Qualitative Analysis of an Unknown Aldehyde or Ketone

You will be given an unknown organic molecule, and your task is to determine its

identity usng a combinaion of spectroscopy and wet chemistry techniques. No oneéelse in the
lab should have the same unknownsthat you have! 'Y our unknown will be oneof the aldehydes
or ketones listed in the tables from Orhe Systematic |dentification of Organic Compound©by
Shriner, Hermann, Morrill, Curtin, and Fuson. This book s available in the organic chemistry
laboratory for your use.

NOTE: youdo nothave to prepare a Phydscal Properties table for this lab because of the

hugenunmber of reagents tha we will use; al other pre-lab preparationsARE still required. For
your reactions (and mechanisms), you should write them for "generic" aldehydes or ketones,
usng"R" asan akyl groupwhere appropriate.

To deerminethe D of your carbonyl unknown, you mug do all of thefollowing:

¥

¥

¥

Make general observations about the unknown: color, solid or liquid state, odor,
solubility, etc.

Obtain and interpret IR and NMR spectra (both *H and **C). See the separate ingructions
for Mestre-C for information on how to work up your own NMR daa.

Determinethebp (if liquid) OR mp (if solid). To determinea bp, many students prefer to
digtill their material usng a Hickman till head to smultaneoudy get the bp and to purify
some of the material. (See Figure 14.10 on page 215 of Pavia.) For othe optionsfor
determining a bp, see Chagpter 13 (startingon p. 190) of Pavia

Prepare two deivatives (a 24-dinitrophenylhydrazone and a semicarbazone and
determinether melting points.

Runfourtests. Tollens test, Schiff's test, lodoform test, and chromic acid test. For each
of these tests, you should run your unknown, as well as a known positive and a known
negative subdance to be able to clearly see what category your unknown should fit into.

You have two lab peiodsto do ALL of these things You may do them in any order tha

youlike. Asasummary, youwill compile all your daain atable and explain your approach and
rationde for deciding on the structure of your unknown. The lab grade will depend on
performingall of thework above yourrationde, and the correct 1D of this compound.



1. Preparation of 2,4-Dinitrophenylhydrazones
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To2mL of a0.1 M stock solution of 2 4-dinitrophenylhydrazinein phoghotic acid add
about20 mg of the compoundto betested. (Note: two milliliters of the0.1 M solution contains
0.2 mmol (0.0002mol) of thereagent. Y ou obvioudy have noidea wha the molecular mass of
your unknown is, but, if the compoundto betested has a molecular weight of 100,then 20mg is
0.2 mmol.) Warm thereaction mixture for afew minutesin awater bah, and then let
crystallization proceed. Collect the produd by sudion filtration, wash the crystals with alarge
amountof water to removeall phogholic acid, press a piece of moist litmus pgper onto to
crystal, and if they are acidic, wash then with more water. Pressthe produd as dry as possible
between shesets of filter pgoer, and recrystallize from boiling ethanol. Occasiondly, a high
molecular-weight derivative will notdissolve in areasonable quantity (3 mL) of ethanol. Intha
case, cool the hot sugpenson and isolate the crystals by suction filtration. The boiling ethanol
treatment removes impurities so tha an accurate melting point can be obtained ontheisolated
material.

An dternative procedure is applicable when the 2,4-dinitrophenylhydrazoneis known to
be sparingly solublein ethanol. Measure 0.2 mmol (40 mg) of crystalline 2 ,4-
dinitrophenylhydrazineinto a 10-mL Erlenmeyer flask, add 6 mL of 95%ethanol, digest onthe
steam bath until al particles of solid are dissolved, and then add 0.2 mmol of thecompoundto be
tested and continuewarming. If thereis noimmediate change add, from a Pasteur pipette, 1 to 2
dropsof concentrated hydrochloric acid as catalyst, and note theresult. Warm for afew minutes,
and then cool and collect the produd. This procedure would beused for an aldehydelike
Cinnama denyde (C,H.CH=CHCHO).

Theaternaive procedure strikingly demondrates the catalytic effect of hydrochloric
acid, butit is notapplicable to a subgance such as diethyl ketong whos 2,4-
dinitrophenylhydrazoneis much too soluble to crystallize from thelarge volume of ethanol. The
first procedure is obvioudy the oneto use for an unknown.



Cleaning Up
Thefiltrate from the preparation of the 2 4-dinitrophenylhydrazoneshould have very

little 2 4-dinitrophenylhydrazinein it, so after dilution with water and neutralization with sodium
carbonae it can beflushed down thedrain.

2. Preparation of Semicarbazones

Semicarbazide (mp 96°C) is notvery stable in thefree form andis used asthe crystalline
hydrochloride (mp 173C). Sincethis salt isinsoluble in methanol or ethanol and does not react
readily with typical carbonyl compoundsn acohd-water mixtures, abasic reagent, pyridine is
adddl to liberate free semicarbazide

O
HiO"
R,C—0 + HNT"NHCNH; R,C=—NNHC(O)NH,,
semicarbazide a semicarbazone

To 0.25mL of the stock solution of semicarbazide hydrochloride which contains0.5
mmol of thereagent, add ~0.5 mmol of the compoundto betested and enoughmethanol (0.5
mL ) to produe a clear solution; dight warming of this solution might hdp to dissolve the
materials. When the sampleis dissolved, add 5 dropsof pyridine (atwofold excess) and warm
the solution gently in a hotwater bath for afew minutes. Cool thesolution dowly to room
temperature. It may benecessary to scratch theindde of thetest tubein order to indue
crystallization. Cool thetubein ice, collect theprodud by suction filtration, and wash it with
water followed by a small anountof cold methand. Recrystallize the produd from methanol,
ethanol, or ethanol/water.

Cleaning Up
Combinethefiltrate from thereaction and the mother liquorfrom the crystallization,

dilute with water, make very dightly acidic with dilute hydrochloric acid, and flush the mixture
down thedrain.

TollensOT est
RCHO + 2Ag(NH3)," + 2HO —— 2Ag(s) + RCO, NH,* + H,0 + 3NH;

Cleaning thetest tubes. Clean four or five reaction tubes by adding 5-10 mL of 3 M
sodium hydroxide solution to each and heating them in awater bath while preparing the TollensD

reagent.




Preparing the TollensOReagent. To 1.0 mL of 0.03 M aqueoussilver nitrate solutionin a
4-in test tube add 0.5 mL of 3 M sodium hydroxide. To thegray precipitate of silver oxide
(Ag,0) add 0.25 mL of 2.8 % ammonia solution (0.1 mL of concentrated ammonium hydroxide
diluted to 1 mL). Stoppe thetubeand shakeit. Repeat the addition of the 2.8% ammonia until
almog all of the precipitate dissolves (at mog 1.5 mL of the ammonium hydroxide solution);
then dilute thesolutionto 5 mL.

Carrying outthe TollensOTest. Empty the cleaned tubes of sodium hydroxide solution,
ringe them with distilled water and add 0.5 mL of TollensOreagent to each. Add onedrop (no
more) of the subgance to betested by allowingit to run down theinsde of theindined reaction
tube Set thetubes asidefor afew minutes withoutagitating the contents. If no reaction occurs,
warm the mixture briefly onawater bath. Asaknown adehyde try onedrop of a0.1 M
solution of glucose. A more typical aldehydeto test is benzaldenyde

Destroying the TollensCReagent. At the end of the reaction promptly destroy excess
TollensOreagent with afew dropsof nitric acid (wear gloves). The TollensOReagent can form an
explosve fulminae on standing, so do nat dday destroying it once you are donewith thetests!

A drop of nitric acid also can be used to remove silver mirrors from thetest tubes.

Cleaning Up
Since the clean up involves the use of nitric acid, it is advised tha you wear gloves.

Place all solutionsused in this experiment in a besker (induding the unusd ammonium
hydroxide, sodium hydroxide solution used to clean out thetubes, TollensOreagent fromall
tubes). Removeany silver mirrors from reaction tubes with a few dropsof nitric acid, which is
added to the beaker. Make themixture acidic with nitric acid to destroy un-reacted TollensD
reagent, then neutralize the solution with sodium carbonae, and add some sodium chloride
solution to precipitate silver chloride (about40mg). Thewhole mixture can beflushed down the
drain or theslver chloride collected by suction filtration and thefiltrate flushed down thedrain.
Thesilver chloridewould goin the non-hazardoussolid waste container.



Schiff® Test
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Add 1 drop of theunknown to 0.7 ml of Schiff@ reagent. A magenta color will appear
within 20 min with adehydes. Asinall these tests, compare the colors producd by a known
aldehyde a known ketong and theunknown compound. If you are even dightly careless, you
will discover that your skin containsaldehydes. Wear gloves.

Cleaning Up
Neutralize the solution with sodium carbonde and flush it down thedrain. Theamount
of p-rosanilinein this mixture is nggligible (1 mg).



|odoform Test

H—C NaOH, 12 _
| > CHL(s) +RCO, Na*

H iodoform
(bright yellow)
a-methyl aldehyde
or ketone

Thereagent containsiodinein potassum iodide solution at a concentration such that 0.5
mL of solution, on reaction with excess methyl ketoneg will yield 43 mg of ioddorm. If the
subgance to betested is water soluble, dissolve 1 drop of aliquid or an estimated 15 mg of a
solid in 0.5 mL of water in areaction tube add 0.5 mL of 3 M sodium hydroxide and then
dowly add 0.75 mL of theiodinesolution. In a pasitive test, the brown color of the reagent
disappears and yellow iodoform separates. |f the subgance to betested isinsoluble in water,
dissolve it in 0.5 mL of 1,2-dimethoxyehane, proceed as above and at theend dilute with 2.5
mL of water.

Suggested test subgances are hexane-2,5-dione(water soluble), butand (water soluble),
and acetophanone(water insoluble). lodoform can berecognized by its odorand yellow color
and, more securely, fromthemelting point (119-123°C). Althoughthisis NOT required for this
lab, theiodd'orm can beisolated by suction filtration of thetest sugpenson or by adding 0.5 mL
of dichloromethane shaking the stoppeed test tube to extract theiodoform into the small lower
layer, withdrawing the clear part of thislayer with a capillary dropping tube and evaporating it
in asmall tubeonthesteam bah. Thecrudesolid is crystallized from methanol-water

Cleaning Up
Combineall reaction mixturesin abesker, add afew dropsof acetoneto destroy any un-

reacted iodinein potassiumiodidereagent, removetheiodoform by suctionfiltration, and place
it in thehdogenated organic waste container. Thefiltrate can beflushed down thedrain after
neutralization (if necessary).



Chromic Test

H,SO,
CrO5 + H,O » H,CrO, (chromic acid, organge-red)

H,CrO H,CrO
RCH,OH e [ RCHO] 2774 . RCO,H + green solution or precipitate

1° alcohol

H2CI'O4 . o
R,CHOH — > R,CO + green solution or precipitate

2° alcohol

Carboxylic acids, ketones and 3° alchols show no visible reaction.

Wear gloves when usng chromic acid, it can cause bumsand ungghtly stains Wash
with water if skin contact ismade

Thechromic acid reagent should be prepared for you, however if it isnotavailable,
prepareit asfollows. Add 1 g of chromic anhydiide (CrO;) to 1 mL of concentrated sulfuric acid
and stir the mixture until asmooth paste is obtained. Dilute the paste cautioudy with 3 mL of
digtilled water, and stir this mixture until aclear orangesolutionis obtained.

Dissolve 1 drop of aliquid or about 10 mg of a solid alcohol or carbonyl compoundin 1
mL of reagent-gradeacetone(from a glass bottle, not from a plastic squirt bottle!). Add 1 drop
of theacidic chromic anhydiidereagent to the acetonesolution, and shake thetubeto mix the
contents. A postivereactionisindicated by the disappearance of the orangecolor of the reagent
and the formation of a green or blue-green precipitate or emulsion.

Primary and seconday alcohols and aiphaic aldehydes give a postive test within 5 sec.
Aromatic aldehydes require 30-45 sec. Color changes occurring after about1 min should not be
interpreted as postive tests; other fundiond groups such as ethers and esters may slowly
hydrolyze unde the conditionsof thetest, releasing alcohols that in turn provide Gal se-postiveO
tests. Tertiary alcohols and ketones produce no visble changein several minutes. Phenols and
aromatic amines give dark precipitates, as do aromatic aldehydes and benzylic alcohols having
hydroxyl or amino groupson thearomatic ring.

Cleaning Up
Add sodium sulfite to the aqueoussolution of chromium salts in order to destroy excess

Cr®. Make thesolution sightly basic, to form chromium hydroxide and isolate this salt by
vacuumfiltration througha bed of filter-aid. Placethefilter paper and thefilter cake in the
containe for heavy metals; flush thefiltrate down thedrain.



