The atom

SUBATOMIC

PARTICLE SYMBOL LOCATION RELATIVE CHARGE RELATIVE MASS
electron e outside nucleus -1 1/1836

proton p' inside nucleus +1 1

neutron n’ inside nucleus 0 1

Atomic Notation

mass number (p* and n)

\
/

% SY — symbol of the element

atomic number (p*)
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Fe

25.85

Periodic Table Notation




Common Names of Groups (Families)

Several families have common trivial names.
+ Group I are the alkali metals.

+ Group II are the alkaline earth metals.
+ Group VII (17) are the halogens.
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+ Group VIII (18) are the noble gases.
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Radioactivity

l@
Gamma ray = ultrahigh-energy

nonvisible light
(no electric charge)

(%)

>/

Beta particle = electror]

Types of radiation: /‘é‘\ :
\
° alpha (a) Alpha particle = helium nucleus

(+2 electric charge)
carries positive
electrical charge et —

 beta (B)

(—1 electric charge)
carries negative
electrical charge A
b
* gamma (y) =

carries no charge 3 uuuuuuu
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The Atomic Nucleus and the

Strong Nuclear Force

The strong nuclear force : avery distance
sensitive attraction between nucleons.

Strong nuclear force Electric force Strong nuclear force Electric force
(attractive) (repulsive) (attractive) (repulsive)
Insignificant Significant | |Insignificant  Significant Insignificant Significant | | Insignificant Significant
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(a) (
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Half-Life and Transmutation

Natural transmutation:

Alpha emission from a nucleus:
* mass number decreases by 4
 atomic number decreases by 2

* resulting atom belongs to an element
two places back in periodic table
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Naturally 238 234 4
92 U— 90 Th + 2 He

Half-Life and Transmutation

Naturally
Beta emission from a nucleus:
 no change in mass number—no loss in nucleons
 atomic humber increases by 1
* resulting atom belongs to an element one place

forward in periodic table $
— ;:s + =0
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Gamma emission from a nucleus:
* no change in mass number
* no change in atomic number




Nuclear Fission

After absorbing a
neutron, a uranium-235 " &
nucleus will split into two
roughly equal parts. £

+ + + + 3
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One way to visualize this o wcmomm
is o view the nucleus as  #= =

: . e (.
a kind of liquid drop.

Nuclear Fission

The energy release in a fission reaction is quite large. Also,

neutrons emerge from each
fission as well.

These neutrons can be used
to induce fission in other
nuclei, causing a chain
reaction.

since smaller nuclei are stable with fewer neutrons, several
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Mass-Energy Equivalence:
E = mc?
Albert Einstein in the early 1900s:

« discovered that mass is congealed energy.

« formulated the famous equation, £ = me?, which
is the key to understanding why and how energy
is released in nuclear reactions.
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Nuclear Fission; Nuclear Reactors

Rancho Seco
Nuclear Generating Station
SMUD

Generator

Condenser
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Half-Life and Transmutation
Half-life:

« is the rate of decay for a radioactive isotope.

« is the time required for half of an original
guantity of an element to decay.

* is constant and independent of any physical or
chemical change the atom may undergo.

* can be calculated at any given moment by

measuring the rate of decay of a known
quantity using a radiation detector.

13

Half-Life and Transmutation

Radioactive isotopes decay at a rate characteristic of
each isotope. Rates are described by half-life.

The shorter the half-life of a substance = the faster it
disintegrates and the more active the substance.

1 kg

1/2 kg

1/4 kg
1/8 kg

1
1620 3240 4860  Years
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Nomenclature----TUPAC

* The International Union of Pure and
Applied Chemistry, IUPAC, has set rules

for naming compounds.

- TUPAC set the rules for the naming and
classification of inorganic compounds in
1940.

- These rules, referred to as IUPAC
nomenclature, are still in use today.
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Nomenclature ->Binary--- Xv

« Shown are the elements on the periodic table and
their common charges.
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Nomenclature (binary compounds)

Type I

Metal + nonmetal

Type II

Metal + nonmetal

Type 11T

nonmetal + nonmetal

The metal has Ending The metal has a Ending | For nonmetal+nonmetal, Ending
only one char‘ge changes vnrmblzromdahon chm_nges Ppeﬁxgg indicate the changes
and takes the to -ide state (different to -ide number of atoms. 1o -ide
name of the charge). A Roman
| " number indicates
elemen
the char‘ge Example: tetranitrogen nonachloride
Example: Examples: CuBr Copper(l) bromide Step 1: N,
KCl Potassium chloride FeS Iron(Il) sulfide Step 2: N,Cl,
MgBr, Magnesium bromide e
. Example: O.F
. -n Eystantichareg Step 1: dioxygen
Common Type T cations Fe? iron(il) Step 2: dioxygen monofluoride
Fe? ironl)
. cut copper(l) Pech
Alkﬂ.]l, cu* copper(l) g
. ot cabaltli ~mona
Alkaline ot 2-di
o cobalt(ll 3t
A13+‘ 5"‘_- m:“? 4 - tetra
+ Sntt tindl 5 venta
Ag', e s 3 pent
n?t PB lead(in 7— hepta
Hag** mercury(ll) 8 —octa
Has ™ mercuryll) 9 — noma
*Mercuryl lans always occur bound together in 10 - deca
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2)

3)
4)

5)
complete

Rules for Writing Lewis Structures

1) Count the total number of valence e-
Notes: Add one more electron for each negative charge in the
composition. Subtract one electron for each positive charge in
the composition.

Write the skeleton structure

Notes: -Element that needs the most e- go in the center
-H are terminal atoms
-Least electronegative atom go on the center

Use two electrons to connect elements
Complete octets by distributing the remaining e-

Make double or triple bonds if octets not
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Polar Covalent Bonds

- Electronegativity: The ability of a
bonded atom to pull on shared electrons.
Greater electronegativity means greater
“pulling power."

H He
21

Li | Be [s] F | Ne
10 | 15 35 | 40

Na | Mg S Cl | Ar
09 | 1.2 25 | 30

K Ca| S Se | Br | Kr
08 |10 149 24|28 |30
Rb | Sr Y Te | Xe
08 |10 |14 2125|286
Cs | Ba| Ld Low Po | At | Rn
07 |08 | 1. 20|22 |24
Fr | Ra | A Ty R o T ™

o7 Jor faa [T O O[T
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- The polarity of a bond depends on the
difference between the electronegativity

a8
A covalent bond formed A polar covalent bond, An ionic bond, with
between identical atoms. with both ionic and no electron sharing.

. covalent comnonents
If | ENatoml _ENatomZ | IS:

EN<0.5 1.7>EN20.5 EN21.7
nonpolar polar ionic
Symmetry Non- Symmetric

(EN) values of the atoms forming the bond.
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LDS and Polarity
1) NZ ‘N=N: Non-Polar
2) CSZ S:C:S Non-Polar
3) P H 3 > Polar
H=" I “H
M
LDS and polarity
1) C2H2 H C=—"C H Non-Polar
2) OFZ F/"O.'\F Polar
3) H O C I H/O..\t-:'-': Polar

11



Nomenclature of Alkanes

* What is the name of the following alkane?
[ CHg]

CH;—CH,—CH,—CH—CH,|

5 -+ 3 2 1
» The longest chain has five carbons, so itis a
pentane derivative. The methyl group is in the
2 position.

« The name is 2-methylpentane.
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Nomenclature of Alkanes,

Conti
* What is the name? g\fT’r e‘:l ?oﬂowing alkane?

(e )

.
[ CH;—CH—CH,—C—CH,—CHj
g

| )

CH, CH,
1 2 3 4 5 6

» The longest chain has six carbons, so it is a

hexane derivative. The methyl groups are in the 2,
4, and 4 positions.

» The name is 2,4,4-trimethylhexane.
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Functional Groups

HiC_ O
RN H 3
NS o °
(0] N\)<CH3
0] : OH N
7~ OH ~CH;,
(0] H;C )
Penicillin

Heroin

O
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O
CH>CHCH, @( HCOH /
(|?H3 CH; N N
Ibuprofen )\ | />
o) |T| N

O

I
) HO@NH—C—CH3 .
Morphine Caffeine

Acetaminophen
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Non-Carbonyl Hydrocarbon Derivatives

 Here are the basic hydrocarbon classes without
carbonyl groups. R is an alkyl group and Ar is an
aryl group.
HYDROCARBON

DERIVATIVES
(without carbonyl)

Org.anic Alcohols Phenols Ethers Amines
halides

R—X R—OH Ar—OH R—O—R’ R—NH,
Ar—X Ar—O—R Ar—NH,
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Carbony| Hydrocarbon Derivatives

 Here are the basic hydrocarbon classes with

carbonyl groups. R is an alkyl group and Ar is an
aryl group.

HYDROCARBON
DERIVATIVES
(with carbonyl)

Carboxylic
acids

l Esters ’ { Amides J

o o (o} 0 (¢}
[

I I Il [
R—C—H R—C—R’ R—C—OH R—C—O—FR' R—C—NH,

‘ Aldehydes J ‘ Ketones J

0 0 0 0 0
[ [ l I I
Ar—C—H Ar—C—R Ar—C—OH Ar—C—O—R Ar—C—NH,
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