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| Overview.
||

Atoms and Molecules
= Structure of an atom
= Electrons
= Bonds

Chemical Notation

Chemical Reactions
= Basic energy concepts
= Types of reactions
= Acids and bases
. pH
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Inorganic Compounds
= Carbon dioxide and oxygen
= Water
= Acids and bases
= Salts

Organic Compounds
= Carbohydrates
= Lipids
= Proteins
= Nucleic acids

ATP
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Matter, Elements, and Atoms.

Matter: anything that occupies space and has mass
= 3 states
« Solid
* Liquid
* Gas
All matter composed of elements
= Cannot be broken down @) @& ©)
= Smallest component of an element is an atom
= Each element has a unique chemical symbol

2p*

Helium (He)

Atom has 3 subatomic particles
= Proton
= Neutron
= Electron
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| D
| Structure of an Atom.
|

> Protons and neutrons are found in the nucleus

» Electrons found in the electron cloud (shell) — These
particles characterize the dimension of the atom (A) and
the chemical reactivity (kinetics and thermodynamic)

/ P

(@) Electron cloud or (b) Electron-shell model
space filling model
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| D
| Structure of an Atom and Elements.
|

Atomic number = Z = # of protons
= And also # of electrons In a neutral atom.

Mass number=A =#p+#n

Atoms which differ for A but have the same Z are called
isotopes (2C, C, "C)

Elements represent the natural A
distribution of isotopes. N a
Z

(1) CI = (0.758) 35Cl + (0.242) 37C|
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Periodic Table (according to NIST).

. PERIODIC TABLE NIST
roup - -
P ;. Technol
1 Atomic Properties of the Elements Inattute of Standerci el SR
Technology Administration, U.S. Department of Commerce VIIIA
i 1
1 ’Sy, Frequently used fund | physical constants Physics Standard Reference 2 Sy
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1.00794 2 between the two hyperfine levels of the ground state of **Cs 13 14 15 16 17 4.002602
15 speed of light in vacuum c 299792458 ms™ (exact) I:‘ Solids 162
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> 0 31 Gases 17" 0 312 2 32 0
L B electron mass me 9.1094 x 10~ kg ) C N O N
5 1 e me® 05110 MeV [ Artificially e
Lithium Beryllium proton mass mg 1.6726 x 107 kg Prepared Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012182 fine-structure constant a 1/137.036 10811 12.0107 14.0067 15.9994 18.9984032 20.1797
1226 1726 Ryd R 0973732 m™ 1s'as’p | tshase’ | asaszp’ | asfaslapt | tsaszp [ 1s'2s%ep’
53917 9.3227 yabeigicenstzot o= ; e ;"D‘ F 8.2080 112603 | 145341 | 136181 | 17.4228 | 215645
.. X , > r
1M 35,12 s, S 13_%;,[14_ %, [15_“s3,[16 _»,[17_7P5, |18 s,
. Na Boltzmann constant K 1.3807 x 102 J K" Si Ar
Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
22989770 | 24.3050 26.981538 | 28.0855 | 30.973761 32.065 35453 39.948
[Nel3s INej3s? | |:|3B |\§B \/58 V?B VﬁB 8 ng 10 :é |1|§ [?\:613523;: Nep3s3p® | [Nepssap® | [Nel3s%3p' | [Nel3s?3p® | [Nel3s’3p’
5.1391 7.6462 [ 1 5.9858 8.1517 10.4867 10.3600 12.9676 15.7596
19 %,,(20 's,(21 °D,,|22 °F |23 °F,[24 s,|25 °s,,(26 °D,[27 °F,,|28 °F,|29 %s,,[30 's,|31 °*P;,|32 °p,(33 ‘s;,|34 ‘P, |35 °P5,[36 S,
3 Cc Ti| V|Cr | Mn|Fe | C Ni |[Cu|Zn | Ga | Ge|As | S Br | K
o a I r n e o | u n a e S e r r
g 4 Potassium Calcium Scandium Titanium Vanadium Chromium | Manganese Iron Cobalt Nicke! Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
o 39.0083 40.078 44955910 47 867 50.9415 51.9961 54 93?049 55.845 58.933200 58.6934 63.546 65.409 69.723 7% 64 | 7492160 75‘449(3 79.904 83.798
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4.3407 6.1132 6.5615 6.8281 6.7462 6.7665 74340 7.8810 7.6398 9.3942 5.9 7.8994 9.7886 9.7524 11.8138 13.9996
37 75,38 'S,|39 D,,|40 °F,|41 D,.|42 's,|43 'S.,|44 °F,|45 ‘F.,|46 'S,|47 °S,|48 's,|49 P,|50 °P,|51 ‘s, |52 °P,|53 ‘P:,|54 s,
Sr Zr |Nb (Mo | Tc | Ru Cd| In | Sn Te Xe
5 Rubidium Strontium Yitrium Zirconium Niobium [ Molybdenum | Technetium [ Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.4678 87.62 88.90585 91224 92.90638 95. 9‘4 (98) 101.07 102.90550 106.42 107.8682 1n2.4n 114.818 lIB. 710 121.760 127.60 126.90447 131.293
[Krl5s [Krjss? [Kiiass? | [Kndd%ss® | [kr4a'ss Kdd’ss | [kia’ss® | (ks Krj4a’ss [Kr4a™ Kridd'%s | [krjad'%ss? | krjaa"%s%5p | ke %s2sp? | (kejad%s25p° | kejaa s 250" | Kri4d %ss%sp’ [Kridd %58
41771 5.6949 6.2173 6.6339 6.7589 7.0924 7.28 7.3605 7.4589 8.3369 7.5762 8.9938 5.7864 7.3439 8.6084 9.0096 104513 12.1298
55 5.,|56 s, 72 F,|73 F,|74 D,|75 °S.,|76 °D,|77 F.,|78 °D,|79 75,,|80 15,|81 %F:,|82 7|83 s, |84 |85 ‘P:,|86 s,
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132.90545 | 137.327 178.49 180.9479 | 183.84 186.207 [ 19023 192217 | 195078 | 196.96655 20059 204.3833 2072 208.98038 (209) (210) (222)
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Name — | Cerium 5.5769 5.5387 5473 5.5250 5.582 5.6437 5.6704 6.1498 5.8638 5.9389 6.0215 6.1077 6.1843 6.2542 5.4259
Atomic —1— 140.116 g 89 D, ggrr;Fz 91P4Kw2 92 17|93 L, 94P F |95 °sj, 96C D3| 97_°Hip 98Cf51g 99E “Tn 1(? *He 1(&3?/2 10& 's, (103 P57
2
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5.5387 S| Actinum Thorium | Protactinium |  Uranium Neptunium | Plutonium | Americium Curium Berkelum [ Californium | Ei Fermium | Mendel Nobelium | Lawrencium
RN 2 (2271) | 2320381 | 23103588 | 23802891 (237) (244) (243) (247) (247) (251) (252) 257) (258) (259) (262).
Ground-state _lonization Ruedrs? | [Raea7s? | (Rnisr6ars? | Rnisfears? | Rujstears? | Ruisf7s? | [Rnisf7s? | (Rnisfedrs? | Rusf7s? | Rapst'7s? | Rujsi'7s? | Rajsi27s? | RaistP7s? | (Rpst7s? |Rnjsi7s47p2
Configuration  Energy (eV) 517 6.3067 5.89 6.1941 6.2657 6.0260 59738 59914 6.1979 6.2817 6.42 6.50 6.58 6.65 497

'Based upon 'C. () indicates the mass number of the most stable isotope.

For a description of the data, visit physics.nist.gov/data

NIST SP 966 (September 2003)
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Electrons and Electron Shells.

Only outer shell electrons can interact (form bonds)!
= |f outermost shell is full, element is stable (He)
= |f outermost shell is not full, unstable and can bond

The 1st shell can hold 2 electrons

The 2" shell can hold 8 electrons

Second electron Electron
shell

First electron
shell

(a) Carbon atom (b) Neon atom
(6p*, 6n°, 6€7) (10p*, 10n°, 10e")
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Molecules and Compounds.
| L

Atoms become stable by:
= Sharing electrons
= Gaining electrons
= Losing electrons

= This is called a chemical reaction
* Molecules and compounds are the result

Elemental molecules are chemical structures containing 2
or more atoms of the same element

= Ex: O,, O5, Sg

Compounds contain 2 or more atoms from different
elements

- Ex: H,0, CH,COOH, H,NCH,COOH
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| Important Bonding Concepts.
|

> All atoms want to be stable!

= Stability (commonly) means having 8 electrons in the outer shell
* Unless it does not fill the first shell (2 electrons) (or higher d, f orbitals)

» Opposites attract! (positive/negative ions: Na* CI7)
» Atoms are electrically neutral! (N° p*=N°e")

» 3 types of bonds
= |onic

= Covalent
* Polar
* Nonpolar

= Metallic

> Interactions
= Hydrogen bonds, Van der Waals, and other

Attilio Citterio - I
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lonic Bonds.

lons are atoms or group of atoms with a positive or negative charge:

» Anion
= |ons with a negative charge
= Atom gains electrons (electron acceptor)
= More electrons than protons

» Cation
= |ons with a positive charge

= Atom loses electrons
(electron donor)

= More protons than electrons ET_ ol
> lonic bonds are between 2338
an anion and a cation STee
Ex: NaCl, KCI, CaBr, ’ 2

Oo—0
Sodium chloride (NaCl) .
(a) (b) Sodium chloride crystal
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Covalent Bonds.

Form a bond by sharing electrons

Single covalent bond

= Share one pair of electrons

Double (triple) covalent bond

= Share two (three) pairs of elec.

ELE&E%"{&:E&&"SSSHND SPACE-FILLING MODEL
(a) Ve WY -
Hydrogen '\?}YK? / w
(H) H-H
o::).\\ B
(b) / , \
= 00 | 90
(N ) o s
2 N=N
(c) “
= 000 | Q0
dioxide
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Covalent Bonds and Intermolecular Bonds.

» Nonpolar covalent bonds

Dispersion

= Electrons are equally shared (0.05-40)
= Carbon atoms K S )
» Create stability of macromol. in the body '
C6H14

= Typically tetrahedral

Octane
(C8H18)

» Polar covalent bonds .
ipole-dipole

. (5-25) .
= Unequal sharing of electrons @,’.
CH4OH

= Water is great example
= Typically contain O, N, F (high y)

Chloroform
(CHCIS)

H bond , H20
(10-40) Q
Methanol

(CH,OH)
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Intermolecular Interactions: Hydrogen Bonds.

Simple interaction not a common chemical bond.

> Weak (20-60 kJ-mol1)

» Attraction between hydrogen atom of a molecule and partially
negatively charged atom in other molecules (is mainly electrostatic)

> Do not create molecules
= Alter molecule shape

» Water is best example

= Reason for
* surface tension
« capillary force

* Lower density of ice
vs. liquid water .

Hydrogen
bonding

(a) (b)
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Rules of Chemical Notation for Atoms.

» Abbreviation of element (symbol) represents 1 atom (also subscript on
left indicates the number of protons) C

» # before abbrev. of element indicates more than 1 atom (5 O)

» An arrow separates the Reactants (left) from Products (N.B. reagents
and products have different chemical formula — exception Isomers!)

» Superscript on right indicates an ion
> +=loss of 1 electron (Na*) 2+ =loss of two electrons (Ca?*)
> -=gain of 1 electron (F) efc.

» Superscript on left indicates an isotope ( 2% and 22U)

» Chemical reaction must be balanced: Mass is conserved in a
chemical reaction — atoms in raw materials and in wastes are the
same; therefore, they are equally usable.
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Chemical Reactions.

» Bonds between atoms are broken and atoms are rearranged into new
combinations

» Very important in every cell:
= Allow to obtain unstable products non accumulated in nature
= Provide energy

» Metabolism is all of the chemical reactions that occur in the body
Important chemical reaction:

CeH,,05 > 6CO, + 6H,0 + ATP

» 3 main types of reactions (important in biochemistry):
= Decomposition reactions
= Synthesis reactions
= Exchange reactions
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Basic Energy Concepts.
| I

» Work: movement or change in physical structure of matter

» Energy: capacity to do work
= Kinetic energy
« Energy in motion (released)
Potential energy
« Stored energy
= Electrical energy
* Energy associated to the motion of electrons
= Chemical energy
* Energy stored in chemical bonds of molecules and solids.
= Easily convertible between different types
= Energy can be released in the form of heat (Enthalpy)
= QOriginate also by a change of configuration of a system (Entropy)
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I
| Decomposition Reactions.
|

AB > A+ B Catabolism (dissociation)
Cl, - 2CI

Will energy be released or stored?

HEr-a

Glycogen Glucose molecules

Example of a decomposition reaction: breakdown of
glycogen to release glucose units.
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| Synthesis Reactions.
|

A+B—-> AB Anabolism

Energy Is stored in chemical bonds of the
macromolecule.

Amino acids Protein molecule

Example of a synthesis reaction: amino acid are joined to
form a protein molecule.
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Exchange Reactions.
| I
AB + CD — AD + CB AB + CD = AD + CB (reversible)
Combination of decomposition and synthesis reactions

Exothermic reaction (AH < 0)

= |f decomposition stronger than synthesis; Energy released
Endothermic reaction (AH > 0)

= |f synthesis stronger than decomposition (Energy provided)

Spontaneous reactions: (AG < 0) : reaction occurs from reagents to
products and stop at the equilibrium point.

G

G°,ure reagents Chemical (Equilibrium composition
P ’ equilibrium linked to moles of reaction)

AG l
o
- Y G pure products
Spontaneous G _, *’Zé:)\ Non-spontaneous
reaction ar ‘ dr reaction
roo I' (advancement degree)
equilibrium
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Acids and Bases in Aqueous Solutions
| I

Acids produce H* and the conjugate base.

Example: CH,COOH = H* + CH,COO- Most of the compounds exhibit
. 3 3 both acidic and basic properties.

_ _ Such compounds are called
Bases produce OH- and the conjugate acid. amphoteric compounds.

Example: NH; + H,O = OH + NH,*

Acids react with bases and produce a salt (which can be another base
at the same time) and water (which also can act as an acid).

Example: H,O + CN" == HCN + OH

/ \

Acid 1 Base 1 X Base 2 (conjugate base for Acid 1)

Acid 2 (conjugate acid for Base 1)

This equilibrium is shifted toward the weaker acid and the weaker base.
A stronger acid has a lower value of pK, and a weaker conjugate base.
Proton Acid-Base reactions are fast processes (k= 10° M-1.s1 at 25°C)
and their equilibrium are instantaneously established.
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pH Scale.

» Measures the [H*] at equilibrium in a water medium
= If too many, disrupt structure and function

pH ranges from 0-14; neutral is 7 (distilled water)
» pH below 7 = acidic; pH above 7 = basic

» Cells in biological systems must maintain the pH between a specific
range around 7 (i.e. Blood is buffered between 7.35-7.45)

» Buffers: Stabilize pH by removing or replacing hydrogen ions
Can you think of any other examples?

Incr in ncentration of H* ion Increasin ncentration of OH ion
Beer, Uri
Stomach vinegar, rine = odOcean Oven
hydrochloric wine. Tomatoes, Saliva; Pure

ter Household Househqld
9g‘é(}j_‘ bleach ammania

pickles grapes milk | wate

Extremely Neutral Emely
acidic basic

4 5 6 7 8 9 10 11 12 13 14
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Electrolytic Dissociation.

1. Acids produce H* and the anion of the conjugated base.
Example: HClI — H* + CI
Presentation in reaction schemes: HCI (or another acid), H*, H;O*

2. Hydroxides of alkali and alkali earth metals produce OH™ and the cation of
the corresponding metal.
Example: NaOH — Na* + OH"™
Presentation in reaction schemes: NaOH (o another hydroxide), OH™

3. Salts produce cations of the metal (or cationic complex) and anions (or anion
complex) of the rest of the ionic compound.
Example 1: Na,Cr,0; — 2 Na* + Cr,0,%
Presentation in reaction schemes: Na,Cr,0-, Cr,0,? (reactive anion)

Example 2: Hg(CH,COO), — Hg?* + 2 CH,COO"~
Presentation in reaction schemes: Hg(CH,COO),, Hg?* (reactive cation)

Example 3: [(CH3),N] [AI(OH),] — [(CH3),N]* + [AI(OH),I
Presentation in reaction schemes: complete notation in square brackets.
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Identification of Acid Centres in a Molecule.

/QP

C C C
P O—oO P
Y

Once known the structural formula, whatsoever
complex, is known, it is sufficient:

1) analyse the peripheral atoms and select H
2) Analyse central atoms directly linked to H

3) Sort by electronegativity of central atom X (the
hydrogens linked to the more electronegative
atoms are more acid)

4) If more X-H groups exist for the same X, the one in
which X is bound to a maximum number of
electronegative atoms is the more acid.

Attilio Citterio - I

Stronger
Weaker Acid
Acid .

2
v t_oH
HS S
N 7 ™o
CH
H H

Non Acid
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Identification of Basic Centres in a Molecule.

P
C C C
P O—oO P
Y

Once the structural formula of a compound is known,
whatsoever complex, it is sufficient:

1) analyse all atoms (C and P) and select those
unshared electron pair

2) Sort the atoms by electronegativity of central X
atom (more loosely bound electrons define make
the more basic)

3) If negative charges are present, the atom which
bring charge is basic atoms.

4) If there are more X atoms of the same element, the
more basics are the ones in which X is bonded to
lowest number of electronegative atoms and to the
highest number of electropositive groups .

Attilio Citterio - I

Less strong
More weak Base
Base I

: o |
vt o
HS S
N7 ™o
CH

H H
n Base

H.C H
o
H

Strongest
Base
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| D
| Lewis Acid and Bases.
|

« Lewis Acid = acceptor of electron pair.
* Lewis Base = donor of electron pair.

= The definition includes any atom of the molecules or ions which
have these properties, included metallic ions and solvents;

= Overcomes all other concepts and is now the model more used

« Examples: BF; +:NH; — H;N:BF; (0 BF;°NH; 0 BF;«—NH,)
Ag* + 2 :NH; — [Ag(NH;),]* [coordination ion]
Ni + 4 :CO — Ni(CO), [metal complex]

The bond which is formed in the Lewis acid-base interaction shows
variable strength depending on the involved partners and is strictly linked
to the interaction between the filled orbitals at higher energy (HOMO) of
Basic centers and the empty orbitals at lower energy (LUMO) of Acid
centers involved.
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Biochemistry.
| L

> Nutrients: essential elements and molecules

» Metabolites: all molecules synthesized or broken down by chemical
reactions in the body

» Both can be classified based on atom type and molecule complexity:

= [norganic compounds (all combinations of elements without C)

= Coordination Compounds (combinations of atoms organized
around central metal atoms);

= Organic Compounds (all combination of C atom networks
containing also other important elements (H, O, N, P, S, Cl);

= Organometallic Compounds (all combinations of C atoms
networks containing also metal elements).
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| Main Class of BioOrganic Compounds.

» Contain Hand C > Proteins
> Are characterized by strong = Protein function
covalent sigma C-C and C-H = Protein structure
bonds. - Enzymes

» Carbohydrates
= Monosaccharides
= Disaccharides

> Nucleic acids
= Structure

_ = Function
= Polysaccharides
> Lipids » Organophosphates: ATP
- Fatty acids » Secondary metabolites:
= Fats > Terpenes
= Steroids > Phenols
= Phospholipids > Alcaloids
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34

Organic Nomenclature worth remembering.
| L

Alkanes C_H,

Examples: Methane, ethane, propane, butane...

Alkenes RC=CR’

Examples: ethene or ethylene H,C=CH,, a plant hormone and isoprene
C;Hg or (CH,=CH-C(CH;)=CH,, a diene.

Alkynes
Example: Acetylene or ethyne HC=CH

Aromatic Hydrocarbons

Based on the benzene ring

Example: Toluene

CHs;
H H
H H
H
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| Organic Nomenclature worth remembering (2).

Alcohols R-CH,OH
Example ethanol CH,CH;OH
Ethers R-O-R’
Example diethyl ether CH;CH,OCH,CHj,

Aldehydes R-CHO
Examples formaldehyde H,CO; acetaldehyde CH,CHO

O
Ketones R-C(0O)-R’ ('3'
Example Acetone HsC”  “CH,4
O O
Carboxylic acids R-COOH 8 /"\
Examples Formic acid H” ~OH acetic acid H3C OH
Formate HCOO- acetate CH;COO-
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More organic nomenclature worth remembering (3).

Organic Halides |
Example: H3C—|(_|:—CH3
called 2-chloropropane, or 2-propyl chloride, or isopropyl chloride
*Freons
Examples: CFC-11, Trichlorofluoromethane, CFCl,
CFC-12, Dichlorodifluoromethane, CF,Cl,

Halons (used in fire extinguishers)

Example: Halon 1011 (bromochloromethane, CH,BrCl)
HCFC’s (Freon substitutes)
Example: HCFC-123, CF;CHCI,

Sulfur Compounds
Examples: CH,—SH, methanethiol.

CH,—S—CH,, dimethyl sulfide (DMS).
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More Organic Nomenclature worth
remembering: N compounds.

Amines, RNH,
Example CH;NH,, methylamine (a primary amine).

Nitriles, Nitro Compounds and Organic Nitrates
Examples acetonitrile : CH;-C=N

A nearly unigue marker for biomass burning.

O
Alkyl nitrates, such as ethylnitrate /('_3'2 N® o
Methyl nitrite CH,ONO. HsC™ ~0” "0
Nitryl Chloride CINO,, (CIONO).
All NOXx reservoirs.

O
Amides, RC(O)NH, A

: PLON
Example ethanamide: H;C NH,

Amino acids, H,N-CH(R)-COOH building blocks of proteins and enzymes.
Urea, (NH,),CO
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Main Organic Compounds in Living Systems.

||
ORGANIC COMPOUNDS
Carbohydrates Lipids Proteins \ Nucleic Acids High-Energy
Compounds
lincfude linc!ude lcomgfosed l include l l include
Polysaccharides Triglycerides Peptides RNA DNA | ATP
i y . |
KDDL P Ve B Vo Y P T # 8 t{:ﬁ“f ﬁ{g |
| _ } ) -.Q_] ﬁ_.)'u. k '_.: ]
contain | composed ﬂ} A I;‘_ |
l composed of 2.1 ‘y}; lcomposed
e of b 4 of
Disaccharides - Amino _ s
Fatty l acids i i Nucleotide
o 5 Y acids composed
Y e ke | of
“'. " H WY W
..... )@k M "\Nu 7 Nucleotides B el p
m' W B nsgif'
R
composed
of two W
Monosaccharides and and'
. = ¥
.:._!_ Glycerol Phosphate
@ groups
it 4 00
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I
| Carbohydrates.

» 1:2:1 ratio of carbon, hydrogen, and oxygen

» Most important source of energy by disproportionation or oxidation
with O,

= Account for only 3% total body weight!

» 3 major types
= Monosaccharide
= Disaccharide
= Polysaccharide

= Monosaccharides:
Simple sugar; contains
3-7 C.

Glucose (most important
fuel for body), fructose, etc. (a) (b) (c)
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Disaccharides.

| I
» Formed from two simple sugars through condensation (dehydration)
» Sucrose, lactose, maltose

» Can be broken down to form simple sugars
= Hydrolysis rxn

Dehydration
e H synthesis

[
HO
H-C~0OH

HO
+
: H-C-0OH @
H OH OH H H H }'4
Glucose 7 Fructose Sucrose

(a) During dehydration synthesis two molecules are joined by
the removal of a water molecule.

H
I H
HOEH HO CIJ H
Hydrolysis O H
+ ' > H
I H-C-0OH
H  OH OH H | H  OH S W b
Sucrose Glucose Fructose

(b) Hydrolysis reverses the steps of dehydration synthesis; a complex
molecule is broken down by the addition of a water molecule.
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Polysaccharides.

||
» In Plants
= Starches OO .
= Cellulose o(j ﬁéé%%?i{ Qo
= Pectins OQ

= Complex polysaccharides

> In Animals

= glycogen
* Long chains of glucose

 Does not dissolve in water
« Stored in liver and muscle tissue

« Broken down into glucose when
fuel is needed

(c) Glycogen, a branching chain of glucose molecules,

= Complex polysaccharides s stored in muscie cels and liver cels.
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I
|Lipids.

ContainH, O, C, P, S, or N

Fats, oils, waxes

Insoluble in water

Form essential structural components of cells

Are useful as energy storage
> Provide 2Xs amount of energy as carbohydrates

12% of body weight

Are commonly partitioned in:
= Fatty acids,

= Fats,

= Steroids,
= Phospholipids

V.V V V V

YV VYV
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Fatty Acids.

» Long hydrocarbon chains with a COOH group at the end
» Saturated FA

= Single covalent bonds between carbons (C-C)
» Unsaturated FA

= Double covalent bonds between C (but also C-C)
« Not as many Hydrogens

» They have an essential role as energy reserve and as constituents of
cell walls.

T lwlesdlmilsl
|l uw | n H HoloH (&3 C o C
N N P P L LN E SN A & 3
|\c[/|\é/|\<[3/|\<lj/|\é/|\c// C C C C \C/ \c—c/ \C/
H | H | H | H | H | H \
H H H H H OH Saturated Unsaturated
(a) Lauric acid (C4,H,,0,) (b)
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Fats.

Triglycerides

= 1 glycerol molecule and 3 fatty acid molecules

= Their role is to store energy

9 @ O

I [
H.C;.H H.C/|H
I-O-r I-O-T
/ /
HnC/|H HuC/-H u_“
H;v.YH H.wu.H H.CﬂuH
H.CzuH H.Cz.H H.v.YH
H.W.H H.wYH H.C/.H
—O-T T-O-T I-O-T
A\ \ /
H.vu.H H.vYH H:n__v
H.C/|H H.C/-H H.C/
H.W..H H.wYH H.mYH
H.C/|H H.C/.H H.C/|H
Q (&) (&)
3\ \ \
ke loll |%
o o 0
I—0 (&) o-I
| I
I T I
So 2
T >
T o
>
go| N)T
2 I
T i
Rt Rl B
sFOT | |§TOT | |®
- \ — \ w
2 T-0-I| |2 T-0-I| |2
o / o/ =
SH.C/|H SH.C/.H - u_u
H.vYH H.wYH = H.C/lH
HuC./uH H.CzuH H.VYH
H.vu.H H.mYH T-O-T
-O-T T-O-T H.NYH
\ \ /
H.vu.H H.vYH H.n__u
=0T -O-T 0
SR o \ © _\
Z H.vu.H o H,“.YH o H'wYH
oI | QTOoT | |g=QT
\ ey A
2 O 2 O £ Q
8 Lol Lol o
@) ®) o)

I T oF:
Y W W
I—O O o-T

|
= = T T

Glycerol

o
Z
=
=
a
o
2
Z
o
(78]
=
o
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Steroids.

Cholesterol

= Found In;
 Cell membranes

* Hormones
— Estrogen and testosterone

= Comes from:
* Diet
e Liver
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Phospholipids.

» Consist of diglyceride
and phosphate group

Nonlipid

» Have polar and nonpolar i

regions
Phosphate
_— group

» Constitutes cell POy

b i I i
membrane - : G-
SR
e G=0 G=o0
Gl |
ycero _CH, CH,
CH2 CH2
N \
/CH2 /CHZ
C{‘{z C{"I2
_CH, ,CH,
(l'I:H CH,
CH,—CH /CH2
[ CH,
CH,—CH
Bk 2 _CH,
(I')HZ—CHz CH,
CH3 \ /CH2
Fatty — CH,
acids CH4
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| D
| Proteins.
|

» Most abundant and diverse
= 100,000 different kinds in the body
= 20% of body weight

» Contain C, H, O, N, some S

> Function
> Structure

» Enzymes
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| D
| Protein Functions.
|

» Support

» Movement

» Transport

» Buffering

» Metabolic regulation

» Coordination, communication, and control

> Defense
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Protein Structure.

» Composed of chains of amino acids

» Typical protein contains 1000 amino acids
= Largest contains 100,000 aa or more

» Peptide bond connects aa

= Dipeptide
= Polypeptide

H " O " (0]
N V4 N Vi
N C N C
/ N
H OH|| H OH
H ] CHj,
Glycine (gly) Alanine (ala)

Dehydration
synthesis

Hydrolysis

Central carbon
/

H
N
N
/
H

Amino
group

i 0
Y
C/
X
OH
R

R Carboxylic
group acid group

(a) Structure of an amino acid

H
H
3
/N C
H |
H 0O

H (@]
| ¢ 7
N G

} 5

Peptide bond

(b) Peptide bond formation
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Protein Structure (2).

» Shape of a protein depends on amino acid interactions:
= R group
= Hydrogen bonds
= Surrounding water molecules

» Shape = function!!!!
= 1 tiny change can change the function!

= Changes:
« Changing an amino acid
* Temperature
° pH

» Denaturation
= |t temp too high, proteins lose their shape and become

functionless
 |f this continues, death ensues
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Protein Structure: Globular vs. Fibrous

Globular
protein
subunit

(c) Hemoglobin
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Enzymes and Chemical Reactions.

» Most chemical reactions do not occur spontaneously or occur so
slowly that we would all be dead!

Substrates

» Enzymes speed up the rate
of chemical reactions

= They do not become
part of the reaction!

\
Step 1: Substrates Q] r
bind to active {

site of enzyme

Enzyme-substrate
complex

Enzyme Action Q
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Nucleic Acids.

» C,H, O N,P

» Store and process information at the molecular level

= Found in cells | e — l

. Deoxyribose —..| .!. 1. 6 :
» 2 main types —25 ‘I =a |
S | G Thymine Adenine (|
- DNA (deoxyribonucleic acid) — Hycrogenbong “

= RNA (ribonucleic acid)

» Composed of nucleotides

A | Adenine
= 3 components ) cusnine
¢ Sugar Cytosine
* Phosphate group SRS
* Nitrogenous base I —

(a) RNA molecule
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High Energy Compounds.

I
» Energy obtained by catabolism of organic compounds (glucose)

» High energy bonds
= Covalent; store large amount of energy

» ATP (adenosine triphosphate)
= Generated from ADP (adenosine diphosphate)

High-energy bonds NH2
| Adenine Phosphate Phosphate Phosphate I\ | \>
S
N N
Fiose & -0
Adenosine monophosphate AMP
Adenosine diphosphate ADP ATP
Adenosine triphosphate ATE
Adenine
—
Energy
NHy from Energy
| cellular ® released
c catabolism for
NZ \c/N\\ cellular
| I HC activities
O O N/ NH,

[ >
/\/CHZ ?_ (I)_ (IJ_ g N
/ H H N
| | 0o o (o]
OH OH u J
h g ADP

Phos;;hates
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