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Model: Two Isotopes of Sodium

| The diagrams below show re
diameter of an atom is about 10

lsotope1

23

Na
11

Isotope 2

24
Na
11

presentations of sodium isotopes. [Note: the

Nucleus —a tiny dot
(11 protons, 12 neutrons)

- ]
electron e -1 9.109 x 10-311kg 1 HO__\
P‘\__M_,_ ———————— ——— ———r .
proton p* +1 1.673x 1027kg | 1
- F ! N s
neutron no 0 1.675 x 1027 kg 1 ’
S e — G, VS j | — - R —

2. What information is provided by the mass number, A?

g)‘rﬁvm t nevtren)
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Atoms and their [sotopes

they ae the sama

4. Because of the relationshi
electrons in an atom, wha

O

0. Where are the protons and neutrons located in an atom?

p between the number of protons and number of
t 1s the electrical charge of an atom?

nutlevs
6. Wiat?do the two sodium isotopes shown in the model have in common with each
other:
#071 pIIZN

7. How do the two sodium isotopes shown in the model differ from each other?

¥ of neutrens + Mass #

8. What distinguishes an atom of one element from an atom of another element?

H of P'ﬂ fons

Exercises
1. Describe the similarities between >Cl, and ¥’/ .

meh#wWM%S

2. Describe the differences between >CI, and (I .

massS # v+ #gf nevtrens

3. Write the atomic symbols for two isotopes of carbon, C, one with 6 neutrons
and the other with 7 neutrons.

13 /3
(OC (pC
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tvor } on 1 following table.
4. Use a periodic table to fill in the missing information in the

Number of
Electrons

Problems

1. The radius ofg (] nu

fm =1 x 10-15 m\l pm =1 x 10-12 m).How
of the Chlorine ath than the diamet,

2. Identify two objects that\nave #his Same ratio of lengths,

1s the volme of the atom than the volume of the
nucleus?
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Give the symbol of and the number of neutrons in one atom of:

(Mass numbers are ALWAYS whole numbers...show your calculations)

Barium l;“ 8 ‘ Bismuth gl /3 b

Carbon C LD Hydrogen H Q

Fluorine F 1O Magnesium Ma | 2
Europium Egg XC‘ Mercury __ ﬁ? (R |

O




10. Name the element which has the following numbers of particles:

a. 26 electrons, 29 neutrons, 26 protons

Tad o

b. 53 protons, 74 neutrons

C. 2electrons (neutral atoms)

d. 20 protons ((MU U\

e. 86 electrons, 125 neutrons, 82 protons

f.  Oneutrons %

11. If you know ONLY t

y OV

Heliomn

\€a A

da. Number of protons \\*“\

b. Number of neutrons

C. Number of electrons in a neutral atom g’-fbx

—_no

d. Number of electrons

12. Fill in the missing

N0

—_— e

items in the table below.

——

——

B et

he following information can you ALWAYS determine what the element is? (Yes/No)

# H ISOTOPIC

NAME SYMBOL Z A # PROTONS ELECTRONS | NEUTRONS ___SYMBOL
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Atomic Structure

Symbol {\tomic Mass | Number | Number | Number of Charge
Number | Number of of Electrons
Protons | Neutrons

e ol | 4 |
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Average Atomic Mass

How are the masses on the periodic table determined?

Why?

Most elements have more than one naturally occurring isotope. As you learned previously, the atoms of
those isotopes have the same atomic number (number of protons), making them belong to the same ele-
ment, burt they have different mass numbers (total number of protons and neutrons) giving them differ-

ent atomic masses. So which mass is put on the periodic table for each element? Is it the most common
isotope’s mass? The heaviest mass? This activity will help answer that question.

Model 1 — A Strip of Magnesium Metal

1. Write in the atomic number for each Mg atom in Model 1.

2. What are the mass numbers of the naturally occurring isotopes of magnesium shown in Model 1?2

Ay, 25, A

3. Do all of the atoms of magnesium in Model 1 have the same atomic mass? Explain.

No ., They ditfer +om QU -3,

4. For the sample of 20 atoms of magnesium shown in Model 1, draw a table indicating the mass
numbers of the three isotopes and the number of atoms of each isotope present.

vont (1Y

AV

5. Which isotope of magnesium is the most common in Model 1?

44 M
Id . . .
6. Based on Model 1 and the table you created in Question 4, for every 10 atoms of magnesium,
approximately how many atoms of each isotope will be found?

QU' 3 25: 1 o)

Average Atomic Mass 1
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Model 2 — Natural Abundance Information for Magnesium

Isotope | Natural Abundance on Earth (%) | Atomic Mass (amu)

“Mg 78.99 23.9850
“Mg 10.00 24,9858

7. Consider the natural abundance information given in Model 2.

&
=
U9

a. Calculate the expected number of atoms of each isotope that will be found in a sample of 20
atoms of Mg. Hint: The number of atoms must be a whole number!

«?‘4/(43’..»!(0 95}’\(3_%2 Q“Mg%c’l—

6. Is Model 1 accurate in its representation of magnesium at the atomic level? Explain.

\¢) bease Wy are 0 TR orret 1dsho

8. If you could pick up a single atom of magnesium and put it on a balance, the mass of that atom
would most likely be amu. Explain your reasoning.

23.9350 amQ bew e tis most ahundatt so we
arc more iy o pick WMQ'

9. Refer to a periodic table and find the box for magnesium.

a. Write down the decimal number shown in that box.
a4 3}

0. Does the decimal number shown on the periodic table for magnesium match any of the
atomic masses listed in Model 2?

NO

q'\1 0. The periodic table does not show the atomic mass of every isotope for an element.

a. Explain why this would be an impractical goal for the periodic table.

e QU the plumaeths hit m N
Bg%un 150 fope 7 WM

b. Is it important td4the average scientist to have information abour a particular isotope of an
element? Explain.

so selentish cant pick gut whicke speatic aten
No berow ity P /

11. What would be a practical wdy of she#ing the mass of magnesium atoms on the periodic table
given that most elements occur as a mixture of isotopes?

(RNCA &QL

12. Propose a possible way to calculate the average atomic mass of 100 magnesium atoms. Your
answer may include a mathematical equation, but it is not required.

f ' ’. M
mulfiple Tha mass by Tt pravdd 1t ocurs @
itk Ry 100 /
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\S\f\ Model 3 — Proposed Average Atomic Mass Calculations

Mary’s Method
N | (78.99)(23.9850 amu) + (10.00)24.9858 amu) + (11.01)(25.9826 amu) 24,3}
| 100 T e

Jack’s Method
B* (0.7899)(23.9850 amu) + (0.1000)(24.9858 amu) + (0.1101)(25.9826 amu) = Qq v 3‘ |

S

Alan’s Method
| 23.9850 amu + 24,9858 amu + 25.9826 amu Y. 4%

e

| 3 1

13. Complete the three proposed calculations for the average atomic mass of magnesium in Model 3.

a\14. Consider the calculations in Model 3.

a. Which methods shown in Model 3 give an answer for average atomic mass that matches the
mass of magnesium on the periodic table?

\\h(w‘g and Joc's muthod

b. Explain why the mathematical reasoning was incorrect for any method(s) in Model 3 thart did
not give the correct answer for average atomic mass (the one on the periodic table).

Ag(,}?‘alwﬂﬂd did net Tkt Info Qeeount how diktn e I0/fops

¢. For the methods in Model 3 that gave the correct answer for average atomic mass, show that
they are mathemarically equivalent methods.

78.99 3.1899

-

R —————— —a

100

15. Use one of the methods in Model 3 that gave the correct answer for average atomic mass to
calculare the average atomic mass for oxygen. Isotope information is provided below. Show all of
your work and check your answer against the mass listed on the periodic table.

Natural Abundance on Earth (%) | Atomic Mass (amu)
20 99.76 15.9949

0.04 16.9991
_*0 | 02 ] 1799

(%0 x15.9449) + (0004 x14441) + (o.ooaom.aaqa)
= 15,9993 amu

Average Aromic Mass 3
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Read This!

Recall tbat all isotopes of an element have the same physical and chemical properties, with the exception
of atomic mass (and for unstable isotopes, radioactivity). Therefore, the periodic table lists a weighted

average atomic mass for each element. In order to calculate this quantity, the natural abundance and
atomic mass of each isotope must be provided. |

RIG. Consider the individual atomic masses for magnesium isotopes given in Model 2.

4. Which isotope has an atomic mass closest to the average atomic mass listed on the periodic

table? a q
Mg

6. Give a mathematical reason for your answer to part 4.

Jing | \ id be (losest
SN w O "“”“JKW'* loy g OCCLIAML 1F Shau

e )G M
17. Boron has two na;gr\j]y o@g rring 16otopes: boron-10 and boron-11. Which isotope is more

abundant on Earth? Use grammatically correct sentences to explain how your group determined
the answer.

" D 1S more awndant on Earth sinw the m«mgz_
odomic mays 1y closer 1o 11 Than O

4 POGIL™ Activities for High School Chemistry
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Extension Questions

Model 4 — Allotropes of Carbon

Black 98.89% Carbon-12
Soft 1.11% Carbon-13

Conductive

——

98.89% Carbon-12
1.11% Carbon-13

Colorless
Very hard

Insulator

!

Diamond

—

18. Consider the information about carbon provided in Model 4.

a. Are diamonds and graphite made from the same element?

'
. Can the exiStlce of isotopes explain the difference in properties between diamond and
graphite? Explain. |
\o beconse- the omposifien st pth at i samee

¢. Propose an explanation for the difference in properties between diamond and graphite.

be tha TN

19. O, and O, (ozone) are allotropes of oxygen. Buckminsterfullerene (C ) is another allotrope
of carbon. Based on these statements and the information in Model 4, propose a definition for

allotrope.

An allohope 13 diflem phipncdt fims an elUmest cat Ly st n

20. Two common forms of phosphorus are red and white. Red phosphorus is fairly stable at room
temperature in air, but white phosphorus can ignite easily when exposed to air. Is this difference
in properties due to the existence of different isotopes of phosphorus or different allotropes?

Explain.
diflerent GMWUP«?LS DI Se. AL phOSJ)}\OTUS shoo &

howe the Samad Omps Siflzm,

Average Atomic Mass 5




mber of this element?

4. What 1S the atomic nu
_». Write the isotopiC S

ymbol for the

< an ion with @ charge of

This atom form
| f this element.

e.
most common isotop€ O
32] 7 >
| ©
rurally occurring isotopes with mass numbers 63 and 65. The
| s: 69.2% for mass=

2 Copper has tWO na
d atomic masses of

relative abundances an

62.93 amu and 30.8% for mass=64.93amu. Calculate the average a

copper 5
o b3




3. Samples of an unknown element X were collected and their masses were recorded.
Use the information presented in the data table to answer the following questions:

% Abundance
9.67
78.68
11.34
0.31

37.765

40.003
41.060

a. Determine the mass number for each isotope of element X.
| % 5§ 4> 4l
2 39

3240
b. What is the most common isotope of element X?

39X L) 3ofpe & 2

c. Calculate the average atomic mass of elements X.

( 09 67 x '57.7@53 3 ( : 1508 ~ 3q,oS(03 ﬁ(.\l'iqx Ho.003) 1

(03] Lh.ouo\
(0031 x = 39.045 g0

d. Use your periodic table to identify element X.

K

e. What is the atomic number of this element?

9

f. This atom forms an ion with a charge of 1+. Write the isotopic symbol for the
most common isotope of this element.




2. What happens to white light when i
S‘)\HS N hghf ot
Why are the color labels in the table in Model 1 plural (e, ©

Reds” rather than * Red”)?
le&Cﬂ‘f Shades of red TT)KL/ nove (ifterent émﬂm ahd wawlmyﬂr

Do all colors of Jight travel at the.same s eed?
Y&

3.00 x10% m|s

o all colors of light have the same energy? If no, which colors have the highest energy and the
least energy, respectively?

No > violet hastne highust | red has The lowrst
)

. Jeonsider the light illustrated in Model 1.

2. Which color corresponds to the longest wavelengths?
(€03

b. Which color corresponds to the shortest wavelengths?

\Nholer s

¢. Write a sentence that describes the relationship between wavelength and energy of light.

The )Onéuz; The wcwz:\enafh the l€ss €heiqy ( ihverse

( (elat on)/up)

| "] |
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ron Atoms
Model 2 — Emission Spectra for Hydrogen and Bo

Hydrogen
Blue- Blue-
Violet violet green RC'CI
-. ! o,
é o Wavelength (nm)
Boron

8. List the spectral lines for hydro
Vet “H0am , Boevidet -Y3yam A

its light passes through a prism.

0102 (oY Red (nm)
L‘::;(g Ifm (009 LA S
13y




The spectral |; f ' : $
®lydrogi e g:;z Or atoms are like fingerprints for humans.” How do the spectral lines for

N support this statement?

hespeiale (IS are Ungue 17 The Ubntant

Circle the appropriate word to complete each statement in Questions 14—17.

14) Electrons and protons repel) each other.
\ As an electron gets closer to the nucleus the rcpulsion) to the nucleus gets @
weaker). -

@ For an electron to move fro' n energy level close to the nucleus to an energy level far from the

nucleus it would need ¢ lose) energy.

17.) For an electron to move from an energy level far from the nucleus to an energy level close to the

nucleus it would need to (gaienergy.

Read This!

Niels Bohr modified Rutherford’s Nuclear Atom model to explain how light interacted with the electrons
In an atom to produce spectral lines. His model included electrons orbiting the nucleus at specific energy
levels. Electrons absorb energy from various sources (electricity) when they move from lower energy levels
(ground state) to higher energy levels (excited states). Energy is released as electrons return to their lower

energy levels.

[s energy absorbed or released for the electron
ransition shown in the diagram to the right?

Explain.

0losor bed bl¢ the
e'fa[hon ) S OHLj fo

a NG engy Fevel
o ff rads to gun €77
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Model 3 — Bohr Model of a Hydrogen Atom )
A A0 amn - oY m - blve
=

Identify the drawing in Model 3 that depicts a hydrogen atom with an electron moving from
energy level 5 to energy level 2. Refer to Models 1 and 2 for the following questions.

a. Label the picture with “n=5 to n=2" and list the corresponding color of light emitted. U3Y ni—
b. This electron transition (absorbs/ - ergy. 6 \Ue-‘

¢. This electron moves from a (lowe @ energy state to higher) energy state.

d. Is light absorbed or released in the electron transition?

(e\ease é

4 30
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{abel the remaini S
% to n=?), the w:::ﬁﬁ d;lawmgs in Model 3 with the electron transitions that are occurring (n=!
gths and corresponding colors as given in example A in Model 3. See Model

2 in order to ident °
o identify the color of spectral lines produced in each of the hydrogen atom electron

transitions shown i |
ensinons s In Mod.el 3. Use colored pencils to trace the light wave in each of the four
pictures with the appropriate color.

21. Consider the electron transitions in Model 3.

ich of the electron transitions involves the most energy?
0 > 2 (vl ‘}\

ExPlau.l why this transition involves the most energy based on your understanding of the
attractive forces between the electrons and protons in the atom.

S e election 19 bemg pikd foward TR
nveleus The furthas dovgj it quts, Tha_ iy er<
2 WLigy thodt wuldy to b (1 st d

22. Explain why a single atom of hydrogen cannot produce all four hydrogen spectral lines
simultaneously.

¥ oon Wy had ot e tvonr-

23. 1f Question 22 1s true, how can we see all four colors from a hydrogen gas discharge tube
simultaneously?

. Than oNA h\jdw A

(e, O 1T The 1 éM/jy flow ﬁiju

The fsza fhu samt Ul‘(f/d# ;N
Mc}ffd and h”/OK/nOLL /

© 2012, Finn Scientific, Inc. and HSPl—The P
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y the wavelengths of light that are in the visible

range and therefore “seen” by the naked eye. However, many other wavelengths can be detected

gen electron transition that involves light with a wavelength in the ultraviolet
(UV) range (10400 nm).
221 390, 49

gen electron transition that involves light with a wavelength in the infrared
(IR) range (1000-106 nm),
U3 533 b>>

Nl-llm
H AT

; M ¥
. — T e
e T | 1 A

\J VNV

\/
. Which element(s) are not present in the Unknown?

L
b. Which element(s) are in the Unknown?

APRLRNIN

26. Model 2 shows the emiss] ogen and boron. Scientists

absorption spectra for elemen Propoge how this might be done, and
spectra of hydrogen and boron wadd look like.

can also record the
what the absorption

POGIL™ Activities for High School Chemistry
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S 70x1077m 5 (.5%1077 M = T00 - LSOam N7 3 *o h=dd

6. What electron transformation(s) cause(s) UV light to be emitted?

N3 3002t N=Q 40 n= 1, n-Y wn=\




N LGOS (Grved M M g Jse W o problem v

Light and Energy Class Work

 Useful Equations
Complete the following problems on your own paper. c= AV c=2.998 x108 m/s
E= hv h=6.626 x 1034 J*s

inz 1 x10° nm

Use your reference packet!

1. Draw the Bohr Models for Hydrogen, Nitrogen & Aluminum. DomL \UONL,' ()Joou*
TS 0 nJ—

N

2. Li ' A i
. 1ght with a wavelength of 525/\1m Is green. Calculate the frequency for this green light.

4. UV radi
1ation has quency of 6.8 x10" 1/s. What is the energy (in J) for a phaton of UV light?

E > (b.db o 39 TsY (.8 x10°5 H2)
‘@5 x107'% 3

5}.5 -W;;a\tfist © Wavelength and frequency of a photon with-amremerey.c 4 x 10-21 J? % ) @
- _ w - (9495x10°nk

6. A ruby laser produces red i ht that h A4 21079 M

00 nm | v g as a wavelength of 500 ;‘T\ Calculate its energy in joules

3 " : 3
I X[gq N 54107 m Y= (399810 m|

S’)\’O"-)m 2 (OX’O’L{H.L
| E = (b x 10 -24Fs X (0x10" #2) (G x]0 ~9q
7. As frequency increases, wavelength g‘lﬁ(j(@SQ, :

Explain why.
the shuter The [¢engh of thy waveléngh / '
bt /omp/f’n‘f 0 Z«/avz‘:wngf’h j y The more of fcn That [ 4
| | | N =2

Lif)”’lnm, ‘ A S
\ X109 N

9. What is the energy of light for the previo '
us question.
V= Cfn - (2:49% %108 miss
A - . 31¥%10'""H2
He3Y x 19~ m ]
10. What kind of light is emitted?

vy 3ible

11. Which color of visible light has the longest wavelength? The shortest?
a. What are the frequencies that correspond to these colors of light?

Red nas The longe st \1oletnw the shored —

v (2441 x10 Sm)s) @ !
—————— -




A= wavelength
v = frequency

E = energy
562 x 1073* JS)

h = Planck’s constant (6.6

1. Calculate the A given the v O

- (.49 xI6§ MIs

(5 -0 510" H?Dd

50 X107 7mM
. " ) inversely proportional or

3. The more I shave my face, the shorter my be
directly proportional relationship? \OWELS &

ger I become, ic an example of an inversely proportional or

4. The more 1 lift weights, the stron
directly proportional relationship. Q\(f(t
VAWNEF Y&

) Q€ the frequency, is an

5. The longer the wavelength, the

relationship
est wavelength? RQ C\,

which color has the long
2 N \O\Q‘\'

Which color has the shortest wavelength:
On the EM Spectrum, which type of wave has the longest wavelength? {0010 AWOVES

~ On the EM Spectrum;, which type of wave has the shortest wavelength? fiamma wavtd

radiation with a 1 o |

10. What is the ene>rgy of X-
Y:ia:qqg )(IOJMI,S _ 3 ’(IO'L' H_Z Sy E

) x|0 ¢m

12. The higher the frequency, the

example of a/an __quect

t ;
13. The higher the wavelength, the wer” i
example of a/an __\D\WCA 3L dire(crgl)greel;t/ithe energy. This is an

14. Which color has the most energy? \hd\f*
15. Which color has the least energy?___{ €q

s 1




E,
25. Calculate the frequency of light with wavelength = 2.50 X 10'm

.50 X107 T

26. What is the energy of cell phone radiation with a 1m wavelengﬂ;'?b X| -3 HSS
ANE08mls g qgg x10¥ M E7(
| - o

27. What is the energy (Joules) of Violet light with a frequency =7-

E b, by xig '3“‘5”3\(7.50 <! Hz)

3 L’Q7 1\'0"6' 3y
N‘he formula A = h/mv stated that it was now possible to calculate the of an electron
Iven its mass and velocity. ’

XThe height of the wave

. The distance between two crests

\S\I.The number of cycles per second
\\‘}%The primary characteristics of waves are
33. List the types of electromagnetic radiation:

A0 O WIS, MICtowees |, \phiae @ Vidibo=
_ON 5*\&5{3 , ﬁammw YDU:-/S ,

34. photons are: The g awt OH W O P\e(HTan ¢ 4 H\Q excid fr 970ur\d sta H

35.The dual nature of light deals with light as \WGNT and light as ;mj\(}l- : o
\6\. Einstein used the photoelectric effect to prove that light has ‘\

37.Another name for the Quantum Mechanical Model is the ﬁ\fﬁﬁ(/\f\ Clovd W

38. In the Quantum Mechanical Model, \0{ /- percent of electrons are predicted to be located in the
electron cloud

39. When absorbed energy, electrons go from the ground state to the excited state. As they return to the

ground state, they release their energy in the form of:__ \(%h-l"\

40. According to quantum mechanics, subatomic particles move in AN € -like motions:

\Red color all colors 1Its own.

42. Which color of light has the most energy: _\ m\f\’
Why?_3Shotkest Wavt > higi .
43. Which color of light has the least energy: Q;Cd

Why? ]Q@aﬁt wovtlngth > lourest _ﬁe&mw,(

44. Which color™of light has the highest frequency: O\

45. Which color of light has the longest wavelength? !fC\
46.Violet light has more energy than red light because .......... :

W has g ij\//r *hz’qwn (Aj




