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THE SPECTROSCOPE IN ORGANIC 
CHEMISTRY. I 

SOMEWHAT more than half a century ago, while 
engaged, with the assista nce of Faraday, in 

prepa ring experiments for a Friday evening discourse 
in this institution, Stokes observed that the spectrum 
of the electric light extended to five or six times the 
length of the visible spectrum when h e employed 
prisms a nd lenses of quartz instead of glass. This 
extension occurs at the violet end of the spectrum, 
<llld consists of rays of high refrangibility, to which 
the eye is insensitive, but whi ch can be ma de apparent 
bv m eans of a fluorescent screen . 
· At the time of this discovery, a nd in the years 

immedia tely following it, attention was being directed 
to the absorption of light by coloured solutions, and 
to the possibility of identifying coloured substances 
by the number and position of the dark bands in the 
spectrum of light transmitted through their solutions. 
Stokes saw that by his discovery of the extension 
o_f_the spectrum beyond the visible r egion, this method 
of investigation might be applied to colourless as well 
as to coloured substances. In a paper communicated 
to the Royal Society in r86z, h e says:-" Having 

-------- --
which \Ve now possess of the re la tion between the 
structure of organic substances and the ac tion of such 
substances on the ultra-violet rays, but the e la boration 
of the convenient and elegant m ethods by which such 
investigations are now conducted. 

The light derived from an ordinary source of illu­
mina tion, such as an electric lamp, consists of waves 
of a ll degrees of refrangibility, and its spectrum shows 
a continuous band of colour ranging from red to 
violet. limits of this visible spectrum li e between 
the wave-lengths 76oo and 3900. 

If now, instead of the electric light or other 
ordinary source of illumination, we employ the light 
emitted by one of the metals when rai sed to a high 
temperature , the spectrum is seen to consist of a 
series of lines of different colours and intensities lying 
wit hin the same limits as the visible spectrum. But 
there a re rays beyond the red end of the spectrum 
and ra ys beyond the violet end which e xcite no sensa­
tion of luminosity in the eye. Bv a llowing the spec­
trum to fall upon a screen which has been coated 
with a fluorescent substance, such as sulphate of 
quinine or a salt of uranium, these rays are rendered 
visible for a short distance bevond the violet. But it 
is only when we replace the glass apparatus, with 
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FtG. r.-I. Spark spectrum of nickel' a.nd.iron . 2. The same, after the light has passed tt rough quartz to mm. thick. 3· Crown g lass o 'IJ mm. thick. 
4· Crown glao;s o"33 mm. thick. 5· Window glass 1·62 mm. thick. 

obtained the long spectrum above-mentioned I could 
not fail to be interested in the' m a nner in which sub­
stances- - especially pure, but otherwise imperfectly 
known organic substances-might behave as to their 
absorption of the rays of high refrangibility." He 
proceeded, therefore, to study the a ction of various 
organic solutions on the ultra-violet rays , and found 
that the mode of absorption g enerally was so constant 
a nd so characteristic that by this single property many 
substances could be identified. 

While Stokes was engaged in these researches, 
Prof. -William Allen Miller was simultaneously at 
\vork in the same field, and Stokes left the 
development of the subject in hi s ha nds. Miller im­
proved the method of observa tion by substituting a 
photographic plate for the fluorescent screen, but he 
fail ed to "trace any special connection between the 
chemical complexity of a s-ubsta nce a_nd its diactinic 
power." Struck by this fa ct, vV. N. Hartley-now 
Sir Walter Hartley-commenced- a ·systematic inves­
tigation of the whole subject, a nd ·it is to his re­
searches, extending over a period of m01·e than thirty 
years, tha t we owe, not only mos t of the knowledge 

1 From a d isco'1r5e at the Royal Institution on Friday, April 4, 
by Dr. J- J. Dobbie, F.RS. 
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which we have hitherto been \Vorking, by a quartz 
prism a nd lenses, and substitute a photographic plate 
for th e eye, that the full extent of the spectrum 
bevond the violet is revealed. This is the ultra-violet 
reg·ion- the r egion \vhich Stokes opened up to inves­

a nd it is with the behaviour of organic 
subs tances toKards the rays of this ·part of the spec­
tmm tha t we have mainly to do this evening. 

\Vhe n light is transmitted through a coloured solu­
tion certa in ravs are absorbed, a nd dark bands corre­
sponding to these rays appear in the spectrum. The 
importa nce oL these bands as a m ea ns of distinguish­
ing coloured substances has long been recognised, 

as we have already seen, considerable progress 
had been made with their study fifty years ago. As 
the ba nds in this case are in the visible spectrum, 
no specia l m eans are required for their observation. 

But when w e extend this method of investigation to 
colourl ess substa nces we are dealing with phenomena 
whirh lie hidden from the unaided eye , and our in­
vestiga tions a re necessarily carried out w ith the help 
of uhotogra phy. . 

The in strument employed in the s tudy of absorpt1on 
spectra consi st s of a spectroscope in whi ch the eve­
oiece of th e telescope is rPplaced by a camera. The 
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photogra phic plate is set at such a n angle as to bring 
a ll the ray,; emanating from the source of light into 
focus at its surface after they ha ve passed 
the resolving prism, and fo r this purpose it is r:eu:.,­
sa ry that t.he plate should have a very slight curva­
ture. The prisms and lenses of tl: ·:· apparatus a.,. 
made of qua!"tz, which, glass, is readily pc­
m c·ab le b\· the ultra-violet ray :> (Fig. r). The sot.::Tc' 

of light u.;ua lly employed is obtained by "parking 
one of the metals, such as iron, or a com­
binat ion of metals, such as cadmium a lloved with 
lead and tin. In the appara tus a photograph 
is first taken of the spectrum of the source of light. 
:\ la yer of the sub3tance to be exa mined , ,,.h;ch, if a 
solic( must be dissolved in a suita ble diactinic soivent, 
such as alcohol or water, is then interposed 
thP source of light and the slit of the collimator, a nd 

the absoq>t ion bands, but their degree of persistence, 
i. e. the rane-e of concentration within whi ch they are 
exhibited. It is necessary, therefore , to varv the con­
centration of the solution- or the thickness of the layer 
:iO as to cover the whole phenomena of absorption. 
'l'b .> i; done by simply diluting the solution, ·or 
chnini.shing th 2 thickness of layer, on one hand, until 
th e entire spectrum is transmitted, a nd on the other 
bv increasi ng- the concentration or the thickness of 
thP layer until no further characteristic absorptive 
effect is produced. Photographs a re taken at each 
concentration, and a curve is drawn connecting the 
co r>.ccntrat ion a nd the absorption as measured with 
reference to the lines of the m etal employed as a 
source of lig-ht (Fig. 3). 

lf we now inquire whether the subs ta nces which 
affect li g-ht in one or other of the differrnt w:1ys 
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Fw. 2 . -1. Spark of nickel and iron. 2 and The !'arne the light ha' pas::;e<! through water and solution of cane sugar respectively. 
Alcoholic solutions of (4) pinene, (s) thiophen, (6) citnc acid general absorption, and alcoholic solutions of (7) isatin, (8) phenol (9) salicylic 
acid, (10) quinine hydrochloride illustrate selective ab:iorption. 

another photograph is taken . By comparison of the 
two photographs it is seen_ what effect, if any, the 
substance has had upon the transmission of the light. 

\Vhen organic substances are exa mined in this way 
it is found that some allow light to pass freely through 
them. Others shorten the spectrum by absorbing the 
rays at the ultra-violet end to a greater or less extent, 
and are said to show general absorption. Others, 
again, possess the remarkable property of absorbing 
rays of a particular wave-length, thereby producing 
gaps or bands in the spectrum; these a re said to show 
selective absorption (Fig. 2). 

In studying these phenomena in their relation to 
the chemkal characters of a substa nce, it is of im­
portance to. determine not only the extent of the 
g eneral a bsorption and the number a nd position of 
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already indicated have themselves a nything in com­
mon, we find that it is with those which possess the 
structure characteristic of benzene and its derivatives 
that the power of absorbing the rays of particular 
parts of the spectrum is most frequently, although not 
exclusivelv, associated. 

Organic compounds, or compounds containing the 
element carbon, are divided into fatty or aliphatic, 
in which the carbon atoms are united in an open 
chain, a nd cyclic, in which the carbon atoms form a 
closed cha in or ring. Hexane, which is a constituent 
of liquid paraffin, may be taken as an example of the 
first class. This substance possesses the formulaC 6 H 14 • 

It is highly diactinic or transparent to the ultra-violet 
rays, a nd nearly all compounds belonging to the same 
division of organic chemistry, such as alcohol" sugars. 
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and fatty acids, are either equally transparent to light, 
or only cut off a portion of the extreme ultra-violet 
rays of the spectrum. 

If we now remove one atom of hydrogen from each 
of the two end carbon atoms of hexane, these atoms 
are in a condition to unite directly with each other, 
thus closing the chain. The substance so formed 
belongs to the cyclic division of organic compounds. 
It is known as cyclohexane, and has the formula 
C,;H,,, each carbon atom having two hydrogen atoms 
attached to it. This substance resembles hexane 
generally in its chemical properties, and behaves to­
wards light in the same way, that is to say, it is 
practically diactinic or only cuts off some of the rays 
of light at the extreme ultra-violet end of the spec­
trum. 

But a wholly different condition is brought about 
if we suppose one atom of hydrogen removed from 
each of the six carbon atoms of cyclohexane. One 
linkage is thus set free in each of the six carbon 
atoms, and we obtain benzene. How these linkages 

g:·oup hyd:-oxyl, we get substances belonging to the 
class oi alcohols, and these substances are, like their 
parent substances, highly diactinic. If, on the other 
hand, we replace an atom of hydrogen in benzene by 
the same group we get carbolic acid or phenol, which, 
like benzene, exerCises selective absorption on the 
ultra-violet rays, but gives a spectrum widely different 
from that of benzene. 

Having dealt with the most general relation that 
l::as been observed betv,;een the structure of organic 
substances and their action on the ultra-violet rays, 
I propose to illustrate some of the more special rela­
t;ons by examples from the phenomena of isomerism. 
By replacing an atom of hydrogen in carbolic acid or 
phenol by the nitro-group we obtain three distinct 
nitrophenols. The ultimate particles or molecules of 
these nitrophenols are all composed of the same 
clements-carbon, hydrogen, oxygen, and nitrogen­
and of the same number of atoms of each element. 
Such substances are said to be isomeric, i.e. they are 
made up of equal parts, although they do not possess 

FJG. 3.-1. spectrum of nickel and iron. 2 to 12. The same after light has passed through layers of o'oox normal solution of salicylic acid from 
90 to 4 mm. thick. 

are actually employed in benzene has never been 
determined \Vith certainty. Sometimes they are re­
presented as mutually neutralising one another, some­
times as effecting a double link between the alternate 
pairs of carbon atoms. However this may be, the 
structure which bears the relation that I have indi­
cated to the structure of hexane and cyclohexane is 
characteristic of the large group of organic substances 
of which benzene is the type. It is to this division 
of the cyclic compounds that the great majority of 
substances which show selective absorption, i.e. pro­
duce breaks or dark bands in the spectrum, belong. 
Here, then, we have a very important and a very 
general relation between the structure of organic 
substances and their absorption spectra. 

The difference in the behaviour of organic bodies 
towards the ultra-violet rays, as exemplified in hexane 
and cyclohexane, on one hand, and benzene on the 
other, is brought out very clearly when we examine 

of their derivatives. If we replace an atom of 
Lydrogen in hexane or cyclohexane by the monovalent 
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the same properties. The difference bet\veen them 
lies in the arranl?ement of the parts relatively 
to each other; 111 this case in the position 
of the nitro-group in relation to the hydroxyl group. 
0:1 comparing the spectra of the three nitrophenols 
we find that they differ in quite a marked manner 
from one another, and afford an illustration of the 
important general rule that substances which have 
the same composition but different spectra differ in 
structure. 

It will have been noticed that the substitution of 
the nitro-group for hydrogen in phenol has the effect 
of shifting the absorption band nearer to the visible 
region. One of the three nitrophenols has a yellow 
colour, and in this case the gap in the spectrum cuts 
a little way into the violet end of the visible region. 
Bv the addition of soda to the solution the colour is 
changed to red, and on examining the spectrum of 
this solution we see that the gap now extends far 
into the visible region. This example will serve to 
illustrate the close connection that exists between the 
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study of absc1rption spectra and the origin of colour, 
an interesting branch of the subject with which, 
however, it is impossible for me to deal within the 
limits of this discourse. 

In the nitrophenols we have an example of what 
is known as structural isomerism, or position iso­
merism, because the phenomenon depends upon differ­
ences in the position or arrangement of the atoms 
within the molecule-in other words, in the internal 
structure of the molecule. But it is possible to have 
two substances of the composition and structure 
not identical, but related to one another as an object 
is to its mirror-image. Substances so related are 
ten11ed optical-isomers or stereo-isomers. The spectra 
of isomers of this class, unlike those of structural 
i . .;omers, do not differ. This leads to an important 
application of absorption spectra in chemical investiga­
tions. If two substances have the same composition 
but different spectra, we know that they must be 
structurally different; if, on the other hand, they 
have the same composition and the same spectra, 

The structure of methyl-isatin and of m2thyl-pseudo­
isatin has been determined by chemical methods, but 
the structure of the parent substance isatin cannot be 
determined in this wav. Is it constituted like methvl­
i,;atin or like methyl-j)seudo-isatin? Inspection of d1e 
photographs of the spectra of the three substances 
shows that \vhile there is a wide difference b"tween 
the spectra of isatin and methyl-isatin, the spectra 
of isatin and methyl-pseudo-isatin are almost iden­
tical, as we should expect them to be on the view 
that thev are constructed alike. 

This phenomenon, which is knmvn as tautomerism, 
is due to the fact that some substances contain an 
atom of hvdrogen, or it may be a hvdroxyl group, 
which readilv shifts its position within the molecule, 
lc·aving its union with one atom to attach itself to 
another. Another example of this is afforded by 
cotarnine, a substance found in opium. The molecule 
of cotarnine possesses an atom of carbon which is 
directly combined with an atom of nitrogen, and has 
also united to it a hydroxyl group. Under the intlu-

Frc. 4.-1. Spark spectrum of nickel and iron. 2 to 12. The same after the light has passed through layers from 6o to 4 mm. thick of an alcoholic solution 
of mJrphine cJntaining -:!. 1\ 0 grain of the alkaloid. 

and yet are not identical, there is a strong probability 
although not a certainty, that they are optical-isomers. 

The study of absorption spectra has proved of 
special value in the investigation of substances capable 
of existing in two forms \yhich may pass the one 
into the other. It is rarelv the case that both forms 
of such substances arc stable, and it is often ex­
tremely difficult, or altogether impossible, on account 
of this instabilitv, to determine bv the ordinarv 
chemical processPs \vhich of the two possible form.s 
the substance as we know it possesses. Such sub­
stances, however, frequently give rise to two series of 
stable isomeric methyl- or ethy !-derivatives, the 
structure of which can be ascertained bv chemical 
investigation. The parent substance, if not a mixture 
of the two forms, must correspond in structure with 
one or other of these derivatives, because it is a well­
established fact that the introduction of the methvl­
or ethyl-group into a substance in place of an atom 
of hvdrogen does not appreciably alter the spectrum. 

An example of this is afforded bv the three sub­
stances isatln, methyl-isatin, and methyl-pseudo-isatin. 
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cnce of certain reagents the hydroxyl group leaves the 
carbon atom and attaches itself to the nitrogen atom, 
but can readily, by an alteration of the conditions, 
be enticed back again to the carbon atom. The 
shifting of the position of the hydroXy'! group is 
accompanied by other changes which, however, it is 
not necessarv that we should take into account for 
our present· purpose. In this case both the tauto­
meric forms arc; under certain conditions, stable. The 
form in which the hvdroxvl is attached to the carbon 
is colourless, while the form in 'ovhich it is attached 
to the nitrogen is yellow. The t\VO forms have total!\· 
distinct absorption spectra. \\'hen one of the forms 
passes into the other under the influence of the 
appropriate reagent, the amount of change is propor­
tional to the quantity of reagent added. It is pos­
sible, therefore, by taking photographs after the addi­
tion of each successive quantity of reagent, to trace 
tb•.' nrogTcss of the change through all its phases, and 
to ascertain how much of each form is present at any 
time. This is done by comparison with a series of 
reference pl3 tes prepared bv photographing mixtures 
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in various definite proportions of two derivatives of 
cotarnine which possess the same spectra as the two 
parent fonn s. 

The study of the absorption spectra of the alkaloids 
has been applied with success, not only to the investi­
gation of thei r structure but to their detection and 
estimation. These substances generally have very 
characteristic spectra· by m eans of which they can be 
distinguished \Vith certainty from one another, except 
when they a re homologous or otherwise very closely 
related structurally. The spectroscopi c method may, 
therefore, be used with gTeat advantage in examina­
tions fur the presence of alkalo-ids to confirm the 
results obta ined bv the usual chemica l tests. The 
chemical tests are ·no doubt as a rule sufficiently dis­
tinctive, but considering the gravity of the circum­
stances in which they have frequently to be 
applied, it is unnecessary to insist on the value of the 
confirmatory evidence which can be obtained by th e 
use of the spectroscope. 

The minutest quantities of alkaloids can be detected 
by this m eans, the method rivalling the colour re­
actions for the alkaloids in delicacv. Thus, with a 
quantity of strychnine not exceeding. I / soo of a grain, 
a clearly defined spectrum of the a lka loid can be 
obtained. The photograph of morphine already shown 
was obtained with Ij2oo of a grain of the alkaloid, 
and that of nicotine with I j 100 (Fig. 4). 

The use of the spectroscope in the detection and 
estimation of alkaloids in cases of poisoning possesses 
certain advantages of the highest importance. One 
is that the maferial is not destroved. The solution 
which has been employed for ·',the spectroscopic 
examination can be used afterwards for the chemical 
examination. Another is that a permanent record is 
obtained which is always available for reference. 

So far my illustrations hav ; confined almost 
P'ltirelv to colourless snbst:mces. bec:1u;:-:- it is in con­
nection with the investigation of such substances that 
most of the recent advan ces in the subiect have been 
made. , . 

As my last example, I shall take the case of a 
coloured substance in which the method has been 

within the last vear with marked success. 
It will be r emembered that considerable uneasiness 

was caused v.·hen it became known some time ago 
that nitrogen peroxide is sometimes employed to 
bleach flour. In the course of an inquiry into the 
subject, it became necessary to determine the nature 
of the colouring- matter na turally present in flour. 
It was known that many of the yellow a nd orange 
pigments so widely distributed throughout the 
vegetable kingdom are either closely connected or 
identical with carrotene, the orange colouring matter 
of carrots, a nd it had been suggested that the colour­
iPv matter of unbleached flour might be identical 
with, or belong to the same class of colouring matters 
as, this substance. It was impossible, however, to 
prove thi s by the usual chemical m ethods, because 
the amount of colouring matter in flour is so minute 
that its isolation in a pure state, and in sufficient 
w•antitv for chemical a na lysis, was sca rcelv practic­
able. Carrotene, however, can be prepared in a pure 
state, and th e happy idea occurred to Dr. Monier 
\Villiams, of the Local Government Boa rd, who was 
t'onducting the investigation, to photograph its ab­
sorption spectrum and compare it with that of the 
colouring matter of flour, which could easily be 
obtained in the minute ouantitv reouired for thi s 
purpose. Inspection of the shows that 
the spectra a re very similar. There ca nnot, therefore. 
be any doubt that the colouring matter of flour, if 
not identica l with, is closely allied to, carrotene. 

The underlving muses of the rela tions betwec!l 
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chemical structure and absorption spectra ha ve been 
the subject of much speculation, but it must be con­
fessed that no satisfactory expla nation of the phenO­
mena of absorption has yet been formulated, a nd that 
the theoretical development of the subject lags behind 
its practical application. 

UNIVERSITY AND L'/JL'C.J"f'}()NAJ. 
INTELLIGENCE. 

ON the occasion of the installation of the Duke of 
Northumberland as Chancellor of Durham University 
on May 3, honorary degrees of the University were 
conferred on the following m en of science :- D.C.L., 
L ord Rayleigh; D.Sc., Sir Archibald Geikie , K.C.B., 
P .R.S., Sir William R a msay, K.C.B., Sir T. C. 
Al!butt , K.C.B., Sir J. A. Ewing, K.C.B., Sir William 
Crookes , O.M.; Sir J. J. Thomson, O.M., a nd Prof. 
E. 13. Poulton. 

IN the House of Commons on Monday, May 5, J\Ir. 
.\squith, replying to severa l questions r eferring to 
the recent decision of the Convocation of the Univer­
sity of Oxford as to Divinity degrees, said :-"I have 
for a long time had under - cons ideration the various 
proposals for the appointment of a Roya l Commission 
or Commissions to inquire in to the ·constitution of, 
a'l d other m atters connected wi th, the Universities of 
Oxford and Cambridge. I have reluctantly come tG 
the conclusiofl tha t in existing circumstances the su­
ting up of such a n inquiry might lead to delay in the 
prosecution of necessary r eforms and is not likely to 
be productive of fruitful consequences." 

THE first session of the new University of Western 
Australia-was inaugurated on Monday, March 3r, 
with an address on the of mathematics and 
physics in a university education, by Prof. A. D. Ross. 
About rso students have enrolled in th.; faculties of 
a rts, science, engineering, a nd agriculture. At prL­
sent the teaching is being ca rried on under consider­
able difficulties , as the portion of the temporary build­
ings which has already been erected does not afford 
accommodation for laboratory instruction. The work 
of extending the premises is , however, being pushed 
on rapidly, and the various science departments should 
be in a position to carry on t!-:ei1· practical work in 
the third term. 

THE April number of T he Eugenics R eview is 
mainly occupied with the r eport of the Eugenics 
Education Conference, which took place on ;\l a rch 1, 

and was reported in NATURE of March 6. As a "prac­
tical outcome of the conference a deputation, having 
for its object the introduction of teaching of eugenics 
in training colleges, waited on Mr. Trevelya n, M.P., 
at the offices of of Education on April 2. 

The deputation, which in clud ed, among others, the 
president of the Eugenics Education Society, the Dean 
of St. Paul's, the headmaster of Eton, the principal 
of Bedford College, and :\1r. Nicholls, ex-president 
of the National Union of T each ers , was sympathetic­
all\' received bv Mr. TrevelYa n , who >'aid tha t the 
Board of recognised the importance of the 
matter referred to, and would consider carefully the 
recommendations made by the deputation. From the 
"Notes" column of the reviev> we learn of th!' 
formation on January 29 of Socie:<? Fran<;aisc 
d 'Eugenique. The president of this is '\T. 
Edmond P errier , the general secretary \1. le Dr. 
Apert, and the treasurer a nd librarian !\L Lucien 
Ma rch. In Ita ly a eugenics societv is in cou rse of 
formation, and in Denmark, a t the instigation of 
Dr. Soren H a nsen, a eugenics section of the .'\nthm­
polog-ical CommitteP has bee n org-anised. The re­
seat-ch committee of the Eugeni cs Society 
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