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CARBON DIOXIDE RECYCLE WITH ETHANOL FUEL
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Photosynthesis

ethyl alcohol (ethanol) C,H5OH




HO—CHs;  HO—CH,-CH3;  HO—CH,-CH-CHjs

methanol ethanol T-propanol

HO—CH,-CH,-CHy-CHy-CHy-CHy-CHy-CH;

T-octanol

O—CHz-CH-CHy-CH;  HO—CHp-CHp-CH-CH;

CHs CHs

2-methyl-1-butanol isoamyl alcohol

Hﬂ—CHEQ HO—CH,~CH-CHs

benzyl alcohol 3
isobutanol




Ethers

Oxygen interrupts the chain
The Oxy group--
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CH, CH, —O— CH, CH,
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Carbonyl Compounds
The Carbonyl group--

O
1
——

Aldehydes have the carbonyl at the end
of the chain.
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Ketones have the carbonyl in the chain.
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Organic Acids

The Carboxylic acid group--

0O - 7
H—C
| ™~ OH

—C—OH Methanoic Acid Ethanoic Acid
/OH

~oH CH;-Ch,-CH,-COO
@) lutancic Acid (barf)
Salicylic Acid

(Formic acid) (acetic acid)
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ethyl acetate




Common Esters
CH,COOC:H,; Pentyl ethanoate

CH;COOC:H,; Octyl ethanoate
C;H,COOCH;  Methyl butanoate Pineapple
C,H,COOC,H; Ethyl butanoate Peaches

C,H,COOCH,, Pentyl pentanoate Apples

HOC ,H,COOCH; Methyl Salycilate Oil of Wintergreen

OH

I
L {Ly + CH3—0OH —= () aﬂ EHE + Hz0
Salicylic Acid Methanol Methyl Salicylate Waler




Amines

The -NH2 group (as in vitamines)

CH,CH,-NH, 1-ethyl amine
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CH, - NH CH,CH - NH
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methyl  amine ethyl  amine
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CH3CH2CH2CH2CHCH3
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CH;
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winnsBonfoluszuy TUPAC

3. M3 livdwmio
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CH;
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2-methylhexane 3-methylheptane ¢
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6
CH,CH,
4l 4-ethyl-2-methylhexane
CH;CH-CH;CH-CH,CH,§
CH

1 2

3

3.4 fanansnfivagliwingnfigaldinnnia 135 Tidonanelisin
flimgunufiantig

3.5 finfinguosdacnfionfiu 2, 3 w50 4 wy Liis=udnusmiannciauno
Whawdoy di, tri 939 tetra winToviuoada ~
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CH CHCH

CH: CH CH CH CH CH,CH, 8-ethyl-2,4,5-trimethylheptane
H C CH
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iSopropylcyclohexane
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11,3-trimethylcyclopentane
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5-cyclopropyl-3-methyloctane

CH3<|3HCH2CH2CH2D 2-chloro-5-cyclobutylpentane
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CH,CH,Cl
ethyl chloride

: .CH_Br

Benzyl bromide

CH,
H3C—(|3—Br

CH,
t-butyl bromide

CH,=CH-Cl
vinyl chloride
92



o 5 TUPAC 33

- Gondr  haloakane lagszudunioozaauglavaudungunud
vualiansuoufiondige

CHé(le' CH'2$H' CH3
Cl CH

2-chloro-4-methylpentane

3

Cl— CH'ZCH'z(liH' CH3

i 3-bromo-1-chlorobutane
r

Br
©/ bromobenzene
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CH,=CH, Ethylene
CH,CH=CH, Propylene
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		  Ethylene
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		  Propylene  



		    CH3CH2CH=CH2

		  Butylene








3







CH







2







  C =  CH







3







CH












CH,=CH-

CH,=CH-CH,-
CH,=CHBr

CH,=CHCH,CI

Vinyl
Allyl
Vinyl bromide

Allyl chloride
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		  Vinyl



		     CH2=CH-CH2-

		  Allyl



		     CH2=CHBr

		  Vinyl bromide



		     CH2=CHCH2Cl

		  Allyl chloride
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CH,=CHCH_CH, -butene

CH,CH=CHCH, CH, 2-pentene

CH,=CHCH,CH,CH,CH_ t-hexene
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H,C—C=CH-CH;CH-CH,

2,5-dimethyl-2-hexene
CH CH

3 3

H,C—CH=CR-CH;CH;C—CH; 6 6-dimethyl-2-heptene
CH

3
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H,C—C=—CH-CH_CH, 1,2-pentadiene

H,C—CH-CH=CHCH, 1,3-pentadiene

H,C—C—CH=CHCH, 2-methyl-1,3-pentadiene
|

CH,
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CH,
O/ 1-methylcyclohexene

3,5-dimethylcyclohexene
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- OuNu3v90 acetylene

- ssunjwoafiafiunuf H va9 acetylene (Gyo@mmanduings

HC=CH  gcetylene

HC=C—CH, methylacetylene

HC=C—CH,CH, ethylacetylene
H,C—C=C—CH,CH, ethylmethylacetylene
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WUIq
HC=CH ethyne

HC=C—CH, propyne

HC=C—CH,CH, 1-butyne
H,C—C=C—CH,CH;, 9-pentyne
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HZC:(|3—CEC—CH3 2-methyl-1-pentene-3-yne

CH,

HC=C—CH,;CH=CH, 1-pentene-4-yne




msdontoouind tdu

o (UuFuAT 1 wiunuf

- seufoniunufiliniy benzene

0 C

bromobenzene nitrobenzene t-butylbenzene
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benzaldehyde benzoic acid acetophenone

0 C

toluene phenol aniline anisole

CH3 OMe
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-1 ortho - meta am- waz parg - lunnssey

Gumioniunuif 12 13 we 14 @udidu

Br N02
Br
F COOH
CH,

o-dibromobenzene m-nitrotoluene p-fluorobenzoic acid
1,2-dibromobenzene  3-nitrotoluene 4-fluorobenzoic acid
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- GonTonliunufiseadndudadnys
NO,

OH

Br N02 |
1.2.4-tribromobenzene  2,4,6-trinitrotoluene  4-fluoro-2-nitrophenol
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CH _CH2CHZCHZCH2CH 3 ©\CCH2

H,C”




ns3anowganasad ¢alcoholy R-O-H

o foaniigy
- 3=UTONIWDANA NEIIY alcohol

CH,CH,OH CH.CH,CH,OH
ethyl alcohol rn-propyl alcohol

CH;CH-OH
CH

CH{,)(E—OH
CH 3

fert—butyfoi alcohol isopropyl alcohol




o §5 TUPAC 20
- GonangTiniuoutnfigaua=ing -OH dudaangTiwin alkanol

- seudouwio -OH Tagliidwwio -OH Tavdnfige

CH,CH,OH CH,CH,CH,OH
ethanol 1-propanol

H,C—C—CH;OH Q CHACH;OH
CH

3
2,2-dimethyl-1-propanol 2-phenylethanol




HO-CH,-CH=CH-CH,CH,
2-penten-1-ol

(" )on

2-cyclohexen-1-ol

G
HBC—Cli—C\H-CHzOH
CH, G
2-chloro-3,3-dimethyl-1-butanol

Eal



— 10anauoAfiling -OH 2 Wy Gundy diol w39 glycol

H,C—CH-CH;0H
HO‘CHZ'CHz'OH OH

1,2-ethanediol 1,2-propanediol

ethylene glycol propylene glycol
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R—S-H

o Yomiiy  -3:UTINIWOAAN @AY mercaptan

o f9 IUPAC -Tomltwin akanethiol sudumio -SH &g

CH,CH_SH
ethyl mercaptan
ethanethiol

CH5(|3—SH

CH,
tert-butyl mercaptan
2-methyl-2-propanethiol

CH,CH,CH,SH
rn-propyl mercaptan
1-propanethiol

H,C=CH-CH,SH

allyl mercaptan
2-propene-1-thiol
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o Suniuoyiudvas phenol
c O,N

Son o

o-chlorophenol m-nitrophenol
2-chlorophenol 3-nitrophenol

CH,

jomt

2-methylphenol 4-methylphenol
o-cresol p-cresol




o unu hydroxy compounds

1,2-dihydroxybenzene
catechol

1,3-dihydroxybenzene
resorcinol

1,4-dihydroxybenzene
hydroquinone

o-hydroxybenzoic acid
salicylic acid




ns3aniodings (ether

o fognigy

R-O-R' &

- seufonguoafa 2 wifidafiy O (FeaddiuciadnysamadY ether

CH.CH,OCH,
ethyl methyl ether

CH;C—O—CH,
|
CH,
tert-butyl methyl ether

CH,CH,OCH,CH,
diethyl ether

CHécle-OO

CH,
Isopropyl phenyl ether




o §3IUPAC

- i -OR umiunufuuanals askane Gondw alkoxy

CH,CH,OCH, CH,CH,OCH,CH,

methoxyethane ethoxyethane

CH;C—0—CH,

CH,
2-methoxy-2-methylpropane 1,2-dimethoxyethane

CH,O-CH;CH;0CH,




o Cyclic ether 78
- W cycloalkane dufowin
- Gonow@on O funufing -CH- 41 oxa

Yy o)

@)
oxirane oxetane oxolane

oxacyclopropane oxacyclobutane oxacyclopentane

8 »
O O
oxane 1,4-dioxane

oxacyclohexane 1,4-dioxacyclohexane




mydonfolnlodino$ cthioether
o fomily  -sufowivosfafidoiu S @iy s

o 9 IUPAC -wi -SR ShumiwnufiuuangTiwdn alkane Gondd

mj alkylthio

CH,CH,-S-CH,CH, CH,CH,CH;S-CH,
diethyl sulfide methyl propyl sulfide

ethylthio ethane 1-methylthio propane

9



nsdonfouaadlad (sldehyde)

o Fognigy

~ Gonenuiansansuantanniidnuonansuautnadiu leatagu

-(oyic acid W aldehyde

C
H,C™ H

formaldenyde acetaldehyde  benzaldehyde




o {5 IUPAC

- aulimSugugnfigoua:aing
O

— C\H Lﬂﬂ%@ﬁ'\ﬂ'mﬁﬂ alkanal

Toowj RNl ofdumiof 1

methanal

O
1

C
H,C=C~ "H
H

propenal

ethanal

O
1

CH3CH2CH2—(|3H‘C_H

CH,

2-methylpentanal

81



— AN Ne5U

Lo O 0

acetone acetophenone benzophenone

82



- seutomiuoada 2 wifidoiiund C=0  Guadndiuéidnysamn

098 ketone

O
1

1
C
C N
H,C” “CH,CH, H.C CH{@

ethyl methyl ketone benzyl methyl ketone

83



o §9 IUPAC
— angliniuonenfigoua:ing B (WuiomeTliuin
o : . o : s &
akanone  sxuduiiolagms afdumionudnfise

O
1

0 0
g i
HC™ ScHeH, & O H,C™ O CH,

butanone pheny|propanone propanone

O O
1 1

C C
CH.CH;~  “CH,CH, H,C” “CH,CH,CH,

3-pentanone 2-pentanone




O
0 v . U ” 1 O ' 4='|
- 93U cyclic ketone WY e AgeWHUIN 1

4-methylcyclohexanone 4-methyl-3-penten-2-one




my3onfonsanfuaniin (carboxylic acid

O
1

PON

° T’iami’uy R™ "OH

— InGonanuundotian  20finedoy -ic acid

- Uonduwianiunuidos 8-, b- g-, o-

O

(04

s Y B |
CH,CH,CH;CH;-C—OH

86



O
1 ﬁ

PN
CH,CH,CH;” "OH  CH,CH,CH,CH;C-OH

e e butyric acid valeric acid

O O
1 1

ﬁ B

Y a .C_ .C
CH3CH2—?H OH CH;CH-CH, "OH

C
7N
H.C~ “OH CH CH

acetic acid

3 3

o-methylbutyric acid Isovaleric acid

benzoic acid salicylic acid




o {5 IUPAC

- galtanSuougmfigeuadvg -COOH dufomalivin

akanoic acid Tagwi -COOH ogdnumiof 1 Lam

O @
T ||

C
1 on CH.CH,CH;™ > OH

methanoic acid butanoic acid

O
1

I C
o CH.CH;CH ~OH
H.C~ “OH |

3 CH,

ethanoic acid 2-methylbutanoic acid

88



- 94 -COOH wnufiumsaonianudadion -carboxylic acid

- gsfiim) -COOH 2 wi ofinutiadio -dioic acid

COOH
O/ HOOCCH,CH,COOH

cyclohexanecarboxylic acid butanedioic acid

89



- ndovaensannSuantin Gundou anion @iansaleswden -
ic acid Wy -ate

HCOO NH,* COONa’
ammonium formate ©/

sodium benzoate

BrCH;-CH-COO K
Br
potassium 2,3-dibromopropanoate




O
& ' ” a & o i : @
- owj acyl Gonauionialegwdon -ic acid du -yl

O
1

I
C
TR CH,CH,CH;” ™

methanoyl group butanoyl group
formyl group butyryl group

O
O 1

I C

C ™~
H3C/ > ©/
ethanoyl group

acetyl group benzoyl group




nsdonfaouiudvaonsanuondan
o Acid chloride $C')

N

R
- Gontowy acyl @@y chloride

C

O
|l

C
CH,CH,CH;”

methanoy! chloride butanoyl chloride
formyl chloride butyryl chloride

O
O 1

|| Cw

C C
HC ™ C ©/
ethanoyl chloride

acetyl chloride benzoyl chloride




o Acid anhydride

- Wioudn acid TufowinsanSuananwin
anhydride

HC 07 CH,

ethanoic anhydride
acetic anhydride

benzoic anhydride




O

o ESter 1 ,
5 C\O/R

- Gunfowiuoadafiunannuoanasad anudsedouianannnsannfuant

Anlaowaoud -ic acid TufowinsemSuandinwindu -ate

Alkyl slksnogte ~

94



N
C\. - CHCH;

H,C™

ethyl acetate
ethyl ethanoate

O
||

2-chloroethyl benzoate

93



o Amide

O
||

(CH

C
CHCH;™~ "NH,

ethanamide 3)2

acetamide benzamide 3-methylbutanamide




- findmunufii N szu N-slkyl w80 NN-dialkyl sirdovin

O
||

C\ITI/CH3
CH,CH,

N-methylethanamide

N-methylacetamide N-ethyl-N-methylbenzamide

9%



o Nitrile

~ Gondoanaliuin akane ouanuouvaany nitrile) anméia
nitrile 39

- Wisud -ic acid lutoudnsansuanidnwin W -onitrile

C=N
H,C-C=N (|3|_I3
Hsc—cl_sl—CEN

ethanenitrile
acetonitrile benzonitrile 2-methylpropanenitrile




nsGontoosiiv cAmine)

o fogndigy

- Gunfonguoafandaiiu N fiazudl Aon1wady amine

NH, <|3H3
CH,CH,NH, O/ H,C—C~NR,

ethylamine cyclohexylamine isopropylamine

H
| CH,CH;—N—CH,CH,
CHCH,NHCH,  CH.CH,CH;~C—NH, CH,CH,

ethylmethylamine  1-methylbutylamine triethylamine




o ¥ TUPAC
- GontomoTufdvg -NH,  ogénadiuiovdn akanamine

= S -NH Tsiogunanduautang Giaassudaumiodoy

NH,
CH,CH,NH, O/

ethanamine .
cyclohexanamine

CH, CH,
CHCH,CH-G—NH,  HC—G—NH,

2-pentanamine 2-propanamine




- finfmdunuif N 32y N-alkyl w80 NN-dialkyl wiindovin
alkanamine

CH3CH7N—CH2CH3 CH3CH2—”—CH3
CH,CH,8 N-methylethanamine
N,N-diethylethanamine

CH,CH,

<>/NCH3

N-ethyl-N-methylcyclohexanamine

101



- aniline Whidoninuao benzene fiflmg ~NH, unuf

aniline 4-chloro-N-methyl-3-nitroaniline

102



- tintomoTiwininiflofudn  Gonvd -NH. dhumsiunufin
amino

HOCH,CH;-NH,

2-aminoethanol p-aminobenzaldehyde

103



11uilasaen (Petroleum)

Vv
() U

a g a v A o d
W UAY (crude oil) FUNADINNITNUDNVDIBINNFUAZ T )

%4 a Y d' < Y | Y
melagamgiitazanuauinmmnzauilunannuraesautl Usznavaie

d d V)

asisznevlalasamsuau (C naz H) tiuaanilsznouvian 15
’m‘i‘lj‘i"’ﬂﬂ‘u alkanes, cycloalkanes waza5Us52neU aromatics
Bl INFNHNIZUIUM I NEUaEUE 1 (Fractional distillation)

’GTHJTiﬂi]Hluﬂ’s’n‘iﬂ‘i%ﬂﬂﬂﬂ]&l‘gﬂ!ﬂﬂﬂ PINAITT N




0000000 00

Products From Petroleum
bp =boiling point in C

Natural Gases, Methane , Ethane,
Propane, Butane

Bottle Gases, Propane & Butane

Petroleum Ethers,
Highly Volatile
bp 30-100

Gasoline

bp 50-150

Kerosene, Jet Fuel, Paint Thinner,
bp 150-200

Diesel & Fuel Qils

bp 175-350

Lubrication Qils
bp 350-400

Greases, Petroleum Jelly,
Paraffin Wax, Solids

Asphalt






N9lYau

fraction C-atom boiling point
range (°C)

natural gas C,-C, 161-20 | (Wemds Mwneda
petroleum ether C5 — C6 30-60 IMazang
Gasoline C.-C, 30— 180 oA
Kerosene C11 — C16 170 — 290 ﬁ?mwa\‘l
Heating fuel oil C,-C. 260 — 350 AoInag
Lubricating oil C_-C 300 - 370 asvidoa




Y 1 Y R Y 1 oo A
CI-C4 c‘ng:mj1gﬂsz‘u:mmsﬂawwﬂanﬂ'swmm&ﬁ‘lﬂmsﬂszﬂammazmﬂ@

CH, UszTariininlunan syn-gas (CO uaz H) uaztilureinas

C 2H p NIUNZUIUMS Thermal cracking & Ethene (H2C=CH2)

1uingAunanPolyethylene (PE)

CH, AIHNIZUIUNS Thermal cracking 1a propylene (CH3HC=CH2)

NaﬂPolypropylene (PP)

C 4H 10 NIUN5ZUIUNM S Thermal cracking & butadiene (CH2=CHCH=CH2)

a Y d
NANYSTINIIZY (SBR)

muﬂimmﬂmaﬁm (C -C ) ﬂ*ﬂ”!"ll1ﬁﬂ§°’1]?]‘l~!ﬂ1§ Thermal cracklng
i1a¥ Isomerization !Wf’ﬂmﬂ C C !!ﬂ”!%1ﬁﬂ§°’ﬂ?%ﬂ1ﬁ!!ﬂﬂ@ﬂﬂﬁfl
ﬁ?%ﬂ1ﬂ‘¥l!‘l"iﬁf’)%1ﬂﬂﬁ%‘u'J‘Hﬂ1§ﬁ13ﬂ§ﬂc!°lf!‘lj1!!°lffz)!‘l/‘mﬂvlﬂ




Polymer

Vv ] (~4 || (V) (~4 ]
. sznaualanivIenany (monomer) ﬂaﬂmﬂuiwaqa“lﬂq;

= L a | =
: 919NagMNEIINYIA 1w 819wy waglaa lilsau

A v} W) Y
‘I"iﬁ@ﬁﬁxﬂﬁﬂﬁ\‘]!ﬂﬁn’;ﬁ"lﬂ

FUAVD polymer

1. Additional Polymer M51AN monomer 11U monomer ﬁuﬁaﬂq

=~ ; a
- Homopolymer f1® polymer NAADIN

monomer Tﬁﬂ!aﬂjﬁu

H H
/
n C=C
N
H H
ethylene

1 polymerization

H
1

or more simply {l:—Cl n =a very large integer
H H/n

polyethylene




H\-,H
H ,G-G\H

ii1ii1i111111
RABRARARREALRE

a polymer poly{ethene}







A ! a Aa v
- Copolymer A9 polymer ﬁ!ﬂﬂmﬂ monomer GiN‘lf‘Mﬂﬂ‘M

' . Y ¢
1Y styrene + butadiene —> #1NTUAINLH
(styrene butadiene rubber : SBR)




2. Condensation polymer

o = A N ) ' '
13l polymer NiNAV1N monomer NN functional group N1NNI 2 13
COH NH
+

2
n {E{Iz}q EH Z‘}E
CO_H NH

2

NN A
|
M. N—C C—N +nH..O
| N e, A “ 2
ll (CH 2-}5 (C HE}#- {EHE} n

Nylon 66




0 0
|l |l
HO-CH,-CHy-CHp-OH  +  HO—C—(CHy)q4—C—OH

propylene glycol hexadecamethylene
dicarboxylic acid

0 i
- lD—CHE—CHE-CHE—D—C—{CHE}N—C
M

polyester 3-16

0 0

I I
HO-CH,-CH,-OH + HO—C @E—DH

ethylene glycol terephthalic acid

i i
— JrD—CHg—CHE—D—c@EJr
M

poly(ethylene terephthalate)




FUAVDINAITAN

1. Thermoplastic
< a :i § ) v %
s iunarafinNanansavasn Yuzil viernaumnlylvnla

a 4 :i

- danlyannige
o v 'Y Y Ad? ' %

- u*maummau“hwmammaau uazﬁuugﬁlmf’lﬂ
1B polyethylene (PE), polypropylene (PP),
polystyrene (PS)

2. Thermosetting plastics
A AX v v 0 a ¢
: waraAnNIuUWaunurIunszUIUMsINGE |59
4 v T~ o
aranNNIeuluIa AN INY
- vimonlninlala wasuzilila numsni

1% melamine, epoxy, polyurethane




G . a
Natural polymer 1389 macromolecule NAMNFITHBIA IAUN
A A
1. Carbohydrates  AHMBMIATIAIINUFIU AD glucose
2. Proteins AvI8lATI9319W UG M AD amino acid

= | Y é’ A
3. Rubber Nﬁﬂ%ﬂiﬂﬁﬂﬁﬁ]dﬂﬂg]ﬂ fo isoprene
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