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Cubane CgHjg

A petroleum refining tower KAIST
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7.1 PETROLEUM REFINING AND THE
HYDROCARBONS

Petroleum: in latin ~ petra (rock) + oleum (oil) --- Crude Oil
Documented of usage 4000 yrs ago in Babylon.
Has been used as fuel in China since 400 B.C.
Has been used as a medicine since 15C. In Europe.
In 1854, world first modern oil well
In 1856, world first refinery
In 1859, world first actual modern oil well

Petroleum: major constituents are hydrocarbons
Hydrocarbon: compounds of hydrogen and carbon

Carbon - 83 to 87%, Hydrogen - 10 to 14%,
Nitrogen: 0.1 to 2%, Oxygen: 0.05 to 1.5%, Sulfur: 0.05 to 6.0%, Metals: < 0.1%
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General Chemistry Il CHEMISTRY



—» (ases
Boiling point range below 20°C
(C{—C4 hydrocarbons; used as
fuels and reactants to make plastics)

Vapors continue Liquid from
to rise condensed
vapors

— Gasoline (naphthas) 20-200°C
(Cs—Cy, hydrocarbons; used as
motor fuels and industrial solvents)

Liquid

— Kerosene 175-275°C (C;,—C; ¢ hydrocarbons;
descends (C12-Cag hy

used for lamp oil, diesel fuel, starting
material for catalytic cracking)

— Fuel oil 250-400°C (C;5—C;g hydrocarbons;
used for catalytic cracking, heating oil,
diesel fuel)

— Lubricating oil above 350°C

Crude oil (C16—Cyp hydrocarbons; used as lubricants)

and vapor
are preheated

— Residue (asphalt)
(>C,( hydrocarbons)
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Products Made from a Barrel of Crude Oil

Typical Products Made from a
42-Gallon Barrel of Refined
Crude Oil

_———— 3% Asphalt
—— 4% Liquefied Petroleum

10% Jet Fuel
18% Other Products

23% Diesel Fuel & Heating Oil

A47% Gasoline

ource epartment of Energy.

General Chemistry Il

What can you make
from one barrel of oil?

Researchers broke down a typical barrel of domestic crude oil into what could be
produced from it. The average domestic crude oil has a gravity of 32 degrees and
weighs 7.21 pounds per galloen. Here's what just one barrel of crude oil can produce:

’ ! “ Wax for
b\rthday candles or
Distillate fuel to drive a large truck
/i (five miles per gallon) for almost
.
40 miles

If jet fuel fraction is included,
that same truck can run nearly

50 miles

Asphalt to make about

one gallon

of tar for patching roofs or streets.

crayons

Eg\

Lubricants to make ahout

one quart .

of motor oil.

70kilowatt-hours

of electricity at a power plant
generated by residual fuel.

\ T

About

-
four pounds

of charcoal briguettes.

-
Liquefied gases,
such as propane, to fill

Gasoline to drive a medium-sized car
(17 miles per gallon) for more than
280 'I / small (14.1-ounce} cylinders for home,
ml eS y camping or workshop use.

There would be enough petrochemicals left in
that same barrel to also provide the base for:

L I

e —

540

toothbrushes é

pocket combs

four-inch rubber balls

polyester shirts
hula hoops ‘ -

one-cup measuring cups

65

plastic drinking cups

plastic telephone housings plastic dustpans

The lighter materials in a barrel are used mainly for paint
thinners and dry-cleaning solvents, and they can make nearly
a quart of one of these products. The miscellaneous fraction
of what is left still contains enough byproducts to be used in

medicinal oils, still gas, road oil and plant condensates.

It’s a real industrial horn of plenty.
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7.2 THE ALKANES

* Hydrocarbons — compounds that are only compose
d of hydrogen and carbon

H H H H
| \ / _
H—C—C—H c=cC H—C=C—H
| | / N
H H

H H
Ethane Ethylene Acetylene Benzene

* Which of the molecules above is saturated with hyd
rogen atoms?

KAIST
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7.2 THE ALKANES

€ Normal Alkanes: straight chain alkanes

Alkanes: Saturated Hydrocarbons
CH,: sp3 hybridized

%@
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Saturated hydrocarbon : all bonds are single bonds

CnH2n+2

“Alkane” paraffin

CH, methane m
C,Hg ethane I

C3Hg  propane T

C4Hio butane 3 100 - po—
CsHy,  pentane |

CegHq4s hexane 7 -
C7H16 heptane -100 _‘ points
CgHqg oOctane bp. & mp. 200 ]
C,oHg, triacontane increase Chain lengh

(number of carbons)

KAIST
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€ Wax

B N hydrocarbon

e e e e o i, _CH20H - 1-alkanol

\/\/\/\/VM/ -alkanol
‘H,-"\W/CHfOH 1,2-alkanol

"-VVWMCHO ajdeh‘yrde

n“"---\/\/\/\n/\/\/\/\/‘-“' ketone

(8]
,\/\/\/\n/\n/\/\/\/ B-diketone
(8] (8]

Some common wax constituents
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Ethylene
(monomer)

Polyethylene

Polymerization

Repeating units

Polyethylene
(polymer)




Saturated hydrocarbon : all bonds are single bonds

CH,
CoHg
CsHg
CsH1o
CsHyo
CoH14

C7H16
CgH1s
C30H62

“Alkane” paraffin

# of structures --- isomers

methane
ethane
propane
butane

pentane
hexane

heptane
octane

triacontane

General Chemistry Il

CnH2n+2

Branched-Chain Alkanes & Isomerism

1

g1 W N = -

9 —> beginning of stereocisomerism

- (11 )

411 x 10°
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Example @ CsHy»

R
H—C—C—C—C—C—H Pentane : Db.p. 36°C
[ I
H H H H H
H H H H
| 1 1 |
H (l: C|: C CI: H
H H H Isopentane : Db.p. 28°C
H=—C—H
I
H
H
I
H—C—H
]
H T c <|3 H Neopentane : b.p. 9.5°C
H H
H—(I:—H
H

KAIST
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example : C;Hqs : Heptane

H2 H2
H2 H2 H2

CH,

H, Hs? gz gz
CH H,C
HiC o C~c SeH, ¥~c” cH” CH
H, H, Hp
3
H3(\: H3C\:
H3C H2 H2
>c O~ CH. _C<
H,C C CH; H,C* CH CH,
H, |
CH;,
, H gz (H;z
(03 C by 70N
H3C/ ;C/ ~CH, H,5C Clil CH;
H,C CH3 HZC\CH
3
H,C
H3(\: CH3 \ (’:H3
CH_ | _CH;
CH_ _CH_ H,c® C

H,C’ C’ CH,3 |
Generdl Chemistry I
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&€ Isomerism:

1. Structural (constitutional) isomer: different bonding arrangements

of the same atoms.
TZO0|'dEHAN|

2. Stereoisomer: same bonding arrangement, different spatial positions.
2| o] S=H

-- enantiomer (=24 0|4 &HA|)

Mirror
plane

—

4 .

These are mirror images and not superimposable
i.e. different compounds.

Different but have same physical properties except optical rotation.
i.e. inseparable

General Chemistry Il CHEMISTRY



Stereoisomers

\/ﬁ/\ Chiral Center

an atom that has all four different groups attached to it.

H3;C H
\/H30>(H\ \><(

3 H 3 H

enantiomers

HsC, H

”
\)ﬂ/
.

enantiomers

KAIST
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€ Cyclic Alkanes:

Satruated hydrocarbon : Ring structures  C H,,

Cyclic Compounds Usually unstable when it’s small
Associate with strain energy

Most stable cyclic compound

H
H H
O Cyclohexane H
: H
H H
H H H

chair form boat form
f } Cyclopropane

Most strained RS
General Chemistry II reactive CHEMISTRY



1.

2,

Cyclopropane

Cyclopropane is 44 kdJ/mol less stable than cyclohexane per
CH, group. It is highly strained and very reactive

Angle strain

H
v/
« Bond angles of 60° cause electron p '/,,"

air repulsion in adjacent bonds
« Inefficient sigma bond overlap

Torsional strain — eclipsing C-H bonds

all the way around the ring

H

H .
H ,/ S

H ‘ KAIST
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7.3 THE ALKENES AND ALKYNES

Alkenes

p orbital

p orbital sp? orbital p orbital

sp? orbital

H H

sp? orbital CH2 (:H2

p orbital p orbital
pi bond

------
.....
-------

--------

--------

- - e - - -
- e o o o

top view front view
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ALKYNES

CH
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The Alkenes and Alkynes

» Unsaturated hydrocarbons
Alkene ~ double bonds ex. Ethene (Ethylene), C,H,
Alkyne ~ triple bonds ex. Ethyne (Acetylene), C,H,

Fig. 7.10. Reaction with KMnO,.
(@) No reaction with hexane.

| (b) Redox reaction with 1-hexene.
Products: MnO, and
CH;(CH,);CH(OH)CH,OH

General Chemistry Il CHEMISTRY



Unsaturated hydrocarbon : Alkenes, Alkynes

Alkene : C,H»,

I-I\ /I-I
CoHy £=c_
H H
C.H H\ . /I-I Pi bonds are more reactive than
3176 N sigma bonds
H CH,4
AN /S HiCQ Va
C4Hg C=cC c=cC Trans isomer is more stable
H3C/ \CH3 H/ \c|-|3 due to steric effect
H
H\ C—C/
/ N\

H, KAIST
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2. Stereoisomer: same bonding arrangement, different spatial positions.
2 o] &

geometrical isomer
H,C H H,C CH;

trans CiS
rotation around the double bond requires 60 kcal/mol

Different compounds different physical, chemical properties

High-energy structure

p- bonding
General Chemistry Il CHEMISTRY .-
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Unsaturated hydrocarbon : Alkenes, Alkynes

4 maan g aaw .

C2H2 |
C,H,

C,H,

General Chemistry Il

nH2n—2
H———H
H——CH;4
H3C —— CH3
= CH,
CH,4

KAIST
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Unsaturated hydrocarbon : Alkenes, Alkynes

Polyenes

(butadiene) H:C::C:C::C:H

H H
>:C% (Allene)
H H

General Chemistry Il

1, 3-pentadiene
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p molecular orbitals of butadiene; see chapter 20 p976

NS Conjugated p bonding N HyC —CHj
(butadiene) T
148 pm 153 pm
ANA
WY —
/\/ H3C - CH3
AT
" sp?2  sp? sp°  sp®

More stable than isolated two double bonds

b £\
—
L ’
KAIST
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7.4 AROMATIC HYDROCARBONS

Hydrocarbons with C,,,.H,, .,

Benzene: simplest example CgH,

H H

H H H H

H H H H
dy resonance hybrid i

KAIST
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Modern view of three double bonds: delocalized

p molecular orbitals; view from the top

H
represented as circle inside

more stable than trienes
i.e. much less reactive

Copyright © 2006 Pearson Education, Inc., Publishing as Benjamin Cummings
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Aromatics from petroleum

CHj

naphthalene toluene
CH3 CH3
- @\
CHj,
O-Xylene m -xylene

General Chemistry Il

CHj;

Hs

P-xylene

KAIST
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7.6 FUNCTIONAL GROUPS AND ORGANIC
REACTIONS

TABLE 18.4

Common hydrocarbon derivatives

Derivative Functional group General formula Examples
Halide —Cl, —Br R—Cl methw\c';glgecl'llll’c.lride isgpfgg$gjglljf;e
(dichloromethane) (2-chloropropane)
Alcohol —OH R—OH CH;OH methanol CH;CH,OH ethanol
Ether —0— R—O—R’ CH;CH,—O—CH,CH; CH;—0O—C(CH;),
Diethyl ether Methyl #-butyl ether (MTBE)
Ketone O O O
—(”T—~ R—g'—R' CH3—(|‘.'.—CTH3 CTH_;—%—CHECH_g
Acetone Methyl ethyl ketone (MEK)
(propanone) (butanone)
Aldehyde O O O
—g'—H R—él.'—H H—él.'—H CH_;—!.‘—H
Formaldehyde Acetaldehyde
(methanal) (ethanal)
Carboxylic acid @)
—g‘—OH R—g—OH CH;—C”.'—OH CH3CH3—g—OH

Copyright © 2006 Pearson Education, Inc., Publishing as Benjamin Cummings

Acetic acid
(ethanoic acid)

Propionic acid
(propanoic acid)



ot O~
Cc_—_ X .

H—AIZ—CI

Alkyl halides 5

Methylene

chloride

3+ 8-

C OH

1. Alcohol: R—OH

2. Ether : R—_O
\R'

Diethyl ether -- "Ether"

General Chemistry Il

H—&—cl

Chloroform

Cl

CI—&—CI

¢

Carbon
tetrachloride

H3C\C/O\CH
~ | 3
CHj;

MTBE

KAIST
CHEMISTRY

H1C



0°

3. Aldehyde, Ketone : )‘\ R”=H : aldehyde
_I_

R ¢ R

5

4. Carboxylic Acid : i H
+ v

R o0

5
5. Ester : i '
R & o/R

KAIST
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Alcohol R-OH CH;

H,
C CH
H,C—OH H,c”  OH H,c”~  OH
Methanol Ethanol iso-Propanol
(primary alcohol) (secondary alcohol)
H, OH T (tertiary alcohol)
O .-CH HO )\ OH i‘/
HO C ~ ~ CHs OH
" A i
2 2 H3
Ethylene Glycol Glycerol t-butyl alcohol
C45H
HO OH 151127
OH
Phenol
Menthol Urushiol KAIST
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Aldehyde, Ketone

(0

)‘\ Formaldehyde
H H

O

)J\ Acetaldehyde
H,C H

General Chemistry Il

Acetone
H,C CH;

O

H Benzaldehyde

(cherry flavor)

KAIST
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Carboxylic acid

H H,C
“NCOOH "SCOOH QCOOH
Formic acid Acetic acid Benzoic acid
R

~NcooH ( more acidic with more electron withdrawing R group)

COOH COOH
\O

Ibuprofen (£ Z2H) Naproxen (5d)

KAIST
General Chemistry Il CHEMISTRY "™



Ester

H, H, H,

H,C 0 C H,C 0 C C
N N cH, e Ng” ¢ cH,

H H, u H, H,

Pear Banana
H, H,
H,C o C CH; o C CH;

e NS N e e N
H2 g H2 u H2

Pineapple Apple

H,C o)
~Nc” ¢

I

Jasmine

KAIST
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Esters, -—oate, R-C-0O-R

|
O

» Product of the reaction between a carboxylic acid
and an alcohol

» Fragrant odors, flavors of fruits

o2 O
. //
H3C _ C
\
O TT CH2CHg

Ethyl ethanoate (ethyl acetate)

O
CH,0 W
| O
CH,O _‘\/\/\/\/\/\/\/\/\
| 0
CHzO M/MM\

Tristearin, C, H,,,O¢ : animal fat

General Chemistry Il LMCFILD INT



Triglycerides

STRUCTURE AND NAME

SATURATED

/\/\/\/\/\/\)J\OH

Myristic acid

/\/\/\/\/\/\/\/\)J\OH

Stearic acid

UNSATURATED

Linoleic acid

General Chemistry Il

NUMBER OF
NUMBER OF  CARBON-CARBON  MELTING
CARBON ATOMS  DOUBLE BONDS  POINT (°C)

14 0 54

18 0 69

18 2 -5
KAIST
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Trans fats (EZH A X[ AR HA)

¢ Hydrogenation of oils (ester of cis-unsaturated fatty acids)

» Saturated fats with higher m. p.:
- solid, good for baking and extended shelf-life
» Remaining double bonds converted from

cis to trans isomers = bad for health!

5
-r:‘,.l:::_’.l_q.;-'-""""
™\ e F
B u f El_l_,..j_l -;l-. =
‘.-_-.I::' __'_ i -l"-l - :
..:..g'!-:“_‘:rr__i RS
'I'a':;-ll'l;.;'?}!m&-i. =

P e KAIST
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® AMmine®

H2N/\/\/\NH2
HN
. N
Cadaverine
(AKX = EA) Methamphetamine
(2HZE)
®Amide®
H
H7\k N
n Y Acetaminophen
o o (EtOldll=)
Nylon-6 HO
N
\’(\N/\ Lidocaine
o ) (= A 0FF HI)

KAIST
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Stereoisomers

\/\T/\ Chiral Center

an atom that has all four different groups attached to it.

H,C H

\/Hsc>{\\/Hc>(\

enantiomers

General Chemistry Il

enantiomers
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Stereoisomers

T

Two chiral centers make the situation complicated !

y identicalx‘

ml\/lirror [mages ("fH CT:I H \

3 3

Not Mirror Images Not Mirror Images

diastereomers

/>-,/\;<\Mirror [mages /Y\<\ AJ
TH, © CHs HC" 1 CH,

k\ enantiomers/A

Diastereomers: Stereoisomers are not mirror images of one another and non-
superimposable.




Stereochemistry

12
W
HH.C; i+
3 CO,™ HaN
?OQH {|: 2 3{]:
(R) H-"C\CH {R)-1-Phenylethylamine " H'? HCHE H‘f =
HO/ 3 HO H5C |
=
An R.R salt \
NHz These are different !!!  Diastereomers
H"}c b +
H4C '
H-X._CH3  (g).1-Phenylethylami I-”i.‘l:"'lzl—l3 fll
(S) ~C -1-Phenylethylamine | H{ ANS
| CO:™ H3C
2 .
CO,H P
An SR salt

« Separation of enantiomers
* Recognition of enationmers differently

General Chemistry Il CHEMISTRY



Importance of Stereochemistry

Limonene
lemon orange
Aspartame
COOHO £© ©l o) COOH
\\(U\H COOMe MeOOC HJV)
NH, H,N
sweet bitter
Thalidomide H H
o N (o)
o o) N (o)
17 s
N2 A
= <WN
H H
0 0
sedative - KAIST
teratogenic CHEMISTRY
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Reactions of organic compounds
1. carbon-carbon bond formation & cleavage

\C C/— \C—C/— /\c C/—
o | o
radical /\T' 'C\/— — /c|: :c\/— — /(|;. -c\/—
/\C 'c/— . % :c/— . /\c: c/—
I 7 oo
\c® @c/— — ¢ c/— — /\ce c/—
o | [ [ e

Carbocation Carbanion
Lewis acid Lewis base

2. general reactive intermediates
©) e KAIST !\
General Chemistry Il A A A® CHEMISTRY



Conversion of organic functional groups

‘ T AT eT T T

® Oxidation o ¢
0
R—CH,0H — » RJJ\H . — > R—CH,OH
0 © o N o)
R
RJJ\H_>JJ\OH ROH_>RJkH
Br H
xS —— xS —— )\/
OH r H
A —— N AN
H BH,
H
O

' HO-R —_— ,
RJ\OH RJ\O’R
O O
*  H,N-R' —_— -
R/U\OH ? R/U\N'R
H KAIST
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Synthesis & reactions of Esters
How does esters form?

Esterification Hydrolysis

Saponification

General Chemistry Il

Fischer Esterification

0
|
H
H, H I/
+O 0.
0:
|
H
KAIST
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Synthesis of Amide is similar

0 4
H' + |
)j\ Ch /+N/\

- 7 |
] | F
H, H
o° ] o+ o
)]+\o- + N )]\o M TN
O ] A HOH —
I!I H high temperaturelll H O i
needed )(
) H, I 0:\H
0 |
)\ )
+
Not easy. ?:
H .
Leaving Group ﬂ
v - H
'b H H +0. ”
+ ‘O —_— ){ \H
Ps . N — 0.
H I!I KAIST
CHEMISTRY
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7.7 PESTICIDES AND PHARMACEUTICALS

Impact of Organic Compounds to the World
» 90% of matter on earth are organic!
I.e. organic compounds are everywhere around us.

In food
CH,0OH HO
E Ox_OH
o GHOH 0 0 - o o
il " Howo-w \/\SZZ; HO OH
o 0 CHOH NH, HO  OH OH
OH QH C.t. .d (L )
ic aci itami itric acid (Lemon
Sucrose (sugar) MSG (glutamic acid) Vitamin C
T OH O
e
HO oj\
NSNS ‘ O OH
7o Tartaric acid
b-carotene (carrot) OH (grape)

Cyanidin (anthocianin)

@)
N
:©\/ RN N \C\ WH Cinnamaldehyde

_ (cinnamon)
Capsalcm (pepper) Isothiocyanate (wasabi) KAIST

General Chemistry Il CHEMISTRY



0

Cocalne

\\
K 1 1C0) 9 H;C—0O=in codeine

/ 0
S, 0 2 8 Y oo
/”/ . - /(me heroin

3 7
H;C
0] U O

0O . "

/

Pyrethrin | (from crysanthmum) Dioxin

weak insecticide

B3 INBewewes

TCDD
Permethrln (synthetic pyrethrin) (DAL
in—NO2

(YD/O/L

idacl id 0
Hicotine imidaclopri \( 2

0
O O HO / \/ OH
Cl Cl

malathlon Glyphosate (weed killer) _
Dianabol KAIST
General Chemistry Il CHEMISTRY

testosterone




More natural products

HO
HO NH
OH

Tetrodotoxin (fugu fish, 5 0{)

artemisinine

quinine

CH;

HO-_ QCH;
HaC CHy My
o] / H ..
HO HaC 1) R
s H
R = 5-deoxyadenosyl, Me, OH, CN H:C '

Vitamin B12

Avermectin
(AEAAS)

=
3 H

brevetoxin (red tide, M X)

T H B
OH OH OH

Maitotoxin, C,54H5550¢sS,Na, M.W.= 3422

KAIST
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Significant organic molecules made by chemists

N
HoN N NH

Mauveine (dye, purple)

2oy

OLED materials

General Chemistry Il

i b E})
L\'—((}Hz)ﬁ—N—c—

Nylon 66

o]
W

0
S
HN~ NH,
N’Ni ]
NH,

Prontosil
(antibiotic)

S
5 M
-RD/[;[N}_ \_g}
o

Omeprazole
(antiulcer)

0 |
(CHE)_{—CJE o
H

polystyrene

Norethisterone
(contraceptive)

@/\
HS

Olanzapine
(schizoprenia)

I

'n—%— -
nm—O—m=
m—0O—m=n
m—0—m
m—0O—m=
m—O—m=
m—0—m
m—O—m=
m—0—m
'I'I—¥—~ M

teflon

Prozac
(antidepressant)

KAIST y
CHEMISTRY”



	슬라이드 번호 1
	슬라이드 번호 2
	슬라이드 번호 3
	슬라이드 번호 4
	슬라이드 번호 5
	슬라이드 번호 6
	슬라이드 번호 7
	슬라이드 번호 8
	슬라이드 번호 9
	Polyethylene
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16
	슬라이드 번호 17
	슬라이드 번호 18
	슬라이드 번호 19
	슬라이드 번호 20
	슬라이드 번호 21
	슬라이드 번호 22
	슬라이드 번호 23
	슬라이드 번호 24
	슬라이드 번호 25
	슬라이드 번호 26
	슬라이드 번호 27
	슬라이드 번호 28
	슬라이드 번호 29
	슬라이드 번호 30
	슬라이드 번호 31
	슬라이드 번호 32
	슬라이드 번호 33
	슬라이드 번호 34
	슬라이드 번호 35
	슬라이드 번호 36
	슬라이드 번호 37
	슬라이드 번호 38
	슬라이드 번호 39
	슬라이드 번호 40
	슬라이드 번호 41
	슬라이드 번호 42
		
	슬라이드 번호 44
	슬라이드 번호 45
	슬라이드 번호 46
	슬라이드 번호 47
	슬라이드 번호 48
	슬라이드 번호 49
	슬라이드 번호 50
	슬라이드 번호 51
	슬라이드 번호 52

