

SCH 4U1 – Organic Chemistry		Kennedy
Properties of Organic Compounds: The boiling points of Aliphatics and Aromatics	Spring 2016
Name: _______________________________		Date: ____________________
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Prediction: Using your knowledge of Organic Chemistry to date – rank the following organic compounds of C6 from lowest to highest boiling point: Draw either a line or condensed diagram of each in the space below.
Benzene ________________
Hexane _________________
Hex-1-ene _______________
Cyclohexane _____________
Cyclohexene _____________
Evidence: Read the short lab exercise below and examine Table 1 - were your predictions correct?
[image: ]
Summary: Write a summary sentence about your observations of boiling points of aliphatics and aromatics 
ADDITIONAL PRACTICE: Answer the questions below using the data provided in the table
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[image: ]Why do cyclic hydrocarbons have higher boiling points than their acyclic isomers?
	[bookmark: _GoBack]As pointed out in the comments to this question, cyclic hydrocarbons have higher boiling points than their acyclic isomers. The major attractive force for hydrocarbons should be the London Dispersion forces, which scale with surface area. My intuition has me thinking the cyclic molecules have less surface area, but they might enable more productive interactions over larger parts of their surface area due to their fixed conformations. I would love to see a study or some data that supports my intuition.
Boiling point data
Three carbons
· Cyclopropane - BP =−33  ∘ C =−33 ∘C
· Propene - BP =−47.6  ∘ C =−47.6 ∘C
· Propane - BP =−42  ∘ C =−42 ∘C
Four carbons
· Cyclobutane - BP =12.5  ∘ C =12.5 ∘C 
· Methylcyclopropane - BP =4  ∘ C =4 ∘C 
· 1-butene - BP =−6.7  ∘ C =−6.7 ∘C
· Butane - BP =−1  ∘ C =−1 ∘C
Five carbons
· Cyclopentane - BP =49.2  ∘ C =49.2 ∘C 
· 1-Pentene - BP =30  ∘ C =30 ∘C 
· Pentane - BP =35.9  ∘ C =35.9 ∘C 
Six carbons
· Cyclohexane - BP =80.7  ∘ C =80.7 ∘C 
· 1-Hexene - BP =63  ∘ C =63 ∘C 
· Hexane - BP =68.5  ∘ C =68.5 ∘C

ANSWER

	[bookmark: 32406]
	Your intuition is indeed correct! Several sources provide the same answer (1, 2, 3). Perhaps the simplest and most direct evidence comes from comparing the densities of the liquid unbranched alkanes and cycloalkanes:
[image: enter image description here]
The cycloalkanes have slightly lower molecular mass than their parent unbranched alkanes with the same number of carbon atoms, yet the cycloalkanes are consistently more dense in the liquid phase by a factor of ~20%. The only way this can happen is if each individual cycloalkane molecule effectively occupies less volume in the liquid phase than the related alkane. This means cycloalkane molecules are closer on average in the liquid, and as van der Waals forces are attractive (at intermolecular separations) and their strength varies inversely with distance, the intermolecular attractions are stronger in cycloalkanes, and so the boiling point of the cycloalkanes should be higher.
This can be explained by considering that the unbranched linear chains in alkanes have many possible conformations, and thus are in more geometrically irregular contact in the liquid, leaving more space on average between the molecules. Cycloalkanes do not have as many conformations available, and so their molecules will approach each other more orderly and effectively, leaving less intermolecular space. 
Presumably this effect can be extended to all substances (including the ethers mentioned in the question you linked), but it need not always be the dominant factor in determining boiling points.
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PN LAB EXERCISE 9.8
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Data or Various Hydrocarbons
Mumber  Number  Mlting

ofC  ofH Point
)
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THeptene | 7 16 [ mer | we
1Heptyne |7 u | m 597
Octane B 18| ses | 156
Toceme |8 6 | w7 | 12
1oame |8 14 | w3 | 13

4. Based on the information in the table, wht type of
hydrocarbon becomes a gas at the owest emperature?
A. alkane . alkyne
B. alkene D. aromatic
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5. 16mis the number of carbon atoms i the hydrocar-
bon, what i the general formula for an alkyne with,
one triple bond?

A GiHarz
B. CoHzayz
€. CHz,

D. Gz 2

6. It can be predicted from the table that nonane will
have a melting point thatis
A. greater than that of octane.
B. less than that of heptane.
C. greater than that of decane.
D. less than that of hexane.
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Chemistry Stack Exchange is a question
and answer site for scientists, academics,
teachers and students. It's 100% free, no
registration required.
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Table 12-1

Physical Properties of Alkanes and Cycloalkanes

Density,
Compounds Bp.,C _ Mp,°C__ oPgm-
propane —42 —187 0580
cyclopropane  —33 —127 0.689*
butane -05 —135 0579
cyclobutane 13 -90 0689°
pentane 36 ~130 0626
cyclopentane 49 —94 0746
hexane 69 -95 0659
cyclohexane 81 7 0778
heptane %8 -9t 0684
cycloheptane 119 -8 0810
octane 126 -57 0703
cyclooctane 151 15 0830
nonane 151 —s54 0718
cyclononane 178 11 0845

*At —40° PUnder pressure.
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‘Ethane cracking is also called dehydrogenation. The term cracking usually refers to
breaking a large molecule down into a smaller molecule I the case of ethane cracking,
two hydrogen atoms are removed (“cracked") from an ethane molecule to convert it
into an ethene molecule. A catalyst is used to increase the rate of the reaction and the
hydrogen product i used in the plant.

CH(g) +heat > CH(g) + Hy(g)

Youwill find out much more about the reactions of ethane and ethene in Chapter 10.
As with most chemical processe, the processis not a simple a the equation suggests.
Temperature and pressure must be optimized, and a sitable catalyst must be found.
through experimention. The incoming gas must be very pu: impuritessuch as carbon
dioxide must be remored before cracking, During cracking, many side reactions prodiice
hydrocarbons such as methane,ethyne (acetylne), propane, and butane. Fo economic
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