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\ Introduction

The purpose of the chapter is to:

1. Introduce the language and fundamental
concepts of chemistry

2. Discuss how matter is organized

3. Discuss how chemical bonds form and how
chemical reactions occur

4. Compare and contrast organic and inorganic
compounds

\ Basic Principles of Chemistry

1. Chemistry is the science of structure and
interactions of matter

2. Matter is anything that has mass and
takes up space

3. Mass is the amount of matter a substance
contains, whereas weight is the force of
gravity acting on a mass




\ Chemical Elements

Matter exists in 3 forms:

1. Solid
2. Liquid
3. Gas

All forms of matter are composed of
chemical elements
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\ Elements
Elements are given chemical symbols such
as:
= O = oxygen
= C =carbon
= H = hydrogen
= N = nitrogen

These elements make up the majority of our
bodies
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\ Trace Elements of the Human Body

TABLE 2.1 CONTINUED

Main Chemical Elements in the Body

CHEMICAL ELEMENT % OF TOTAL
(sYmBoL) BODY MASS  SIGNIFICANCE

TRACE ELEMENTS (about04)

MAJOR ELEMENTS
(about 96°% of total)

LESSER ELEMENTS
(about 3.6% of total)

TRACE ELEMENTS
(about 0.4% of total)
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\ Atoms

Chemical elements are composed of units of
matter of the same type called atoms
Atoms are the smallest units of matter that
retain the properties and characteristics of
an element @ Proons (" ]
= Atoms are composed ’:f'(“(‘o))
of protons, neutrons,

and electrons

(a) Electron cloud model (b) Electron shell model
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\Atomic Number and Mass Number

Atomic number is the number of protons in
the nucleus of an atom

Mass number is the number of protons and
neutrons in an atom

= Isotopes  Second~

electron

shell p
..@ [ X}

Carbon (C)

Atomic number = 6
Mass number =12 or 13
Atomic mass = 12.01

\ Atomic Mass

Atomic mass assumes the mass of a:
= Neutron = 1.008 daltons
= Proton = 1.007 daltons
= Electron = 0.0005 daltons
The atomic mass/weight of an element is the

average mass of all its naturally occurring
isotopes




\ lons, Molecules, and Compounds

lon — an atom that has lost or gained an
electron

Molecule — 2 or more atoms sharing
electrons

Compound — a substance that can be
broken down into 2 or more different
elements
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Chemical Bonding

Interactions Animation:

Chemical Bonds

You must be connected to the Internet and in Slideshow Mode
to run this animation.
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Chemical Bonds

A chemical bond occurs when atoms are
held together by forces of attraction

= The number of electrons in the valence shell
determines the likelihood that an atom will form a
chemical bond with another atom

Second
electron\

shell
(X @] 0o

Carbon (C)

Atomic number = 6
Mass number = 12 or 13
Atomic mass = 12.01




\ lonic Bonds

Cations vs. Anions
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Single, double, and triple bonds
STRUCTURAL MOLECULAR
DIAGRAMS OF ATOMIC AND MOLECULAR STRUCTURE FORMULA FORMULA
= (@) I~
@ + @ — @@ H—H H,
(a) Hydrogen atoms Hydrogen molecule
* _> °o=0 02
(b) Oxygen atoms Oxygen molecule
* HE N NZ
() Nitrogen atoms Nitrogen molecule
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\ Hydrogen Bonds

In a hydrogen bond, 2 other atoms associate
with a hydrogen atom

HYDROGEN
BONDS
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\Chemical Reactions
A chemical reaction occurs when new bonds
are formed or old bonds are broken
= Reactants — starting substances
= Products — ending substances
= Metabolism

Law of conservation of mass

e () ' w

Tea-@ @
R Q ) () a
2H, 0, 2H,0

Reactants Products
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\ Forms of Energy & Chemical
Reactions

Energy is the capacity to do work
= Potential energy
= Kinetic energy
= Chemical energy

Law of conservation of energy




\ Energy Transfer
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Exergonic vs.
endergonic
reactions
. . Ener
Activation - absorbed
4 to start
energy Sl Jeneyy _| reaction
-__2 Energy
S released
o as new
& bonds
form
I |
Energy of Energy of
reactants products
Progress of the reaction
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\ Catalysts

4
1

Potential energy

Energy of
reactants

Activation energy
needed without catalyst

Activation energy
needed with catalyst

Energy of
products

Progress of

&

the reaction
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1. Synthesis
2. Decomposition
3. Exchange

4. Reversible
5
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\ Types of Chemical Reactions

. Oxidation-reduction

Sons, Inc. All rights reserved.




\ Inorganic vs. Organic Compounds

Inorganic compounds usually lack carbon
and are simple molecules

= Water is the most important and abundant
inorganic compound in all living things

Organic compounds always contain H,

usually contain O, and always have covalent

bonds
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\ Properties of Water

Interactions Animation:

= Polarity and Solubility of
Molecules

You must be connected to the Internet and in Slideshow Mode
to run this animation.
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\ Water as a Polar Molecule

STRUCTURAL MOLECULAR
DIAGRAMS OF ATOMIC AND MOLECULAR STRUCTURE FORMULA FORMULA

@)s
Oxygen atom Hydrogen atoms Water molecule

(e)
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\ Water as a Solvent

224,

& 8" by
LR
Water Y
molecule "5~
Ay~ Hydrated sodium ion

NaCl

Hydrated chloride ion
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\ Water in Chemical Reactions

Water is the ideal medium

= In a hydrolysis reaction, water is added to break
bonds

= In a dehydration synthesis reaction, water is
removed to make bonds

CH,OH CH,OH
H O HOCH, o H Dehydration | O HOCH, o H

H synthesis H

OH H ¢ HOLon o il N HOCH20H+
HO Hydrolysis HO

H OH OH H H OH OH H

Glucose Fructose Sucrose Water

(CeH:00) (CeH:200) (C12H::011)

(a) Dehydration synthesis and hydrolysis of sucrose
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\ Water’'s Thermal Properties

Water has a:
= High heat capacity
= High heat of vaporization
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\ Water as a Lubricant

Water is a major component of our body
fluids and helps reduce friction as
membranes and organs slide over one
another
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Solutions, Colloids, and Suspensions

Mixture — a combination of elements or
compounds that are physically blended
together but not bonded together
3 types of mixtures:

1. Solution

2. Colloid

3. Suspension
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Percentage & Molarity

Percentage and Molarity

DEFINITION EXAMPLE

Percentage (mass per volume) To make a 10% NaCl solution,
Number of grams of a substance take 10 g of NaCl and add enough
per 100 milliliters (mL) of solution water to make a total of 100 mL

of solution.

Molarity - moles (mol) per liter To make a 1 molar (1 M) solution
A 1 molar (1 M) solution = 1 mole of NaCl, dissolve 1 mole of NaCl
of a solute in 1 liter of solution (58.44 g) in enough water to

make a total of 1 liter of solution.
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\Acids, Bases, & Salts

HCI KOH KCI

Q) W@ o

(a) Acid (b) Base (c) Salt
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(moleslliter)

H] ¢ ° 10° 107 10°

107° 107 107"

pp 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

INCREASINGLY INCREASINGLY
ACIDIC el BASIC (ALKALINE)
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pH and Buffers

Interactions Animation:

= Acids and Bases

You must be connected to the Internet and in Slideshow Mode
to run this animation.
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\ Buffer Systems

Maintenance of body fluid homeostasis is
critical

= Buffer systems help to regulate pH by converting
strong acids or bases into weak acids or bases

 H*+ HCO,; €= H,CO,
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\ Carbon

Organic compounds always contain carbon

Many carbons can combine in a variety of
shapes

Carbon compounds do not dissolve easily in
water

Carbon compounds are a good source of
energy

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved

\ Functional Groups of Carbon

Major Functional Groups of Organic Molecules

NAME AND

STRUCTURAL OCCURRENCE AND

FORMULA* SIGNIFICANCE

Hydroxyl Alcohols contain an —OH group, which is polar

R—O—H and hydrophilic due to its electronegative O atom.
Molecules with many —OH groups dissolve easily in
water.

Sulfhydryl Thiols have an —SH group, which is polar and

R—S—H hydrophilic due to its electronegative S atom. Certain

amino acids (for example, cysteine) contain —SH
groups, which help stabilize the shape of proteins.

*R = variable group.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Functional Groups of Carbon

Major Functional Groups of Organic Molecules

NAME AND
STRUCTURAL OCCURRENCE AND
FORMULA* SIGNIFICANCE
Carbonyl Ketones contain a carbonyl group within the carbon
skeleton. The carbonyl group is polar and hydrophilic
R— (‘l: R due to its electronegative O atom.
or
(\|’ Aldehydes have a carbonyl group at the end of the
R—C—H carbon skeleton.

*R = variable group.
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\ Functional Groups of Carbon

TABLE 2.5

Major Functional Groups of Organic Molecules

NAME AND
STRUCTURAL OCCURRENCE AND
FORMULA* SIGNIFICANCE
Carboxyl Carboxylic acids contain a carboxyl group at the
end of the carbon skeleton. All amino acids have a
e g —oH —COOH group at one end. The negatively charged
form predominates at the pH of body cells and is
or 2
0 hydrophilic.
|
R—C—0"

*R = variable group.

Copyrig John Wiley & Sons, Inc. Al rights reserved

\ Functional Groups of Carbon

TABLE 2.5

Major Functional Groups of Organic Molecules

NAME AND
STRUCTURAL OCCURRENCE AND
FORMULA* SIGNIFICANCE
Ester Esters predominate in dietary fats and oils and also
(0] oceur in our body as triglycerides. Aspirin is an ester
e g B of salicylic acid, a pain-relieving molecule found in
the bark of the willow tree.
Phosph Phosph contain a phosphate group (—PO,>"),
which is very hydrophilic due to the dual negative
| _ charges. An important example is adenosine
(= 07I‘> =0 triphosphate (ATP), which transfers chemical energy
0 between organic molecules during chemical reactions.

*R = variable group.

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.
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\ Functional Groups of Carbon

Major Functional Groups of Organic Molecules

NAME AND
STRUCTURAL OCCURRENCE AND
FORMULA* SIGNIFICANCE
Amino Amines have an 7N'H2 group, which can act as a base
H and pick up a hydrogen ion, giving the amino group a
R— N/ positive charge. At the pH of body fluids, most amino
Y groups have a charge of 17. All amino acids have an
o i amino group at one end.
H
+/
R—N—H
N
H

*R = variable group.

Copyright © 2014 Jo & Sons, Inc. All rights reserved.
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Carbohydrates
Carbohydrates

provide most Of Major Carbohydrate Groups

the energy TYPE OF CARBOHYDRATE EXAMPLES
. Monosaccharides Glucose (the main blood sugar).

need ed fOl" ||fe (simple sugars that Fructose (found in fruits)

contain from 3 to 7 Galactose (in milk sugar).

carbon atoms) Deoxyribose (in DNA).

Ribose (in RNA).
Disaccharides Sucrose (table sugar) = glucose + fructose.
(simple sugars Lactose (milk sugar) = glucose +

formed from the
combination of two
monosaccharides by
dehydration synthesis)

galactose.
Maltose = glucose + glucose.

Polysaccharides Glycogen (stored form of carbohydrates
(from tens to hundreds in animals).
of monosaccharides joined  Starch (stored form of carbohydrates in
by dehydration synthesis) 1yt and main carbohydrates in food).
Cellulose (part of cell walls in plants that
cannot be digested by humans but aids
movement of food through intestines).

)14 John Wiley & Sons, Inc. Al rights reserved.
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Monosaccharides

HOCH, o OH

OH H

Deoxyribose Ribose

(a) Pentoses

CH,0H CH,0H

H on MOGH._o H HO 0 oH
H H
OH H H HO, OH H

Ho {/ on HoI ICHZOH HY {
H OH OH H H OH
Glucose Fructose Galactose

(b) Hexoses
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\ Disaccharides

HOCH, HOCH,

H O H H © oH
0 H H
; OH H OH H

HO o H
H OH H oH

O oH

H OH H OH
Galactose Glucose

Glucose Glucose

(b) Lactose (c) Maltose

Copyright © 201
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Polysaccharides

Glucose monomer

Wiley & Sons, Inc. All rights res

\ Lipids

[oeay
Types of Lipids in the Body Types of Lipids in the Body

TYPEOF LIPID  FUNCTIONS TYPE OF LIPID  FUNCTIONS
Fatty acids. Used o synthesize wriglycerides and phospholipids  Eicosanoids Have diverse effeets on modifying respons
or catabolized to generate adenosine triphosphate  (prostaglandins  hormones, blood clotting, inflammation.
(ATP), and leukotrienes)  immunity, stomach acid secretion, airway
Tialycerides R e e e diameter, lipid breakdown, and smooth muscle
(ats and oils) CopEtin
Phospholipids Miajor lipid component of cell membranes Ot Pl
- Carotenes Needed for synthesis of vitamin A (used to make.
Steroids visual pigments in eye): function as antioxidants.
Cholesterol Minor component o al animal cell membranes; NS, N o
e e Ve fitamin o pound s s el
foincl scarting, contributes to normal structure and
(e NCiod T tigemion s Sometion o oy function of nervous system, and functions as
i tioxidant
ipids.
e e el Pt Tevel e Do aepied 0 Vitamin K Required for synthesis of blood-clotting proteins.

bone growth and repair. Lipoproteins Transport lipids in blood, carry triglycerides

and cholesterol to tissues, and remove excess
cholesterol from blood.

Adrenocortical Help regulate metabolism, resistance t stress,

‘hormones and salt and water balance.

Sex hormones Stimulate reproductive functions and sexual
characteristics.

Copyright © 201

ey & Sons. Inc. Al rights reserved.
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\ Fatty Acids

Fatty acids can be saturated or unsaturated

Palmitic acid (C;sHyCOOH) (Saturated)
HH

¢
HH
"y
-GG
HH
Oleic acid 5
(Cy7H3COOH)
(Monounsaturated)

I-0-T| | T-0-T

H
;
h
"
¢
h

Glycerol molecule

Palmitic acid (C1sHsCOOH)

H
h
G
v
H

I-0-T
I-0-T

(a) Structures of saturated and unsaturated fatty acids (b) Dehydration synthesis involving glycerol and a fatty acid
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Triglycerides

Triglycerides proved protection, insulation,

and energy

Ester linkage Palmitic acid
|

(
i lﬁ?'ﬁ'ﬁﬁ‘ﬁ‘ﬁ‘ﬁ‘ﬁ‘ﬁ'ﬁ'ﬁ‘ﬁ”ﬂ”ﬂ'ﬂ
M e
HHHHHHHHHHHHHHH
L S N O
wo-o-EENE S R
HHHHHHHHHHHHHHHHAH
QHUBHHHEH o
H-¢=0—C-C-0-C-C-C-C-C-Cs{ /y,y (Saturated)
H HHHHHHH L
: Alaic anid | SN
Oleic acid Al S
(C47H33CO0H) & S
(Monounsaturated) & 440\&

(c) Triglyceride (fat) molecule

Copyright © 2

C15H31COOH) (Saturated)

@

- @

Stearic acid (C17HzsCOOH)

Phospholipids

Phospholipids are an important component

of cell membranes

Polar hoad

Prosphate 88
gowp\

( Nonpotar tails

(b) Simplfied representation of a phospholipid

(2) Chenical structure of a phospholipid

Copyright John Wiley & Sons, Inc. All rights reserved
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\ Steroids

Hydrocarbon tail

% @
HO

Hydroxyl group

(a) Cholesterol (b) Estradiol (an estrogen or
OH female sex hormone)

CH, CH ,OH

00 °°H
; Oﬁ

(c) Testosterone (a male
sex hormone) 8]

(d) Cortisol
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Proteins

Proteins give structure to the body, regulate
processes, provide protection, assist in
muscle contraction, transport substances,

and serve as enzymes

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
\ Amino Acids
p . f db smecham
roteins are forme
.. . y Amino Carboxyl \7‘| //‘
combining various g;gﬁg g \OH (59 N

amino acids (&) Noworizerifor o
an amino acid

H

o P
H | 40
el
HZ7 | \oH

Glycine

)

(G W
Tyrosine

(b) Doubly ionized form
of an amino acid

Cysteine
.
G
CH,
CH7

Lysine

(¢) Representative amino acids

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

17



\ Polypeptides

. Peptide bond
Dehydration
synthesis H olH T
oy
» C‘:_C B _c‘;
Hydrolysis H CH,
Glycylalanine
(a dipeptide)

+ @

Water
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Ao
e

Organization of Proteins
: Tty

Enzymes

An enzyme is a catalyst in a living cell

Enzymes are:
= Highly specific

= Extremely efficient

= Subject to cellular controls
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@ @ Substrates
Sucrose
Water
Enzyme
Sucrase

\ Enzymes

-l

Active site
of enzyme

© Enzyme and substrate
come together at active
site of enzyme, forming an Products
enzyme-substrate complex Glucose

Fructose

&S

© When reaction is complete, @) Enzyme catalyzes
enzyme is unchanged and reaction and transforms

free to catalyze same reaction substrate into products
again on a new substrate

() Mechanism of enzyme action

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Enzymes

Interactions Animation:

s Enzyme Functions and ATP

You must be connected to the Internet and in Slideshow Mode
to run this animation.
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| DNA & RNA

- DNA forms the
genetic code in the
nuclei of body cells
and it regulates
most of the cell's
activities

- RNA guides protein
formation

Phosphate group

Deoxyribose sugar

Hydrogen bond

Key to bases:

A = Adenine
@ = Guanine
T =Thymine

Strand 1 Strand 2
(b) Portion of a DNA molecule

G = Cytosine

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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| DNA vs. RNA

TABLE 2.9

Comparison between DNA and RNA
FEATURE DNA RNA

Nitrogen ous bases Adenine (A), eytosine (C), guanine (G), Adenine (A),cytosine (C), guanine (G),
bymine (T) aracil (U),

Sugar in nucleotides Ribose
One.

Awith U (2),G with C 3).

Number of strands

se pairing (number of

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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| Adenosine Triphosphate (ATP)

ATP is the principal energy-storing molecule
in the body

Adenine

Adenosine

Ribose |

P groups
L )
Adenosine diphosphate (ADP)

Adenosine triphosphate (ATP)
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\ End of Chapter 2
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