Chemistry 1010, Module 7A Name

Study Guide for Module 7A—The Structure of the Atom
SEFEEEEEENENEEEEEESENEEEEEENENEEEEEENNENEENEEENRNEER
Reading Assignment:  Sections 7.1-7.10 in Chemistry, Gth Edition by Zumdahl

Guide for Your Lecturer:

Postulates of the Atomic Theory (Review)

An Overview of the Structure of the Atom (Review)

The Components of Chemical Species (Review)

The Nature of Light and Other Electromagnetic Radiation

Absorption and Emission Spectra

The Bohr Model of the Atom

Wave-Particle Duality

Wavefunctions and Quantum Numbers

Electron Density, Atomic Orbitals, and Energy Level Diagrams

Writing Electronic Configurations (Aufbau Principle, Pauli Exclusion Principle, Hund's Rules, degenerate)
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Homework
Note: ¢ indicates problems to be stressed on drill quizzes and hour exams.
B Review from Module 2: The Postulates of the Atomic Theory of Matter
1. State the four postulates of the atomic theory of matter. (p. 46 -47)
-1

-2)

-3)

-4)

M Review from Module 2: An Overview of the Structure of the Atom
2a) Complete the following table regarding the components of the atom. (p. 53, inside back cover of text)

rox. mass in grams |aj mass in am harge in co [retative charge |
deton 1 qu k6% % arbe e | -1 X0 Re, —\
profoll 1 1L 713% 163*3 ~lewe e lLb® 160 4\
newron | 18 (M| ~ {amo O o

b) Answer the following questions regarding the structure of the atom.
A. Give a general description of the manner in which electrons, protons, and neutrons are organized in the

atom. (p. 52)

B. Where is the positive charge in an atom located? (p. 53-5+4)

T4
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Chemistry 1010, Module 7A

B Review from Module 2: An Overview of the Structure of the Alom (continued)
2b) Answer the following questions regarding the structure of the atom.

c)

e)

g

C. Where is most of the mass of an atom? (p. 54)

D. Where are the neutrons in an atom? (p. 5%}

E. What is the approximate radius of an atom? {p. 53)

F. If an atom were the size of the SuperDome, approximately how Jarge would its nucleus be? (About the

size of a green pea.)

G. Where is the negative charge in an atom? (Spread out in the volume outside the nucleus.}

Define nucleus (p. 53)

Define atomic number (p. 5.’1[)

Define mass number {(p. 54

Define nuclide (p. ‘5’(8)

Define isotopes (p. 54)

v vV vV BReview from Module 2: The Components of Chemical Species

3

Fiil in the table for the chemical species below and be prepared to do so for any other atom or menoatomic ion.
(pp. 5G}

i | Number | Number | Number lapprox.| Chargeon | Mass |Atomic hisotope
l Lof protons lof electrons lof neutrons imass | nucleus | number  inumber l

S. | | | | | a2 | | i |
H2cat | 20 | 49 | 22 | amu | +20 | &2 1 20 | 41¢Ca*
| ; | | | 1 | i |

A { \ i 1 1 l | lwy . +
“Oart 1 1 1 |F I 22 qumul +3 1 dp 1 18 Ay
] ! i | 1 i 1 [ |

B. 136 | | l tg, | o | | 1 133 _
3oct | g | l |+ b3 1
| ! + | { 1 | Gmi | | 1

C. | ] | | | | | ] |'_1,(’ *’3
17T A3+ | | | e T 433 0 FF 0 33 S
| | 33 l 3¢ | | ol | | | A

D. | | | f i | | [ | 2
3¢t 49 1 4, | £5 |'£m| +4% 1 13 1 g X CA*
| ! | | | | n | |

E | : i | A ; | o3 2
166621 31 133 1 35 1,083 L6 2y PTG

| | | | |
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Chemistry 1010, Module 7A Name

WThe Nature of Light and Other Electromagnetic Radiation
4a) What do scientists generally use to study the arrangement of electrons in atoms. (Electromagnetic radiation.)

b) Define electromagnetic radiation. {p. 290, A 32)

¢} What is the speed al which electromagnetic radiation travels? (p. 291)

d) List nine types of electromagnetic radiation in the first column below in order of increasing wavelength (/: cosmic
rays, 2: gamma rays, 8: TV, 9: FM radio, 10: AM radio ) (p. 283)
Name of Radiation | Variation in
| Wavelength | Frequency | Energy

-1)

)

-3

4

-10) N

e) Complete the Tollowing table regarding the properties of electromagnetic waves. (p. 290)
Property | Defnition [Units

Wavelength

Frequency

Amplitude

Velocity

f)  State the qualitative relationship between frequency and wavelength of electromagnetic radiation and then the
equation which relates the two. (p. 291)
*Qualitative relationship:

sEquation:

g) Scientists made a big advance in their understanding of electromagnetic radiation when Planck put forth a very
unusual theory in 1900, (pp. 292-3)
*What did he postulate?

*Why did he suggest such an unusual theory?
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Chemistry 1010, Medule 7A

WThe Nature of Light and Other Electromagnetic Radiation (continued)
h)  What does “quantized” mean? (Counlable)

i)  Define photon. (A 38, p. 294)

J)  State the qualitative relationshilﬁ between frequency and energy of electromagnetic radiation and then the equation
which relates the two. (p. 294)
*QQualitative relationship:

*Equation:

k) In columns two, three, and four in 44, show how frequency. wavelength, and energy of the types of
clectromagnelic radiation vary. (pp. 291-4)

1) Modern scientists believe that electromagnetic radiation has a “dual nature.” Explain what this means. {p. 295)

MAbsorption and Emission Spectra
_3a) Name, briefly describe, and then sketch diagrams of two Lypes of experiments chemists might use to
experimentally determine the distribution of clectrons in atoms. (Absorption and emission of

eleciromagnetic radiation.
*Nemme: Y s alion | Skewch:
Absopption of Kadiali :
Brief description: | _
B hit He“sample. f He 0 of e | —y —~
radiation. 15 gyprpriate, some of ’lz_
{ ic
L,y detectar

He vodiation 15 absorbed & e

I
|
|
. [ !
e meves b higher eergy | Sezs Wt
g | V5 are aburbed
|
Name: £y 557 0n ef fadi at on :Skctch:
Brief description: §
Sample 15 Feated which causes |
e-'s b g B higher W:gy(&wl&: ~——
Ezmmgmﬁc yadiation 13 am‘tf&il
as He & 's retum to lowest level S ;:j“;zhf
I
| peated omitied

I
by List each of the names of the two types of experiments in 5a above and draw an energy level diagram showing
the movement of an ¢lectron in each.

. Absvgrﬁbn o fmission
E l- eml;g S E I Olechon. meves

¢)  Define spectrum. (A distribution of electromagneiic radiation orderad by wavelength, The rainbow is

an example.)
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Chemistry 1010, Module 7A Name

BAbsorption and Emission Spectra
d) Distinguish between a continuous and a discrete spectrum. (p. 298)

e) *When the experimenls in 5z above are conducted, are the spectra obtained continucus or discrete?

*Explain what this tells us about the energy levels in atoms. (p. 297-8)

WThe Bohr Model of the Afom

6a) In the late 19th century, knowledgeable people thought that all of the big discoveries of science had already been
made. Then they discovered that the atom consisted of electrons surrounding a positively-charge nucleus. This
presented a major problem. What was this problem?

b) What did Bohr do differently to solve the problem in 6« above?

¢) List four fealures of the Bohr model of the atom. (pp. 299-304)
D

2)

3)

-4

d) What were the primary data which Bohr's theory had to explain? (pp. 299-304)

W Wave-Particle Duality
7a) Briefly state what modern scienlists believe regarding the nature of matter. (pp. 295-7).

b) What are the conditions under which wave-particle duality becomes important in the ordinary world? (pp. 265-6)

¢)  State the Heisenberg Uncertainty principle. (p. 303)

Y
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Chemistry 1010, Module 7A
M Wave-Particle Duality (continued)

d

€}

de Broglie postulated that matter, like light, has a dual nature and postulated a formula for calculating the
wavelength of electromagnetic radiation associated with matter of a given mass and speed. State that equation,
(pp. 295-7)

Define Planck's constant, h, in Joules. (p. 293, h = 6.626 * 10-3% F*5)

v v v B Wavefunctions and Quantum Numbers
8a) Now we know that the electron has both wave and particle properties and can be described by a mathematical

b)

c)

€}

1

g2

expression which allows you to calculate all the properties of the electron. This expression is called the
wavetunction. Define wavefunction. (p 305) { A mathematical expression that describes the pquc‘.Ic—z as a
{unci'ion of the porIicIc’S coordinatas. Given the symI;voI li‘)

Define atomic orbital (p 305) (A region of space that an electron can occmpy.)

Define quantum number (pp 30?-9) {(MNumbaer which most be used in the expression fov the wave.func.ﬂon

to be able to calculate the allowed energies.)

List the symbols of the four quantum numbers used to characterize an electron in an atom, the names of each,
the physical properties to which each is related, and the range of each. (pp. 307-12) MEMOQRIZE

Symbol [Name IPhysical Property [Range of Values
| [ lio which it is :iclatcd T |
| Princy | SiZ2& Qi em,aﬂ o | an o
n IPQua»f-ﬁxm# | or bita 1 | n t, 2, 3; 4
languler | ' | e
ﬂ IMﬁu‘},'#‘ 1g(ﬂa_?g of crbital |/(‘O; £, 2. &7 ,I)

')'y‘ :majm'%c,%#' :grﬂe,n'{’fx'f‘lo*n o‘r orbr{n\ lfm: 0) t;} T 2) v s ‘i'_L
S :gpm %.# Il,gl,nred'?m of Spin of e” : + "/1 , o

Define shell as related 1o atomic orbitals. (;A seiuf atomic orbitals with the same valae o]c the n quantum

numbey.)

Define subshell as related to atomic orbitals. (A set of atomic orbitals with the same value of the n and |

guanfum numbers, )

Complete the following table:

I
0

| | ;
s | P

£ value

I

! | 2
I
|

I
|
d |+

4
¥

type of orbital

v v v BElectron Density, Atomic Orbitals, and Energy-Level Diagrams
94y A. Define electron clensity. ((:":Ie_c_frcm d’ensify is the pvobabiIiIY of finding the electron al a paﬁic_udqr

point if it is treated as a parﬁc]e ar the "thickness" of the eloud if the eleciron is treated as a

wave,)
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v v v BAtomic Orbitals, Electron Density, and Energy-Level Diagrams (continued)
B. How is the electron density of an electron related to its wave function? (p. 306)

C. Define node with respect to a wave function. (p. 309

b) Sketch the following orbitals of the hydrogen atom. (pp. 309-10)

s orbital: lﬂ' lp orbitals:

9¢) Draw and label an energy level diagram showing all orbitals in the lowest four encrgy levels. MEMORIZE

A - —— — — - 4f

v v v B Writing Electronic Configurations
10a) A. State the Aufbau Principle. (p. 317}

B. State the Pauli Exclusion Principle‘ (p 310) 312) Two electrons cannct occupy the same regioh o{
space=-i.e. Le in the same orbital—unless +l'\ey have opposite spins. An alternate way c‘f: stating it

is thal ne bve electrons in an atom can have all {ouv quantfum numbers the some..)

C. Define degenerate with respect to atomic orbitals. (p. 309) (Having the same energy.)

D. State Hund's rule regarding the manner in which electrons fill into atomic orbitals. (p. 318)

b) What is the “ground state” of an atom? (p. 300)
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v v v B Writing Electronic Configurations (continued)

<)

Use the information in ¢ above to show the orbitals in which electrons are located if the indicated atom is in its
ground state.
Atom: H #es: L VAtom: He #e's: L Atom: Li #es: B
—_——— _—2 1 —_———2
—2s P — 28 P —12s P
E :1--»- 1s E :-U/— Is E 1—L Is
) ! . 2z , z f
Summary of € s: [s — Summary of e s: (s Summary of €™ 3: [s*2s
Atom: Be #e sﬂ Atom: B #e ’s:i Atom: C #e's:
1
1 —_———2 aw, L—— 1.1
T —L2s P —2s p ﬂ2s %
E 1."- 1s E ,l.-lf- 1s E & 1s

, L1792
Summary of e o5 28"

0
Summary of £ &

1251. pA

Summary af ;"s: / ) gf

10d) The “summaries” of the location of electrons as shown above are called electronic configurations. While
electronic configurations can be oblained from energy-level diagrams as shown in J above, it is easier to obtain
them from a simple mnemonic. Draw that mnemonic below, (p. 323)

€)

Write the order in which electrons usually fill into atomic orbitals using the mnemonic above. {p. 323)

MEMORIZE

An alternative to the mnemonic above is to use the periadic table to remember the order in which the atomic
orbitals are filled. List which groups correspond to which subshells and in which energy shell each subshell
starts.
Subshell Groups Energy shell where subshell starts
. TA — A l
b IwA — NICA 2
p Tramsihion
; "B elements (i) 3
Lamthasades ¢ 4
f Achnides
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Name

v'v v BWriting Electronic Configurations (continued)
£) Write the ground state electronic configurations of the following atoms. (pp. 317-24)

|Species/
[No. electrons|

|Electronic Configuration

I[Species/

|Electronic Configuration

[INo. electrons]

S. | Al I c |
| i 1522522r.'363523p1 " | 1529522[')2
| i3 e | |6 es |
A1 S Ry “ZP"'B 3 2 i Mg i/ 2702 g 2
| I §°4L8 Y Il | /=48 b As
| 16 ebl LI es g
B. | Ne I Sb | [5%2522p¢3s2 3ptis? 3d'°
| 2 9.2 . _
10, /st 51, | Ayt 5
C. | Fr i!smswggg 524‘1%’4'0 I Cl II t9atIpi3an 2 6
| ; 4 65524 p R £ I | st4pt3st 3
| 8F | ba 4% épt L F e F P
D.I P I Se I!slzs’-lp"%s"g,ou}sa..? e
| | Is22522p435* 3,3 I |
l [5 e's r i I 34 e's | A/Pq
E. | B ugzzs 20 3s* 3pL Hs2 34" st | Is2 252 2 pt 357 %pé sz
| I S L
1350 pE 38 oy FAr APt ST
10h) When anions are formed, electrons are added to additional orbitals in the same manner as for atoms above.

When cations are formed, electrons are removed from the orbital with the highest value of # (if two subshells
have the same value of n, they are lost from the one with the higher value of { first). For most atoms this
means when cations are formed, the electrons are lost from the last subshell into which electrons were placed.
Write the electronic configurations for the atom. Then remove or add electrons to form the given ion,

S ¢ I ct |
| | 1s%2s82p° I | 1522520,
| ¢ es | 5 es |
A | Na L 2 D 6o I Nat | 2o 25 &
| | [s225%2p° Fs I | [s225%2p
L e F I 10 e |
B. | Al | Js 225> 2pt 35* 3p’ 'I: A : zg‘ZQz,Zp"
| |
N L 10 e |
s 22 ¢
© || > :}SZZ.S‘ZZPLg-‘SZqu i - [ fgzzszzf"’gs 3’9
| [ e's | il g e's |
Dy P L 2902 ¢ 2.22 3 I P ) s "; '
15 o e 2%2p¢ 357 3p |7 | [s72s22p 35 2p
N (ger 3ot | o2 262 2,4 362 34
' Pjs22g%2 I | o 2 ;
| /‘71 e's |/5> Zs P ?)S' P il {6 e's | §TeS F ° P
F. | K N I K+ .
I 1(51252 2.Ff- 35?-3'&1,45\: I | /s‘"‘ZS‘?‘Zf)".gSZ gfg,
l /51 es | I 18 o5 |
G 1 I |{5225"2P63523P54S‘2 LTt | Is* 25%2p% 3523p6 Hs?
153 o | Bal® 4 55+ 4el” 5e° 15 . 3 4peEsEad SP"
H | Se {52287 2p° 357 3pt Hg2 I Se2+ 1/5225%2pb3s? 3{05492
! I |
34 |34 4" EEEPNEL U

1719
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Chemistry 1010, Module 7A
WChallenge Questions

A. The energy of an electron in a hydrogen atom is given by the equation Ep = - 2.179%10°18 1/n2. Calculate the
energy difference between the 2nd and 3rd energy levels in the hydrogen atom.

B. The energy of an electron in a hydrogen atom is given by the equation B = - 2, 179%10-18 3/n2. Calculate the
ionization polential of hydrogen. FYT: The ionization potential is the energy required to totally remove an
electron from an atomn, i.e. to move it from the wherever it is 0 the n = o level.

C. The energy of an electron in a hydrogen atom is given by the equation B, = - 2. 179%10°18 1/42. Draw an
energy level diagram showing the four lowest energy levels for the electron in a hydrogen atom being sure to
indicate the energies of each on the axis.

D. The energy of an electron in a hydrogen atom is given by the equation Ey = - 2.179% 10-18 12, State this
relationship verbally. (i.e. State how E and n are related.)

E. The energy of an electron in a one-electron system is given by the equation En = -2.1 79%10-18 72/n2 ),
where Z is the alomic number, What is the relationship between the n = 2 energy level of H and He™?

F. What is the wavelength associated with a 5.0 ounce baseball thrown at 95 miles/hour? (l6oz=1Ib,
5280 ft = 1 mile)

G.  Which of the following correctly states the relationship between the n = 2 level of a He™ atom
(in which Z = 2) and then =2 level of & Li*2 ion {in which Z = 3)?

W Bonding/Model Activity to Improve Ability to Visualize in 3-D
Use the molecular model set you purchased for this course to assemble a model which has a tetrahedral shape.

Revised by Shay Vines, Spring 1997; Fall 1998; Mike Adams, Fall 1999; Donna Howell, Fall
2000; JWC, Fall 2001; SJB, Fall, 2002
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