Lecture Outline

Chapter 11:
The Atomic
Nature Of Matter




This lecture will help you understand.:

« The Atomic Hypothesis

» Characteristics of Atoms
« Atomic Imagery

« Atomic Structure

 The Elements

* The Periodic Table of Elements
* Relative Sizes of Atoms

* Isotopes

«  Compounds and Mixtures
* Molecules

* Antimatter

« Dark Matter
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Atoms

« "All things are made of atoms—little particles
that move around in perpetual motion, attracting
each other when they are a little distance apart,
but repelling upon being squeezed into one
another."

—Richard Feynman
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The Atomic Hypothesis

 The idea of matter:

— First thought by Aristotle to be a combination
of four elements—earth, air, fire, and water

— Thought to be composed of atoms by Greeks
from the fifth century BC

— Further proposed as atoms in 1800s by
meteorologists and schoolteacher John Dalton
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The Atomic Hypothesis, Continued

* |n 1827, Robert Brown, a botanist, observed
collisions between visible particles and invisible
atoms (Brownian motion)—Iater confirmed by
Einstein as evidence for the existence of atoms.

© 2015 Pearson Education, Inc.



Characteristics of Atoms

» Characteristics of atoms:
— Incredibly tiny
— Numerous
— Perpetually in motion
— Ageless
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Characteristics of Atoms
CHECK YOUR NEIGHBOR

Which of the following are incorrect statements about the
atom?

Atoms are smaller than the wavelength of visible light.

Atoms are mostly empty space, just as the solar system
IS mostly empty space.
Atoms are perpetually moving.

Atoms are manufactured in plants, and in humans
during pregnancy.

All are correct.
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Characteristics of Atoms
CHECK YOUR ANSWER

Which of the following are incorrect statements about the
atom?

D. Atoms are manufactured in plants, and in humans
during pregnancy.
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Atomic Imagery

* View of atoms
— Too small to be seen with visible light

— As chains of individual thorium atoms in a
1970 electron micrograph image

— Revealed as ripples in rings by scanning
tunneling microscope in mid-1980s

— Classical model has a nucleus
at the center, surrounded by
electrons
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Atomic Structure

« Atomic structure composed of

— atomic nucleus
 concentration of nearly all the mass

— nucleons
* building block of nucleus

 all are identical
— in a neutral state—a neutron
— in a positively charged state—a proton

* positive charges repel positive charges and attract
negative charges

— quarks—yparticles that make up a nucleon
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The Elements

* Atoms
— Refer to particles that make up a substance
* Elemental substance
— Composed of only one kind of atom
 Lightest and most abundant is hydrogen.

— To date, about 115 are known.
* 90 occur in nature.
 Others produced in laboratory are unstable.

— Words atom and element can be used
interchangeably.
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The Elements, Continued

« Composition of living things include these
5 elements:

— Oxygen
— Carbon

— Hydrogen
— Nitrogen
— Calcium

© 2015 Pearson Education, Inc.



Periodic Table of the Elements

* Periodic table:
— A chart (chemist's road map) of elements
arranged by atomic number
» Classified by the number of protons in the nucleus

— Arranged from left to right

» Each having one more proton and electron than
the preceding element

* On the far right, outer shells are filled to capacity,
known as noble gases
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Period

Periodic Table of the Elements, Continued

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
1 2
H Group He
Hydrogen Helium
1.0079 D 4403
Metal
3 4 et 5 6 7 8 9 10
Li Be D KiiaTieii B C N 0 F Ne
Lithium Beryllium Boron Carban Nitrogen Oxygen Fluorine Neon
5941 9,012 1081 12.0M 14.007 15.899 18.998 20.180
1 12 I:l Nonmetal 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argan
22980 24.305 26982 28,086 30974 32.066 35.453 39.948
19 20 21 22 23 24 25 26 27 28 28 30 il 32 33 34 35 36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Fotassium Calcium Scadium Titanium Wanadium Chromium Manganese Iran Cabalt MNickel Copper Zing Gallium Germanium Arsenic Selenium Bromine Krypton
39.008 40,078 44956 47.88 50.942 51,996 54.938 55.845 58.933 58,69 63,548 65.39 69.723 72,81 74.922 7896 79.904 838
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te I Xe
Rubidium Strontium Yttrium Zirconium Niobium | Molybdenum | Technetium | Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium Iodine Xenon
85,468 B7.62 E8.906 21,224 92.906 95.04 (98] 101,07 102,806 10642 107.868 112.411 114,82 118.71 121.78 127.60 126.805 131,29
a5 56 57 72 73 74 75 76 77 78 79 80 B1 82 83 84 85 86
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Cesium Barium Lanthanum Hafnium Tantalum Tunagsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astating Radan
132.905 137.327 138.906 178.48 1B0.948 183.84 186.207 190.23 192.22 195.08 196.967 200.59 204.383 0.z 208.980 [209) (210) (223)
87 88 89 104 105 106 107 108 109 110 m 112 113 114 115 116 17 118
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo
Francium Radium Actinium  “Rutherfordium | Dubmium | Seaborgium Bohrium Hassium Meitnerism | Darmstadtium | Roentgenium | Copermicum Flergvium Livermaorium
{223) 226025 227.028 (261] (262} (268} (264) (269) [268) (271) {272) (285) 289 293
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanides ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Cerium Praseodymium | Neodymium | Promethium | Samarium Europium | Gadolinium Terbium Dyspsrosium Helmium 68 Erbium Thulium Ytterbium Lutetium
140.115 140908 14424 (145) 150,38 151.964 157.25 158.825 1625 164.93 167.268 168,934 173.04 174967
90 50 92 5 94 95 96 97 98 99 100 101 102 103
Actinides Th Pa ] Np Pu Am Cm Bk Cf Es Fm Md No Lr
Tharim Protactinium Uranium Neptunjum | Flutonium Americium Curium Berkelium | Californium | Einsteinium Fermium | Mendelevium | Nobelium | Lawrencium
232.038 231036 238.029 237.05 (244} (243) (247) (247) (251) (252) (257) (258) (259) (282)
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Relative Sizes of Atoms

 Diameters of the outer electron shells:

— are determined by the amount of electrical
charge in nucleus.

— gradually decrease from left to right across
the periodic table.

* As nuclear charge increases and electrons are
added to outer orbits, the inner orbit shrinks.
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Relative Sizes of Atoms, Continued
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lons and Isotopes

* Anion is a charged atom.
— Positive ion has deficiency of electrons.
— Negative ion has an excess of electrons.
* |sotopes:

— Atoms of the same element with different
numbers of neutrons

— |ldentical behavior
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Isotopes

* Protons in nucleus matches electrons around nucleus,
but not necessarily neutrons.

* |sotopes:

— Atoms of the same element with different numbers of
neutrons

— |dentical behavior

— ldentified by their mass number (total number of

protons and neutrons in the nucleus or number of
nucleons)

- Example: Iron isotope with 26 protons contain 30 neutrons.
Mass number is number 56, referred to as iron-56.
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Isotopes
CHECK YOUR NEIGHBOR

The atomic number of an element matches the
number of

A. protons in the nucleus of an atom.
B. electrons in a neutral atom.

C. Both of the above.
D. None of the above.
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Isotopes
CHECK YOUR ANSWER

The atomic number of an element matches the
number of

C. Both of the above.

Comment:

When the atomic number doesn't match the number of
electrons, the atom is an ion.

© 2015 Pearson Education, Inc.



Isotopes
CHECK YOUR NEIGHBOR, Continued

A nucleus with an atomic number of 44 and a mass
number of 100 must have

A. 44 neutrons.

B. 56 neutrons.

C. 100 neutrons.
D. All of the above.
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Isotopes
CHECK YOUR ANSWER, Continued

A nucleus with an atomic number of 44 and a mass
number of 100 must have

B. 56 neutrons.

Comment:

Be sure to distinguish between neutron and nucleon. Of the 100 nucleons
in the nucleus, 56 are neutrons. A neutron is a nucleon, as is a proton.
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Compounds and Mixtures

 When atoms of different elements bond to one another,
they make a compound.

— A compound is different from the elements from
which it is made.

— It can only be separated into its constituent elements
by chemical means.

— Example: Salt (a compound of sodium and chlorine)

* A substance that is mixed together without chemically
bonding is called a mixture.

— Example: Air (a mixture of several gases)
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Molecules

* Molecules
— Two or more atoms bonded together

— Example:
e NH; (ammonia)
« 3 atoms of hydrogen and 1 atom of nitrogen
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Molecules, Continued

« Chemical reaction:

— A process in which atoms rearrange to form
different molecules

— Example:

 Pulling molecules apart requires energy.

— During photosynthesis, sunlight's energy breaks bonds of
CO, to produce O, and C.

« Combining atoms releases energy.
— Oxygen atoms combine with iron atoms to form rust.
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Antimatter

« Matter:
— Composed of atoms with positive nuclei and negative electrons

 Antimatter:

— Composed of atoms with negative nuclei and positive electrons
(positrons)

 Both matter and antimatter cannot exist in our
environment.
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Antimatter, Continued

 Positrons

— have the same mass as an electron but are
positively charged.

* Antiprotons

— have the same mass as protons but are
negatively charged.
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Dark Matter

 Dark matter

— is unseen and unidentified matter very
different from the elements that comprises
about 23% of matter in the universe.

» Dark energy

— is an antigravity energy comprising 73% of
the universe.
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Dark Matter, Continued

* Finding the nature of the dark matter and the

nature of the energy of empty space are
high-priority quests in these times.

* What we will have learned by 2050 will likely
dwarf all that we have ever known.
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