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LXII.-r-l khc ly  of the Abso?ption Spectra of Isatin, 
C a ~ b o s t y d ,  and th c i ~  A lkyl Derivatives in Relation 
to Tcczstomer*isn-L. 

By WALTER NOEL HARTLEY, F.R.S., and JAMES J. DOBBIE, M.A., D.Sc. 

INTRODUCTION. 
MUCH uncertainty still exists with regard to the relationship between 
compoiinds described as-tautomeric and desmotropic. I n  those cases, 
for example, in  which a substance and two related isomeric alkyl 
compounds having respectively the lactsm and the lactim constitu- 
tion are known, it is uncertain whether the supposed parent sub- 
stance has a constitution similar to tha t  of either of the derivatives. 
Thus there are two methyl derivatives of isatin; the constitution of 
each of which has been satisfactorily determined from its chemical 
reactions, but there is no unquestionable evidence which proves that 
the constitution of isatin itself is similar to that of either of the 
derivatives. 

It is known that the substitution of a methyl or ethyl group for an  
atom of hydrogen, without other alteration in the structure of the 
substance, merely increases the general absorption very slightly for 
each CH, added to the molecule (PM. TVCC~~S., part I., 1879,170, 257), 
tha t  is, it slightly shortens the transmitted spectrum, but makes 
practically no difference in the character of the absorption ; for 
instance, it scarcely increases its intensity, nor does it convert a 
general absorption into one that is selective, or  vice uewd, It has been 
explained elsewhere that the effect is to slightly retard the rate of 
vibration of the molecule. ‘‘ The larger the molecule, the lower the 
rate of vibration” (Trans., 1881, 39, 165). It appeared to us that to 
ascertain and compare their absorption curves could scarcely fail to 
afford some information concerning the relationship of the constitution 
of such substances as isatin and carboatyril to that  of their respective 
derivatives, whilst it seemed to offer a possible method of determining 
whether the constitution of the parent substance in each case is such 
as to admit of the derivatives being so simply related to them as the 
usually accepted formuh represent. 

By attacking the problem in  this manner, there is the advantage 
gained over chemical methods tha t  the question of the possibility of 
molecular rearrangement during the preparation of the derivative does 
not arise. Methylisatin is prepared from isstin by the action of 
methylic iodide on silver isatin. It is generally believed from accepted 
evidence that the a t o u  of silver simply occupies the same position in 
the molecule as the atom of hydrogen which it has replaced and that 
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isatin and silver isatin have, therefore, a similar constitution. W e  
shall show, however, that there is good ground for doubting whether 
any such conclusion can be justified. Wi th  the object of obtaining 
information on this point, we have examined the absorption spectra 
of isatin and carbostyril, and of their respective alkyl derivatives. 

Our experiments had been completed, and conclusions drawn which 
merely awaited confirmation, before me had studied the recent 
attempts which have been made to  solve this problem by chemical 
processes. 

It is satisfactory to find that the conclusions arrived a t  by the 
examination of the absorption spectra are in complete accordance with 
those recently obtained by reasoning based upon purely chemical 
methods devised to obviate the sources of fallacy attaching to the 
earlier experiments. 

It will be convenient to give a summary of this work before 
describing our experiments and the conclusions me have drawn from 
them. H. Goldschmidt and A. Meissler (Be?*., 1890, 23, 253), point 
out that, inasmuch as some so-called tnutomeric substances, such as 
carbostyril, when treated with alkali and alkylic haloids, give two 
isomeric alkyl derivatives, no conclusion as to the constitution of the 
parent substance can be drawn from their formation. They, likewise, 
hold that the action of alkylic hnloids on the silver salt is untrust- 
worthy as a guide to the solution of the problem, inasmuch as there is 
the possibility that the silver atom may not occupy the position of 
the hydrogen atom whose position is to be determined, especially as 
the silver derivative is usually precipitated in a n  alkaline solution, in 
which shifting of the atoms may very readily occur. Even to the method 
in which acid radicles are substituted for alkyl radicles, exception is 
taken, although it is admitted that the objections are less weighty. 

The view of these authors is that, in the reactions of tautomeric 
substances in which electrolytes are employed, shifting of the atoms 
may occur. They maintain, therefore, that, in order t o  obtain trust- 
worthy results, solutions of electrolytes should be excluded and only 
such reactions employed as give rise to no by-products which might 
bring about secondary changes. I n  their opinion, phenylic iso- 
cyanate, the reagent which they employ, fulfils these conditions. 

I&thylisatin, the methyl derivative of isatin which melts at 1 Ole, 
and is obtained by the action of methylic iodide on silver isatin, is a 
lactim, since it readily undergoes saponification ; whilst its isomeride, 
methylpseudoisatin, melting at 1 3 4 O ,  is a lactam. On account of the 
direct method of preparation of methylisatin from isatin, it is 
generally assumed that isatin has the lactim constitution. 

c,H,<~:>c*oH. 
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N H  N 

then, by the removal of a molecule of acetic acid, gives 
c10 

C,H,/'\CO \/ 
N CO*OR,. 

Goldsclimidt and hleissler, looking especially to the improbability 

++ See also A. JIich:wl, J. p r .  Chc,,,., [ii], 1888, 37, 513. 
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of phcnylic isocyaiiate causing any shifting of the atoms, consider that 
the more natural explanation is that isatin itself has the lactam 
constitution. This conclusion is confirmed by our results, the curve of 
molecular absorption derived from measurements of the absorption 
spectra of methylpseudoisatin being practically identical with that of 
isatin, whilst the curve of methylisatin differs widely from both, and 
differs much more widely from that of isatin than the mere substitu- 
tion of a methyl group for a hydrogen atom, or  the addition of CH, 
to the hydrogen atom, could possibly account for. 

Goldschmidt and Meissler, in the paper already referred to, show 
that carbostyril and lntidone behave in a similar but unexpected manner 
towards phenylic isocyanate, and that both compounds give off carbonic! 
anhydride when acted on by this reagent, yielding basic products. They 
draw the conclusion that the two substances are similarly constituted, 
but this conclusion is a t  variance with the commonly accepted forrnu1t.e 
which ascribe to lutidone a ketonic and to carbostyril a phenolic consti- 
tution. One or other of the forrnnke must, therefore, be modified. 
Our experiments point to n very close similarity of constitution 
between carbostyril and methylpseudocarbostyril, and to dissimilarity 
between the constitution of both of these substances and that of 
methylcczrbostgril. Methylpseudocarbostyril, from its reactions, is 
known to be a lactam, that is to say, the alkyl radicle is in direct 
union with the nitrogen ; carbostyril itself must, therefore, have a 
constitution characteristic of the lactam class, a structure in chsract er 
similar to tha t  usually ascribed to lutidone. Here, again, our conclu- 
sions are in accord with those of Goldschmidt and Meissler in so fa r  
as they hold tha t  the commonly received.formula either of carbostyril 
or of lutidone must be altered. Know (Annden, 1896, 293, 81) also 
arrives a t  the conclusion that carbostyril is to be regarded as a lactam, 
and not as a lactim. 

We now proceed to give a detailed account of the preparation of the 
various substances and of the examination of their absorption spectra. 
All the substances examined were prepared twice over, except 
methylcarbostgril, and several series of photographs of each prepara- 
tion were taken and carefully compared, cadmium electrodes being 
used as the source of light in this case, although me usually employ 
lead-cadmium and tin-cadmium alloys. 

E I P E R  I M EN T A L . 
CarbostpiZ.-The preparation employed, obtained from Schuchardt, 

of Gijrlitz, mas recrystallised many times from alcohol until its 
melting point was constant. It crystallised in fine, silky needles which 
melted at 195-1 96'. 
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1 C l e t l ~ y Z ~ s e u d o c c b o 8 t ~ ~ ~ ~ .  -To prepare this, 1 part of carbostyril mas 
dissolved in 12 times the weight of methylic alcohol, and water added 
to the solution until the carbostyril just remained dissolved while the 
solution was hot. To the cooled solution, rather more than the cal- 
culated quantity] (1 mol.) of methylic iodide mas added, and then 
a concentrated solution of sodium hydroxide (1 mol.) in small 
quantities at a time, and the solution boiled, using a reflux condenser, 
until the alkaline reaction disappeared. The solution was next made 
strongly alkaline with sodium hydroxide, and the methylpseudo- 
carbostyril extracted by shaking many times with chloroform in  a 
separating funnel ; the chloroform was distilled off, and the residue 
repeatedly extracted with small quantities of boiling light petroleum. 
From the light petroleum, the methylpseudocnrbostyril crystallised in 
tufts of beautiful, colourless needles. After being crystsllised several 
times from light petroleum, its melting point mas 71' (Bey., 1887, 20, 
2011). 

Metl~~Zcnrbost~/l.il---Methylcarbostyril was prepared by the action 
of metliylic iodide on silver carbostyril ; this was obtained by adding 
ammonia to a hot aqueous solution of carbostyril which had 
been mixed with the necessary quantity of silver nitrate. 
The white, amorphous precipitate of silver carbostyril is easily soluble 
in excess of ammonia, and from the ammoniacal solution it may be 
obtained in the crystalline form. The silver carbostyril was care- 
fully dried over sulphuric acid, and heated in sealed tubes with excess 
of methylic iodide at 70-80°, the heating being continued for 6-7 
hours. The methylcarbostyril, obtained on treating the product 
with alcohol and evaporating, was distilled over in a current of steam, 
separated from the water, and dried; it was then fractionated under 
a pressure of about 500 mm. The boiling point, at the ordinary 
presssure, is 347-349O (Bey., 1881, 14, 1916). 

Although only one preparation of methylcarbostyril was made, the 
corresponding ethyl derivative was prepared and the absorption 
spectra examined, yet i t  gave a practically identical absorption curve. 
It mas, therefore, considered unnecessary to duplicate these experi- 
ments. 

Isatin.-The isatin, obtained from Schuchardt, of GGrlitz, was 
recrystallised from alcohol until the melting point was constant, 
namely, 203.5' ; the melting point given by Baeyer is 201O. 

MetlqZpseudoisntin.-The preparation of this substance may be con- 

I. Preparation of methylphenylhydrazinepyroracemic acid, 
veniently divided inbo four stages. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
99

. D
ow

nl
oa

de
d 

by
 G

eo
rg

ia
 I

ns
tit

ut
e 

of
 T

ec
hn

ol
og

y 
on

 3
1/

10
/2

01
4 

18
:0

1:
26

. 
View Article Online

http://dx.doi.org/10.1039/ct8997500640
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11, Prepma tion of met hylindolecarboxylic acid. 
111. Preparation of methyldibromoxindole. 
IV. Conversion of methyldibromoxindole into methyl pseudoisatin. 
I. Prep rat ioi L of i!l~t?&~h en y lh drcc zinep y r o ~ i c c e w  i c  A c id. --T w en t y 

grams of methylphenylhydrazine dissolved in very dilute hydrochloric 
acid was treated with the equivalent quantity of pyroracemic acid 
and the crystalline mass of methylphenylhydrazinepyroracemic acid 
which separated was collected with the aid of the pump and washed 
mith cold water. 
IT. Pi-epaiwtion of ~~~et?~~Zinclo7ecai~box~jl ic  A cit1.-The finely powdered 

inethylphenylhydrazinepyroracemic acid \vits mwmed on the water- 
bath with 5 timesits weight of :L 10 per cent. solution of hydrochloric 
acid, and the methyli nclolec,zrbosylic acid which separated in yellowisli 
needles, WRS collected mith tho aid of the piimp, washed with 
water, and recrystallised several times from alcohol, when it melted 
n t  213O. 

111. Pmpamtion of ~~et?~~lclibs~onio~iitclo7e.--One part of the methyl- 
indolecarboxylic acid, dissolved in a dilute solution of sodium 
hydroxide, was gradnnlly added to a solution containing 4+ parts of 
bromine, 200 parts of water, and the equivalent qnantity of sodium 
hydroxide, the mixture being well stirred and cooled. The bromide, 
which separated in very fine, yellow crystals, was crystallised several 
times from alcohol, from which i t  always separated in  yellowish 
needles melting a t  201". According to Fischer and Hess (Be?.., 1884, 
17,559), inethyldibromosintlole cry st nllises in  '' clear tabular crystals " 
which melt at 2 0 4 O ,  bat  we itever obtained it in this form. 

I V. P ~ e p ~ t  ion of JIe thy  lpeudoisat in f )*om ~71etl~yldibi.os~aoxilzdole. 
-For the conversion of tlic inethyldibromoxindole into methylpseudo- 
is:itin, we followed Colman's method (Aiz~acclen, 1888, 248, 116) in pre- 
ference to that of Fisclier and Hess (7oc. c i t . ) .  The methyldibrom- 
oxindole mu boiletl with 30 times its weight of vnter for 2-3 hours, 
using a retlnx condenser. l'he hot solution, filtered from some resinous 
matter, clepoc;itetl the inethyl1,seucloisatiii in beantif ul, red needles which, 
after recrystnllisation from water, melted constantly at 132-133O 
(Fischer tiiicl Hess, 7oc. c i t . ) .  

nietl~yZisntz'?t.-Tlie preparation of this derivative requires special 
precautions on ncconnt of its instability ; the method followed was 
that given by Baeyer (Bey., lS82, 15, 2093). Five grams of finely 
powdered isatin were suspended in ice-cold water containing pieces of 
ice, and dissolved by adcling f~ solution of sodium hydroxide also cooled 
to O o ;  the calculated quantity of silver nitrate was now added in an 
ice-cold solution, and the dark red precipitate of silver isatin rapidly 
collected mith the aid of a piinzp. The silver isatin after being washecl 
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first with water, aid then with alcohol to reniove any iinnltered isathi, 
was dried over strong sulphuric ucid for three d:iys, finely powclered, 
and treated in acflask with excess of metliylic iodide ; the semi-solid 
mass obtained on allowing the corked flask to remain for 48 hours was 
repeatedly extracted with small quantities of hot benzene, and the 
benzene solution diluted with an eqnal volume of light petroleum, 
which caused a small qumtity of tarry matter to separkte. The 
filtered solution was then evaporated to dryness on the water-bath, 
nncl tlie residue dissolved in the smallest possible quantity of hot, 
benzene; on cooling, it deposited the methylisatin in prisms of a bloo(1 
red coloui*,which,after recrystnllisation froin benzene, melted at 99-1 0 l3  
(Baeyer, Bey . ,  1882, 15, 2093). RIetliylisatin is unstable Iioth in the 
solid state ilnd in alcoholic solution. When freshly prepared, it has a 
sharp melting point and a blood red colonr, but after it has been kept' 
for some time the colour changes to brick red and the melting point is 
no longer sharp. It was, therefore, fonnd necessary to photogrnph 
this snbstarice iinmedintely i l f  ter its preparation. 

We now proceed to give a general description of the spectra 
examined. Oscillation frequencies are indicated by '/A and wave- 
lengths by A. 

DESCRIPTION OF THE SPECTRA OF THE SUBSTANCES INVESTIGATED, 

C ccr b o s t IJ ri l. 

Geneid cZescn!ption of the spectm-There is a total absorption of all 
rays beyond l i X  2700, until tlie dilution is 1 milligram-niol. of the 
substance in 500 C.C. of liquid with 5 mm. of t,hickness, when the rays 
extend to  2'770. 

At a thicknessof 3 mm., an  absorption band becomes visible, which 
continues to 1 milligram-mol. in 2500 C.C. with a thickness of 1 mm. 

With 2 nim. of liquid containing 1 milligram-mol. in 500 c.c., the 
absorption band lies between I / X  2900 and 3300, the rays being trans- 
mitted then as far as '/A 3500, after which there is total absorption. 

When the absorption band has almost disappeared, tlie continuous 
spectrum extends to 4000, and the liquid in a layer of 2 mm. then 
contains 1 milligram-mol. in 3500 C.C. 

ilie t / b y  Zpse u cl o c ci i -  b 0s t y r i 1. 

G ' e n e i d  d e s c r i p t i o n  o f  t?Le specti*cc.---Tliere is a total absorption of nil 
rays beyond l / A  3680 in from 25 mm. to  15 mm. of liquid; this extends 
as far as 2780 with 1 mm. of liquid containing 1 milligram-mol. in 
l@O C.C. There is a n  absorption band from l / A  2850 to 3370, with 
3 mm. of liquid containing 1 milligram-mol. in 500 c.c., and n very 
feeble transmission of rays from 3370 t o  3500. This absorption band 
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is distinctly seen down to n dilution of 1 id l ipam-mol ,  in 2500 C.C. 

with 2 mm. of liquid, the continuous rays then extend to about 4050, 
I t  will thus be seen tha t  the spectrum curve very closely resembles 

that of carbostyril, the general absorption being slightly increased, 
which is the asusl effect when methyl takes the place of hydrogen or 
CH, is added to the molecule. 

ilf e t 1!,3 Z ccw b 0s f y ~"1: 1. 

Gene& descyiption of the spectccc.-All r:xya are transmitted t o  
3000 by 1 milligram-mol. of substance in 500 C.C. and 5 mm. of 

liquid. 
Through a lnyey of 3 mm., the rays extend to I/X 3050, and from 

this point to 3350 there is an absorption band, beyond which the rays 
are transmitted to 3500. The band is very feeble with 6 mm. of 
liquid containing 1 milligram-mol. in 2500 c.c., and it is only just 
visible witli 4 i 1 m .  The absorbed rays lie between 3000 and 3050, 
bejond this is nn imperfectly transmitted continuous spectrum to 
about 3500. 

The chief differences between these spectra and those of the parent 
substance, c;irbostyril, is the great extent of the transmitted rays and 
the different position of the absorption band as well also as its less 
persistent character or intensity. 

The rays beyond are all absorbed. 

rstr t it&. 

Gei&emZ tlescr+)tion qf the spectm-There is a very strong absorption 
band extending from about l / X  1920 to 3780, that is to say, from the 
green into the ultra-violet, red, yellow, and green rays are transmitted. 
This absorption continues with 10 mm. of liquid containing 1 milligram- 
mol. in 100 C.C. With 5 mm., there is a very feeble transmission of 
rays between 2780 and 3000, and with 4 mm., the transmitted rays 
are a little stronger, but there is total absorption beyond. Wi th  
3 mm. of liquid containing 1 inilligram-mol. in 100 c.c., rays are very 
feebly transmitted from '/A 2000 to 2170, a second absorption band 
occurs as far as 27S0, the rays are transmitted from 2750 to 3070, 
beyond which there is total absorption. This second absorption band 
continues, although niucli enfeebled, with 4 mm. of liquid containing 
1 milligram-mol. in 500 C.C. Beyond 31 SO, there is total absorption to 
about '/A 3630. It continues between 3200 and 3630 with 2 mm. of 
liquid containing 1 milligram-mol. of substance in 500 C.C. There is 
total absorption beyond 3900. 

Met h9 Zpseud o i sa t in. 

General deswiptimt of the spectrcc.-A very strong absorption band 
extends froin '/A 1920 in the green to the very strong rays between 
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I / X  2740 and 2900 in all thicknesses of liquid from 25 mm. down to 
5 mm. containing 1 milligram-mol. in 100 C.C. All rays beyond 2900 
are totally absorbed. 

With layers of 4 mm. and 3 mm., t,here is a strengthening of the 
transmitted rays between l / X  2740 and 2370, but a total absorption 
beyond. With 2 mm. and 1 mm. of liquid, the absorption of rays less 
refrangible than 2740 is much diminished, that  is to say, the band is 
weakened hereabouts. With layers of 5, 4, and 3 mm. of liquid con- 
taining 1 milligram-mol. in 500 c.c., there is nothing transmitted 
beyond '/A 3030, except the very strong line at 3600. 

There is a second very strong absorption band beyond this line until 
we get to a layer of 4 mm. of 1 milligram-mol. in 2500 c.c., when the 
rays between 3600 and 3810 are feebly transmitted, and there is only 
a very feeble transmission of rays beyond, lying between 4250 and 
4400, and so gradually the absorption diminishes. 

M e  t IL y I i s a t in. 

Geneva2 description of t7he spectra.-With 1 milligram-mol. of sub- 
stance in 100 c.c., there is a totdabsorption beyond 1920 in the green 
with 25, 20, 15, 10, and 5 mm. of liquid, with, however, in the last 
case, a very feeble transmission of rays commencing between I / X  2000 
and 2170. With 3 mm. of liquid, it is evident that  a very strong 
absorption band lies between '/A 2180 and about 3350, where the rays 
are very feebly transmitted, all beyond 3470 being totally absorbed. 
This absorption band gradually diminishes in intensity but more 
rapidly on the part of the rays of greater oscillation frequency than is 
the case with those lying between '/A 2270 and 2870. FOP instance, 
2 mm. of liquid containing 1 milligram-mol. in 500 C.C. absorb the 
rays between 2600 and 2770. 

The spectrum curves of isatin and methylpseudoisatin are very 
similar, but that of methylisatin is quite different. The former each 
shorn two absorption bands similar in position and intensity, whilst the 
latter exhibits but one. 

Total absorption is seen beyond 2600. 

CONCLUSIONS.  
Accordingly, we conclude as regards carbostyril and its derivatives, 

that carbos tyril and the so-called iiiethylpseudocarbostyril are of 
similar constitution, the latter being the true methyl derivative of the 
former. The same may be said of the substance termed ethyl- 
pseudwarbostyril ; it is the normal ethyl derivative. The so-called 
'' methylcarbostyril " differs from carbostyril in  constitution, and is 
not its true alkyl derivative. 

From the similarity of the curves of molecular absorption of 
carbostyril and methylpseudocarbostyril, we infer that if, as is 
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usually admitted, the latter possesses the lactam constitution, thia 
constitution must also be assigned to carbostyril. 

I n  the same way, isatin and the so-called methylpseudoisatin are of 
similar constitution, and isatin is, therefore, a lactam. The so-called 
methylisatin is not the true alkyl derivative of isatin, seeing that the 
curves of molecular absorption of the two substances are totally 
different. 

ILLUSTRATIONS. 

As the descriptions of the spectra and the measurements afford no 
idea of the photographs, it became necessary to present a graphic 
representation of the results. The method of drawing the curves is 
that which was first described in 1885 (Hartley, Trans., 1885, 47, 
685; 1887, 51, 153-201. See notes to the plates, and also Trans., 
1888, 53, 642). From ten to fifteen spectra are successively photo- 
graphed on one plate, each representing the absorption spectrum of 
the same solution, such as contains 1 milligram-mol. in 100 C.C. placed 
in cells of different thicknesses, so as t o  give layers of liquid of 
15, 10, 5, 4, 3, 2, 1 millimetres thick. The solution is then diluted 
to five times its volume, so that a milligram-mol. is contained in  
500 c.c., and again photographed an  another plate in  cells 5, 4, 3, 2, 
1 millimetres thick. The absorption spectrum of 5 mm. is the same as 
1 mm. of the stronger solution containing 1/100th of a milligram-mol. 
From careful measurements of the spectra, the transmitted and ab- 
sorbed rays, the oscillation frequencies l / X  and the wave-lengths X are 
determined for each dilution and each thickness of liquid. The 
curves are all obtained by straight lines joining fixed points measured 
on the scale of oscillation frequencies, with the exception of those 
portions which are represented by dotted lines indicating where the 
rays are more or less feebly transmitted. 

The range of spectrum is from the solar line E in the green, or  
about l /X  1900, to ]/A 4000 in the ultra-violet, or in  wave-lengths 
from 5263 to 2000 tenth-metres. The curve of each substance, there- 
fore, is strictly quantitative, and represents the internal vibrations 
of the molecule, as was explained in the previous communications 
referred to above. Although, by referring to the photographs, it is easy 
to understand the measurements given in detail, it is not so by mere 
reference to the curves. Neither the termination of the absorption 
band in the visible region nor the red and yellow rays which are 
transmitted appear on the first few photographs of isatin and its 
derivatives. Owing to this, in the tabulated statements of the 
measurements, the absorption bands are not indicated at all distinctly, 
although in reality they are very well defined and strong. 
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ABSORPTION SPECTRA OF ISATIN AND CABBOSTYRIL. 661 

11 E A s u R E M E N T s . 
C' a 9- b o s t y 1' i I ,  C,H,NO. 

0.155 gram ( = 1 milligram-mol.) in 100 C.C. of alcohol. 

Thickncss 
of layer of 
liquid in 

inilliinetres. 

2 .i 
20 
15 

10 

4 
3 
2 
1 

Description of Spectrum. 

Spocbrnm coiltinnous to.. ......................... 
A11 rays bcyond coinpletely absorbed. 
Thc same. 
Spectrum continuous to . .  ......................... 
All rays beyond completely absorbeil. 

9 7 7  ,, ......... 
9 ,  >, 
9 ,  $ 9  

,? 9 ,  ,, 
, 9  1 ,  , , 

, , ......... 
, , ......... 

......... 

......... 
Tlic saiiie as (2). 

2 i 5 8  

2 i i S  

2781 
2 i8R 
2iSci 
2806 
2826 

- 

A. 

3613 

3603 

3505 
3589 
3576 
3563 
3538 
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652 HARTLEY AND DOBBIE: A STUDY OF THE 

CadjostyriZ- (con tinued) . 
0.145 gram in 500 C.C. of alcohol. 

Thickness 
of layer of 
liquid in 

millimetres. 

Thiclrness 
of layer of 
liquid in 

millime t r  es. 

Description of Spectrum. 

Continuous spectrum to.. ......................... 
Complete absorption beyond except strong 

line showing faiiitly a t  l /A 3471 ; line 
showing faintly at  l / A  2891. 

Spectrum contiiinous to.. ......................... 
Strong line shomiiig a t  l / ~  2SS4. 

Feeble continuous spectrum froin l / A  3394 to 

Spcctriiin continnons to.. ......................... 
Strong line showing n t  .......................... 
Absorption band 2884-3323. 
Spectrum continuous froui '/A 3323-3520. 

Complete absoq~tion beyond, except lilies 
a t  l / A  3689 :in(] ]/A 3556. 

8l)cctriun coutiiiuous to.. ......................... 
Absorption band 2938-3188. 
Faint intlicatio~ of liiics a t  ]/A 2940, 3064, 

and 3076. 
Spectruin continnons from 3188 to 3532. 

Complete alJsorlitioii beyond, excelit strong 
lines at '/A 3635 and 3S86. 

Absorption band 2884-3394. 

l / ~  34f l .  

l/A. 

2826 

2856 

2ss4 
2935 

293s 

CwbostgriZ-(continued). 
0.145 gram in 3500 C.C. of alcohol. 

Description of Spectriiiii. 

Sl)ectriiin coiitiiiuous to.. ........................ 

Strong lilies slio~ving a t  3061 aiid 3076. 
Slwtrum coiitiiiuons fYolii 3130 to 3570. 
Cunil~letc ahoridion bcyoiiil, except liiict 
a t  '/A 363s and 3896. 

Sl~ectriiiii coiitiiiuous to.. ....................... 
Vcry iaiiit coiitiiiuatioii of bpeotruiii froiii 

Coiq)letc absorption beyond. 
Spectrnni contiiiuons to.. ...................... 
Lilies showing faintly bctweii */A 4036 :mi 

C'oinplcte absorption bcyonrl. 
Spectriuii coiitiiiuous to ........................ 
Strong cmhiiiuni liiics showiiig Letwceii l/) 

Absorption band 2999-3130. 

3639 t o  4054. 

4565. 

4290 a i d  4656. 

2900 

8638 

4185 

1135 

A. 

3538 

3501 

3467 to 2946 

3-167 
3408 

3467 to 3009 

3403 
3403 to 3136 

A. 

3334 
3334 to 3194 

2418 

2418 
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ABSORPTION SPECTRA OF ISATIN AND CARBOSTYRIL. 653 

0.159 gram (= 1 milligram-mol.) in 100 C.C. of alcohol. 

Thickness 
of layer of 
liquid in 

niillimetres. 

25 

29 

15 
10 

5 
4 
3 
2 
1 

~~ ~ 

Thickness 
of layer of 
liquid in 

millimetres. 

Description of Spectrum. 

Spectruni continuous to ......................... 
Complete absorption beyond. 

Strong line showing a t  l /A 2768. 
Sanie as (20). 

9 )  11 ,, .................. 

Complete absorption beyond.. ................... 
9 7  ,) ,) 

7 )  ) I  

) ?  9 9  

9 )  9 9  ) )  

2 ,  > r  , , 

.................. 
,, .................... 
,) ..................... 

.................... 

................... 

2738 

2749 

2768 
2768 
2768 
2775 
2781 
2791 

Il~ef. iLy~seudocctrbost~r~l-(  continued). 

0.159 gram in 500 C.C. of alcohol. 

Description of Spectrum. 

Spectrum continuous to ........................... 
Complete absorption beyond. 
Faint lines at  I / A  3355 and 3466. 

Absorption band 2826-3328. 
Line showing a t  2884 Spectrum continuous 

from 3328 to 3471. 
Complete absorption beyond, except line a t . .  . 
S ectrum continuous to ........................... 
Agsorption band 2936-3240, 
Spectrum continuous '/A 3240 to 3491. 

Complete absorption beyond, except cad- 
mium lines at '/A 3638 and 3886. 

Spectrum continuous to.. ........................ 
Absorption band 2938-3192. 
Faint indic&im of lines at  l /A 3064 and 

3076 dpct rum continuous from ]/A 3192 
tc, 3528. 

Corn lete absorption beyond, except strong 
ca&nium lines at 3638 and 3886. 

Spectrum continuous to ......................... 

VOL. LXXV. 

2826 

2826 

3856 
2936 

2938 

- 

A. 

3652 

3637 

3612 
3612 
3612 
3603 
3595 
3582 

A. 

3538 

3538 
3538 to 3004 

2573 
3405 

3405 to  3086 

3403 
3403 t o  3133 

x x  
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654 

Thickness 
of layer of 

liquid in 
millimetres. 

HARTLEY AND DOBBIE: A STUDY OF THE 

Jleth y~peudocar boat y d - (  continued). 

0.159 gram in 2500 C.C. of alcohol. 

Description of Spectrum. 

S iectrum continuous to ........................... 
Absorption band 3004-3139 
Lines showing a t  '/A 3064 and 3076. 

Complete absorption beyond, except strong 
Spectrum continuous to.. ......................... 

Spectrum continuous t o  .......................... 
Still faint between '/A 2938 and 

Spectrum continuous to.. ......................... 
Spectrum continuous to ......................... 

lines a t  3638 and 3886. 

............. 
Strong lines at  l / ~  3638 and 3886, with very 

Complete absorption beyond. 

Complete absorption beyond, except lines 
between 4306 and 4536. 

faint indications of spectrum between. 

]/A. 

3004 

3893 

3520 
3349 

4132 

4132 

Methylcarbostyvi l ,  C,,H9N0. B. p. = 247". 

3328 
3328 t o  3185 

2536 

28.1 0 
2985 

2420 

2420 

0.159 gram (= 1 milligram-mol.) in 100 C.C. of alcohol. 

Thickness 
of layer of 
liquid in 

millimetres. 

25 
20 
15 
10 
5 
4 
3 
2 
1 

Description of Spectrum. 

Spectrum continuous to.. ........................ 
Continuous spectrum to.. ........................ 

9 ,  

9 9  

9 9  

> >  

$ 9  

9 ,  

, 7  

!, ,, ....................... 
,, ,, ........................ 
,, ,, ....................... 
,, ,, ........................ 
,, ,, ........................ 
, , , , ....................... 
, , , , ...................... 

2945 
2950 
2955 
2965 
3001 
3004 
3013 
3018 
3033 

A. 

A. 

3395 
3389 
3384 
3372 
3328 
3328 
3318 
3313 
3297 
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ABSORPTION SPECTRA OF ISATIN AND CARBOSTYRIL. 655 

~~ 

Thickness 
of layer of 
liquid in 

niillimetres. 

Thickness 
of layer of 
liquid iu  

niillimetres. 

4 

3 

2 

1 

MethyEcarbostyr'iZ-(continued) . 
0.159 gram in 500 C.C. of alcohol 

Description of Spectruin. 

Spectrum continuous to.. ......................... 
Lines showing between I/A 3355 and 3635. 
Absorption band 3076-.3410. 
Faint indication of spectrum from I/A 
3110 to ............................................ 

Complete sbsorptioii beyond. 
Spectrum continuous to ......................... 

Spectrum coutiiiuous, but very faint, from 
3319 to 3638. Complete absorption 
beyond, except line a t  ...................... 

Spectrum continuous to.. ......................... 
Absorption band 3076-3135. 
Spectrum continnous froin '/A 3135 to 3638. 
Complete absorption beyoid, except strong 

line a t  ............................................. 
Same as (2). Spectrum very faintly coil- 

tiiinoiis between '/A 3638 and 3886 ; ex- 
ceedingly faint continuation to about.. .... 

Absorption band 3076-3319. 

3076 

3520 

3076 

3886 
3076 

3886 

4030 

,Ilethylcas.bosl?lriZ-( con tinued). 

0.159 gram in 2500 C.C. of alcohol.' 

Description of Spectrum. 

Spectrum coiitinuous to. .......................... 
Faint prolongation to  ........................... 
Complete absorption beyond. 
Spectrum continuous to ........................... 
Faint proloiigatioii to.. ............................ 
Complete absorption beyond. 
Spectrum continuous to ........................ 
Complete absorption beyond, except l ines 

between.. ........................................... 
and ................................................ 

Same as (2) ; additional line a t  ............... 

A. 

3250 

3250 to 2932 

2840 

3250 
3250 to 3013 

2573 
3250 

3250 to 3189 

2573 

2481 

1/A* 

3886 
4080 

3886 
4080 

4135 

4290 
4 423 
4665 

A. 

2573 
2450 

2573 
2150 

2418 

3331 
2260 
2190 
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656 HARTLEY AND DOBBIE: A STUDY OF THE 

I sa t in ,  C,H,NO,. 
0.147 gram (=  1 milligram-mol.) in 100 C.C. alcohol. 

~~ 

Thickness 
of lager of 
liquid in 

millimetres. 

25 
20 
15 

10 

5 

4 
3 

2 

1 

Thickiiess 
of layer of 
liquid in 

niillimetres. 

Description of Spectrum. 

Complete absorption of all rays beyond ...... 
The same. 
The same, except two strong lines appearing 

very feebly a t  ....................................... 
and.. .................................. 

Same as preceding, but lines more distinct. 
Line also at .  ......................................... 
Spectrum coutinuous, but weak, from.. ....... 

to ........... 
Absorption band 1900-2768. 
Line a t  ................................................ 
Spectrum coiitii~uous, but faint, from.. ....... 

to ............ 
Lines '/A 3064 and I/A 3076 faintly traiis- 

Absorptjon band 1900- 2768. 
Absorption band 2083-2768. 
Spectrum contiiluous ' /A 2iciS to .............. 
Spectrum nearly continuous, but weak, to.. . 
Spectrum strong '/A 2768 to .................... 
Line showing a t  .................................. 
Same as (2), with lines a t  ........................ 

Cornplcte absorption beyoud. 

mitted. 

and I/h 3886. 
Absorption band 3076-3638. 

1900 

2884 
2938 

2768 
2884 
2997 

2iG8 
2826 
3004 

3iJtj.I 
2768 
3076 
3638 
3638 

~~ ~~ ~ 

Iscctin-( continued). 
0.147 gram in 500 C.C. of alcohol. 

Description of Spectrum. 

Spectrim coi~tiuuous to.. ......................... 
Absorption band 3188--3638. 
Faint spectrum from '/A 3638 to ............... 
Strong line :it 3856. Coinplete sbsor1.tioii 

Spectrum continuous to.. ......................... 

A few lines showing faiutly. 
Faint spectrum ]/A 3638 to ..................... 
Complete absorption beyond. 
Same as lmcecling, with lines showing morc 

distinctly. 
Spectrum coiltinuow to.. ......................... 

also from I/h 3601 to 3888. 
Sliuclrum continuous to.. ......................... 

but failit between '/A 3588 and .............. 
Coni1,lete absorption beyond.. ................... 

except for strong line showing faintly at.. 

beyond. 

Absorption band 3240-3638. 

3188 

3886 

8240 

3886 

321 4 

S 8 S G  
3638 
3886 
4423 - 

A. 

5263 

3 1 6 i  
3403 

3618 
3467 
3336 

3612 
3538 
3320 

5263 to 3612 

5263 to 3617 
4800 to 3612 

3263 
3612 
3250 
2548 
2748 

A. 

3136 
3136 to 2748 

2653 

3086 
3086 to 2748 

2573 

3111 

2573 
2748 
2573 
226 0 
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ABSORPTION SPECTRA OF ISATIN AND CARBOSTYRIL. 657 

Spectrum continuous to. ......................... 
Still somewhat faint betweon.. .................. 

and .......................... 
Complete absorption beyond ..................... 

escept for lines showing faintly between 
'/A 4331 and 4418. 

Spectrum continuous and fairly strong to ... 
Additional lines showing a t  ,'/A 4306, 4478, 

and 4828. 
Spectruni continuous and strong to.. .......... 
Lines showing between '/A 4290 and 4656. 
Same as (2). 

I~c(.tin-( con timed). 

0.147 gram in 2500 C.C. of alcohol. 

3900 
3284 
3605 
3900 

3962 

3952 

Thickness 
of layer of 
liquid in 

millime tres. 
Description of Spectrum. 

2564 
304 5 
2773 
2564 

2530 

2530 

Imti)&-(continued). 

0.147 gram in 13,500 C.C. of alcohol. 

Thickness 
of laycr of 
liquid in  

rnillimetres. 
Description of Spectruin. 

3 

2 
1 

Spectrum continuous to.. ......................... 
Weak between IJA 3965 aiid 4290. 
Strong lines showing between 4290 and 4656. 
Spectrum contiiiuous ; weak between I/A 

3965 and .......................................... 
Spectrum continuous. 

3 ,) 

4290 

4290 

2331 

2331 
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658 HARTLEY AND DOBBIE: A STUDY OF THE 

~ e t h y ~ p s e u d o i s c c t i n ,  C,H7N0,. M. p. 133". 

C,H,<$g-j>CO. 

0,161 gram (= lmilligram-mol.) in 100 C.C. of alcohol. 

Thickness 
of layer of 
liquid in 

millimetres. 

35 
20 
15 

10 

5 

4 

3 

2 

1 

Description or Spectrum. 

Complete absorption of all rays beyond ...... 
Coinplete absorption beyond 1900, except 

lines a t  '/A 2884 and 2938. 
Complete absorption beyoild 1900, with 

additional line a t  2768. 
Absorption band 1900-2768. 
Stronq line visible at 2768. 
All lines transmitted from l /h  2768 to ......... 
Line a t  l / A  2083. Feeble, but not continuous, 

spectrum to 2768 ................................. 
Absorption band feeble, 1900-2768. 
All lilies transiibitted from 2768 to ............ 
C!ontinuous, but  feeble, spectruin to ......... 
Still solnewhat feeble from ]/A 2083 t o  ...... 
Continuous spectrum to ........................... 
Complete absorption beyond, except for line 

Continuous spectruin to ........................... 
Complete absorption beyond, except line at 

9 ,  9 ,  9 9  9 ,  

at '/A 3638. 

3638. 

1900 

3004 

3076 
3076 
2768 
3076 

3076 

- 
:l~et?$psezcdoiscct in-(continued). 

0.161 gram in 500 C.C. of alcohol. 

Thickness 
of layer of 
liquid in 

millimetres. 
Description of Spectrum. 

Continuous spectruin to.. ......................... 

Complete absorption beyond. 
A few lines showing faintly betwecn l /A  

3240 and ......................................... 
Same as (4). Line showing very faintly ilt 

3886. 
Spectrnni continnoiis to.. ......................... 

but faint from '/A 3240 t o  ..................... 
Same as (2), with lines showing faintly a t  ... 

Absorption band 3240-3638. 

and 

3210 

3635 

3638 
3638 
4331 
4425 

h 

5263 

5263 to 3612 

3328 

5263 to 3612 
3250 
3250 
3612 
3250 

3250 

A.  

3086 
3086 to 2748 

2748 

2748 
2748 
2308 
2259 
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ABSORPTION SPECTRA OF ISATIN AND CARBOSTYRIL. 669 

Continuous spectrum to .......................... 
Lines showing between ........................... 

and ................................. 
Continuous spectrum to .  ......................... 
Lines s h o ~ i n g  between ........................... 

and ................................. 
Contillnous spectrum to.. ........................ 
Lines showing between .......................... 

and ................................. 

Meth#pseucEoisat in-(continued). 
0.161 gram in 2500 C.C. of alcohol. 

3886 
4306 
4542 
3886 
4290 
4542 
3918 
4290 
4656 

Thickness 
of layer of 
liquid in 

millimetres. 

4 

3 

2 

Description of Spectrum. 

I Meth y Zpseudoisat in-( con tinued), 
0.161 gram in 12,500 C.C. of alcohol. 

Thickness 
of layer of 
liquid in 

millimetres. 

4 

3 
2 
1 

2573 
2322 
2206 
2573 
2331 
2206 
2552 
2331 
2147 

Description of Spectrum. 

Continuous s ectrum t o  ........................... 
Almost compfetc absorption ' / A  3965 to.. .... 
All the strong lines betweeu l /A 4290 and 

Continuous spectrum to.. ......................... 
4656 seen. 

9 ,  ,, biit stronger. 
7 )  3 )  9 )  

25 
20 
15 
10 

5 
4 

3 

2 

1 

Thickness 
of layer of 
liquid in 

millime tres. 

A. 

3965 
4290 

4290 

0.161 gram (= 1 milligram-mol.) in  100 C.C. of alcohol, 

Description of Spectrum. 

Complete absorption of all rays beyond ...... 
J Y  9 7  9 ,  9 ,  

9 9  J 9  9 )  Y *  

Complete absorption except line a t  '/A 2083. 
The same as 10 with lines a t  2137 and 2161. 
Spectrum continuous from l / ~  2083 to ...... 
Very faint line a t  3471. 

Lines showing feebly a t  3354 aud 3171. 
S ectrum continuous to.. ......................... 
Faint spectrum from '/A 2775 to .............. 
Same as (2), but rnys stronger. Very 

faint line a t  ....................................... 

Absorption band 2175-33M. 

A% sorption band 2270-2775. 

2522 
2331 

2331 

1900 

2175 

2270 

3528 

3644 

A. 

5263 

4597 

4597 to 2981 

4405 to 8603 
4405 

2834 

2744 
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660 ABSORPTION SPECTRA OF ISATIN AND CARBOSTYHII,. 

Thickness 
of layer of 
l i  uid in 

miilimet res. 
Description of Spectrum. 

Thickness 
of layer of 
li uid in 

rnilhnetres. 

]/A, 

f Me th y Zisa tin -(continued). 
0.161 gram in 500 C.C. of alcohol. 

Description of Spectrum. I 

Continuous spectrum to ........................... 
Very faint indication of lines from 2443 t o  
Absorption band 2472.-2768. 
Rather weak spectrum from '/A 2768 to ...... 
Complete absorption beyond. 
Continuous spectrum t o  ........................... 
Feeble Absorption band 2502-2768. 
Spectrum from l /A  2768 to 
Coniplete absorption beyond. 
Same Absorption band but feebler from 

2502-2768. 
Same as preceding ; line a t  ..................... 

.................... 

more strongly marked. 

2357 
2472 

3688 

2502 

3638 

3886 

4 

3 

2 

1 

Continuous spectrum to ........................... 
Very faint continuation to.. ...................... 
Complete absosption beyond, except strong 

Continuous spectrum to ........................... 
With f.Lint continuation to ..................... 
Very faint indication of line at  4046. 
Spectrum continuous to ........................... 
With lines showing between 4306 and 4656. 
Continuous spectrum to., ........................ 
Same otherwise as preceding. 

line at  3886. 

3638 
3733 

3638 
3900 

4038 

4120 

Meth~Ziscltin-(continued). 
0.161 gram in 12,500 C.C. of alcohol. 

A .  

4242 
4045 

M 5  to 3612 
2748 

3996 
3996 to 3612 

2748 

3996 to 3612 
2573 

2748 
2678 

2748 
2564 

2417 

Thickness 
of layer of 
liquid in 

millimetres. 
Description of Spectrum. 

4 

3 
2 
1 

Continuous spectrum to.. ......................... 
Somewhat faint from .............................. 

to  ................................ 
Continuous spectrum. 

9 ,  9 9  

9 ,  9 )  

4135 
8886 
4135 

2418 
2573 
2418 
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PREPARATION OF ACID PHENYLlC SALTS OF DIBASIC ACIDS. 661 

Our best thanks are due to Mr. Alexander Lauder, of the University 
College of North Wales, Bangor, for his assistance in the general 
work of the research, and especially for the great care he has taken 
in preparing the substances examined. 

We are now engaged in  a more comprehensive research on this 
subject, embracing the examination of the absorption spectra of 
derivatives of ethoric succinosuccinates, phloroglucinol, and other 
substances which exhibit tautomeric phenomena. 

The various expenses of this investigation mere partly defrayed by a 
grant from the Government Grant Fund of the Royal Society. 

ROYAL COLLEGE OF SCIENCF,, 
DIJ BI,I N. 
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