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CHAPTER 2

Life depends on
chemical and
molecular
reactions

atoms and molecules

laws of physics and chemistry

Matter - takes up space has mass

Energy - capacity to do work
(' move matter)

Related
E = mc? (Einstein’s equation — rest energy)
E = energy
m —mass (in this case matter at rest)
¢ = speed of light (299,792,458 m/s =
186,000 miles/s)
c2=7?
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Matter consists of Atoms
Atomic structure determines behavior

of matter that retains
element’s properties

— composed of
subatomic particles

Hydrogen Oxygen
1 Proton 8 Protons.
1 Electron 8 Neutrons.
el
32’ neutrons angd
protons form
atomic
nucleus
T:“:i

pronce clecron @ o
(poste crarge) (regatve crasge) o charge)

Atoms aAfostly empty space!

Electrons form a cloud around the
nucleus.

nucleus = golf ball o
« electrons >1 kilometer (.62 miles)

schematics
useful
deceptive




Slide 7 mass measured in daltons
Proton, neutron = 1 dalton each

+ mass of electron = about 1/1840 of neutron or
proton
ignore when determining total mass

Oxygen P
8 Protons Sha
8 Neutrons :
1 o) | ¢
| 8 Electrons '. P

-atomic weight approximated by mass number
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« all atoms of element have same number of
protons in their nuclei

unique atomic number

subscript before symbol

~helium (,He)

How many electrons does helium have?

If no net charge = equal numbers of protons and
electrons

atomic number in neutral atom depicts number
of protons and electrons
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mass humber = sum of protons and
neutrons in the nucleus

—superscript before symbol (*“He)

number of neutrons - subtract protons (the atomic

number) from mass number

Helium 4 — atomic 2 = 2 neutrons
~(;He)

(*He)
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isotopes

- atoms of same element; differ in number
of neutrons

« In nature, elements are mixtures

@ @& B

99% of carbon atoms have 6 neutrons (*2C)
—some have 7 neutrons (:3C)
—few have 8 neutrons (*4C)

Carbon-12

Carbon-13 Carbon-14
a3 a€2 )
.
- 4 -

Most isotopes are stable (do not tend to loose particles)
12C and 13C are stable

some isotopes are unstable - decay
emit particles and energy.
14C is unstable (radioactive)

— decay - neutron converted to proton and electron
1) Changes the identity of atom

2) Is constant

3) Can be measured — HALF LIFE




Slide 13

Slide 14

Slide 15

Radioactive isotopes -many

applications
—14C is radioactive isotope

— In decay, a neutron is converted to a proton and
electron.

converts 1C to 1N, changing identity

Radioactive decay rates are used to
date fossils

-decay can trace cancer

(cancerous bone concentrates more isotope)

- energy emitted in decay can be
hazardous

« destroys cellular molecules

—depends on type and amount
absorbed

%& ELECTRONS

« When two elements interact in chemical
reaction

........ ™ Chiorine atom (e

electrons are involved o)) Q

nuclei - not even close
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- Electrons have pOtential energy
POSItioN refative to the nucleus

Sodium 4

electrons attracted + nucleus

— farther from nucleus, more potential energy

» Energy - ability to do work

« Potential energy - energy that matter
stores because of its position or location.

— Water /levee has potential energy
— Rushing water has Kinetic energy

« 1st electron shell - 2 electrons
— The two electrons fill the first shell.

« other shells - up to 8 electrons.
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« chemical behavior - depends number of
electrons in outermost shell (valence
shell) -

—valence electrons

Sodium

+ completed valence shell -unreactive

« others - chemically reactive

Slide 20 excited electrons absorb energy
return to shell & release energy

Heat
Neon gas

Fluorescing tracers
short-lived

—Einstein

pPyTgrTe T T u eSO TEquTeT

Slide 21

Energy
absorbed

Nucleus

Nucleus

zzr=x
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—to complete valence shells:
«share electrons
\

-transfer electrons /./ e
-receive electrons L\ L@ ) /,‘
X \ .//

Sodlum —~

interactions form chemical
bonds

+losing electrons — oxidation

«gaining electrons - reduction

Oxidatio}\ Reduction

WHY??

*THINK NEGATIVE!

«gaining negative electron - reduced

+losing negative electron — oxidized

OILRIG
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element - susstance that cannot be broken down to other substances by chemical

89 104 (105|106 107 [108[109_ 110

1 reactions. cﬂ) P rz
L 92 g He
= [ Bf6 9 [I107]
LLi|Bel| Fig. 2.8 N i, F [Ne
1T | 13| Si | 15136 Py 18
Na Mg - Al P|s|cl|Ar
19|20 57122 F23 124 [ 25| Fe | [27 [28 [29 30 |31 | 32 | 33 [ 34 | 35 | 36
K_Calse|Ti |V |CrMn Co |Ni Cu |Zn Ga Ge | As|Se Br |Kr
| 37 138 [39 |40 |41 |42 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
Rb|Sr|Y |Zr [Nb/Mo Tc |Ru|Rh PdAg |Cd|In 'Sn|Sh|Te I |Xe
55 56 [57 |72 |73 |72 |75 | 76 | 77 | 78 | 79 |80 | BT | 82 | 83 [ 84 | 85 | 86
Cs|Ba|La Hf | Ta|W |Re Os|Ir | Pt Au |Hg|Tl | Pb| Bi Po| At |Rn
87 | 88

Fr |Ra|Ac [

. 58 |59 |60 | 61 |62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 |71
(Lanthanide |Ce |Pr |Nd Fm Em Eu (Gd |Tb |Dy Ho | Er Tm | Yb|Lu

series)

. : Isolm 92 o3 |04 wk:ge o7 sslw 100 | 101|102 [103
(Actinide series) Th|Pa U |Np Pu Am Cm|Bk |Cf |Es |FmMd|No|Lr

Each element - unique atoms

* 25of the 92 elements -essential for life ) oxygen ©)

H' Hydrogen (H)
— 4 elements (96.3 %) @ Nirogen )
1.carbon (C) ) peowes
2. oxygen (0) : A
3. hydrogen (H) @ Frossions
4 nitrogen (N) ) Poassum ()
* (know these 4 well) &P Sulr (S
a Iron (Fe)

Mg Magnesium (Mg

b.

—H, hydrogen gas

2 atoms of hydrogen

make 1 molecule

Stable (No charge, no unpaired electrons,
valance shell filled)

covalent bond
>

Single covalent bond /
hydrogen gas

H
F==H H,
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Dour)l:x;;:?;:; bond @@
0=0 0, %
S =
Triple'::ovalent bond \ ‘/\
nitrogen gas \
N=N ) %

sodium (metal
- compound " ™)
chlorine (gas)
 two + elements
- fixed ratio combination?
an emergent property!!
.
Sodiumatom -
+ S
fan - ] e X J h
» e
(apodiumion Chloriceion ® NaClerystal

biological function related to
shape

« The shape determined
by arrangement of

shared orbitals

Hek kA




Slide 31

Slide 32

Slide 33

electron interactions form

chemical

bonds

+ Strongest chemical bonds
Covalent (water)

—lonic

» Weaker (water)

overlap, share
their electrons

(a)

covalent = sharing

— Hydrogen bond
- 1ycovalent
bond - sharing
of a pair of Covalent bond
valence i 2
electrons by (D Q@ )
two atoms \ A )
hydrogen atom- NN
1s orbitals H2 (hydrogen gas)

-Covalent bonds -also _different elements

—~What is
water?

— Is bond
covalent?
single or
double?

* Are valences
satisfied?

~Oxygen add 2 electrons to 6

~complete valence shell.

—double covalent bond
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covalent bonds - polar or nonpolar

POLAR????

- attraction of an atom for the electrons of a
covalent bond - electronegativity

Strongly electronegative atoms try to pull shared
electrons toward themselves.
(THINK SELFISH!!)

« If equally- nonpolar covalent bond

« If electrons not shared
equally —

polar covalent bond 5+

water
polar covalent?

oxygen higher (b)
electronegativity than
hydrogen

aionic bond - unequal attraction for
valence electrons

-one atom strips electron from other

')} {8
e ) s
Py - g%

b. NaCl erysual

Nl Y e

Chiorine atom Chioride on (-)
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+ atoms now have

charges — ions

)

Cl- Na+ Cl-

« Why?

+ Sodium one more > Na+ Cl=Na+
proton than electrons - . )
net positive charge — Cl- Na+Cl-

cation

(®)

« Chlorine - one more

electron than protons -
net negative charge -

anions

- differences in charge
- cations and anions attracted
« jonic bond

ionic compounds, salts, (NaCl)

+strength depends
on environmental conditions

dissociate in water?

« 3) Hydrogen bonds (weaker)

link covalently bonded hydrogen with
electronegative atom

— typically hydrogen and nitrogen or oxygen
—important in DNA molecules

weak chemical - important
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+ Molecules -similar shapes interact similar ways

— morphine, heroin, similar shape to natural endorphins

produces

euphoria endorph}n w
— relieves
pain

WEAK Good -
signal molecules bind briefly to receptor molecules

WEAK BAD
Free radicals — unpaired electrons
blood - irritate artery walls, fat deposits build up

mutate DNA

damage mitochondria

* producers - cigarettes, x rays,
sunlight, alcohol, etc.

« scavengers — beta carotene, vitamin
C, vitamin E

= In chemical reactions -bonds broken and
reformed

* new arrangements of atoms

+QQ - Q

Qo

2H, + 0, —» 2HO
Reactants Products

« starting molecules -reactants
« end molecules - products

Copyright © 2002 Pearson Education,Inc, publishing as Benjamin Cummings
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ratios - indicated by coefficients

o ()
OO*.». 0.0

© 0

2H, + O, : 2H,0

which are reactants? which are products?

—equilibrium???

—No new product?
—no change?
—no net change?

water |
liquid

ice

vapor k

life evolved in water surface >70%

* 3 billion years in water first

«tied to water?
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solvent of life
ecells -75->85% water

*How long can we live without water?

scohesion

~adhesion

ssurface tension
~temperature stabilization
sexpands when frozen
ssolvent

water is a polar molecule
Opposite ends ; opposite charges
oxygen more electronegative

electrons not shared equally - polar covalent bond.

105°

VA

+ +

Polarity = difference in
electrical charge at one end of
a molecule as opposed to the
other

«Water Polar or non polar?

«0xygen end partial negative hydrogen end
partial positive




Slide 49 tiny magnets — poles have charges

Hydrogen atom

Hydrogen bond
Oxygen atom

An organic molecule

hydrogen bonds!!!
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solution salt water

solute salt
solvent water

Like dissolves like

polar - salt and water

non polar- soap and grease

Slide 51
Cohesion

« water molecules
stick to each other

« results of H-bonds

SURFACE TENSION
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Adhesion

water molecules stick to other substances

« Result of H-bonds

* meniscus

« More Water appreciation facts

—HIGH Specific
heat

— boil a pan of water

« lots of energy needed to change temperature of water
© WHY?2?

collective effect of H-bonds

— Heat absorbed to break hydrogen bonds
— Heat released when hydrogen bonds form

—Energy used to disrupt hydrogen bonds
— not move molecules faster

« Sweats cools - heat energy used to break H-bonds




Slide 55

Slide 56

Slide 57

Temperature Moderation

« absorb/release large quantities of heat
with little change in temperature

« heat - total kinetic energy

« temperature — average kinetic energy

« specific heat — amount absorbed or lost for 1 g of substance
to change temp by 1 degree

« difference between a calorie (cal.) and
“Calories” on food packages?

«calorie - amount of heat energy necessary to
raise temperature of one g of water by 1°C.

One mL water?

«Calorie on food packages - kilocalorie
the amount of heat energy necessary to raise the

temperature of 1000g of water by 1°C.

vaporization or evaporation —
transformation from liquid to a gas

molecule move so fast - overcome the
attraction of molecules in liquid

Even in low temperature liquid
(low average kinetic energy)
— some molecules move fast

evenin ice! (sublimation)
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- evaporative cooling

— the most energetic molecules evaporate
— lower kinetic energy molecules stay

- Evaporative cooling - moderates temperature
lakes, etc.

helps stop us from overheating

in

—at 0°C lattice

(ice crystals and snow)

e

928 &Y
00 9 O & / \ /
Eevpo Spf

o fe0e

o 9 G Stable
e rosen mlecaes o

(a)Liquid water (b) Ice

Why live by the lake?

“Heat sink”
Equilibrium
two objects of different temperatures meet,
heat (energy) passes from warmer to cooler

Molecules in cooler object speed up at expense of kinetic
energy of warmer object

Ice cools by absorbing heat -




Slide 61

Slide 62

Slide 63

Table 2.3
_m s e

Cobesen [T — [P T ——
Py

Tigh et bt

Water forms bonds

dissolves hydrophilic
molecules

Hydrophobic
molecules do not
readily form bonds with
water.

pPH
*Occasionally, a hydrogen atom shared by
two water molecules shifts from one molecule
to the other.

H20 — OH- + H*

water hydroxide ion hydrogen ion (proton)
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hydrogen leaves its electron behind and is
transferred as a single proton - a hydrogen ion
(H").

— The water molecule that lost a proton is now a
hydroxide ion (OH")

(The water molecule with the extra proton is a hydronium ion (H;0*))

H20 — OH- + H*

water hydroxide ion hydrogen ion (proton)

Reaction is reversible

water <=> hydrogen ion + hydroxide ion:
H,0 <=>H* + OH"

At equilibrium, water molecules greatly exceed H*

and OH-.

In pure water only one in every 554 million is
dissociated -At equilibrium (RT) conc. H* or OH' is 107M .

« hydrogen and hydroxide ions are very reactive!

« changes in concentrations drastically affect the
proteins and other molecules of a cell.

* You would die if blood pH
changes even a small amount!
IN MINUTES!
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Acids donate protons
— (HCI, vinegar).

.

Bases accept protons
— (NaOH, lye).

. whatiSa protron?
(what happens when hydrogen loses an electron?)

SO - Acids donate hydrogen ions

+ An acid is a substance that increases the
hydrogen ion concentration in a solution.

— When hydrochloric acid is added to water, hydrogen
ions dissociate from chloride ions:

*HCl->H* + CI-

+ Addition of an acid makes a solution more acidic.

Any substance that reduces the hydrogen ion
concentration in a solution is a base.

1) Some bases reduce H* directly by accepting
hydrogen ions.

2) Other bases reduce H* indirectly forming water.
— NaOH -> Na* + OH- OH-+ H*->H,0

Solutions with more OH- than H*are basic solutions.
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Some acids and bases (HCI and NaOH) are strong
WE USE THESE IN A WET LAB

These molecules dissociate completely in water

At equilibrium there will be a fixed
ratio of products to reactants

NOTE: notan EQUAL ratio

The H* and OH- concentrations of solutions can
vary by a factor of 100 trillion or more.

So H* and OH- concentrations are expressed using
pH scale.

The pH scale, ranging from 1 to 14, compresses the
range of concentrations by employing logarithms.

— Inaneutral solution

— pH =7 (7.4 is physiologically balanced)

— Values for pH decline as [H+] increase.

— pH scale is based on [H+], but values for [OH-] can be
easily calculated from the product relationship.
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Sl |d e 73 H* lon Concentration  pH Value Examples of Solutions
100 Hydrochloric acid
101 ———
104 - Stomach acid, lemon juice
10°° 3 = Vinegar, cola, beer
104 4 Tomatoes
10 - 5 Black coffee
10 6 3 Urine
107 7 Pure water
10® 8 Seawater
10° 9 ————— Baking soda
1070 10 - Great Salt Lake
10" 1 Household ammonia
10712 12
10-1 | — Household bleach
10-¥ 7ﬂ - Sodium hydroxide
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* pH scale
— Lower pH = more acidic (MORE H)
— Raise pH = less acidic, more basic, or
alkaline.
— Logarithmic scale
« 7.4 physiological balance
Slide 75

pH values in the human stomach can reach 2
(is this acidic or basic?)

REMEMBER -Each pH unit represents a tenfold
difference in H* and OH- concentrations.

— A small change in pH actually indicates a
substantial change in H* and OH- concentrations.
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To maintain cellular pH values , biological
fluids have buffers.

Buffers resist changes to the pH of a
solution when H* or OH- is added to the
solution.

Buffers accept hydrogen ions from the solution when
they are in excess and donate hydrogen ions when
they have been depleted.

Buffers - weak acid and corresponding base

One important buffer in human
blood carbonic acid

molecular weight -sum of the weights of
all the atoms in a substance

a 1 molar solution (1M) is the molecular
weight of a material in grams

dissolved in 1 liter (1000mL) of (usually)
deionized water
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« Lab
« amole of table sugar - sucrose (C,,H,,0,,)?

A carbon atom weighs 12 daltons, hydrogen 1 dalton, and oxygen 16
daltons

One molecule of sucrose = 342 daltons

the sum of weights of all the atoms
— molecular weight of sucrose

one mole of sucrose we would weigh out 342 grams

solution sugar water
solute sugar
solvent water

aqueous?




