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Preface

During the period that emission spectroscopy was rapidly developing
into a widely used science and art, a number of excellent books were de-
veloped in several languages. Books in English included Brode, Chemical
Spectroscopy, 1939, 1943; Twyman, Metal Spectroscopy, 1941, 1951;
Sawyer, Experimental Spectroscopy, 1944, 1951; Harrison, Lord, and
Loofbourow, Practical Spectroscopy, 1948; Nachtrieb, Principles and Prac-
tice of Spectrochemical Analysis, 1950, and Ahrens (Ahrens and Taylor),’
Spectrochemical Analysis, 1950, 1961.The first books were general in nature
and treated the basic principles from the optics to methods. The latter
emphasized thé chemical and physical principles involved in spectréchemical
analyses. These are valuable books and still are widely used. Other useful
books, in addition to tables, include Harvey, Semiguantitative Spectro-
chemistry, 1947, 1950, and 1964; Kroonen and Vader, Line Interference in
" Emission Spectrographic Analysis, 1963; and the excellent work’ by Bou-
mans, Spectrochemical Excitation, 1966.

Numerous new developments, changes, and consolidations of ideas have
taken place in the last twenty years. Althongh the aurora of glameur has

supposedly been transferred to other areas, it is estimated that 75% or
" more of the analyses in the metals industry are performed by emission spec-
troscopy. Although the number of large prism spectrographs being produced
is decreasing, prism systems are widely used in the smaller spectrometers
and new prism systems have been developed. Development of the repljca-
tion process and improvements in materials and the arts of ruling have
made excellent gratings available at reasonable prices. This and the devel-
opment of recent plane grating mounts have contributed to the increasing
popularity of grating spectrometers both in' America and in Europe and the
discontinuance of manufacture of some concave grating mouats. Other areas
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of development and improvement include methods of excitation, the exten-
sion of spectrometers to the vacuum region accompanied by the widespread
use for the analyses of nonmetals in metals, the use of controlled atmo-
spheres, the increasing use of polychromators accompanied by improvements
in readout, and the more recent interfacing with the computer. Much of
the change that has and is taking place in industry, including the required
quality control, would not have been possible had it not been for the deve-
lopments in spectroscopy. v

Much work on the evaluation and consolidation of procedure is being
performed by the A.S.T.M. Committee E-2 on Emission Spectroscopy.

The need to consolidate this material from many sources of literature
and the experience of authors, along with the proper perspective of the earlier
basic materials, has been recognized by numerous spectroscopists for some
time. However, the enormity of the project for one or two authors or even
more has always been a major deterrent. After. some prodding it was de-
cided, with the help of other authors, to develop this program.

The objective was to develop a general but relatively comprehensive
book, i. e., each chapters was to cover a particular area in.a relatively
comprehensive manner. For coherence and completeness, the material in
each chapter coordinates the earlier basic developments with the more re-
cent work. The chapters on principles and instrumentation include the basic
physics of optics and the development of principles and instrumentation
from the earlier instruments to those in use today. The chapter on excita-
tion discusses the basic characteristics and electrical parameters of arcs and
sparks, mechanisms of transport, spectral line intensities and source param-
eters, and special excitation sources. The chapters on analytical methods
are not a conglomeration of referenced procedures but a systematic approach
to the analyses of a multiplicity of materials. Flames, their structure and
type, burners, and the theory of flame emission, flame absorption, and flame
fluorescence, as well as atomization, solvent effects, and analytical methods,
are thoroughly discussed. Other chapters include the theory of excitation,
standards, basic statistics, and experimental design.

The completion of a project of this magnitude has necessarily required
considerable time due to the fact that many of those with the required
knowledge and experience were impeded by other unforeseen demands upon
their time or by illness. Hence, there have been some unavoidable changes
in authorship from time to time and some materials have been edited from
very rough manuscripts and notes for the sake of expediency. The efforts
of those authors who did complete -their assignments are greatly ap-
preciated.
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E. L. GROVE

1.1 Historical Development

1.1.1 The Newton Period

Prior to the time of Sir Isaac Newton, 1642-1727, the accepted idea
appears to have been that white light was changed into colors in the prism
and that color was made up of light and darkness.

Newton observed that when red and blue strips of paper were placed
side by sideé'and viewed through a prism their appareht displacements were
different. He (/) also observed that when sunlight from a small round hole
in a shutter was passed through a prism it was dispersed to form a series of
colored images of the hole (Fig. 1.1) which he called a spectrum. From ad-

X

[
Y

Fig. 1.1. Facsimile: Newton’s early dispersion experiment. [From extracts from Newton’s
Opticks, 1675, Sir Henry E. Roscoe, Spectrum Analysis, Macmillan, London, 1885, p. 45.]

ditional experiments, he found that light dispersed by a prism was not fur-
ther dispersed by a second prism, but only further refracted (Fig. 1.2).
Since there was no color change when one color was isolated and passed
through a second prism, he was satisfied that these colors were not produced
by the prism. In another experiment, Newton found that by looking at
the spectrum with a second prism in the proper positions he saw a spot of
white light resulting from the converging light rays to form the original
image (Fig. 1.3). Each color of light he called “homogeneal” because these
rays had the same degree of “refrangibility.” Thus, Newton showed that
sunlight was heterogeneal light, i.e., consisted of rays with different re-
frangibilities, or that sunlight was a heterogeneous mixture of rays that are
separated or sorted in the prism.

Newton improved the purity of the spectrum by the use of a lens between
the hole and the prism to image the entrance hole on the screen. He formed
fairlya pure solar spectrum about 10 in. long. The only other contribution
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Fig. 1.2. Facsimile: Newton's experiment showing diffracted light is further diffracted.
[From extracts from Newton’s Opticks, 1675, Sir Henry Roscoe, Spectrum Analysis,
Macmillan, London, 1885, p. 49.}

in the 18th century was Thomas Melvill’s (2) first description of the emission

spectrum of a sodium flame, which was published in his Physical and Literary
Essays (Edinburgh, 1752).

1.1.2 Early 18th Century Developments

The next major step in spectroscepy did not occur until Wollaston (3),
in 1802, and later Fraunhofer (4), in 1814, independently observed spectrum
lines, i.e., images of a narrow slit each corresponding to a wavelength.

Fig. 1.3. Facsimile: Newton’s expgriment on reconverging of light. [From éxtracts from

Newton’s Opticks, 1675, Sir Henry E. Roscoe, Spectrum Analysis, Macmillan, London,
1885, p. 47.]
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At this time Wollaston, as described in his article, admitted a beam of
daylight into a dark room through a crevice & in. broad to a flint glass
prism 10 to 12 ft away. He observed a few of the stronger dark lines in the
continuous spectrum of the sun and appears to have considered them as
natural boundaries of the various pure colors. In the same paper he gave
the first description of a flame spectrum. The blue light from the lower part
of a flame, examined in the same manner, did not yield a continuous spec-
trum, but five images. One of these was bright yellow, which is now recog-
nized as the yellow line of sodium. Wollaston appears to have attached no
significance to the dark lines or to the discontinuous, i.e., bright line, spec-
trum. However, he was able to see these lines since he restricted the aperture
to a narrow slit or crevice, the forerunner of the modern spectroscope slit.

Fraunhofer (4) placed a 60° flint-glass prism 24 ft from a slit and viewed
the sunlight entering the slit with a theodolite telescope. He observed many
strong and weak dark lines and mapped about 700 of them, assigning the
letters A through H to the eight most prominent lines. He also observed
that line D consisted of two strong lines very close together.

When the slit was illuminated with a flame, the dark lines were absent,
but a bright yellow line appeared to be in the position of the dark D line.
At this time, and again later, Fraunhofer (5) observed the spectra from an
electric spark. o

Fraunhofer was the first stellar spectroscopist and laid the foundation
for the science of astrophysics. He observed three broad bands in the spec-
trum of Siruis and lines in the spectra of some planets and other stars. Also,
he noted that the spectra of Venus and the sun were similar but differed
from those of the stars.

Fraunhofer’s studies of the principle of interference with two, then with
several, slits led to the discovery of the transmission grating, His first
gratings were made by winding fine silver wire between two parallel screws
with equal pitch, the finest of which had about 192 lines/cm. He later
developed a ruling machine and, using a diamond point, ruled the first
glass transmission gratings, (6) 1823. With two gratings, 3000 and 625
lines/cm, his measured values for the unresolved D lines were 0.0005886
and 0.0005890 mm. The present values for the doublet are 0.0005890 and
0.0005896 mm. -

The infrared and ultraviolet regions were also discovered during this
period. Herschel, 1800 (7), the well known British astronomer, while ob-
serving the sun through combinations of different colored glasses, noticed
that with some combinations he had very little light but felt a sensation o-
heat. In his subsequent study of the distribution of heat in the sun’s specf



