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Unit 3 — The Nucleus

OBJECTIVES

1. |can identify the location, relative mass, and charge for electrons, protons, and neutrons.

2. |can recognize that protons repel each other and that a strong force needs to be present to keep the
nucleus intact.

3. |can describe the atom as mostly empty space with an extremely small, dense nucleus consisting of
the protons and neutrons and an electron cloud surrounding the nucleus, including the name of the
person who made the discovery and a description of his experiment.

4. |can write the hyphen notation and nuclear symbol for an isotope.

5. |can recognize that all atoms of the same element always contain the same number of protons.

6. |can list the number of protons, neutrons, and electrons for any given ion or isotope.

7. 1can calculate the average atomic mass of an element given the percent abundance and mass of the
individual isotopes.

8. I can predict which isotope will have the greatest abundance given the possible isotopes for an
element and the average atomic mass in the periodic table.

9. |can predict the outcome of a nuclear fission reaction.

10. | can explain the process of nuclear fusion.

11. | can explain the usefulness of fission reactions to humans.

VOCABULARY (I can define/describe the following terms in my own words)

alpha particle * electrons * mass number
atom * gamma ray * neutrons

atomic number * half-life * nuclear symbol
average atomic mass * hyphen-notation * radioactive decay
beta particle * isotope * subatomic particles
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Cloud Chamber Demo

DIRECTIONS: Watch the demonstration and record your observations under the following categories. Be

specific and critical in your thinking.

I see...

[ think...

[ wonder...
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Until the final years of the nineteenth century, the accepted model of the atom resembled that of a billiard ball - a
small, solid sphere. In 1897, J. J. Thomson dramatically changed the modern view of the atom with his discovery of
the electron. Thomson's work suggested that the atom was not an "indivisible" particle as John Dalton had suggested

but, a jigsaw puzzle made of smaller pieces.

Thomson's notion of the electron came from his work with a nineteenth century scientific curiosity: the cathode ray
tube. For years scientists had known that if an electric current was passed through a vacuum tube, a stream of glowing
material could be seen; however, no one could explain why. Thomson found that the mysterious glowing stream
would bend toward a positively charged electric plate. Thomson theorized, and was later proven correct, that the
stream was in fact made up of small particles, pieces of atoms that carried a negative charge. These particles were

later named electrons.

After Eugen Goldstein’s 1886 discovery that atoms had positive charges, Thomson imagined that atoms looked like
pieces of raisin bread, a structure in which clumps of small, negatively charged electrons (the "raisins") were scattered
inside a smear of positive charges. In 1908, Ernest Rutherford, a former student of Thomson's, proved Thomson's

raisin bread structure incorrect.

Rutherford performed a series of experiments with radioactive alpha particles. While it was unclear at the time what
the alpha particle was, it was known to be very tiny. Rutherford fired tiny alpha particles at solid objects such as gold
foil. He found that while most of the alpha particles passed right through the gold foil, a small number of alpha
particles passed through at an angle (as if they had bumped up against something) and some bounced straight back
like a tennis ball hitting a wall. Rutherford's experiments suggested that gold foil, and matter in general, had holes in
it! These holes allowed most of the alpha particles to pass directly through, while a small number ricocheted off or

bounced straight back because they hit a solid object.

In 1911, Rutherford proposed a revolutionary view of the atom. He suggested that the atom consisted of a small,
dense core of positively charged particles in the center (or nucleus) of the atom, surrounded by a swirling ring of
electrons. The nucleus was so dense that the alpha particles would bounce off of it, but the electrons were so tiny, and
spread out at such great distances, that the alpha particles would pass right through this area of the atom. Rutherford's
atom resembled a tiny solar system with the positively charged nucleus always at the center and the electrons

revolving around the nucleus.

The positively charged particles in the nucleus of the atom were called protons. Protons carry an equal, but opposite,

charge to electrons, but protons are much larger and heavier than electrons.

In 1932, James Chadwick discovered a third type of subatomic particle, which he named the neutron. Neutrons help
stabilize the protons in the atom's nucleus. Because the nucleus is so tightly packed together, the positively charged

protons would tend to repel each other normally. Neutrons help to reduce the repulsion between protons and stabilize
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the atom's nucleus. Neutrons always reside in the nucleus of atoms and they are about the same size as protons.

However, neutrons do not have any electrical charge; they are electrically neutral.

Atoms are electrically neutral because the number of protons (+ charges) is equal to the number of electrons (-
charges) and thus the two cancel out. As the atom gets larger, the number of protons increases, and so does the
number of electrons (in the neutral state of the atom). The illustration linked below compares the two simplest atoms,

hydrogen and helium.

Atoms are extremely small. One hydrogen atom (the smallest atom known) is approximately 5 x 10® mm in diameter.

To put that in perspective, it would take almost 20 million hydrogen atoms to make a line as long as this dash -. Most

of the space taken up by an atom is actually empty because the electron spins at a very far distance from the nucleus.

For example, if we were to draw a hydrogen atom to scale and used a 1-cm proton (about the size of this picture - ®
), the atom's electron would spin at a distance of ~0.5 km from the nucleus. In other words, the atom would be

larger than a football field!

Atoms of different elements are distinguished from each other by their number of protons (the number of protons is
constant for all atoms of a single element; the number of neutrons and electrons can vary under some circumstances).
To identify this important characteristic of atoms, the term atomic number (z) is used to describe the number of

protons in an atom. For example, z =1 for hydrogen and z =2 for helium.

Another important characteristic of an atom is its weight, or atomic mass. The weight of an atom is roughly
determined by the total number of protons and neutrons in the atom. While protons and neutrons are about the same
size, the electron is more than 1,800 times smaller than the two. Thus the electrons' weight is inconsequential in

determining the weight of an atom - it's like comparing the weight of a flea to the weight of an elephant.

Normally, atoms contain equal numbers of protons and electrons. Because the positive and negative charges cancel
each other out, atoms are normally electrically neutral. But, while the number of protons is always constant in any

atom of a given element, the number of electrons can vary.

Ions
When the number of electrons changes in an atom, the electrical charge changes. If an atom gains electrons, it picks

up an imbalance of negatively charged particles and therefore becomes negative. If an atom loses electrons, the
balance between positive and negative charges is shifted in the opposite direction and the atom becomes positive. In
cither case, the magnitude (+1, +2, -1, -2, etc.) of the electrical charge will correspond to the number of electrons
gained or lost. Atoms that carry electrical charges are called ions (regardless of whether they are positive or negative).

The electrical charge on the ion is always written as a superscript after the atom's symbol.

Isotopes
The number of neutrons in an atom can also vary. Two atoms of the same element that contain different numbers of

neutrons are called isotopes. For example, normally hydrogen contains no neutrons. An isotope of hydrogen does
exist that contains one neutron (commonly called deuterium). The atomic number (z) is the same in both isotopes;

however the atomic mass increases by one in deuterium as the atom is made heavier by the extra neutron.
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Parts of the Atom NOTES
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Historical Models of the Atom
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NOTES: How to Calculate the Number of Protons Neutrons and Electrons.
Atomic Number wh‘i)'{. B (C\F%’\\ ﬂ(ﬂM\) on ‘PW‘OA"‘C (A})'Q_ (P .ww/l "0 Hp
Protons(? ) eC(U./LJ\ hj &}UYW\L J \d@v\jh"l/ O‘k &/;TM (l&e*)

Electrons (&™) Q,MJ o D in o f\)&dmf cu‘zm ions: e = p = (Char )

Mass Number (waow PT), Whe e i:l masg B = P LN IW&S;L 72»@ ong
Neutrons (") (Ver o P T) n® = Y“cu:xﬂ "'\? /. 11 ovder ky ad
Hyphen Notation — e/le/m&g Ao — MARS b5} 0%"4’

Excomples. Corlon 19, Car bon -3, Cerbon =14
Nuclear Symbol — I‘L“/‘ma’%s & ; ML ]—C]) (CJWW’jS })‘E la/?jbf")
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(NCVYV‘LQS (e G~ OJ—UW‘V?( ﬁ‘ an bo H’(_ﬂ\r\, CS i’ﬁa,”@,{" t‘t ?“U’Z’Y"\ PT)
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How to write the nuclear symbol:  ©
A MNass o N OJ" . 1
Look at the given information and use the periodic table to find the U ¢ and
< —_ T
d@/mw Ju IV\\O(.\\ . Write the nuclear symbol for sulfur with 18 neutrons.
\ =
Examples: 34 4 Mess & = pr 4n®

R | 34 =1 H%
& look vp

.
",

~

]

%\,

1€ i 1o wep

How to write the hyphen notation: ((‘CWV\Q)

A n
Look at the given information which must include the number of neutrons and_use the periodic table to find the

OJ”D‘W\ ' C ﬁ . Write the hyphen notation for a barium atom with 80 neutrons. Then, write the hyphen
notation for an atom with 54 protons and 76 neutrons.
Examples: Ve - , N eno~
Em————m O3S T
! ‘V ~
B®F|wm ~\1 30 \(%(ﬂ/\ - B%Q
. = (o} — o of
Mass & = prao® = DG ¥ FO 54 Xk

Problems:

1. e, p*, n®for hydrogen-3

2. e, p', n’for cadmium-114

- 70
3. e,p,n® 3 Ga

4. e, p',n® % sr

5. Write a nuclear symbol for a selenium atom with 42 neutrons.

6. Write a hyphen notation for a cesium atom with 86 neutrons.

7. Write a nuclear symbol for a silver atom with 58 neutrons.

8. Write a hyphen notation for a yttrium atom with 50 neutrons.

9. Write a nuclear symbol for an atom that has 13 protons and 15 neutrons.

10. Write a hyphen notation for an atom that has 26 protons and 28 neutrons.
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Average atomic massis a (Ardc;\)/h “1-623

given atom.

To calculate average atomic mass:

average of all the masses of each different isotope for a

e % %
"“mass of N abundance mass of abundance
\ abunaance
isotope 1 X of isotope isotope 2 X of isotope
e - . ' .
: in decimal in decimal
+ ~ form form
. Name d%eh/}’ - — -

Difleress £5 ofn’
Mass can bein __ G o
N
Percent abundance will be given as a percentage (example 42.389%). To convert to a decimal, move the

decimal point TWO PLACES TO THE LEFT. '

OR C&}U‘{V\\ C Mauss ing k — your procedure will be the same

Checking your work! o
a. Your answer should m € ' be OUTSIDE the _ { 3 %’Q

b. Y?uranswershould be NGQRE’ST
GREATEST

Example: Silicon

of numbers for the mass.

to the mass of the isotope with the

percent abundance.

Isotope #1 (Silicon — 28) has a percent abundance of 92.23%. We convert this to a decimal form by moving
‘ ) e ,

the decimal _ 2. placestothe | & } F to get 0.9223. It has a mass o‘f 27.9769265325 amu, Usinga

calculator, multiply 0.9223 by 27.9769265325. Do NOT round the answer you get yet! Write down every

digit the calculator gives you. —_

0. 9293 + 39,97 936532S =295 803 U3 omu
xlow
Isotope #2 (Silicon —29) has a percent abundance of 4.67%. We convert this to a decimal form by moving
the decimal __« places to the lef) to get 0.0467. If you get 0.467, it is because you didn’t move it
TWO places! This is a common mistake when dealing with a percent that is less than 10. The mass of this
isotope is 28.976494700 amu. What should you multiply together?

O.0460 ¥+ 2%.996=HAUN e = 1. 3S 3202 30R ema

Isotope #3 (Silicon — 30) has a percent abundance of 3.10%. What is this in decimal form? C) 030 .
O ﬂOré

0.0316%29,99397010) = 0. 929186 s VISeme

£N0 0O —Nna-7

This isotope has a mass of 29.97377017 amu. 10

Finally, you must add all the little @you calculated above together to get the average atomic mass!
Then you may round your answer to the nearest thousandths place.

2530210934 3 1353202302 F G- A29 1565IS = RBOFTFOISReme
Nasiwes A3.0% (@ cormu



Average Atomic Mass Example Problems

Calculate the average atomic mass for the following element. Show all your work in the space below and be
sure not to round until your final answer. Check your work to see if your answer makes sense!

Isotope
Lithium-6
Lithium-7

Average atomic mass for Lithium

Isotope

Chromium-50
Chromium-52
Chromium-53
Chromium-54

Average atomic mass for Chromium

Mass (amu)
6.01512
7.01600

Mass (amu)
49.94604
51.94050
52.94065
53.93888

7% Abundance
7.5
92.5

% Abundance
4.345

83.789

9.501

2.365

Finally, there is one last point to make. You can determine which is the MOST abundant isotope just by

looking at the periodic table.

a. Look up the atomic mass for the element.
b. Round that number to the nearest whole number.
c. That whole number will be the MASS NUMBER for the most common isotope.

Try this for the three elements listed above and see if, by rounding we can match the isotope with the

greatest percent abundance.
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R U“nti u m Lab _ B

Purpose: The purpose of this lab is to model how the average atomic mass on the periodic table is calculated for an element. In
our lab, we are using the element “runtium”. You will receive a sample of the element; it has 5 isotopes (5 different colored

candies).

What is an isotope of an atom?

Recall the equation to calculate Average Atomic Mass; aam = (Mass of Isotope 1 x % Abundance in decimal form of Isotope 1) +
(Mass of Isotope 2 x % Abundance in decimal form of Isotope 2) + (Mass of Isotope 3 x % Abundance in decimal form of

Isotope 3) + ...
Mass: The mass of the isotope you will determine by massing one individual isotope (one individual piece of candy).

9% Abundance: The % Abundance will be determined by taking the number of one isotope and dividing by the total number in the
sample and multiplying by one hundred. (example: You have 8 bananas / 16 runts total =.5 x 100 = 50% bananas)

Average Atomic Mass: This will be calculated by plugging in the mass and % abundance into the formula above. This represents
the mass that would be on the periodic table if “runtium” with its 5 isotopes was a real element.

Data Table:

Color Orange Green Purple Yellow Red

Mass (g)

Percent
Abundance

Show work for Average Atomic Mass, include units:

Questions:
1. What was your calculated “runtium” average atomic mass?

2. What subatomic particle (electron, proton or neutron) is the same in all isotopes
of one element?

3. What subatomic particle (electron, proton or neutron) is different in all isotopes
of one element?

4. By changing that particle (electron, proton or neutron) from the guestion above,
what else does that change for that isotope?
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Nuclear Decay Notes

The nucleiof _ N0 ) atoms are _Q )’(JJO’&’ )
P\(M) {O (LC/Q‘I v nuclei are UJY\S"’OJO)“Q and emit radiation to become more stable.

What would a nucleus be unstable?

o neutron to proton ratio too E 6170)

neutron to proton ratio too h ‘% .

o nucleiin @/XC/F}Q«;‘ state

o nuclei too \(\fww"k

o

J
* What happens?
o nuclei (M (break down) in different ways
" 9\())/\(1& (ol ) particle emission
e “fast moving hQJ\U‘W\-— atom”

o %He (protons_-l neutrons_&_ electrons_r');)

t

¢ Only able to get through thin sheets of ”)fu()@ﬁ and a few cm of _ 04 [
= ? QJ\’Z\ ( /b ) particle emission

e “fast moving YUY\

n

o _9B (protons &~ Qz’ neutrons_\/ O electrons iL )
e neutron is converted into Oc’?) h’Y‘\ and QJ MUW , electron is

S ;\(J out of nucleus because electrons CLuning ¥" exist in the nucleus
* only able to get through a few mm of OJ U 10 W and 100 cm of _Cup <~

C>‘(9/mmm (_f )ray

« Oy (protons OO neutrons_Q electrons )

e F’!%h[ﬂg %Nz)‘fc radiation (not a Pr';f HC/’& )

* able to travel through matter

o '0«(‘(%1 distances of Q/;f“

o several cm of 'e/(:v,ej\

* Ina certain sample, SL/_‘ i radioactive nuclei do (\Q% decay at one time —a
d“(p./n(}d\‘vx; event (as much chance of happening as not happening)

o Halfhfe—-\u\ﬁL Qmm,uvﬁn h[\’\.@, ﬁu\f )\Q)( H\S\’Z\b’& n%}e,
o (J(Q,c,@,u(\,) O hocom@ Mm@ %“ZJQ,Q,

o uhiﬁa\)\/«,@ to all radioactive elements
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Nuclear Equations Practice

Remember: #p+ = atomic #
Qo #X (X = chemical symbol) #e- = atomic #

#no = mass # - atomic #
atomic # tells you the type of element

1. Emits & particle Ll
a. original mass # - = new mass number

b. original atomic # - &__ = new atomic number - C}\CVV\%VQ the chemical symbol

c. example:

2. Emits B particle
a. original mass # = new mass number

. .
b. original atomic # +\ - new atomic number — ()\@4’\(3\1 the chemical symbol
c. example:
3. Emitsy ray

a. original mass # = new mass number

b. original atomic # = new atomic number — d@ \/\)OT C)\Mg,e the chemical symbol

c. example:

4. Nucleus gets hit by neutron
a. original mass # +) = new mass number

b. original atomic # = new atomic number — d\() NOAT d\w%)?/ the chemical symbol

c. example:

To check you work:
e Sumofall Ma38 numbers on both sides of arrow should be &kw&/\

O
e Sum of all Cd’(ﬂmL numbers on both sides of arrow should be éﬂilft&)
e |llustrates the Law of LON\S@r \ra)’)?:v\ (’3‘(;' 'ﬂ&j“‘ef

Your Turn:
222Rn > jo +

4ipb > 3B +

Lo

9 4 1
iBe + ;a > gn +
235U + In > 23U + + 33n

N + da> WF > IH +

S
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Nuclear Fission and Fusion

What is Fission?

A nuclear reaction in which a ‘a/r‘o(\lp, nucleus splits spontaneously or on impact with another
P@,ﬁ 3\\(‘,'!& , producing smaller __ N |24 . Newhn s and a large amount of
CANRACNA
QU

Applications of fission reactions

Is used to produce QJ \Q«()’f‘ L XM as an alternative to Q/@d} power plants. Fuel used
for these reactions are u e %A J o = (Q?)S" . Thisisa ncu"wra,“w occurring
substance that is __Dn ; (‘\e(} from the ground and must be i PP\WA (concentrated) to

produce the Uranium which can undergo fission reactions. Uranium nuclei are bd\’v»b &P&Pg\

with neutrons to begin a Q)f\()«uf\ reaction. It takes very ‘ | \“HQ.. energy to begin the process,

t .
but it releases a _ ¥ j \\ VJY\. _ times more energy than chemical reactions. The smaller nuclei

produced from this reaction are also F"@—A \\(t) (;)L(J’)lu*e , with long half-lives, and continue to emit
radiation for “H\d\wﬁc»m& S of years.
Also used to produce the atomic ‘T)C‘\'\/\\T)S dropped at the end of WWII on SG,(\('.)M\

What is Fusion? , )

! l )
A nuclear reaction in which two __ (W mass nuclei collide at "‘\‘ % h speeds and J?A/XQ. to
produce _ O£ heavier nucleus and a large amount of &f\'o/ﬁgc(\‘

Applications of fusion reactions

Fusion OCeuf naturally on the Q- _and is how the sun’s energy is produced. Fusion occurs

with low mass elements like MM%\,@/\” . Occurs at temperatures in the m; D | fem s

of degrees because there must be enough energy to _ O\~ C fvnd. electrostatic repulsion of two

r? @ \7)\(\& in order for them to fuse. The energy from a fusion reaction is 3-4 times
%P@&)‘W than a p’l"%"’iﬁ(ﬂ/\f reaction.

Fusion reactions were “triggered” by fission reactions in the H - bO'Wvb (hydrogen bomb) of WWII

C,Q . C)* Fusionis a h‘i\) 9 (o} ‘M’\Q}\ ¢ u) fusion reaction that is said to take place at (ZJC,\ Yy

temperature. A couple of scientists in the 80s claimed to have done it; no one else could

!‘Q/p ] \\(;a./\“QE. and Q/G\r\%\‘(‘ N~ their results.
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