Dear Chemistry Two student,

We would like to congratulate you on your choice to enroll in Chemistry 2.
As you may already know Chem. 2 is an advanced college level course in a subject
that is a difficult one for many people. We admire your dedication and your choice
to challenge yourself personally and academically. You will soon discover what it
means to enroll in a college level science course, as you undergo the transition from
chemistry student, to student chemist (or as we like to say from a chem Oneder to a
chem Doer). This means you will take on the role of being truly in charge of your
own learning as your instructor steps back and takes on the role of facilitator. The
first part of this transition will involve completing a few review assignments over
the summer to ensure that you are properly prepared to keep up with the class
when we return.
By having you complete this review during the more relaxed pace of summer, it will
allow us to move at a slightly less-frenetic pace as we cover the extensive amount of
content required to prepare you for the AP or IB exam in chemistry.
As you complete the assignments, indicate any questions you have over the material,
as there will be opportunities to ask those questions during the first few days of
class. If your question requires more immediate attention, feel free to send us an
email and we will respond as quickly as possible.
Once again, we appreciate your commitment to excellence and we are looking
forward to a molevelous year!

Sincerely, your chemistry spirit animal and personal hero
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‘Naming Compounds and Writing Formulas

Elements occur in constant whole number ratios in a compound (Law of
Definite proportions). In a chemical formula symbols and subscripts are
used to describe this ratio. For molecules the chemical (molecular)
formula shows the actual number of atoms of each element in the
compound. In an ionic compound, the formula shows the lowest whole
number ratio of elements in the ionic crystal. This ratio is called a
formula unit.

Naming Ionic Compounds (Any substance which contains a metal and a
nonmetal, or any polyatom1c ions). | ‘

Simply name the two ions, positive ion first (the positive ion is always
written first as well). Positive monatomic (one type of element) ions
have the same name as the element. Na* is sodium ion, AI** is aluminum
ion. Negative monatomic ions end in -ide. CI is chloride ion, O is
oxide ion. Negative polyatomic ions end in -ate or -ite. There is not
really any hard and fast rule which will allow you to determine if a-
polyatomic ion is -ate or -ite (which is why you have to memorize them),
but there is one helpful shortcut.

The most common form of a polyatomic ion formed
| from a nonmetal combined with oxygen ends in -ate. ~ ClO;” chlorate is
the most common form of polatomic ion formed from
chlorine and oxygen. When the polyatomic ion has one
less oxygen than the most common form, the ion ends in -ite. CIO," is
chlorite. If the ion has two less O’s than the most common form then the
prefix hypo- is used. ClO" is hypochlorite (notice that the ending is still
-ite). If the ion has one more O than the most common form then the
-ate ending is used, but with the prefix per- ClO, is perchlorate.

‘When writing formulas, use appropriate subscripts so the the total number of
positive and negative charges cancel out and the compound is neutral.

1




Now we are ready to write some formulas and name some ionic

compounds.

Examples: : -

KBr - since this has a metal, K and a nonmetal Br, we name 1t as an ionic

compound. So we name the positive ion - potassium and the negative ion
~with the ending changed to -ide, bromide = potassium bromide .

~ Calcium chloride - again a metal and a nonmetal so it’s ionic. Calcium

* would form an ion with a 2+ charge and chloride would be 1-,

. Ca**Cl, in order for the compound to be neutral, there would have
to be 2 CI” for every 1 Ca® ion, so the formula would be CaCl, .

‘Na,CO, - In this compound there are two ways to identify it as jonic. It
has a metal and it has a polyatomic ion. So we name the ions, positive

ion first.  sodium carbonate

' Magnesium phosphate - magnesium - Mg*", phosphate - PO,f‘ . In order

for the compound to be neutral we have to find the least common multple -

between our two charges, 2 and 3. The LCM is 6. 2 goes into six 3
times so Mg, and 3 goes into 6 two times so (PO4)2 -3xX+2=+6 and

2 X -3=-6. 6+ (-6) =0, so the compound is neutral and therefore our
formulais Mg,(PO,), .

Note: unlike the previous examples, if we need more than 1 polyatomic
ion, it must be surrounded with parentheses before you add the subscnpt
Also notice that if the subscript is 1 we do not write it.

If the positive ion has more than one possible oxidation number, then
when we write the name we must indicate which oxidation state it is.
This is done by writing a roman numeral in parentheses which is equal to
the positive charge

Cu,O - copper(I) oxide Fe,0; - iron(IlT) oxide |
Note: The roman numerals are used only when writing the name, never
when writing the formula!
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Naming Molecular Compounds (2 or more nonmetals) \

- Simply use the appropriate prefix before the name of the element. The

most electronegative element is written second and ends in -ide. Do not

write the prefix mono for the first element, but you should for the second.

The preifixes are : 1 - mono; 2 - di; 3 - tri; 4 - tetra; 5 - penta; 6 - hexa;

7 - hepta; 8 - octa; 9 - nona; and 10 - deca. ‘

Examples: CO, - carbon dioxide ~ CO - carbon monoxide |
PCl; - phosphorus pentachloride N,Oj - dinitrogen pentoxide |

- -
Note: Be sure to drop the last vowel of the prefix if there would be
'~ any a-0, 0-0, or a-a combinations (pentoxide, not pentaoxide). |

. : |

Practice examples:

CLO | dichlorine monoxide

tetraiodine nonoxide L,O,

SF, - . sulfir hexafluoride
Naming Hydrates

Hydrates are crystalline compounds which attract and hold water
molecules. The water is called the water of hydration and can be
removed (evaporated) by heating. After water is removed the crystal is
said to be anhydrous. To name hydrates simply name the compound
(usually ionic) and then indicate the number of water molecules by using
the same prefixes as in molecular compounds.

Examples: CuSO,*5H,0  copper(Il) sulfate pentahydrate

Practice example: sodium carbonate heptahydrate Na,CO;" 7 H,O
3



Naming Arrhenius Acids

Arrhenius acids are compouﬁds which lose H* ions in H,O. The general

form

for an acid is HA where H is hydrogen and A is either a monatomic

or polyatomic anion. Here are the rules for naming acids.

1.

Note:

If the anion part normally ends in -ide (binary acid), then the ac1d
name begins with the prefix hydro and ends with -ic. |
Example' HCI is hydrochloric acid

If the anion part ends in -ate (polyatom1c) then NO hydro is used
and the ending is -ic.
Example HNO, is mtrlc acid (notlce there is no hydro)

If the anion part normally ends in —1te no hydro is used and the
ending is -ous. Example: HNO, is nitrous acid

‘To write formulas for acids just use the number of H’s equal

to the negative charge of the anion (since each H is +1)

Example carbonic acid - no hydro is used so the anion must be
polyatomic. The acid name ends in -ic'so the anion
must end in -ate, i.e. carbonate. Since carbonate 1s
CO,> two H’s are necessary and the formula is H,COs.

For a couple of elements only part, or even none, of the

“element ending is dropped before adding the acid ending.
For example H,SO, is not sulfic acid it is sulfuric acid.
H,PO, is phosphoric acid, not phosphic acid.




Organic Chemistry

There are approximately 3 million organic compounds (more than 90% of all
known compounds) because:

» Carbon atoms can bond together to form long chains
» Organic compounds commonly show isomerism

3 Series of Hydrocarbons (molecules of C and H)
Saturated - all bonds between carbon atoms are single bonds.
Unsaturated - one or more double or triple bonds.

Aromatic - have structures built around benzene.

Properties of Hydrocarbons

» Most common hydrocarbons are gases (C1 - C3) or liquids at ordinary
temperatures and pressures.

» Boiling point increases with increasing size (what type of IMF?). Very
heavy organic molecules are soft, waxy solids.

» Since hydrocarbons are non-polar they are virtually . in
water. (You fill in the blank) ' -

» A homologous series consists of the same types of organic molecules
which differ only by the number of CH2 groups within the molecule
(many examples to follow).



Saturated Hvdrocarbons (General formula = CoHzn+2

Methane

Ethane

Propane

Butane

Pentane

Hexane

Heptane

CHa4

C2He

CsHs

CsH1o

CsHi1z

CeH14

C7H1s,

H 'C‘,' H S————— (structural formula)
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Note that each end
carbon bondsto 3
hydrogens.

Other carbons have 2
bonds to hydrogen

Decane CioH22

It is also acceptable to write the structural formula without showing all of the
C - H bonds. For example:

Ethane H-C - (-~
t }
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or CMg=CUy or Cl,CHy

SC-nor CHy-cuy-CHy or CH, CH, CHG




Naming Alkanes (saturated hydrocarbons)

The name begins with a prefix which denotes an alkyl group (branced chain)
or functional group (group where the element attached to a carbon is not C or
H). Examples: methyl -CHz; ethyl -CH2CHz; propyl -CH2CH2CH3
Functional groups: chloro -Cl; iodo -I; ol (alcohol) -OH

Next comes the family name which depends on the number of carbons in the
LONGEST chain! Methane, ethane, etc.

A number is used to show the carbon atom(s) in the main chain at which

branching occurs or functional groups are attached. Here are some examples:

"n* ".‘ l’: 4 The main chain has 4 carbons so

|
4 -C‘, - C\. -C- Cr‘ H this is butane. The methyl group
4 " é " 2 (-CH3) is attached to the 2" carbon
W ) in the chain, so this is
I-ll W Z-methylbutzll*ne.
d <= ¢
Y { C|: . mn -%—H
] |}
- di H-C-H
H 'C C - Qt H  2,2-dimethylpropane ,_lt ¢ T |-‘\ |.‘t
Wl WeC-C-C- G- &M
W-C-p vt T J '
‘ H 4+ H 3H . ]H
Y LM ow C o ethylpentane
cl H O . !
NS I S Ll
G- - & Hoow o w M
Yoohoow ol H-C-H
2,3-dichlorobutane H- C., W
H

3-Ch10ro—2-ethy1hexane, right?

NOT! & & v ! 4-chloro-3-methylheptane
(look again) M- % R Always use the longest
b-G -t possible main chain!!!!




Other Things to Watch For:

e Always number the main chain so branches and functional groups are at

the lowest number possible:
How HW Hoowoh o

\
A R R H-G= G- G- =¥
|
"k

T-

) ) 1 1
W B W
H -

|
u - C\Q H 1
A (W
3-methylbutane? NO! 2-methylbutane? Yes.

pe =4

- B

e Attached groups areHnamed in alphabetical order
": ""‘ H H- é H u l—l Cl H
|
-0 CC-C-EC-C-Com
\

\
HooW F “uc-uucu '-'
i - C_ H u
[}
H
2-chloro-4-ethyl-3,5-dimethyloctane (note the prefix does not count)

Isomers (same formula, different structure)

B 18 oo
\ { \
-C-C-C-C- w (Cati)
\ \ Voo u-C-H

S T \

butane is an isomer of 2-methylpropane

\ | | {

pentane is an isomer of 2,2-dimethylpropane




BE CAREFUL: Just writing a structure a dlfferent way does not make it an

isomer! For example: 2-methylbutane H H 0
is an isomer of H- C C C—
of pentane. ' ‘ i
P u-C-u H "
One might also think that this g
' R TH R
structure is 2-ethylpropane ) LA
and is therefore a different b= CZ— (nl; %
isomer. Numbered properly; Hou- & "
however (always use the B- Ch—- W
longest chain), one realizes Hooy o
this is actually just n _C'_ - '@_ d -}
2-methylbut itt yooboom
rrlle ylbutane written My LG -u
a different way. |
- -H
Unsaturated Hydrocarbons %
» Alkenes (ene replaces ane) are hydrocarbons with double bonds.
This is ethene M ~ = C., H (also known as ethylene)
+ 4
l \
C = C - Cl_» W
/7 : ' .
R W propene CH3" CHZ._ CH=CH,
1 - butene

Alkenes are always named so that the double bond is at the lowest possible
position. For example:

would be named \‘I\ l';\ | "3 . ":
4-methyl-2-pentene H - C C_ C_ = C. — C—- H
) ) \
H \ H W

w-C-H

\

H




Geometric Isomers (alkenes/cycloalkanes only): When branches or

functional froups are on the same side of the double bond, the isomer is called

cis. If they are on opposite sides the isomer is called trans. Examples:

B ~ /.'E
C - C. / AN \_\
\.\. 4 N\ H I
diiodo-cis-ethene diiodo-trans-ethene
C)
Hac\ _CHy HBC\C _ C_/
C=C /T TNey
C\ C\
2,3-dichloro-cis-2-butene 2,3-dichloro-trans-2-butene
N. b. - If a compound has more than
one double bond, identify the 1 U L
position of each one and use the B . ) ya
appropriate prefix before ene. Q Q C—-C=C
1 ' 5 ‘ H
For example: t H K

1,4-pentadiene

» Alkynes (yne replaces ane) are hydrocarbons which have triple bonds

[

H-C=zC-H n-C-C—~ - C2C-CY

\ \ !
- L

ethyne (also known as acetylene) 2-hexyne
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