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Record 3> U125 Types of Hydrocarbons

Hydrocarbons are compounds that only contain C and H atoms. s1 Qﬁjbwl Cr. Gl § i

0 O C
Hydrocarbons I [ O
| |

o Saturated (‘f‘wﬁ Unsaturated i:;:ll:allar;r(;(;)double o
(contain only C-C single bonds) ‘

() alkanes (Dalkenes, ..o 1  alkynes .\ ||| arenes
@ cycloalkanes ‘

H,C—CH, H,C=CH, HC=CH @

Only CCo CCocandn CCocand2n 6 C ring with

bonds all C bonds C=C sp’  bonds C=C sp alternating ¢

sp? hybridized hybridization hybridization and 1 bonds
Aliphatic Aromatic

PR Axla gy



Structure of Alkanes

Alkanes are saturated hydrocarbons,
that is they contain the maximum
number of H atoms possible for the
number of C atoms present. L

e, — :
The generic formula for an alkane is:
CaHania B cy - C, M,

100.5°

T
This means every C atom is sp3 gc. s
hybridized with bond angles of ~109.5° H O\

H

¥ Tetrahedral mole colar Sco W\%D ,



Structure of Alkanes (cont’d)

Alkanes can come in two forms, normal (or
linear) and branched. Branched alkanes can
have branched branches. Therefore the number
of isomers possible growths quickly

N

N~ J&J'JMM i
C—/-'I:;S,L] 0/ O-a_!.l

Normal, unbranched (or linear)

branched



Structure of Alkanes (cont’d)




Aol .
Nomenclature of Organic Compounds

A. In the early days of organic chemisgy, each new compound was

: : @
given a name that was usually based on its source or use.

n @FAC)

The IUPAC name of any compound contains 3 parts :

©) 0 @
IUPAC name= Prefix + parent + suffix

PLE) PRVY
Prefix :What and where substituents. Hird slep .

Parent (Root) : longest chain —s fint sfep

Suffix : functional group. ,whether it is  aleochel, or alkel . ef—s Second nave




Table 2.1  Names and Formulas of the First Ten Unbranched Alkanes

Number of  Molecular Number of
Name carbons formula Structural formula  structural isomers
methale 1 CH, CH, 1
ethane 2 C,He CHACH: 1
propane 3 CaHg CH4CH,CH; 1
butane 4 CsH1o CH3CH,CH,CHs 2
pentane 5 CsHy5 CH3(CH,)sCH5 3
hexane 6 CeHyy CH5(CH,),CH5 5
heptane 7 C;Hi6 CH3(CH5)5CH3 9
octane 8 CgHi3 CH3(CH5)sCH3 18
nonane 9 CqHop CH5(CH5);CH5 35
decane 10 CioH2s CH3(CH5)sCH3 75

Note: The repeating group is (-CH2-) is Methylene group
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IUPAC Rules for Naming Alkanes

®
1. First identify the longest contir%ous chain (parent name)
v

u > £
(IZ—C (IZ—C
o @ not ===
1 2 3 } 2 Y
CH; (|3H3 (|3H2CH3
CH3CCH2(|:HCH3"’5 S "CH3CH2C|HCHCH2CHCH2CH3
CH; CHj CHj
2,2,4-trimethylpentane 6-ethyl-3,4-dimethyloctane
not not
2,4,4-trimethylpentane 3-ethyl-5,6-dimethyloctane

because 2 < 4 because 4 < 5



2. Number the chain in the direction that gives the substituent as low a number as
possible

pUI ke c C C C
\.51 \.-t‘j.vlJt.m | | | |
C\JJ:JI C_C—Q—Q—(;—C not C—(;:—(;—(;—(;_(;

I e d -4 5 6 S -4 3 2 I I 2 3 4 5 6 7 8

CH3CI CH,CH,CHj CH3CH2CH2C|HCH2CH3 CH3CH2CH2CIZHCH2CH2CH2CH3
CH; CH,CHj CH,CH,CH;
@methylpentane @ethylhexane @propyloctane
not not not
@methylpentane @ethylhexane @-propyloctane

Note: If there are two equally long continuous chains, select the one with the
most branches. For example:

C—C—C—C—C—HA > not

.o

@¢s5|C—C

two branches one branch




% CHy _, methan

% CH _ Ethan
CMy — E'Hn.\‘)‘

X CSHB —p pfopaﬂ

C3 “; — PrOPJl c.‘.c



If there is a branch equidistant from each end of the longest chain, begin numbering
nearest to a third branch

§§ §§
C—C—0C—C—C—=C—C not C—C—G—=C—C—(C—C
1 2 3 4 6 7 7 6 5 4 3 2 1
3,6-trimethylheptane 2,5,6-trimethylheptane
%
- How to name a substituent? CH; CH,CH;

- It can be a branch In the chain | |
- A branch (alkyl substituent): is (Alkane — H) CH3CH2(|:HCHCH2CHCH2CH3

CH;
Replace “ane” of alkane with “yl.
CH3_ CH3CH2— CH3CH2CH2— CH3CH2CH2CH2_
methyl group ethyl group propyl group butyl group

CH3CH2CH2CH2CH2_ R -
pentyl group any alkyl group




-There are two propyl Groups

'asecondary| (a primary carbon) C:)

.carbon < naAe
CH;CH,CH; a hydrogen CH;CH,CH,— CH3(|?HCH3
propane
nofmlhn_ propyl group isopropyl group
&y Wiy S e
-There are Four Butyl Groups : linear G
primary carbon primary carbon : ‘ éecondary carbon _fertiary carbon" CH;
CH,CH,CH,GH,— CH3C|IHCH2— ! CH3CH3(ITH— CH;CI—
CH; : CH; CH;3
butyl group isobutyl group : sec-butyl group tert-butyl group
]
[}

Note: These names for the alkyl groups with up to four carbon atoms are very

commonly used, so you should memorize them.
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()L).«)l 2 a~idb Lf

cC-C-¢Cc-C-C-=C-
Cl=g=C=-C-C-C-C C-C-c-C-C-C-C-C-C-¢
c c
C-c é
isobutul aroup Ques é é
oV Y
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Examples:

a

2= 3 ) : .
Note I: g;i-, iri-, and tegfa- are used for the same Multiple Substituents

>

S e
Note 2: Substituents are listed in alphabétical order.
(di, tri, tetra, sec, tert are not alphabetized)

CHZCH3
6 5 4y 3 1 5| ) — g
CH3CH2(|3HCH2CIHCH3 CHgCHzCICHzCH2C|HCHg
CH; CH;j4 CH; CH;
g methylhexane 5-ethyl-2,5-dimethylheptane

M(\":‘
numbers are separated by a coima; o
a number and a word are separated by a hyphen

vH/Q.%ethyl4,5dimethy|he9tane




Examples

G Cinn 50

3Carbans
S ) ooy
3-ethyl-2-methylhexane 4-isopropylheptane
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2.4: Alkyl and Halogen Substituents (R-X)

T Cookpslte
Common name : Alkyl halide C)‘;E\Jf
eg. CH;CH,Br Ethyl bromide !
A\—\g) halide .
Alkyl Halide 15,8,
F L
tert-butyl fluoride In SIW\P\EJ <
N j‘ Compound s
c e o ! _.
IUPAC: S Comman - 1UPAC
Halogen substituents are named by changing the -ine ending of the element to -o.
F: fluoro Cl: chloro  Br: bromo l: iodo- ylo (:JJ) e
| 10"‘3031 Chainw
| f 2-fluoro-2-methylpropane «— - e2lo

\UPAC Nawml



)
X3 \,,)é’“ Sources of Hydrocarbons
AN
P31 dawn
Hydrocarbons are found in crude oil and natural
RN
gas. Both are mixtures of different hydrocarbons
)
and they are separated by “fractional gl
distillation” a process where the dlfferent
compounds are separated |n a long dlstllllng
column based on Lglr b0|I|ng points. Heavy
fractions can be “cracked” into small Ilghter
hydrocarbons using heat and/or catalysts




2.7: Physical Properties of Alkanes and Nonbonding Intermolecular Interactions

A physical property is any property of matter or energy that can be measured.
When it changes, the chemical composition of the object does not change f”fff%jg‘)'j
o Chuwitel cowpostin Oy So
Gyt Sl .
Alkanes are insoluble in water. This is because water r&qleculgf,are polar, whereas
alkanes are nonpolar (Like dissolves like: Polar/ionic solvents dissolve polar/ionic solutes

and non-polar solvents dissolve non-polar solutes )

T Exdemal pressure, Lo (S3Lly (1251521 sy,
wrlecoles @2 21031 S e (G5 ) verhal Pressore,

Alkanes have [ower boiling points for a given molecular weight than most other
organic compounds. This is because they are nonpolar molecules.

VT i 15k (L
The physical properties of molecules are in part dependent on the type's of intermolecular
forces (IMF) present. bebeen

Alkan properties: QQ_Q
1- insoluble in water \ /

2- non polar
3- lower boiling point attraction
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Intermolecular Forces

The physical rggertie}s of molecules are in part dependent
on the type's of intermolecular forces (IMF) present.

M(BP) are also dependent on the mass of the
molecule.

Clo
the ability to dissolve into a solvent is dependent
on IMFs.

The strength(of the interaction between molecules is also
dependent on the overall shape of the molecule.




Intermolecular Forces

Thfﬁ_ane@nm&f_l.lﬂs, by decreasing
strength they are:

1) Hydrogen bonding Sy
2) Dipole-dipole

3) Van der Waals or London Dispersioncs;|
C_)[QH\\ éjnompalmr JI L)\,SJL\ l)



Dipole-dipole

Dipole-dipole forces arise from the attraction of
oppositely charged atoms (other than H) in
molecules. These molecules may have a
m@ dipole moment. Generally in organic
molecules they results from the presence of C-X

bonds where X is more electronegative that C.

A=) .| e
Polar v =

'i)... (/"’\-/:‘” v .
These are generally weaker than H-bonding,

ranging from about 5-10 ki/mol.

RA
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Dipole-dipole

| inileraction E
of H3C_C| 0 H3C_C| ......................... H3C_C|
_H —Iﬁ [ .
0 H3C_CEN 0 H3C_CEN lVﬁerac‘l‘lon , -C=N



Hydrogen Bonding
N, O or [ with M
Hydrogen bonding is a camplex interaction that
includes dipole-dipole, as well as orbital

Jbi |
interactions and the transfer of electron den5|ty
between molecules.

These are the strongest of the IMFs and range

from 5 — 25 kJ/mol
_¢-3H

Hydregen 1 T G L oL i
l)cl/\cA H,0 O“-LJZ;"’ olfFa]e.— dipo)o

§ \C::Q.-'- C=0
7~ 7



Hydrogen Bonding

Mok S‘lracry) EN (pv b au

o @ >
Occur primarily between OH, @ and _I-GI?I_ The more EN the atom
the stronger the interaction, (The atom H is attached to usually

. By v
has a lone pair of e ey «@l ol (s slss
> U\S-’I

Geometry: X-H ----:X-




Van der Waals (dispersion) — dyu\ C.:\.SJL\ C?z 3 b-UDJ.o 3k

Van der Waals or (London) dispersion forces arise from the
movement of electrons within a molecule. This natural
motion can produce an uneven distribution of the electrons
(polarization of the distribution) resulting in a temporary ¢-
dipole moment in the molecule. This will induce the
movement of electrons in adjacent molecules producing a
dipole moment in them. These “induced” dipole moments
are very Brief as they disappear when the electrons move to
new locations within the molecule, so they forces are very

brief and weak, only 2-5 kJ/mol.
Unequal distribution ) 6— Q \\L’-A) Y@JU@ @)JJ*%)\) CJMX‘))\ L&a*

of electrons Attractive force
(’*P(..&“‘Jllp

e-J|C

\— Temporary dipoles —/

Very Weak attraction

e
. J
W

London dispersion, < dipole-dipole, < Hydrogen bonding
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Effects on Physical Properties (cont’d)

Dipole forces: much strong IMFs so the BP is
higher when dipole-dipole interactions are
present, i.e.

\( /—7 \f"°vv\f/7

Q o3
mass = 86 amu mass = 86 amu
BP = 101.7°C BP = 63.3 °C

~— em—e——————————

oﬂaFo\eJiPa\LdL&\;@l Obl s Wiyl Gy
 Jondon Gl é\j OLLd dayn caly LiS g68] dasl I e8K L

London ;y» il dipole dipole



Alkanes: no H-bonding or dipole moment (C & H have nearly the same EN ..

polar).
&
ain -(;-o‘rCQ E:
\ g
LoVulon B0
g
S
an]

Q>/\P° Boiling point for alkanes increases with increasing size (mass)

Ceo
=

Example:

200

100

-100

1 23 456 7 8 910
Number of carbon atoms

not
Name Formula Boiling
point, °C
pentane CH,CH,CH,CH,CH, 36
\
n\: branch
2-methylbutane CH,CHCH,CH, 28
(isopentane) S 4 branck
CH,
2,2-dimethyl- CH, 10
propane |
(neopentane) CH,— C— CHj;
CI‘Id L‘V branck
M mass

R ———

Boiling point for alkanes decreases with increasing branching

CH,CH,CH,CH,

n-butane, O° C

CH,CH,CH,CH,CH,

n-pentane. 36°C

CH,CHCH,
CH,

Isobutane ., -12°C
T

CH,CHCH,CH,

Isopentane. 28°C

¥

N oattyaction
v

/F Bomlﬂj Poivxj(

’l\br‘"‘d’“U - | 5"{};&‘ — intera ctiou
¥ bo\\t\j J

Neopentane,9.5°C



Structural Effects on IMFs

The strength of the IMFs
depend on the amount of
contact between the
molecules, especially for
dispersion forces. H%%'\Lce the

shape of the molecule can

affect the surface area of P A
contact, long thin molecules il
have more surface in contact = o cw o™

than spherical molecules.

pentane
bp 36°C

(a) (b)



Effects on Physical Properties (cont’d)

Hydrogen bonding:
strongest
intermolecular
forces so BP are
very high for
equivalent MW
compounds, i.e.

PN NN oy
mass = 72 amu mass = 74 amu mass = 74 amu
BP =36.1 °C BP = 35 °C BP =117 °C
(|3H2CH2CH2CH3
CH3CH2CH2CH2—(|) ............................ H—0O
H
CH,CH,CH,CH,
~
~ON ~NONH

| 2

mass = 73 amu
BP =78 °C

mass = 73 amu
BP =36 °C



New terms

- substituent: ole 4l

- crude oil: 2 5l) Laill

- fractional distillation: Syl yulagill
- insoluble: ;,Lyill L5 ;e

- solvent: _uis

- dissolve: i

- Induce: &all




Remember...

It’s ok to have a bad day

It’s ok to make mistakes

Set back is not failure

It’s ok to take a break

Nothing is perfect

You are stronger tian you think you are

Asking for help is a strength
Small steps are also progress




