
e possibility of energy
7yl level crossing. For
example, then=3,| =
ol 2 energy level is higher
| thanthen=4,1 =0

Sl , ’ energy level.
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Figure 31-18 First eight
elements of the periodic table
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= The elements hydrogen
and helium fill the n =
1,1 = 0 level; the
elements lithium and
beryllium fill the n = 2,
| = 0 level; the
elements boron, carbon,
nitrogen, and oxygen fill
four of the six available
statesinthen=2,1 =
1 level.



Figure 31-19 Designation of
electronic configuration

= The example shown

Principal quantum Number of o _
number electrons in here Iindicates six
n=3 subshell = 6 electrons in the n =
\ / 3, =1 (p) energy

6 level.

Angular momentum
quantum number

t=1(p)



Figure 31-20 Designation of
ﬁ elements In the periodic table

= An explanation of
the various entries

Atomic 26 e — _Flement to be found for each
number symbol eler_ner_lt in the
periodic table of
58.85——— Atomic Appendix D. The
mass example shown here
Outer electron —3 d6452 is for the element

configuration iron (Fe).



