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SERIES INTRODUCTION

Like most museums, only about 25% of the holdings of the Oesper Collections 
in the History of Chemistry are on public display at a given time. In order to make 
the remaining 75% available in some form, it was decided to initiate a series of 
short museum booklets, each dedicated to a particular instrument or laboratory 
technique of historical importance to the science of chemistry. Each booklet would 
include not only photographs of both displayed and stored museum artifacts re-
lated to the subject at hand, but also a short discussion of the history of the instru-
ment or technique and of its impact on the development of chemistry as a whole. 
Several of these booklets are expansions of short articles which have previously 
appeared in either the bimonthly series Museum Notes, which is posted on the 
Oesper website, or the series Ask the Historian, which appeared in the Journal of 
Chemical Education between 2003 and 2012.

William B. Jensen
Cincinnati, OH

April 2014





The Discovery of Refractive Index

The observation that a stick partially 
plunged into a pool of clear water 
looks as if it is bent (figure 1) probably 
goes back to time immemorial. The 
more sophisticated interpretation of 
this observation as being due to the 
bending of light rays on passing from 
one medium (air) to another (water), as 
well as the law governing the angles 
which the rays make in the two medi-

ums relative to a normal drawn perpendicular to 
the surface separating them (figure 2), has been 
discovered several times throughout history – first 
by the Arab, Ibn Sahi, in  984 AD, then by Thomas 
Harriot in 1602, then by Willebrord Snellius or 
Snell (figure 3) in 1621, and lastly by René Des-
cartes (figure 4) in 1637. However, Ibn Sahi’s work 
remained unknown in the West, and Harriot and 
Snellius never published their results. Rather it was 
Descartes who first published the law in his fa-
mous Discourse on Method.1 It was later rumored 
that Descartes had gained access to Snell’s papers 
after his death and so doubt has been cast on the 
originality of his work. For this reason the law is 
now commonly called Snell’s law of refraction, 
though in some quarters it is also referred to as the 
Snell-Descartes law.
! In modern terminology this law reads:
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Figure 2. Definition of 
the various terms in equation 1.

Figure 1.  The classic everyday example of 
the effects of refractive index.



sin "1 /sin "2  =  v1/v2  =  n2/n1             [1]

In other words, the ratio of the sines of 
the angles that the rays make in the two 
media relative to the normal is equal to 
the ratio of the velocities of the light in 
the two media and inversely equal to the 
ratio of a characteristic constant for each 
medium that Thomas Young (figure 5) 
would later (1807) call the refractive 
index.2 This index can, in turn, be de-
fined as the ratio of the velocity of light 
in a vacuum (c) to that of its velocity (v) 

in the medium in question:3

n = c/v                                              [2]

and, as such, may be thought of as a 
characteristic physical constant of the 
medium, not unlike its melting point 
or boiling point.

Refractometers

A refractometer is an instrument for 
the measurement of a substance’s re-
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Figure 4.  René Descartes
(1596-1650)

Figure 3. Willebrord Snellius
(1580-1626)



fractive index.4 The substance in ques-
tion may be a solid, liquid or gas, but 
historically chemists, and especially or-
ganic chemists, have been largely inter-
ested in instruments that measure this 
property for substances that are nor-
mally liquids at RTP – in part because it 
is much easier to measure than the liq-
uid’s boiling point, for example. As 
such, it can be used, like the melting 
point for solids, to judge the purity of a 
known liquid sample or to identify an 
unknown liquid. However, as we will 
see in the final section, it has also played 

an important role as a tool for the clas-
sical determination of organic molecu-
lar structures and in the interpretation of 
the chemical bond.

The Abbe Refractometer

Perhaps the earliest such instrument of 
interest to the chemist was the Abbe re-
fractometer, named after its inventor, 
Ernst Abbe (figure 6), a German physi-
cist and expert in optics who spent most 
of his career in the employ of the Carl 
Zeiss Company of Jena, Germany, which 
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Figure 6. Ernst Abbe
(1840-1905)

Figure 5. Thomas Young
(1773-1829)
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1900 1900

1920

1930 1950

Figure 7.  Various incarnations of the Abbe refractometer 1900-1950.



specialized in the manufacture of optical instruments, such as microscopes, cam-
era lenses, etc. Abbe first published a description of his refractometer around 
1874,5 and over the years it has undergone numerous elaborations and modifica-
tions (figure 7). 
! However, in all of its various incarnations, it is ultimately based on the meas-
urement of the critical angle of refraction for a thin layer of liquid sandwiched be-
tween two glass prisms of known refractive index. The lower prism, called the il-
luminating prism, is directly above the mirror which acts as the light source. The 
surface of this prism in direct contact with the liquid has been roughened so as to 
generate light rays that will enter the liquid layer at a wide variety of angles. Since 
these light rays then pass from the liquid into the upper glass prism, called the 
measuring prism, where they are again refracted, we will let medium 1 in figure 2 
and equation 1 represent the liquid (l) of unknown refractive index and medium 2 
represent the glass (g) in the upper measuring prism:

sin "l /sin "g  =  ng/nl                                                                                              [3]
  
Solving this for nl gives:

ngsin "g /sin "l  =  nl                                                                                               [4]

! The angle at which the light rays enter the liquid relative to the normal can-
not, for obvious reasons, be greater than 90°. The value of "g in the prism corre-
sponding to this maximum for the liquid is called the critical angle and, since sin 
90° = 1, at this limit equation 4 becomes: 

ngsin "g  =  nl                                                                                                                                                               [5]

Since the value of ng for the measuring prism is known, all that is required to cal-
culate nl is to measure the value of "g corresponding to the critical angle or some 
parameter which is proportional to it. Because the refractive index of the glass is 
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much greater than that of the 
liquid, the value of "g in equa-
tion 5, corresponding to the 
critical angle, will be much less 
than 90°. This means, in turn, 
that for all values of "g less than 
that for the critical angle, light 
will enter and exit the prism, 
whereas for all values greater 
than that for the critical angle, 
no light rays will either enter or 
exit in the prism  (figure 8). 
! In an Abbe refractometer 

one scans the light exiting the 

measuring prism by gradually rotating the 
prism holder beneath a telescope having a set 
of crosshairs. The point at which half of the 
visual field is light and half is dark corre-
sponds to the value of "g for the critical angle. 
However there is no need to plug into equation 
5 to obtain nl. The necessary mathematical re-
lations are built into the gearing of the refrac-
tometer itself, such that a vernier moves with 
the turning of the prism holder along a fixed 
scale attached to the side of the telescope. This 
scale is calibrated directly in units of refractive 
index and is read using a small magnifying 
lens attached to the vernier (figure 9). 
! As it turns out, the angle of refraction de-
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Figure 9. Simplified cross-section 
of an Abbe refractometer. M is the 
mirror, P the prisms, C the com-
pensator, S the scale, V the vernier, 
and T the telescope.

Figure 8. Illustration of the critical angle and the 
resulting formation of dark and light areas in the 
optical field of the telescope. Here i = "l and rc = "g.



pends not only on the medium but also on both the wavelength of the light ray and 
the temperature. As with the polarimeter, the wavelength of the D-line for the so-
dium spectrum has been selected as the reference wavelength and 20°C as the 
standard temperature. Refractive indices measured under these conditions are usu-
ally symbolized as nD. The Abbe refractometer uses white light. This is because 
the telescope tube contains a compensator composed of two Amici prisms that al-
lows one to correct for any dispersion caused by the polychromatic light source. 
However, the original instrument had no way of controlling the temperature. This 
was later remedied by the addition of a water-jacked prism holder with an attached 
thermometer and this soon became a standard feature on all such refractometers.

The Pulfrich Refractometer

A second refractometer for measuring 
the refractive index of liquids was in-
troduced around 1887 by the German 
physicist, Carl Pulfrich (figure 10), an 
optics expert who, like Abbe, spent 
most of his career in the employ of 
Zeiss.6 Unlike the double prism of the 
Abbe refractometer, the Pulfrich re-
fractometer employed a single, right- 
angle prism (figures 11-12). The liquid 
sample was placed in a glass cylinder 
mounted on top of one face of this 
prism. This was, in turn, surrounded by 
a metal water-jacket and monitored 
with a thermometer. Light was focused 
on the liquid close to its interface with 
the prism and the exit angle on the ad-
jacent prism face measured using a 
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Figure 10.  Carl Pulfrich
(1858-1927)



telescope which could be rotated along a 
circular transit. As with the Abbe refrac-
tometer, the value of "g at the critical an-
gle was taken as the point at which half of 
the optical field was dark and half was light.
! The transit circle was calibrated in 
degrees rather than in units of refractive 
index and it was necessary to plug the exit 
angle into an equation in order to calculate 

the corresponding value of nl, though 
usually tables of these results were 
included which allowed one to simply 
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Figure 11. Pulfrich’s original refracto-
meter as shown in J. Traube, Physico-
Chemical Methods, Blakiston: Phila-
delphia, PA, 1898. Neither the lens for 
focusing the light source nor the lens 
for reading the calibrated wheel are 
shown. 

Figure 12. A simplified cross-section of the 
original Pulfrich refractometer with most of 
the calibrated circle and accompanying sup-
port frame deleted. L is the lens for focusing 
the light source, P is the prism, S is the sam-
ple compartment, T is the thermometer, C is a 
section of the transit circle, and T’ is the tele-
scope.



match the measured angle with the cor-
responding value of the refractive in-
dex.
! Unlike the Abbe refractometer, 
the original Pulfrich did not come with 
a compensator and it was necessary to 
use a sodium flame as the light source. 
Early models of the refractometer were 
made by Max Wolz of Bonn and later 
models by Zeiss after Pulfrich began 
working there sometime in the 1890s.

The Dipping Refractometer

Yet a third refractometer for liquids 
was introduced by Zeiss in 1899.7 
Known as a dipping or immersion re-
fractometer, it was specially designed 
for the rapid measurement of the re-
fractive index of a series of solutions. 
Since the refractive index of a binary 
solution is directly proportional to the 
concentration of the solute, this type of 
refractometer was often used in chemical industry to monitor the progress of a 
manufacturing process. Indeed, it was commonly used in the sugar industry either 
as a supplement to or as a substitute for the saccharimeter.
! The telescope-like refractometer (figure 13) was hung from a heavy wire sup-
port above a temperature-controlled water bath containing up to a dozen special 
glass sample beakers. A mirror beneath the water bath directed light into the bottom 
of these beakers and thence into the liquid sample and the immersed prism protrud-
ing from the end of the refractometer (figure 14) via a frosted glass insert in the bot-
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Figure 13. A Zeiss dipping refractometer as 
depicted in the 1913 catalog for the Vere-
inigte Fabriken für Laboratoriumsbedarf of 
Berlin.



tom of the bath. After each reading, the re-
fractometer prism was wiped clean and the 
device moved to the next sample. 
! Like the Abbe and Pulfrich refracto-
meters, the dipping refractometer was based 
on the measurement of the critical angle. In 
this case the border between the dark and 
light regions was projected onto a linear 
scale and the refractive index determined 
from a chart that correlated the scale read-
ing with the corresponding refractive index 
of the liquid sample.8 In lieu of a vernier, a 
calibrated micrometer screw was used to 
measure the fractional distance required to 
displace the border to the nearest scale divi-
sion. Since this refractometer used white 
light, it also contained a compensator that 
could be adjusted by turning a collar on the 
barrel of the telescope. The telescope usu-
ally came with several interchangeable 
prisms of varying refractive index in order 
to encompass a broad range of liquids.

The Fisher Refractometer

A fifth popular refractometer (figure 15) for 
liquids was introduced in the 1940s by the 

Fisher Scientific Company of Pittsburgh.9 Unlike the previous refractometers, this 
one was not based on determination of the critical angle. Utilizing the work of E. E. 
Jelley,10 it instead determined how far the refractive index of a liquid sample dis-
placed the image of a brightly illuminated slit along a scale calibrated directly in 
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Figure 14. Schematic for the Zeiss dip-
ping refractometer. P is the prism, A is 
the Amici compensator, S is the scale, 
M is the micrometer, and E is the eye-
piece.



units of refractive index. On looking 
through the glass eyepiece, one saw the 
slit and scale registering the refractive 
index of the glass. A small square of 
identical glass (figure 16) was then 
pressed again the eyepiece using a spring 
holder. This was bevelled at the top so as 
to create a small prism-shaped sample 
cavity which was then filled with the 
liquid of interest. If this liquid had a 
refractive index less than that of the 
glass, the illuminated slit, when viewed 
through the sample, was visually dis-
placed upwards on the scale relative its 
position for the glass alone, from which 

its refractive index could be directly 
read. If it had a refractive index greater 
than the glass, the image of the slit was 
displaced downwards relative to that of 
the glass. There was also a second scale 
for directly measuring the concentra-
tions of sugar solutions. Only 10-3 mL 
of the liquid was require to fill the 
sample cavity. A second, more elabo-
rate, model was also sold, which fea-
tured an electric heater and a ther-
mometer for temperature control of the 
sample.
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Figure 16. A schematic for the principle un-
derlying the Fisher refractometer.

Figure 15. The Fisher refractometer as 
depicted in its catalog for 1949.



Additional Developments

The refractometers discussed above hardly exhaust the list of known instruments and 
techniques, though they do include the most common varieties found in chemical labo-
ratories. Thus there are also a number of refractometers based on the phenomenon of 
optical interference which are used when measuring the refractive index of gases and 
vapors, as well as microscopical methods used for isotropic transparent solids that are 
based on matching the refractive index of the solid with that of a nonreactive liquid.11, 12 

! A small crystal of the solid is placed on a microscope slide and submerged in a 
drop of a nonreactive liquid of known refractive index. When viewed under the micro-
scope, the crystal will be outlined with dark contour bands if its refractive index is dif-
ferent from that of the surrounding liquid. If their refractive indices are identical, there 
will be no bands. When they do not match, one determines whether to repeat the com-
parison using another crystal and a liquid of either higher or lower refractive index by 
observing the behavior of bands on raising the tube of the microscope. If the refractive 
index of the crystal is higher than that of the liquid, the contour bands are dark and 
well defined with a halo of light within the black bands which appears to move inward 
toward the center as the tube is raised. If, on the other hand, the refractive index of the 
crystal is less than that of the surrounding liquid, then reverse behavior is observed. 
! The liquids are usually mixtures of two components whose changing ratios can 
be used to engineer any refractive index lying between the two limits set by the refrac-
tive indices of the pure components. Starting in the 1940s the Cargille company began 
offering standard sets of these liquids designed by C. P. Shillaber.13 

Museum Holdings

As in the earlier booklet on polarimeters, commentary in this section will be re-
stricted to the figure captions in order to maximize the size of the images. In addition 
to the refractometers themselves, images of our collections of liquid refractive index 
samples used either for calibration or for the technique of refractive index matching 
are also included. 
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Figure 17.  A circa 1890 (11.5”  x 11.25”  x 6”) Pulfrich refractometer made by Max Wolz 
of Bonn and identical to that shown in figure 11. Brass and brown and black lacquer fin-
ish. Unfortunately the lens for the light source is cracked. The instrument identification 
number is 2888.

Jensen-Thomas Apparatus Collection
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Figure 18. A circa 1900 (13”  x 4.25”  x 3.5”) Abbe refractometer made by Carl Zeiss of 
Jena. Combination nickel plate and black lacquer finish. Though it has no temperature 
control, it does have a compensator. The instrument identification number is 4225. It 
came with the small bottle of monobromonaphthalene (nD = 1.658), shown at the right, 
for purposes of calibration. Compare with figure 7. 

Jensen-Thomas Apparatus Collection
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Figure 19.  A circa 1900 (13.5”  x 4.25”  x 3.5”) Abbe refractometer made by Carl Zeiss of 
Jena. Combination nickel plate and black lacquer finish. In addition to a compensator, 
this model also has a water-jacketed prism holder for temperature control (thermometer 
not shown). The instrument identification number is 6483. Compare with figure 7. 

Jensen-Thomas Apparatus Collection
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Figure 20.  A circa 1920 (12.5”  x 11.25”  x 5.25”) Abbe refractometer made by the Bausch 
and Lomb Company of Rochester, New York. Chrome plate and black lacquer finish. It 
has both a compensator and a water-jacketed prism holder for temperature control. The 
instrument identification number is 9387. Compare with figure 7. American companies 
began making Abbe refractometers after the First World War when German patents be-
came available to them as a result of the German war reparations.

Jensen-Thomas Apparatus Collection
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Figure 21.  A circa 1930 (11”  x 6”  x 6”) Abbe refractometer made by the Spencer Optical 
Company of Buffalo, New York. Black lacquer and crackle finish. Though lacking a 
compensator, it does have a chrome-plated, water-jacketed prism holder for temperature 
control (thermometer not shown). The instrument identification number is 839. 

Jensen-Thomas Apparatus Collection
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Figure 22.  A circa 1940 (11.25”  x 6”  x 6”) Abbe refractometer made by the Spencer Op-
tical Company of Buffalo New York. Chrome and black lacquer finish. Unlike the previ-
ous example, this model includes a compensator as well as the usual water-jacked prism 
holder (thermometer not shown). It is also unique in having a knob on the vernier for ro-
tation of the prism. The instrument identification number is 337. Compare with figure 7. 

Jensen-Thomas Apparatus Collection
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Figure 23. A circa 1950 (13”  x 10.75”  x 5.25”) Abbe 3L refractometer made by the 
Bausch and Lomb Optical Company of Rochester, New York. Chrome and light gray lac-
quer finish. Water-jacketed prism holder with vertical thermometer. Built-in compensator 
and optical scale projection. Compare with figure 7. 

Jensen-Thomas Apparatus Collection
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Figure 24.  A circa 1915 (14.75”  x 2.75”  x 2.5”) dipping refractometer made by Carl 
Zeiss of Jena. Chrome and black lacquer and leatherette finish. This is one of three such 
instruments in the museum collections. The instrument identification number of this par-
ticular example is 19489. It comes with a greenish gray lacquered (18.5”  x 12”  x 7.5”) 
sheet metal water bath with mirror and frosted glass insert, and two beaker trays capable 
of holding up to a dozen glass sample beakers. Compare with figure 13.

Jensen-Thomas Apparatus Collection
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Figure 25.!A circa 1949 (11.5”  x 9.75”  x 5”) Fisher refractometer with the sample cell 
attached to the eyepiece. Grey crackle finish. When depressed, the push button on the 
backside lights the slit and the scales. No instrument identification number is provided. 
This is one of three such examples in the museum. The other two date from either the late 
1950s or early 1960s and have a light greenish smooth lacquer finish. Compare with fig-
ure 15.

Jensen-Thomas Apparatus Collection
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Figure 26. Collections of Shillaber’s Certified Index of Refraction Liquids for the micro-
scopical determination of the index of refraction for transparent and translucent solids.

Figure 27.  A closeup of some of the bottles in figure 
26, showing the information on the four-sided labels.

Figure 28 (right).  Bottles of monobromonaphthalene for refractometer calibration. 

Jensen-Thomas Apparatus Collection

Jensen-Thomas Apparatus Collection

Jensen-Thomas Apparatus Collection



The Refractometer’s Significance in the History of Chemistry 

The use of refractive index measurements for purposes of identification and for 
determinations of purity and solution concentrations have already been briefly 
commented on. Of far greater importance to the history of chemistry, however, are 
the various attempts to use data derived from refractive index measurements to de-
termine both the structure of molecules and the nature of chemical bonds. These 
uses do not use the refractive index directly, but rather several properties that are 
derived from it.!  
! Starting with Newton, a variety of functions have been proposed for conver-
sion of the refractive index (n) into a temperature- and aggregation-independent 
quantity known as the specific refractivity (r).14 Of these, the function known as 
the Lorentz-Lorenz equation, first proposed in 1880,15 is now considered to be the 
most accurate:

r = (n2 + 1)/(n2 - 2)#                                                                                              [6]

where # is the density of the liquid measured at the same temperature as the re-
fractive index. Since, according to the definition of n given in equation 2, the re-
fractive index itself has no units, the specific refractivity must have the same units 
as inverse density – in other words, volume per mass (V/m), otherwise known as 
specific volume. 
! In 1858 the French chemist, Marcellin Berthelot,16 further suggested convert-
ing an earlier expression for the specific refractivity into one for a temperature- 
and aggregation-independent quantity now known as the molar refractivity (R) by 
multiplying it by the substance’s molar mass (M). When applied to the Lorentz-
Lorenz function in equation 6, this gives the result: 

R = M(n2 + 1)/(n2 - 2)#                                                                                          [7] 

and reveals that this new quantity has the dimensions of unit volume (V/N). This 
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property was called molecular refractiv-
ity  in much of the older literature, but 
since N is measured in units of moles 
rather than individual molecules, the 
current name of molar refractivity is to 
be preferred, thus making V/N equiva-
lent to the molar volume.  !
! It was not long before a number 
of chemists began exploring the possi-
bility that the molar refractivities of or-
ganic molecules were additive – in other 
words that the molar refractivity of an 
organic molecule (RM) was the additive 
sum of the molar refractivities of its 
component atoms (RA), each weighted 
by its corresponding stoichiometric co-

efficient ($A) in the molecule’s absolute compositional formula:

RM  =  %$ARA                                                                                                                                                               [8]

just as the molecular weight of the molecule is the weighted sum of its component 
atomic weights. Among others, the Swiss-German organic chemist, Hans Landolt 
(figure 29), played a prominent role in testing this assumption for the case of or-
ganic molecules.17, 18

! Of even greater importance was the discovery by the German organic chemist, 
Julius Brühl (figure 30), that the refractivity of organic molecules depended not 
only on their composition but on their degree of unsaturation.19 This meant, in 
turn, that refractivity was not a true additive property, but also depended on mo-
lecular constitution or bonding connectivity. Soon it was discovered that the re-
fractivities of other atoms also depended on their bonding connectivity, so that, for 
example, the refractive increment assigned to an oxygen atom depended on 
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Figure 29.  Hans Heinrich Landolt
(1831-1910)



whether it was involved in an alcohol 
linkage, a carbonyl linkage, or an ether 
linkage. Thus equation 8 became:

RM  =  %$ARF                                                              [9]

where RF represents the molar refractivity 
of some molecular fragment, be it an atom, 
a group, a bond, or a ring of some sort. 
! Since the division of the molecule 
into significant fragments is to some extent 
arbitrary, a wide variety of refractivity  
schemes have appeared in the chemical 
literature.14 A typical example, given by 
Traube in 1893, is shown in figure 31.6 

How these were used can be illustrated by 
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Figure 30. Julius Wilhelm Brühl
(1850-1911)

Figure 31.  A table of refractivities for the determination of organic structure 
given by Traube in 1893.



a simple example. Suppose we have made an organic molecule having the absolute 
composition C6H12. Playing with possible structural formulas, we conclude that this 
molecule may have the structure of either a saturated cyclohexane ring or that an 
unsaturated hexene chain. Using the refractivity values in figure 31 gives a larger 
molar refractivity for the chain structure then for the ring structure and comparison 
of these results with the compound’s experimentally determined refractivity then 
allows us to assign the most probable of these two possibilities. This example also 
illustrates some of the shortcomings of the method, for though it allows us to 
choose between the ring and chain, it does not allow us to determine whether the 
chain corresponds to 1-hexene, 2-hexene, or 3-hexene.
! Similar constitutive effects were found for other physical properties as well. 
Indeed, as early as the 1850s the German chemist, Hermann Kopp, had discovered 
that the molar volume of a liquid measured at its boiling point could be used in 
this manner,20 and in the 1920s the British chemist, Samuel Sugden, proposed a 
similar constitutive parameter called the parachor, which was essentially a meas-
ure of molar volume at constant surface tension.21 Since, as we saw, molar refrac-
tivity also has the units of molar volume, all three of these parameters, though not 
numerically equal, are in theory directly proportional to one another. These meth-
ods soon became the subject of numerous monographs published between 1912 
and 193722-25 and remained an important way of determining molecular structures 
(or rather bonding connectivities) until the end of the World War II, after which 
they were rapidly displaced by NMR and by the convenience of commercially 
available IR and UV spectrometers. Though no longer used for structure determi-
nations, these properties are currently considered to be useful empirical molecular 
descriptors and, as such, are widely used in such fields as pharmacology and toxi-
cology to establish quantitative structure-activity relationships (QSAR).26, 27

! The study of the relationship between molar refractivity (and thus refractive 
index) and the nature of the chemical bond is largely due to the work of the Polish 
physical chemist, Kasimir Fajans (figure 32), and is based on the equation:

R = (4&/3)NA'                                                                                                      [10] 
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where R is the molar refractivity of a 
material, ' is its polarizability, and NA 

is Avogadro’s constant. In essence, this 
states that the polarizability of a mate-
rial or its ability to be perturbed or dis-
torted by an electric field is directly 
proportional to its molar refractivity. In 
other words, the greater the polarizabil-
ity, the more the object interacts with 
the electric field of a light beam and, 
the greater this interaction, the more the 
light beam is retarded in its passage 
through the material, leading to large 
values for both the material’s refractive 
index and its molar refractivity. 
! In the 1920s Fajans began measuring the refractivities of simple ions, rather 
than neutral atoms, from which he was able to calculate their corresponding 
polarizabilities.28 Starting with an idealized ionic bond, he then envisioned its pro-
gressive transformation into an idealized covalent bond via a series of intermediate 
polar-covalent bonds whose polarities were a function of both the polarizability of 
the anionic component and the polarizing ability of the cationic component (figure 
33), in keeping with the equation:
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Figure 32.  Kasimir Fajans
(1887-1975)

Figure 33.  Fajans’ view of the progressive transformation of an idealized ionic bond (a) 
into an idealized covalent bond (d) via a series of intermediate polar-covalent bonds (b 
and c) resulting from the progressive polarization of the anion by the cation.



p = ' E                                                                                                                 [11]

where ' is the polarizability of the anionic component, E is the electric field due to 
the polarizing ability of the cationic component, and p is the resulting polarity.
! Though Fajans’ approach to the chemical bond had a significant impact on 
the practice of inorganic chemistry and geochemistry in both continental Europe 
and the Soviet Union in the years before World War II, the same was not equally 
true of the United States and Great Britain, which tended to favor an alternative 
approach championed by G. N. Lewis and Linus Pauling. This began instead with 
an idealized a covalent bond and viewed its progressive transformation into an 
idealized ionic bond via a series of intermediate polar-covalent bonds whose po-
larities depended on the relative electronegativities of the two interacting atoms. 
Nevertheless, a set of simple rules for qualitatively predicting bond polarity, 
known as Fajans’ rules, are still taught in most American inorganic textbooks, and 
his views on chemical bonding have had a major impact on such fields as glass 
chemistry,29 geochemistry,30, 31 and even solid-state chemistry.32

! While Fajans’ work focused on the ionic-covalent bonding transition, yet a 
further relationship between refractivities and bond character was uncovered in 
1983 by Peter Edwards and Michell Sienko33 when they called attention to a corre-
lation first suggested by Herzfeld in 1927 relating metallic character to atom re-
fractivities:

RG/V’S ( 1                                                                                                             [12]

where RG is the molar refractivity of a gaseous atom or molecule and V’S is the 
molar volume of the corresponding substance in the solid-state. In other words, if 
the molar volume of the gaseous atom or molecule, as measured by its refractivity, 
is equal to or greater than the molar volume of the corresponding substance in the 
solid-state, the solid in question will be metallic in nature. This relationship further 
predicts that a nonmetallic solid at RTP will become metallic if it is compressed 
sufficiently so that its molar volume meets the condition set in equation 12.
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! By the end of the 19th century, the refractometer, like the polarimeter before 
it, had become a standard feature of most chemical laboratories, as well as the sub-
ject of several specialist monographs34, 35 and, at least until the end of the Second 
World War, its use and underlying principles were also a standard topic in all 
books dealing with the general subject of physico-chemical measurements.6, 36-39 
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