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INTRODUCTION TO MATTER TRANSPARENCIES

CONTENT: This is one of a series of transparenrtidbe €iences designed to aid teachers in gt
4-8. The visuals and supporting information carubed as a stand-alone curriculumtaiillustrate
concepts introduced in textbooks and lectures. déscriptions and images focus on atoams
molecules—their properties, behaviors and intevasti The overheagsogress from the more ba
principles to increasingly complex concepts andties. Each page ohformation corresponds
one of the overheads:

1. The atom:the parts of the siviallest unit af ma‘ter
2. Elements the characteristcs ¢/ t1e bs ¢ (orris that en #thn { ake

3. Periodic table of the elementihe classification of the elements

4. Chemical bondsthe forces of attraction that bind atoms

5. Atoms forming cc m| ouno it e “v} e« of coroinations >f2c ns

6. Chemical reactionsthe recombining of atoms and molecules in sons&chocesses

7. Phases of mattethe characteristics of solids, liquids, and gases

8. Properties of gases ¢ nd \/a @re riiciples anc b :h wiors of ¢,1se 5 < nd water

9. Electromagnetic radidtiorthc types'ciciiergy relcasca vy acoms

10. Nuclear reactionsthe changes and energy releases in fission amohfu

SOURCES: While some of the images were createdcedfy for this packet, most came from
internet. Almost all of the latter are in the pakdomain. For the others, permission was rect
from the photographer, artist, or agendgredit is given along with the picture itselhdathe interne
addresses on the back pages list the locatiortseahtages and the information used in preparirg
packet. (Especially helpful were the websitesifietent NASA agencies.)

USE: Therers'a collect.on of iliages on each franspareitis ariandement allows ralated topic
be conveniently grouped and allows costs to bermz@ad. (A simple way to display only a few of
images at a time is to cover the other images wisihheebf paper.) The descriptions are intende
assist teachers in presenting information...This ne of the ten sets in the science transpal
series,—Animals, Astronomy, Ecology, Energy Resources, Gggl Human Body, Matte
Oceanography, Weather, and WoForce, and Motion. These and other offerings be viewed .
www.k8resources.com

Text: © 2008, Michael Berkowitz, k8resources, Sadaine



1. THE ATOM

SAMPLE

Rutherford’s gold foil experiment; solar system model; Bohr model; electron cloud; orbital shells

Source: Brookhaven National Nrci: EnemYBrookhaveINL;Wi R

PREVIEW)

Go to www.k8resources.com

Orbitals (3); sodium atom and ion; chlorine atom and ion; lightning
Credit: © Los Alamos National Security (3) Source: Vision Learning Credit: C. Clark, OAR, NSSL, NOAA



1. THE ATOM

The first model: In 1911, Ernest Rutherford’s experiment providéeé first evidence of aton
structure. He directed a stream of positively ghdr(alpha)particles at gold foil and noticed that nr
moved uninterrupted,—straight through empty spa&eaelatively small number of alpha particles w
repulsed by minute concentrated locations—cordsdaaluclei.

The nucleus: For the alpha particles to be repelled, the nusclead to cotain positively charge
matter—in units called ptons. Similarly sized neutrons also occupy theleus, but they have
charge. (More recent research has shown thatareulrave 2 “down” quarks each with1ad3 charge ar
1 “up” quark with a +2/3 charoe. Neutrons thuséham net charpe.Convelgethe proton has 2 “uj
guarks with a + 2/3 charge and 1 “.cwvn” «tua'| vithl 3 charg:.) With a net charge of +1,tpne
would push each other awav wel 2 i v tht: “s'rc1c nucleir forc2.” It is by exchangilgon particle
that the nucleons (protons anu neutrons) are ogether.

Electrons: According to Rutherford and Niels Bohr, the atafso contained smaller electrons
orbited around the central nucleus, much as theedaorbit around the SunlLater research findin
progressively refined.this modelThe electrons could onlv occupv discrete orbigssheorbit could onl
hold a certain numk ar »f ele stryas; 2xact pa.w@ oits werc reple ced Ly nore general probabiligaar
Erwin Schroedinge tre ced tiese “electron clcudaarto t e wa ‘e fur ct on of electrons. Electrars
now conceived of a3 packets of eleryy, necause llebavior ana energy leveparadoxically exhib
properties of both particles and waves.

Orbitals: Electrons are now understood to occupy particaaitals. These regions are characterize
their size (distance from the nucleus), shaoe (sgdepolar. or cloveshaped) and orientation (along
X-, Y-, Or z-axis). Therc ca i |l e twd :lectrohghr. ir ne ‘most orkial shell, eight in the seconbitat
shell, eighteen in the th ra, thiiy vvo 1 the fo )/ nirt’ t vo In th 2 fit b, eic (teen in the sixth,caeigh
in the seventh. Elections in an atorn s outermositas, ne valence electrons, are critieal the
interactions with neighboring atoms. These inteoas lead to bonding and chemical reactions.

lons: Under ordinary conditions, the number of protamsl the number of electrons in an atom
equal. Thus the positive charges equal the negatvarges, and the unit is electricalgutral. Unde
some circumstances, the “metals” will loose theitreomostone, two or three electrons, giving the atc
positive charge. Sodium (Na) atoms have a sinigletren in their third shell. Afteriging that one uj
its net charge is minus one (Ya.“Nonmetals” can take in extra electrons, givingntha negativ
charge. Chlorine (Cl) atoms are missing one electron inrthglence shell and will easily accept an €
electron, developing a charge of minus one€)(Clons, the resulting eleatally charged atoms, can
strongly baund to particles of the opposit2 cheagen the case of N@I', sodium chloride (table salt).

Electricity: The movement of electrons from one atom to the oax result in the flow of charge cal
electricty. Metals such as copper and steel are good ctmdubecause they easily relinquish ¢
electrons to neighboring atoms. Rubber and glessyxamples of good insulators becatlsy resist th
process of passing along electrons...In some cir@mes, anmbalance in electrons can cause
electrostatic charge. An inflated balloon rubbeathwloth, a persoshuffling across a carpet on a wit
day, or the rubbing of ice crystals in a thundardican each build a static charge. If the chasp®ina
great enough in these examples, the balloon wileeelto a surface, a spark wplass from an extend
finger, or a lightning bolt will form.



Charge Mass 6 Atomic number, (=p)
proton +1 1

neutron 0 1 ( : Symbol (carbon)

electron -1 0)
Atomic weight (=p+n)

— $AMP1—E —

# protons 1 7 11 17 79 92

# electrons 6 7 79 92
# neutrons ( Ii 7 8 118 146

weight 1 4 12 14 16 23 36 197 238




2. ELEMENTS

Traits of elements: An element is a substance all of whose atomghaeame. The number assig
to the element is equal to the number of protorthénnucleus of each atom. The number of pr
determines the element’s characterssticin its normal state, the number of electrongatsy th
number of protons—resulting imo net charge. Since only protons and neutrome hay significar
mass (approximately one anatomical mass unit eachgatom’sweight is equal to the sum of
protons and neutrons. The number of neutrons iatam equals the wght minus the number
protons For smaller atoms, the number of neutrons eghalsiumber of protons, but there are r
neutrons than protons in the larger atoms. Whidmynatomsexist as single units, many suct
oxygen, nitrogen, and chlorine, generally form roales of two atoms sharing electrons,(8,, anc
Cly).

Some elements:
Hydrogen (H) is the lightest element. A colorlgss, it is used in balloons and mining.
Helium (He), with its only electron shell filleds & stable, non-reactive gas used in scuba tanks
Carbon (C) is a black residue acquired by burnirgguoic matter. It is used in steel and filters.
Nitrogen (N).is a colorless pas that comprises 07 %iir atmoasphere
Oxygen (O', a gastra cup)o ts life, makes up & Lbur 1 tmos HHh 2re.
Sodium (N) it a sil el soic v nose si 1gle elecir s oL er or it lets it bind in salts.
Chlorine (C\), because it lacks a single electroris outer shell, combines easily to form a salt.
Gold (Au) is malleable and a good conductor,—usedbdins, jewelry, and electronics.
Uranium (U) is silver and found in such rocks dshhlende and carnotite.

Allotropes: Variationg-in.the 2tanmont.of the atems-in.actab~e canleer the appearance of 1
element. Carbon has a w de ran je »f allovop/.B). 5rnhite ha‘, ta'ool atoms joinedh@xagon:
bonds in planes. It is usel a. a ubrican:, aaa -, andtl ¢ nicnan ed “lead” in pencils.
“Buckyballs” are sperical fullerenes named after R. Buckminster Futr.e designer of the geode
dome. Their pentagonal rings offer binding sitest may yield medicinal applications. (Bjamond:
have such strong tetrahedronal bonds that theyharestrongest mineral known. They airged fo
jewelry and industn

Isotopes: While the number of protons in an atom determitgesaits, there can be some variatio
the number of neutrons the atoms of an elementcoatain. Deuterium, an isotope of hydrogen
found in heavy water. The nuclei of thgdrogen atoms in heavy water contain a neutrongaeith
its typical proton. As it is heavier, an ice cubade with heavy water will sink.Heéavy water can |
used to process unenriched uranium into plutoniu@drbon-14 is an isotopesed to date ancie
objects ~ivis created when a neutron from cosaniation collides with. a nitrooen.nucleasd expel
one of its_p.otons.. “'he criginzad mitrag=n'nncldasl. s=ven rrotons ana se/er reurcns. Shee
nucleus now has six protons, it is actually a caremm. Yet it has eight neutrons insteadarbon’
typical six. With the extra neutrons, it is unséand decays with a predictable half-lifafter eacl
5730 years, half the carbon-14 atoms present @kt to nitrogen atoms as a neutron ahilange to
proton (and emit an electron). As a certain praporof the carbon in carbon dioxide in the air is C
14, plants take in a known amount for photosyn#)esid animals will ingest that same proporiran
the food chain. Once the plant or animal diesyilt not take in any additional carbon-14, and that
amount will slowlydecrease. Knowing the amount in the atmosphetétenamount in the remaini
material, archaeologists are able to determinagjgeof plants and animals through “carbon-dating”.



Outer shell electrons 3. PERIODIC TABLE OF THE ELEMENTS Outer shell electrons
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Source:Yinon Bentor, L
Chemical Elements 262

To utilize the full size of the transparency,

the overhead is in landscape format—rotated 90 degrees.
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3. PERIODIC TABLE OF THE ELEMENTS

The table: Because of the systematic nature of the progeofi¢ghe elements, they can be arranged in a
“periodic table.” Generally speaking, as one pesges across the rows and down the columns, the
elements get heavier, larger, and more complex eléments are numbered based on the number of
protons each has. As an atom'’s electrical char¢palanced, the array also indicates the number of
electrons.

Rows: The first row, containing only hydrogen and helithas only one electron orbital shell. The
second row has two shells; the third, three shefigyntil the seventh row, with seven. The chanastic
behavior of an element depends largelv on its numbealence electrons_ This number of electrons i
its outermost shell determinec its tenc'aicie s =@ w th ad bond with other atoms or
molecules...Each row, or “period, in Xac tal le irdr g * 1e set >f ele nents with the same number of
shells, and the shell is filled froiniefo to rignia period. Thus nauuriioiy has only one electrin its
second shell, and neon (Ne) has all eight in theli.s

Columns: The vertical columns in the table are the “faesfi—elements sharing similar properties.
Because filled outer shells are more stable, aneté in the first column will readily give up its
outermost electron, (ane"an c'er .2nt n ne secolh.mm will radily five v 9 | s tw) outermost
electrons). Element; ir the le 5t co:nn havifig coutermos <iicll are s al e \nd react littlehw
others. An element 1 theoccord to .as22lunlreadily accept an a4/a e.2ctren to completeiiter
shell.

Groups of elements: Groups of elements that behave similarly cardeatified easily in the table, with

the clearest commonalities found in columns, am@ lesser extent, in rows:
Alkali metals(first .uiumr , excep nyurcgen) ¢ heuumnyg hai ke |)osely bounelectron in the
outer shell, they k£ »ndieg i A< Gruc fo. of e be ccrmete s, th ey ire soft, malleable and
good conductors ' f heat and =le “tricity,
Alkaline earth metal¢second column): These too bond fairly easillzasing the two electrons
in their outer shell. These metals also are swdilleable and good conductors of heat and
electricity.
Transition metalg¢from third column to tenth columns, except fordred Ac): They have a range
of numbers of electrons in their outer shell orllsheThe transition metals are often excellent
conductors because of the looseness of their etectr
Rare earth metal®ottom two rows): The lanthanide series starts waland includes the seco
to last row; the actinide series starts with Ac aradudes the bottom row. “Rare” may be an
understatement as all lanthanides and severaigesiare not found in nature, but only have been
created in the lab.
Otlier metalg n-a trianglz from Alito TV 1oBi): These-are nenbie, Gut-are seliaand dense.
Mewaiolas(orra-uiagoral approximately-irom-soron o polumu Gi'tae bounaary between
metals and non-metals, these have properties akioth.
Other non-metalgH, C, N, O P, S, and Se): These are poor condsict
Halogeng(second to last column): These “salt-formers”@re electron shy of a full outer shell.
They therefore form compounds easily with metaiscteon donors).
Noble gaseglast column)With full outer shells, they are very stable, ra@mbining with othe
elements. Having low boiling points, they are @bgs at room temperatures.
(Elements # 113-118re extremely rare or only have been fleetinggated in the laboratory.
Little is known for sure about them.)




4. CHEMICAL BONDS

Type Between Electrons Attraction State Melting
IONIC Sl Transferred SUEIY e Solid High
non-metal atoms
METALLIC ~Metland o0 stongwith o oiy High
metal electrons

NON-POLAR Identi Slfwre ak een Liquid Low
COVALENT non-m A In_ol S Or gas

POLAR Different Shared Weak between Liquid

COVALENT non-metals Unequally molecules Or gas Lok
lonic bonding in salt Metallic bonding of aluminum ions

Go to www.k8resources.com

Nonpolar covalent bonding Polar covalent bonding

Sources: Dept. of Materials Science and Engineering, Cornell University; Dept. of Physics and Astronomy, Georgia State University; Charles
Ophardt, Elmhusrt University



4. CHEMICAL BONDS

Bonding: Atoms are bound to other atoms in a variety ofjsyéut in each of them the electrons |
a crucial role. In ionic bonds, electrons are $farred;in metallic bonds, electrons are loosely she
in covalent bonds, electrons are tightly shared.

lonic bonds: Gilbert Newton Lewis noted that atoms with fut&ron valence shells are stablEhe
first row of elements in the periodic table canchohly two electrons in their singidectron shell. A
other rows have the capacity feight valence electrons. The alkali metals haug one electron i
their outermost shell, and the alkali earth melt@getwo. They give up those electrons very ea
and in doing so, have a net | osiuve harct (aw i ans th :nwir umber the electrons). Convers
the halogens are missing only «ne 2t th: =ikt racsiin their vaience shells. They thus ha
strong affinity for electrons, a:a; I adding oy fave a ici negauve charge (as the electhen
outnumber the protons). There is a strong attachetween atoms that are pogly charge:
(cations) and those that are negatively chargewriah lons then become surroundedopypositel’
charged ions in a lattice structure. The altengagonfiguration of atomsesults in arrays witho
clearly defined individual molecules. The atomghase crystals are so strongly bound togetthar
they form solids witt, viry higlh inel in ) and heuipgints. The cryste's diss)lve relatively easily
water, but not in nor po ar lia iics.

Metallic bonds: The outer electrons of a mass of atoms can forsea of electrons” which bin
together the individual atomsBecause the attraction between the positive nuaiei the poole
electrons is very strong, substances with thesalhtebonds have very high melting pointdlany
transition metals, in fact _have extremely high tingl naints due te-their increased numbeis
common electrons.) Th: relati rely. re >-flowiygo el s nake hes» n.ati rials excellent conductors.

Covalent bonds: Atoms nearer the center of the periodic tablendbgive up or take in electrc
easily as they are not as close to a full shelladénce electronsThey end up sharing electrons.
sharing electrons they are able to indirectly thikir outer shells. There ateo types of covale
bonding,—depending on whether or not there is dmalance of the shared electrons.
—In nonpolar covalent bonds, the sharing is eqgsalthatthere is a perfect balance of
electric charges. Thiis easiest to see when two identical atoms aradtogether. Each of tv
hydrogen atoms shares their only electron evendysimgle covalent bond. Each of two oxy
atoms shares two electrons in a double bond; eddgen, three, in a triple bdn In man
organic compounds hydrogen atoms are evenly posticaround carbon atoms. The sharec
electrons are so balanced in space that thereusewenness in charge.
—In/polai cova'ent bends; Avo noymew ams aifertelitendency o cive up or @kn
electruiis.he siidred elections spena-inore titiie witii the atwmtue ‘hignei eleciron affini
(elements to the right and top of the periodicaablThis leaveshat end of the molecule sligh
negatively charged.
Although there are relatil)e strong covalent bonds within the molecules, ¢hisrvery little attractic
between the molecules. They thus have such lowingednd boiling points that many are liquids
gases under normal conditions.

Weaker bonding: Two much very weak bonds amgdrogen bonding (seen in water) and Var
Waals bonding (seen in cooled noble gases).




5. ATOMS FORMING COMPOUNDS

carbon nitrogen hydrogen oxygen sodium  chlorine

SAMPLE

water hydrogen peroxide carbon dioxide  carbon monoxide

(ONLY FOR

ELENE ethane ethanol benzene

Sources: Dr. Michael Pidwirny, Univ. Pow)

Go to www.k8resources.com

glucose DNA molecule salt

Source: Chemcase, Kennesaw State U. Credits: NASA; Michael Gregory, Clinton Community College



5. ATOMS FORMING COMPOUNDS

Atoms, molecules, compounds, and mixtures:Most elements contain single atgnisit some (such

hydrogen, oxygen, and nitrogen) exist only in paifsdentical atoms. These tvatoem combinations a
molecules. Molecules can also be made up ofct@mically bound atoms of different elements. W
molecules have one oxygen atom linked to two hyelnogtoms. Water and other compounds

properties distinctly different from the propertie$ their two (or more) elememnt With the aton
chemically bound, compounds cannot be easily stgghiiato their components. Mixturesn the othe
hand, contain units that can be separated bechaegeate not chemically joined.

Valence electrons: The joining of elements is deteined by their valence electrons. Atoms have @ng
propensity to have their outerriosuele.i-on 'idei 70 achi ve th s stable base, some givelegtir®ns
some take them in, and others siiare the m. Thacam oZivic 0 the ¢iemnents in the periodic table mteis
these tendencies:

Noble gaseqlast column) have a full complement of eight wake electrons. They rarely bind with of
atoms to form compounds.

Alkali metals(first column, except hydrogen) quickly give ugithonly valence electron to form amnitha
will bind with non-metals.

Alkaline earth metal¢-ec~iia ~olymn) guickly dive up their wou vaaeeiec uns9 form an ion that wi
bind with non-metals

Halogens(second to ast =olinr) lac< ¢2hzone electronts outer che!,. "heyradily accept a meta
electrons to form an ioaic bound compound.

Other non-metalémost significantly H, C, N, and O) share electrtm achieve stable outer shells.

Covalent bond compounds: Hydrogen needs only one electron to fill its telectronouter shell. T
achieve stability, other af siiia. Nt caanC g el=stto ni ve o wotol of =igh t 7alence electronghigir oute
shells. As the periodic ti hle.co 1mrs < :ggest, 17 ne «d¢ four edctidn al € ectronsrogen needs thre
oxygen, two; fluorine, on:; neol, ncne In awit@e ul: each » twe hyr rogen atoms angé oxyge
atom share an electron to attain full outer shellsese single bonds (mutua' sharing of one eleqteorpel
bond) also occur in hydrogen peroxide. Double Isgoth the carbon atom, which shares two electwuitis
each of the two oxygen atoms, which share two eif tbwn. A triple bond (sharing of three electron pe
is needed for carbon monoxide (as carbon shareahdoxygen four)..Methane, ethane, and ethaad
have single bonds to attain full shells. Benzebhesds are less clear: To arrive at eigat&ons in its oute
shell, each carbon atom starts with four of its @lectronsand shares one from the adjacent hydroge
therefore must share three with the two neighbodaidpon atoms. (Scientists think this occurs pastia
double bonds, resonance bonds, and/or short dbobigs.)

Organic compounds: There are four types of compounds needed bydidrganisms. _ Lipidgfats an
oils) are nonpolar cevalent. compounds whick witt dissolve. in water (a-oelar cavalent®arbohydrate
(glucose and. roce cemplex sugars, starcn, andlesthimave caltbar, oxycen, hyd.cgzr, and nitre
Proteinsinclude twenty different amino acids. Nucleicdsinclude DNA, a double helix arrangement
thousands of atoms carrying the blueprints forciies of life.

lonic compounds: lonic compounds are latticgructure arrays of ions. Metals easily give ugirthialenc
electrons to achieve stability. In doing so, thaves become positively charged. The moetal atom th:
receives the electron becomes negatively char@éd. resulting attraction binds the atoms icrgstal. Thi:
occurs between the atoms sodium and chlorine thaabetween atic calcium and larger molecular io
carbonates (C§¥). Limestone, chalk, and marble are examples lofiza carbonate.
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