Lecture 4: C1403 Monday, September 19, 2005

Stoichiometry : Mass relationships involved
in compositions of compounds and in
balanced chemical equations.

Converting mass of substances to moles
(numbers of atoms and molecules) and moles
to mass.



Creation of a ranking of atomic masses through
Avogadro's hypothesis and the mass of volumes of gases.

From the mass of 22.4 L of gases to atomic and molecular
molar masses.
22.4 L determined as containing a mole of a gas.

Compound (22.4 L) Mass 7% of O Mass of O

Water 18 g 89% O 16 g O/mole
Carbon dioxide 44 g 73% O 32 g O/mole
Sulfur trioxide 80g 60% O 48 g O/mole
Oxygen 32 g 100% O 32 g O/mole

Data consistent with atomic molar mass of H=1& O = 16.



Equation: 2 H, + O, = 2 H,0
(constitutional structure)

Molecular compositions

Reaction |
stoichiometry

Moles Moles
of A ' of B

Mole equivalents:
2H,=10,=2H,0
Atom equivalents:
4H+20=4H+20

Balanced equations

Reaction d
stoichiometry

Mass
of B

Mass
of A

' Mole ratio

Moles Moles

of A of B
Molar mass Molar mass

of A of B
2

Mass to mole to mole to mass conversion
4gH,=2molH,=1mol 0,=329g0,
4gH,=2molH,=2mol H,O0 =36 gH,O




(@) Equalmasses

Equal amounts

% e

amounts: masses

Chemical amounts:
humbers of atoms
or molecules. Equal
amounts means
equal numbers of
atoms



Limiting reactant depends on number not on mass.

i

(@) Equal masses

Equal amounts

Equal masses: excess
of lighter atom in
reaction

A+B=AB

A is limiting reactant

Equal number:
No excess of
either Aor B in
reaction
A+B=AB



Chapter 3 Chemical Periodicity and the Formation of Simple
Compounds. Lewis structures of molecules.

Learning goals:

Periodic Table

(3.1) The characteristics of groups of the 8 representative
groups (I-VIII) of elements.

(3.2) The relationships among the elements in the
columns and rows of the Periodic Table.

(3.2) Periodic Properties. Electronegativity.

Lewis structures

(3.3) Lewis dot electronic structures of atoms.

(3.4, 3.5) Lewis dot-line constitutional structures of
molecules. How atoms are connected.

(3.7) Predicting the dipole moments and the configuration

(3D) structure of molecules from Lewis structures.



(3.2) The Periodic Table

Classical example of the building of a paradigm: Repeated patterns
of similarity in the composition of binary compounds friggered a
search for order and organization of the elements in terms of
observable properties.

First organization of the periodic: By atomic mass.
Periodicity of properties appeared as an arrangement by mass.

About 1870 Mendeleev (Russia) and Meyer (Germany) proposed the
initial forms of the periodic table.

Mendeleev dared to propose that deviations from periodicity were
due to either incorrect atomic weights or undiscovered
elements. He predicted the properties of six undiscovered
elements. Mendeleev's paradigm wins (for a while)!



(3.1) Groups of Elements in the Periodic Table

Eight Groups (the 7 groups of representative elements and
the group of noble gases):

I. Alkali metals: (H), Li, Na, K, Rb, Cs
IT. Alkali earth metals: Be, Al, Ca, Sr, Ba, Ra
ITT.Boron family: B, Al, Ga, In, Tl

IV. Carbon family: C, Si, Ge, Sn, Pb

V. Nitrogen family: N, P, As, Sb, Bi

VI. Chalcogens O, S, Se, Te, Po
VII.Halogens F,Cl, Br, I, At

VIII. Noble gases: (He), Ne, Ar, Kr, Xe, Rn

Representative metals (I and IT) and non-metals (VI and VII). .



Group I (The alkali metals): Li, Na, K, Rb, Cs



Most of the elements in the periodic table are metals




Group VI (The chalcogens):
O (oxygen), S (sulfur), Ge (germanium), Sn (tin)




Halogens (elemental forms)

S
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Group VII (The halogens): F (not shown), Cl (gas), Br (liquid), I (solid)
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What is the basis of chemical reactivity?
Br, (non-metal) + Al (metal) — Al.Br, (AlBr;)

PRODUCTS

a9 &
#

AlzBr6
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. Grouping elements by similarities. Science is an exercise in collecting data,
detecting similarities in the data and in determining the source of the
similarities at an atomic (microscopic) level.

Many elements form binary compounds with H. Since H is the "simplest”
element (smallest atomic mass), it is natural to consider the properties of
the compounds formed between elements, X, and H. These binary
compounds, XH,, are called hydrides.

Exemplars: CH,, NH;, OH,, FH (XH, n=4, 3, 2, 1, respectively)

Group binary hydrides of that bind the same number of H.

Examples of grouping of hydrides of elements:

CH,, SiH,, GeH,
NH,, PH,, AsH,
OH,, SH,, SeH,
FH, CIH. BrH

S 5 5 S
1
ol TR OVIR N
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Clear cut grouping of metals (Groups I and IT) forming binary
compounds with non-metals (Groups VI and VIT)

Alkali metals, X: Li, Na, K, Rb, Cs
X,0 Li,O, Na,O, K,O, Rb,0, Cs,0
XCl LiCl, NaCl, KC|, RbCl, CsCl

Alkali earth metals, X: Be, Mg, Ca, Sr, Ba

XO BeO, MgO, CaO, SrO, BaO
XCl, BeCl,, MgCl,, CaCl,, SrCl,, BaCl,
Chalcogens, X: O, S, Se, Te

Na, X Na,O, Na,S, Na,Se, Na, Te
CaX Ca0, CaS, CaSe, CaTe
Halogens, X: F,Cl, Br, I

LiX LiF, LiCl, LiBr, LiI

CaX, CaF,, CaCl,, CaBr,, Cal,

15



Hydrides, Halides

Organize Elements by Stable Oxides,

I II ITT IV v VI VIT VIII
Li,O |BeO |B,0;, |CO, NO [O] F- Ne
LiCl BeCl, |BCl; |CCl, |NCl; |H),O HF
Na,O |MgO |ALLO;, |SiO, |PO SO~ |CI Ar
NaCl |[MgCl, [AICI, |SiCl, |PCl, [H,S HCI
K,O CaO |Ga,0, |GeO, [AsO |SeO,% |Br- Kr
KCI CaCl, |GaCl; |GeCl, |AsCl; |H,Se |HBr
Rb,O |SrO In,O; [SnO, |SbO |TeO,% |I Xe
RbCl |[SrCl, |InCl; |SnCl, |SbCIl; |H,Te |HI
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(3.2) The Periodic Table

(1) The elements can be arranged in groups (columns) of elements
that possess related chemical and physical properties.

(2) The elements can be arranged in periods (rows) of elements
that possess progressively different physical and chemical
properties.

(3) Original Paradigm: The chemical and physical properties of the
element are periodic functions of their atomic masses.

(4) Modern Paradigm: The chemical and physical properties of the
elements are periodic functions of the atomic number (number
of protons in the nucleus = humber of electrons in the neutral
atom).

17



Organization of the elements by relative atomic
mass and periodic properties.

Dmitri Mendeleev

TABELLE 1II

z | GRUPPE 1.| GRUPPE IL| GRUPPE Ili.| GRUPPE IV.| GRUPPE V. | GRUPPE VI.{GRUPPE VIL{  GRUPPE VIII.

= - - - RH4 RH3 RH2 RH -

z | R20 RO R20% RO2 R20% RO3 R207 RO4

[ =l

2 |Li=7 Bez9,4 [B=1 c=12 N=14 0=18 F19

3 Na=23 Mg =24 A1=273 Si=28 P23 $=32| Ci=355

4 |K=39 Ca=40 |—=44 Ti=48  |v=% Cr=5%52 |Mn=5%% [Fe=58,Co=59,

Ni=59, Cu=63.

5 {Cu=63) Zn =65 —=68 —=72| As=75| Se=7s8 Br =80

6 [Rb=8%5 Sr=87 vt =88 |Ir=90 Nb =94 Ms =96 ==100 Ru=104, Rh=104,

Pd=106, AQ=108.

7 | (ag=108) Cd=12| In=u3 Sn=118| Sb=122| Te=i2S$ J=127

8 |[Cs=133 8a=137 |?Di=138 |?Ce=140Q0 |- - - el

9 (=) - - - - - -

10 |— - PErz |78 |?LQ=180 |Ta=I82 |W=i84 - 0s =195, 1r =197,

’ Pt =198, AU=199.

1 | (au=199)| Hg=200 Ti=204| Pb=207| 8i=208 - -

12 |- - - Th=231 |— u=240 |- —_————
Figure 2.5 Dmiuri Mendeleev's 1872 periodic table. The spaces marked with blank
lines represent elements that Mendeleev deduced existed but were unknown at the
time. so he left places for them in the table. The svmbols at the top of the columns
(e.z.. R°0O and RHY) are molecular formulas written in the stvle of the 19th century.
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Modern basis for the periodic table: the humber
of protons in the atomic nucleus (atomic number)

79 electrons Nucleus 198 Au

79 protons
118 neutrons

79 ——— Atomic number
Au ——+— Symbol
"ﬁ 196,97 —— Relative atomic mass
~10m P ———
: ~10""m %

© 2003 Thomson-Brooks/Cole
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An alphabetical arrangement of the elements (information)

TaorIe Oy ALOIIIT IViud>>TE>

Element Symbol  Atomic  Atomic Element Symbol Atomic Atomic Element Symbol  Atomic  Atomic
Number Mass Number Mass Number Mass
Actinium Ac 89 2271 Hafnium Hf 72 178.5 Promethium Pm 61 [145]
Aluminum Al 13 26.98 Hassium Hs 108 [265] Protactinium Pa 91 [231]
Americium Am 95 [243] Helium He 2 4.003 Radium Ra 88 226
Antimony Sb 51 121.8 Holmium Ho 67 164.9 Radon Rn 86 [222]
Argon Ar 18 39.95 Hydrogen H 1 1.008 Rhenium Re 75 186.2
Arsenic As 33 74.92 Indium In 49 114.8 Rhodium Rh 45 102.9
Astatine At 85 [210] Todine I 53 126.9 Rubidium Rb 37 85.47
Barium Ba 56 137.3 Iridium Ir 77 192.2 Ruthenium Ru 44 101.1
Berkelium Bk 97 [247] Iron Fe 26 55.85 Rutherfordium Rf 104 [261]
Beryllinum Be 4 9.012 Krypton Kr 36 83.80 Samarium Sm 62 150.4
Bismuth Bi 83 209.0 Lanthanum La 57 138.9 Scandium Se 21 44.96
Bohrium Bh 107 [264] Lawrencium Lr 103 [260] Seaborgium Sg 106 [263]
Boron B 5 10.81 Lead Pb 82 207.2 Selenium Se 34 78.96
Bromine Br 35 79.90 Lithium Li 3 6.941 Silicon Si 14 28.09
Cadmium Cd 48 1124 Lutetium Lu 71 175.0 Silver Ag 47 107.9
Calcium Ca 20 40.08 Magnesium Mg 12 2431 Sodium Na L1 22.99
Californium Cf 98 [251] Manganese Mn 25 54.94 Strontium Sr 38 87.62
Carbon C 6 12.01 Meitnerium Mt 109 [268] Sulfur S 16 32.07
Cerium Ce 58 140.1 Mendelevium Md 101 [258] Tantalum Ta 73 180.9
Cesium Cs 55 132.90 Mercury Hg 80 200.6 Technetium Tc 43 [98]
Chlorine Cl 17 35.45 Molybdenum Mo 42 95.94 Tellurium Te 52 127.6
Chromium Cr 24 52.00 Neodymium Nd 60 144.2 Terbium Tb 65 158.9
Cobalt Co 27 58.93 Neon Ne 10 20.18 Thallium Tl 81 204 .4
Copper Cu 29 63.55 Neptunium Np 93 [237] Thorium Th 90 232.0
Curium Cm 96 [247] Nickel Ni 28 58.69 Thulium Tm 69 168.9
Dubnium Db 105 [262] Niobium Nb 41 92.91 Tin Sn 50 118.7
Dysprosium Dy 66 162.5 Nitrogen N 7 14.01 Titanium Ti 22 47.88
Einsteinium Es 99 [252] Nobelium No 102 [259] Tungsten W 74 183.9
Erbium Er 68 167.3 Osmium Os 76 190.2 Uranium u 92 238.0
Europium Eu 63 152.0 Oxygen (6} 8 16.00 Vanadium Vv 23 50.94
Fermium Fm 100 [257] Palladium Pd 46 106.4 Xenon Xe 54 131.3
Fluorine F 9 19.00 Phosphorus P 15 30.97 Ytterbium Yb 70 173.0
Francium Fr 87 [223] Platinum Pt 78 195.1 Yitrium Y 39 88.91
Gadolinium Gd 64 157.3 Plutonium Pu 94 [244] Zinc Zn 30 65.38
Gallium Ga 31 69.72 Polonium Po 84 [209] Zirconium Zr 40 91.22
Germanium Ge 32 72.59 Potassium K 19 39.10
Gold Au 79 197.0 Praseodymium Pr 59 140.9

#The values given here are to four significant figures where possible. SA value given in parentheses denotes the mass of the longest-lived isotope.




A spiral periodic table
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Same information (atomic numbers and atomic masses),
provided with a constitutional (connected) structure =
knowledge (connecting properties and function)

1 IUPAC Periodic Table of the Elements 18

1 2
H He
tdrogen 2 13 14 15 16 17 b
1.007 847 Ky 4 (02 602
3 4 alomic number 5 ) 7 8 ]
Li Be symbol B C N 0 F
e Berylium s tarn carben AIrOQen axypen Musrne
G2 2012 213} sivderd woenc waght W) 1201078, 1400872) a4 18508 40005 20
11 12 13 14 15 16
Na | Mg Al Si P S
sodum magresum 3 4 5 6 7 8 9 10 1 12 auminium o0 choepron.e s argen
22500 TN 43004 26001 2282 20 DesnC) ¥ 9T Y6 X2 0em ¥ 088 )
19 20 21 22 23 24 25 26 27 28 30 32 33 34 35
K Ca | Sc Ti Vv Cr | Mn | Fe | Co Ni Zn Ge | As | Se Kr
policcaun cakam scandum 1 ium vinddum chromum | mangaecee 1o cobiat ks 2 perTEaream wwenc seberium hrypton
39 05EN 1) 4097844 34 465 9104 &7 EEN 1) 50941801 61 9661050 | 52 668 e SEALNZ 54 43 20009 58 5AM(2) a5 &) T2 641 Te A 40 AW /) 7982
37 38 39 42 43 44 45 46 43 50 51 52 54
Rb Sr Y Mo | Tc Ru | Rh | Pd Cd In Sn Sb Te Xe
nbdbum shronbum yirm motytdenum | echnelum ulwersum " T pakachum sivw i L T rdum | arkamcoy duum o
65 ARTA) 7 BN B 06 AE(F o6 (2 137 2073 101902 102 905 B2 105 421 107 BR212 N2Z4118 1Hak1an 118 TINT) 129 ™Y1 127 % 151 26
55 56 57-71 74 75 76 7 78 79 80 81 82 83 84 85
Cs | Ba [umunoi w Re | Os Ir Pt | Au | Hg | TI Pb Bi Po | At
coselum barkum hatm tantalim ungsien TenuT omTIUm naum plyseum qobd mercury o nad tesmuth polonum astatne
122 908 452 "7 7 1mada 100 24T9) Misan 186 200 1) 1902342 192270 WL a2 196.5¢8 2342} 2002 20435332 2720 20095 »2) 208 9124] R Razevyg
87 88 89103 104 106 107 108 109 110 111
Fr Ra actinoids Rf Sg Bh Hs Mt Ds I
Yancum radhum mtheriordum sasborgum bohrum hassium meimerum  Jdarmretadtium
323 0197 22 G54 [231.1088] [2e6. 1319 20413 27T (264 1353] j22h)| [273]
I 1
57 58 59 60 61 62 63 64 65 65 67 68 69 70 m
La | Ce | Pr | Nd ([Pm |(Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
Lt hanum cerium m | prerwbiues | samaium ropUm gadckeam bertsum dysgprosdam horream wteam Pudum erbum Jufatise
138 $066(2) 40,9911} 140307 -.Sl_ﬂ 34 2400 (184 127 160064 & 1519549 167 203 168 936 )-IE 162 6000 1) | 168 6G0 32 | 167 26803 | 168 80 2142 173 0803 174 8711}
a9 90 21 a2 a3 4 a5 96 a7 a3 as 100 101 102 103
Ac | Th | Pa U Np | Pu | Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
actnbum horum protacsnkum uranum nepaumm PRk amarchum culum tercelum caWomium | eiretedinium ferreaym
Q? az?g] 2320683141 | 231,936 802 | 238 008 N | (237 (L1 (288 (%) 1283 0% %4) 247 0794 (247008 [261.978¢¢ (262 DE300 LZ_G? 0661) g») (53] EQ 1093 Jas2 2037]

Notes

= Aluminum and casum are commaonly used English-anguage spelings for summnium and tassium

- IUPAC 2001 ndard atomic weights (mean relatve atomic masses) are listed with uncetainties in the last fgqure in parentheses [R. D. Loss, Pure Aol Cham. 75, 1107-1122 (2003))
These values correspond to currant Dest knowkedge of the elkements in natural arestial sources. For elements with no IUPAC assigned standanrd value, the alomic mass (in unifed
womic mass units) or e mass rumber of e nudide with the lbegest known hatile is Isted between square brackets

- Elermant with slomic number 111 has not yet besn ramed. The IUPAC

- Elemants with atomic rumbers 112, 114, and 116 have been reponed but

onal name s shown
t fully authendcated
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Substructure of the periodic table by properties
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. Metalloids
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The periodic table by “sizes” (atomic radius ) of atoms

300 Cs
" Rb

N

=

o
|

100 -

Atomic radius (pm)

Atomic number —>



(3.2) Periodic Properties. Electronegativity.

Two critical properties determining chemical
reactivity are the energies involved in adding or
removing an electron from an atom.

Electronegativity is measure of the power of an
atom to attract electrons to itself.

Metals: Low tendency to attract electrons, high
tendency to release electrons.

Non-metals: High tendency to attract electrons, low
tendency to release electrons.
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Relative pulling power of atom
A / / B
o | o

B has a bigger "pull” on the electrons in an A-B bond than A

26



A
®

Atom B has
greater share

Electrons are closer to the more electronegative atom B.

27



The periodic table by electronegativity

Be B Electronegativity
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Percentage ionic character

I
0 1 2 3 2

Electronegativity difference, Ay

0

Rule of thumb:
Binary compounds
with an
electronegativity
difference of less
than 1 in are
generally molecular;
binary compounds
with an
electronegativity
difference >2.0 are
generally ionic.
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Electronegativity and
electron affinity are two
key features which
determine the nature of
the chemical bond.

More later....
Chapter 16



3.3 What is a fundamental model or theory that provides an
understanding of the chemical and physical properties of
substances?

Questions:

What determines chemical reactivity?

Why do certain substances react with some substances and not
others?

Why do substances contain certain compositions (H,) and
constitutions and not others (H;5)?

Why are some elements very reactive (K) and others totally inert
(He)?

Answers:

Questions concerning chemical structure and reactivity are
determined by the electrons of an atom or molecule.

Similarities in chemical and physical properties echo similarities in
the organization of electrons around atoms.
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Understanding the basis behind the periodicity of
the properties of the elements and exceptions
to periodicity.

The underlying basis for the periodicity is due to the
periodic recurring electronic structure of atoms, which
in turn causes the similarities in the atomic properties
and their correlation with atomic mass.

We need a theory and model to describe the electronic
structure about atoms in order to understand the
fundamental basis for the periodic table.

We start with the simplest theory of electronic
structure of atoms and molecules: The Lewis theory.
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