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In 1909, the American physicist Robert Millikan measured the charge of an
electron. Using the apparatus illustrated below, he introduced a fine mist of oil into a closed chamber.
The droplets of oil passed between two electrically charged plates through which he was able to in-
fluence their rates of descent. Observing the individual droplets through a microscope, Millikan was
able to adjust the electrical force so that the drops moved away from whichever plate had the same charge.
He timed the drops’ rate of movement. From this information, he was able both to determine the charge
of an electron and to suggest a value for its mass. Study the diagram below and answer the following
questions. Write the letter of each answer in the space provided on the left.

Droplets W

.

10 K volt @ @
T 1 -

/i. 1. To cause a negatively charged oil droplet to move upward; plate Y should have
a. a positive charge c. an excess of protons
b. a negative charge d. an excess of neutrons

)
C 2. The purpose of device Z is to
a. observe the electrical potential dlfference (voltage) between the plates
b. separate spectral emissions
c. magnify droplets of liquid
d. locate positively charged particles

N
C 3. If a droplet was momentarily suspended between the electric plates,
a. the number of protons in the droplet equaled the number of electrons
b. there was no charge on the plates
c. the droplet weight was exactly balanced by forces of electrical repulsion/attraction
d. the mass of the electrons in the droplet equaled the mass of the protons

_(_/_ 4. The function of device W is to :
a. remove excess mist c¢. monitor relative humidity
b. supply protons d. produce a mist from liquid oil

L~ 5.1f the electrical leads to plates X and Y were reversed, negatively charged oil droplets
that had been moving upward would
a. remain suspended c. move upward to plate X
b. move downward to plate Y d. acquire a positive charge
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B. The Rutherford Experiment

Our modern view of atomic structure is based to a large extent on the work that
British scientists Rutherford and Geiger did in 1911. In the classic experiment, positive alpha particles
bombarded a sheet of gold foil. The paths followed by those particles are illustrated in the following
figure. Study the diagram and answer the questions below.

Path f'z-\
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Path C 4:@

l ) 1. Which of the four paths was most common?
a. 1 b. 2 c.3 d 4

;d; 2. Which of the four paths was least common?

a. 1 b. 2 c.3 d. 4

—— 3. Path 2 was a straight line because of the alpha particles’ __ |
a. magnetic repulsion c. distance from gold nuclei
b. high velocity d. interaction with electrons

. Path 4 will most likely
a. never be observable
b. be characteristic of only the fastest-moving alpha particles
c. be characteristic of alpha particles that move directly toward a nucleus
d. result in an atomic reaction

5. When Rutherford analyzed his results, he suggested that
a. the atom was mostly empty space ¢. the atomic center was positive in charge
b. atoms contained a small, dense center  d. all of the above were true

C. Atomic Theorists

The modern concept of atomic structure is based upon the work and ideas of
numerous scientists. Match each of the statements below with the name of the scientist most closely
associated with the achievement described. Fill in each blank with the correct name.

Becquerel Crookes Dalton Joliot-Curie Rutherford
Chadwick Curie Geiger Millikan J.J. Thomson
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1. proposed first atomic model that accounted for the electrical ) =
nature of the atom A \.J : 7 heinson
2. measured the charge of an electron Ml lean
3. suggested that alpha particles may rebound at an angle
approaching 180° after coming close to a nucleus 1 ELGEL
J

4. proposed that an atom was a sphere that was equally dense

throughout D(,(_)(/]L_O//L

5. discovered a neutral beam that had high penetrating power 5 / of / of - Cearics
6. used metallic foil as a target for alpha bombardment Rutherford
7. developed the cathode-ray tube (CRT) (gff Croolces
8. is credited with the discovery of radioactivity Be CC{‘/ e e
9. discovered the radioactive element polonium CCtrEe
10. was first to identify the neutron Cl}?(/’( dser T /(

D. Nuclear Symbols

Atomic symbols are often accompanied by notation that gives information on
atomic composition. The subscript, written to the lower left of an atomic symbol, represents the atomic
number. The superscript, written to the upper left of the symbol, represents the mass number, or total
number of protons and neutrons. Using this information, complete the following table. Assume that
the atomic mass of one neutron or one proton equals 1 amu.

ATOMIC ATOMIC NUMBER OF NUMBER OF NUMBER OF
SYMBOL NUMBER MASS (amu) PROTONS NEULTRONS ELECTRONS
2 6 (2 G & G
WA ($ %9 s 2 [
ol 53 (27 53 74 53
N [ 23 | (2 ({
e [ O 20 (e (O [ O
T Q2 44 22 26 )
e 20 A <o 20 20 206
o g 2 238 G2 (46 qz

E. Nuclear Stability

The stability of a nucleus is dependent upon the ratio of its component particles.
In the stable isotopes of lighter nuclei, the ratio of neutrons to protons approximates a value of one,
The ratio in the stable isotopes of heavier nuclei approaches a value of 1.5. Ratios falling outside this
“belt” of stabilitv correspond to radioactive, or unstable nuclei
Complete the following table of representative stable nuclei. Determine the neutron-to-proton ratio
of each by dividing the number of neutrons by the number of protons. Plot the resulting points on the
grid provided on the next page.
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— NEUTRONS  PROTONS  PROTON mAnO
,He 2 2 |

Be 5 4 1125
5C G G 1

W0 g Q )

woNe (O /O ;

! | & /13 1,08
#Cl 20 17 [, (&
e 20 920 /

aaFe 30 2.6 [ tS”
i 30 28 /o7
20 34 30 /.13
B 44 e [, 2t
w?! 50 4o 4.28
Mo 56 42 /.33
ing 6o 47 | .28
l +4 53 l. 40
4B g2 56 Jo 46
oNd g 6o l. 37
"eTb q 3 65 [.4 3
oYb (0 4. J0 /.48
I /1 O 74 [ 49
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F. Hydrogen Isotopes
T TS DT A T T A SIS AT SR TN
Atoms are made up of subatomic particles, such as protons, neutrons, and elec-
trons. The nuclei of atoms that make up isotopes of an element differ. There are three known isotopes
of the element hvdrogen. Make a drawing representing each of these isotopes. (A drawing of a helium
isotope is shown below as an example.)

@) (&9 @9 (o5

Helium, 2He Protium, H Deuterium, fH Tritiunﬁw‘._ ?H

1. Explain why the atomic mass of hvdrogen is 1.0079 and not a whole number.

Afomic mass (S A QAverage base

LA (. "{,‘J]f 4 ({

the difterent iSofope mASSES @nel FNeis (Eatfivg

[

. Do the numbers of electrons for neutral isotopes of the same element differ?
3. Do the numbers of protons for such isotopes differ? ___N—*’

4. Do the numbers of neutrons for such isotopes differ? _&

. Do the atomic numbers of such isotopes differ? Explain.

[41]

Ac Afomic DUhbEr (5 el 12 the Aumbes
of protons , which i< epuedl i [sofope
6. Do the mass numbers of such isotopes differ? Explain.
Yes Mass numb&r [S € G { i the Totall numl
petrons  and j,c'.‘_‘ DIDASL o DALE (SO r._-r; &S have ©5 U ol
AL mber s f"f‘ i{:f.' DS J'.' . dtTTE L)EAN A g o N (AT 7

numbers  must b c/ﬁ((:crenr

Herr mass

G. Analyzing a Spectrograph

€T TGS RETT RIS Y L A BT IOIT AR A%

A mass spectrograph (or a mass spectrometer) is an instrument used to separate

an element’s isotopes and to measure their relative abundances. Within this device, beams of an ele-

ment’s ions are passed through a strong magnetic field. As they are passed through, they respond to

the magnetic force [ons of greater mass possess more inertia, or more of a tendency to continue to

move in a straight line, and so deviate only slightly from their projected path. lons of lesser mass are

more greatly influenced by the field and demonstrate greater deviation. Examine the three mass spectro-

graph readings illustrated on the next page and answer the questions that follow. Note that the upper

scale of each spectrograph shows atomic mass (in amu). Below each spectrograph, the percents of the
various isotopes present are given.
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Mass 30 29 28 27 26 25 24 23

| | | | | | [l

I 1 i i | I T
A
Relative % 100
Mass 30 290 28 27 26 25 24 2
—t—+— I
B
Relative % 11.17 1013 78.70
Mass 56 55 54 53 52 51 50 49
+— f l
C
Relative % 238 9.55 8376 4.31
1.a. What is the atomic mass of the isotope of the element 02 7
represented by spectrum A? amct
b. What are the name and atomic symbol of element A? J A
(Consult a periodic table or table of atomic masses.) Qlrgminedsy | A
2.a. What are the atomic masses of the isotopes in spectrum B? 24 Ly Zé
b. Based on the experimentally obtained values of atomic mass
and percent, calculate the average atomic mass of this element. Show your work.
Ot x 26,0 ame = 304 cunc & 3, 0damu t 2,53 cun iy
e = 2,53 au T (8. 9amu =
0.10]3 » 2570 amu =253 amy 2- %L
\ T
0. 7870 X240 amu = (& Camu 24,5 amy g
¢. What are the name and symbol of this element? MACNL ST FJ‘;'.' g
[P s ! O
d. What are the symbols, including superscripts and subscripts, 24 Mo & Mc : ‘["l . g
. 5 | [ &
of the isotopes of this element? 12 4. 7 Sl I 7 R £
24 3
e. Which isotope deviated most from its straight-line path? AL Z’;
3.a. What are the atomic masses of the isotopes in spectrum C? 578 D2, 53 o 4 %
b. Calculate the average atomic mass of this element. g
o
B
Q
(o)
C
B+ | am (o)
¢. What are the name and symbol of this element? & h S Am CII
d. What are the symbols, including superscripts and subscripts, 50 C "lC > "SC 54
of the isotopes of this element? 24 ~C ) 0a (0 ) 24 o paly
50 A
e. Which isotope deviated most from its straight-line path? 24 Ca
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H. Composmon of-the—A'rom Word Scramble

BE PR ET S

TR SRR U AR S 4 ey

Use the clues prov1ded to help you unscramble the letters to form words related

to the information in Chapter 8. The letters in the circles spell out, in order, the name of a famous chemist.

CLUES
1. Pieces of inert metal connected to a power source

2. Element discovered by Marie Curie

3. Atoms with the same atomic number but different mass numbers

4. Radiation emanation consisting of high-speed helium nuclei
5. Center of the atom
6. Subatomic particle with no charge
7. Element with atomic mass of 19.0

8. A mass , a device used to determine atomic masses
9. A positively charged particle

10. Element with atomic number of 1
1. TERDLCEEDO EEE_CI@QQ_
2LOMUOPNI fﬂ‘;‘iﬂl@ﬂ
3500STIPE Jéﬂ@ﬁfﬁé

4 HAALP L‘(._{:_Eé Ms
555 UCUNEL HE_C_L@& ""CLE
66NETNOUR N_E_V_(I@SN
ZNEOLIRFU _‘:L‘_OELEE
BEPRTGSCHPORA éfEEIE@QE’iEE
9.TORNOP F_@_"_T.E_f‘i

100 GYDNEHR Ay @r oGEN

Name: _ & UTNE F 40 d
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