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5 Major Areas of Chemistry

Organic Chemist

Physical Chemistry Athletes inhale chemicals B O u n d arl eS

A physical chemist developed by organic
might study factors chemists to cantrol

that affect breathing - symptom s of asthma. n Ot fl r m

rates during exercise,

Analytical Chemistry

Analytical chemists develop tests
to detect chemicals in the blood.

The tests help to show if organs in

the body are working propery. Ove rI ap

&

Inorganic Chemastry
An inorganic chemist might

explain how a lack of . ) b"“;'Ch“‘“"'‘5-‘.'-”1' N I nte raCt

calcium can affect the . A biochemist might study how the

growth and repair of bones. ' 2 eneray used for the contraction of
muscles is produced and stored.




ecture & Assignment Schedule:

Week Date Topics

1 2/24  Topic 1. Introduction: Why Chemistry & Language of Chemistry
2 3/03 Topic 2. Measurements & calculations in chemistry

3 3/10 Topic 3: Thermochemistry

4 3/17 Thermodynamics - the 2nd law (spontaneity)

5 3/24  Topic 4: Electrochemistry

6 331 HAFI 1% 1 (2 B ﬁ%;?l:')

7 4/07 Topic 5: Quantum chemistry — chemical bond & molecular orbitals
8 4/14 Molecular Interaction

9 4/21 Topic 6: Spectrochemistry

10 4/28 Absorption & Fluorescence spectroscopy

11 5/05 Mass spectrometry

12 5/12 L (Z A 312 R

13 5/19 Topic 7: Acids, Bases ahd Buffer

14 5/26 Polyprotic Acids and bases

15 6/02 Topic 8: Separations - Principles of Chromatography
16 6/09 GC&LC
17 6/16 Capillary Electrophoresis

18  6/23 A% (A5 ﬁn%g[;)



Text Book

FJ Holler and SR Crouch

“*Skoog and West's Fundamentals of
Analytical Chemistry ”

International Edition, 2014 by
Brooks/Cole, Cengage Learning

P. Atkins and J. Paula
“Elements of Physical Chemistry ”
4th Edition, 2007 by W.H. Freeman & Company
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What is Chemistry?

e Study of the structure of matter

 From the smallest (atoms) to the largest
WEEELS)

« Atomic or molecular properties affect
material properties

e Study of the changes matter undergoes
(reactions)



Why Study Chemistry?

To be better informed.
"0 be a knowledgeable consumer.

To make better decisions for yourself and
soclety.

To learn problem-solving skills.

To enhance analytical thinking.

— To understand how analysts derive the results that
you will use.

— To understand the limitations (the uncertainties) of
the results.
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Topic 1: Language of Chemistry

e Atom
e |ONn
e molecule

https://www.youtube.com/watch?v=VzjgmzwxuY(g



Chemical Bonds

1. Covalent Bonds

= Bonds form between atoms by sharing
electrons.

» Resulting collection of atoms is called a
molecule.



Chemical Bonds

2. lonic Bonds

= Bonds form due to force of attraction
between oppositely charged ions.

* ]on — atom or group of atoms that has a
net positive or negative charge.

= Cation — positive ion; lost electron(s).
= Anion — negative ion; gained electron(s).



Chemical equations

* A representation of a chemical reaction:
C,H.OH + 30, —» 2CO, + 3H,0
reactants products

e Reactants : left side of the arrow,
products : right side of the arrow.

 The equation is balanced



Naming Compounds

Which of the following is not the correct

a)
b)
C)
d)
€)

Li20O, lithium oxide

FePO4, iron(lll) phosphate
HF, hydrogen fluoride
BaCl2, barium dichloride
Mg3N2, magnesium nitride

What is the correct name for Mg3(P0O4)2?

a)
b)
C)
d)
e)

Trimagnesium diphosphate
Magnesium(ll) phosphate
Magnesium phosphate
Magnesium(ll) diphosphate
Magnesium(lll) diphosphate



Naming Compounds

1. Binary Compounds

= Composed of two elements
= |onic and covalent compounds included

2. Binary lonic Compounds
= Metal—honmetal

3. Binary Covalent Compounds
= Nonmetal—honmetal



Binary lonic Compounds (Type |)

1. The cation is always named first and
the anion second.

2. A monatomic cation takes its name
from the name of the parent element.

3. A monatomic anion Is named by
taking the root of the element name
and adding —ide.



TABLE 3.3 > Common Monatomic Cations and Anions
Cation Name Anion Name

Hydrogen Hydride
Lithium F~ Fluoride
Sodium Chloride
Potassium Bromide

Cesium lodide
Beryllium Oxide
Magnesium Sulfide
Calcium ‘ Nitride

Barium ‘ Phosphide
Aluminum




Binary lonic Compounds (Type |)

Examples:

KCI Potassium chloride
MgBr, Magnesium bromide
or:10, Calcium oxide



Binary lonic Compounds (Type II)

1. Metals in these compounds form more
than one type of positive charge.

2. Charge on the metal ion must be specified.

3. Roman numeral indicates the charge of the
metal cation.

4. Transition metal cations usually require a
Roman numeral.




TABLE 3.4 > Common Type Il
Cations

lon Systematic Name

Iron(111)
Iron(1I)
Copper(II)
Copper(I)
Cobalt(I1I)
Cobalt(II)
Tin(I1V)
Tin(1I)
Lead(IV)
Lead(II)
Mercury(II)
Mercury(I)
Silver'
Zinc'
Cadmium’




Binary lonic Compounds (Type II)

Examples:

CuBr  Copper(l) bromide
FeS Iron(ll) sulfide
PbO, Lead(lV) oxide



Polyatomic lons

1. Must be memorized (Table in next page)

2. Examples of compounds containing
polyatomic ions:

NaOH Sodium hydroxide
Mg(NO;),  Magnesium nitrate
(NH,),SO, Ammonium sulfate



TABLE 3.5

lon

Hgg‘H
NH,*
NO,~
NO;~
SO.>
SO,%
HSO,”

> Common Polyatomic lons

Name

Mercury(I)

Ammonium

Nitrite

Nitrate

Sulfite

Sulfate

Hydrogen sulfate
(bisulfate is a widely
used common name)

Hydroxide

Cyanide

Phosphate

Hydrogen phosphate

Dihydrogen phosphate

lon

NCS™ or SCN™

CO,2"
HCO,~

ClO™ or OCl™

ClO,~
ClO;~
Clo,”

C,H;0,

MnO, ™
Cr0 =

Name

Thiocyanate

Carbonate

Hydrogen carbonate
(bicarbonate is a widely
used common name)

Hypochlorite

Chlorite

Chlorate

Perchlorate

Acetate

Permanganate

Dichromate

Chromate

Peroxide

Oxalate

Thiosulfate




S8A

1A
2A 3A° 4A 5A 6A TA
Li* N | 0¥ | F
Na* [Mg”* AP* S* | cr
+ 2+ 2+ 2+ +
K" C32+ g§+ mﬁy Eg3+ gg3+ 832+ Zl’l2+ G£13+ Br-
2+
Rb* | Sr** Ag* |Cd* o I
Hg 2+ Pb2+
+ 2+ 2
CS Ba Hg2+ Pb4+
Common Type I cations Common Type II cations Common monatomic anion:s



Binary Covalent Compounds (Type IlI)

e Formed between two nonmetals.

1. The first element in the formula iIs named first,
using the full element name.

2. The second element Is named as If it were an
anion.

3. Prefixes are used to denote the numbers of
atoms present.

4. The prefix mono- Is never used for naming
the first element.



TABLE 3.6 ) Prefixes Used to
Indicate Number in Chemical

Prefixes Used |

to Indicate Prefix Number Indicated

N u m be r I n mono- 1

: di- 2

Chemical tri- 3

N ames tetra- 4

penta- D

hexa- 6

hepta- 7

octa- 8

nona- 9

deca- 10




Binary Covalent Compounds (Type IlI)

Examples:
CO, Carbon dioxide
Sk, Sulfur hexafluoride

N,O, Dinitrogen tetroxide



Acids

e Acids can be recognized by the
hydrogen that appears first in the
formula—HCI.

e Molecule with one or more H* ions
attached to an anion.



Acids

e If the anion does not contain oxygen,
the acid is named with the prefix
hydro— and the suffix —ic.

« Examples:
HCI Hydrochloric acid
HCN Hydrocyanic acid

H,S Hydrosulfuric acid



Acids

e If the anion does contain oxygen:

= The suffix —Ic I1s added to the root name
If the anion name ends In —ate.

« Examples:
HNO,; Nitric acid
H,SO, Sulfuric acid
HC,H,0, Acetic acid



Acids

e If the anion does contain oxygen:

= The suffix —ous Is added to the root
name If the anion name ends In —ite.

« Examples:
HNO, Nitrous acid
H,SO, Sulfurous acid
HCIO, Chlorous acid



Flowchart for Naming Acids

Does the anion
contain oxygen?

| |

No

hydro- Check the ending
+ anion root of the anion.
+ -ic I |

hydro(anion root)ic acid

i \
-lte y .—at{r y

anion or element root anion or element root
+ -ous + -ic

(root)ous acid (root)ic acid




Exercise

Which of the following compounds is
named Incorrectly?

a) KNO, potassium nitrate
b) TIO, titanium(ll) oxide
c) Sn(OH), tin(IV) hydroxide
d) PBr; phosphorus pentabromide

e) CaCrO, calcium chromate
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