BIO101: Life Science
Chapter 2: Essential Chemistry for Biology

Essential Elements
Water
pH scale




Why Chemistry?

by tens of thousands of chemical compounds.
* Tens of thousands of chemical reactions are
happening in our body in every second.

-- metabolism is the sum-up of all the chemical

reactions happening in the living organisms.
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Something to begin with: —

Matter
Atom and molecules
Elements and compounds

A helpful video:
https://www.youtube.com/watch?v=AfXxZwNLvPA



https://www.youtube.com/watch?v=AfXxZwNLvPA

Matter is composed of chemical e%.

> An element is a substance that cannot be broken

down into other substances by chemical
reactions.

» There are 92 naturally occurring elements on
Earth.

> All of the elements are listed in the periodic

table.
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. But you just need to know some of the
| elements essential to living organisms,

| especially human being’s health.
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» Each element consists of one single kind of atom.

> An atom is the smallest unit of matter that still retains
the properties of an element.

» Elements can combine to form compounds.
» Compounds are substances that contain two or more
elements in a fixed ratio.
* Nadcl (table salt) and H,O (water) are examples of
common compounds.
* There are unlimited numbers of compounds!
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Carbon is a kind of element.
* A chunk of carbon (coal or diamond) is composed of
carbon atoms.
* Allliving things are composed of a “carbon backbone”.
* Asingle carbon atom can form a maximum of 4
chemical bonds. This is one of the reasons it is so
versatile.

Generally, the molecules containing carbon are considered
as ‘“organic”.

However, some of the “simple’” molecules, like CO2, are not
considered as “organic molecules”.

Many organic compounds are synthesized by factories now. For
example, plastics and rubbers.

--- totally different meaning than “organic food”.



» Twenty-five elements are essential to peo !

>

Four elements make up about 96% of the weight of most cells:
oxygen, carbon, hydrogen, and nitrogen

They are the major components of organic molecules and are
the most common elements in living organisms.

Seven elements make up about 4% of your body:

Calcium (Ca), Phosphorus (P), Potassium (K), Sulfur (S),
Sodium (Na), Chlorine (Cl), and Magnesium (Mg)

Fourteen trace elements make up <0.01% of your body:

Boron (B), Chromium (Cr), Cobalt (Co), Copper (Cu), Fluorine
(F), lodine (1), Iron (Fe), Manganese (Mn), Molybdenum (Mo),
Selenium (Se), Silicon (Si), Tin (Sn), Vanadium (V), and Zinc

(Zn)



Oxygen (O):
65.0%

Hydrogen (H):

9.5%

1Y

Nitrogen (N):
3.3%
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Carbon (C): 18.5%

Calcium (Ca): 1.5%
Phosphorus (P): 1.0%
Potassium (K): 0.4%
Sulfur (S): 0.3%
Sodium (Na): 0.2%
Chlorine (Cl): 0.2%
Magnesium (Mg): 0.1%

Trace elements: less than 0.01%

Boron (B) Manganese (Mn)
Chromium (Cr) Molybdenum (Mo)
Cobalt (Co) Selenium (Se)
Copper (Cu) Silicon (Si)
Fluorine (F) Tin (Sn)

lodine (I) Vanadium (V)

Iron (Fe) Zinc (Zn)




For example:

» Calcium is needed to maintain strong bones and teeth. It is
also needed by muscles to move and by nerves to carry
messages between the brain and every body part. Deficiency
of calcium causes osteoporosis and many other diseases.

» Calciumis added to
| o o various foods to prevent
Calcium deficiency.

Thinning of bone structures




» An iodine deficiency causes
goiter, the enlargement of
thyroid gland.

> In an estimated two-thirds of —
households on Earth, table salt the enlarged thyroid gland
is iodized to prevent iodine
deficiency.
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»The atoms inside one molecule are held together by
chemical bonds --- the attractions among atoms to hold them

together.

» The formation of chemical bonds involves the distribution
and sharing of electrons between atoms — but that is beyond
the scope of this class.

»Chemical reactions --- the breaking of existing molecules
and the forming of new molecules.

» It means that chemical reactions are in fact the breaking of
existing chemical bonds and the forming of new bonds.



Other kind of bonds may occquent

molecules: Hydrogen Bonds

»Hydrogen bond is the \
attraction between the

Oxygen and Hydrogen of -)
neighboring H20 molecules.  Hydrogen b°"°'_|:(i)
. . ( ul Slightly
> It binds d!fferent molecules | \ positive signtly
together —-important to the w0 H Jcharge pegative
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special characteristics of ) () Sharge
water. _\‘(-;) |
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WATER AND LIFE ——

* Some theorize that life on Earth began in water and evolved

there for > 3 billion years.
+ Modern life remains tied to water.

* Water is the single most abundant compound in living

things. Your cells are composed of 70-95% water.

* The abundance of water is a major reason Earth is habitable.
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The hydrogen bond is the main reason for most of water’s life-

supporting properties.

Water molecules tend to stick together----cohesion.

Water has a strong resistance to change in temperature - it
needs a lot of energy to melt ice, to change the temperature of

water, or to boil it.

Frozen water (ice, solid H20) floats on liquid form of H20.

Water is a common solvent for life.
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= (Cohesion is the tendency of molecules of the

same kind to stick together. The cohesion of

water is because of hydrogen bonding.

= Cohesion and adhesion are vital for the

transport of water from the roots to the leaves

of plants through the process of capillary

action.
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71 Cohesion — an attraction between molecules of the
same substance. (Example: water attracted to water)

77 Adhesion — an attraction between molecules of
different substances. (Example: water attracted to
glass, meniscus)

66 milliliters or 72 milliliters?



Animation: Water Transport

Right-click slide [ select “play”
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+ Because of hydrogen bonding, water has a strong

resistance to temperature change----high heat

capacity and high heat of vaporization.

* Water can absorb and store large amounts of heat
(energy) while only changing a few degrees in
temperature---energy is needed to break the

hydrogen bonds.
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So Water is good at moderating temperatures.

= Earth’s giant water supply causes temperatures to stay
within limits that permit life.




Ice Floating ——

+ lce floats because ice (the solid state of water) is less
dense than liquid water----in contrast with all other
substances.

(left) The solid phase of paraffin is denser
than the liquid phase and sinks to the bottom
of the container of liquid paraffin.

(right) Ice or the solid phase of water is less
dense than its liquid phase and floats to the
top.

Copyright:© 1990 Richard Megna -
Fundamental Photographs
http://fphoto.photoshelter.com/img/pixel.gif



http://fphoto.photoshelter.com/img/pixel.gif

Ice Floating \‘E

* The hydrogen bonds in ice are stable, giving ice a

crystal lattice.

+ A chunk of ice has fewer water molecules than an

equal volume of liquid water.
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For water

Hydrogen bond

Liquid water

Hydroge? b;) ndi | Stable hydrogen bonds
:zgsrtea.?ct,,ym ee iﬁ:‘_—'f‘j hold molecules apart,
' - making ice less dense
than water.

© 2013 Pearson Education, Inc.



e Biological Significanc

* If ice were denser than water, it would sink — rest of the
water would be exposed to cold air and would drop to
frozen temperature.

+ Eventually all
ponds, lakes, and
even the oceans
would freeze solid.

* Life in water
could not survive if
bodies of water
froze solid.




e Biological Significanc D;

* Instead, ice is lighter than water — ice covers the surface,
and insulates the rest of water and living organisms from

the cold air.

+ That protects
living organisms
from freezing and
death.




* A solution is a liquid consisting of a homogeneous mixture

of two or more substances.

(left) mixture of sand and water, not
homogeneous, not a solution!

(right) mixture of salt and water,
homogeneous, it is a solution!

http://www.siyavula.com/gr7-9-

websites/natural-sciences/gr7/gr7-mm-

02.html



http://www.siyavula.com/gr7-9-websites/natural-sciences/gr7/gr7-mm-02.html
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Water as the Solvent of Life

* Many chemical reactions can only happen as in solutions.
* Water can dissolve many substances easily.
= Water is the solvent.

= The dissolved substance (such as table sugar and salt) is the
solute.

= The solution with water as solvent is called as aqueous solution.
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pH is an important parameter of solutions.
It measures the relative amount of free hydrogen ions in the water.

The pH scale ranges from o to 14.

+ Solutions with pH < 7 are acidic

+ Solutions with pH > 7 are basic (alkaline)

+ Solutions with pH = 7 are neutral

Common acidic liquids: vinegar, lemon juice, etc.

Common basic liquids: ammonia, bleach, etc.
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Oven cleaner

Household ammonia

Milk of magnesia

Seawater
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* The normal human blood pH range from 7.35 to 7.45.

= Even aslight change in pH can be harmful, even lethal to
a living organism.

*  For most living organisms, a pH around 7 is acceptable
and extreme pH is dangerous.

* The biochemical activities of living tissues frequently
affect pH, yet life depends on maintaining a pH range

that is normal for each tissue or system (homeostasis).



!apter 2 Expected Learn!”.

1. Know the definition of metabolism.

2. Understand what an element is, and that all matter is
composed of elements.

3. Understand the importance of carbon to living organisms.

4. Be able to list the most important elements for humans
(slides 8 & 9). This includes major and trace elements.

5. Understand that molecules are composed of atoms, which
are “held together” by chemical bonds.

6. Be familiar with the hydrogen bond, and understand that
hydrogen bonds affect the characteristics of water, make
water crucial to living organisms (slides 15 to 28).

/. Be able to distinguish between cohesion and adhesion and
relate these to capillary action.

8. Understand what pH is, and the endurable pH for most living
organisms (slides 29-31).
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Reading after class:
Textbook Chapter 2 “Water and Life”, pages 29-32

Self-quiz questions 7 and 9, page 35



