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Specific Refractive Index Increments of
Polymer Solutions. Part I. Literature Values

M. B. HUGLIN, Department of Chemisiry, Royal College of Advanced
Technology, Salford, England

Synopsis

The specific refractive index increments of 158 natural and synthetic polymers and
copolymers in pure and mixed solvents have been collated. Wherever possible the tem-
perature and wavelength (generally 436 and/or 546mgy) are quoted.

The specific refractive index increment of a solution, dn/dc, is defined as
(n — mi)/c, where n, ni, and ¢ are, respectively, the indices of refraction
for the solution and solvent and the concentration of solute (in grams per
milliliter). In maecromolecular chemistry a threefold importance is
attached to the increment which, it should be noted, is not a characteristic
constant of a given polymer, but depends on the temperature, the wave-
length of the light, and the nature of the solvent. Firstly, for example, it
affords an indirect means of determining the refractive index n; of the
solute. Accurate values of n, for several proteins have been obtained by
Putzeys and Brosteaux,! who measured dn/dc and 7, the partial specific
volume of the protein in essentially aqueous media and applied the Lorenz-
Lorentz (I-L) or Gladstone-Dale (G-D) relations.? For a binary mixture
the latter assumes the form

dn/dc = ta(ny — ny)

Secondly, because of the proportionality between (n — n;) and ¢, the con-
centration changes (between solution and solvent or between solutions
differing in concentration) across stationary, diffusing or moving bound-
aries may be followed by observing the corresponding differences in
refractive index. The Schlieren optics method incorporates this as its
basis.® Thirdly, and most pertinently to this and the succeeding paper, a
precise knowledge of the specific increment presents a prerequisite to the
determination of molecular weights by light scattering,? utilizing eq. (1):

He/r = (1/M) + 2Be (1)
where
H = [32xM,%(dn/dc)?]/ (3NN 4]

and the terms have their customary accepted meaning. As the molecular
weight M of the polymer is derived from a plot of He/r against ¢, an un-
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certainty of +2E9, is incurred in M by an error of E%, in dn/dc. Stacey®
has drawn attention to the classic case of poly(methyl methacrylate) for
which a 76009, discrepancy in M was resolved by noting the use of an
incorrect value for dn/de in methyl ethyl ketone.®” More recently less
serious discrepancies for polyethylene® and isotactic polypropylene® have
been resolved and the values of dn/dc rationalized.

The results of a literature survey of dn/dc values are presented in Table I.
A very accurate differential refractometer and a conventional light-
scattering photometer can often be comparable in cost, and it is hoped that
the table may obviate the necessity of measuring dn/dc when M is required
on a routine basis for known systems. The following are among the addi-
tional uses, to be discussed more fully in Part II,1° to which the table may
be put: (1) dn/dc may be calculated at temperatures and in solvents other
than those listed; (2) the composition of copolymers can be ascertained
from a knowledge of dn/dc for the relevant homopolymers; (3) dn/dc can
be predicted for composite copolymers of the homopolymers tabulated;
(4) the refractive indices n, of pure polymers may be computed. No
attempt has been made to assess the relative reliability of the values.
However, it will be seen that for many polymer-solvent systems the specific
increments found by different workers under similar conditions (tempera-
ture and wavelength) are self-consistent and consequently probably correct.
Furthermore, when consistent values of M are obtained for a given polymer
from dn/dc values in different solvents, the correctness of these increments
is virtually assured. It should be borne in mind that these considerations
by no means apply to all the systems quoted and also that dn/dc can only
be regarded as constant provided the polymer has a molecular weight
greater in general than about 5000.

Key to Table I. In Table I, polymers, preceded by an entry number
E-00, are arranged alphabetically, and copolymers and terpolymers appear
under one of the parent monomers. The solvent medium, particularly
for some biopolymers, is not always easily described. In some cases it is
referred to as the (aqueous) dialyzate, while in others definition is afforded
by quoting the ionic strength I and the pH. Reference must be made to
the original papers to determine more precisely the chemical nature of the
salt and buffering agent etc. In the column of dn/dc, figures relating to
A = 436 mp and A = 546 my are placed at the extreme left and extreme
right, respectively. Values for any other wavelengths (the wavelength
given in parentheses) are entered in the middle of the column, as also are
those for unspecified wavelengths.

Abbreviations of solvents and other materials cited in the table include:
HMG (hexamethylene glycol), DMF (dimethylformamide), DMSO
(dimethyl sulfoxide), MEK (methyl ethyl ketone), THF (tetrahydrofuran),
ADP (adenosine diphosphate), ATP (adenosine triphosphate), Cadoxen
(triethylenediamine cadmium hydroxide), Versene (sodium salt of ethylene-
diaminetetraacetic acid), Calgon [sodium hexametaphosphate, Nas-
(NasP¢O015)], Freon 113 == Isceon 113 (CLFCCF.CI).
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Résumé

incréments des indices de réfraction spécifiques de 158 polymeres et copolymeres

naturels et synthétiques dans les solvants purs et en mélange ont été rassemblés. La ou

ce fut

possible, la température et la longueur d’onde (généralement 436 ou/et 546 mu)

ont été annotées.

Zusammenfassung

Spezifische Brechungsindexinkremente von 158 natiirlichen und synthetischen Poly-
meren und Kopolymeren in reinen Losungsmitteln und Lésungsmittelgemischen wurden
zusammengestellt. Wo es méglich ist, sind Temperatur und Wallenlinge (allgemein
436 und/oder 546 my) angegeben.
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