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Infrared Spectra of Semicarbazones.
By W. H. T. DavisoN and (Miss) P. E. CHRISTIE.
[Reprint Order No. 6352.]

The infrared spectra of twenty-four semicarbazones of common ketones
and aldehydes are reported. The semicarbazones are very suitable for
spectroscopic identification in addition to being easier to isolate than liquid
ketones.

The semicarbazone grouping gives characteristic absorptions at about
3460, 3370—2800, and 767 cm.™ which are assigned to NH stretching and
rocking modes. Strong absorptions at 1695 and 1585 cm.™ are assigned
to the amide I and II bands; a rather variable absorption at 1665 cm.™ is
very tentatively assigned to a C=N stretching mode.

ALTHOUGH the identification of ketones by their direct infrared spectra is usually possible,
they are, when liquids, relatively difficult to isolate and purify on a small scale. Thus
identification is often made by way of a 2 : 4-dinitrophenylhydrazone or a semicarbazone.
Spectra of the former have been reported (Ross, Analyt. Chem., 1953, 25, 1288) but not of
the latter. The semicarbazones however have better crystalline character and more
distinctive melting points, and are more suitable for elemental analysis.

It was to be expected that the spectra of the semicarbazones would be more readily
differentiated than those of the 2: 4-dinitrophenylhydrazones, which are dominated by
the CgHg(NO,),'NH*N:C group (idem, loc. cit.).

Experimental.—The semicarbazones were prepared on a 0-5-g. scale by standard methods
(Hickinbottom, ‘‘ Reactions of Organic Compounds,’ Longmans, Green and Co., London, 1948,
p. 162) and were recrystallised, usually from alcohol, until they gave satisfactory m. p.s.

Samples were originally examined as perfluorocarbon mulls in the 3500—2500 cm.™ region,
by use of a lithium fluoride prism, and as paraffin mulls in the sodium chloride region. Thick-
nesses are not therefore comparable for the two regions. Later measurements were made with
pressed potassium chloride discs (Schiedt, Naturforsch., 1952, 76, 270; Stimson, j. Amer.
Chem. Soc., 1952, T4, 1805). Spectra of paraffin mulls have a break in the region of strong
paraffin absorptions at 1450 and 1375 cm.™.

The Table lists m. p.s and the frequencies and intensities of the main characteristic absorption.

Results and Discussion.—The spectra show clear sharp bands (see Figure) and are
eminently suitable for the identification of ketones or aldehydes. It is not possible to
differentiate ketones from aldehydes as a class; this was also observed for the 2 : 4-dinitro-
phenylhydrazones (Ross, loc. ¢it.). The semicarbazones appear to be more readily differ-
entiated from one another than are the 2 :4-dinitrophenylhydrazones, as had been
expected.

In some cases attempts were made to form polymorphs by crystallisation from different
solvents and from melts; no evidence of polymorphism was observed. However, both
geometrical isomerism and polymorphism may occur in these derivatives (Kon and Nutland,
J., 1926, 3101.). If, however, the semicarbazones are recrystallised under the same
conditions, the spectra should be satisfactory for identification, even where polymorphic
modifications can occur and give rise to different spectra (Kendall, Analyt. Chem., 1953,
25, 382.).

From the structure of the semicarbazones, RR'*C:N*NH-CO-NH,, a number of charac-
teristic vibrational modes would be expected, e.g., v(NH), v(C.0), 8(NH), and v(C:N). Of
these, all but the v(C:N) are common to amides, which are known (Bellamy, ‘‘ Infrared
Spectra of Complex Molecules,” Methuen, London, 1954, p. 175) to give rise to v(NH), an
‘“amide I band [v(C:O)] at about 1650 and “‘ amide II ” band at about 1600 cm."l. There
has been much controversy (Bellamy, op. cit., p. 185) as to whether the * amide II ”” band
is mainly 8(NH) or v(C-N).
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The aliphatic ketone semicarbazones show the following characteristic bands (cm.-?),
which are tentatively assigned as follows :

3460 4- 16 (sharp) Unbonded v,(NH,) or vw(NH)

3370 — 2800 Bonded v(NH) and/or unbonded v(NH,)
1695 4 5 “ Amide I " — v(C:0)
ca. 1665 v(C:N)
1585 + 10 “ Amide IT ”
767 4 4 3(NH) rocking (unbonded)

It is notable that, except for the 1665-cm.™! band, all the characteristic absorptions of
semicarbazones are also shown by semicarbazide hydrochloride.

The 1665-cm.! band is extremely variable, ranging from the strongest in this region
(acetaldehyde, ¢sophorone, dizsopropylsemicarbazones) to very weak bands or shoulders
in some cases; it is entirely absent in semicarbazide hydrochloride. v(C:N) occurs at
1640—1690 cm.”! (Bellamy, op. cit., p. 226) and its intensity varies widely; we therefore
tentatively assign the 16685-cm.™! absorptions to this mode.

Infrared spectrum of tert.-butyl meihyl ketone semicarbazone (crystalline in a potassium chloride
pressed disc).
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Most of the semicarbazones have absorptions in the 1100-cm.-! region which are probably
due to v(CN).

In addition to a sharp band at about 3460 cm.”! [unbonded v(NH)] there is a complex
series of bands between 3370 and 3000 cm.~! which is similar to the broad v(OH) absorption
of carboxylic acids and is assigned to bonded v(NH) modes. In most cases (e.g., ferf.-butyl
methyl ketone semicarbazone, see Figure) a broad band extends over about 300 cm.?!
with only slight evidence of complexity; in other cases (e.g., difsopropyl ketone semi-
carbazone) a number of well-resolved absorptions are observed.

The complexity of the spectra in this region and that of the CH stretching modes is
sufficient to permit the identification of semicarbazones in the 3500—2500 cm.-! region
by using a relatively inexpensive near-infrared spectrometer.

Acetone semicarbazone (C.S. No. 252) is anomalous in showing no unbonded v(NH)
and no 767-cm.”! band. We therefore tentatively assign the 767-cm.! band to a rocking
mode of an unbonded NH. Its diagnostic value is somewhat reduced by other absorptions
in this region in aromatic derivatives.

The marked shifts of v(C:O) in the aromatic derivatives merit further study, by means of
a series of substituted benzaldehydes and acetophenone derivatives; the shifts should be
related to Hammett’s ¢ function.

We thank Dr. G. B. Barlow for preparing some of the semicarbazones and Mr. G. R. Bates
for measuring some of the spectra. We are grateful to the Dunlop Rubber Company for per-
mission to publish this work which was carried out while one of us (P. E. C.) was employed as
a vacation student.
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