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CHEM 103, Unit 1.1

Chemistry Bootcamp

Structural Chemistry—building up
molecules from atoms,
introducing solubility issues Co %do

(target example: active ingredient University
in chiles)




Structural Chemistry: Sweet, Fatty & Spicy

Molecular structure helps us understand:
How compounds react & are changed
What will dissolve in (be soluble in) what

What biological molecules look like
& a bit about how they work
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Structural Chemistry, Sweet & Spicy

Matter & Energy
Atoms (e, p*, n) & Molecules
Compounds (Molecules) built from atoms
Described with Chemical formulas and structural diagrams
Have 3-D structures (take up space)
Carbon forms 4 bonds (connections) Nitrogen 3, and Oxygen 2
3-D shapes of atoms connected to make 3-D molecules
What does Sugar look like
Capsaicin (chiles)
Reactions
Atoms neither created nor destroyed (balanced)
For now one important reaction: condensation

Solutions
Like dissolves like
What do fats look like



Energy & Matter

Chemistry is the study of energy and matter
Matter can either be a mixture, an element, or a compound (molecule)
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Matter eI Classification of Matter
| Substance Observable Properties Atomic Level
[ | Element Cannot be broken down One type of atom
B . into simpler substances
substances Mixtures Compound Fixed composition, but Two or more different atoms
capable of being broken in a fixed combination
| | | down into elements
Mixture Variable composition of Variable assortment of
Elements Compounds elements, compounds, atoms, molecules, or both

or both

Matter does what it does because of manner in which it occupies space: its 3-D shape

Air is a mixture: Hemoglobin is a compound:
4

Composition of air:
78% N, element

21% 02 element

0.9% Ar element
0.0385% CO, compound
a smidge of other stuff

Section 1.1, 1.6



Atoms, Molecules, Names & Formulas

Atom: smallest stable unit of an element (e, p*, n)

Molecule: smallest stable unit of a compound held together in specific spatial
arrangements by chemical bonds (shared pairs of electrons).
Contain fixed #s of atoms of specific elements

Chemical formulas: symbolically represent the types & #s of elements in a molecule

e McGraw-Hill C Inc. required for

Water, H,O

Ball-and-stick model
oxygen atom

Space
filling
model
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YA

Two hydrogen atoms

Other representations

Propane, C;Hg



Determining Molecular Shapes

Carbon forms 4 bonds & has a tetrahedral structure, if bonded to four other atoms

" |
HiG:iH  H-C—H == ) 109.5°

H H
Electron pairs repell, tetrahedral arrangement is a far apart

as the 4 pairs can be
Nitrogen forms 3 bonds and has a pyramidal structure

Methane, CH,

,%,

Ammonia, NH,

Oxygen forms two bonds and has a bent structure Water, H,0O
H:O: |—|—(|3 . 104.5°(b
H H
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11
Na
299

39.10

37
Rb
85.47

55
Cs
1329

87
Fr
(223)

24.31
20
Ca

40.08
38
Sr

87.62

56

137.3

(226)

Merals

(227)

Metalloids

Nonmetals

4B

22

47.88

40
Zr

91.22

72
HI
1785

104
Rf
(261)

5B

23

v
50.94

41

9291

73

130.9

105
Db
(262)

24
Cr
52.00

6B

24

Cr
52.00

42
Mo
95.94

74

183.9

106
Sg
(266)

59

140.9

91
Pa
231.0

7B

25
Mn
54.94
43

Te
(98)

75

186.2

107
Bh
(264)

60
Nd
144.2

92
U
238.0

Section 1.6, 2.2

Atomic number

Atomic mass

Ru
101.1

76
Os
190.2

108

Hs
(269)

61

(145)

93
Np
(237)

SB
27
Co
58.93
45

1029

7

192.2

109
Mt
(268)

62
Sm
1504

Pu
(244)

78

195.1

110
Ds
(271)

63
Eu
152.0
95

Am
(243)

3
IB

29
Cu
63.55

47
Ag
107.9

79
Au
197.0

64
Gd
157.3

96

Cm
(247)

Periodic Table

13
3A
5
B
10.81
13
12 Al
2B 26,98
30 31
Zn Ga
65.39 69.72
48 49
Cd In
1124 114.8
80 81
Hg n
2006 @ 2044
112 113
65 66
Th Dy
1589 ° 1625
97 98
Bk cr
(247) = (251)
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w1 . | Total and Outer Electrons for Atoms
s b 7
A SA 6A A of the First 18 Elements
6 7 g o 10
pe N ol F Ne Noble Gases
1201 1401 | 16001 19.00 | 20.18 Group 1A 2A 3A 4A 5A 6A 7A S8A
14 150 1617 18 I D)
Si P S (8] Ar
2809 3097 | 3207 3545 3995 H He
2 / - 1 2
32 33 34 35 36 B
Ge 3 4 5 6 7 8 9 10
726 5
: Li Be B @ N 0 F Ne
50 . 1 2 3 4 5 6 7 8
Sn Sh Te Xe B
1187 12181 1276 12694 1313 11 12 13 14 [ 16 17 18
= .
o e = = 7 Na Mg Al Si ¥ S Cl Ar
Pb Bi Po At Rn 1 2 3 4 3) 6 i/ 8
207.2 ° 2090 @ (210) = (210) (222)_‘
114 15 (116) § (117) § AHS)W - Number above the atomic symbol is the atomic number, the total number of protons. It also gives the total number
of electrons in a neutral atom
p @ * Number below the atomic symbol is the number of outer electrons in a neutral atom.
67 68 69 70 71
Ho Er Tm Yb Lu
1649 167.3 1689 = 1730 175.0
9% 100 101 102 103
Es Fm Md No Lr
(252) | (257) | (258) @ (259) @ (262)

Li-

Na:

He:
Ne:

Ar:




Structures of Molecules (Lewis Dot Structures)
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Most atoms are reactive & react to

| Total and Outer Electrons for Atoms

form molecules with bonds between PO o
atoms—trying to achieve the same Noble Gases
Group 1A 2A 3A 4A 5A 6A 7A 8A

number of valence electrons as the ] :
noble gas of its period = He

1 2

B 4 5 6 7 8 9 10
For our purposes, covalent bonds are 5 SO S b
pairs of shared electrons 1 2. 13 14 15 16 17 18

Na Mg Al Si 12 S Cl Ar

| 2 3 4 5 6 7 8
Structures that show the outer electrons —
are Ca”ed LeWiS (dOt) StrUCtureS ‘-“N\.L‘nj:ll'\‘gil\“i/:!;;;:-‘til:t‘ll:l;iw‘ll:izm:;llll)oli\'lhc number of outer electrons in a neutral atom.
Lewis structures of atoms help us build . s

molecular structures : : : . ) : ..
Li- Be B:- -C-:N- :0: :F: :Ne:

example 1: He + *H 2> H:H - H-H C .. : L
Na: Mg AI- S| P :$: :QI: :A_r:
example 2: HF
H +: F —> H: F — H—F_: —> H—F
Section 2.2 Hlooks like He and F looks like Ne  Line indicates a bond (pair of electrons)



Di- and Triatomic Molecules

Atoms will share some or all of their

valence electrons to achieve the same H- He:
electronic configuration as the noble ’ :
gas in its period. Covalent bonds are
formed from pairs of shared electrons,
and each atom gets to count the
bonding electrons as its own...

0O, N,
:(5: +:é): — OO —r :O:=:O: N +:N- — NN — N=N:

H,O
0! +2H — H:Q:H — H_é_H = JoN

H H
H looks like He and O looks like Ne

Section 2.2



Determining Molecular Shapes

Carbon forms 4 bonds & has a tetrahedral structure, if bonded to four other atoms

" |
HiG:iH  H-C—H == ) 109.5°

H H
Electron pairs repell, tetrahedral arrangement is a far apart

as the 4 pairs can be
Nitrogen forms 3 bonds and has a pyramidal structure

Methane, CH,

) A,

Ammonia, NH,

Oxygen forms two bonds and has a bent structure Water, H,0O
H:O: |—|—(|3 . 104.5°(b
H H
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Combinations

These tetrahedral, pyramidal, and bent units can be combined to
make larger compounds

Two tetrahedral carbon units make ethane (C,Hg)

H H
\C C/
/D o
H pH 54
Three tetrahedral carbon units make propane (C;Hg / C+3H

HH HH
‘c ‘c
H/ \C/ \H
o \ C+2H
HH
T O Jd
pasnd }\“ —~
H >

Alcohol or hydroxyl functional group. Functional groups help us recognize and understand
physical and chemical propertiesl (solubility, reactivity, similarity)
Section 10.2,10.3



Even Larger Combinations

Six tetrahedral carbon units and six bent oxygen units can
combine to form glucose (alcohol/hydroxyl functional group)

H
T'
C—H H
HO— o)
HO/C\C/|/O\
o\ HO
| H o | HO OH oH
H OH

or fructose

HO
HO—ch, H

\ 0/
/C \T HO/C\
HO C_(|3 H,C—OH

\
HO H

HO
HO OH

HO
Section 10.2,10.3



Double Bonds

If bonded to three atoms (bonded twice to one), g\
carbon is flat (trigonal planar) (still four bonds) 120.0 ( /C:

. Q

/Czo Formaldehyde, CH,O
H
H\ /H *
/C=C\ Ethylene, C,H, \ A
VY W&o
T J
\Cyc\c/"' N
| | Benzene, CH,
O O ﬁmf
C H
| §)
H 9

An example of an aromatic ring (another functional group) Section 10.2,10.3



Condensation Reaction

The one reaction we need to know to study the molecules of life
is the condensation reaction (water (H,O) is a product)

yhe pP Ay

2] il
HC—“~0H + HO— Mo~y — H,c—C~0—CMe—ry,  +H,0
Acetic acid Ethanol Ethyl acetate
o) o)
JJ\OH + HO— — —= JLO/\ +Hz0
Carboxylic acid alcohol Ester (COOR)

C,H,0, + C,H,0 — C,H,0,+H,0

# atoms of each element the same on reactant and product
sides of the equation

Additional functional groups: carboxylic acid, ester _
Section 10.2,10.3



Glucose and fructose can condense to form table sugar (sucrose)




Functional Group and Line Drawing Recap

Functional groups we'’ve seen so far (non HC parts of molecules)

% «—— Alcohol/hydroxyl (OH)
Aromatic

: / Ester N Y,

N Y

Carboxylic acid

R = hydrocarbon

. J

Reactions
Atoms are neither created nor destroyed (balanced)
For now one important reaction: condensation

0 0
| |
HiC— O ~0H + HO—“He~cy, — Hc—C~0—CMe—(y +H,0

Line drawings: l 0 Kink means C+2H

terminus of line JJ\ /“\
means C+3H OH + HO— —— 0——— +H,0



