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Objective:
To identify an unknown carbonyl compound by determining the melting point of it ’s derivative formed
from the reaction with 2,4-dinitrophenylhydrazine solution.

Introduction:

In the experiment, carbonyl compound underwent condensation reaction with 2,4-dinitrophenylhydrazine
solution to form 2,4-dinitrophenylhydrazone. The solid formed was then purified by recrystallization in
order to give an accurate, distinct melting point. As the 2,4-dinitrophenylhydrazone formed from different
carbonyl compound would have different boiling points, by matching the measured boiling point with
that stated officially, the type of carbonyl compound could be identified.

Carbonyl compound contained a C=0O functional group which was polar. The electron cloud was
displaced to the more electronegative oxygen atom and made the carbonyl carbon partial positive. The
carbonyl carbon was hence electron deficient and susceptible to attack by electron rich nucleophile.
Carbonyl compound could undergo condensation with derivative of ammonia. In this case, carbonyl
compound could serve as electrophiles and nucleophile at the same time. Water was eliminated as a
by-product and 2,4-dinitrophenylhydrazone was produced.

Equation of reaction:
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Results:

Melting point of crystal = 156°C
Melting point of propanal = 156°C
Melting point of pentan-3-one= 156°C

As the melting point of the crystal matched the 2,4-dinitrophenylhydrazone formed from propanal and
pentan-3-one, thus the carbonyl compound was a propanal or pentan-3-one.

To determine whether the carbonyl compound was a propanal or pentan-3-one, the carbonyl
compound

should be tested before the addition of 2,4 -dinitrophenylhydrazine.

It could be tested by Fehling’s solution and red precipitate would be formed for propanal (an aldehyde)

but no precipitate would be formed for pentan-3-one (ketone).

CH;CH,COH + Cu*" + OH = CH;CH,COO" + Cu,0 +3H,0

It could also be tested by Tollen’s reagent. Silver mirror would be formed for propanal but

not for pentan-3-one.

CH;CH,COH + Ag(NH;) ,0H—* CH;CH,COO NH;" + Ag + NH; + H,0

Testing with acidified potassium dichromate solution was also possible. Propanal would reduced the

solution to change from orange to green but pentan-3-one would not.

Although, the above test was not carried out in this experiment, the type of carbonyl compound could also
be guessed from the amount of 2,4-dinitrophenylhydrazine. Groups using carbonyl compound A obtained
similar melting point with that of this carbonyl compound. However, this carbonyl compound required
much more 2,4-dinitrophenylhydrazine to react and give crystal than carbonyl compound A. Aldehyde
was more reactive than ketone. Because of positive inductive effect, the alkyl groups in pentan3-one
donate electrons to carbonyl carbon and made it less positive. Hence, it was less susceptible to
nucleophilic attack. Besides, as the alkyl groups were more bulky than hydrogen atom. The higher steric
effect hindered the close approach of nucleophile to the carbonyl compound. As pentan-3-one was less
reactive, more 2,4-dinitrophenylhydrazine would be needed to react with it in order to give similar
amount of crystal. Therefore, it was believed that there was a larger chance of the carbonyl compound to
be pentan-3-one.

It should also be noted that the carbonyl compound could not be identified by matching with the melting
point of different carbonyl compound. It was because the melting point of carbonyl compounds usually
close to each other. The identification would be inaccurate as error may presented to change the melting
point slightly and this slight difference may showed another compounds. As the melting point of
2,4-dinitrophenylhydrazone of carbonyl compounds were larger, it could be easier to identify particular
compound.

By reacting carbonyl compound with hydroxylamine, oxime could be produced. The melting point of
oxime could also be matched with melting point of oxime of different carbonyl compound. However, as
oxime usually had lower melting and more soluble in the solvents. Reaction with



2,4-dinitrophenylhydrazone to form 2,4-dinitrophenylhydrazine was preferred.
Discussion:

Removal of impurities

The solid formed after reaction of carbonyl compound with 2,4 -dinitrophenylhydrazine was not pure.

The impurities presented in the rough product would be mainly 2,4 -dinitrophenylhydrazine. Excess
2,4-dinitrophenylhydrazine was added in order to consume all the carbonyl compound present for a larger
yield. The remaining 2,4-dinitrophenylhydrazine would also be precipitated out after warming and
cooling in hot and cold water bath respectively. This solid appeared to be the same as
2,4-dinitrophenylhydrazone. Some of the carbonyl compound or other impurities that originally present
in the solution would also precipitate out. These precipitates mixed with the 2,4-dinitrophenylhydrazone
and needed further process to remove them.

Then, the solid was dissolved in ethanol. If any insoluble impurities like pieces of filter paper were
presented, they could be filtered out by funnel. Recrystallization then took place to purify the product.
Only the compound which was soluble in hot ethanol and less soluble in cold ethanol
(mainly2,4-dinitrophenylhydrazone) would be precipitated out as crystal. The compounds that were
soluble in cold ethanol remained dissolved in it. Then, the solution was filtered to obtain the crystal. The
crystal was washed by cold ethanol to remove the soluble compound in recrystallization that stick on the
surface of the crystal. Finally, pure 2,4-dinitrophenylhydrazone was obtained and it’s melting point was
determined. If the determination of melting point was carried out immediately without purification, an
indistinct and inaccurate melting point would be obtained by this mixture of product.

Solvent used in recrystallization

The solvent used in recrystallization must not react with the 2,4-dinitrophenylhydrazone. Moreover, the
solubility of 2,4-dinitrophenylhydrazone in this solvent must be high at high temperature and low at
room temperature. Therefore, an appropriate choice would be ethanol. However, only small
amount of ethanol should be used to dissolve and washed the solid. If too much ethanol was
added to dissolve the solid, the time for recrystallization would be very long. It was because
the solubility of a larger volume of solution would be larger than that of a smaller volume. If
too much ethanol was added, longer time was needed for enough solvent to evaporate in
order to give a concentrated solution. Only for a concentrated solution with saturated
amount of solute could the solute start to precipitate. Added to the above, if too much
ethanol was added, the solubility of the solution increased and very fine crystal would be
formed.

On the other hand, if too much ethanol was used to washed the crystal, the
2,4-dinitrophenylhydrazone may be dissolved back in ethanol again and less 2,4-dinitrophenylhydrazone
could be obtained.

Errors and improvements

As errors occurred in this experiment, leading to a very small yield of 2,4-dinitrophenylhydrazone.
Firstly, excess 2,4-dinitrophenylhydrazine should be added to the carbonyl compound to ensure all of the
carbonyl compound was reacted. Otherwise, only a small amount of 2,4-dinitrophenylhydrazone would



be produced. Secondly, the 2,4-dinitrophenylhydrazine should be mixed thoroughly with the carbonyl
compound to increase contact between these two molecules and to allow reaction between them to take
place. Thus, shaking was required until the solutions completely mixed together without seeing a clear
boundary between two layers. Otherwise, the yield of 2,4-dinitrophenylhydrazone produced would be

small again.

Errors also incurred in the recrystallization. If the solution was not warmed long enough, it may be too
dilute for precipitation. Also, if the solution was not cooled enough, it was difficult to be saturated. The
2,4-dinitrophenylhydrazone still had a high solubility in this dilute, warm solution and little of them
would precipitate out as crystal. To speed up the reaction and speed up the formation of precipitate in the
condensation reaction, dilute sulphuric acid could be added as a catalyst.

Last but not least, as the yield of 2,4-dinitrophenylhydrazone was very small, the percentage loss of
crystal during transfer was large. With this small amount of 2,4 -dinitrophenylhydrazone, there was a
higher possibility that this crystal would be impure or contaminated. Thus, the determination of melting
point of 2,4-dinitrophenylhydrazone maybe less accurate.

Conclusion

As the melting point of the 24-dinitrophenylhydrazone matched with the melting point of
2,4-dinitrophenylhydrazones of pentan-3-one and propanal, the carbonyl compound may be a
pentan-3-one or propanal. However, the possibility of being a propanal may be higher.



Frocedure

AL

Identification of the carbonyl compound as an aldehyde or kelone,

Carry odt Tollens' and Mshlingfs tests on samples of the unkhnown compodnd.
Try o romsmbsr bhe proccdurss bSolers cheshing (Expeprdiment 800,
Claazify £he eompaund as ar aldehwydEe ey & ketane,

Preparation of & crystalline derivative.

s

Into 2 100 em® heaker (or boiling=tubgl put 0.5 cm? (10 draps] nf the
unknown compound. [If the substance is salid dissnive N.5 2 in A

minimum amounit of methanal,]  Add 5 cm

L)

? nf the Z.4-dinitraphsnyl-

hydrazine snlntinn and stir.

[+ precipitation does naft occur, carefully add 1 cm® of dilute
sulphuric acid.

Blchner funneal

o
it T et L==j4 Hirseh tunnel
apparatus in Fig. 48, filt=r = ey et

the precipitate. 2

- clamp

Dkop suekisn, elither by liTting =

the funnel or by disconnecting Kﬁu—qﬁkh

the tubing, and soak Lhe preci- f 1y "“‘*tzgf’
pitate in about 1 cm® of methanol. ! \ PHME
[If you turn off the tap, you may f E
g2t a 'suck-back' of water.] / L
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Rrsumm surctinn and dry the nrystals k*————————)

hy rrawing airt throngh them for oA

Flg. 4%, Suciion filiraiion

Ry minutes.

Recrystalliizs the esolid using the followlng procedursa.
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Transfer the crystals to & 150 cm® beaker standing on a steam
bath {or in & 250 em® beaker of hot water).

Dissolve the crystasls im the mimimom smount of Rof =2fharsl.

When the crystals have dissolved, cool the solution in an ice-
water mixture until crystals reappear.

Eiltor the crystsle as befora. IFf necessary, rinss the beaker
with tha filtrata {(noi exira solwent) to complete the transfar.
Finally, waeh the cryetals with & frw drops of cold ethanol.

Fress the crystals thoroughly between Ttwao wads of filter paper to
remove excess solvent. Then put The crystals on anoblher dry
pigce ot filter paper placed alongslde a Hunsen oUurner and Eauze,
turning the crystals over coccasicnally until they appear dry.






DPLBrmlnatlun Df thP mel‘lng point of the derivative.

1« Take a meliing- nnwnf tuhr and piish the open end through a pile of ths
derivative on a watch-glass, until a few nrystals have entered the
Lube,

2. Tap Lhe closed end of Lhe tube verticaliy 8galnst a hard sur¥ace, or
vulbr willh Lhe milled edge of a coin, to make ihe solid fall to the
|JI_IL LIJIII -

3. Repeat the +illing and tapping procedure until a total length of
batween 0.5 - 1 cm is compacted at the bottom of the tubes. Prepare
another tube in this way,

1. Attach onc of tho propoarcd melting-point tubss to the thermometer, as
ehown in Fig. 50.
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Fig. 50. Melting-point determination

3. Half-fill the boiling-tubs with dibutyl phthalate and position the
Lhermometer with atizached tube and the stirrer through the bung, as
shown in Fig. 50.

B. Pasition Lhe2 spparatus nver & micrro-burner {or low Bunsen flame) and
gadze and gently heat the apparatus, stirring the dibutyl phthalatae
all the time by moving fhe stirrer up and down

7+ Keep an oeye un Llie crystals and note the temperature as soon as signs
ut melllng giw seen [usually seen as a contraction of the solid
followed by a damp appearance). This Tirst reading gives only a

rough melting-point but is a guide For Lhe second determination.

8. Remove the burner ard the old tube containing derivative. Allow the
Lemperature to drop absut 10 °C before positioning a Fresh melting-
point tube containing another pertisen of the derivative.

2. Repeat the above procedure in order to cbtain a more acocurate walus
of the melting-point. Raise the Lemperature very slowly [about
2 ®*U rise per minutel until the crystals melt (LahulthE.FDFmatiDn of
a wlBible meniscus as a sign of melting).

: the melting-pnint nf yroir rrystals with the walues given in the
cowhich follows and fdrRntify The nnknmen compound .
11,  Chieehkh willy your Leacher or the technician whethar you have identified
¥ ocurreelly,



(A)Prepare 2,4-dinitrophenylhydrazone
1. pour2 cm’ carbonyl compound
+5 cm’ 2,4-dinitrophenylhydrazone, shake test tube
place in hot water bath for 3 min
cool in water bath for 3 min

suction filtration to obtain crystal

A

Rinse with cold water

(B) Recrystallization
1. Transfer crystal to beaker

2. in hot water bath, dissolve with < 4 cm’ hot ethanol, add drop by drop
3. filter with short steam funnel, connect by boiling tube

4. place in hot water bath

5. cool in ice-water bath

6. suction filtration

7. wash with ethanol

8. transfer to water glass

9. dryinoven

10. determine mp



