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Name Date Class

Electrons in Atoms o '

section 5.1 Light and Quantized Energy

In your textbook, read about the wave nature of light.

Use each of the terms below just once to complete the passage.

~-amplittde EREFe- Fraquency— ~herz—
<light- wave wravetermgtir— ~speeeh
Electromagnetic radiation is a kind of (1) __€Ne€ TQ‘,! that behaves like a(n) - : |
(2) ol as it travels through space. (3) ‘ \o\\lé‘ is one type of “

electromagnetlc radiation. Other examples include X rays, radlo waves, and microwaves,

All waves can be characterized by their wavelength, amplitude, frequency, and

(4) . The shortest distance between equivalent points on a continuous wave is
called a(n) (5) W\Q"OM/\ . The height of a wave from the origin to a crest or from the
origin to a trough is the (6) @WV‘Q\"LAQ )] 'F‘eq add G'"I _ is the number of @

waves that pass a given point in one second. The SI unit for frequency is the

(8) ex , which is equivalent to one wave per second.

Use the figure to answer the following questions.

AN

9. Which letter(s) represent one wavelength? . p ) C
10. Which letter(s) represent the amplitude? B

11. If twice the length of A passes a stationary point every second, what is the frequency of

the wave? (‘ ;
A"D-umz- 0615 L\ w'-gc%: Ll “
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Name Date Class

Section 5.1 continued

In your te;wtbook read about the particle nature of Iight
Circle the letter of the choice that best completes the statement or answers the question.

12. A(n) M= C is the minimum amount of energy that can be lost or ga.med by an atom.

a. valence electron- _b. electron @quantum d. Planck’s constant
13. According to Planck’s theory, for a given frequency, v, matter can emit or absorb energy

only in

a. units of hertz. ¢. entire wavelengths.

®Whole-number multiples of Av. d. multiples of %:hv, %hv, and so on.

14. The ____ is the phenomenon in which electrons are emitted from a metal’s surface
when light of a certain frequency shines on it.
a. quantum b. Planck concept <. photon effect @hotoelecu-ic effect
15. Which equation would you use to calculate the energy of a photon?
a. E ron = #v X Planck’s constant . . Epoton = é hv
{ b"Ephoton = hv . o d. c=Av

In your textbook, read about atomic emission spectra.
For each statement below, write frue or false.

j&fﬂ_ 16. Like the visible spectrum, an atomic emission spectrum is a continuous
range of colors.

—Tt‘be- 17. Each element has a uniqﬁe atomic emission spectrum,

TM 18. A flame test can be used to identify the presence of certain elements in
a compound.

_nue_ 19. The fact that only certain colors appear in an element’s atomic emission

spectrum indicates that only certain frequencies of light are emitted. .

‘Fo«\SC 20. Atomic emission spectra can be explained by the wave model of light.

F‘ASQ 21. The neon atoms in a neon sign emit their characteristic color of light as
they absorb energy. (oksolo Srodd S ﬂ'«l@Se\
TWQ 22. When an atom emits light, photons having certain specific energies are
being emitted.
B I A et
Qv\@‘a‘ei
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Name " Date Class

sections2 Quantum Theory and the Atom

In your textbook, read about the Bohr model of the atom.

Use each of the terms below to complete the statements.

atomic emission spectrum electron . frequencies ground state
higher energy levels fower

1. The lowest allowable energy state of an atom is called its g\]\“tﬁ»"'\’l 5)(\'1'6'

2. Bohr’s model of the atom predicted the iﬂtﬂg‘: ) of the lines in
hydrogen’s atomic emission spectrum.

3. According to Bohr’s atomic model, the smaller an electron’s orbit, the

ower _ the atom’s energy level.

4. According to Bohr’s atomic model, the larger an electron’s orbit, the

bé‘\fe( the atom’s energy level.

5. Bohr proposed that when energy is added to a hydrogen atom, its

<&

O\EE\'\‘ov\ moves to a higher-energy orbit. |

6. According to Bohr’s atomic model, the hydrogen atom emits a photon corresponding to

the difference between the CY\B\E\IJ \e\dg 7 _ associated with the two,
orbits it transitions between.

7. Bohr’s atomic model failed to explain the pt\uw\k_ E’*‘\ﬁh" gﬁx':\“""" of elements
other than hydrogen. |

In your textbook, read about the quantum mechanical model of the atom.
Answer the following questions.

8. If you looked closely, could you see the wavelength of a fast-moving car? Explain
YOUT answer.

No. A ammw(ﬁﬂlo@ n.ou»&;} (oowq-:\'\ ("\53"“15\ wedd have o
asdleadh o¥ Azh | CQ60Y T 20046%%m . To.
v

Qloids

9. Using de Broglie’s equation, A = 7% hicm;{}l have the larger wavelength, a

slow-mqving proton or a fast-moving golf ball? Explain your answer.

yright

Tor hvmang o see &
bethtooan  Yxle) . T

Pdon: X h _ 6.0¥r0™as | 1A% oM GBIl Y (0T Smie

~

W (1er10%%)(5) o (osiast)
’ﬂ'\c Pfém has Qo\r:vfjl\ smaller mass Han < ab\'Pb‘Lu, N
o
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Section 5.2 continued

In your textbook, read about the Heisenberg uncertainty principle.

For each item in Column A, write the letter of the matching item in Column B. ‘
Column A * Column B 1

L 10. The modern model of the atom that treats electrons a. Heisenberg uncertamty
as waves principle
_A_ 11. States that it is impossible to know both the velocity b. Schridinger wave equation

and the position of a particle at the same time

€. quantum mechanical model
12. A three-dimensional region around the nucleus _ of the atom

. representing the probability of finding an electron . ]
d. atomic orbital

__B_ 13. Originally applied to the hydrogen atom, it led to the
quantum mechanical model of the atom i

Answer the following question.

14. How do the Bohr model and the quantum mechanical model of the atom differ in how
they describe electrons?

Bo\\r- e\«:“mn’; Move  in Cet’l'am er\em-f \e\el,zl - ev\:Lé Ceﬂl'n}r\ -Tjuoud(olc orLJu:k ‘ ‘
-[;E h;i[%’“ + g ’ovFl low o<b L
1.6‘3 Jk OTD'DJ) “‘1 J 'F‘MLM an 6'¢¢"’°n d'Fa, WF\C | 1
lbm"h’f\ n "'HM a’“ _ '

!

In your textbook, read about hydrogen’s atomic orb:tals.

In the space at the left, write the term in parentheses thatr correctly complétes’ the
statement,
AD (A 6\' _15. Atomic orbitals (doave an exactly defined size. ‘
, ’I‘w& . 16. Each orbital may contain at most four) elecirons. . |
ﬁf&m&iﬁ\i‘i 17. All s orbitals are ( d, dumbbell shaped).
A 18. A principal energy has (n, @ nergy sublevels. .

principal energy level equ

;_Ckm__ 19, The maximum mumber o@ orbitals) related to each |
7z,

20. There ax@ five) equal energy p orbitals.

_IA_S_QWL__L 21. Hydrogen'’s principal energy level 2 consists of (2s and 35@

dorbitals.

.'d
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el 22. Hydrogen's principal energy level 3 consists of (ninethree)
orbitals.

(%
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Section 5.3 Electron Configuration

In your textbook, read about ground-state efectron configurations,

Use each of the terms below just once to complete the passage.

Aufbau principle electron configuration ground-state electron configuration
lowest Paull exclusion principle  spins

The arrangement of electrons in an atom js called the atom’s
(1 eleO‘\'oh CDRB&OM N _ . Electrons in an atom ten

that gives the atom the (2) lowﬁ'S‘

of electrons is the most (3)_&&‘3
skle. o

atom’s {(4)

d to assume the arrangement

possible energy. This arrangement

arrangement and is called the

(5) AJH‘)M r\)rw states that each electron occupies the lowest energy

orbital available. The (6) ol cl ion €__ states that g maximum of two

electrons may occupy a single atomic orbital, but only if the electrons have opposite
¢))] thna .{8) Hul\l\s Rule
electrons with the same spin must occupy each equal-energy orbital before additional

electrons with Opposite spins occupy the same orbitals.

States that single

Complete the following table,

Hund’s rule
stable

( Element Atomic Number _ Orbitals

1s 2s 2p, Zpy 2p,

Electron Configuration j

9. Helium ‘ g -m 152
10. Nopen | ; W WD 0D 53907
L11. Neon ] (O EFI, - lsﬁ 35? gfd
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Name Date Class

Section 5.3 continued

Answer the following questions.
12. What is germanium’s atomic number? How many electrons does germanium have?
P >N : Ve
13. What is noble-gas notation, and why i 1s it nsed to write electron configurations?
5 a mc‘“\né gge,gew Ao, elecl'mn COKFi‘ourd" o'? ncJole qQS:S‘ Curl“\

compate_odrr Shls |
M—M_uiih% dechion coi%?)r&?w eadior.

14. Write the ground-state electron configuration of a germanium atom, using noble-gas
notation.
! > 10§; D 272410
‘[P*a ts 2d L[f) 122595 223" 4N L\e

In your textbook, read about valence electrons.

Circle the letter of the choice that best completes the statement or answers the question.

15. The electrons in an atom'’s outermost orbitals are callgd
a. electron dots. b. quantum electrons.. alence electrons. d. noble-gas electrons.

16. In an electron-dot structure, the element’s symbol represents the
a. nucleus of the noble gas closest to the atom in the periodic table.
b. atom’s nucleus and inner-level electrons.
atom’s valence electrons.
d. electrons of the noble gas closest to the atom in the periodic table.

17. How many valence electrons does a chlorine atom have if its electron configuration
is [Ne]3s23p3?

'a. 3 b, 21 ¢ 5

18. Given boron’s electron configuration of [He]2s%2p?, which of the following represents its
electron-dot structure?

-Be- -1’:1- . ¢ B d. Be

19. Given beryllium’s electron configuration of 152252, which of the following represents its
electron-dot structure?

(G)Be: b. B c. i d. Be
Zo.gich electrons are represented by the dots in an electron-dot structure?
a

./valence electrons " ¢. only s electrons
b. inner-level electrons d. bothasandc

©
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Express the following numbers in scientific
notation. Keep three digiis | ,t_.hree dlglt.s in your answer.

1.
2.
3.
4. 93 100 000 4 '5\ o'
5.

6.
7.

Exponents and Scientific Notation

EXERCISES

1930 (43 MTeSe
262 000 .GIAO°
71 400 T\uxlo'

704 T1.04 v 0°
00718 1.1 x5"
0.000 0672 G ¥~

8- 26-1 a-falrlO

9,

0.195 1.45 wto“

10, 7790 19 0>

i1

. 0.000001 34 I:ﬂxw"

12. 55.6000 5 .56 *\O
13, 2040 9.-A4xlO®
14, 0.00621 G.3\~ ~(0>

Expre>s ‘HM"F“UO " wwibers |
esg‘,anleé% wing Auwbers o

5 looxto? /o000
6. 100 x16°¢ ©.000C01
1. Uag xlo™S ©O-0000433

1g. 2.006 » 108
200, 000, 000

qu G.Gacrto:sq

G.wooooooooomwooooooooowooo@é

2. G.03x 0%

T G0 p0g00000Ge0GPoGE0qe00
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Arithmetic Operations in Scientific Notation

Suppose you need to add or subtract measurements expressed in
scientific notation, M X 10", The measurements must be expressed in

the same powers of 10 and the samé units.

' Addition and Subtraction Using Scientific Notation

Solve the following problems. Express the answers in sdentific notation.

4X108m+3x108m
4.1 X 1076 kg — 3.0 X 107" kg
4.02 X 105 m + 1.89 X 102 m

Calculate Your Answer

Sb'alltegy:
a. If the numbers have the same exponent, n, add or -
subtract the values of M and keep the same n.".

b. If the exponents are not the same, move the decimal to
the left or right until they are the same. Then add or
subtract M. ' _

c. If the magnitude of one number is quite srnall when
compared to the other number, its effect on the larger
number is insignificant. The smaller nurmber can be

treated as zero.

Calculations:
4%X108m+3X108m
={4+3)x108m
=7X108m

41X 107 6kg—3.0X 10" kg
=4.1X10"6kg—0.30 X 10~ Skg

= (4.1 — 0.30) X 10 “S kg
=38X 10" %)kg

402% 10°m + 1.89 X 102 m
=40200X 10?m + 1.89 X 102 m

= (40 200 + 1.89) X 102 m
= 40 201.89 X 102 m

= 4.020 189 X 105 m
=4.02 X 106 m

Solve the following problems. Write your answers in scientific notation.

6. 2. 5% 107 7kg+3 X 107 kg =B3* 10 I
b 4X 103 kg+3 X 103 kg= >0 iy

€ 1.66 X 107 kg + 2.30 X 10719 kg = 3.96 wlo? LA

d. 7.2 X 1072 kg - 2.6 X 10712 kg = Y.(, wl0""

7.2.6X10785m?2 -4 X 1078 m2 > Yrlod 4>

b. 3.8 X 10712 m2 — 1,90 X 1071 m2 OO = 2B xl
~ >
N w = Ll_(,irw Ll

C58X1077m2- 28X 10" m? = {07 >

d 226X 1078 m2 - 18x10718 2 . UG w

e .

N 1.ax" s - 1520 2




Muiltiplication and Division Using Scientific Notation

‘ (
subtract the exponent of the divisor from the exponent of the dividend. If
one unit is 5 multiple of the other, convert to the same unit, :

Find the value of each of the following quantities,
a. (4 X 103 kg)(5 x 101 m)

106 m3 : » : i
- 8 X 10_ 3m : i’ Scientific Notation
2X107m H Using a calculator s:mlplifiesl: ,
g ithmetic opera- .
Calculate Your Answer : | | gsn"f:gg"r‘lﬂ Fbere I solot
Strategy: Calculations: ' notation. 8 108 kg
a. Multiply the values of A (4 X 10% kg)(5 x 101 m) = (4 X 5) x 103 + kg'm X0 m .
and add the exponents, n, =20 X 1014 kg : Keys . Display
Multiply the units, < 2% 10 kgn & ‘HolClala) 806
: : , 2 (2) (=) e
b. Divide the values of 5 8 X 106 m3 =8 106-(-3) 32 | @ B30 &
and subtract the exponent 2X1073m2 " g 10. m Answer - . oL
of the divisor from the —4X10°m & 4% 10° kg/m®

exponent of the dividend,

| 40X 10~%kg — 30 X 10~ kg
oy
(a0 B9 (=) 4500
L BDBDE D]
Find the value of eqch of the following quantities, L ' L g?ﬁu;a;'s kg
9. 2. (2 X 10* m)(4 x 108 m) = =™ 40 A N :
b. (3 X 10¢ m)(2 x 196 m) = Gx[0'°p®
(6 X 1074 m)(5 X 108 1) ; 3gpm 101> - 50 s A
"d.(2.5 % 10-7 m)(2.5 X 1016 ) - 635« l0* >

6 X 108 kg 46X 1078 v
10. - "-_—‘—'—-':. *IO m = y
a 2>(104[n3 3 < 2x104s 3,"0

8 -
b0 X 10k 30 g 6X 1078y
2X 1074 m3 : 2X 1074

(3% 10 kg)(a x 10 m) 4
1. a, - z
a 6X 10%5 *1o

b, -5 X 10°kg)(6 x 10 m) U Toxs
5X 10-2 42 il

ractice Prol

= 3=[0_q




Wave Calculations

, Use the formula wave speed = wavelength x frequency (c = Z.u) to complete the following
problems.

1. After careful analysis, an electromagnetic wave is found to have a frequency of 7.8 x 10° Hz
What is the speed of the wave?

210" "

2. Objects get their colors from reﬂectmg only certain wavelengths when hit with white light. L1ght
reflected from a green leaf is found to have a wavelength of 4.90 x 107 m. What is the frequency
of the light? The speed of light () = 3.00 x 10® m/s.

0 _,___C___ 3*!08"'/5 I@_L)N,OH H.
410 '™ -

3. X-rays can penetrate body tissues and are widely used to diagnose and treat disorders of internal
body tissues. What is the wavelength of an X-ray with a frequency of 2.61 x 10'® Hz?

. C 2k
YA

4. While an FM radio station broadcasts at a frequency of 101.9 MHz (1.019 x 10® Hz), an AM
station broadcasts at a frequency of 660 kHz (6.60 x 10° Hz). What are the wavelengths of the
broadcasts? Which of the 2 drawings below corresponds to the FM station? To the AM station?

@A < 310 % m dhowig 8

O - [ o[-0

¢ 30 «.Jm
/\ S ('_grosuz-‘@ =y

-6

- 14975 m

®
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Name:

AU
Worksheet- Electromagnetic Radiation »\: ctﬂb(ﬂ"w g

Esh) - he
A

Period:

Fill in the following table dealing with wavelength, frequency, and energy for-
electromagnetic waves. All travel at the speed of light. Show your work for each on the

back of this page.
C. /\ \) E
Velocity (m/s) Wavelength (m) Frequency (Hz) Energy (J) )
<3N "
g reled § " @L}GHIO %.“md
30 Seme” SO, ssox10 3T
€. 4I5-lcD
g 3"'0 .18 lO g 'E‘: T 15
u G-6)o>10 : 475x 10
39",0 Jam0 7.0 Ha | g
< e (C-C36~037 ) (A0
ok 3.07 0=‘;=3—:j;—‘1-'""‘3 e
N | CYINOTT
g |2 3 W [(Geens )5
2|0 oot 21O " 5.20x 10 3 Ysmoty
3::(03 oy :_g__ - riot? .
2| Og e = (o310 U>% Cederic™ 3.00x 10™
- '-LS?)WIOM 'H1 /L :\K \
8 ] 3, u |(E-C3ex10% fe3)of
20 GTRI0T i GOy (g5t
5 318 3 N TR
3" [0 i5smes ” (G AN 3.00x 10°"*
3 4.5y x10° He ,L : %G )
1 3 G-GICHMY3.95+0"
> . —15°\"l0'- 3.95 x 104
S0 e i Y2 e
3 I a (&-636x5>Y)( 10T
-10 e = M
I = s R v
g  [3w10% € L6109 (3554)
2|0 s 3 ‘9.55x107 LC, 3l
% 2108 )= LSSt
3+10 ST eYARTy VR G-eaertc™ 550x 107*
‘ "~ 300" K




ELECTRON CONFIGURATION Name
(LEVEL ONE) |

Electrons are distributed in the electron cloud into pnnclpal energy levels (1,2,3, ...),
sublevels (s, p, d, ), orbitals (s has 1, p has 3, d has 5, f has 7) and $pin (two elec’rrons

allowed per orbitai).

Example: Draw the electron configuration of sodium (atomic #11).
Answer: 152 2s? 2p¢  3s
[ 1

Draw the electron configurations of the folbwing atoms.

1. Cl \3') 359 aec’ '_-54\:)'3 & .,e[a:‘vcm. CDAEG\
A %O |
ALY N o war
s 3 % X% 3p e
2. N | \$ 3 3%
| e :
WO 1T
ls IS 99
3. Al . \S) g‘s'i‘ ae(. 35" ’Sf’\
e |
Lo wan 8t
s 98 op s 3'9
o %@
p &%
LV PR
ls  Js | 2P

Chemlstry IF8766 29 elnstructional Falr, Inc.
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ELECTRON CONFIGURATION Name
- (LEVEL TWO) .

At atomic number greater than 18, the sublevels begln fo fill out of order. A good
approximation of the order of filling can be determined using the diagonal rule.

is filled, then the 3d.

\% sublevel Is filled, the 4s

Draw the electron configurations of the following atoms.

3 | | e o
M IS Q‘o(’ 383 s Ipust
2.V

P 43 15"3333963593#%3 3d° [A U 3d3

3. Co

e &0 9 'JFC" 2 3':’"° L-i‘s-: 3 ! [Aa LlS;BCP

4. 7Zr

w2i0 Q520 3573034 Yo" 5544 ’ lEerlSs'”‘M)

(&

' N
Chemistry IF8766 30 :  ®lnstructional Falr, In¢.




Electron Configurations V\]orksheet

Write the comp!ete-grohnd state electron configurations for the following:

1) ”‘; lithjum ISD 33‘

2) " g oxygen ! 33 apq

3) Jocalum S o5 39635 39 4s°

4) P titanium ’S 98 D-p ?)s 3 "‘fs Sq[

5) B rubidium '5 35)91)635 ‘3ch(8 31:1101'{ ('SS

6) %? lead /s°&s gp ?)SDBPQQSWW"{ 553'“'05 GC:S)L"FNSJNC’ ¥
7) e rbium ! s’ Dpc's 3 (.q DBJlGpr 58 “H Spgéso qf‘)

Write the abbreviated ground state electron configurations for the following:
8) 7 helium N

g N nitrogen LHG—l s DP

10) ' chlorine [Ned 30 ?)P

11)3%iron AR

12) Y zinc D)"l 5y X i

13)% “ barium D(el GS)

14) 39 polonium [XC__& < us™ 5‘“0 C"l'-’Ll

g

For more practice, visit wew.chemfiesta.com © 2006 Cavalcade Publishing, All Rights Reserved I




Electron Configuration Practice Worksheet

In the space below, write the unabbreviated electron conf:gurations of the
following elements

1) ** sodium \5 ‘)D G?ISI

2) 3% jron lS 3539963533‘0';({3 3d e

3) 35 bromine IS)QS‘:QPf° ""5p‘ ‘ls’")cl‘ L‘p

4) s¢ barium 535> D GSS)SPGL{S &mlﬁoe S5s° (HNS Gy

5) A5 neptunium ’83599p635°3 qsowlbqpCSs"meﬁPGé&aq‘F'SJW c—ﬁ hYd

6) 97 cobalt [$5 9p‘3s 3¢ Y53

7) Wsilver '5995739638739”{3 -.?)czlul L’P SS L{clﬁ

8) 53 tellurium IS %QJP 33 39“{5’30’ w(‘lp‘s QL“‘OSP

9) ¥% radium ,SJDS 3(’ 3s Sp‘LfS}aJ HPG%O‘U 65'9 CGS {'{‘Fwﬁ mé ‘78

10) (s3lawrencium IS 939 35')395? 3J|0¢rp65$ LHWS ‘G‘ lfrms‘:]léf’ 755?”6&

Determine what elements are denoted by the following electron conﬂguratlons

11)  1s?2s?2pf3s?apt _ Suttoe
12)  1s%2s%2p°3s23p°4s?3d %4p®ss’ Rerlinm

13)  15%25%2p®3s23p®4s?4d'04p° Beommine
14)  1s°2s?2p°3s?3p° Clocrne

Need homework help? Visit www.chemfiesta.com |

©




Write the shortcut electron configuration for each

sodium . - LNa 3’3‘

1)
2)"
3)
4)
5)

6)
7
8)
9)

- 10)

Determine what elements are denoted by the following electron configurations:

11)
12)
13)
14)
15)

Need homework help? Visit www.chemfiesta.com |

iron - EQFSLL&" ?ﬂ b

bromine . EA(_\L(S)BJML(?S.

barium D(c—l Q)S')

neptunium CRn) 15°5F >

cobalt D%J Llﬁqt‘ﬂ'-)

silver Dﬂ 53'; (qu

tellurium U\ 55 qJ|o5Pq

rédium CQ—'\—] 783

lawrencium m’% 7S>510|L'66( I

(NejasZap?! _ Sutfer
(Kr)ss1 - %’&tow
[Kr] 55%4d'%5p° _Prvdoneny

Xe] 6s24f*5d°  Osyntom

[Rn] 7s%5f" “o\mibws




