Most of the Universe consists of matter and
energy. Energy is the capacity to do work.
Matter has mass and occupies space. All
matter is composed of basic elements.
Elements are substances consisting of one

type of atom.

For example pure (24K) gold is composed of
only one type of atom, gold atoms. Atoms
are the smallest particles into which an
element can be divided.

We now know that the atom is divisible,
often releasing tremendous energies as in
nuclear explosions or (in a controlled
fashion in) thermonuclear power plants.

Chapt. 2
The Nature of Molecules

* All organismsare made up of cells
« All cells made of macromolecules
« All macromolecules are collections of

smaller molecules

* All molecules are collections of atoms

Life & Matter

¢ All living things are
made of matter

o All matter is
composed of Atoms.

The thickness of a haif
from your head would
be equal to millions of
atoms stacked on top
of each other.




Atoms

1913 Nidls Bohr described the atom asa
central core (nucleus) surrounded by an
orbiting cloud of electrons

* Likenedto planetsorbiting asun
» Nucleusisthe sun, electrons are the planets

The Atom:
3 Views
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The Nucleus

* Composed of (+) charged protons,

« And, neutral (0) charged neutrons

« (Protonsand neutrons themsel ves are composed of
even smaller subatomic particles termed quarks)

« Protonsand Neutrons are heavy, Electronsarelight....
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Electrons

e Carry a(-) charge
¢ Aresmal and light

compared to the
protons and neutrons

The Electron

It has a mass of 9x10-%! kg or 1 two thousandth of the mass of
aproton (or one million millionth of the mass of a speck of
dust).

The electron carries a precise charge of 1.6x10%° coulombs.

All attempts to measure the radius of the electron have failed!
All weknow isthat the radiusislessthan 10- m; that is,
itsradiusis one hundred million times smaller than that of
the atom. All the known properties of the electron are
consistent with the assumption that itsradiusis zero...

Asfar aswe know, the electron has no structure.

* All subatomic particles have amass and can
be measured

» Massisdifferent from weight
» Read Text pg. 17 (section on Atoms)....




Atomic Mass

» Mesasured in units called Daltons (D)
* 6x10? Daltons=1 gram

* 1 proton weighs 1D

1 neutron weighs 1D

* Electrons (e-) haveamass~1/2,000 D

» Thereforewe consider the e- to be amost
massess

e =Electron (massless)

P= Protons (1 D each)

N= Neutrons (1D each)

Atomic Mass of any atom...

¢ Isequal to the number

of protons plusthe
of protonsp Anier 14

« Theelectronsweigh 2ot 6
too little to count...
Noomber = A= Z




What would be the atomic mass
of an atom with
1pand 1 n?

With 6p and 8n?

Atomic Charge

Typically, atomscarry aneutra charge....
Meaning.. the number of protons (p) and
electrons (e-) areequal.

So that, for each proton in the nucleus, there
circles1 electron

For neutrally-charged atoms, one can
alwaysknow the number of e- if one knows
thenumberof p.....

Atomic Number

« A number expressing the number of pfor
any givenatom

« At. No. ischaracteristic for any different
type of atom and determines that atom’s
name

« Naturally occurring atomshave At. No.
from 1-92

» Thesearethe 92 natural elements of the
Universe




Atomic Number

Atoms with the same
At. No. are the same
elements 14

At.No.=1..... H Z:;fuﬂr:r_sc
At.No.=13.... Al

At.No.=79.... Au

At.No.=92....U

Quiz

How many protons does each atom of Gold
contain?

How many Protons do Uranium atoms
contain?

If an Aluminum atom is neutrally charged,
how many e- doesit contain?

Anumber 14
Z aromic C

nRumber 6

neutron
Nnumber = A — 7




The nucleus depicted is understood to be a quantum system composed
of protons and neutrons, particles of nearly equal mass and the same
intrinsic angular momentum (spin) of 1/2.

The proton carries one unit of positive electric charge while the

neutron has no electric charge.

The simplest nucleusisthat of hydrogen, which isjust asirEIe proton,

whilethe largest nucleus studi

hasnearly 300 nucleons.

nucleusis

identified asin the example below by its atomic number Z (i.e., the
number of protons), the neutron number, N, and themassnumber, A,

where A= Z+ N.

The convention for designating nucle is by atomic number, Z, and
mass number, A, aswell asits chemical symbol. The neutron number

isgivenbyN=A-Z

| sotopes

All atomswith the same number of protons
belongtothesameelement...

Elements may, however, havedifferent

numbers of neutrons

Elementswith different numbers of
neutrons are termedisotopesof that element

Isotopes of Hydrogen

What isthe At. No. of
Hydrogen?

How many p’ sdoesit
have?

How many n’s?

Text pg. 19

H may haveO, 1or2n’'s
There are 3 isotopes of
Hydrogen

Isotopes of hydrogen

Proton Neutron

H 2H 3H
Hydrogen Deuterium Tritium

1 proton 1proton 1 proton
1 neutron 2 neutrons




Quiz

¢ What is the Atomic Mass of each isotope of
Hydrogen?
« |sotopes written as such:
H (Hydrogen)
2H (Deuterium)
3H (Tritium)

Isotopes of Carbon

« |sotopes exist Isotopes of carbon
naturally and may be
common

¢ Carbon-12 (2C) most
abundant

« Contains6p & 6n o 1’

* Carbon-13 astable Carbon-12 Carbon-14
isotope

» Carbon-14 unstable 6 protons 6 protons
(radioactive) 6 neutrons 8 neutrons

Radioactive | sotopes

« Unstableisotopes which spontaneoudly break
downto lower At. No. elementsand release
energy during radioactive decay




Quiz

» How manyp's and n's does Carbon-14
possess?

e Textpg. 19

Review

» The number of protons determinesthe type
of dement (H, C, Au,U..)

» Thenumber of neutrons determinesthe
isotopeof that element.....

Addtothis....

» The el ectronsdetermine the chemical
properties of any element.




Electrons

¢ e orbit around the central core (nucleus) of
anatom

« |If theatomic nucleuswerethe size of a
marble, the nearest e- would be spinning in
acircleaswideas...

« A footbal field!!

« Atomsare mostly empty space!

Atoms are mostly
empty space!
» Why can’t we passthrough this space?

» Congder afan....

Electrons are far outside the
nucleus, spinning rapidly
 Thisexplainswhy atomic nuclei rarely
interact in nature...
 and never interact in biologica systems
* Itisthewhirling outer e- who do al the
interactions....
e e/e- interactions are responsiblefor the
chemigtry of life
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