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Honors Student,

| have prepared this packet to assist you with the understanding of how atoms can be made fo release
light, and how line spectrum data was used by Neils Bohr to develop his model of the atom.

Support resources are available at a website | am developing for Honors Chemistry:
https://pthshonorschemistry.weebly.com/

On the home page, choosing “Semester 1 Units,” then “Chapter Four Electron Arrangement” will take

you to the specific information for this unit. (https://pthshonorschemistry.weebly.com/chpt-4-—electron-

arrangement.html}

In this packet you will first find pages from two Chemistry Textbooks that explain the Bohr Model of the
Atom, and how Bohr created his model from line spectrum data. Please read through these pages,
paying special attention to the graphics shown, Using what we have discussed in class, what you have
read, and what you have possibly watched on the website, answer the questions | have on the following
pages in the packet.

Do your best and do your own waork (do not copy from a classmate). | will address any questions and
clarify any confusion in class on Monday. We will test on Chapter Four the week of November 6.
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= Figure 5.8 The purple
light emitted by hydrogen can
be separated into its different
components using a prism.
Hydrogen has an atomic emis-
sion spectrum that comprises
four lines of different
wavelengths.

Determine Which line has
the highest energy?

Hydrogen gas
discharge tube
emits light.

S,

Prism separates light
nto its components.
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Atomic Emission Spectra

Have you ever wondered how light is produced in the §
glowing tubes of neon signs? This process is another §
phenomenon that cannot be explained by the wave
model of light. The light of the neon sign is produced §
by passing electricity through a tube filled with neon }
gas. Neon atoms in the tube absorb energy and
become excited. These excited atoms return to their
stable state by emitting light to release that energy.
If the light emitted by the neon is passed through a
glass prism, neon’s atomic ernission spectrum is
produced. The atomic emission spectrum of an
element is the set of frequencies of the electromag-
netic waves emitted by atoms of the element. Neons
atornic emission spectrum consists of several individ- %
ual lines of color corresponding to the frequencies of §
the radiation emitted by the atoms of neon, It is not a §
continuous range of colors, as in the visible spectrum
of white light. :

@/ Reading Check Explain how an emission
spectrum is produced.

Each element’s atomic emission spectrum is unique -
and can be used to identify an element or determine ¥
whether that element is part of an unknown com-
pound. For example, when a platinum wire is dipped j
into a strontium nitrate solution and then inserted |
into a burner flame, the strontium atoms emit a char- |
acteristic red color. You can perform a series of flame
tests by doing the MiniLab.

Figure 5.8 shows an illustration of the character- §
istic purple-pink glow produced by excited hydrogen
atoms and the visible portion of hydrogen’s emission
spectrum responsible for producing the glow. Note
how the line nature of hydrogen’s atomic emission
spectrum differs from that of a continuous spectrum.

nm nm

Hydrogen's Atomic Emission Spectrum
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A A
Zonnection ',E An atomic emission spectrum is character-

B? of the element being examined and can be used to identify that
ment. The fact that only certain colors appear in an element’s atomic
Rission spectrum means that only specific frequencies of light are
Fitted. Because those emitted frequencies are related to energy by the

REmula E oo, = v, Only photons with specific energies are emitted.

i

B s was not predicted by the laws of classical physics. Scientists had

Pected to observe the emission of a continuous series of colors as
Jiited electrons lost energy. Elements absorb the same specific fre-
f-ncies of light as the frequencies they emit, thus creating an absorp-
g spectrum. In an absorption spectrum, the absorbed frequencies
Pear as black lines, as shown in Figure 5.9. By comparing the black
des to the emission spectrum of elements, scientists are able to deter-
-";e the composition of the outer layers of stars.

& Figure 5.9 The first spectrum is an
absorption spectrum. It is composed of black
lines on a continuous spectrum. The black
lines correspond to certain frequencies
absorhed by a given element, helium in this
case. They can be matched to the colored
lines present in helium’s emission spectrum,
shown below the absorption spectrum.
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D Compare the Bohr and quantum

e mechanical models of the atom.

* D Explain the impact of de Broglie’s
. wave-particle duality and the
Heisenberg uncertainty principle
- on the current view of electrons
© In atoms;

P Identify the relationships among
~ ahydrogen atom's energy levels,
. sublevels, and atomic orbitals.

Review Vocabulary

atom: the smallest particle of an
element that retains ail the properties
of that element; is composed of
electrons, protons, and neutrons

New Vocabulary

ground state
_ quantum number
de Broglie equation
Heisenberg uncertainty principle
quantum mechanical model of the atom
atomic orbital
principal quantum number
- principal energy level
energy sublevel

® Figure 5.10 The figure shows an
atom that has one electran, Note that the
iltustration is not to scale. In its ground
state, the electron is associated with the
lowest energy level. When the atom is in
an excited state, the electron is associat-
ed with a higher energy level.

Quan'tummfhéory
and the Atom

Emm Wavelike properties of electrons help relate atomic
emission spectra, energy states of atoms, and atomic orbitals.

Real-World Reading Link Imagine climbing a ladder and trying to stand
between the rungs. Uniess you could stand on air, it would not work. When
atoms are in various energy states, electrons behave in much the same wayasa -
person climbing up the rungs of a ladder. - :

Bohr’s Model of the Atom

The dual wave-particle model of light accounted for several previously :
unexplainable phenomena, but scientists still did not understand the >
relationships among atomic structure, electrons, and atomic emission ‘3
spectra. Recall that hydrogen’s atomic emission spectrum is discontinu-f
ous; that is, it is made up of only certain frequencies of light. Why are }
the atomic emission spectra of elements discontinuous rather than con
tinuous? Niels Bohr, a Danish physicist working in Rutherford’s labora:3
tory in 1913, proposed a quantum model for the hydrogen atom that “§
seemed to answer this question. Bohr’s model also correctly predicted *
the frequencies of the lines in hydrogen’s atomic emission spectrum,

=22

Energy states of hydrogen Building on Planck’s and Einstein’s
concepts of quantized energy, Bohr proposed that the hydrogen atom
has only certain allowable energy states. The lowest allowable energy i
state of an atom is called its ground state. When an atom gains energy]
it is said to be in an excited state.

Bohr also related the hydrogen atom’s energy states to the electron
within the atom. He suggested that the electron in a hydrogen atom
moves around the nucleus in only certain allowed circular orbits, The,
smaller the electron’s orbit, the lower the atom’s energy state, or energyj
level. Conversely, the larger the electron’s orbit, the higher the atom’s
energy state, or energy level. Thus, a hydrogen atom can have many dif
ferent excited states, although it contains only one electron. Bohr’s idez
is illustrated in Figure 5.10. i

Ground state
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v In order to complete his calculations, Bohr assigned a number, #,
falled a quantum number, to each orbit. He also calculated the radius

,rblt radius is 0.212 nm; and so on. Additional mformatlon about
’Bohrs description of hydrogen’s allowed orbits and energy levels is
given in Table 5.1.

The hydrogen line spectrum Bohr suggested that the hydrogen
atom is in the ground state, also called the first energy level, when its

. single electron is in the n = 1 orbit. In the ground state, the atom does
hot radiate energy. When energy is added from an outside source, the
electron moves to a higher-energy orbit, such as the 11 = 2 orbit shown
InFigure 5.11. Such an electron transition raises the atom to an excited
State. When the atom is in an excited state, the electron can drop from
the higher-energy orbit to a lower-energy orbit. As a result of this tran-
sition, the atom emits a photon corresponding to the energy difference
!__Jetween the two levels.

2

AE= Ehigher-energy orbit T Elower~energy orbit = Epholon = hv

Visible serias <. Figure 5..11 When an elgctrnn
drops from a higher-energy orbit to a
(Balmer) X o
lower-energy orbit, a photon is emitted,
The ultraviolet (Lymtan), visible (Bafmer),
and infrared (Paschen) series correspond
to electrons droppingion=1,n= 2,
and 11 = 3, respectively. [

i

S neepts In Mo,
Ultraviolet .. Infrared © . ton
Series T e ; Interactive Figure To see
N I D— serles imatior of the Balmer Seri
=L (Paschen) an anirmation: of the Balmer Series,

visit
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Section 5.2 # Quantum Theory and the Atom 147



Key Questions

Ced What did Bohr propose in
his model of the atom?

{&¢ What does the quantum
mechanical model determine
about the electrons in an atom?

Gt How do sublevels of
principal energy levels differ?

Vocabulary

* energy level

* quantum

* quantum mechanical model
* atomic orbital

Figure 5.1 Glowing Metal
Rutherford’s model failed to
explain why objects change color
when hecied. As the temperature
of this iron scroll is increased,

it first appears black, then red,

then yellow, and then white. The
observed behavior could be
explained only if the atoms in
the iron gave off fight in specific
amounts of energy. A better
atomic model was needed fo
explain this observation.
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Q: Why do scientists use mathematical models to describe the position of elec-
trons in atoms? Wind tunnels and models are often used to simulate the
forces from the moving air on a design. Shown here is a life-sized model of

a speed skier. It is a physical model. However, not all models are physical. In
fact, the current model of the atom is a mathematical model.

Energy Levels in Atoms
What did Bohr propose in his model of the atom?

Thus far, the atomic model presented in this textbook has considered atoms
as consisting of protons and neutrons making up a nucleus surrounded by
electrons. After discovering the atomic nucleus, Rutherford used existing
ideas about the atom and proposed an atomic model in which the electrons
move around the nucleus like the planets move around the sun.

Limitations of Rutherford’s Atomic Model Rutherford’s atomic model
explained only a few simple properties of atoms. Tt could not explain the
chemical properties of elements. For example, Rutherford’s model could not
explain why metals or compounds of metals give off characteristic colors
when heated in a flame. It also could not explain why an object such as the
iron scroll shown in Figure 5.1 first glows dull red, then yellow, and then
white when heated to higher and higher temperatures. Explaining what leads

 to the chemical properties of elements required a model that better described

the behavior of electrons in atoms.




The Bohr Model In 1913, Niels Bohr (1885-1962), a young Danish physi- READING SUPPORT

: cist and a student of Rutherford, developed a new atomic model. He changed Build Yocabulary: Latin
 putherford’s model to incorporate newer discoveries about how the energy Word Origins Quantum
¥ of an atom changes when the atom absorbs or emits light. He considered comes from the Lafin

word guanfus, meaning
“how much.” What other
commonly used English

the nucleus. . . , ) word comes from this roof?
Each possible electron orbit in Bohr’s model has a fixed energy. The

fixed energies an electron can have are called energy levels. The fixed
energy Jevels of electrons are somewhat like the rungs of the ladder in
Figure 5.2a. The lowest rung of the ladder corresponds to the lowest energy
level. A person can climb up or down the ladder by stepping from rung to
rung. Similarly, an electron can move from one energy level to another. A
person on the ladder cannot stand between the rungs. Similarly, the elec-
trons in an atom cannot exist between energy levels. To move from one
rung to another, a person climbing the ladder must move just the right dis-
tance. To move from one energy level to another, an electron must gain or
lose just the right amount of energy. A quanfum of energy is the amount
of energy required to move an electron from one energy level to another
energy level. The energy of an electron is therefore said to be quantized.

L the simplest atom, hydrogen, which has one electron. (s Bohr proposed
f  that an electron is found only in specific circular paths, or orbits, around

Figure 5.2 Energy Levels

The rungs of a Jadder are somewhat
like the energy levels in Bohr's model
of the atom. @, In an ordinary ladder,
the rungs are equally spaced. b, The'
energy levels in atoms are unequally
spaced, like the rungs in this unusuat
ladder. The higher energy levels are
closer together.

Compare For the ladder in b,
compare the amount of energy it
would fake fo move from the first
rung to the second rung with the
amount of energy it would take to
move from the second rung to the
third rung.

The amount of energy an electron gains or loses in an atom is not
always the same. Like the rungs of the strange ladder in Figure 5.2b, the
energy levels in an atom are not equally spaced. The higher energy levels are
closer together. It takes less energy to climb from one rung to another near
the top of the ladder in Figure 5.2b, where the rungs are closer. Similarly,
the higher the energy level occupied by an electron, the less energy it takes
the electron to move from that energy level to the next higher energy level.

The Bohr model provided results in agreement with experiments
using the hydrogen atom. However, the Bohr model failed to explain the
€hergies absorbed and emitted by atoms with more than one electron.

Electrons in Atoms 129




BOHR MODEL OF THE ATOM

The ramp is an example Like a set of stairs, the energy
of a continuous situation states of an electron is quantized
efa-continuoussituation —i.e. electrons are only found on a specific step

in which any energy state
is possible up the ramp. -

—Higher-energy
orbit, atom
less stable

Lowest-energy
orbit, atom
most stable

Bohr Model of Hydrogen

,/ Infrared series

Ultraviolet serles /
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The Atomic Model Through Time

EXPERIMENT |

In 1803, lohn Dalee studied how
elerments combine chemically to form
compaunds. He abserved that elements
combinz In whole-number rat.os 1o
form compounds and that macter is hot.
crealed or destroyed in chamical
reacrions. Dalton reasoned that elemencs
are made of tiny. indlvisible spherical
pardcles called atoms.

¢ The atom is 3 solid sphere that cannot

—
mmxwaio.mu:u:.nogs_._m__.vw«c.n_ﬂo..
i pieces.

EXPERIMENT 2

in 1897.} ). Thomson, a

Briush scientist, 2apped

atoms with clectricity. 3
He observad that negacively
charged parricles were removed.
Themsen reasoned thar atoms
contain negatively charged particles,
which he called efectrons,

The atom can be divded into a fud
{ihe "pudding™ and elecirons. Most of
the atom 15 made of fluid. The fluid
spreads oul in the atom and is
positively charged. The elecirons are |
very liny and nepatively charged. ;

i
H
i
|
!

EXPERIMENT 4

In 1913, Neils Bohr.a Danish scientst.

developed a model of the atom thac

¢ exphined the light given off when elements

'Y ate exposed (o flame or eleceric fields. He

" pbsérved thar only cerain calors of light
are given off, For example, hydrogen atoms

EXPERIMENT 3
In 1911, Ernest Rutherford.a New
Zealand--born sclentist, shot tiny
pasitively charged particles, calied
alpha particles, at thin gold foil. He
observed that mast of che atpha .
particles went through the foilbuca !
few hounced back, Rutherford reasaned’
that there muse be something small,
massive, and positively charged i an
azom, which ba cafled the nucteus.

_" give off red, blue-green, anid blue Fght. Bohr

" reasoned that the efecerons orbit around
T the nucteus ar differene distances like

. planets orbiting the Sun. Tha elecerens in
these orbits have diferent engrgies.When
an elecoron s from &n outer (@ an ;mnee

. orbr. the coler of the light given off depends

. on the energles of the two orbits.

e

etk T T EN T LS el .

i oy Negative

| o )} T eleciran
..i./.w Vo MNepatise ’ Y

i . 4 elecran @Iwr | positive

1 . . -

Yor Positive . "/ nudeus

I —

nuclews ¢

1 The alom can be diwded into a nucleus

_ H
The atom can be divided intg 3 nucleus. : 1§ cerver of the atom The nudleus is
and electrons. fhe nucleus occupres s H massee and positively charged. The
small amourt of space i the center of _ el o the muclews in
the atom. The rucleus is dense and electrans circle arout

positively charged The electrons arcle il
around the nucleus, The elecrrons are + !t H Sl iferont
tiny and negatively charged. Most of the * . electrons are in orbils at differen

. 1 H
' asomis empty space. ; w_.ﬁunnow from the nucleus.

._“.mRn:._an_ orbils, The eleclrons are oy,
R

i;and nepatrely charged. Different

SR A SR
L
1911 b
1

! and electrons. Me nucleus is n the )

EXPERIMENT 6

in 1927 Werner In.um..&mﬂ.u German
- ’ scientist, proposed a cloud model of the

atam. Heisenberg suggested thac the

location of an electron could not be

. specified precisely. Inscead. it 1s only

possible to tatk abaut che probabiticy of

where an electron might be.This led 1o

2 clord model of the atom; the electron

claud indicates where you will mos likely

find a single eleceron.

EXPERIMENT 7

In 4932, a British physicist, James Chadwric
found that the nucteus alse included
uncharged, or neutral, particles, which he
called neutrans. He reasoned thar the
neutrans were importadnc in holding the
positively charged prowns together,
i dg

P ST e
GRETRERRSE
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EXPERIMENT 5

In 1918, Rucherfard made a further
conuribucion. He found he could use
alpha particles as bullees to kaock off
small positivedy charged particles,
which he caled protons. He reasoned
char the nucleus must be a ¢ollection
of protons.

The ructeus contains protons. The !
protons are tny and positively charged.
The eleciwons dircle around the nucleus.
The electrons are Uny and regalively

! charged. Moest of the atom is empry

t space.

]
An electron cloud sumounds the :
nucleus, The doud is made up of w
fast-moving electrons:  +*
v The nudeus is made up of protons: %, ]

_ . * and neutrons: ¥ :
) ‘ - z.!...:xxw

S
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Name . : Class Date

Refinements of
the Atomic Model

Section’
Review

DIRECTIONS: Write on the line at the right of each statement the letter preceding the word or ‘expression that best
completes the statement.

1.

10.

11,

Electromagnetic radiation has some properties of particles when it (a) travels through space;
{b} is transferred to matter; (c) interacts with photons; (d) interacts with other radiations.

. The wave model of light was not able to explain (a) light's frequency: (b) the continuous
spectrum; (c) interference; {d) the photoelectric effect.

In wave motion, the product of frequency and wavelength is equal to {a) the number of waves
passing a given point in a second; (b) the speed of the wave; (¢) the distance between
successive. wave crests; (d) the time for one full wave o pass a given point.

. The common characteristic shown by X rays, visible light, infrared radiation, and radio waves

is that they all have the same (a} energy; (b} wavelength; (c) speed; (d) frequency.

Red light has a longer wavelength than blue light. Compared to the blue line on the hydrogen
spectrum, the red line would represent (a) higher energy and lower frequency; (b} higher
energy and higher frequency; (c) lower energy and higher frequency; (d) lower energy and
lower frequency. :

A line spectrum is produced when an electron moves from one energy level (a) to a higher

energy level; (b) to a lower energy level; (c) into the nucleus; (d) to another position in that

same sublevel,

The drop of an electron from a high energy level to the ground state in a hydrogen atom
would be most closely associated with (a) long wavelength radiation; (b) low frequency
radiation; (c) infrared radiation; (d) high frequency radiation.

The change of an atom from excited state to ground state always involves (a) absorption of

energy; (b) emission of electromagnetic_radiation; (c) release of visible light; (d)__an_mcrease in. .

electron energy.

. An orbital may be defined as (a) the most stable state of an atom; (b) the circular path followed

by an electron around the nucleus; (c) the positively chiarged central part of an atom:;

(d) a highly probable location of an electron within the atom.

The quantum model of the atom locates the electron (a) at a specific distance from the
nucleus; (b} in a definite path around the nucleus, (c) within a region of high probability;
{d) at any distance from the nucleus.

The size and shape of an electron cloud is most closely related to the electron’s (a) charge;
(b) mass; (c) spin; (d) energy. . .

DIRECTIONS: Complete the following statements, forming accurate sentences.

12,
13.

14.

15.

12

A qr;xantum of electromagnetic energy is called afn)

Tlearg s ansif

— /~a

{,‘b
(G5

- 3

__4\P§k

10

11

The spectral lines of hydrogen that occur in the ultraviolet region of the electromagnetic spectrum are called

the

An optical instrument that separates light entering it into component wavelengths is a(n)

The lowest total energy of the electron in a hydrogen atom occurs when the electron is in the state called

the

.15
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Honors Chem — Chpt 4

1. How did Bohr expand on Rutherford’s model of the atom?

2. Compare the energy of an electron in the ground state and an electron in the excited state.

3. Explain how the gaseous neon atoms in a neon sign emit light.

4. List the six colors of the visible spectrum in order of increasing energy.

5. Determine the type of radiation (gamma rays, infrared waves, or radio waves) that has the:

a. longest wavelength
b. highest frequency
c. greatest energy

6. What is the wavelength of electromagnetic radiation having a frequency of 5.00 x 1012 &1
What kind of electromagnetic radiation is this?

7. The laser in a CD player uses light with a wavelength of 7.70 x 10" m (780 nm). Whatis .
the frequency of this light?



