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Scientific Method

a method of procedure that has
characterized natural science since the 17th
haewanc:n

ﬁ(; question J\ century, consisting In systematic
observation, measurement, and experiment,

f . .
Qmﬁ:?f;gn;' K?uﬁiﬂ;j and the formulation, testing, and
Scientific ] modification of hypotheses.
method
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Control: 2" element that remains unchanged or unaffected by other
variables, serving as a baseline for comparison to assess the
impact of other factors

Dependent
Variable

Independent
Variable

In experiments, scientists compare a control group and an
experimental group that is identical in all respects. Unlike

the experimental group, the control group is not exposed to

the variableunder investigation. It provides a baseline

Experimental Control against which any changes in the experimental group can be

Group Group
compared.



Characteristics of Living Things

Are ORGANIZED in a Acquire Materials
hierarchy of levels and Energy

Reproduce
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Species Genus Family Order Class Phylum Kingdom Domain

Are ORGANIZED in a Ursus o ; : . .
. americanus ars _ ;
hierarchy of levels (American -
black bear)

QUATERNARY
CONSUMERS

TERTIARY g
CONSUMERS

SECONDARY
CONSUMERS

PRIMARY 7 \ 3
CONSUMERS & g Nia
/ M

PRIMARY
PRODUCERS




Respond to
Stimuli

Characteristics of Living Things

Methods for
Homeostasis

Grow and
Develop

Adapt to
Change

Ancestors

Descendants



Atom

* Make sure you review on your own:
* Electron, proton, neutron and their respective charges
e Structure/model of the atom

PROTON
NUCLEUS

NEUTRON




lonic Bonds

: atom with a charge
* Atoms give up or take on electrons to achieve a complete outer shell.
* The reactions takes place between ions
* Metal and non-metal
* P. 27

lonic Bond



Covalent Bonds
* Atoms sharing electron

Double Covalent Bond Examples
« Non-metal and non-metal

e P28 1.Oxygen (0,)|  [2.Carbon dioxide (CO,)

(@)




Water

* A water molecule (H,0), is made up of
three atoms --- one oxygen and two
hydrogen.




Water (H,0)

* Polar molecule: the shared electrons prefer to spend time around the
oxygen than the hydrogen thus causing the oxygen to have a slightly
negative charge and hydrogen a slightly positive charge.

* Hydrogen bonds Partial negative charge
5

(5_ Electrons are -y
@ pulled toward

oxygen. O
/ \ Y e
/ J N
/ 7, \\ \\
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O+ O+ =
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Partial positive charge




Properties of Water

° A (p. 29) — good for chemical reactions
° A medium due to its cohesiveness (hydrogen bonding)
and (water can adhere to polar surfaces)

allows it travel in tubular vessels (blood) and have a role as a lubricant in
our joints.

allows for slow rises and falls in our body
temperature.



Adhesion Also Causes Water to ...

ADHESION

Attach to a
silken spider

Form spheres & web

hold onto plant
leaves




High Specific Heat

 Amount of heat needed to raise or lower 1g of a substance 1° C.
* Water resists temperature change, both for heating and cooling.

» Water can absorb or release large amounts of heat energy with little change
in actual temperature.




High Heat of Vaporization

* Water's heat of vaporization is 540
cal/g.

* In order for water to evaporate, each
gram must GAIN 540 calories

(temperature doesn’t change ---
100°C).

» As water evaporates, it removes a lot
of heat with it (cooling effect).

Temperature (°C) —»

Heat of Vaporization
il ifit
/BOl e Vaporization
Liquid
Heat of
vaporiz ation
Melting

Solid

Energy (kJ/mol) —>



* Water vapor forms a kind of global
“blanket”™ which helps to keep the Earth
warm.

e Heat radiated from the sun warmed
surface of the earth is

absorbed and held
by the vapor.




Water is Less Dense as a Solid

* |ce is less dense as a solid than as a liquid (ice floats)

* Liquid water has hydrogen bonds that are constantly being broken and

reformed.

* Frozen water forms a crystal-like lattice whereby molecules are set at fixed

distances. /ﬁ &@& /ﬁ/fmﬂ)\

ot s
@g&;ﬁ ome v

LIQUID WATER SOLID WATER

Intermolecular forces constantly Intermolecular forces are stable
break and re-form and allow the molecules to be

spaced apart



Homeostasis

g & Hypothalamus creates
L ..} feelings of thirst,
-

 Ability to maintain a steady state despite - o
changing conditions patanus oo ()l

higher concentration
of solutes in blood.

* \Water is important to this process o et s Postorior ity
because: |
> Miakes o good Insulator e, EEF
b. Resists temperature change
c. Universal solvent oss e Lk
d. Coolant Pruitary olosses pim

less ADH. solute concentration.

Ice protects against temperature Sl nd
extremes (insulates frozen lakes) |

—



SO‘ ution ° lonic compounds disperse as ions in water
e Evenly distributed
* SOLUTE
e Substance that is being dissolved

e SOLVENT
e Substance into which the solute dissolves

Solute + solvent -> solution



Suspensions

e Substances that don’t dissolve
but separate into tiny pieces.

* Water keeps the pieces
suspended so they don’t settle
out.

AELLMANNS

MAYONNAISE




Acids and Bases
2H,0 H,O*

+
* Dissociation: “splitting” of water Q) Q @ 9

* Acids: dissociation of H,0 to H*
* Base: dissociation of H,0 to OH" ... N PELLCER HO + CI

Base: NaOH —1L s Ng + OF




Acids and Bases — pH scale

Stc:\m:ch Milk Water B3 : Stomach  Ammonia
Battery “ Lemon ~ Tomato  Coffee % 99 Tablets ~ Solution Bleach

mOce=5 [ eIl e

wikiiy

ACIdIC Neutral Alkaline

Drain
Cleaner




Inverse Relationship between the

Aci d S a n d B a S e S : B uﬁ e rs Partial Pressure of Carbon Dioxide (Pco,) and Plasma pH

| Homeostasis

* Your body needs to maintain a specific T

level of pH in each part of the body so g feste
it uses buffers to do this. A 3

/

;»/ )

e Buffers: a chemical that controls the
acid and base levels.

* Without buffers enzymes would not 1
function properly and acidosis or Alkalosis
alkalosis could occur. hiFFHER, =R o= H 0siE0,

* Normal pH for blood is around 7.4
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COMPLEX CARBOHYDRATES
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Carbohydrates




Biological Molecules

natural self-assembly

mbly
UV lithography
electron-beam lithography

nano-imprint lifhagraphy

scanning probe lithography




1 Fyruvale J
f Acetyl
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Pyruvate carboxylase
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e Fumarase

[ Fumarate ]

o O X

6 . CoA [SH + NAD™
o) N g Pyruvate dehydrogenase
CO,+NADH, H"
e
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HEO, + IR Citrate
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Hydrogen

Sulfur

Adenosine
ATF— triphosphate

Guanosine

GTE triphosphate

Coenzyme () CoA

Coenzyme A

MADH Nicotinamide adenine dinucleotide

Pyruvate dehydrogenase Enzyme

Aconitase
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Carbohydrates

* Commonly known as sugars
*H-C-OH

e Carbon with a 2:1 ratio of H:O
* H,0 hence a hydrate of Carbon

-‘!'J_




Monosaccharide

* The basic building block
(monomer) of
carbohydrate

* Monomer: the simplest
unit or building block

* Representative is
glucose molecule
C6H1206

H-C=0 H
I
H-C-OH HO- (': H
I
HO- CIJ —H e ()
H H
H—C-OH / H \|
I
H-—C-0OH H
| HO\ /OH
H—-C-OH B = Carbon
I B = Oxygen
H H OH = Hydrogen
The structural formula Structural formula of  Three-dimensional model
of the straight-chain the ring form

form

The Structure of Glucose



maltose




Monomers linked by covalent bond

* Monomers join together to form larger molecules called
polymers.

* Proteins, carbohydrates, fats, and nucleic acids can all
be polymers.

e To join the unit molecules (or building blocks) together,

De hyd ration a molecule of water must be removed.

H* is taken from 1 molecule and OH- from the other

Synthesis molecule.

* This process is called dehydration synthesis and energy
is required.



H,O

O D —=— G ¢+ fond

Monomers linked by covalent bond

* To break down a polymer into its monomers a molecule

of water must be added.
Hyd rOIYSiS * This process is called hydrolysis and energy is released.

 H* is added to 1 molecule and OH" to the other molecule.
* Hydro - refers to water and lysis means to break apart.



Polysaccharide

* Many monosaccharides joined together
* Covalent bonds
* 3 types

* Starch:
* A long chain of glucose molecules
* A storage form of glucose in plants

* Found in rice, potatoes, pasta and
bread

OH

HO



Polysaccharide

* 2) Glycogen
* Many side chains protruding off a
main chain of glucose molecules.

 Storage form of glucose in animals.

* In humans, it is stored in the liver
and muscle

* It helps to maintain a 0.1% blood
sugar level



Polysaccharide

e 3) Cellulose

* A chain of glucose molecules
that has bonding that our
enzymes do not recognize.
Therefore we cannot break
down cellulose.

* Itis found in plant cell walls for
strength

* Good roughage for our
digestive system



Important Terms to Know

e Carbohydrate

* Hydrolysis +O & O\OQ
* Dehydration Synthesis Wevemars ity comantiant
* Monosaccharide

 Disaccharide

* Polysaccharide T @D — . @ - .@
° StarCh Monome Ikdby valent bond
* Glycogen

e Cellulose
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Proteins and Lipids



Proteins

* Very large
macromolecules with a
structural function at
times.

* Many locations in body
bone, tendons, ligaments,
hair, cell membranes,
nails.

« Some function as
enzymes.




Proteins
* The basic building block of
proteins is the amino acid.

* There are 22 amino acids used
to form proteins.

* The only difference is the R
group.

e The 215t and 22" are recent

discoveries so most things still
say 20 amino acids.

* The 22" is only found in
archaea

Amino Group

H

N

'I'
o

W

Carboxylic Group




12.1 or 6.0: pKa of side chain

. Sulfur or Selenium
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Dehydration Synthesis of Proteins

* Peptide bond: the specific bond that joins amino acids
together

« 2 amino acids = dipeptide

« 3 amino acids = tripeptide

4 — 75 amino acids = polypeptide

* More than 75 amino acids = protein

Glycine Alanine — Gly-Ala (Dipeptide)

H H 0 H H
N+ e Ll L P g
/N_(uj_ / é OH FFHe i ] on 2
H H OH H| /i H H /’CI\

I HH H HE |



Structural Levels of Protein

Primary structure E-SHE-EHE- S 5HEHE-5- -0
Polypeptide chain l

*1) primary structure: a chaln s
of amino acids joined together e

bonds forming within

by peptide bonds.
*2) secondary structure: e,
building upon the primary and  Za&.. %ﬁ?@»“

iInvolves hydrogen bonding |
*a) alpha helix —a chain that is |

wound.
* b) beta-pleated sheet —
accordion-like.

Polypeptide 3



Structural Levels of Protein

« 3) tertiary structure: a 3
dimensional shape that
builds from the secondary.
It has hydrogen, covalent
and ionic bonding

* 4) quaternary structure: a
protein that utilizes a
combination of the above 3
structures. l.e. hemoglobin —

4 primary structures

COOH COOH
(b)




Denaturation

* Denaturation: the destruction
of a protein so that it no longer
functions due to the breaking of
the bonds.

* Hot temperatures and pH
changes will cause this.

* Other everyday examples:
cooking an egg (white egg
protein).




Lipids
» Organic compounds that

are insoluble in water |1.e.

lard, fats, butter, and oll.
* Body fat is known as

adipose fissue.
* 4 groups:

* Neuftral fats
* SOQPS

* Phospholipids
« Steroids



Neutral fas AAAAAAAAL

* building blocks are 1 glycerol & 3 fatty acids.

a) Fatty acids: A long chain of C's, with H's
attached, all ending with an acid group
(COOH).

have no double
bonds between the C'S so it is holding as
many H’s as it possibly can.

* |t Is commonly associated with heart
disease.



Neutral fats

has double bonds
between the C'S.

 Note that the double bonds cause the
chain to have bends in it.

* This lets the fat pack less solidly together
and these fats are generally liquids rather
than solids so are better for your health
(they will not build up In your arteries).



Neutral fats

*b) glycerol: a compound of Carbon with 3
hydrates (H,O)

CH,—OH - _j Fatty Acid

| 2 S T T | Stearic Acid

CH —OH :

| HC —O ——WW Dleic Acid

CHZ_ OH HayC —0O '—C" WW Linoleic Acid
Glycerol -

Functionality: Carboxyl-Group, Doublebond




Formation of Lipids * Glycerol backbone is joined to
the 3 fatty acids through

dehydration synthesis.

e \Water is released as the H on
the glycerol joins with the OH
from the fatty acid.

H 0 H O
HCOH _HOC(CH,CH,).CH, HCOC(CH,CH,),CH,

| 9 | 9
HCOH HOC(CH,CH,).CH, mmip» HCOC(CH,CH;).CH,

‘ . | . 3 H,0
HC OH_HOC(CH,CH;),CH, HCOC(CH,CH;),CH,

H H



S0AQPS

* A salf formed by a fatty
acid and an inorganic
base.

* A soap is polar

» Emulsifier: something that
breaks down fat i.e. soap

 Emulsification: act of
breaking down the fat




Phospholipids

* A lipid with a phosphate
group

* Found in all cell
membranes

* Critically important for
living things since they
form the outer layer of all
cells and are part of all

living things.

. Phospholipid




Steroids

* Made of lipids
(hormones)

* Examples include
estrogen,
testosterone, and
cholesterol

* Typically have a
structure of 4 linked
carbon rings.

This is estradiol, a
form of estrogen.
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1953: The structure of the DNA molkecule Is first
described,

Nucleic Acids



Nucleic Acids

3 main kinds:
* DNA: deoxyribonucleic acid PN
 RNA: ribonucleic acid O </ | )
» Building block is the . .

nucleotide | o
* Each nucleotide is made of 3

parts oo

1. sugar

« 2. phosphate
« 3. base



Nucleic Acids

* DNA: « RNA:

* Double stranded - Single stranded
* Helix « No helix

« Deoxyribose sugar * Ribose sugar

e Uracil base

 Found in nucleus and
cytoplasm

* Thymine base
* In nucleus only




Nucleic Acids — Base Pairing

Cytosine .

Purines Pyrimidines fl
(double rings) | (single ring) Gmmnj -

o

Adenine (A) 2> Thymine (T) e
Guanine (G) = Cytosine (C) e 0

Adenine (A) =2 Uracil (U) 10
Guanine (G) > Cytosine (C) v

Cytosine
. &

Q.

M
H

e
— Nucleobases

Guanine .
0

I\ N,':\iNH:
M

H

DNA

Base pair
Adenine
HyN @

al
{N‘h %
H

RNA

Thymine [
0

O

N° O
H

o]

O

N® O
H

helix of
sugar-phosphates

Nucleobases
of DNA

Nucleobases
of RNA

RNA DNA
Ribonucleic acid Deoxyribonucleic acid



ATP

 ATP: adenosine
triphosphate is the 3
type of nucleic acid.

« ATP = Adenine base with
rlbose sugar and 3
phosphate groups
atfached.

» Used for energy transport
INn our cells - without this
we would be dead.

O

0
HO—P—0—h—0—P—0

OH

O

OH

O

OH

OH OH



ATP Uses

 Chemical Work — make
energy to make things

» Transport Work — make
energy to move things
around the cell

-

RESPIRATION

o

e Mechanical Work — make

energy to confract
muscles for movement

ATP

N\

ACTIVE TRANSPORT,
MUSCLE CONTRACTION,
ANABOLIC REACTIONS

/

ADP + P,

SHORTHAND FOR
"INORGANIC PHOSPHATE"




ATP

 The bond between the

ohosphates are the high PP
energy bonds. ol tan [
- When energy is needed AR g
we break the bond to ... ATP A7
create adenosine Y S ey
di o NOS o hate Ex!rg[,t\_c!nic Endlé!g_lonic
- When adenosine e
friphosphate is neededwe \ » o . 1
create a bond by adding T
energy. o A



ATP and Energy

e Other polymers are broken Bl
down through chemical
reactions like cellular
respiration to release energy

ATP cAMP ¢ - GDP GTP

from food and storage in the l
body to be used by cells. = _’
. . (P
. ADdP |E copverted Into AaTPh PPK 7? N
and then into sugar and then ®| 1 [
into other molecules to store T~ @ gt
energy for later use by the e

Glucose-1-phosphate

body as well.



