


&0 Y ® Hydrocarbons that
 She . .. : contain the
carbon-carbon triple

bond —C C-
are called alkynes.

® Each triple bond
contains one sigma (o)
and two pi (71) bonds.

® Because of the 1 bonds in
their structure alkynes
are unsaturated
hydrocarbons.

Alkanes, alkenes and alkynes.




Number of Molecular

GENERAL Carbon Formula

Structural Formula

FORMULA CH=CH
Propyne 3 CH, CH=CCH,
2};;5:2?;‘ o f().rmlili e 4 CH, CH=CCH,CH,
R Peryne 5 Cf CH=C(CH,),CH,
Hexyne 6 Ctlg CH=C(CH,),CH,
Heptyne 7 CHy, CH=C(CH,),CH,
Ol oo |+ | oh | G,
g}iﬁigﬁg;e g Nonyne 9 Cis CH=C(CH,),CH,
CH=C(CH,),CH,




-H -H
CnHzn_z D CnHZn—S H_CEC_H > H_CEC_
alkyne alkynyl ethyne or acetylene ethynyl or acetynyl

HROLIEE) CINE molecular alkynyl
formed from alkynes by  [[{nate T Mttt M i
removing one H atom.

—GH | —EC=C—H Ethynyl

The most common = .
alkynyl groups are —GH; | —C=C—CH, |1-propynyl
ethynyl, 1—propynyl, — CH; | —C=C—C,H, |3-butynyl

and 1—butynyl




CH3 Cl Br
1 2 3| 4 5 4| 3 2 1 6 5 4 3[ 2 1
CH=C—CH—CH; CH;—C—C=C—CH; CH3—CH;—CH— C—C=CH

NOMENCLATURE | | |

CH3 CH3 Br
3-methyl-1-butyne = 4—chloro4-methyl-2-pentyne 3,3-dibromo—4-methyl-1-hexyne

The naming of
alkynes is similar to

that of other

hydrocarbons.

Alkynes may contain | L ] o
more than one triple CH=C—C=C—CH; CH=C—C=C—C=C—CH;
bond. An a]kyne with 1,3-pentadiyne 1,3,5-heptatriyne

two triple bonds is
called an

1

‘CH, ="CH—C='CH 'CH3;—CH='CH—'C="CH;
1 - butene - 3 - yne 2 - pentene - 4 — yne
\W_'/ N — \w__,./ A L)

double bond triple bond double bond ftriple bond




CYCLOALKYNES

Alkynes may be cyclo
CH C
compounds cn, - R '{
(cycloalkynes). R R C CH, CH,
H,C o, en, i, |
D A -
The simplest stabl LR i
€ simplest stable cyclononyne cyclodecyne

cycloalkyne at room

temperature is c
cyclononyne. c—c ll:l

cyclononyne cyclodecyne




® For the first two members of alkynes
ISOMERISM there is only one possible position for
bond, so for these cases there is no

The triple bond may be 1ISOIMET1SI.

ppontEe i @ Alkynes, alkadienes and cycloalkenes
an alkyne, so alkynes . .

can exhibit structural containing the same number of
carbon atoms are isomers of each

other.

Type of

Structural formula Formula hydrocarbon

Name

H,C —CH
| | CyHg cycloalkene | cyclobutene

CH, —C—CH— CHj; CyHg alkadiene 1,2-butadiene
CH,=CH—CH=CH, | CHg alkadiene 1,3-butadiene
CH=C—CH,—CH,; C,Hg alkyne 1-butyne

CH;—C=C—CH; C,Hg alkyne 2-butyne




Number of Carbon ; o s Y Density
Ariis Structural Formula ~ Melting Point (°C) Boiling Point (°C) (wnker= 1)

ethyne (acetylene) CH=CH
PHYSICAL propyne 3 CH=CCH, -103 -23
PROPERTIES 1 - butyne 4 CH=CCHCH, 1257 B
o 2 - butyne 4 CH,C=CCH, 323 210 0.691
Similar to alkanes, —
alkenes. I~ pentyne 5 CH=C(CH,),CHy -106 40 069
2 - pentyne 5 CH,C=CCH,CH, -109 56 0711
1)Insoluble in water. 1 - hexyne 6 CH=C(CH,),CH, 13 7 0.716
BUT 2 - hexyne 6 CHyC=C(CH,),CH, -89 84 0.73
3 - hexyne 6 CH,CH,C=CCH,CH, -101 81 0.723

2)Soluble in organic
solvents

3)Density less than
water




CHEMICAL
PROPERTIES

Alkynes are unsaturated
compounds and their
chemical properties are
similar to alkenes.

Alkynes undergo
combustion reactions
and addition reactions,
as alkenes do.

In addition, alkynes
undergo substitution
reactions with metals.

Acetylene burns very well




COMBUSTION REACTIONS

______________________________________________________________ @

Alkynes produce CO, and H,O when they are burnt with a sufficient amount of
oxygen. The general combustion reaction is;

1




Addition reactions occur by breaking the mt
bonds of the triple bond. Hydrogen,
halogens, hydrogen halides and water may
give addition reactions with alkynes.



Ni, Pt H
CH=CH + H, ——>
ethyne H o
ADDITION OF
HYDROGEN
Two hydrogen H—C=C—CHs + 2H
molecules are added to propyme

one triple bond using a
nickel, platinum or
palladium catalyst.
Alkenes are the
intermediate products.

Alkanes don't undergo hydrogenation
reactions



BY THE REACTION OF METAL ACETYLIDES AND
PREPERATION ALKYL HALIDES

OF ALKYNES
CH=C—Na + RX —> CH=C—R + NaX
Alkynes can be i hake = halide

synthesized from
metallic acetlylides
and alkyl halides.

CH=C—Na + CH3CH2CH2CH28I' — CH3CH2CH2CH2CE CH + NaBr
sodium acetylide 1-bromobutane 1-hexyne




PHYSICAL PROPERTIES

® 1)Very light odor
ACETYLENE ® 2)Colorless
® 3)Soluble in water
® Soluble in acetone
Acetylene, the first o 4§Boilin oint -82% C
member of the alkyne D 5 p o 3 \
series, is one of the ® 6)Can be liquified at 1*C
major chemicals used in . e
industry. CHEMICAL PROPERTIES Acetylene is used for welding with O, At
o l)It burns with a bI‘ight flame 3300°C two metals can be welded to

each other.
® 2)Explodes at about 15 atm pressure

In the atmosphere of Jupiter, acetylene
molecules have been detected.

Acetylene gas is used in welding.




USES OF ALKYNES

O







