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The Application of Speotral Analysis to
Pharmaoy.*

BY W, W. STODDART, F.G.S., F.C.8,

Porhaps the most siartling discoverios of
the present day have been thoso which bear
soms relation to experimental physics, and
more particularly to that branch which treats
of optical phenoniena,

Not vory long ago the supposition of a close
relationship between light and chemical ac-
tion would have been ridiculed, and indeed
was 80. Now, however, the educaton of a
chemical studeni must include the funda-
meiital laws and propertics of light. The
chemist, in his snalyses, is constantly invo-
king the aid of light in some way or other to
help him in revealing the Judden secrets of
nature, Sometimes the magic touch of a
polarized ray will point to each individual
granule of starch as it lies hidden by a mul-
titude of other cells; nay, more, 1t will even
tetl him the namo of the plant from which it
was derived; and if this were not euough,
the solar rays themselves are actually cem-
pelled to reveal to the student their nature
and the composition of the sun from which
they radiate.

Within the last few vears tho labours of
Kirchhoff, Bunsen, Sorby, and Huggins have
been richly rewarded by fresh victories from
the study of spectral analysis in chemustry,
mineralogy, and astronomy. So much has
been said and donelately by scientific ubserv-
ers in this direction, that one’s attention is
naturally attracted to other materials more
intimately cunnected with every-day life.

It is with the hope of suggesting 2 practical
use of spectralanalysis toyournoticoin amore
immediate relation to our own profession,
that 1 venture to introduce my present, sub-
jeet. 1do so with diffidence, because I have
as yet anly just passed the threshold of ox-
periment, but have already scen enough to
indicate that a large fiedd of inquiry and
interest lies before us. I hope therefore
these few remarks may prompt some onc
present to work out the numeraus details
necessary for @ more complete clucidation of
of-the subject.

Perhaps at the outset the question may
arise, ‘‘ \Whatis spectral analysis?” I will,
therefore, ask my more experienced brethren
to bear with me while 1 give a short explana-
tivn before describing the method of working
and showing some of its results.

Works on the subject are nearly all filled
with the phenomens of the spcetra of flames.
In the beautiful work of Professor Roscoe
just published, this is the casc; only seven
pages are devoted to what is commonly called
‘¢ the absorption spectrum.”

You will all remember that Sir I. Neswton,
by passing a ray of hight through a circular
ogening and then through a glass prism,
showed what has been known cver since as
‘‘ tho solar spectrum,” the several xays being
seperated in order of their refrangibility.

ight may be regarded as an cthereal
medium in an intense state of vibration, vary-
ing in rapidity from 470 to 800 millions of
naullions per second. The wavesof light, too,
as might be expected, vary in size proportivn-
ably to the rato of vibration. For instance,
a ray of light that gives to the eye anidea of
red vibrates, at the rate of 477 millions of
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millions in every accond of time, cach wave
measuring about the one forty-thousandth
of an inch, When the rato of vibration
reaches 622 millions of millions, the wave
measures only the ono fifty-one-thousandth
of an inch, and then produces the mpression
on the retina which wo term blue. 1f the
vibration excceds 727 millions of millions,
tho eye cannot respond, and unless we use
certain precaution, thero is no visible colonr
produced. The vibrations, nevertheless, are
there, because the chemical or actime power
is most intense.

Colour, then, is not a substance per se, but
is & cortain impression produced upon the
retina, varying according to the intensity of
vibration.

The red rays of the spectrum vibrate go
weakly that they can only penctrate the thun
end of the prism. Those of greater intensity
are capable of penetrating the thicker por-
tions of the glass, and are thereby refracted
at a greater angle.

It was formerly thought that the three pri-
mary and purc colours of the spectrumn were
red, yellow, and blue, and that ncither of
these could be further resolved, tis inter-
mediate tints being formed by the :ommix-
ture of different waves of light.

Later discoveries, however, by Professor
Maxwell, Helmholtz, and Sir John Herschel
seem to prove that the pure ¢olours of the
spectrum are red, green, and blue; that the
nixture of yellow and blue cannot in anv
way be made to produce green, but one of
red and green will form yetlow.

In theyear 1802 the far-sighted Wollaston,
instead of passing the beam of light through
a circular onfice, made use of u st une
twentieth inch wide, the sides of wluch were
parallel to those of a fhnt-glass prism. To
his astonishment, nstead of a continuous
band of colours, the spectrum was crussed by
six dark lines.

Thirteen ycars afterwards, M Fraunhofer,
of Munich, found that msteaa of six, he
could map out more than six hundred, and
discovered the important fact that these lines
were always exactly constant, both in number
and position, and consequently ever since
they have been called *“Fraunhkofer's linecs.”

When the light from the sun, planets or
fixed stars is observed, these lines appear
black, but when from the electric spark or an
incandescent body, the lhines are bright, but
nevertheless occupy the sante position as the
dark vnes.

These phenomena arc now explained by
the grand discovery of spectral analysis by
Kirchhoff and Bunsen in 1860. They found
that when certain metals were burnt in a
colourless flame they produced bright lines,
which perfectly coincided with certain of the
dark ones noticed 10 the aolar rays,  For in-
stance, sodiuin gives a bnght yellow lin:
which exactly fits Fraunhofer's line D.

Potassium produces two lines, one coinci-
dent with the solar line A. and the other at
the commencement of the violet, and so on
with therest of the mctals.

The extrome delicacy of spectral testing 18
slmost incredible. It is nearly impossible
often to get a flame free from the sodinm line,
s0 minutely universal 1s its distribution.
Lithium only a few years since was supposed
to be comparatively rare, because the quan-
tity sometimes present was too small to be
vecognizable by the ordinary tests. Now we
find it in almost everything. The spectro-
scopo detects it-in the occan and mineral

springs, in felspar and granite, in the ashes of
plants and milk of animals, in the ash of a
cigarand the juice of a grape. .

‘Tho object of my present paper is not to
explain  the bnght lines of incandescent
bodies, but the appearances of solutions and
fother liquids when subjected to spectral ob-
servations.

When certain solutions are thuy observed,
they show that part of the transmitted light
*18 absorbed, giving rise to shadvw-liko bands
calledd **absvrption bands.”

T'hese bands are constant and give a spec-
trum peculiar to each preparation, as I wiil
presently endeavour to show by exhibiting
and explaining the appearances of many of
the well known articles of the Pharmacoposia.

Most solutivns when greatly diluted are
satd to be transparent, but this is only com-
paratively correct. Even air and water de-
prive the solar hight of 8 :me of its rays duting
its passage through these media. Lhe more
coloured the solution, the more decided is
the effect produced. .

‘Thus an amunoniacal solution of cuprie sul-
phato will transmit the red and violet rays,
and absorb all the rest. .

An ammoniacal solution of nickel will ab-
sorb tho violet, but allow the blue and red to

ass, .
P A solution of ferric sulphocyanide will only
transmit the yellow and red, wlule the green,
blue, and violet are totally absovrbed.

Many substances formng nearly colourless
solutions, yet atford very strong absorption
bands, e ¢., the salts of didymiam, mangan-
ese, hematine, or cruorine,

The absorptive powers of flmd spectra ex-
plain the blush haze of o distunt landscape
and the green colour of deep water. -

The spectroscupe used mihese experiments
1s one made by Mr. Ladd, of Beak Street.
1t 18 a very excellent instruinent, rehable and
casily worked. Lo use it, the eyepiece by
stselt ismserted into the tube of amicroscope,
the slit between the lenses opened and the
object focussed. The tube containing the
prisus is then replaced and thesht gradually
closed till a guod spectrum 1s obtaiued.
Should any part of the spectrum not be clear,
it must be focussed by means of the milled
head attached to the cye lens. .

Anindispensable addstivn tu the raicrospec-
troscope is & small side prisiz which enables
the observer to sco the spectra of two solu-
tions at the same time,

Strict attention must be paid to thestrength
of the solutions under examination. If too
stroug, too much Jight will be absorbed, and
mstead of well marked lines, large, cloudy
ud obscure bands will be seen.

Mr. Gladstone (Q. J. Chem. Soc. 1079)
used wedge-shaped vessels, so that he could
examine any thickness of the fluid, for the
darker any solution is, the thinner must be
the stratum, and tho weaker the sclution,
the deeper the stratum.

I prefer o bit of glass tube, becanse more
generally at hand and casily made. A com-
mon 1 vz. or ¥ uz. phial will answer well, or,
what ig still betfer, thelittle tube bottles used
by the homoeopathic chemist. The tubes I
usually employ are abuut dths of an inch in
diameter.

The solution or tincture is diluted till the
spectrum is most advantageously seen.  The
rate of dilution varies from two to ten times
or moare. For instance, Tinct. Hyosc. Bicun,
would require threo or four times its volume
of ‘proof spirit, whilo Tinct. Cannab. Ind. is
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