
336 Maurice L. Huggins [Vol. 29, No. 3

Densities and Optical Properties of Organic Compounds in the Liquid 
State. VI. The Refractive Indices of Paraffin Hydrocarbons and 

Some of Their Derivative*

By Maurice L. HUGGINS** 

(Received November 8, 1955)

Introduction 

The purpose of this paper is to relate the 

refractive indices, nD, of various liquid ali-

phatic organic compounds at 20•Ž to their 

composition. This relationship is best shown 

with the aid of molal refractions (R, R' or 

R"), defined by the equations

(1)

(2)

and

(3)

V is the molal volume. These molal refrac-

tions are approximately additively calculable 

from contributions of the atoms, atomic 

groups, or bonds composing the molecule.

Although Eq. (3) has the soundest theore-
tical basis for simple gaseous system, for 
condensed systems it seems necessary to 
choose between these relationships on a purely 
empirical basis2). Fairly extensive calcula-
tions by the writer, both for liquid organic 
compounds and for glasses3) indicate that 
R, R', and R" exhibit about the same degree 
of additivity. For the present purpose, we 
choose the simplest : R. 

The molal volume is the molecular weight 
divided by the density. If experimental 
density values are not available or are insuf-
ficiently accurate, the molal volume can, in 
many cases, be computed by simple empirical 
relationships.1, 4,5,6,7). 

A considerable amount of accurate density 
and refractive-index data for organic com-
pounds is now conveniently available8,9).
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These data form the basis for the results 
reported here. 

Hydrocarbons 

The additivity relationships may be des-
cribed in terms of contributions from the 
different types of. atoms (C, H), atomic groups 
(CH3, CH2, CH, C), or bonds (C-C, C-H). For 
example, for normal paraffins, CnH2n+2, the 
best data lead to

(4)
which is equivalent to

(5)
or

(6)
No similar equation, involving a uniform 

contribution of each C-C bond and each C-H 
bond, fits the data, for either normal paraffins 
or those of other types. By differentiating 
between different types of C-C and C-H bonds, 
however, one can deduce satisfactory addi-
tivity equations and constants. 

To do this, use is made of data for several 
other series of saturated aliphatic hydro-
carbons. These data are well satisfied by 
equations of the form of Eq. (4), but with 
different values of the constant term. Putting

(7)
the following values of k have been found:

2-Methyl alkanes  (8)
3-Methyl alkanes and 4-methyl alkanes

(9)
2, 2-Dimethyl alkanes  (10)
3, 3-Dimethyl alkanes and 4, 4-dimethyl

alkanes  (11)
As previously shown, these can be used 

to obtain relative bond refraction contri-

butions, ac;. The appropriate equations* 

are :

(12)

(13)

(14)

(15)
(16)

(17)

(18)

(19)

(20)
The subscript 21 refers to a bond between 
a methylene carbon atom and a methyl car-
bon atom; the subscript 1H refers to a bond 
between a methyl carbon atom and a hydro-

gen atom ; etc. The S is an arbitrary con-
stant, which need not be evaluated. 

The molal refraction of saturated aliphatic 
hydrocarbons can also be represented by the 
equivalent relation

(21)

with the ƒ¿i and ƒ¿'ij values given in Table I. 

TABLE I 

REFRACTION CONTRIBUTIONS FOR SUBSTITU-

TION INTO EQ. (21)

If either i or j is CH2, the bond contribution
α'ij is zero. In other words, the ƒ¿i contribu-

tions given are those for i groups attached 

only to CH, groups. 

Refractive indices computed with these 

relationships agree with the more precise ex-

perimental values to within a few units in 

the fourth decimal place. Since the results 

of extensive comparisons were summarized 

in Ref. 1, further comparisons need not be 

given here. 

Derivatives 

Molal refractions of a large number of ƒ¿-

substituted normal paraffin have been com-

pared with those of the parent hydrocarbons. 

For each homologous series, the difference 

is found to be quite constant. Addition of

αCH3-αCH2  to these differences gives the

values (ax) of the refraction contributions of 
the substituents (X), for compounds in which 
they are attached to CH2. The same contri-
bution can be used for derivatives of branched-
chain paraffins, provided the attachment is to 
a methylene carbon. Application to deriva-
tives in which the attachment is to a carbon 
bonded to only one hydrogen or to none has 
not been adequately tested. 

The contributions of 12 X substituents are 
listed in Table II. 

The normal nitriles (X=CN) have been 
very carefully studied and will serve to 
illustrate the measure of agreement with

* The corresponding equations in Refe rence (1) were 
in error with regard to the coefficients of the k1 and k3 
terms. Since these constants were then taken as zero

, th
e relationships derived from these equations were not 

affected.
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TABLE II 

GROUP REFRACTION CONTRIBUTIONS FOR R-X 

AND R-Y-R' COMPOUNDS

the assuption of constancy of the a contri-
butions. (Table III)

7.897, respectively. For m•„6, the average 

departure of the average R-Rm values from 

constancy is less than the average difference 

between the experimental values. 

The reasons for the deviations from con-

stancy of R-Rm, indicating deviations from. 

additivity of the ƒ¿-contributions, for the-

smaller values of m, will not be discussed 

at this time. It should be noted, however, 

that because of these deviation, in this and 

other series, refractive indices computed. 

from the constants given here are much 

less accurate for the lower-molecular-weight 

compounds than for the higher members of 

the series. 

The nD (calc) values in Table III were 

from the experimental densities and an as-

sumed constant value of ƒ¿CN=8.880; hence 

R-Rm=7.848 and Rm is given by Eq. (4). For_

TABLE III

REFRACTIONS OF n-ALKYL NITRILES, CmH2m+1CN

The paraffin refractions Rm, were computed 
from Eq. (4), replacing n by m. For m greater 
than 5, these differ insignificantly from the 
best experimental values. (Cf. Ref. 1.) For 
m less than 5, experimental values are un-
obtainable. For m=5, the R-Rm values ob-
tained using the experimental data for the 
paraffins from Refs. 8 and 10, are 7.912 and

m•„6, the calculated and experimental in-

dices agree, on the average, within three 

units in the fifth decimal place. 

Table II also lists ƒ¿Y-values, for compounds 

containing Y substituents bonded to two 

CH2 groups. These contributions were ob-

tained by substracting from the molal refrac-

tion of the compound R-Y-R' that of the



April, 1956] 339

hydrocarbon RR'. For comparison and for 

future reference, the contributions of two 

hydrocarbon Y groups, computed from the 

equations of the preceding section, are in-

cluded. 

Summary and Conclusion 

For the saturated hydrocarbons, the more 

accurate data, published since the first paper 

of this series1) was written, have been found 

to agree well with the previous additivity 

postulates. Revised values of the constants 
have been computed. 

Refraction-contribution constants for vari-

ous atoms and atomic groups, attached to 

CH2 groups, have been deduced. Good addi-

tivity has been found, except for the com-

pounds of lowest molecular weight in each 
series. 

Pending further testing, caution should be 

observed in using the constants and addi-

tivity assumptions presented here in com-

pounds containing C=C and C=C bonds and 
in compounds in which the X and Y are 

attached to groups other than CH2. 

Discussion of the theoretical interpretation 

of the relative magnitudes of the group 

contributions will be postponed until a later 

time. 
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