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CHAPTER 2
ATOMS, MOLECULES, AND IONS

Early Ideas In Atomic Theory [2.1]

« Democritis (500 BC)

FIRE

* Aristotle

» John Dalton AR EARTH

WATER




Daltons Atomic Theory (1803)

(1) Elements made of small, indivisible particles called “ATOMS”

(2) All atoms of a given element are IDENTICAL, & have same mass

(3) Atoms of any element are DISTINCT from atoms of any other, & hence have different masses

(4) LAW OF MULTIPLE PROPORTIONS —

Compounds = elements combine in small, whole-number ratios.

(textbook, “A compound consists of atoms of two or more elements combined in a small, whole-number
ratio. In a given

compound, the numbers of atoms of each of its elements are always present in the same ratio.” p67/75)

(5) CONSERVATION OF MATTER—in a chem rxn, atoms only re-arrange. [Antione Lavoisier, ~1785]

Law of Constant Composition

For compounds comprised of the same elements (e.g., NO and N,O3), atoms of different elements
combined together, in fixed ratios [Joseph Proust]
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(EX) Law Of Multiple Proportions
¢What is the ratio of the numbers of oxygen atoms that are combined with a given number of nitrogen
atoms in the compounds N20O3 and NO?
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A Process for Determining the Multiple Proportion

@ ratio the two compounds being compared

@ pick one of the compounds, and multiply by a factor (if necessary) that gives the same number of
atoms of a given element on the top and bottom... can be any of the elements

@ cancel-out the element which has the same number of atoms on the top and the bottom

@ the numeric ratio which remains is the multiple proportion



(EX) Law Of Multiple Proportions
¢ What is the ratio of the number of chlorine atoms for the materials described by CuxCly, wherein green
crystals have a mass ratio of 0.558 gCl/g Cu, and brown crystals have a mass ratio of 1.116 gCl/gCu?
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Evolution Of Atomic Theory [2.2]
Atomic Theory After The Nineteenth Century

JJ Thomson — CRT - Discovered The Electron

CRT
Ls invented in 1897 by Ferdinand Brann cathode (3 Anode (9 fB}ew
Ls precursor of CRT television { /
o [ L
OBSERVAT'ONS voltage Cathode ray glf;:;ged d Magnets SCtaSI%DH
Ls casts shadow, % straight line of glass

Ls magnetic deflection, + (-) charged

Ls turns wheel, +» has mass

Ls e/m = 1.8E8 coulomb/gram
* same regardless of gas type
+ same regardless of electrode composition
+ same regardless of electrical source

\’
ELECTRON

Ls named per George Stoney’s earlier work in 1891
Ls Thomson'’s research -> chg/mass = 1.759 E11 C/kg



Robert Milligan — Oil Drop — Discovered Mass Of Electron

Allblclg ave 4,“ md%'\ D

X-ray to produce

charge on droplets
; Charge in
Pinhole
el coulombs (C)
Oil sprayed
in fine droplets A 48x10°C
B 32x10°C
Oil atomizer
c 6.4x107°C
Telescopic D 16x10°¥°C
eyepiece
E 48x10°cC
Charged oil droplet Electrically charged
under observation brass plate —

Ap,(,_oclg 2121(’,“/\7‘) (Tv]
swallsd jnued 2“2

—

N

[next page: Observations & Conclusions]



Milligan — Oil Drop Experiment: Observations & Conclusions

Ls The charge of an oil droplet is always a multiple of a specific charge,
1.6 E-19 C.
Ls Thomson’s research -> chg/mass = 1.759 E11 C/kg

0 1.603E—19C 1Kg

1 X 1.759E11 C

= 9.107E — 31 Kg
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L] charge mass mass
= X

1 charge 1



Ernest Rutherford — Gold Foil — Discovered Nucleus s . il e

of « particles particles are pass straight
are significantly slightly deflected  through foil

CONCLUSIONS —— é&

Ls atom is mostly Empty Space
Ls most mass takes up very little space in the center
of the atom

Ls (+) positive charge material is in that central mass Redum source of @ partcles e e ol ol
« particles

%

I CAN’T BELIVE YOU SAID THAT...

”It was quite the most incredible event that has ever happened to me in my life. It was almost as if you fired a 15-inch shell
into a piece of tissue paper and it came back and hit you."
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James Chadwick — Radioactive Bombardment — Discovered Neutron

J— 8{
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Summary — Atomic “Parts” Discovered

Ls electron — Thompson — CRT

Ls charge (and hence mass) of electron — Millikan — Qil Drop

s nucleus — Rutherford —Gold Fail

s neutron — Chadwick — radioactive bombardment of Be



Atomic Structure And Symbolism [2.3]

Subatomic Particle Properties

Mass Mass Mass Rel Chg

(amu) Rel (9) chg (C)
electron 5.5E-4 1 9.1E-28 -1 -1.6E-19
proton 1.0073 1836 1.7E-24 +1 +1.6E-19
neutron 1.0087 1836 1.7E-24 0 0

Atomic Number & Mass Number & Chemical Symbols
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(EX) ¢Who am 1?
A=12;z=6 A =15, # neutron =8

Isotopes and Nuclides
* Frederic Soddy — Radioactive Decay — Discovered Isotopes

Manges — (]
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ISOTOPE = nuclei of same element (Z) , different mass (A)
NUCLIDE = a nucleus described in terms of both Z and A

ISOTOPES of Carbon — v
ISOTOPES of Nitrogen—all are 4~ 1B~ 12 ISAT M7
NUCLIDES ¢ € C 3 7

T




Nomenclature of Isotopes
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(EX) Write the atomic symbol for each of the isotopes described below.

a.Z 26,A 54

b. the isotope of iron with 30 neutrons

c. number of protons-26, number of neutrons-31
d. the isotope of nitrogen with 7 neutrons

e.Z 7,A 15

f. atomic number 7, number of neutrons-8

(a) 3sFe; (b) 36Fe; (c) 36Fe; (d) 'IN; () 5N; () 5N U 4.38



(EX) Give the number of protons, electrons, and neutrons in neutral atoms of each of the following isotopes:

@ 'iB
) ' He
(€) %5 Cu
@ 3¢

(e) 1;Se

- o
Na+ eH/f ’@‘1 c(/ﬁ\

(a) 5 protons, 5 electrons, 5 neutrons;

(b) 80 protons, 80 electrons, 119 neutrons;
(c) 29 protons, 29 electrons, 34 neutrons;
(d) 6 protons, 6 electrons, 7 neutrons;

(e) 34 protons, 34 electrons, 43 neutrons

EOC 2.18



Atomic Mass: A Weighted Averge

Ls average of isotopes
Ls all averages have fractional values, although all individual isotopes
(nuclides) comprising the average are Integers

“Mg Mg Mg

12

18.95 + 2.4986 +  2.8607



Mass Spectroscopy
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Chemical Formulas [2.4]

S S
H—C—H
CHy } J 7 »

@ (b) (© (@

Types of Formulas

Figure 2.16 Methane (a) a molecular formula, (b) a structural formula, (c) a ball-and-stick model, and
(d) a space-filling model.

Atoms & Molecules

J JJ
J J oJ oJ

One H atom Two H atoms One H, molecule Two H, molecules



9 Molecular Elements
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(EX) Empirical & Molecular Formulas [ex 2.6b]
¢,A molecule of metaldehyde (a pesticide used for snails and slugs) contains 8 carbon
atoms, 16 hydrogen atoms, and 4 oxygen atoms. What are the molecular and empirical

formulas of metaldehyde?
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The Periodic Table [2.5]
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@ Periodic Table of the Elements Gt/ ¢ nse=y
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MeAals j
Mol , [#
13 14 15 16 17
-L.\LS"'VM& . G*J‘”“{- { 5 = 6 © 7 - 8 ° 9 F 10Ne
cMaledle - Couledt HRAT 181G TN 1S G |
o || nwogen || osgen || mome || “neon
t LZ 3 14 5 16 7 i
+ Duck Al [Msi [P [©s Yo [PAr
2 2809 || 3097 || 3206 || 3545 || 395
10 11 12 | somium || Seon | forsnons | s || criwe || srgon
21 22__ 23 24 25 26 27 28 29 30 31 132 133 6.
4/ K Ca | Sc Ti \ Cr | Mn || Fe | Co i | Cu |l Zn || Ga e s | Se | Br Kr
39.10 40.08 4496 4787 50.94 52.00 5494 55.85 5893 5869 6355 65.38 69.72 7263 7492 78.97 79.90 83.80
potssum || _cacum || scandum || waum || vansaum || cvomom ||manganese|| “won” || ‘cobar || ‘mekel || oopper || s || ostum || qermanim] | -arsemer|| scenum || wromne || inpron
fF(C' 2 u 37 38 39 140 141 42 43 44 45 46 47 48 149 150 5T 52, 53 54
. 5 Rb Sr Y Zr Nb | Mo Tc Ru Rh Pd Ag Cd In Sn Sh Te 1 Xe
8547 || o762 || esor || o122 || o291 || o595 || 7y || 1011 || 1029 || 1064 || 1079 || 1124 || 148 || 187 || 128 || 1275 || 1269 || 1313
it || soontim || yurum || voonm || iobim | lmayisn]| sechnetan || raherar || rhocm || patadia || “siver || cacni || indium |{ “tn" || acenonyhl s, iocioe || soncn
55 56 57-71 |72 73 75 76 7 78 79 80 81 82 83 _ /84 85 86
6/ Cs Ba | La- | Hf a W e Os Ir Pt Au H% Tl Pb Bi Po At Rn
1329 1373 Lu 1785 180.9 1838 186.2 1902 1922 195.1 1970 200 2044 207.2 209.0 [209) [210) [222)
cosum || varim | painom || matum || wngten || rherim || osmiom || ingiom || paimim || “goa_|| mercury || saiom || “lead || womun || poonum || asmnese| rdon
87 E3 89103 ||104, _ |[105_ |[106_ |[10Z |[108  |[109 |[10__ |[LL |z |13 _ |[B4_ |H5 |16 |17 |18
7 Fr Ra | Ac-| Rf Db Sg Bh Hs Mt Ds Rg Cn || Uut Fl l["zéﬂ) Lv || Uus || Uuo
1223 || 26 | pp 67 || 270 || 27 7o) || fern || [re] || sy || pes: res] || (ees] || (e 1293 || [29a] || [204)
sancum || _tacim ]| i |{sotborgin||_tipwah || niasi || mesmecim ki || akin
* o7 58 59 61 62 63 64 65, 66 67 68 69 70, 71
La | Ce || Pr || Nd | Pm| Sm| Eu || Gd | Tb || D Ho | Er | Tm | Yb | Lu
1389 || 1401 || 1409 [ 1422 | pas) @ 1504 || 1520 || 1573 f| 189 || 1625 || 1649 || 1673 || 1689 [| w731 || 1750
antanun || corum _lpassotmian| nocymi || peomet aurogum | gacoio ||_ietium || speos || ot | erbum | insium || ynotien || oo
- 89 90_ 92 3 6 97 98 99 100 101 102 103
Ac | Th | Pa u g u || Am | Cm | Bk | Cf | Es | Fm | Md Lr
) Bl el el el [ ) BB enl [l ) Bl e Bl el el
Color Code
' Chbea M" A
‘;L‘J‘:n”l‘)'gr—"l [ ] Metal Solid
[ «— Symbol Z WAS W [ ] Metalloid Liquid
1.008 < Atomic mass [ ] Nonmetal Gas
Name = hydrogen




Periodic Table of the Elements

Group
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Molecular And lonic Compounds [2.6]

Elements vs. Atom vs. Compounds vs. Molecules vs. lons
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(EX) Classify Substances
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Molecular vs. lonic Compounds
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NOTE:
COVALENT Compounds will not be discussed until later in the semester...
...for now, let’s focus on IONIC Compounds.



lons: The Driving Force for lonic Compound Formation
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Periodic Table of the Elements
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+ Know the tell-tale sign for ionic compounds
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s Metal cation + Non-metal anion
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Classes of lons

IONS

l

Polyatomic
(many atoms)

|

l

|

Oxyanions

Non-oxyanions

|

Monatomic
(single atom)




Chemical Nomenclature [2.7]

No Consider
other types of
compunds

Sto| Roman Prefix
\w COJ%W P Numeral
BINARY POLYATOMIC
Iypel compounds with:

NON-ACID

- M+ nM

- M has only 1 O.N.

- Metal named first, anion takes "ide" ending
- eg: NaCl = sodium chloride

Type ll
M +nM

I M has at least 2 O.N.

I utilizes ROMAN NUMERALS

I eg: FeO = iron (I1) oxide

Fe,0, =iron (Ill) oxide

Typelll

M + nM

I often, element closest to F serves as anion ("ide")
I utilizes PREFIXES

I eg: CO = carbon monoxide

CO, = carbon dioxide

"ate" anions
"ite" anions
"ium" cations

~ Typically, named using the rules from the quadrant to

he left, and an anion derived from one of the polyatomic
acids from the quadrant below.

- ammonium ion is the only polyatomic CATION utilized in
his course.)

- Often, the formula of the compound's anion 'portion’
can be determined if the corresponding POLYATOMIC
ACID (quadrant below) is known:

S0O,2 = sulfate ion <-- derives from sulfuric acid
S0O,? = sulfite ion  <-- derives from sulfurous acid

eg: Na,SO, = sodium sulfate
MgSO; = magnesium sulfite

I For our purpose, these are acids that do not contain
oxygen,; i.e., they are not OXYacids.
* binary acid = H plus 1 other NON-metallic

eg:
HF = hydrofluoric acid

+ Acids in which the corresponding anion is comprised of
WO or more elements

+ Some acids can be thought to exist in ‘families," in which
he formula of any family member can be derived by
application of a few basic rules to any single member

of the family for which its formula is known.
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* The metals highlighted in green are Type |.
* You may assume, for purposes of this class only, that all metals between Group 1-13 that are not
green are Type Il.

i 18
1 2
1 H Type | Metals He
hydrogen | : : : 13 14 15 16 17 [ hewn
T (Highlighted in green) e T e e
Li Be B © N (o) F Ne
2 6.94 9.012 10.81 12.01 1401 16.00 19.00 20.18
lithium beryllium boron carbon nitrogen oxygen fluorine neon
i 12 13 4 __ |5 16 17 18
3/ Na g Al Si P S (c]] Ar
2299 2431 26.98 28.09 30.97 32.06 35.45 39.95
sodium || magnesium 3 4 5 6 7 8 9 10 :L‘l_ 12 aluminum silicon phosphorus ‘sulfur chiorine argon
19 20 21 22 |[23 24 25 26 27 28 |[29 30 31 32 33 34 35 36
E Ti \'A Cr Mn Fe Co Ni Cu Zn Ga | Ge | As Se Br Kr
39.10 40.08 4496 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.38 69.72 72.63 7492 78.97 79.90 83.80
potassium calcium scandium titanium vanadium || chromium || manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
37 38 39 40 a1 2 43 73 45 46 47 48 49 50 51 52 53 54
5/ Rb | Sr Y Zr Nb | Mo || Tc || Ru || Rh || Pd || Al Cd In Sn | Sb || Te 1 Xe
85.47 87.62 88.91 91.22 92.91 95.95 97 1011 1029 106.4 107 1124 1148 187 1218 1276 126.9 1313
rubidium strontium yitrium zirconium niobium | |molybdenum| | technetium || ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
55 56 5771 ||72 73 74 75 76 77 78 79 80 81 82 83 __ |8 85 86
6| Cs Ba | La- | Hf Ta W Re | Os Ir Pt Au H TI Pb Bi Po At Rn
1329 1373 Lu 1785 180.9 1838 186.2 190.2 1922 195.1 197.0 200 204.4 207.2 209.0 [209] [210] [222]
cesium barium * || hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
87 88 89-103 104 105 106 |[107 108 109 |[110 111 112 113 114 115 116 17 118
71 Fr Ra || Ac-| Rf Db Sg Bh Hs Mt Ds Rg Cn || Uut Fl || Uu Lv || Uus || Uuo
[223] [226] Lr [267] [270] [271] [270] [277) [276] [281] 28! [285] [285] [289] [288] [293] [294] [294]
francium radium *k dubnium 'seaborgium bohrium hassium ‘meitnerium ununtrium flerovium livermorium ununoctium

* 57 58 59 60 61 62 63 67 68 69 70 71

64 66
La | Ce Pr Nd | Pm | Sm || Eu Gd | Tb Dzy Ho Er | Tm| Yb Lu
1389 1401 1409 1442 [145] 150.4 152.0 157.3 158.9 1625 1649 167.3 168.9 1731 175.0
lanthanum cerium neodymium ‘samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium

s 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac | Th Pa U NP Pu || Am | Cm | Bk Cf Es | Fm | Md | No Lr
[227] 2320 2310 2380 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259] [262]
actinium thorium uranium || neptunium || plutonium || americium curium berkelium || californium || einsteinium || fermium i nobelium || lawrencium

DISCLAIMER:

+ some of the non-highlighted metals are, indeed, Type 1 — however, you need not memorize them. If that
information is needed, you will be informed.

+ as far as memorizing, you only need to memorize that the “6-pack” and the first two Groups are Type I.



Examples of Type |, Il, & Il Compounds

Type | Metals
(Highlighted in green)

. M+nM

CaCl,




. nM + nM

NO

CO

CO,



POLYATOMIC ACIDS AND IONS

Common Polyatomic lons

Name Formula Related Acid Formula
ammonium NH, *
hydronium H;0"
oxide 0
peroxide 0, 2
hydroxide OH"
acetate CH;C0OO" acetic acid CH3COOH
cyanide CN™ hydrocyanic acid HCN
azide N3~ hydrazoic acid HN3
carbonate CO, 2 carbonic acid H,CO3
bicarbonate HCO3~
nitrate NO; nitric acid HNO3
nitrite NO,™ nitrous acid HNO2
sulfate S04 2- sulfiric acid H2S04
hydrogen sulfate HSO4~
sulfite S04 2- sulfurous acid H2S03
hydrogen sulfite HSO;3~
phosphate PO, 3~ phosphoric acid H3PO4
hydrogen phosphate HPO, 2-
dihydrogen phosphate | H;POy4
perchlorate ClOy~ perchloric acid HCIO4




ic, ous ACIDS — ate, ite ANIONS

2 H+ ﬁ“'e%%qs” Acids to “ate/ite” Tons
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Memorize These Oxy-acids { 1
- sulfuric acid 2~
« nitric acid H} FOB 0005
* phosphoric acid
« acetic acid
* chloric acid
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The “Extended Family”
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Atoms, Molecules, and their lons... Don’t get them confused

S ) 504\ Ha z - ak
N o oy —> ke
ST se, \ o didy =l
sufsh
— ]L oS>
ide ke e

S S/2- SO2 SO3 SO3/2- SO4/2- H2SO3 H2S04

Co SOs

element —> ide
ic —> ate
ous —> ite

2% g2 2~
My SO SO,

7

S0,



SPECIAL CASE - BINARY ACIDS

[ h&oﬁ” (ib\ '-\M(.‘((‘\—S D '5' C\pM> Mawnes
Names of Some Simple Acids

HF{(g), hydrogen fluoride HF(aq), hydrofluoric acid

HCl(aq), hydrochloric acid
HBr(aqg), hydrobromic acid
Hi(aq), hydroiodic acid

HCI(g), hydrogen chloride

HBr(g), hydrogen bromide

HI(g), hydrogen iodide

H,5(g), hydrogen sulfide

H,S(aq), hydrosulfuric acid

Table 2.12

COMMON NAMES - “The Resistant Ones”
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(EX) IONIC VS. MOLECULAR (COVALENT)
¢ Are the following lonic or Covalent/Molecular? Why? [ex 2.12b]
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(EX) NOMENCLATURE: NAME —> FORMULA
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[answers next page]



(EX) NOMENCLATURE: NAME —> FORMULA
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(EX) NOMENCLATURE: FORMULA —> NAME ST

@ KknNog TR ® NO &1y
Type | name Type | name
no Il, no lll no Il, yes Il --> prefixes
@ ALDs (14) O Ni, o)y <12
Type | name
Type | name
no II, no Il yes Il --> RN

(around the bend)



(EX) NOMENCLATURE: FORMULA —> NAME
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yes Il --> RN
(around the bend)
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