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Coulomb’s Law: fundamental relationship between electrostatic Qﬁ (& C:h OV and re?u\ Sion

» It applies to charged particles, magnets, gravitation, etc.

s In chemistry, we are most interested in ener % % of attraction or repulsion between
Sub 01'\'0 Mi ¢ particles

Q
Coulomb’s Law: E —Q—lr—z
E= energy of attraction or repulsion between particles
Qi = charge of first particle
Qs = charge of second particle
r = distance between charged particles

in short:
e Energy of attraction/repulsion ,\\ as the magnitudes (sizes) of the charges /I\

e Energy of attraction/repulsion \V as the distance between the charges "\
Thought question: will an electron be more attracted to the nucleus of a hydrogen atom or a helium atom, and why?
Heliw\q |'_ H(’_ has 2 P* while H LRS Ohlj 1 P+) Move PbSi‘l"“Jﬂ ch ,:\,j.,_ MeGmS
heﬁodiue, e~ wil be more atvackd.

Coulomb’s Law Practice .

]® @ 1. Which set of particles shown the left will experience:
a
a. the greatest attraction to each other? s

b]@ @ b. the greatest repulsion from each other? d. @

c) @ @ 2. The particles in (a) will experience attraction to
each other than the particles in (c) because:

d) ® @ (3) greater, the distance between them is less.

b. smaller, the distance between them is less.

I I I . I I |
—_—
distance c. the same, distance is irrelevant to force of attraction.

3. The particles shown above in (a) will experience attraction to each other than the particles in (b}

because:

a. greater, the nucleus has one proton instead of two.
@ smaller, the nucleus has one proton instead of two.

c. the same, charge is irrelevant to force of attraction.

‘w Yhe lowest enera level Y
4. An electron*would be most at?rlcted to the nucleus of which element? (aSSh™ ¥ 2

a. lithium (2 ?ﬂ c. potassium (\a ?*\
b. sodium (}\ Y" @ rubidium (3% P*\

ame dictate APV‘L\

5. A proton would be least repulsed by the nucleus of which element?
helium (2 ¢*) c. agon (\3¢")

b. neon (\OT;\’) d. krypton (3[99\'3
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Atomic Structure

y The atom can be divided into two regions:
. ¢ Nucleus: a very small region near the center of an atom that has a positive charge. It contains;

o Protons: charge: t | , mass: L 9™ . the number of protons is known as the gomic number
and distinguishes one element from another.

o Neutrons: charge: @ ,mass:}ﬂ

*Note: the unit of mass for atomic particles is the atomic mass unit (@Mu )

= 1 amu = one-twelfth the mass of a carbon atom containing six protons and six neutrons.

| » Electron cloud: a very large region surrounding the nucleus that is negatively charged. It contains:

o Electrons: charge: _"_|___, mass: "~ @ ; atoms that are electrically neutral (they have no charge) must
contain the e:lwil number of protons and electrons.

o It consists mostly of empty space.

o Electrons exist in complex regions of space known as Dr\"i Ta < , which are organized in various
energy leveis.

Isotopes
What are isotopes? Atoms of the Same element, but different ™4 § ¢

This means the number of (‘j)f O‘h‘l\g is the same, and the numberof Nné !-'."%T onS is different.

=» Mass of an isotope = # protons + # neutrons

Two ways to write isotopes:

Type hyphen-notation isotope notation/
nuclide symbol
Definition name-mass VS | pmass® Symbol
| W
Example carbon-12 15C !
- ¥
Let’s Practice with Tasty Isotopes! Complete the chart below
Hyphen notation isotope Notation Mass # Atomic # Protons Neutrons Electrons
Carbon-\3 e 13 (o (o + G |
|
phosphorus—32 %é 29 ' 5 \S \ 3 15
: A
. Zine - (plo 302h 66 3o 30 206 30D
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Mass Spectrometry and Average Atomic Mass

The masses of elements and their percent abundances of isotopes of elements are measured using _m__f?!_s_‘;g___ .

spectrometry: a technique that separates particles according to their mass, producing a mass _S ?E cfrum

Mass Spectrometer

Mass Spectrum of Naturally Occurring Silver
100% 1

Intensity %

e 107 109
| Magnetic field separates particles
;Mwmdmhm} Mass (amu}
a. The position {location) of each pe 9 E on the x-axis indicates the ™M 4S8S ofthe
isotope.
b. The intensity (indicated by the h ei f)lﬂ.t of the peak) indicates the relative abundance (how

common that isotope isin _N ﬂl‘h\\ff, )

Average Atomic Mass: the weighted average mass of an element’s isotopes and is the mass found on the periodic table.

. % Abundance b Abundance .
Average atomic mass = mass; (T) + mass, —1—6-0——~—) S head

s The average atomic mass will be L‘f‘&hﬂ’ 28wy the mass of the largest and the mass of the smallest isotope.

e The average atomic mass will generally be C \0 Seg‘t to the most abundant isotope.

« Note: It is important to understand that the masses of a proton and neutron are approximately 1 amu, but the
actual mass of each isotope is_ NOT a whole number (mmm, nuclear binding energy). When specific,
non-whole number masses are provided for each isotope, use the specific masses!

Free Response Practice:
1. Consider the mass spectrum shown below.

a. Determine the average atomic mass of the element using the mass spec shown below.

% 3 E 100, ' Yo,
i} 100% <100.% aam = (65)(100.*’%) + (%ﬂ(“—_ﬂ_ﬂloe.fl{o,
g
g % €40.% :(gsyn_?m) v (87Y 0.24)
85 87 = 85.5Fy (86 w/ 3.'@,) 5130

Mass (amu)

b. Which element is most likely shown here? EL

't auyrage afomic maly
it §5.4F amu

c. How did you identify the element? 09 P T ) R\-‘:
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(579 fqb DO unq)
5 Le1_ =
2. There are two stable isotopes of calcium: Ca-40 (39.96) and Ca-46 {45.95).

a.

Using the average atomic mass of calcium from the periodic table, calculate the % abundance of each
. isotope of calcium.

ﬂh‘at
293¢ x +HS 35(1-%x) = 40.07§
39.%6x +45,95- 45 95% = Yo,.038

=5 & B9 = 5 BT

3 X =090 3|7 4", = ‘i‘8,o${,) 9. &b, “Cq=loo-9%0 =2.0%, )

b. How many atoms of Ca-46 would be found in a 25.0 g sample of naturally occurring calcium?

25.0:} Col)( M " (.022 € A3 qteag Ca x 0.02.0 :[?,leomﬁ
HD.D:}%cﬁ Ca el Ca

2. B

Hi o ﬂ:':
Toms Ca

3. The mass reported on the periodic table for chlorine is 35.45 amu. Why, when a sample of chiorine is examined
with a mass spectrometer, is there no peak in the spectrum with a mass of 35.45 amu?

Mass on PT 38 He "‘l'%jbi‘%‘ average of msSS of all Hhe €I iSstopes oL it is not
the mass of Gny actnal ¢} atom,

4. Silver consists of two stable isotopes, one with a mass of 106.905 and an abundance of 51.84%.
% & ?T a. What is the abundance and mass of the other isotope? 7/ AL - fOO‘?Q «51849 = g 1%
- g 11 = -
(10787 = (106,905 0SI84) + X(o481L)
=35 H2Z + CHEL x
52.49 = 0.4gIk % =) K=

[106.9 am, 48,117, Ab)

b. How many silver-107 atoms are present in a 2.00 gram sample of pure silver?

2004 AgXMXG‘UQZEQS atoms A 3

& A A BT
x 0.518Y :L%:-. 9v 0 A4 dme}
'O-‘_LI,B-?- g A? l?‘l-nl A ‘& - _ e e
S1.849,
5. Sulfur has four isotopes: *%S, %S, 34s, and *"S.

a. Which isotope would you predict to be the most abundant and why? (No math needed! @)
328 must be the most abundaat b le $he average afom e sl ok

thU’:F qn""] “ou}Lf 7"‘:"1}“‘[4(‘ [1\/ 'L(- ([\

™ Y 1 %
wHe PT
fest mess bo the auprase 15 ususlly the

Mol /OR "“Z{Ju-'r-‘: .
b. What is the difference between these four isotopes?

# of neutens ! (ﬂw\s Mma3S)

" ]
1T T




