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Abstract-The spectra of 2,44nitrophenylhydrazones in strong alkali have been examined in the 
visible region, and the effect of structural variations in the ketone investigated. It is suggested that 
these are charge-transfer spectra, and the spectra of o- and pnitrophenylhydrazone anions are also 
discussed. Standard conditions are stated so that these spectra can be used for the quantitative esti- 
mation of ketones in dilute aqueous solutions; possibilities exist for the diagnosis of the structure 
of such ketones. 

THE presence of nitro groups in phenylhydrazones can produce colours in the visible 
region in alkaline conditions. Chattaway et al.’ found that phenylhydrazones of nitro- 
benzaldehydes give colours in the visible region in alkali, and Lappin and Clarke 
found that aliphatic ketones and aldehydes give red colours with 2,4_dinitrophenyl- 
hydrazone in alkaline solution. The latter authors used this property as a basis for a 
method of determination of carbonyl compounds,2 and they stated that the spectra 
of 2,4_dinitrophenylhydrazones in alkaline solution all had their main maximum at 
480 rnp regardless of the position and number of carbonyl groups in the molecule, 
and that E- = 2.72 x 104 n, where n is the number of carbonyl groups present in the 
compound. During an investigation of the oxidation of alcohols and ethers,gd this 
method was applied to the determination of small concentrations of acetone, and it 
was found that the main maximum of acetone 2,4_dinitrophenylhydrazone in alkaline 
solution is at 428 rnp, with cm= = l-71 x l(r. When the method was applied to a 
few simple ketones and diketones it was found that Am,, and Emax varied with the 
position and number of the carbonyl groups. The author has now applied the method 
to other ketones and diketones, and the results confirm the variability. After the 
earlier oxidation work had been in progress for some time, it was discovered that 
Biihme and Winkle+’ had also found Amax for the 2&dinitrophenylhydrazones of 
acetone and acetaldehyde at 428 m,u, and that Jones, et aLe had found that the main 
maxima for mono-carbonyl compounds in non-aqueous solvents were not at 480 m,u. 
The experimental work reported in this paper constitutes a complete re-investigation 
of the spectra of the 2+dinitrophenylhydrazone anions in the visible region and their 
use for the determination of carbonyl compounds. The spectra of similar anions 
from other acetone phenylhydrazones have been measured. 

1 F. D. Chattaway, S. J. Ireland and A. J. Walker, J. Chem. Sot. 27, 1851 (1925). 
* G. R. Lappiu and L. C. Clark ,AMlyr. Chem. 23,541 (1951). 
a C. F. Wells, Nature, Lo& 177,483 (1956). 
’ C. F. Wells, Trans. Faraday Sot. 57, 1703. 1719 (1961). 
6 C. F. Wells, Disc. Farauky Sot. 29,219 (1960). 
e H. Bdhme and 0. Winkler, Hoppe Seyler’s Zeit. Physiol. Chem. 296,274 (1954). 
’ H. Mhme and 0. Winkler, Z. Anal. Chem. 142,l (1954). 
B L. A. Jones, J. C. Holmes and R. B. Seligman, Anufyt. Ckem. 28, 191 (1956). 

2685 



2686 C. F. WELLS 

EXPERIMENTAL 

Curbonyl-ftee methmol. MeQH was refluxed for 16 hr with 10 g of Analar 2,4dinitrophenyl- 
hydrazine and 5 ml of Analar HCl added per 1. of MeQH: 16 hr was found nw to remove all 
excess HCl, which otherwise ultimately contaminated the MeQH. It was then fractionally distilled 
and the fraction b.p. 65” collected: the first, colourless part of the fraction could be used direct, but 
the rest had to be m-fractionated before use due to contamination with 2&dinitrophenylhydrazine. 

2&Dinitrophenyihydrazine reogent. Analar 2.4-dinitrophenylhydraz.ine (hereafter referred to as 
DNP) was twice recrystallized from carbonyl-free MeQH. This puritied DNP (0.100 g) were dissolved 
in carbonyl-free MeQH (100 ml) containing Analar HCl(O40 ml). This can be stored for a long period 
in the dark: DNP] = 5.05 x 10-’ M. 

10% MethaMfic caustic potush. Analar KOH pellets (40 g) were dissolved in distilled water 
(80 ml) in a measuring cylinder (500 ml). After cooling, this was diluted to 400 ml with carbonyl-free 
MeOH, and after mixing and cooling, m-adjusted to 400 ml with carbonyl-free MeOH. This was 
allowed to stand overnight in a closed flask and then centrifuged to remove any fine suspension of 
K&Q, if present. The solution was stored in the dark in a stoppered bottle. 

40 % Methanolic caustic potash. This was prepared in a manner similar to that used for the 10 % 
solution except that Analar KOH pellets (160 g) were added to the distilled water (80 ml) before 
diluting to 4OOml with carbonyl-free MeOH. Again, after standing overnight. the solution was 
centrifuged if K&O, was present, and then stored in a stoppered bottle in the dark. 

Ketones undafdehydes. Pure samples of these were prepared by fractionally distilling commercially 
available samples (Analar where possible), except for pyruvaldehyde which was prepared by the 
oxidation of acetone with SeQ,,’ and for glyoxal which was provided by Dr. D. O’Meara as a 1: 1 
complex with ethylene glycol. Solutions of pyruvaldehyde were standardized by treatment with 
HIO,,lo followed by potentiometric titration of the acid produced. 

Temperature control. Two temps are used for the standard conditions. For all carbonyl com- 
pounds except glycolaldehyde, 20” f 2” is used for the formation of the hydrazones: 20” f 2” can 
easily be maintained for 4 hr by placing the reaction tubes in a beaker of water. For glycolaidehyde, 
75” is required to form the osazone: reaction tubes are fitted with reflux condensers and the lower 
portion of the tubes immersed in water in a 2 1. beaker heated by a 250 watt heater and controlled by 
a simmerstat unit-75’ f 1” is easily maintained in this way. 

Optical density measurements. These were all done on a Unicam SP 500 spectrophotometer. 

RESULTS 

Spectra of 2&dinitrophenylhydrnzine. The spectrum of the stock DNP solution measured against 
MeQH had maxima at 215, 259 and 35Omp with extinction coefficients of l-25 x l(r, 940 X l(r 
and 1.39 x l(r respectively, with a shoulder at 425 m,u where E = 4.35 x 10s. These can be compared 
with the maxima found in EtOH by Braude and Jones il: 219,258,350 and 415 rnp with E = 1.20 x 

IW, 9.5 x 10s, 1.45 x 10’ and 6.0 x l(r respectively. Differences in the region 415-425 rnp might 
be due to differences in minute amounts of carbonyl impurity in the solvent. 

In 5 % KOH in 75 % v/v MeQH 5.05 x lo-& M DNP gives maxima at 226,273 and 328 rnp with 
E = 1.14 x l(r, 1.23 x l(r and 2.61 x l(r respectively: at 428~. e = 1.49 x BY. However, it 
was found that DNP itself in alkaline solution does not obey Beer’s Law: 5.05 x lo-* M DNP in 
5% KOH in 78% v/v MeQH gives at 328 rnp E = 1.32 x IO’, and at 428 rnp 8 = 8.3 X 10’. 

The formation of acetone 2,edinitrophenyIhydrozone. Lappin and Clark’s procedures consisted of 
adding a solution of the carbonyl compound (1 ml) to a saturated solution of DNP (1 ml) in carbonyl- 
ftee MeOH containing HCl and heating for 30 min at 50” or 5 min at 100”: the colour was developed 
by adding 10% methanolic KOH (5 ml) and measured directly at 480 rnp. In the experience of the 
present author this procedure gave irreproducible results. Moreover, it was found that the hydrazone 
could be formed readily at room temp, and B&me and Winkle+ also found this. 

The following procedure was found to be satisfactory, and adopted as the standard method. An 
aqueous solution of the carbonyl compound (2 ml) in a suitable concentration were pipetted into the 
standard DNP solution (2 ml) contained in a calibrated tube: this tube consisted of a B14 Quicktit 

’ H. L. Riley, J. E. Morley and N. A. C. Friend, J. Chem. Sot. 1875 (1932). 
lo T. E. Friedemann, J. Biol. Gem. 73, 331 (1927). 
I1 E. A. Braude and E. R. H. Jones, J. Chem. Sot. 489, (1945). 
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socket with a wider portion added at the bottom and calibrated for 20 ml on the narrow portion. The 
carbonyl solution (2 ml) were pipetted on to the wall of the tube just above the level of the DNP 
solution (pipetting on to the surface of the DNP solution leads to irreproducible results), and the 
solution was mixed by swirling in the bottom of the tube, ensuring that any splashes on the higher 
portion of the tube were washed into the bulk by manipulation of the 4 ml: A blank mixture of DNP 
solution (2 ml) and distilled water (2 ml) was prepared in a similar manner in a similar tube. Such 
mixtures were left for ) hr at -20” to allow the hydrazone to form, and then the 10% methanolic 
KOH reagent (10 ml) were added to each tube. After thorough shaking, the solution in each tube 
was diluted to the 20 ml mark with carbonyl-free MeOH. The concentration of MeOH is now 78 % v/v. 
After thorough shaking again, the spectrum of the ted anion was measured against the blank: in 
5 % KOH in 78 % v/v MeOH the anion has maxima at 286.428 and 530 m,u withextinction coefficients 
of 260 x l(r, 1.71 x l(r and 9.8 x 1V respectively (Fig. 1). 

Table 1 shows that ) hr at 20” f 2” is sufficient for maximum formation, and this applies over the 
whole range possible using 1 cm and 4 cm cells. Figure 1 shows that variation in the MeOH concentra- 
tion has no detectable etfect on &x, and the effect on E msI is shown in Table 2: a tinal concentration 
of 78% v/v was used in the standard procedure. Table 3 shows that maximum formation occurs in 
the 1.25 M (or 5 %) KOH. Fading of the red colour was found to be. negligible in the 15 min after 
development (Table 4). Using the standard conditions for formation of the hydraxone and develop- 
ment of the red colour, Peer’s Law was found to be obeyed at 428 rnp for final concentrations of the 
red anion between 6.8 x 10-O M and 1.2 x IO-* M. 

Other mono-ketones. The above standard procedure was applied to other mono-ketones, and 
Peer’s Law was found to be obeyed over the 1.0 and O-1 scales of the Unicam SP 500 using 1 cm and 
4 cm cells. The spectra are shown in Fig. 2: all ahphatic ketones have maxima identical with those 
quoted above for acetone. Spectral details are listed in Table 6. 

TABLEY 14. ACETONE ~,~-D~~ROPHEN RAZONE: VARIATION OFOP~CAL DENSITY AT 428mp 
M 1 cm CELLS DIII1; [A~TONE]= 3.40 x 10-OM 

TABLJZ 1 TABLE 2 TABLE 3 TALILE 4 
- 

Time 
(nun) 

5 
10 
20 
30 
50 
75 

D ,I. [Methanol] 
% v/v 

0407 10 
0.422 47.5 
0.532 78 
0.570 80 
0,585 87.5 
0.575 

D *I8 IKOHIM D,,a Time after D,,B 
mixing (mm) 

___ - 
0.456 0.63 0445 0 0.570 
0.535 1.25 0.560 20 0.555 
0.580 2.50 0.579 45 0.535 
0.625 
0.670 

TABLE 5. ACJZUDJZEMNJ 2,4-DlNlTROP HENYLHYDRAZONEANION: 
VARLUION~P~PTI~ALDEN~UTY AT 428mp IN lcm CEZUS,D,~, 
~ITHTIMEOF POIWATION; [ACELUDEHYDE]=~~~ x 1WM 

Time of formation D.*, 
(mm) 

15 0.830 
30 09LXl 
45 0.860 
60 0.845 

Abhydes. Using the standard conditions for ketones, the spectra of the 2&dinitrophenylhydra- 
zone anions in alkaline solutions from acetaldehyde and formaldehyde had maxima at 428 m,u, but 
the colour faded rapidly. In contrast, Lappin and Clark’ stated that the main maximum in the visible 
region appeared at 480 rnp and that the intensity of the colour at the maximum was stable in 5 % KOH: 
however, B&me and Winkle9 also found the maxim um at 428 rnp for acetaldehyde and observed the 
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instability of the coloured anion in their experiments. It was found that the colour with acctaldehyde 
could be stabilized by using more concentrated solutions of KOH : in 20 % KOH solution (obtained 
by adding 10 ml of the 40% reagent) the fading at 428 rnp was reduced to 2% in 10 min. Table 5 
shows that full formation of acetaldehyde 2.4-dinitrophenylhydrazone takes place in + hr at 20”. 
Beer’s Law was obeyed for acetaldehyde in 20% KOH; details of extinction coetlicients are given in 
Fig. 2 and Table 6. BBhme and Winkler’ found that the colour could be stabilized by the addition of 
pyridine to the 5 % KOH, presumably due to the increase in the total basicity of the solution as with 
the &reased concentration of KOH. 

Df-curbonyl wmpowrds. The spectra of the Z&dinitrophenylhydrazone anions are shown in Figs. I 
and 3 and values for E- given in Table 6. The anion for acetylacetone required about 15 min after 
addition of KOH and MeOH to the 4 ml formation mixture for the wlour to achieve its maximum 
intensity. 

The glyoxal used originated as a 1: 1 complex with ethylene glywl, and experiments adding ethylene 
glywl showed that this had no effect on Lmu or em.=. Maximum formation of the osazone oaxnred 
in the usual way in 4 hr at 20”. However, after the addition of the 10% KOH (10 ml) the solutions 
had to be diluted to 20 ml with distilled water to avoid precipitation in the final alkaline solution. 
Beer’s Law is obeyed over the whole range over which the blue ion can be measured i.e. tinal wn- 
centrations of blue ion from 2-5 x IO-’ M to 1.5 x lo-& M. Above a concentration of 1.5 x 1O-6 M, 
fading of the blue ion is too rapid for accurate measurement, and Beer’s Law is no longer obeyed. 

Glycolufdehyde. Under the standard conditions of hydrazone formation (0.025 M HCl for ) hr 
at 20”). only the red wlour of the anion of a mono-carbonyl compound develops on addition of 
10% KOH. Increasin g the acid concentration had no further effect in 4 hr at 20”, but when more 
concentrated solutions of DNP and glywlaldehyde were allowed to stand for 48 hr at room temp. 
a precipitate appeared, which gave a blue colour with alkali and micro-analysis showed to be his-2,4- 
dinitrophenylhydrazone of glyoxal. indicating, as expected, that the DNP had oxidized the XHOH 
group. By varying the temp, the acid concentration and the time of formation for aqueous glywlalda 
hyde (2 ml) and DNP (2 ml) the following conditions were found for optimum formation of the 
osazone: 50 min in 1.5 M HCl at 75”. The reaction tubes are fitted with reflux condensers when in 
the water bath at 75”; after 50 min the condensers are washed down with carbonyl-free MeOH into 
the reaction tubes, and the colour developed by the addition of 10% KOH; as with glyoxal, the 
solutions are diluted to 20 ml with distilled water to avoid precipitation. Beer’s Law was obeyed over 
the range of tinal concentrations of blue ion between 2.5 x lo-’ M to l-5 x 1O-6 M using 1 cm and 
4 cm cells: ems. is 524 x l(r. Similar strictions about the rate of fading apply as stated for glyoxal. 

DISCUSSION 

The results in Table 6 do not support the claim of Lappin and Clarke that itmax is 
always at 480 rnp with &max = 2.72 x 104 n (n - no. of carbonyl groups). The 
contention of Lappin and Clark has been widely reported in the analytical litera- 
ture.“-le Table 6 indicates that for aliphatic monocarbonyl compounds Am= = 
428 m,u independent of alkylation: all have a subsidiary maximum in the visible 
region at 530 rnp. Attachment of phenyl groups to the mono-carbonyl carbon atom 
causes an increasing bathochromic shift. For a-dicarbonyl compounds only one peak 
is found with Emax > Ema for the monocarbonyl compounds: increasing alkylation 
produces a blue shift in &ax. For the /?-dicarbonyl compound, acetylacetone, Am- 
is at longer wavelengths than for mono-carbonyl compounds, but for the ydicarbonyl 
compound, hexane-2,5dione, ilm, is moved to shorter wavelength. 

I* F. D. Snell and C. T. Snell, Coforimetric Methocis of Anufysis Vol. 3; pp. 253 and 285. Van Nostrand, 
New York (1953). 

1’ J. Mitchell Jnr., Organic AncJysis Vol. 1; pp. 282-284. Interscience, New York (1953). 
1’ S. Siggia. Quuntiruriue Organic AnulysL (3rd. Edition), pp. 124-128. Wiley, New York (1963). 
I6 F. E. Critchtield, Organic l+ncrionai Group Analysis pp. 78-79. Pergamon, London (1%3). 
la N. D. Cheronis and T. S. Ma, Organic Fundionaf Group Analysis p. 145. Intersciena, New York 

(1964). 
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TABLE 6 
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Methyl ethyl ketone 
Methyl n-propyl ketone 
Cyclohexauone 
Cyclopentanone 
Acetafdehyde 
Glyoxal 
Py-ruvaldehyde 
Diacetyl 
Acetyl acetone 
Hexane2,5dione 
Acetophenoue 
Benzophenone 

428 1.71 x 1w 
428 146 x 1w 
428 l-56 x 10’ 
428 I.65 x 10’ 
428 1.38 x 10’ 
428 I.65 x 10’ 
580 5.90 x 1w 
555 448 x l(r 
502 3.67 x 10‘ 
450 3.33 x l(r 
418 2.02 x l(r 
450 1.50 x l(r 
464 6.14 x 10’ 

530 
530 
530 
530 
530 
545 
- 
- 
- 

flat 490-520 
530 

shoulder 530-540 
shoulder 550 

These spectra in the visible region in alkaline solution must arise from electronic 
changes in the anion formed by loss of a proton from nitrogen atom No. 3 (I). Elec- 
tronic transitions responsible for the light absorption could be of the n-r?, ?r-rr*, or 
charge-transfer type. At Grst sight, it might be concluded that this is a classic case of 
an n-rr* transition: protonation produces a blue shift (428 rnp to 328 mp), which is 
regarded as diagonistic of an n-# transition .l’*ls The localized negative charge from 
the non-bonded electrons on nitrogen 3 would be transferred to an anti-bonding 
molecular orbital involving atoms 1,2 and 3, the benzene ring and the nitro-groups (I). 

However, owing to the high values of E mM, possibly this is one case where the blue 
shift on protonation17*rs is not diagnostic of a simple n-r? transition, as n-n* 
transitions in azo-compounds lead to much lower values for extinction coefficientP~ 
i.e. E N 450-1500. Two other possibilities exist. Overlap of the p orbital on nitrogen 
3 with p orbitals on atoms 1 and 2, the benzene ring and the nitro groups provides a 
system in which T-H* transitions are possible. The peaks in the near UV in nitro- 
benzenes have been interpreted’ll-H in terms of charge transfer from the benzene ring 
to the nitro group, and such an electronic shift will be encourageds6sM by an electron- 
donating site such as the charge on nitrogen 3 i.e. the charge-transfer band will move 
to longer wavelengths. Thus the ground state n orbital must retain some localization 

” M. Kasha, Dbc. Faraday Sot. 9, 14 (1950). 
Is G. J. Brealey and M. Kasha, J. Amer. Gem. Sot. 77,4462 (1955). 
*I F. Gerson. E. Heilbronuer, A. Van Veen and B. M. Wepster, Helv. Chfm. Acta 43,1889 (1960). 
1o J. Schulz. F. Gerson. 1. N. Murrell and E. Heilbronuer, Helv. Chim. Acta 44,428 (1961). 
*I H. McConnell, J. S. Ham and J. R. Platt, J. Chem. Phys. 21, 66 (1953). 
n S. Nagalcura and J. Tanaka, J. Chem. Phys. 22,236 (1954). 
m R. Grinter and E. Heilbronner. He/v. Chim. Acta 45,2496 (1962). 
I4 M. Godfrey and J. N. Murrell. Proc. Roy. Sot. A278,71 (1964). 
*6 W. M. Schubert and J. Robins, J. Amer. Chem. Sue. 80,559 (1958). 
u W. M. Schubert, J. Robins and J. L. Haun, J. Amer. Chem. Sot. 79,910 (1957). 
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of the negative charge on nitrogen 3, and more is transferred towards the nitro-groups 
on excitation. The insensitivity of 1 ma and cm- of the aliphatic mono-carbonyl 
compounds to an increasing electron-repelling inductive effect at carbon 1 by alkyla- 
tion at R, and R, (Table 6 and Fig. 1 and 2) suggests that electronic shifts on excitation 
must be at the other end of the mo1ecule,B70 and supports a shift of charge from 
nitrogen atom 3 through the benzene ring to the nitro-groups. However, carbon 1 
and nitrogen 2 will still be involved by T overlap, probably in both the ground and 
excited states: the bathochromic shift in Am= from 428 m,u to 450 rnp with little 
change in &mm when R, = phenyl and Ra = CH, is consistent with the effect of 
lengthening the x orbital system a’) by overlap on the phenyl group. Moreover, when 
R, = R, = phenyl, a further bathochromic shift occurs, but &mm is considerably 
reduced. Increasing the extent of T overlap on the additional phenyl group is again 
probably responsible for the further red shift, but the decrease in emu suggests that the 
overlap between the T orbitals of the phenyl groups and that of the carbon-nitrogen 
system is weak. This weak overlap is not apparent when only R, = phenyl, suggesting 
that, due to the angle between the spa bonds of carbon 1, the co-planarity of the two 
phenyl groups necessary for maximum overlap is sterically hindered. For such steric 
effects in conjugated systems it has been shownas*= that E and q,, the extinction 
coefficients for the strained and non-strained structure respectively, and the angle of 
twist 4 are related by e/q, = co9 4, and this has also been applied to the charge- 
transfer spectra of substituted nitrobenzenes. 8o From this relationship and the values 

30 

20. - 

,/’ I’ 

._.__.-- /’ ,’ 
/’ 

__/ 

350 400 450 500 550 600 650 

FIG. 1. Spectra of 2&dinitrophenylhydne anions (s = molar extinction coefkient): 
acetylacetone, m - 3; 

---, hexan&!,5dione, m = 4; 
*-******, acetonein78%methanol,m=4; 
-------* acetone in 10% methanol, m = 4. 

n J. N. Murrell, l%e Zkeory of rhe Electronic Spectra of Organic Molecules a Chap. 9, * chap. 5. 
Methuen, London (1963). 

M H. B. Klevens and J. R. Platt, J. Amer. Chem. Sot. 71,1714 (1949). 
n E. A. Braude and F. Sondheimer, J. Gem. Sot. 3754 (1955). 
so B. M. Wepster, Rec. Zkv. Chim. 76,335, (1957). 
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1, m)r 

FIG. 2. Spectra of 2&dinitrophenylhydrazone anions (E = molar extinction coefficient) : 
cyclohcxanone, m = 4; 

----~,methylethylketone,m=4; 
. . . . . . . . . . . methyl n-propyl ketone, m = 4; 
--------: cyclopentanone. m = 4; 
w- , acetaldehyde, m = 4; 
-*-*-*--,aatophenone, m =4; 
-*-.-.-.-, benzophenone,m=2. 

of amu for acetone and benxophenone, the angle between the planes of the benzene 
rings in the latter anion is found to be 79”. 

All the mono-carbonyl 2+dinitrophenylhydrazone anions show two maxima in 
the visible region. On valence-bond theory, such a charge-transfer would be inter- 
preted as involving transfer from a structure of type I to a resonance hybrid of two 
quinonediimine systems II and IIP i.e. one peak only would be expected. However, 
it has been suggested that the application of resonance theory to such charge-transfers 
is not valid.“,” On molecular orbital theory, the two peaks of the mono-carbonyl 

R1 O- 
\ 

- 

C=N-N= 
+/ 

-N 

d 
P 

- \ 
* O- 

NO, 
II 

RI 
\ 

- 
C=N-N= 

R/ 
0 

f I ‘-Nor 
N+ 

III 

anions can be ascribed to two charge-transfer states, one to each nitro group. This 
view is supported by the spectra of the acetone mono-nitrophenylhydrazone anions. 
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Figure 3 shows that anions derived from o- and p-nitrophenylhydrazones have only 
one peak in the visible region derived from one charge-transfer state involving the 
nitro group: no absorbance in the visible region was obtained for the m-nitrophenyl- 
hydrazone or the phenylhydrazone in this concentration range. 

Table 2 shows that crnax for acetone 2J-dinitrophenylhydrazone anion changes 
with solvent composition, decreasing with increasing water content, although Fig. 1 
shows that there is no change in A,,,,. This is not likely to be a dielectric effect, as the 
net result of the charge-transfer is the transfer of the negative charge on nitrogen 3 
elsewhere in the molecule. More likely this decrease in Ema without change in Irma 
results from localized hydration restricting 7r overlap by hindering co-planarity. 

FIG. 3. Spectra of 2&dinitrophenylhydne anions: 
diacetyl, m = 4; 

---- ’ glyoxal, m = 4; 
-------‘-, pyfuvaldehyde,m =4. 
Spectra of acetone mon~nitrophenylhydne anions: 
-*-.--a pnitro, m = 3 ; 
. . . . . . . . . . , o-nitro, m = 3. 

Figure 3 shows that the anions derived from the a-dicarbonyl compounds have 
only one peak. However, E mu is greater than for the mono-carbonyl compounds, 
and possibly this indicates that two charge-transfer states are superimposed in the 
spectra. Presumably 7r overlap occurs between carbon atoms 1 and 1’ (IV), extending 
over both dinitrophenylhydrazine groups. This is confirmed by the effect of increasing 
alkylation at R3 and R,: an increase in the electron-releasing inductive effect causes 

NQ 
IV 

a hypsochromic shift in A- (Table 6 and Fig. 3), suggesting that the electron density 
at carbons 1 and 1’ is increased on excitation. 
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The spectrum for the anion derived from acetylacetone (Fig. 1) is similar to that 
for acetone with a bathochromic shift in AmM and a much lower value for Em=. The 
shift in Imu suggests that some 7r overlap occurs across the ionized methylene group, 
but the lower &mm indicates that the overlap is only weak. Possibly some freedom of 
rotation still exists in the C-C bonds from the methylene carbon. The slow develop 
ment of colour in this case may be due to a slow change of the methylene carbon from 
sp3 to the spa + p arrangement. The spectrum for the anion from hexane-2,Sdione 
is similar to that for acetone (Fig. 1) with E max of the same order but a small blue 
shift in ilm,. Possibly the latter shift is caused by some mutual steric hindrance by the 
dinitrophenylhydrazine groups. 

An analytical method for carbonyl compounds. As Beer’s Law is obeyed at &ax 
or all the 2,4-dinitrophenylhydrazones in Table 6, this data can be used for the deter- 

mination of these carbonyl compounds with the standard experimental procedure as 
described for acetone apart from glycolaldehyde which requires a higher temperature 
and acetaldehyde which requires the addition of 40 % KOH for stability. The method 
has been used for the determination of carbonyl products from the oxidation of 
alcohols by photoexcited quinones, 9d phenyl radicalssl and transition metal cations,32 
and from the y-radiolysis of DL-madelic acid and pentane-1,5-diol,33 and for the 
determination of the acetone content of cellulosic films. 84 Possibilities for the charac- 
terization of carbonyl products exist with the variation of Amax with structure and the 
lability of the aldehyde anions in 10% alkali. 

The author wishes to thank Mr. R Ramsay and Mr. 1. Nixon for assistance with some of the 
experimental work. 

*I D. J. Williams, unpublished results. 
** C. F. Wells and G. Davies, unpublished results. 
a D. J. Milner, Ph.D. Thesis, University of Birmingham. 
a’ R. Jeff&, J. Textile Inst. 49, T192 (1958). 


