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189. Refractive Indices and Molecular Refractivities of 
3- Methylcyclohexanone and Pulegone. 

By (MISS) DELIA M. SIMPSON. 
Refractive indices over a wide range of wave-lengths in the visible and the ultra- 

violet region, including those covered by the ketonic absorption band a t  about 3000 A., 
are recorded for pulegone and for 3-methylcyclohexanone. The refractivities of the 
carbonyl radical in each compound are deduced and compared with those previously 
recorded for this radical in cyclohexanone. An enhanced molecular refractivity in 
pulegone, which might be described as an " optical exaltation " in view of the conjug- 
ation of carbonyl and ethylenic double bonds, cannot be attributed to the presence of 
an absorption band which does not appear in the spectra of the other compounds, 
since equally abnormal values are obtained for 3-methylcyclohexanone, to  which 
this explanation cannot be applied. It is concluded that these effects result from the 
invalidity of the additive relationship in the presence of strongly chromophoric 
radicals, as predicted in a previous paper. 
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PURE materials being available (Lowry, Simpson, and Allsopp, Proc. Roy. SOC., 1937, A ,  
163, 483), refractive indices have been recorded over a wide range of wave-lengths in the 
visible and the ultra-violet region for 3-methylcyclohexanone (I) and pulegone (11), and 
the corresponding molecular refractivities have been deduced. The results are of interest 

CH,-C=O H,C\C<CH,-C=O /CH, 
>c=c, (11.) 

H/ CH,-CH, CH3 
(1.) H3c\C< >CH, 

H/ CH,-CH, 

in view of the conjugated system > C = C - 6 = 0 in the compound (11). The thin- 
film interference method of Lowry and Allsopp (ibid., 1931, A ,  133,26) which was employed 
enabled measurements to be made, not only throughout the characteristic " ketone " 
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Refractive dispersion of 3-methyZcyclohexanone, I, and of pulegone, 11. 

absorption band at 2800-3200 A., but also, in the case of pulegone, inside an intense 
absorption band, Lax. = 2450 A., which occurs in the absorption spectrum of this 
compound, but not in those of methylcyclohexanone, cyclohexanone, and other simple 
ketones (Table I), and has been attributed to the conjugated system (Lowry, Simpson, 
and Allsopp, Zoc. cit.). The curves of refractive dispersion are drawn in Fig. 1. They 

TABLE I. 
Absorption Bands. 

cyclo- 3-Methylcyclo- 
Hexanone. hexanone. Pulegone. Pulegone. 

AmRX., A. ...... 2833 2905 3240 A m . ,  A. ...... 2450 
(A){ - * 0 . -  16.5 14.25 40 (B){ €mar. ......... 5171.6 ...... 0.96 0.585 1-48 f x loa ...... 226 
(C) .................. All absorb strongly a t  and beyond 1900 A. 

contain no unusual features, each passing through a very shallow " ripple " as the " ketone " 
absorption band is penetrated, and then rising rapidly and apparently asymptotically as 
the more intense absorption maxima at  shorter wave-lengths are approached. 
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The molecular refractivities, M(n2 - l)/d(n2 + 2) , at A = 5896 A., together with that of 
cyclohexanone (Allsopp, Proc. Roy. Soc. , 1934, A , 146, 300) and the values calculated from 
Eisenlohr’s standard atomic refractivities (“ Spectrochemie Organischer Verbindungen,” 
1912, p. 94), are shown in Table 11. That for pulegone is 0.52 unit higher than the 

TABLE 11. 
Molecztlar Refractivities at X = 5896 A. 

R (obs.). R (calc.). Obs.-Calc. 
cycloHexanone ....................................... 27.93 27-72 0.2 1 

Pulegone ................................................ 46.24 45.72 0.52 
3-Methylcyclohexanone .............................. 32.88 32-34 0.54 

calculated value and could be described as an “ optical exaltation ” due to the conjugation 
of ethylenic and carbonyl double bonds (Briihl, Ber., 1907, 40, 878, 1153) but for the 

FIG. 2. 
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Refractivity of the carbonyl radical in pulegone, I, 3-methylcyclohexanone, 11, and in cyclohexanone, 111. 

observation, recorded in the table, that 3-methylcyclohexanoneJ with no such structural 
complication, gives rise to an even larger excess, v k . ,  0-54 unit ; and the refractivity of the 
still simpler molecule of cyclohexanone is also not normal. 

An attempt was made to account for the anomalies by “ dissecting out ” the refractivity 
of the carbonyl radical alone, over the whole range of wave-lengths covered by the present 
measurements. For this purpose, use was made of the refractivities of methylene (Allsopp 
and Willis, PYOC. Roy. SOC., 1936, A ,  153, 379) and of cyclohexene (Allsopp, ibid., 1934, A ,  
143, 618), the latter containing the correction necessary in the presence of an ethylenic 
double bond. Thus: 

w=O)a&O = ~(ClOH1,O) - R(C6HlO) - 3 W H J  
w = 0 ) c , H , * O  = W,Hl,O) - 6 W H J  

The results are shown in Fig. 2, together with values o€ R(C=O) derived from cyclo- 
hexanone (Lowry and Allsopp, ibid., 1934, A ,  146, 313). Curves 11, obtained from methyl- 
cyclohexanone, and 111, from cyclohexanone, have a uniform separation until they reach 
the ketonic bands (the maxima of which do not coincide in the two compounds) ; but they 
then converge and actually intersect at about 2750 A. The initial separation is similar in 
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magnitude to  that between curve I1 and curve I, from pulegone, which should represent 
the optical exaltation. 

Curves I and 11 diverge rapidly, as is to be expected, when the former approaches the 
wave-length of the absorption band at  2450 A. A careful analysis of the curves of refractive 
dispersion by means of Ketteler-Helmholtz equations showed, however, that the contribu- 
tion of this band to the refractive indices at long wave-lengths is numerically less than 
that made by the 1900 A. band to the indices of methylcyclohexanone, and that the band 
a t  1900 A. makes little or no contribution in the case of pulegone. It is therefore not 
possible to explain the enhanced refractivities in terms of the position and relative 
intensities of the ultra-violet absorption bands (cf. Lowry and Allsopp, ibid., 1937, A ,  163, 
356) ; and it must be concluded that the " atomic " refractivity of the carbonyl radical is 
not constant, irrespective of the state of substitution or unsaturation of the molecule in 
which it is located. This result is in accordance with the conclusion reached by Allsopp 
and Willis (ibid,, 1936, A ,  153, 392) that additivity of atomic refractivities can only be 
expected to occur for those molecules whose absorption spectra contain no strong absorption 
bands in the accessible ultra-violet. It follows that the enhanced refractivities which are 
often (but not always) associated with conjugated systems must not be given all the 
significance which was attributed to them by Briihl, but may be due to the fundamental 
invalidity of an essentially empirical additive relationship. 

The author wishes to express her indebtedness to the late Professor Lowry, at whose 
suggestion and under whose supervision this work was commenced, to Dr. C. B. Allsopp for 
many helpful discussions, and to the Chemical Society for a grant. 
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