EXPERIMENT 2

Properties of Alkanes, Alkenes, and Alcohds- Melting Pont, Boiling Pont,
Sdubhility, and Readions

M aterials Needed

Compoundsto be tested: cyclohexane, cyclohexene, octadecane, tert-butyl alcohol, ethanol, glycerol

Glassvare: at least 6 small test tubes, Pasteur pipets and bulb, mp capill ary tube

Reaents: distill ed water, hexane, 3 M HCl(ag), 3 M NaOH(ag), conc. H,SO4(aq), Br,/CCl,, CrOs/H,S0O,, acdone
Apparatus: MelTemp melting point apparatus

Additional Reading Assignment

Denniston, Chapters 11.2, 11.5,12.1, 125, 13.1, 134, 135.
I ntroduction

A main focus of much of this course is on how the structure of organic moleaules determines their
properties, both physicd and chemica. Physicd properties include such things as melting point (mp), baili ng point
(bp), refradive index (np), density (d), and ogticd rotation (ap). Solubiliti esin various lvents and the types of
readions a ammpound undergoes are ansidered chemicd properties. In thislab you will determine some of the
properties of asmall group of alkanes, alkenes, and alcohols. Y ou will test the water solubility and hexane solubility
of ead compound. The readivity of the cmpounds with certain rea¢ants (3 M HCl(ag), 3 M NaOH(ag), conc.
H,S04(aq), Br,/CCl, solution, CrO4/H,SO, solution) will be examined. Y ou will also observe the mp of asolid
alkane and the bp o aliquid alkane and look up literature values for the mps and bps of the other compounds being
tested.

A hallmark of scientific experimentation is careful observation and noting of all experimental details. To
cultivate the habit of close observation, you should make anote of as many charaderistics of the substancesto be
tested as posshble. Always note the alor and physica form of ead compound you work with in the lab. Asyou
perform the diff erent tests, try to observe and note any subtle diff erences between the behaviors of diff erent
compounds. Such things as color changes, cloudiness warming of the solution ("hea evolution™), fizzing ("gas
evolution"), should al be caefully noted.

Background

Water Solubility Test. The general rule for solubility is"like dislves like". Hence water, avery polar
solvent, dislves only the most polar organic compounds gich as mple dcohols and amines. Non-polar
compounds do not disolve in water.

Hexane Solubility Test. Only non-poar compounds will dissolvein thisvery non-polar alkane solvent.

Reactivity with 3 M HClI(aq). This dilute form of hydrochloric add only reads with organic bases guch as
amines. Signs of readion include hea evolution and dislution. (If a ompound dces not disolve in water but does
disolvein HCI(aqg) then it must be reading with the HCI.)

Reactivity with 3M NaOH (aq). This base reads with addic organic compounds guch as carboxylic adds
and phenols. Signs of readion include hea evolution and dissolution. (If a cmmpound dces not dislve in water but
does dislve in NaOH(aqg) then it must be reading with the NaOH.)



Reactivity with Concentrated Sulfuric Acid. Concentrated sulfuric add isavery strongadd that is
cgpable of protonating compounds that have avail able dedron pairs. The unshared pairs of eledronsin oxygen and
nitrogen containing compounds are realily protonated as are the extra dedronsin adouble or triple bond. Signs of
readion include strong evolution of hea or gas fumes and a marked color change.

Reactivity with Bromine. (Seepp 348342in Denniston). Br, reaily adds to the double bond of an
alkene to form a dibromoalkane. (Seep 429. A readionisindicated by the disappeaance of the red color of the
bromine.

Reactivity with CrOs. (Seepp 37#379in Denniston). The diromium(V1) is an oxidizing agent that can
oxidize dcohols. A readion isindicaed by a change in color from orange to green:

c®* + 3¢ —
orange green

Boiling Point. The bp d a compound depends on the strength of the intermoleaular forces between
individual moleaules of the mompound. Compounds that can form hydrogen bonds between their moleaules have
higher bps than those that cannot. Non-palar compounds, such as alkanes and alkenes, have relatively low bps
becaise the only intermoleaular forces are week London dispersion forces. Also, baili ng points generally increesse
with increasing moleaular weight becaise the overall strength of the London dispersion forces increases with
incressing moleaular size The best way to measure the bp d a compound isto ditill it.

M elting Point. Like the baili ng paint, the mp of a @mpound depends on the strength of the intermoleaular
forces between individual moleaules of the compound. However, mp is more mmplex because it also depends on the
ability of the moleaulesto padk tightly in a aystal lattice. All other things being equal, more symmetricd moleaules
pad better and, thus, have higher mps. Melting points are usually measured using a small sample & the bottom of a
caoill ary tube. Thetubeis placel in a heaing medium and the temperature is then slowly increased. The sampleis
observed and the temperatures at which melting starts and is finished are noted. Always report both the start and end
temperature of the melting point range.

LABORATORY PROCEDURE

SAFETY PRECAUTIONS

- WEAR YOUR SAFETY GOGGLESAT ALL TIMES.

- 1T ISRECOMMENDED THAT YOU WEAR DISPOSABLE GLOVES WHEN CARRYING OUT THE
SOLUBILITY AND REACTIVITY TESTS.

-IFYOU GET A SOLUTION ON YOUR SKIN, BE SURE TO FLUSH THE AREA PROMPTLY WITH LOTS
OF WATER.

- TAKE SPECIAL CARE WITH CONC. H,SO.. IF YOU GET CONCENTRATED H,SO, ON YOUR SKIN
OR CLOTHING, RINSE IT WITH WATER IMMEDIATELY. DOING SO WILL AVOID SERIOUS
INJURY.

-IF YOU ACCIDENTALLY SPILL CONC. H,SO,, Br,, or CrO; SOLUTI ONS ANYWHERE IN THE LAB
NOTIFY THE INSTRUCTOR OR T.A. IMMEDIATELY .

- CARRY OUT ALL TESTSWHILE WORKING IN A FUME HOOD.

- DO NOT DUMP THE HEXANE, BROMINE, or CrO;TEST SOLUTIONS DOWN THE DRAIN; USE THE
WASTE CONTAINERS LOCATED IN THE FRONT FUME HOOD.

Proper lab procedures: note taking and sample labeling

Make sureto promptly and nedly record all observations diredly on the provided data shed. Label al test
tubes! It isvery easy to get them mixed up if you don't.



General procedurefor solubility tests

Place pprox. 0.5 mL (10 dops) of theliquid or 0.1 —0.2 g (1 small spatulatip) of the solid to be tested, in
atest tube and add atotal of approx. 3-4 mL of the solvent (either distill ed water or hexane) in severa portions.
Cover the tube with a cork or rubber dleeve stopper and shake it vigorously so as to mix the antents thoroughy after
ead addition of solvent. If the substance dislves completely, record it as luble. Continue shaking for at least
five minutes if the substance does not disolve & first in order to make sure you have dl owed adequate time for
disolution to take place

Sometimes, espedally for liquids, it isdifficult to dedde whether or not a substance has disolved. After
thoroughmixing, all ow the sample to stand motionlessfor 2 minutes. 1If the original two liquid layers regpea, you
should record the substance ainsoluble. Likewise, if the solution becomes cloudy and dces not clear upon standing,
you can consider the substanceinsoluble. When testing liquid samples, be sure to look carefully for alayer of
undisslved liquid, which may be éther lyingon top a at the very bottom of the test tube.

Solubility in H,O. Test al six samples using water as the solvent. (Use the general procedure given above.)
For insoluble liquids make sure to observe whether the substancefloats ontop o lies at the bottom of the
tube.

Solubility in hexane. Test the solubility of all six samples using hexane & the solvent. Again use the
general procedure given above. Save the resulting cyclohexane, cyclohexene, octadecaie solutions for use
in the bromine test. (Make sure the test tubes are labeled so that you remember what eat one @ntains.)
Discard the other test solutions in the hexane waste @ntainer in the hood

Reactivity with 3 M NaOH(aq). Use the general procedure for solubility teststo test only those
compounds that did not dissolve in water. Use 3 M NaOH(aq) as the solvent. Watch carefully for any sign
of readion as discus=d in the badkground.

Reactivity with 3M HCl(aqg). Usethe genera procedure for solubility tests to test only those compounds
that did not dissolve in water. Use 3 M HCl(aqg) as the solvent. Watch carefully for any sign of readion as
discussed in the badkground.

Reactivity with Concentrated H,SO,. Make sure to use adry test tube and carefully add only 5-6 drops
(not 3 mL asin the other tests) of concentrated H,SO,. Observe the results carefully and note exadly what
happens on the data table. If the substancereads, hea will be evolved, and adark color will appea.

Reactivity with Bromine. To the solutions left over from the hexane solubility tests add the Br,/CCl,
solution dropwise observing the solution after ead drop. Add at least ten dropsto ead solution and note
the results carefully on your observationstable.

Reactivity with CrOs. Test thethree alcoholsonly. Placel-2 drops of the dcohol in atest tube and add a
total of approx. 3 mL of aceone. The dcohol should easily dislve. Now add 5-6 drops of the CrO4/H,SO,
solution. Make sure to observe caefully the mlor of the CrO5/H,SO, solution before adding it and the alor
of the test solution after adding the CrO4/H,SO,.

Boiling Point. Observe the baili ng paint of cyclohexane by reading the thermometer of the ongoing
digtill ation set up by the instructor in the hood

M elting Point. Use one of the Meltemp apparatuses avail able in the lab to measure the mp range of
octadecane. The instructor will demonstrate the procedure.



PRE-LABORATORY QUESTIONS
EXPERIMENT 2

Properties of Alkanes, Alkenes, and Alcohds - Melting Pont, Boiling Pant,
Sduhility, and Readions

Name Date

1. Givethe structures of all six compounds being tested in thislab.

2. Which compound would be expeded to have the highest baili ng point, cyclohexene, tert-butyl alcohol, or
glycerol? Explain your answer completely by identifying the types of intermolecular forcesinvolved.

3.Use a hemistry textbodk, the Internet, or other referenceto find a description of what a digtill ation is. Below,
either use alabeled sketch or describe in words how a ditill ation apparatus works.



IN-LAB OBSERVATIONS/DATA

EXPERIMENT 2: Properties of Alkanes, Alkenes, and Alcohds - Médlting
Pant, Boiling Pont, Sdubility, and Readions

Names Date

Cyclohexane:

genera observations

solubility in water

solubility in hexane

readivity with 3 M NaOH

readivity with 3M HCI

readivity with conc H,SO,4

readivity with Br,

bailing point arometric presaire

Cyclohexene:

general observations

solubility in water

solubility in hexane

readivity with 3 M NaOH

readivity with 3M HCI

readivity with conc H,SO,4

readivity with Br,




EXPT #2- IN-LAB OBSERVATIONS/DATA (continued)

Names

Date

Octadecane:

general observations

solubility in water

solubility in hexane

readivity with 3 M NaOH

readivity with 3M HCI

readivity with conc H,SO,4

readivity with Br, _

melting point range found

literature mp and ref

tert-Butyl alcohol:

general observations

solubility in water

solubility in hexane

readivity with 3 M NaOH

readivity with 3M HCI

readivity with conc H,SO,4

readivity with CrOg/H,SO, _




EXPT #2- IN-LAB OBSERVATIONS/DATA (continued)

Names

Date

Ethanol:

genera observations

solubility in water

solubility in hexane

readivity with 3 M NaOH

readivity with 3M HCI

readivity with conc H,SO,4

readivity with CrOg/H,SO, _

Glycerol:

genera observations

solubility in water

solubility in hexane

readivity with 3 M NaOH

readivity with 3M HCI

readivity with conc H,SO,4

readivity with CrOg/H,SO, _




REPORT - EXPERIMENT 2

Results Summary Table EXPT. 2 Properties of Alkanes, Alkenes, and Alcohols
Name Date
Compound Name and | Appeaance ad Solubility Tests Readivity Tests bp (°C) mp (°C)
Structure Physicd State

H,O density hexane | NaOH HCI H,SO, Br, CrO; expt'l | lit expt lit
cyclohexane na na
cyclohexene na na na
octadecale na na
tert-butyl alcohol na na na
ethanol na na na
glycerol na na na

“na“ = not applicable




QUESTIONS (If you find it difficult to fit your answer nealy in the spaces provided then fed freeto attach a
separate typewritten shed).

1 Only one of the three ®mpounds tested should have shown any readion in the bromine test. Which oneis
it? Explain. Write an equation for the readion it underwent.

2. Were the water insoluble liquids more or lessdense than water? Suggest areason for this (hint: think in
terms of intermoleaular forces.).

3. Use reasoning based on intermoleaular forces to explain full y the reason why octadecane is a solid while
hexaneisaliquid.

4. Are dkanes considered to be adds or bases, both, or neither? Look at the results of your NaOH and HCI
teststo dedde. Explain.

5. Which of the dcohols tested read with oxidizing agents sich as CrOs? One of the tested alcohols does not
read. Which oneisit and why doesn't it? Refer to chapter 13.5 in Denniston if necessary.



