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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






SPECTROPHOTOMETERS

The M. G. Mellon Spectrophotometer
Collection

As indicated in the previous booklet in this series,
the Oesper Apparatus Museum contains a large
selection of visual colorimeters, filter photometers
and spectrophotometers based on collections of
these instruments donated in 1990 by the late
Melvin Guy Mellon (figure 1) of Purdue Univer-
sity. Though additional instruments have subse-
quently been added, each of these collections has
been named in Mellon’s honor in recognition of

his initial gift. The M. G. Mellon colorimeter col-
lection was the subject of booklet No. 4 in this

Figure 1. Melvin Guy Mellon
(1893-1993) series and his filter photometer collection the sub-

ject of booklet No. 5. The present booklet (No. 6)
deals with his spectrophotometer collection.
Like the filter photometers in the previous booklet, many of the instruments

described here were sold directly by the companies that made them rather than
through standard laboratory supply houses. As a consequence, many are untrace-
able using standard laboratory supply catalogs. Luckily, however, Mellon also
provided the Oesper Museum with a large collection of manufacturer’s advertise-
ments, brochures, and catalogs which has greatly facilitated the task of identifica-
tion and characterization. Unhappily much of this material is also undated. As a
result, the dating of many of the individual instruments is often only approximate
and should be considered as accurate only to the nearest decade at best.

Filter Photometers versus Spectrophotometers

A block diagram for a typical spectrophotometer is shown in figure 2. The differ-
ence between such an instrument and the filter photometers discussed in the previ-
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Absorption Meter
Source Monochromator CeFI)l Detector or
Recorder

Figure 2. A block diagram for a typical spectrophotometer.

ous booklet lies in the second box in this sequence in which the monochromator is
replaced by a filter of some sort. Whereas a filter restricts the light to a limited
band width, a monochromator (whether a prism or a diffraction grating) suppos-
edly restricts it to a single wavelength. As a consequence, spectrophotometers
more closely obey Beer’s law than do filter photometers:

log(I/lp) = - ebc = log(T) [1]

where Iy is the initial intensity of the light source, I; is the light intensity after pas-
sage through the sample, T is their ratio — otherwise known as the sample transmit-
tance, b is the thickness of the solution — otherwise known as the path length, c is
the concentration of the solute in moles per liter, and ¢ is the molar extinction co-
efficient for the species in question and varies with both wavelength and tempera-
ture. In addition, in contrast to a filter photometer, a true spectrophotometer allows
one to map the transmittance of a sample over the entire range of wavelengths
covered by its monochromator rather than at just one fixed band width.

In actual fact the above claim is somewhat exaggerated since the electromag-
netic spectrum is continuous. It would be more accurate to say that the mono-
chromator of the spectrophotometer allows one to isolate a far narrower band
width than does the glass filter of the filter photometer. In addition, actual instru-
ment design is far more eclectic than suggested by the block diagram in figure 2.
Thus, in many of the early visual instruments the filter or monochromator was
placed between between the absorption cell and the detector (i.e., the human eye)
rather than between the source and the cell, and the meter or recorder was a me-
chanical scale on either a micrometer or potentiometer, rather than a galvanometer
reading or the printout of a chart recorder.
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SPECTROPHOTOMETERS

Visual Spectrophotometers

Solution absorption spectrophotometry is far
older than most modern-day chemists realize.
Though there are a few scattered anticipa-
tions, it is generally agreed that the first sub- ;“
stantial contribution to the field is due to the |
work of the German, Karl von Vierordt (fig-
ure 3), as summarized in his 1873 mono- '
graph Die Anwendung des Spectralapparates
zur Photometrie der Absorptionsspectren und

zur quantitativen chemischen Analyse.! Inter-

estingly, Vierordt was neither a physicist nor : :
Figure 3. Karl von Vierordt

a chemist, but rather a medical doctor who (1818-1884)

Figure 4. Vierordt’s spectrophotometer as shown in the 1891 edition of G. Kriiss and H.
Kriiss, Kolorimetrie und Quantitative Spektralanalyse in ihrer Anwendung in der Che-
mie. S is the spectrometer, L is the light source, C is the sample cell holder, and PP is the
double slit photometer.
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was Professor of Physiology at the University of Tiibingen and who specialized in
the study of blood. He had previously invented an apparatus for measuring the rate
of blood flow, as well as an early version of the sphygmomanometer for measuring
blood pressure. His interest in spectrophotometry was apparently prompted by his
desire to devise a method for accurately measuring the hemoglobin content of
blood, though he was well aware that the resulting technique also had important
applications in the fields of physics, chemistry, and technology.2

His apparatus is shown in figure 3. For the spectrometer he used a conven-
tional Bunsen spectroscope whose scale had been empirically calibrated with re-
spect to the wavelengths of several well-established spectral lines. A special dou-
ble slit on the end of the collimator tube served as the photometer. This produced a
split optical field in the eyepiece, and the intensity of each half could be independ-
ently regulated by varying the corresponding slit widths using micrometer screws.3
Since the Bunsen spectroscope is so closely identified in the chemist’s subcon-
scious with the discrete line emission spectra of excited atoms, we need to remind
ourselves that in the case under consideration here, where we are dealing with the
room temperature absorption spectra of liquid solutions, we would instead see a
continuous spectrum of varying intensity.

A summary of late 19th-century work on spectrophotometry may be found in
the monograph Kolorimetrie und Quantitative Spektralanalyse in ihrer An-
wendung in der Chemie by Gerhard and Hugo Kriiss.# In its various editions, this
work covers the literature through at least 1908 and surveys various refinements of
Vierordt’s original apparatus, as well as such optional devices as the “spectrocolor-
imeter,” many of which were apparently made by the Kriiss family apparatus firm
in Hamburg.

By the 1920s several American firms were selling elaborated versions of
Vierordt’s apparatus. One of the earliest was the 1925 “Color Analyzer” or direct
reading spectrophotometer made by the Keuffel and Esser Co. of Hoboken, NJ
(figures 5 and 6).> This replaced the oil lamp of Vierordt’s apparatus with an
spherical electrical light source which could also be used for the study of reflec-
tance spectra, his double-slit photometer with a rotating sector photometer,® and

-4 -
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Figure 5. The circa 1925 Keuffel and Esser “Color Analyzer.” From left to right: the
light source, the sample cells, the rotating sector photometer, and the spectrometer.

1. Spherical Light Source.
2. Photometer.

3. Spectromter.

4. Wave Length Scale.

5. Photometer Scale.

6. Holder for Standard S8ample. @ﬁ

7 Ho'der for Reflection Sam-
ples.

8. Holder for TransparentSam-
ples.

9. Field of View thru Eye Slit.
10. To Vacuum Ventilator.

11. Plug for Vacuum Ventilator
12, 400 Watt Lamps.

18. Lever for Raising Photo-
meter.

14. Sector Discs.

15. Universal 110 Volt Motor
16. Speed Control Rheostat.
17. Entrance 8lit.

18. Collimator Objectives.
19. Dispersion Prism.

20. Bi-Prism.

21. Eye Slit.

22. Cast Aluminum Base,

Figure 6. Cross-sectional diagram of the 1925 “K & E Color Analyzer.”
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his empirically calibrated Bunsen spectroscope with a true spectrometer directly
calibrated to read in units of wavelength. As may be inferred from its name, this
instrument was directed more at physicists and technologists interested in the
physics of color measurements than at chemists interested in colorimetrically de-
termining the concentration of various solutions. Nevertheless, it came with the
option of measuring the transmittance of transparent liquid samples as well as
the reflectance of solids. In the former case, the sample and reference solutions
were each placed in horizontal metal-jacked tubes with glass windows at each end
(not unlike polarimeter tubes) and stacked on top of one another in the sample
holder such that each was perfectly aligned with one of the two rotating sectors in
the photometer. The rate of the rotating sector for the reference was then adjusted
until the intensities of the two cells matched when viewed at a given wavelength
through the eyepiece of the spectrometer. The percent transmittance could then be
directly read from the speed control for the reference sector.

By the late 1920s the Bausch and Lomb Optical Co of Rochester, NY was
producing a similar instrument known as the “Universal Spectrophotometric Out-

Figure 7. The Bausch and Lomb “Universal Spectrophotometric Outfit.” L is the light
source, C is the special vertical holder for the reference and sample cells, P is the polari-
zation photometer, and S is the direct-reading wavelength spectrometer.
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Figure 8. A diagram of the Bausch and Lomb “Universal Spectrophotometer.”

fit” (figures 7 and 8).”7 This came with an optional light attachment for the meas-
urement of reflectance spectra, and with a special vertical cell mount for measur-
ing the transmittance spectra of liquids at varying depths. It also used a polariza-
tion rather than a rotating sector photometer.® By the 1930s similar “modular” vis-
ual spectrophotometers were being produced by such companies as Gaertner Sci-
entific Corporation of Chicago and Adam Hilger Ltd. of London, photos of which
may be found in the 1939 monograph on chemical spectrography by Brode.?

Photoelectric Spectrophotometers

Just as phototubes and cells began to replace the human eye in the design of com-
mercial filter photometers starting in the 1930s, so by 1940 that same had occurred
with respect to spectrophotometers. One of the earliest of these was the single
channel “Cenco-Sheard Spectrophotelometer” made for the Central Scientific Co.
of Chicago (figures 9 and 10).19 Like the visual spectrophotometers described in

-7 -



OESPER MUSEUM BOOKLETS

Figure 9. A circa 1941 “Cenco-Sheard Spectrophotelometer.” L is the light source, T is
the constant voltage transformer, S is the spectrometer, and G is the galvanometer.

115vAC.

e
T,

I

=) W

Figure 10. Diagram of the “Cenco-Sheard Spec-
trophotelometer.” Ti and T, are transformers, L is
the light, I is an iris diaphragm, S; is the entrance
slit controlled by knob K, P is a reflecting prism, Cq
is a concave reflection grating, T is a telescope for
viewing the spectrum, S» is the exit slit, C; and C
are the reference and sample cells, B is the photo-
cell, G is the galvanometer, W is the wavelength
scale, and A is the crank to move the grating.
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the previous section, this was
completely modular and re-
quired the purchase not only of
the photoelectric spectrometer
itself, but also of an external
light source, a constant voltage
transformer, and a galvanome-
ter. The sample and reference
cells could be alternately slid
into the light path.

The circa 1941 “Model 10”
single-channel, double-mono-
chromator spectrophotometer
(figure 11) made by the Coleman
Electric Co. of Maywood, IL be-
gan the process of collapsing all
of these various components into
a single case.!! Here the light
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Figure 11. A circa 1940 Coleman Model 10
double-monochromator spectrophotometer sans
external galvanometer.

direct reading instrument was housed in a
shock resistant black plastic case and
came with interchangeable blank scales
for the galvanometer which could be
calibrated directly in concentration units
for the species of interest. Unlike the
Model 10, however, it required the use of
either an external battery or a constant
voltage transformer.

In 1953 Bausch and Lomb intro-
duced its “Spectronic 20” spectropho-
tometer (figures 13-15) which was des-
tined to become the single most popular
and long-lived of the simple desk-top

-9.-

source, the DC battery, the Wood’s
double-monochromator (a combination
prism and grating), the cell compart-
ment, the phototube, and the variable
resistors were all housed in a single
wooden box, though it still required
the use of an external galvanometer.
Shortly afterwards the company pro-
duced an alternative “Model 11 Uni-
versal Spectrophotometer” in which the
galvanometer was also enclosed.!2
Around 1944 Coleman introduced
its popular “Junior Spectrophotometer”
(figure 12), initially for use in military
field hospitals.!3: 14 This single channel,

Figure 12. A circa 1945 Coleman
“Junior Spectrophotometer.”
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1—WAVELENGTH CONTROL
2—WAVELENGTH SCALE
3—AMPLIFIER CONTROL

4 —PERCENT TRANSMITTANCE SCALE
5—SAMPLE HOLDER
6—LIGHT CONTROL

Figure 13. Bausch and Lomb’s original

“Spectronic 20,” first introduced in 1953.

UV-Visible Spectrophotometers

All of the spectrophotometers described

so far — whether visual or photoelectric
— had glass optics and therefore oper-

instruments.!>- 16 In 1985 the company
sold the manufacturing rights to this
instrument to the Milton Roy Com-
pany of Philadelphia, who, in turn, sold
them to Spectronic Instruments in 1993.
However, before doing so, Milton Roy
replaced the original analog scale with a
digital red LED display and a choice of
alternative readouts and rechristened the

upgrade as the “Spectronic 20D+.”

Entrance

Lens B
Q Sb't Collimating Lens
avh *~—EB’*: = 'f'Tf,:;:, N
Lamp  Eyit P
Slit Occluder _— ==
;:://,» Grating

Photo- @/& -
tube

Cuvette

Wavelength
Light Control Cam

(100% Adjust)

Figure 14. A simplified diagram of the
internal structure of the original Bausch
and Lomb Spectronic 20.

Figure 15. Line drawings of the circa 1986 Milton Roy version of the “Spectronic 20”
(left) and of the later “Spectronic 20D+ (right).
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ated only in the visible region of the electromag-
netic spectrum. This is usually defined as extending
from a wavelength of about 4000A to around
7500A.. Since radiation in the ultraviolet (UV) re-
gion of the spectrum (100-4000A) is strongly ab-
sorbed by ordinary glass and is invisible to the hu-
man eye, UV spectrometry requires the use of
quartz optics and detection using either photogra-
phy or photoelectric cells.

As with the case of Vierordt and the origins of
visible spectrophotometry, the first explorations of
the possibilities of UV spectrophotometry are far
older than the modern-day chemist may realize and
can be traced back to 1878 and the work of the

Figure 16. Walter Noel Hartley
(1845-1913)

British chemist, Walter Noel Hartley (figure 16).17 Using a specially constructed
spectroscope with a quartz prism and lenses,!® Hartley attempted to correlate the

photographically recorded UV absorption spectra of organic compounds with the

presence of certain characteristic functional groups.!® However, the special equip-

ment required and the tediousness of the required measurements largely precluded

CLN. SC1 Co,

Figure 17. The original, circa 1941, Beckman DU UV-visible spectrophotometer.
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heir general ion reani
Condensing Mirror —| t ¢ ge cra adOpt Y by o ga C

Quartz Littrow Prism—__ %&Lég chemists as a everyday tool for
structure determination, and it was

MONOCHROMATOR

not until the introduction of the
first relatively inexpensive com-

= i mercial UV-visible spectropho-
Collimating Prism Slits Phototube

Entrance Mirror  Sample tometer (figures 17-18) by Beck-

‘ o _ ‘ man in 1941 that the technique
Figure 18. A simplified diagram of the internal

workings of the Beckman DU spectrophotometer. became widely applied by organic

chemists.20- 21 The Beckman DU
covered the range 2000-11000A. Between its introduction in 1941 and its discon-
tinuance in 1976 more than 30,000 instruments were sold. By the 1950s many
other companies were producing UV-visible spectrophotometers and the instru-
ments were becoming larger, more complex, and more expensive, as typified by
the circa 1963 “Hatchi Model 129 UV-Visible Grating Spectrophotometer” made
by the Perkin-Elmer Corporation of Norwalk, CT (figure 19).22

S\ B / N - / >

H B Nk

Figure 19. A diagram of the circa 1963 “Hatischi Model 139 UV-Visible Grating Spec-
trophotometer” made by Perkin-Elmer of Norwalk CT. G is the power supply, H is the
source selector, J is the filter, B controls the slit width, C is the zero adjustment, A selects
the wavelength, E selects the sensitivity, F is the transmittance scale, L is the cell com-
partment, K selects the cell to be used, and D controls the shutter for the phototube.
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Self-Recording Spectrophotometers

Writing in 1945, Mellon!? observed that use of a visual spectrophotometer to col-
lect sufficient data to hand-plot the transmittance curve of a species over the entire
visible spectrum was very time consuming;:

[Use of] these instruments requires considerable time. Often one needs points at
some 30 wavelengths for a curve extending across the visible region, and usually a
reliable single value may necessitate averaging five readings.

Though use of photoelectric spectrophotometers eliminated the need for mul-
tiple visual reading for each data point, they still frequently required that the data
be plotted by hand. This was true even in cases where the data was recorded pho-
tographically, since the resulting strip photos had to be pieced together and gener-
ally showed rather diffuse absorption peaks so that much great clarity was ob-
tained by using an ink tracing

of their outline instead. A fur- ARBITRARY SCALE
ther problem was a lack of con- ¢ & 10 2 u K 18 20 2
sensus as to what should be | | | s j
plotted versus what. 2 i e T
. 3 A————..__ |
Some of these techniques ¢ | .
and problems are illustrated in s | | —
the early spectra shown in fig- 6 A -
. 7 - _cm—
ures 20-23. Figure 20 shows \ 7
early 20th-century visible ab- 9 e
10 ——

sorption spectra for 11 different -
. - —e
organic dyes taken from the

— -

monographs by Formanek?3 B C 0 £ F P
FRAUNHOFER LINES

and Watson.24 Here the x-axis is

the arbitrary scale of a Bunsen Figure 20. The hand-drawn visible absorption spec-
spectroscope with the locations tra for 11 different organic dyes, circa 1905-1919.
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of several well documented emission lines
(Fraunhofer lines) superimposed for calibra-
tion. There is no quantitative y-axis since the
absorption envelopes have been drawn free

hand.

Figure 21 shows the UV absorption
spectrum of benzene as measured by Hartley
in 1885.25 Here the x-axis corresponds to the
wavenumber or inverse wavelength in units

OESPER MUSEUM BOOKLETS

1 1| T
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T
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i
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Qe 4 288y

Figure 22. The hand-drawn UV spectrum
of benzene (curve 1) and related aromat-
ics as given by Henri in 1929. Note that

this is the inverse of figure 21.

i

/0

I/25 n‘ 100

1/15

Proportional Parts of Milligram - molecule
Proportional Thickness of Liquid

l/i00

/25

Figure 21. The hand-drawn UV
spectrum of benzene as measured
by Hartley in 1885 from a photo-
graphic tracing.

of cm!, and the y-axis to the transmit-
tance as measured by the thickness of
the sample required to block all light.
Figure 23 also shows the UV spec-
trum of benzene and related aromatics as
reported by Victor Henri in 1929.26 Here
the x-axis is alternatively given either in
wavenumber, frequency or wavelength,
and the y-axis in units of &, where, via
rearrangement of equation 1:
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e =-log (T)/bc [2]
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that it allows for intercomparison of
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Finally, figure 23 once again

ITTT

shows the UV absorption spectrum of

o
I

o
Tl
I

benzene, this time as reported in the
1951 compilation by Friedel and
Orchin?’ and plotted by hand from
data collected on a Beckmann DU.

[T

0.5

~£

Here the x-axis corresponds to the

ITTI

IR ENEERNRRRE NN EN lH

wavelength in Angstroms and the y-

Figure 23. Hand-drawn UV absorption
spectra of benzene as given by Friedel and
Orchin in 1951.

remedy this situation was made by A.
C. Hardy of MIT.2® Starting in the
1920s he began developing a sophisti-
cated spectrophotometer in which the output from the photocells was amplified
sufficiently to drive a chart recorder and thus automatically print the resulting
spectrum. In the case of hand-plotted spectra one had to interpolate the graph be-
tween discrete data points and the smaller details were often lost, whereas with the
chart recorder the plot was truly continuous. Hardy’s instrument was commercially
developed by the General Electric Company (figure 24), which began marketing it
in the late 1930s.2-30 Originally restricted to the visible region of the electromag-
netic spectrum, a UV-visible version was also eventually developed. Unfortunately
the resulting instrument was large, complex, and quite expensive (around $8000 in
1947 compared to $200-$400 for a filter spectrophotometer, and $100-$200 for a
traditional visual colorimeter). As a result, most of them were sold either to well-
funded industrial laboratories or to government laboratories. The situation was
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Wave length and slit mechanism
/ Wave length cam mounting
/——Punel No.4
~—Analyzing prism mounting
: Balance motor
«<—Flicker motor

Decentered lens mounting
s o
¢ -«—Transmission compariment

Integrating sphere
Standard position

Lamp

Sample position
house |

Recorder Panel No.l

Panel No.3
Door

Panel No.2

Figure 24. The circa 1938 General Electric or Hardy recording spectrophotometer.

aptly summarized by the Snells in 1948:3!

It [i.e. the GE Hardy] is so complex and expensive that only a relatively small
number have been built, about 100 at the end of 1948. Such an instrument has un-
questionable advantage in initial research on a specific colorimetric method,
thereby determining and recording the absorption curve instrumentally over the
entire range. The unit is sufficiently complicated and the sources of difficulties so
varied, that a skilled operator should be in charge, although data may be obtained

by a technician.

By 1947 a more practical bench-top alternative was available in the form of
the self-recording Cary-11 UV-visible spectrophotometer (figure 25)32 and by the
1950s individual electric chart recorders could also be purchased, though they did

not become common in laboratory supply catalogs until the 1960s.33

- 16 -
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IR Spectrophotometers

The infrared or IR region of the
electromagnetic spectrum is usually
considered to extend roughly from
7500-1000000A. As with the UV
region, IR radiation is invisible to
the human eye and can only be de-
tected using special photographic
emulsions or by means such devices
as thermocouples, bolometers, and
radiometers. Special materials, such
as rock salt, are also required for
both the prism and cell windows.

Figure 26. William Abney
(1843-1920)

Figure 25. The circa 1947 Cary-11 recording
UV-visible spectrophotometer.

The first significant attempt to explore the
IR spectra of organic compounds is usually
attributed to the British team of William Abney
(figure 26) and Edward Festing,!”- 3435 who in
1881 succeeded in photographing the near IR
spectra of various organic species and who,
like Hartley, attempted to correlate the result-
ing absorptions with the presence of various
functional groups. However, despite a few
sporadic attempts by others, the first truly
comprehensive study of IR spectra is due to an
American physicist in the employ of the Na-
tional Bureau of Standards by the name of
William Coblentz (figure 27). In his two-
volume study, Investigations of Infra-Red
Spectra, published between 1905 and 1906,
Coblentz hand-recorded the IR absorption

-17 -
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Figure 27. William W. Coblentz
(1873-1962)

spectra of more than 132 compounds — using
rock salt for the prism and cell windows, a
Nichols radiometer as the detector, and a Nernst
lamp as the radiation source — and noted several
significant structural correlations.3¢ Neverthe-
less, as with early studies of UV spectra, the
specialized apparatus and the tediousness of the
necessary measurements largely precluded its
widespread adoption by practicing organic chemists.

This situation radically changed with the
coming of World War II and the resulting con-
cerns over petroleum and synthetic rubber pro-
duction, which prompted the introduction of
several commercial IR spectrophotometers by
such companies as Perkin-Elmer and Beckman
in the United States and Hilger and Grubb-

Parsons in England. Though some of these instruments were not self-recording,

most were. UV-visible
spectra, which are due to
electron excitation, gen-
erally consist of only a
few broad peaks, cul-
minating in a massive
charge-transfer peak
at short wavelengths.
Though they can yield
information
trends

when applied to a series

important
on electronic
of closely related com-
pounds, they generally do

100,

90—

T T T T
Fig. 28. Carbon Tetrachloride. CCly
t % imm

|

<

(1 \f

' /

il

|
4 5' 7 9 1 l:Ll’z j

14 15p

Figure 28. The IR transmittance spectrum of carbon tetra-
chloride as reported by Coblentz in 1905.
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not contain a great
deal of specific
structural informa-
tion about individual
molecules. IR spec-
tra, on the other

hand, which are due
to the excitation of

molecular vibrations

Figure 29. The IR spectrum of carbon tetrachloride as reported

by Randall et al in 1949.

and rotations, are
generally far more

complex and contain a great deal of structural information. Here the detail pro-

vided by a chart recorder, versus the smoothed interpolations of hand-plots, is a

paramount importance, as may be seen from a comparison of hand-plotted spec-

trum of carbon tetrachloride reported by Coblentz in 1905 (figure 28) versus the

machine recorded version re-
ported by Randall et al in 1949
(figure 29).37

Early recording IR spectro-
photometers were rather large
and bulky (figure 30), and — in
the words of one science histo-
rian — it was really the introduc-
tion of the relatively inexpensive
and relatively compact Perkin-
Elmer “Infracord” in 1957 that
finally “brought infrared spectro-
photometry within the reach of
the organic chemistry laboratory
and, in time, even the under-
graduate teaching laboratory.”!”

Figure 30. The rather bulky circa 1951 “Model 21
Double-Beam Infrared Spectrophotometer” made
by Perkin-Elmer. This was in fact compact com-
pared to the earlier Perkin-Elmer Model 12-C and
the Beckman IR-3.
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Museum Holdings

The Mellon Spectrophotometer Collection contains examples of American instru-
ments roughly spanning the period 1925-1975. Though many other varieties were
also produced during this period, the collection is nevertheless fairly representa-
tive of the gradual transition between the filter photometer, on the one hand, and
fully computerized and digitized modern spectrophotometer on the other. Ironi-
cally, the most obvious omissions are surviving examples of both the Hardy and
the Cary-11 recording spectrophotometers — ironic because both were part of the
original Mellon Collection. However, both instruments were so large and so heavy
that the author was unable to transport them back to Cincinnati in his car and, even
if he had, we did not have the room to properly store or display them. To the best
of my knowledge, both still reside in the attic of the old chemistry building at Pur-
due University.
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Visual Spectrophotometers

M. G. Mellon Spectrophotometer Collection

Figure 31. A circa 1925 (29.5” x 16” x 10.75”) “K & E Color Analyzer” or direct read-
ing visible spectrophotometer made by the Keuffel and Esser Co. of Hoboken, NJ. Serial
No. 44404. It can be used to measure either reflectance spectra or transmittance spectra
and employs a rotating sector photometer. Compare with figures 5 and 6.
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M. G. Mellon Spectrophotometer Collection

Figure 32. A circa 1930 (517 x 28.5” x 20”) “Universal Spectrophotometric Outfit” for
visible spectrophotometry made by the Bausch & Lomb Optical Co. of Rochester, NY. It
is missing the metal base and small light attachment for illuminating both the spectrome-
ter and photometer scales. It employs a polarizing photometer controlled by means of the
rod that extends to the spectrometer. The special vertical cell attachment is shown, though
optional light and cell configurations were also available for the measurement of reflec-
tance spectra and the use of horizontal cells. Compare with figures 7 and 8.
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Photoelectric Visible Spectrophotometers

M. G. Mellon Spectrophotometer Collection

Figure 33. Acirca 1941 (23” x 14” x 8”) “Cenco-Sheard Spectrophotelometer” for visual
spectrophotometry made for the Central Scientific Co. of Chicago. Serial No. 171. The
crank on the right changes the wavelength which can also be visually monitored by
means of the eyepiece on top. Also visible are the cell compartments for the reference and
sample and the binding posts for connection to the external galvanometer. Compare with
figures 9 and 10.
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M. G. Mellon Spectrophotometer Collection
Figure 34. The previous instrument with all of the necessary externals. Besides the ex-

ternal light source, this single-channel instrument requires a constant voltage transformer
(left) and an external galvanometer (right) for actual operation. Compare with figure 9.
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M. G. Mellon Spectrophotometer Collection

Figure 35. A circa 1940 (13.5” x 12.25” x 77) “Model 10” visual spectrophotometer
made by the Coleman Electric Co. of Maywood, IL. Instrument No. 3521. This single-
cell instrument uses a “DM” double Wood’s monochromator (a combination prism and
grating). The sample and reference can be alternately slid in front of the beam. It contains
its own battery as well as a wall plug and built-in rectifier for recharging, but must be
connected to an external Coleman electrometer in order to read the output of the photo-
tube directly as percent transmittance. Compare with figure 11.
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M. G. Mellon Spectrophotometer Collection
Figure 36. The previous instrument with the requisite Coleman galvanometer attached.

This is a circa 1940 (10” x 8” x 8”) “Model 310 Coleman pH Electrometer.” Instrument
No. 2930.
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M. G. Mellon Spectrophotometer Collection

Figure 37. A circa 1945 (13.5” x 9.75” x 6.5”) “Junior Spectrophotometer” for visible
spectrophotometry made by Coleman Instruments, Inc. of Maywood, IL. Model 6A.
Serial No. A-11546. The detachable clear plastic transmittance scale can be interchanged
with others calibrated directly in concentration units for a given solute. As a single chan-
nel instrument, it requires use of a either a 6V battery or a constant voltage transformer.
The monochromator is a diffraction grating. Compare with figure 12.
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M. G. Mellon Spectrophotometer Collection

Figure 38. A circa 1950 (13.5” x 9.75” x 6.5”) “Junior Spectrophotometer” for visible
spectrophotometry made by Coleman Instruments, Inc. of Maywood, IL. Model 6D.
Serial No. 45178. This is a later version of the previous instrument. The detachable clear
plastic transmittance scale can be interchanged with others calibrated directly in concen-
tration units for a given solute. As single channel instrument, it requires use of a either a
7V battery or a constant voltage transformer.
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M. G. Mellon Spectrophotometer Collection
Figure 39. A circa 1955 (13.75” x 10.5” x 7”) “Spectronic 20” visible spectrophotometer

made by the Bausch and Lomb Optical Company of Rochester NY. Lacquered metal
case. Compare with figure 13.
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M. G. Mellon Spectrophotometer Collection

Figure 40. A circa 1986 (16” x 12.5” x 8”) “Spectronic 20” visible spectrophotometer
made by the Milton Roy Company of Philadelphia, which purchased the rights to this
spectrophotometer design from Bausch & Lomb in 1985. Lacquered metal case. Com-
pare with figure 15.
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DECREASE
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M. G. Mellon Spectrophotometer Collection

Figure 41. A circa 1996 (15.75” x 12”7 x 8.25”) “Spectronic 20D+" visible spectropho-
tometer made by Spectronic Instruments which purchased the rights to this spectropho-
tometer design from Milton Roy in 1995. The analog scale of the earlier models has been
replaced by a red digital LED display with several alternative choices of readout, and the
metal case with a plastic case. Compare with figure 15.
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Ultraviolet-Visible Spectrophotometers

M. G. Mellon Spectrophotometer Collection

Figure 42. A circa 1945 (31”7 x 9.5” x 7.75”) “Beckman Quartz Spectrophotometer,
Model DU” for UV-visible spectrophotometry made by National Technical Laboratories
of South Pasadena, CA (later renamed Beckman Instruments). Serial No. 2749. This ex-
tremely popular instrument requires use of either a constant voltage transformer or a 6
volt car battery. Compare with figure 17.
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M. G. Mellon Spectrophotometer Collection

Figure 43. A circa 1963 (34.5” x 217 x 9.25”) “Hatischi Model 139 UV-Visible Spectro-
photometer” made by Perkin-Elmer of Norwalk CT. Compare with figure 19.

M. G. Mellon Spectrophotometer Collection

Figure 44. A circa 1976 “Model 250 UV-Visible Spectrophotometer” made by Guilford
Instrument of Oberlin, OH, with an optional “Model 2527 Thermo-Programmer” (far
left). The spectrophotometer portion measures 38” x 14” x 11.5”.
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Jensen-Thomas Apparatus Collection

Figure 45. A circa 1950 (13.25” x 9.5” x 8.75”) portable electric chart-recorder made by
General Electric of Schenectady, NY. Whether it ever occurred to anyone to connect this
particular model to a spectrophotometer is unknown. Most photos from the 1950s show
the use of massive floor-model recorders instead.
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Infrared Spectrophotometers

M. G. Mellon Spectrophotometer Collection

Figure 46. A circa 1958 (277 x 18.75” x 16.75”) “Model 137 Infracord” recording IR
spectrophotometer made by the Perkin-Elmer Corporation of Norwalk, CT
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M. G. Mellon Spectrophotometer Collection

Figure 47. A circa 1965 (29.5” x 20” x 16.75”) “Model 337 Grating Infrared Spectropho-
tometer” made by the Perkin-Elmer Corporation of Norwalk, CT.
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The Spectrophotometer’s Significance in the History of Chemistry

The significance of spectrophotometry changed over time, as did the relative im-
portance of the various instruments discussed above. As originally conceived by
Vierordt, and continuing through the development of such instruments as the
Coleman “Junior Spectrophotometer” and the Bausch & Lomb “Spectronic 20,”
its focus remained essentially identical to that of traditional chemical colorimetry
— namely the determination of the concentration of a particular colored complex
by measuring the intensity of its color as a percent transmittance. As such, its
greatest area of application continued to be in the field of clinical chemistry where
its advantage over the traditional visual colorimeter and the filter photometer lay in
its superior monochromator and consequent ability to select a wavelength that
would optimize the intensity of a given characteristic absorption.

Beginning in the 1920s with the development of such visual spectrophotome-
ters as the Keuffel & Esser “Color Analyzer” and the Bausch & Lomb “Universal
Spectrophotometric Outfit,” and continuing on through the “GE-Hardy Recording
Spectrophotometer,” the emphasis for physicists and technologists, at least, be-
came the objective “fingerprinting” of various colors over the entire visible spec-
trum. Thus in a popular article on the early development of the Hardy recording
spectrophotometer, which appeared in the September 1929 issue of Oil & Fat In-
dustries, the anonymous author lauded its potential importance to industry “in
nearly every branch of which control of the color of products is necessary,” and
illustrated his point by reproducing the full visible reflectance spectrum of a ripe
banana versus a green banana!38

Yet a third emphasis, and ultimately the most important for the history of
chemistry, goes back to the 19th century and the pioneering work of Hartley and of
Abney and Festing and became particularly prominent after the rise of commercial
UV-visible and IR instruments, both during and after World War II, such as the
Beckman “DU” and the Perkin-Elmer “Model 21 — namely the use of these in-
struments to fingerprint molecules rather than colors and to ultimately correlate
these fingerprints with their underlying molecular structures. In keeping with this
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trend, chemists began amassing large collections of characteristic spectra for iden-
tification purposes. We have already noted the early collections of UV spectra by
Henri (1929)26 and by Friedel and Orchin (1951),27 and the collections of IR spec-
tra by Coblentz (1905)3¢ and by Randall et al (1949).37 Other early collections of
IR spectra include those by Barnes et al (1944)3° and the massive collections pub-
lished by the Sadtler Research Laboratories (1956 and subsequently).®0 Initially
structure determination was purely empirical and was based on lists of experimen-
tally determined IR frequencies for various kinds of bonds. As the theory of IR
spectra developed, it was also able to supplement these results with more funda-
mental structural insights, at least in the case of simple gas-phase molecules.*!

A 1965 survey reported that between 1952 and 1965 UV-visible spectra were
used in between 20% and 25% of all papers published in American chemical jour-
nals and that use of IR spectra increased from 12.5% to 36% during the same
period.*2 Though both techniques continue to be of great importance, starting
around 1970 they began to be displaced as the primary and definitive methods of
choice for the instrumental determination of molecular structure by X-ray diffrac-
tion, in the case of crystalline solids, and by NMR in the case of liquids.

Yet a second index for measuring the rise of spectrophotometry and its in-
creasing importance to chemists is through an examination of its coverage in text-
books and especially in those dealing with instrumental analysis — a topic which
first made an appearance in the late 1940s. Thus the 1939 monograph on Chemical
Spectroscopy by Brode either discusses or mentions in passing four varieties of
visual spectrophotometers made by Keuffel & Esser, Bausch & Lomb, Hilger, and
by Gaertner, as well as the photoelectric “GE-Hardy Recording Spectrophotome-
ter” and several others from the research literature that were apparently never pro-
duced commercially.” The 1942 monograph on Optical Methods of Chemical
Analysis by Gibbs discusses the visual spectrophotometers made by Bausch &
Lomb, Hilger-Nutting, Schmidt & Haensch, Weigert, Walsh and Bottger, as well
as such photoelectric models as the “Cenco-Sheard Spectrophotelometer,” the
“Coleman Models 10 and 11,” the “GE-Hardy,” the “Beckman DU,” and also men-
tions a half dozen more in passing whose commercial status remains ambiguous.!!
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Interestingly this book also states that there were still serious problems with the
routine application of IR spectrophotometry and explicitly mentions only a single
instrument designed Wright in 1941. The 1945 booklet by Mellon mentions five
different visual spectrophotometers and eleven different photoelectric spectropho-
tometers, but makes no mention of IR instruments.3!

It is only with the publication of the 1948 textbook, Instrumental Methods of
Analysis, by Willard, Merritt and Dean that a detailed discussion of individual vis-
ual spectrophotometers finally disappears.*3 The chapter on spectrophotometry de-
votes only a single paragraph to these instruments and justifies its brevity by not-
ing that they “are not widely used at present.” As for visible and/or UV photoelec-
tric instruments, mention is made of the “Cenco-Sheard Spectrophotelometer,” the
“Coleman Model 10,” the “Beckman DU,” and the “GE-Hardy.” In addition, one
finally encounters a brief survey of commercial IR instruments, including the
“Perkin-Elmer Model 12-C,” the “Beckman Model IR-2,” and the “Baird Two-
Beam Infrared Spectrophotometer.” The volume on colorimetry, published that
same year by the Snells, also makes no mention of visual spectrophotometers, and
discusses the same four visible and/or UV photoelectric instruments mentioned by
Willard et al.'2 Given its special focus, this book contains, for obvious reasons, no
discussion of IR spectrophotometers. From this point on, the format established by
Willard et al becomes the standard pattern for such later texts as Harley and Wib-
erley (1954),4 Ewing (1954),% and Biffin and Seaman (1956)4 — all mention of
visual instruments has disappeared and there are increasingly detailed discussions
of IR instruments.

In summary, we see that the decade 1940-1950 was key to the development
of the photoelectric spectrophotometer. It is this decade which finally saw the
complete displacement of the visual spectrophotometer, whose roots can be traced
back to the last quarter of the 19th-century, as well as the rise to prominence of
commercial photoelectric UV and IR instruments, both of which also have late
19th-century origins. This is, of course, the so-called “instrument revolution” often
spoken of by historians of chemistry. But this revolution consisted less in estab-
lishing totally new methods of instrumental analysis than in creating electronic
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versions of older methods that were now simple enough and convenient enough
for the practicing organic and inorganic chemist, with no special interest in in-
strument design per se, to apply in the laboratory on a routine basis as a means to
other ends.
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