
Oesper Museum Booklets on 
the History of Chemical Apparatus

No. 4

COLORIMETERS
William B. Jensen

University of Cincinnati

Photography by Jay Yocis

i

Oesper Collections
University of Cincinnati

2014



                                                                                                                                      



Oesper Museum Booklets on 
the History of Chemical Apparatus

No. 4

COLORIMETERS
William B. Jensen

University of Cincinnati

Photography by Jay Yocis

i

Oesper Collections
University of Cincinnati

2014



                                                                                                                                      



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 M. G. Mellon Colorimeter Collection

The classical colorimeter is an instrument for 
measuring the intensity of a color, usually by 
visually matching it with a standard of some 
sort.1 Though there are colorimeters (some-
times called tintometers) designed to measure 
and standardize the colors of everything from 
light sources to paints, dyes and oils, for the 
average chemist the term usually refers to an 
instrument used to determine the concentra-
tion of a colored species in solution by 
matching its color intensity with that of a so-
lution of known concentration for the same 
species. The chemical colorimeters in the 
Oesper Museum are based upon a collection 
of such instruments donated by the late Mel-
vin G. Mellon of Purdue University (figure 1) 
in the early 1990s and, though additional in-

struments from other sources have since been added, in recognition of his generosity 
the collection as a whole has been named in his honor.
 
The Theory of Colorimetry

The basic theory of colorimetry is attributed to the work of the German physicists 
Johann Heinrich Lambert and August Beer.2 In 1760 Lambert supposedly deduced 
how the observed intensity of a light source changed when viewed through trans-
parent materials of varying thickness,3 though in actual fact he was merely quoting 
the earlier work of the French physicist, Pierre Bouguer, who had stated the 
necessary relation as early as 1729.4 In 1852 Beer further explored how the inten-
sity of a light source changed when viewed through a column of colored liquid as 
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Figure 1.  Melvin Guy Mellon 
(1893-1993)



a function of the concentration of the solute responsible for the color,5 though once 
again virtually the identical results were published a few months later by the 
Frenchman, Felix Bernard.6 Despite the contributions of Bouguer and Bernard, the 
combined results of these investigations are now known as the Beer-Lambert law, 
or just as Beer’s law for short, and are usually expressed mathematically as: 

log(I0/I) = !bc                                                                                                                                                           [1]

where I0 is the initial intensity of the light source, I is its intensity after passage 
through the solution, c is the concentration of the solution in moles per liter, b is 
the thickness of the solution (also known as the path length) in centimeters, and ! 
is a proportionality constant known as the extinction coefficient and varies from 
one colored solute to another, with the temperature, and with the wavelength(s) of 
the light.
! It should be emphasized, however, that analytical chemists began to empiri-
cally explore the possibility of a correlation between the intensity of a colored so-
lution and its concentration long before the work of Beer,7 and many early mono-
graphs on chemical applications of colorimetry – some written as late as the 1920s 
– make no mention of either the law or of the underlying physics of the situation.8-10

The Use of Discrete Standards

The simplest way of determining the concentration of a colored solute is to match 
its color intensity to that of a standard of known concentration at constant path 
length b and initial intensity I0. If we apply equation 1 separately to both the solu-
tion of unknown concentration (u) and the standard solution (s) and subtract one 
from the other to cancel out I0 and obtain the logarithm of Iu/Is, we get the follow-
ing result:

log(Iu/Is) = !b"c                                                                                                    [2]

OESPER MUSEUM BOOKLETS

- 2 -



When the intensities of the unknown and standard are equal, or Iu/Is = 1 and thus 
log(Iu/Is) = 0, then equation 2 reduces to:

0 = !b"c                                                                                                                 [3]

and hence to:

0 = "c or cu = cs                                                                                                    [4]

! The simplest method of applying this result is to prepare a series of standard 
solutions, each differing from the next by some finite concentration increment, and 
then compare their colors to that of the solution of unknown concentration. Some-
times one is lucky enough to find an exact match, but in most cases one can only 
bracket the unknown between two standards, one of which is slightly darker and 
the other slightly lighter. In such cases one approximates the unknown concentra-
tion by interpolating between the concentrations of the two bracketing standards. 
The necessary comparisons are usually made by 
looking down tall vertical tubes of equal cross-
section with optically flat bottoms that contain 
samples of equal depth or path length. 
   ! Though by no means the earliest example of 
the chemical application of colorimetry, the color-
imetric test most commonly associated with this 
matching procedure was developed in 1856 by a 
German agricultural chemist by the name of Julius 
Nessler (figure 2).11 Based on the use of an alkaline 
potassium tetraiodomercurate (K2HgI4) solution, 
otherwise known as Nessler’s reagent, it was used 
to colorimetrically detect and measure the amounts 
of ammonia and/or ammonium salts present in po-
table water supplies. This was important since their 
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Figure 2.  Julius Nessler
(1827-1905)



presence usually signified that the 
water had come into contact with de-
caying animal matter of some sort 
and was thus contaminated.12 Though 
first suggested in 1873 by G. E. Dav-
is13 rather than by Nessler himself, by 
the start of the 20th century most 
laboratory supply houses were selling 
specially designed “Nessler tubes” 
with uniform cross-sections, optically 
flat bottoms and pre-marked path 
lengths, along with special tube racks 
having white glass bases to enhance 
color visibility (figure 3).

! For most of the 20th century the most popular use of the discrete standards 
method was in the colorimetric determination of pH – an approach championed by 
the LaMotte Chemical Co. of Baltimore.14, 15 Rather than viewing samples from 
the top, as in the Nessler test, they were viewed from the side using a wooden test 
tube block with three horizontal viewing holes drilled in it and a frosted glass 
backing to insure a uni-
form, but diffuse, source of 
background lighting (fig-
ure 4). 
! The company sold a 
wide range of pH indica-
tor standards in sealed 
glass ampoules which fit 
into the holes of the block 
along with special test 
tubes with an etched filling 
line to hold the sample be-
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Figure 4.  A typical LaMotte block comparator and rea-
gent holder. The two halves snapped together to facilitate 
easy storage.

Figure 3.  A typical rack of Nessler tubes as 
depicted in the 1950 catalog of the E. H. Sar-
gent Company of Chicago. 



ing tested. A few drops of the appropri-
ate indicator (also sold by the com-
pany) were added to the unknown and 
it was viewed bracketed between vari-
ous pairs of the pH standards for the 
same indicator until the best match was 
obtained. The arrangement of the stan-
dards and unknown in the six holes of 
the block viewer is shown in figure 5 
and their rationale is explained in the 
caption. 
! In addition to various sized “block 
comparators,”  the company also sold a 
large “roulette comparator” (figure 6), 
as well as colorimetric tests and stan-
dards for a wide range of determina-
tions other than pH, such as chlorine, 

hydrogen sulfide, dissolved oxygen, 
copper, nitrogen, etc. 

Disk Colorimeters

Rather than prepare and/or store bulky 
standard solutions, which may or may 
not deteriorate over time, one could in-
stead replace them with small discs of 
glass of the proper color and intensity for each concentration increment and then 
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Figure 6.  A LaMotte “roulette”  comparator 
for pH determinations. Light is provided by 
an electric bulb mounted in the center.

Figure 5.  Top view (upper left) and side 
view (right) of a simple block comparator. 
The lower left shows the arrangement of 
the tubes in the comparator when measur-
ing pH, where X is the unknown plus indi-
cator, S an S’ are the two pH standards, C 
and C are control tubes containing the un-
known sans indicator, and W is a tube of 
distilled water. The idea is to make each 
channel equivalent (water + indicator + 
unknown), since the standards contain wa-
ter plus indicator and the unknown may 
have its own intrinsic color in addition to 
that imparted by the indicator.



mount them in a disk which could 
be rotated in a split field colorime-
ter until one approximated a match 
with the color of an actual solution 
of unknown concentration as dis-
played in the adjacent optical 
channel. The use of colored glass 

standards was first suggested by Siemens 
and Halske in 1864,16 and devices for which 
they are mounted on a wheel (like a View-
Master) are known as disk colorimeters 
(figures 7 and 8) and were sold in the 
United States primarily by the Hellige 
Company and by the Lovibond Company.
! Though not a true disk colorimeter in 
the sense used above, the “Union Oil Col-
orimeter” (figure 9) also made use of col-
ored glass disks as standards, but this time 
arranged in a vertical column rather than on 
a wheel or disk. This colorimeter was not 
used to determine concentrations but rather 
to rank oil samples by color using a system 
originally developed by Joseph Lovibond in 
1885 to rank the color of beer samples.  
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Figure 8. Diagram of a typical disk 
colorimeter for pH determination. M 
is a frosted glass plate to admit light, 
tube A contains the unknown alone, 
tube B contains the unknown plus in-
dicator, CD is the disk of colored glass 
standards, S is the glass standard cur-
rently being used, V is the hole in the 
center of the disk, P and P’ are the 
prisms used to create a split viewing 
field, and E is the eyepiece.

Figure 7.  A Hellige disk colorimeter and a typi-
cal disk of numbered colored glass standards.



The Duboscq Colorimeter 

One way of avoiding the necessity of 
interpolating between discrete stan-
dards is to use a single standard and to 
instead continuously vary its thickness 
or path length (bs) until its color inten-
sity matches that of the unknown. For 
this variation equation 2 becomes:  

log(Iu/Is) = !"(bc)                          [5]

in which bc, rather than just c alone, is 
now the variable. As before, when the 
color intensities of the standard and 
unknown are equal, or Iu/Is = 1 and 
thus log(Iu/Is) = 0, then:
 
0 = !"(bc)                                        [6]

and hence: 

0 = "(bc)  or cubu = csbs                                                                                        [7]

Since both cs and bu are kept constant, we now have a direct proportionality be-
tween the concentration of the unknown and the path length of the standard: 

cu = (cs/bu)bs = kbs                                                                                                 [8]
!
! One of the earliest colorimeters (figure 10) to incorporate this principle was 
designed by the Parisian instrument maker Jules Duboscq (figure 11) in 1868.17-20 
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Figure 9.  A Union Oil Colorimeter for rating 
the colors of various oil samples. The col-
ored glass standards are mounted in the ver-
tical column emerging from the top of the 
instrument.!



This consisted of two sample cells or cups 
mounted on small platforms that could be 
independently raised or lowered by means 
of thumb screws and slots at the back of 
the colorimeter, and through the bottoms 
of which one could direct a light source 
using either a white reflecting surface or 
mirror mounted on the base of the color-
imeter. Into each of these cups was in-
serted an optically clear glass cylinder or 
plunger with a flat glass bottom. The view 
through the bottom of each of these plung-
ers could be monitored by means of a tele-
scopic eyepiece and prism system which 
produced a split field such that the colors 

in each sample cup were simultane-
ously displayed next to one another in 
the eyepiece in order to facilitate accu-
rate matching of their intensities (fig-
ure 12). 
! The solution of unknown concen-
tration was placed in one cup and its 
height fixed so that the bottom of the 
corresponding glass plunger was 
barely submerged.21 Since the distance 
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Figure 10. A typical late 19th- early 
20th-century Duboscq colorimeter.

Figure 11.  Louis Jules Duboscq
(1817-1886)



between the bottom of the plunger and 
the bottom of the sample cup defines the 
path length, this was now set at a con-
stant value. The standard solution was 
then placed in the second cup and its 
height relative to the corresponding 
plunger varied until its intensity matched 
that of the unknown, from which, using 
relation 8, the concentration of the un-
known could be determined.
! The Duboscq was perhaps the single 
most popular classical colorimeter ever 

designed and over the next century count-
less variations would appear (figure 13). 
These would include replacement of the 
thumb screws and slots with a rack and 
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Figure 12. Diagram of a Duboscq color-
imeter. G is the mirror, M and N are the 
cup platforms, A and B are the cups, O 
and P are the plungers, I-J-I is the prism 
system used to create the split optical 
field and E is the eyepiece.

Figure 14.  A Bock-Benedict colorime-
ter as depicted in J. H. Yoe, Photometric 
Chemical Analysis, Wiley: New York, 
NY, 1928.
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Figure 13. Evolution of the Duboscq colorimeter 1920-1950.

1920 1930

1940 1950

1930



pinion mechanism like that used on 
microscopes, the use of electric light 
sources instead of mirrors, the use of 
sample cups and plungers with 
darken sides rather than metal covers 
to cut down on stray light, sample 
cups with flared lips to facilitate fill-
ing with the solutions being tested, 
placement of the eyepiece at right 

angles rather than directly above the sample 
cups, etc. Indeed, this latter modification (fig-
ure 14) was first suggested by the American 
physiological chemist, Stanley Benedict (fig-
ure 15), in 1918.22 But whatever the variation, 
the basic principles remained essentially the 
same as those first used by Duboscq in his 
original design.

Wedge Colorimeters 

A second mechanism for continuously varying 
the path length for the standard was first sug-
gested by Gallenkamp in 1892,23 and became 
popular in the early decades of the 20th cen-
tury. This consisted of placing it in a wedge-
shaped cell that could be raised or lowered 
relative to the light channel in the colorimeter 
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Figure 15.  Stanley Rossiter Benedict
(1884-1936)

Figure 16. A Hellige wedge color-
imeter. The wedge-shaped cell for 
the standard and the scale are shown 
emerging from the top. A cell for the 
unknown is shown on the right.



by means of a knob, thus exposing 
the light rays to varying widths of 
the standard solution. The un-
known, on the other hand, was 
placed in a cup of fixed width. As 
in the Duboscq, the optics of the 
colorimeter allowed one to view 
both the standard and unknown 
side by side in the eyepiece, 
thereby facilitating the matching of 
their respective color intensities. 
! The wedge cell for the stan-
dard was generally attached to a 
vertical scale which protruded from 
the top of the colorimeter and 
which moved up and down with 
the cell. This, in turn, moved past a 
fixed pointer which allowed one to 
read the proper value of bs for use 
in equation 8. Wedge colorimeters 
were a particular speciality of both 
the Fritz Hellige Company of Freiberg and New York  (figure 16) and the Ernst 
Leitz Company of Wetzlar Germany and New York (figure 17). 

Variable Volume Colorimeters

Yet a third mechanism for continuously altering the path length of the standard 
was to vary the volume of the liquid in the cell. Since the cells have a fixed cross-
sectional area, this translates directly into a variation in the depth of the liquid and 
hence of the path length. A simple colorimeter based on this principle was de-
signed by C. H. Wolff in 187925 and consisted of replacing the cup and plunger 
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Figure 17. A Leitz Model D “Bi-colorimeter”  with 
three wedge-cell standards, circa 1925.24 The 
cell for the unknown is mounted on the inside of 
the open door. 



arrangement of the Duboscq colorimeter with 
two graduated cylinders (called Hehner cylin-
ders) having drainage stopcocks near their 
bases (figures 18 and 19). By opening the stop-
cocks, one could adjust the depth of the liquid 
in each cylinder until their color intensities in 
the split optical field matched. The relative path 
lengths could then be read directly from the 

graduations on the sides of the cylinders. 
! A second variation on this theme was 
proposed by Campbell and Hurley in 1911.26 
Once again both sample tubes corresponded 
to graduated cylinders. But, whereas the 
depth of the solution for the unknown was 
fixed, that for the standard could now either 
be raised or lowered by means of a cylindrical 
reservoir containing a glass piston or plunger 
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Figure 19. A diagram of the Wolff 
colorimeter. C is the mirror, A and B 
are the sample cylinders, D is the 
prism system for creating the split 
optical field, and E is the eyepiece.

Figure 18. A Wolff colorimeter as 
depicted in G. Krüss and H. Krüss, 
Kolorimetrie und Quantitative Spek-
tralanalyse, Voss: Hamburg, 1891.



(figures 20 and 21). 
! In addition, the eyepiece was 
placed at a right angle to the tubes rather 
than directly above. The split optical field 
was produced by means of two 45° mir-
rors (one half the width of the other) 
housed in the attached box rather than by 
means of the prism system found in the 
Duboscq and related colorimeters. This 

mirror arrangement was first proposed 
by Donnan in 189627 and subsequently 
used in the Bock-Benedict colorimeter 
mentioned earlier.

Further Developments

It has been argued that the colorimeters 
discussed in this booklet should really 
be called visual comparators, since they 
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Figure 21. A diagram of the Campbell-
Hurley colorimeter. G is the mirror, A is the 
sample cylinder, B is the standard cylinder, 
C is the reservoir, D is the plunger, E is an 
optional rubber seal, I is a full mirror, H is a 
half mirror, M-K-L is the eyepiece.

Figure 20.  A Campbell-Hurley 
Colorimeter.



are based on direct comparison with a standard and rely on the human eye to de-
tect any differences. But whatever the name choice, these simple devices contin-
ued to be used, especially in clinical laboratories, well into the 1960s, even though 
their eventual successors – the filter photometer and the spectrophotometer – had 
begun to make significant inroads as early as the 1930s. Indeed, the Mellon Col-
lection contains not only the simple visual colorimeters described here, but also a 
significant number of these successor instruments, both of which will be the sub-
ject of future booklets in this series.  

Museum Holdings

As with previous booklets in this series, all commentary in this section has been 
confined to the figure captions in order to optimize the size of the images. Though 
basically colorimeters, hemoglobinometers have not been included as they will be 
covered in a future booklet dealing with clinical chemistry.
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Figure 22. Racks of Nessler tubes, circa 1940. The back row containing 100 mL tubes 
measures 19.5”  x 17”  x 5.25”  with tubes. The front row containing 50 mL tubes measures 
15” x 13” x 2.75” with tubes. Compare with figure 3.

M. G. Mellon Colorimeter Collection
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Figure 23.  Two examples of circa 1940 LaMotte block comparators for pH determina-
tion, along with sealed ampoules of various pH standards, sample tubes, and bottles of 
indicator. The top example measures 5.25”  x 3.25 x 1.75”  with tubes. The bottom exam-
ple measures  9”  x 6”  x 2”  when closed. Compare with figure 4. In this last example, the 
back of the comparator is displayed in order to show the frosted glass window. The mu-
seum owns at least three more examples of these sets.

M. G. Mellon Colorimeter Collection

M. G. Mellon Colorimeter Collection
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Figure 24. (Top): A circa 1940 (18.25”  x 17” x 10”) LaMotte “roulette”  color comparator 
with sealed pH standards and sample tubes. Compare with figure 6. (Bottom): boxes of 
LaMotte pH standards, of which the Museum owns dozens. At least one tube in each set 
is distilled water used to equalize the light channels in the comparator (recall figure 5). 

M. G. Mellon Colorimeter Collection

M. G. Mellon Colorimeter Collection
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Figure 25.  A circa 1920 (4.5”  x 4.25”  x 3.5”) disk colorimeter made by the the Fritz Hel-
lige Company of Freiberg and sold by the Eimer and Amend Company of New York, 
along with example colored-glass disk standards and sample tubes. Compare with figure 7. 

M. G. Mellon Colorimeter Collection
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Figure 26.  A circa 1920 (14”  x 12”  x 4.5”) disk colorimeter made by the Fritz Hellige 
Company of Freiberg. This is essentially the same as the colorimeter in figure 25 but 
mounted on a stand and with an electric light source tacked on the back.

M. G. Mellon Colorimeter Collection
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Figure 27.  Circa 1985 (3.5”  x 3.5”  x 1”) plastic disk colorimeters made by the Hatch 
Company of Loveland CO. Rather than discrete glass standards, they employ plastic 
disks with a continuous color gradient and a concentrations scale printed on the outer cir-
cumference. They were sold as small field kits for water analysis, each kit containing its 
own viewer, disk standard, sample tubes, and reagents for a particular test (pH, hardness, 
iron, chlorine, etc). The examples shown here were designed for pH determination.

M. G. Mellon Colorimeter Collection
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Figure 28.  A circa 1940 (17.5”  x 15” x 6.5”) Union oil colorimeter made by the C. J. Ta-
gliabue Manufacturing Co. of Brooklyn NY. The instrument identification number is 931. 
The electric light on the front has been removed. Compare with figure 9. 

M. G. Mellon Colorimeter Collection
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Figure 29.  A circa 1900 (15”  x 6”  x 5”) traditional Duboscq colorimeter. No manufac-
turer is given but, based on its style, it was probably made by Pellin of Paris. The scales 
and verniers are on the back of the instrument next to the knobs that operate the rack and 
pinion movements set in the slots for raising and lowering the cups. When operating, the 
hinged cover is closed to eliminate stray light. Compare with figure 10.

M. G. Mellon Colorimeter Collection
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Figure 30.  A circa 1920 (16”  x 6”  x 5”) Duboscq colorimeter made by the Bausch and 
Lomb Optical Co. of Rochester, NY. for the Arthur Thomas Co. of Philadelphia. The ar-
mored cups are raised and lowered by means of a rack and pinion mechanism. The scales 
and verniers are on each side next to the cup platforms and have mirrors to assist in read-
ing the scales. When in use the cover is employed to cut down on stay light. The instru-
ment ID is 2453. Compare with figure 13.

M. G. Mellon Colorimeter Collection
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Figure 31.  A circa 1930 (12.5”  x 5”  x 5”) Duboscq colorimeter with flared sample cups 
made by the Bausch and Lomb Optical Co. of Rochester, NY. The cup on the right is ad-
justed using a thumb screw whereas that on the left employs a rack and pinion move-
ment. The scales and verniers are on located on each side next to the cups platforms and, 
when in use, a cover is employed to eliminate stray light. The serial number is UD56. 
Compare with figure 13.

M. G. Mellon Colorimeter Collection
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Figure 32.  A circa 1950 (12.5”  x 8”  x 5”) Duboscq colorimeter made by Bausch and 
Lomb Optical Co. of Rochester, NY and sold by the Central Scientific Co. (CENCO) of 
Chicago. This is essentially identical to the previous item but with an electric light source  
and a set of armored sample cups added. The serial number is 477. Compare with figure 13.

M. G. Mellon Colorimeter Collection
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Figure 33.  A circa 1920 (15”  x 14”  x 5.5”) Duboscq made by the Klett Manufacturing 
Co. of New York. No cover is required as it comes with darkened plungers and flared lip 
sample cells. The scales emerge from the top on either side of the eyepiece and are pro-
jected vertically by means of a 45° mirror. The base contains an electric light source with 
a daylight blue filter and a “rolodex”  of convenient conversion tables. The cups are raised 
and lowered by means of worm screws using knobs located beneath each cup near the 
base, but no longer work, since, for some reason, the upright frame has been bent.

M. G. Mellon Colorimeter Collection
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Figure 34.  A circa 1930 (13.5” x 7.5”  x 5.5”) Duboscq “Bio-Colorimeter No. 510” made 
by the Klett Manufacturing Co. of New York. No cover is required as it comes with dark-
ened plungers and flared lip sample cells. The scales emerge from the top on either side 
of the eyepiece and are reflected vertically by means of a 45° mirror so they can be read 
using the small magnifying loop attached to the eyepiece. The worm screws of the previ-
ous model have been replaced by a rack and pinion movement for raising and lowering 
the cups. The base contains an electric light source with a daylight blue filter and a “rolo-
dex” of convenient conversion tables. Compare with figure 13.

M. G. Mellon Colorimeter Collection
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Figure 35.  A circa 1940 (16.5”  x 9.25”  x 6.5”) Duboscq “Top Reader Colorimeter”  made 
by the Klett Manufacturing Co. of New York. No cover is required as it comes with dark-
ened plungers and flared lip sample cells. The scales are read by means of a magnifier 
located on top of the central post. The base contains an electric light source with a day-
light blue filter and a “rolodex”  of convenient conversion tables. The light can be rotated 
out of the way, allowing for use of the mirror alone. Compare with figure 13.

M. G. Mellon Colorimeter Collection
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Figure 36.  A circa 1925 (9“  x 7”  x 5”) Bock-Benedict colorimeter. No manufacturer is 
indicated, though it was probably made by the Klett manufacturing Co. of New York. The 
serial number is 1294. The right cell is raised and lowered by means of a thumb screw 
and the left cell by means of a rack and pinion mechanism. The scales are etched on the 
corresponding posts. In the original model a square sample cell was instead mounted in-
side the header. Compare with figure 14. 

M. G. Mellon Colorimeter Collection



COLORIMETERS

- 31 -

Figure 37.  A circa 1900 Hellige wedge colorimeter for testing water. It comes with 
sealed standards for each test and hand-drawn calibration curves. The colorimeter is 
made of wood and comes apart into two sections for easy storage in the box. The color-
imeter when fully assembled measures 7”  x 5.5”  x 2.75”  and the storage box when closed 
measures 12” x 8.5” x 4.”

M. G. Mellon Colorimeter Collection
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Figure 38. A circa 1920 (7.75”  x 5.5”  x 3.5”  when closed) wedge colorimeter made by 
Fritz Hellige of Freiberg. Compare with figure 16.

M. G. Mellon Colorimeter Collection
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Figure 39.  A circa 1925 (12.5”  x 11”  x 3.75”) Myers Model D “Bi-colorimeter”  with 
three wedge-cell standards and an electric light source made by the Ernst Leitz Company 
of New York. Two of the wedge-cell standards are visible through the open door as is the 
cell for the unknown which is mounted on the door itself. Compare with figure 17.

M. G. Mellon Colorimeter Collection
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Figure 40. A circa 1890 (16.5”  x 6.75”  x 5.5”) Wolff colorimeter manufactured by the A. 
Krüss Optisches Institut of Hamburg. The right stopcock (hidden) is broken and the white 
reflecting surface on the mirror is a modern replacement. Compare with figure 18.

M. G. Mellon Colorimeter Collection
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Figure 41.  A circa 1920 (25.75”  x 15.5”  x 10”) Campbell-Hurley colorimeter. No manu-
facturer is indicated. The plunger, reservoir, and right sample cylinder are modern replace-
ments. Compare with figure 20. 
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Figure 42. A circa 1930 external (7.5”  x 4.5”  x 4.5”) electric light source with daylight 
blue filter for a conventional Duboscq colorimeter made by the American Optical Com-
pany of Buffalo, New York. Metal with a black crackle finish. It can also serve as a light 
source for a microscope.

M. G. Mellon Colorimeter Collection



The Colorimeter’s Significance in the History 
of Chemistry

As noted earlier, a sufficient number of papers 
employing colorimetric methods of chemical 
analysis were published during the first half of 
the 19th century so that by 1864 the newly 
founded Zeitschrift für analytische Chemie was 
using the term as a subject header in its annual 
review of recent advances in analytical chemis-
try along with the more traditional techniques of 
gravimetric analysis, titrimetric (volumetric) 
analysis, and spectroscopic analysis.16 
! Nevertheless, it was not until 1891 that the 
first monograph using the term in its title, Kolorimetrie und Quantitative Spek-
talanalyse in ihrer Anwendung in der Chemie, was published by Gerhard Krüss 
and his brother Hugo Krüss.8, 9 Gerhard (figure 43) was a professor of chemistry at 

Munich and the founding editor of the Zeitscrift fur 
anorganische Chemie, whereas Hugo managed the 
family’s instrument company in Hamburg (now 
known as Krüss Optronic) which, among other 
items, manufactured Wolff colorimeters (recall fig-
ure 40).  
! It was not until 1921 that the first English-
language monograph on colorimetry was published 
by the American consulting chemist, Foster Dee 
Snell (figure 44), under the title Colorimetric 
Analysis.10 Whereas the Krüss book, which had also 
dealt with spectral analysis, devoted only 63 pages 
out of a total of 291 to the subject, Snell managed to 
stretch this to a total of 150 pages. From this point 
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Figure 43.  Gerhard Krüss
(1859-1895)

Figure 44.  Foster Dee Snell
(1898-1980)



on, interest in the subject seems to have rapidly 
accelerated so that by 1928 John H. Yoe (figure 
45) of the University of Virginia was able to pub-
lished a two-volume work of more than 1108 
pages on the subject under the title Photometric 
Chemical Analysis (Colorimetry and Nephel- 
ometry).28  
! Not to be outdone, in the years 1936-1937 
Snell published a second edition of his mono-
graph under the revised title of Colorimetric 
Methods of Analysis.29 Now expanded to two 
volumes and more than 1581 pages, it was co-
authored by his wife, Cornelia T. Snell (figure 
46), who was also a trained chemist. Yet a third 
edition appeared in four volumes during the 
years 1948-1954 and by 1970 four supplemen-
tary volumes had also been added for a grand total of 5166 pages.30 In these later 

volumes the Snells were assisted by their son, 
Chester A. Snell, who was also a trained chemist. 
! Indeed, the late 1940s and early 1950s seem 
to have been the heyday for the practice of color-
imetric analysis and saw the publication not only of 
the massive reference work by the Snells, but of 
numerous smaller monographs.31-36 Similar trends 
were also apparent in the journal literature. Thus, 
writing in 1952,1 Mellon reported that the percent-
age of journal articles devoted to colorimetry had 
increased from 11.1% in 1930 to 24.4% in 1951, 
compared with a drop in the same period for arti-
cles dealing with traditional gravimetric methods, 
which fell from 18.7% to 7.3%, and with traditional 
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Figure 45.  John H. Yoe
(1872-1975)

Figure 46.  Cornelia T. Snell
(1896-1980)



titrimetric methods, which fell from 30.8% 
to 27%. 
! Though widely applied in industry for 
the rapid determination of trace metals,32 
it is in the field of clinical chemistry that 
the colorimeter seems to have had its 
greatest impact, as may be inferred from 
a glance at Louis Rosenfeld’s compre-
hensive history, Four Centuries of Clini-
cal Chemistry.37 This was in no small 
measure due to one of the founding fa-
thers of the field, the American chemist, 
Otto Folin (figure 47), and, to a lesser de-
gree, to his primary competitor, Stanley 
Benedict (recall figure 15).38 
! Starting in the late 19th century and 
continuing until his death in 1934, Folin 

developed numerous colorimetric methods for determining physiologically signifi-
cant components in blood and urine.39 Compared to traditional gravimetric and 
titrametric assay techniques, colorimetric methods were quick and easily per-
formed by mere technicians with minimal training – advantages of great im-
portance as the evolution of modern medicine placed greater and greater pres-
sures on clinical laboratories to generate test results in a timely manner. In 
fact, so closely linked was Folin’s career with the technique of colorimetry that a 
portrait of him painted shortly before his death shows him posing with a Duboscq 
colorimeter in the background. 
! By the 1940s newer electronic instruments, such as the filter photometer 
and the spectrophotometer, had begun to displace the traditional visual colorimeter 
in clinical laboratories40, 41 and by the early 1960s this change was complete. Since 
then, the demand for clinical test results has continued to grow, so that now even 
the laboratory technicians themselves are in danger of being replaced as more and 
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Figure 47.  Otto Folin
(1867-1934)



more of these routine testing procedures are being fully automated.  
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