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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





Discovery of the Visible Spectrum

In late 1666 Sir Isaac Newton first 
performed his famous experiment 
demonstrating that white light was 
actually a mixture of seven basic 
colors: red, orange, yellow, green, 
blue, indigo, and violet (figure 1). 
This was done by passing a ray of 
white light through a glass prism  
and projecting the result on a white 
surface. On passage through the 
glass of the prism the light was re-
fracted, which is to say, both its  
speed and direction of motion were 
altered. As we now know, the de-
gree of refraction or the change in 
direction depends not only on the 
refractive index of the glass but 

also on the wavelength of 
the light itself, causing each 
color to emerge from the 
prism at slightly different 
angle and thereby resolving 
any mixture of wavelengths 
into its basic components 
(figure 2).
! It was not until the 19th 
century that Newton’s dis-
covery would begin to bear 
fruit for the science of chem-
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Figure 1.  A colorized version of an 1870 wood-
cut depicting the artist’s reconstruction of New-
ton’s discovery of the visible spectrum.

Figure 2.  Diagram illustrating the refraction of white 
light into its component colors by a glass prism. 



istry, and then only when it was applied to another phenomenon first observed in 
the 17th century – namely the ability of the compounds of a given element to im-
part a characteristic color to a nonluminous flame (figure 3). 

Flame Tests!

As early as 1661 Boyle had noted that salts of copper imparted a green color to a 
flame,1 and in 1758 the Swedish chemist, Andreas Marggraf, reported that salts of 
soda imparted a yellow color whereas those of potash imparted a violet color.2 
Marggraf’s observations were eventually incorporated into the literature dealing 
with  “dry”  or blowpipe analysis. Thus by the 1820s and 1830s the two most popu-
lar works on this subject by Berzelius3 and Plattner4 both made mention of the 
characteristic colors imparted to the blowpipe flame by compounds of sodium, po-
tassium, lithium and strontium. The same is also true of early manuals on “wet”  or 
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Figure 3.  A modern textbook illustration of common flame tests.



qualitative analysis dating from the 1840s and 1850s, which mention the flame 
colors for the same four elements. Indeed, the 1847 manual by Will not only rec-
ommended that these tests be conducted in the nonluminous flame of an alcohol 
lamp, rather than with a blowpipe, it also added to the list of possibilities the green 
color produced by barium salts and the orange color produced by calcium salts.5   
! In 1859 the German chemist, Robert Bunsen, published an article on blow-
pipe experiments in which he attempted to show that many standard blowpipe tests 
could be performed just as easily in the nonluminous flame of his recently devel-
oped laboratory gas burner, with its well-defined oxidizing and reducing regions, 
using platinum wire loops to support the samples being tested.6 Despite its claim 

to deal with blowpipe reactions in general, this 
paper rapidly came to focus solely on the flame 
tests used to detect sodium, potassium, lithium 
and calcium and on the question of how to de-
tect these elements when they were present in a 
mixture. Bunsen’s solution was to view the col-
ored flames through a hollow triangular glass 
prism filled with a solution of indigo (figure 4). 
This was held horizontally in front of the flame, 
which was then viewed through a gradually in-
creasing thickness of the solution. According to 
Bunsen, this resulted in an unique sequence of 
colors for each combination of elements in the 
flame. 
! This was a subject to which Bunsen would 
return to once again in 1866, this time in a 
lengthy paper entitled “Flame Reactions,” 
which he would reprint in booklet form in both 
1880 and 1886.7 In the end, however, Bunsen’s 
proposed reform of blowpipe analysis came to 
naught and its sole lasting legacy in the case of 

SPECTROSCOPES, SPECTROMETERS, SPECTROGRAPHS

- 3 -

Figure 4.  Circa 1880 (8”  x 1.5”  x 
1”) indigo prisms for use with 
flame tests. Top side on the left 
and edge view on the right. 

Jensen-Thomas Apparatus Collection



both the conventional course on blowpipe 
analysis and the course on qualitative wet 
analysis was the use of a piece of blue co-
balt glass to mask the yellow flame of so-
dium when performing the flame test for 
potassium (figure 5).

Flame Spectra

The simplicity of using flame tests was 
marred not only by the question of how to 
disentangle mixtures of elements, but also 
by the fact that the colors for the isolated 
elements themselves were not always easy 
to distinguish. Thus lithium, strontium and 
calcium all gave red flames, whereas cop-
per, barium and boron all gave green flames 
(recall figure 3). Granted that not all of these reds and greens were identical and 
that attempts were made to verbally distinguish them using such terms as crimson, 
scarlet or yellowish red, for example, but without the use of a standard for com-
parison these distinctions were highly subjective and difficult for many to make. 
Were these colors really basic or were they varying shades of a basic color pro-
duced, like white light itself, by the admixture of several component colors, and if 
these admixtures were disentangled, would they prove to be unique for each ele-
ment and thus sufficient to provide the necessary objective distinctions that the 
composite flame colors by themselves had failed to provide? These were questions 
that spectrum analysis was in an unique position to answer.
! The first significant advance since Newton in the study of the visible spec-
trum came in 1814 when the German optician, Joseph von Fraunhofer (figure 6), 
began his classic studies of the solar spectrum, leading to his discovery of the so-
called dark lines or Fraunhofer lines. Soon others were examining the emission 
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Figure 5.  Cobalt glass and platinum 
wire loop used to perform the flame 
test for potassium.

Jensen-Thomas Apparatus Collection



spectra of other luminous objects, includ-
ing the colored flames produced by vari-
ous chemical compounds and the spark 
spectra produced by metals. These studies, by 
more than a half dozen different research- 
ers in the period 1823-1855, have been the 
subject of both historical papers8-10 and 
books,11, 12 and need not be discussed here 
in detail. 
! Suffice it to say that, even though 
several of these researchers expressed the 
opinion that flame spectra might serve as 
the basis of a new method of chemical 
analysis, and even went so far as to explic-
itly state the fundamental premise of spec-
trum analysis – namely that each metallic 
element has its own characteristic spec-

trum independent of its state of combination – all of them fell short, in one way or 
another, when it came to definitively and unambiguously establishing a new field 
of chemical research. 
! In some cases the comments on flame spectra were made as a passing aside 
in papers whose primary thrust lay elsewhere. In other cases, the materials studied 
were impure and led to confusing results. Thus William Talbot became confused 
when he discovered the yellow sodium D line, not only in the flame produced by 
rock salt, but in dozens of other materials that, unbeknownst to him, either con-
tained sodium or were contaminated by it. Likewise, the spark spectra of various 
metals obtained by Antoine Masson were done in various gases and were actually 
a combination of the spectra of both the metals and gases together. In yet other 
cases, improper procedures were used. Thus the extensive list of flame spectra re-
corded by William Miller in 1845 were virtually useless because they had been 
obtained using a luminous flame.  
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Figure 6.  Joseph von Fraunhofer
(1787-1826)



! In 1860 Bunsen returned to the 
problem of flame tests, this time 
joining forces with his close friend 
and colleague at the University of 
Heidelberg – the German physicist 
Gustav Kirchhoff (figure 7). Kirch-
hoff had just completed his spectro-
scopic study of the Fraunhofer dark 
lines in the solar spectrum, which he 
had proven to be due to selective ab-
sorption of the wavelengths in ques-
tion by nonluminous matter in the 
sun’s outer atmosphere, and it now 
occurred to the two of them to apply 
spectroscopy to the colored flames 
Bunsen had been attempting to dis-
entangle using his indigo prism.
! Using the high-temperature non-
luminous flame of Bunsen’s gas 
burner to excite their samples and a 
new spectroscope of their own de-
sign (see next section), in 1860 they 
reported on the spectra of K, Na, Li, 
Sr, Ca and Ba (figure 8).13 Using a spectroscope to disentangle flame tests was 
presumably an independent idea on their part since their paper failed to cite the 
work of any of their predecessors in this field with the exception of an 1857 paper 
by the Scottish chemist, William Swan, in which he emphasized the problems 
caused by Na contamination. In response to Swan’s warnings, Bunsen took care to 
work with only ulta-pure materials – a precaution which made possible the spec-
troscopic discovery of two new alkali metals – Cs and Rb – within the year.14, 15 
Indeed the second installment of their joint paper, which appeared in 1861, was 

OESPER MUSEUM BOOKLETS

- 6 -

Figure 7.  Standing: Gustav Kirchhoff (1824 
-1887). Sitting: Robert Bunsen (1811-1899). 
Photograph taken during a visit to Manchester 
England in 1862.



largely devoted to a description of the compounds of these two newly discovered 
elements and also reported on their observed spectra.13 There is little doubt that it 
was the discovery of these two elements, more than any other factor, that accounts 
for why the work of Bunsen and Kirchhoff would have an impact far beyond that 
of their predecessors and would finally make the spectroscope a standard feature 
of the chemical laboratory.

Linear-Scale Prism Spectroscopes

A spectroscope is an instrument for observing spectra. Historically it is most 
commonly associated with the study of emission spectra, though, as we saw in 
booklet 6, it can also be used to study absorption spectra. In its simplest form a 
spectroscope allows one to view spectra but does not allow one to either quantita-
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Figure 8.  A colored lithograph of the line spectra of K, Na, Li, Sr, Ca, and Ba as reported 
by Bunsen and Kirchhoff in 1860. At the top, for comparison and calibration, is the solar 
spectrum with the major Fraunhofer lines marked as H, G, F, b, E, D, C, B, a, and A.



tively measure the intensity of the 
various lines in the spectrum nor to 
directly measure their wavelengths. 
! From the time of Newton 
onwards researchers interested in 
studying the spectra of various ma-
terials and natural phenomena had 
obviously devised ways to experi-
mentally observe them through 
various combinations of prisms, 
slits and lenses. Newton had hand-
held a prism in a beam of sunlight 
issuing from a hole in the window 
shutter of a darken room. In the 
early decades of the 19th century, 

Fraunhofer had gone so far as to mount a prism in front of the telescope of a 
modified surveyor’s theodolite (figure 9) – a move necessitated by the fact that 
both his sample flames and slit were located some 692 feet away in a darkened 
space. Similarly, other early pioneers of the study of flame and spark spectra, men-
tioned in the previous section, had obviously contrived ways to observe the phe-
nomena in question and in some cases, as we will see later, designed self-
contained instruments that most certainly qualify as true spectroscopes.16  
! Nevertheless, for most chemists the origin of the spectroscope is indelibly 
linked with the instrument first described in 1860 by Bunsen and Kirchhoff in the 
first installment of their famous paper on spectrum analysis (figure 10).13, 17 This 
consisted of a hollow glass prism (F) filled with a liquid of suitable refractive in-
dex (carbon disulfide) and mounted on a circular stand or “table” whose central 
axis was, in turn, connected to a mirror (G) such that both the prism and mirror 
could be rotated by means of lever (H). The prism and mount were, in turn, en-
closed in a trapezoidal wooden case on legs (supposedly made from one of Bun-
sen’s old cigar boxes), whereas the mirror and lever were outside and beneath the 
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Figure 9. Fraunhofer’s partial spectroscope 
based on a modified surveyor’s theodolite.



case where they could 
be easily manipulated 
by the observer. On ei-
ther side of the prism, 
the walls of the case 
were pierced by two 
telescope tubes, one 
containing a lens and 
cross hairs for observa-
tion (C), and one con-
taining a collimator lens 
and slit which was di-
rected at the sample 
being studied (B). It 
should be noted that, 
though it was a signifi-
cant advance over the modular setups use by many earlier workers, this instrument 

was still not completely self-
contained since both an external 
scale and a telescope were re-
quired to measure the rotation 
of the prism via the mirror.
! However, this oversight 
was quickly remedied in the 
second installment of their clas-
sic paper published in 1861.12 
The newly modified spectro-
scope described in this paper 
(figure 11) had been created for 
Bunsen and Kirchhoff by the 
Munich optician C. A. Steinheil 
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Figure 10.  The original spectroscope used by Bunsen and 
Kirchhoff in their first paper of 1860. Not shown are the ex-
ternal scale and telescope.

Figure 11.  Bunsen and Kirchhoff’s second spectro-
scope of 1861.



and was essentially identical in form to all later models of the so-called “Bunsen 
spectroscope,” whether dating from the second half of the 19th century, from the 
20th century, or, in some cases, even today.18 Gone were the wooden case and the 
mirror and lever, not to mention the external scale and telescope. Instead of two 
mounted telescope tubes there were three – the eyepiece and the collimator/slit as 
before, as well as a tube for projecting a numerical scale on the prism and eye-
piece, which required a small luminous light source (not shown in figure 11). This 
was originally a candle or a small luminous gas flame and, of course, later on a 
small electric light bulb. The collimator tube was fixed, but both the eyepiece and 
scale tubes could be rotated about the central axis. Not only could the slit width be 
varied using a micrometer screw, the end of the collimator tube also contained a 
small reflecting prism which allowed one to view the spectra of two flames simul-
taneously – one for a standard and one for the sample under investigation – 
whence the two burners shown in figure 11.!
! In 1862 Bunsen and  Kirchhoff described yet a third version of their spectro-
scope, this time designed for everyday laboratory use (figure 12), which they char-
acterized as “simpler and smaller, and therefore less expensive.”19 Even though – 
as shown in the historical article by 
Bennett20,21 – many variants and elabo-
rations of the original designs of 1861 
and 1862 would appear by 1870, they 
have nevertheless remained, as al-
ready noted, the archetypes for all 
simple Bunsen prism spectroscopes 
down to the present day (figure 13). 

Divided-Circle Prism Spectroscopes

As already briefly hinted, Bunsen and 
Kirchhoff did not design the first self-
contained spectroscope. An important 
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Figure 12.  Bunsen and Kirchhoff’s simpli-
fied spectroscope of 1862.
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Figure 13.  Evolution of the simple Bunsen linear-scale prism spectroscope.

1890

1940

1950 1955

1900



alternative was the divided circle spec-
troscope first used by the French spec-
troscopist, Antoine Masson, in his stud-
ies of metal spark spectra in the 1850s 
(figure 14).22 This was based on a 
modified goniometer. Unlike the Bun-
sen spectroscope, it required only two, 
rather than three, telescope tubes – one 
for the eyepiece and one for the colli-
mator and slit. The latter was fixed but 
both eyepiece and the prism table could 
be independently rotated nearly 360° 
about the central axis of a graduated 
circle. Rather than recording the posi-
tion of each spectral line on an arbitrary 
linear scale, one instead recorded the 

angle of rotation required 
to center each line in the 
crosshairs of the eyepiece.
! Modifications of this 
instrument began to ap-
pear soon after the publi-
cation of the Bunsen- 
Kirchhoff paper, such as 
those produced by John 
Browning of London (fig-
ure 15). Here the prism 
table, like the slit tube, 
was fixed, and the eye-
piece was free to rotate 
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Figure 14.  Antoine Masson’s divided cir-
cle spectroscope of 1851.

Figure 15. John Browning’s divided semicircle spectro-
scope as shown in the 1869 edition of Cyclopedic Science 
Simplified.23



only between a third and a half of the full circle, which was more than sufficient to 
bring most spectral lines into the crosshairs. As a consequence, the outer edge of 
the circular mount corresponding to the arc traversed by the eyepiece was gradu-
ated to read only between 0° - 120°. A vernier attached to the mount for the eye-
piece allowed one to interpolate between the scale divisions.  
! By the early 20th century (figure 16), there was a return to the full, rather 
than semi, version of the divided circle spectroscope and this type of instrument 
had almost completely replaced the linear-scale Bunsen spectroscope in research 
laboratories, though the Bunsen version has continued to be used for teaching and 
demonstration purposes down to the present day.  At least this is the impression 
given by T. T. Baker’s 1923 monograph, The Spectroscope and its Uses in General 
Analytical Chemistry, which highlights nine different variations of the divided cir-
cle prism spectroscope but has virtually nothing to say concerning the traditional 
Bunsen spectroscope.24    
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Figure 16.  Evolution of the divided circle spectroscope in the 20th century.
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1960



Diffraction Spectroscopes

Instead of a prism, a diffrac-
tion grating may be used to 
resolve a light beam into its 
basic spectrum (figure 17). 
This is made by ruling thou-
sands of fine lines or groves 
very close to one another. If 
this is done on an opaque ma-
terial, one obtains a reflection 
grating, whereas if the lines 

are cut on a transparent material, such as 
glass, one obtains a transmission grating.  
! Fraunhofer used a diffraction grat-
ing in his later work on the solar spectrum 
and diffraction spectroscopes were often 
favored by 19th-century physicists and 
astronomers. Their advantage is that it is 
possible to calculate wavelengths based 
on the line spacing and the angle of dif-
fraction. Their disadvantage is that the in-
tensity of the resulting spectrum is less 
than that obtained using a prism. It is 
largely for this reason that 19th-century 
chemists continued to favor prism spec-
troscopes. However, with the develop-
ment of the photocell this ceased to be a 
factor and diffraction gratings are now 
widely used in the design of the photo-
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Figure 17.  Diagram illustrating the resolution of 
white light into its component colors using a transmis-
sion diffraction grating

Figure 18. Henry Rowland (1848-1901) 
posing with one of his precision diffrac-
tion gratings.



electric spectrophotometers de-
scribed in booklet 6. 
! The 19th-century also saw 
continual improvements in the pre-
cision of diffraction gratings, due 
in large part to improvements in 
the ruling engines used to make 
them. Especially outstanding in 
this regard were the gratings made 
by the American physicist, Henry 
Rowland (figure 18), starting in the 
1880s.25, 26 By the late 19th century 
it was also realized that one could 
produce inexpensive replicas of an 
original grating by using it as a mold 
or by simply photographing it.

! The simplest way of mak-
ing a diffraction grating spectro-
scope is to replace the prism in a 
traditional spectroscope with a 
diffraction grating mounted in a 
upright frame (figure 19). How-
ever, in the late 1920s the Cen-
tral Scientific Co. (CENCO) of 
Chicago introduced a radically 
new design for the production of 
inexpensive diffraction spectro-
scopes for student use (figure 
20) which was soon copied by 
others.27, 28 Gone are the tele-
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Figure 19.  A circa 1868 divided circle spectro-
scope used by Ångström in which the prism has 
been replaced by a diffraction grating mounted 
in an upright frame. 

Figure 20. A circa 1929 Cenco diffraction grating 
spectroscope for student use. 



scope tubes and circular mount of the traditional prism spectroscope. In their place 
one finds a largely empty elongated triangular sheet metal box (figure 20). In the 
left-hand corner of its base is an adjustable slit and in the right-hand corner of the 
base a linear scale lit either by an electric bulb or by ambient room light. At the 
apex of the triangle is the eyepiece and just beyond it, within the box, is a square 
of glass to which is attached a replica of a diffraction grating.

Wavelength Spectrometers

As mentioned earlier, a spectroscope allows one to observed spectra but does not 
allow one to quantitatively measure either line intensities or wavelengths. Spectro-
scopes which have been modified to also measure wavelengths are called a spec-
trometers in order to distinguish them from their less versatile predecessors. Of 
course both the arbitrary scale readings of a traditional Bunsen spectroscope and 
the absolute angular readings of a divided circle spectroscope can be empirically 

correlated with the cor-
responding wavelengths 
using a table or graph, 
but it was really not 
until the first decade of 
the 20th century that 
true wavelength spec-
trometers make an ap-
pearance, even though 
divided circle spectro-
scopes are frequently 
mislabeled as spectro-
meters.
! In the most com-
mon form of these in-
struments (figures 21 
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Figure 21.  A circa 1915 constant deviation wavelength spec-
trometer made by Adam Hilger of London.29



and 22) both the tube 
for the eyepiece and for 
the slit are fixed at a 90° 
angle to one another 
and it is rather the 
prism table which ro-
tates in order to bring 
each line of the spec-
trum into the crosshairs 
of the eyepiece. This is 
accomplished using a 
spirally grooved drum 

set at right angles to the prism table and calibrated di-
rectly in units of wavelength (figure 24). These right-
angle instruments 
also made use of a 
specially shaped 
constant deviation 
Pellin- Broca  prism 
(figure 23) rather 

than the traditional 60° prism.
! An interesting variation on these instruments 
is the circa 1920 quartz UV-visible monochroma-
tor made by the Bausch & Lomb Optical Com-
pany of Rochester, NY. (figure 25).31 Though ad-
vertised as a monochromator, it could also double 
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Figure 22. A circa 1925 right-angle constant deviation wave-
length spectrometer made by Bausch & Lomb Optical Co. 
of Rochester, NY. Unlike the earlier Hilger instrument, the 
wavelength drum is enclosed in a protective case.30

Figure 24. A closeup of the spirally 
grooved wavelength drum on the 
Hilger instrument in figure 21.

Figure 23. The shape of 
the special Pellin-Broca 
prism used in right-angle 
wavelength spectrometers.



as a constant deviation wavelength 
spectrometer. Rather than being set at 
90° to one another, as in the previous 
instruments, the eyepiece and slit 
tubes were set at an angle of 128°52’. 
This is because, instead of using a 
single Pellin-Broca prism, this instru-
ment used two 30° prisms made of 
left- and right-handed quartz that were 
rotated in opposite directions by the 
wavelength drum.

Spectrographs

Spectroscopes which have been 
modified to permanently record 
spectra are known as spectro-

graphs. Originally this was done photographically. In these instruments both the 
tubes for the slit and the eyepiece are fixed and the latter is replaced by a plate 
camera of some sort. Movement of the tubes is unnecessary since these instru-
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Figure 25.  The circa 1920 quartz monochromator 
and constant deviation spectroscope made by the 
Bausch & Lomb Optical Co. of Rochester, NY.

Figure 26.  A circa 1918 medium-length spectrograph made by Adam Hilger of London.



ments record the entire spectrum 
simultaneously rather than a sin-
gle line at a time. Since photogra-
phy, unlike the human eye, is re-
sponsive to UV radiation, most 
spectrographs also contained quartz 
optics and could record the full 
spectrum from 2000-8000Å. Early 
20th-century spectrographs gen-
erally came in three sizes: large 
instruments, which might be as 
long as 8 feet; medium instru-
ments, which were usually be-
tween 5 and 6 feet in length (fig-
ure 26); and small instruments, 

which were roughly the size of 
conventional table-top spectro-
scopes (figure 27).  

Direct-Vision Spectroscopes

By using a train of between 
three and five prisms of varying 
refractive index, it is possible 
to construct a spectroscope us-
ing a single tube, with an ad-
justable eyepiece at one end, a 

fixed slit at the other, and the prism train and collimator lens within (figure 28). 
! An early adaption of this principle to create a spectroscope for observing 
the absorption spectra of microscopic samples was first introduced by Henry 
Sorby in the 1860s and is shown in figure 29, where section A contains the 
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Figure 27.  A circa 1935 small Littrow quartz 
spectrograph made by Bausch & Lomb Optical 
Co. of Rochester, NY. The slit is on the other side 
of the instrument and is not visible in this photo.32

Figure 28.  A simple direct-vision spectroscope. E 
is the eyepiece, P is the prism train, C is the col-
limator lens and S is the slit.



eyepiece and prism train, B is the focus 
for the eyepiece, C is the slit adjustment, 
DD are the clips for holding a small tube 
containing the standard, E is the adjust-
ment for the side slit for the standard, 
and G is the tube for insertion into the 
microscope tube. The central section also 
contained a reflection prism which al-
lows one to compare the absorption spec-
trum of the sample on the microscope 
stage with that of the standard clipped to 
the side of the spectroscope.

! Figure 30 shows an elaborate 
direct-vision spectroscope made by 
Franz Schmidt & Haensch of Berlin. It 
contains a reflection prism for com-
parison with a standard, a mirror sys-
tem for imposing a scale, and a choice 
of several magnifications for the eye-
piece arranged on a roulette.
  ! !
Museum Holdings

The following four sections deal with artifacts in the Oesper Collections relevant 
to the history of linear-scale prism spectroscopes, divided-circle prism spectro-
scopes, diffraction spectroscopes, wavelength spectrometers, spectrographs, and 
direct-vision spectroscopes. 
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Figure 30. A circa 1900 deluxe direct-vision 
spectroscope made by Franz Schmidt & 
Haensch of Berlin with a comparison prism, 
scale and variable magnification.

Figure 29. The Sorby micro-spectro- 
scope as depicted in in the 1869 edition 
of Cyclopedic Science Simplified.23
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Figure 31.  A circa 1890 (14”  x 9.25”  x 6”) simple Bunsen prism spectroscope with a lin-
ear scale made by Neele of Berlin. The eyepiece is on the left, the slit is on the right, and 
the scale tube, with a circular light shield, extends behind. The eyepiece may be rotated 
about the central axis and the scale tube about the end closest to the prism. Compare with 
figure 13. 

Linear-Scale Prism Spectroscopes

Jensen-Thomas Apparatus Collection
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Jensen-Thomas Apparatus Collection

Figure 32.  A circa 1900 (12”  x 12”  x 10.75”) linear scale Bunsen prism spectroscope. No 
manufacturer is indicated. The eyepiece is on the right, the scale tube, with a small lumi-
nous gas jet and circular light shield, is on the left, and the slit extends behind. Both the 
eyepiece and scale tubes have limited angular movement via the knobs near their bases. 
Compare with figure 13.
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Figure 33.  A circa 1940 (15”  x 12.5”  x 11.5”) linear scale Bunsen prism spectroscope 
made by Gaertner Scientific Corporation of Chicago. The eyepiece is to the left, the slit is 
to the right, and the scale tube extends behind. The eyepiece has limited angular move-
ment via the knob at its base. Compare with figure 13.
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Figure 34.  A circa 1950 (14.75”  x 10.5”  x 10.5”) simple linear scale Bunsen prism spec-
troscope for student use made by the Bausch & Lomb Optical Co. of Rochester NY. The 
slit is to the right, the scale tube is to the left and the eyepiece is projecting toward the 
front. The latter has limited angular adjustment if one loosens the thumb screw beneath the 
prism chamber. Compare with figure 13.
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Figure 35.  Typical circa 1900 (7.5”  x 3” x  2.5”) Bunsen gas burners with adjustable 
metal chimneys to prevent flickering due to air drafts when used to generate flame spec-
tra. Compare with figure 10.
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Figure 36.  A circa 1955 (19”  x 14.5” x 13”) “Fisher-Todd Spectranal”  apparatus for gen-
erating spark spectra in liquids. Model C. Serial No. 278. The spectroscope is essentially 
identical to that in figure 33 with an electric light and shield added for the scale tube and 
a high voltage source and electrodes for sparking the sample under study. See figure 13.
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Divided-Circle Prism Spectroscopes

Figure 37.  A circa 1868 (18”  x 17.25”  x 12.5”) divided semi-circle prism spectroscope 
made by John Browning of London. The eyepiece is to the right and the slit is to the left. 
Compare with figure 15. The tube for the slit is fixed and there is no scale tube. Rather 
the eyepiece tube is free to turn almost 180° about the axis of the circular platform. A 
vernier is attached to the eyepiece mount and the segment of the outer edge of the circular 
platform traversed by the eyepiece is graduated in degrees from 0-110°. Unlike figure 15, 
the vernier is to the right rather than the left of the eyepiece mount and so is not visible in 
the photograph.
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Jensen-Thomas Apparatus Collection

Figure 38.  A circa 1880 (13”  x 7.5”  x 6”) divided semi-circle prism spectroscope sans 
both the slit and eyepiece tubes, which are regrettably missing. No manufacturer is indi-
cated. The mount for the eyepiece tube is on the left and that for the collimator/slit tube is 
on the right. The latter is fixed whereas the former can be rotated roughly 180° about the 
axis of the circular platform. A vernier (not visible in the photo) is attached to the eye-
piece mount and a segment of the outer edge of the platform is graduated in degrees from 
0-120°. 
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Figure 39.  A circa 1918 (19”  x 12”  x 9”) divided full-circle prism spectroscope made by 
Wilson of London. The fixed slit tube is on the right and the eyepiece is on the left. Both 
the eyepiece tube and the prism table can be independently rotated 360° and each has its 
own independent vernier which can be read by means of the small magnifying lenses. 
This instrument can also double as a goniometer. Compare with figure 16.
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Figure 40.  A circa 1929 (15”  x 13.5”  x 8”) divided full circle prism spectroscope made 
by the Spencer Optical Company of Buffalo, NY. The fixed slit tube is to the left and the 
eyepiece to the right. Both the eyepiece tube and the prism table can be independently 
rotated 360°. Moving the prism moves the verniers whereas moving the eyepiece moves 
the gradated circle. The results may be read through the rectangular glass windows in the 
top of the divided circle casing by means of the small magnifying lenses. This instrument 
can also double as a goniometer. Compare with figure 16.
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Diffraction Spectroscopes

Figure 41.  A circa 1940 (18”  x 10.25”  x 9.95”) diffraction grating spectroscope for stu-
dent use manufactured by Welch Scientific of Chicago based on a design by R. W. Wood 
of Johns Hopkins.26 The battery operated light for the scale and the adjustable slit with a 
rotatable clamp for gas-discharge tubes are visible on the left. Just beyond the eyepiece 
on the far right, within the case, is a glass plate with a photographic replica of a diffrac-
tion grating attached. The case is made of sheet metal with a black crackle finish.
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Figure 42.  A circa 1960 (21.5”  x 12.25”  x 8.75”) diffraction grating spectroscope for 
student use manufactured by Cenco of Chicago. The adjustable slit with a clamp for gas-
discharge tubes is visible on the far left. On the side is a rectangular cover that can be 
rotated out of the way to reveal a translucent screen which uses room light to illuminate a 
cardboard scale on the opposite interior wall. Just beyond the eyepiece on the far right, 
within the case, is a glass plate with a photographic replica of a diffraction grating at-
tached. The case is made of sheet metal with a tan crackle finish. Except for its color, this 
is essentially identical to the 1929 version of this instrument shown in figure 20.
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Figure 43.  A circa 2000 (12.5”  x 12.25”  x 9.5”) “Winsco Direct Reading Diffraction 
Grating Spectroscope”  for student use made by the Wabash Instrument Corporation of 
Wabash, IN. The eyepiece is on the left and the adjustable slit on the far right. An adjust-
able white screen is provided to deflect room light onto the linear scale. The body is cast 
metal with a grey lacquer finish. This instrument can still be purchased new on line.



OESPER MUSEUM BOOKLETS

- 34 -

Wavelength Spectrometers

Jensen-Thomas Apparatus Collection

Figure 44.  A circa 1915 (21”  x 18.5”  x 14.5”) “Constant Deviation Wavelength Spec-
trometer”  made by Adam Hilger of London. Brass with a lacquered cast-iron base. The 
eyepiece is to the left and the slit is to the right but is covered by its storage cap. The slit 
contains a reflection prism which allows one to view two spectra at once. Both telescope 
tubes are fixed at right angles to one another. Rather it is the specially shaped Pellin-
Broca constant deviation prism that is rotated by means of the large spiral grooved wave-
length drum in the center. As each spectral line is brought into the cross hairs of the eye-
piece, its wavelength is read directly off the drum scale. Compare with figure 21.
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Figure 45.  A circa 1925 (21”  x 18.5”  x 14.5”) “Large Wavelength Spectrometer,”  made 
by Bausch & Lomb Optical Company of Rochester, NY. Instrument No. 7088. Chrome 
and black lacquered finish. The eyepiece is to the left, the slit is to the right, and the 
wavelength drum is enclosed in the circular case in the center. As with the previous in-
strument, both telescope tubes are fixed at right angles. Rather it is the specially shaped 
Pellin-Broca constant deviation prism that is rotated by means of the wavelength drum in 
the center. As each spectral line is brought into the cross hairs of the eyepiece, its wave-
length is read directly off the drum scale. This instrument forms part of the Bausch & 
Lomb “Spectrophotometric Outfit” described in Booklet 6. Compare with figure 22.
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Jensen-Thomas Apparatus Collection

Figure 46.  A circa 1920 (17”  x 15.5”  x 10”) quartz monochromator made by the Bausch 
& Lomb Optical Company of Rochester, NY.  Instrument No. 410. Though advertised as 
a monochromator, it could also be used as a constant deviation wavelength spectrometer. 
The eyepiece is to the left, the slit to the right, and the wavelength drum is in the center. 
Rather than being set at 90° to one another, as in the previous instruments, the eyepiece 
and slit tubes are set at 128°52’. This is because instead of using a single Pellin-Broca 
prism, this instrument uses two 30° prisms made of left- and right-handed quartz that are 
rotated in opposite directions by the wavelength drum. Compare with figure 25.
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Spectrographs

Jensen-Thomas Apparatus Collection

Figure 47.  A circa 1918 (55.25”  x 17.25”  x 13”) medium quartz spectrograph. No manu-
facturer is indicated but it was probably made by Adam Hilger of London. The slit is to 
the left and the photographic plate holder to the right. The slit has a micrometer adjust-
ment. Compare with figure 26.
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Figure 48.  A circa 1920 (16.6”  x 13”  x 10”) small spectrograph. No manufacturer is indi-
cated but, based on similarities to other instruments, it was probably made by Gaertner 
Scientific of Chicago. The slit is to the left and the photographic plate holder to the right. 
The slit has a micrometer control.

Jensen-Thomas Apparatus Collection
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Figure 49. A circa 1935 (21.75 x14.75 x 10.75”) “Small Quartz Littrow Model Spectro-
graph”  made by the Bausch & Lomb Optical Co. of Rochester, NY. The alternative slit 
selection (four holes) and shutter button are located in the center, the photographic plate 
holder is to the left, and the housing for the quartz reflecting prism to the right. Compare 
with figure 27 which shows the reverse side of this instrument.
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Direct-Vision Spectroscopes

Jensen-Thomas Apparatus Collection

Figure 50.  A circa 1880 (5.5”  x 3.5”  x 2”) “Sorby Micro-spectroscope”  made by R & J 
Beck of London. The holder for the reference sample is to the left, the eyepiece and the 
prism train are in the top section, the focus knob is to the right, the reflection prism and 
horizontal and vertical slit controls are in the center section, and the insert for the micro-
scope forms the bottom section. Compare with the earlier simpler version in figure 29.
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Figure 51.  A circa 1900 (3.75”  x 1.5”) hand-held nickel-plated direct vision spectroscope 
made by Franz Schmidt & Haensch of Berlin. No. 465, DRP No. 128104. Red (4.5”  x 
3.25” x 2”) box with green velvet interior. Compare with figure 30.



The Importance of the Spectroscope to the History of Chemistry

The impact of the papers by Bunsen and Kirchhoff cannot be overestimated. 
Within the decade many general chemistry textbooks would include a brief de-
scription of the new instrument, as well as a foldout color plate of spectra (often as 
the frontispiece), and the same is equally true of newer books on qualitative 
chemical analysis33 and blowpipe analysis,34 even though both types of text con-
tinued to use the older flame tests in actual laboratory practice. Popular exposi-
tions for the general reader describing the new instrument and its manifold uses in 
both chemistry and astronomy soon appeared as well, including the volumes by 
Roscoe,35, 39 Schellen,36 Lockyer,37-39  and others.40, 41

! Not surprisingly, the discovery of Cs and Rb by Bunsen and Kirchhoff also 
set in motion a spectroscopic search for yet other undiscovered elements (figure 
52) – a search which was soon rewarded by the discovery of the element thallium 
by the British chemist, William Crookes (figure 53), and a bitter priority dispute 
with the French chemist, Claude-August Lamay.42 Whereas the search for Cs, Rb 
and Tl was initiated by the observation of a new spectral line, In was initially de-
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Figure 52.  Some elements discovered and/or isolated with the 
help of the spectroscope during the 19th century.



tected by other means, though the spectro-
scope quickly played a key role in its con-
formation and naming, which, like the 
names of Cs, Rb and Tl (caesium from the 
Latin for sky blue, rubidium from the Latin 
for ruby red, and thallium from the Greek 
for green branch) was based on the color of 
one of its prominent spectral lines (indium 
from indigo). ! !
! The same is equally true of Ga and of 
the various heavier rare gases. All were 
suspected on the basis of either chemical or 
physical criteria but quickly characterized 
using the spectroscope, which also played a 
role in their isolation. Thus, for example, 
when isolating the heavier rare gases by 

means of fractional distillation of liquid air on a vacuum line, Ramsay would 
monitor the progress of the separation by diverting, from time to time, a small 
sample into a spectrum cell continuing wire electrodes. He would then excite the 
sample by sparking it with an induction coil and observe the spectrum using a 
small direct-vision pocket spectroscope like that in figures 30 and 51 to confirm 
that the characteristic lines of the desired element were become stronger as the 
separation proceeded.43

! It is also of interest to note that the simple observation of a hitherto unknown 
spectral line was never considered sufficient evidence on its own to establish the 
existence of new element and that the chemical community always required that 
such observations be followed by the isolation and characterization of the element 
in question using conventional chemical and physical criteria. This is nicely illus-
trated by the case of He. Though, as indicated in the above table, this element was 
first proposed by Lockyer on the basis of a line in the solar spectrum observed dur-
ing the solar eclipse of 1868, it was not officially accepted by the chemical com-
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Figure 53. William Crookes
(1832-1919)



munity until it was actually isolated by Ramsay from terrestrial sources in 1895.  
! Though chemists and physicists soon began assembling reference compila-
tion of observed spectral lines,44 attributing a hitherto unobserved line to a new 
element in the absence of a followup isolation could be risky business since the 
number of observed lines for known elements could also vary, depending on the 
method and energy of excitation used. As a result, the spectroscopic search for 
new elements during the 19th century probably resulted in false reports of many 
more spurious elements than legitimate elements.45, 46 This is well illustrated by 
attempts to use the spectroscope to unravel the complex chemistry of the rare-earth 
elements and is the reason they are not included in the above table. 
! During the course of his work with gaseous discharge tubes in the late 1870s, 
William Crookes noticed that exposure of samples of various rare-earth com-
pounds to the cathode rays in these tubes caused them to strongly glow or 
phosphoresce.47 Crookes decided to examine this phosphorescence using a spec-
troscope and soon 
concluded that his 
newly developed tech-
nique of “phospho-
rescent spectroscopy” 
was an unique tool 
for identifying and 
discovering rare-earth 
elements.
! This was in fact 
not the case, but be-
lief in his discovery 
soon led Crookes to 
incorrectly question 
the elemental sim-
plicity of many rare 
earths and to pro-
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Figure 54.  19th-century discharge tubes 
for exciting the phosphorescence of various 
compounds (left) and minerals (below).
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pose a spurious element named victorium – assertions which embroiled him in a 
series of debates with several continental rare-earth specialists, but most notably 
with the French spectroscopist, Paul-Emile Lecoq de Boisboudran. Attempts to 
defend his position eventually led Crookes to question the very existence of dis-
crete chemical elements and to instead propose the existence of various “meta-
elements” displaying a gradation of intermediate properties that were the product 
of a gradual evolutionary process leading the present occupants of the periodic 
table.48 In the end, it was not until the the introduction of the new technique of X-
ray spectroscopy and the work of Georges Urbain in the early decades of the 20th 
century that the problem of the rare-earth elements was finally resolved.
! Writing in 1937, the British physicist, A. C. Candler, divided the history of 
spectroscopy into four periods: the acoustics period, the series period, the old 
quantum period, and the newer wave mechanical period.49 Most of what we have 
discussed in this section overlaps with the first two of these periods, both of which 
may also be aptly characterized as empirical, at least as far as chemists were con-
cerned. Indeed, most of the chemists discussed above had no theoretical under-
standing of the causes of line spectra to guide them in their experimental activities.     
All of this began to change in the 20th century, first with the older quantum theory 
of Bohr, and continuing on through the development of the newer quantum me-
chanics of Heisenberg and Schrödinger. Here the empirical data of the 19th-
century spectroscopist provided the means to unravel the electronic structure of 
the atom, culminating by 1927 in our current understanding of electron configura-
tions and the periodic table.50, 51 It may well be that this, rather than the discovery 
of new elements or a convenient method of chemical analysis, will ultimately be 
seen as spectroscopy’s most important contribution to the science of chemistry.
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