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V. Flame Spectra at High Temperatures.—Part 1. Oxy-hydrogen Blow-pipe Spectra.
By W. N. Harreey, I'R.S.

Received May 10,—Read June 1, 1893.
[PraTES 6, 7.]

Stk DAviD BREWSTER, in 1842, appears to have been the first to examine the
spectra of salts by means of the oxygen and coal-gas flame, about 180 of which were
deflagrated in a platinum spoon (Edinburgh ¢ Roy. Soc. Proc.,” vol. 6, p. 145).

Professor NormMAN LockYER® has given us a map of metallic spectra at the tem-
perature of the oxygen and coal-gas blow-pipe (‘Roy. Soc. Proc.,” vol. 23, p. 120).
The region observed in the case of twenty-two metals does not extend beyond wave-
length 4000 ; and, although we have both arc and spark spectra for the region up to
wave-length 1800, we are still unacquainted with the spectra of elements and
compounds obtained by means of flames at high temperatures in the ultra-violet
region.

Methods of Obtaining Spectra with Flames at High Temperatures.

In studying the spectra of flames there are many points worthy of consideration
arising from the structure of the flame, the nature of the combustible, the heat
evolved during combustion, and the temperature attained. The temperature of a
candle-flame is high enough to give all the spectra capable of being produced by the
oxy-hydrogen blow-pipe, for by such simple means we can melt WorLLAsToN’s platinum
wires and produce the band spectrum of carbon. The reason for such a flame being
practically useless for spectroscopic purposes does not arise from the temperature
being too low, but from the area of maximum temperature being too small, so that
the material to be tested and the support upon which it is held in the flame exercise

* [The following quotation contains a passage which is perhaps the earliest reference to such
spectra :—

“ The pure earths, when violently heated, as has recently been practised by Lieutenant DruMMOND,
by directing on small spheres of them the flames of several spirit lamps urged by oxygen gas, yield
from their surfaces lights of extraordinary splendour, which, when examined by prismatic analysis, are
found to possess the peculiar definite rays in excess which characterize the tints of flames coloured by
them ; so that there can be no doubt that these tints arise from the molecules of the colouring matter

reduced to vapour, and held in a state of violent ignition.” ¢Light,’ Sir. J. F. W. Hrrscugr, London,
1827, also ¢ Encyclopeedia Metropolitana-’ p. 438, vol. 4, 1845.—W. N. H., September 29, 1893.]
MDCCCXCIV.—-A, Y 19.7.94
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162 PROFESSOR W. N. HARTLEY ON

too great a cooling power. A candle or gas flume owes its shape to the rapid
ascension of heated combustible vapour and air, or air and gas mixed, and the
maximum temperature is to be found near the tip of the flame. The cross section of
the flame near its tip should therefore be sufliciently large to completely envelop the
support and substance upon it ; hence it will be seen that to have a support as small
as possible is a distinct practical advantage. For some time a difficulty presented
itself in the study of flame spectra of solid substances at high temperatures owing
to the necessity which arises for providing an infusible material suitable as a support
for the substance to be tested, capable of withstanding the temperature of the oxy-
hydrogen blow-pipe flame, and incapable of chemical action upon metallic oxides. I
formerly used strips of iridium for the alkaline earths and their salts, but they are
quite unsuitable for use with several substances.

I propose to place on record a most convenient method of observing spectra with
the oxy-hydrogen flame, and to describe a considerable number of spectra which were
photographed preparatory to undertaking the study of spectroscopic phenomena con-
nected with the Bessemer “ blow ” and the manufacture of steel generally.

The flame of hydrogen, proceeding from a large lead generator, is burnt with com-
pressed oxygen in a small Bunsen blow-pipe, so fixed that the flame is vertical.

The blow-pipe measures 3 inches in length and $ths of an inch in external diameter.
The substances to be examined are supported in the flame on small plates of kyanite
about 2 inches in length, 4'5th of an inch in thickness, and 1th of an inch in width.

This mineral, which is found in large masses in C°. Donegal, contains 96 per cent.
of aluminium silicate, a practically infusible material. It was analyzed in my labo-
ratory some years ago, and owing to the intractable nature of the mineral, the
analysis was made with some difficulty.

It is exceedingly difficult to pulverize it, but it readily splits into laminze,

The Instruments and Method of Photography Employed.

The instrument used for the first series of experiments had but one quartz prism
of 60° composed of right and left handed halves, each of 30°. The photographic
plates used were “ Ilford rapid ” and EpwaArps’ Isochromatic Plates.

A number of experiments were made with various sensitizers, such as erythrosine
used by WaATeErRHOUSE and by MALLMANN and SKoLICK, and cyanine, employed by
V. ScaumaNN. Their use proved advantageous in rendering gelatine emulsion plates
sensitive to the yellow and red rays.

It was found that diphenylamine blue, used in a similar manner as, and mixed with,
cyanine, rendered gelatine-bromide plates rather more sensitive in the region between
E and F of the solar spectrum. ScHUMANN has found that emulsions made with
5 parts of silver iodide, precipitated along with 95 parts of silver bromide, are also
sensitive in this part of the spectrum.,
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FLAME SPECTRA AT HIGH TEMPERATURES. 163

A trial was made with various developers in order to ascertain which were the most
suitable. The spark spectrum of cadmium was photographed on plates of the same
kind, with an exposure of five seconds in each case, and development was carefully
timed.  Developers containing the following reducing substances were used :—
(1) pyrogallol, (2) eikonogen, (8) amidol, (4) rodinol, (5) hydroxylamine hydrochloride,
(5) hydroquinol, (6) ferrous oxalate, already prepared from potassium oxalate and
ferrous sulphate, (7) ferrous oxalate, prepared just prior to use by mixing ferrous
sulphate and potassium oxalate solutions kept separate.

Some years ago a similar trial of the then existing developers was made by me and
preference was given to hydroxylamine hydrochloride, as prescribed by Ecrr and
SPILLER, because it gave a brown deposit of silver showing under the microscope no
structure or granulation. A commercial sample of the salt, recently purchased, which
proved to be strongly acid, was recrystallized from hot alcohol and rendered neutral.
It gave good results, but the image was slow in appearing.

Freshly prepared ferrous oxalate was excellent, but best of all was hydroquinol,
because it not only produced a dense black image with as much freedom from grana-
lation as any other substance, but it also reproduced lines of feeble intensity, and it
developed completely in three minutes as against seven minutes for hydroxylamine,
and four or five minutes for other substances.

Granulation appears to be caused by a condition of the gelatine now generally
used rather than by the nature of the developing solution as was formerly the case.
It was decided to use sensitized plates and hydroquinol as a developer.

Method of Measuring the Positions and Wave-lengths of Lines.

The most convenient and simple method of measuring the spectra emitted by
flames is to take a photograph of the spark spectra of tin-cadmium and lead-cadmium
alloys superposed upon the former. From the lines of these metals and those of air
which accompany them we obtain measurements from which, by an interpolation
curve, the oscillation-frequencies and their corresponding wave-lengths may be
ascertained.™ '

The measurement of the lines is made in the same manner as the measurement of
the bands in absorption spectra, namely, by simply applying to the photograph an
ivory scale which is divided into hundredths of an inch, and by means of a lens or
low-power microscope with cross wires in the eye-piece, reading by judgment to
tenths of each division. To do this with the greatest accuracy it is necessary to
have a straight line ruled down the middle of each spectrum, against which the edge
of the scale is fixed in position. To rule this line a very slight nick is made in the
Jaws of the slit of the spectroscope, which admits more light at this than at any other
point, and causes a feeble continuous spectrum to be photographed ; upon this the

* Several prominent iron lines beyond \ 3900 were used in drawing the curve.
Y 2
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164 : PROFESSOR W. N. HARTLEY ON

lines due to the flame spectra are marked out by the appearance of minute dots
Where the insensitive portion of the film occurs, strong lines are easily seen on the
continuous linear spectrum in consequence of the slit being slightly widened for a
minute portion of its length, so that the effect caused by want of sensitiveness in the
silver salts is diminished.

It is a little difficult to read the measurements and describe the spectra at the
same time, hence enlargements were made upon which the measurements were
recorded as they were read off. Another convenient plan was to adjust the scale to
the photograph and take an enlargement therefrom at once, so that prints from the
same give approximately their own measurements. Only those measurements are
exact which are exactly at the centre of the photographic lens, even when the scale
is precisely adjusted to the photograph, so, for instance, that the 20th division was
exactly at the sodium line. In cases where the lines were not newly discovered, and
it was only necessary to identify them, nothing more was required. New lines and
bands were measured by a micrometer screw with a pitch of 100 threads to the incb,
and a wheel head divided into 100 parts. The screw carries a nut on which a micro-
scope, magnifying 10 diameters, is fixed, by which arrangement it is easy to measure
to rosggth of an inch, and, where desirable, to rggiggath. This instrument was
made by Mr. A. HiL¢Er, of London. Kach measurement was recorded at the time
by writing on an enlarged print of the same photograph.”®

The Spectrum scen when supports of Kyanite alone are heated in the
Oxy-hydrogen Flame.

Just as in the ordinary use of the spectroscope we are prepared to see the lines of
sodium,and under certain circumstances the bands peculiar to carbon,so in these photo-
graphs, the sodium lines and the strongest groups of lines belonging to the emission
spectrum of water vapour, are also always present. 1In addition to these, the kyanite
yields the red line of lithium, which is no inconvenience, but a positive advantage, as
it serves to indicate where the spectrum commences, and from which point measure-
ments may be made.

The Extent and Character of the Spectra observed.

Although the apparatus is capable of photographing on one plate rays lying
between wave-lengths 6708 of lithium in the red and 2194 in the ultra-violet,
nevertheless the flame spectra of a large majority of the metals and their compounds
terminate somewhere about the ultra-violet emission spectrum of water. The first,

# For several of the enlarged negatives made exactly to the same scale I am indebted to the kindness
of my friend, Professor ArLic Fraser, who devoted much of his own valuable time to making negatives
with as perfect a definition as possible, the prints from which have greatly facilitated my work.
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FLAME SPECTRA AT HIGH TEMPERATURES. 165

second, and third series of lines measured, LiveiNg and DEWAR, always appear in
these spectra ; in some cases the fourth and fifth series are well rendered.

Although the number of lines exhibited by some of the metals is large, yet the
extent of spectrum is small compared with that yielded by condensed sparks.
Typical band spectra are exhibited by sulphur, selenium, and tellurium. The first
yields a continuous spectrum, in which a series of beautiful bands is seen, the second
a series of fine bands occurring at closer intervals, the third is characterized by
bands still closer together, and near the more refrangible termination of which four
lines occurring in the spark spectrum of tellurium are visible.

Thus we see that increase in atomic mass causes shorter periods of recurrence of
bands, while we know that it causes greater periods in the recurrence of lines.

It is also worthy of remark that the most volatile of these elements emits a
continuous spectrum, with a band spectrum just emerging from it ; the second gives
us o beautiful and purely a band spectrum, while the third least volatile and more
metallic substance of largest atomic mass, and producing the densest vapour, yields a
band spectrum, together with a line spectrum. Several metals, such as nickel, yield
nothing but lines, others give us both lines and bands, as manganese and iron, while
tin, lead, silver, and gold yield very beautiful band spectra. Metalloids and non-
metallic elements are generally considered to be essentially different from metals,
since they emit channelled or band spectra at one temperature and line spectra
at another. It was, in fact, first laid down by Pricker and Hirrorr that « There
s a certain number of elementary substances, which, when diyfferently heated, furnish
two kinds of spectra of quite « dufferent character, not having any line or any band
wn common ” (‘ Phil. Trans.,” vol. 155, p. 6).

The discovery of this fact was of great importance, for it led to the conclusion that
as one spectrum of an element is replaced by another and totally different spectrum
of the same element, there must be an analogous change in the constitution of the
ether, indicating a new arrangement of the gaseous molecules, and this implies either
a chemical decomposition, or an allotropic condition of the vapour of the substance.
Prtoker and Hirtorr concluded that the same matter, in two allotropic states,
emitted different spectra, but the allotropy was dependent solely on temperature.
Band spectra they designated spectra of the 1st Order, and Line spectra, spectra of
the 2nd Order. The former have been fully recognized as the spectra of metal-
loids, such as carbon, phosphorus, sulphur, selenium, and tellurium, but it seems to
have been overlooked that PLtcRER and HirrorF observed spectra of the 1st Order
in the case of a few heavy metals, particularly lead and manganese. Metallic lead
and its compounds were found to yield the same band spectrum in the oxy-hydrogen
flame, and manganese exhibited a curious spectrum of the Ist Order, most similar
to that of carbon, but with the lines composing the bands differently distributed.
The well-known spark spectra of these elements are spectra of the 2nd Order.

LecoQ pE BoisBAUDRAN has observed a beautiful spectrum of aluminium of the
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166 PROFESSOR W. N. HARTLEY ON

Ist Order, obtained by means of an uncondensed spark. That this metal at so high
a temperature yields such a spectrum is undoubtedly due to the fact that it is
almost, if not absolutely, impossible to vaporize it with the oxy-hydrogen flame.*

Liveine and DEWAR have recently obtained a band spectrum by the combustion
of nickel tetracarbonyl which is also accompanied by lines (‘ Roy. Soc. Proc.,” vol. 52,
p. 117).  This spectrum, I expect, will be found to be due to metallic nickel and not
to the compound substance.

Yttrium and scandium, in solutions of their chlorides, each yield a line spectrum,
with a group of baunds in the red and orange region, when submitted to the action of
a condensed spark. From the foregoing facts, and from the descriptions of spectra
which here follow, it will be seen that several metallic elements emit banded spectra.

Characteristic Flame Spectra of Elements ematted at High Temperatures.

I. Line Spectra.—Lithium, thallium, nickel, cobalt.
II. Band Spectra.—Antimony, bismuth, gold, tin, sulphur, selenium,
111. Band Spectra with Lines.—Copper, iron, manganese, tellurium, lead, and
silver. v
IV. More or less continuous Spectra with Lines.—Sodium, potassium, magnesium,
chromium, cadmium,
V. 4 continuous Spectrum.—Zine, carbon, arsenic, aluminium.,
VI. No Spectrum.—Platinum.,

Tt might be supposed that the band spectra were due to the oxides and not to the
metallic elements in Group II., but there is evidence against this in the case of
silvert and gold, since no oxides of these metals can exist at the temperature of the
flame employed.

In the case of manganese the evidence is of a different character, and may be
referred to at somewhat greater length, since MarsmALL WaTrs has attributed the
band spectrum seen in the Bessemer flame to the oxide of manganese, chiefly on the
ground that it was yielded by manganese chloride (Spectres Lumineux), and in the
oxy-hydrogen flame by manganic oxide. No evidence was adduced to show that the
spectrum in either instance was due to the metal.

# See Appendix 5, p. 211.

+ [Channelled emission spectra of silver and tin, produced by the electric arc, have been noticed by
LiveiNe and DEwAR.

“Tin gives flutings in highly refrangible portions of the spectrum, and silver gives a fine fluted
looking spectrum in the blue.” *Roy. Soc. Proc.,” vol. 34, p. 122, 1882.

The same observers have described the channelled spectrum of magnesium oxide. A set of seven
bands in the green beginning A 50064 and fading towards the violet side of the spectrum are stated to
be due to the oxide or to the process of oxidation. ‘Roy. Soc. Proc.,” vol. 44, p. 243.—W. N. H.
September 29, 1893.]
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FLAME SPECTRA AT HIGH TEMPERATURES., 167

On the other hand, the evidence that it is due to the metal is of the following
character :— ’
~ (1.) Tt may be produced from the metal in a reducing flame, and it disappears
when an excess of oxygen is present. (2.) Although it may be produced by heating
manganic oxide containing 66 per cent. of manganese, the spectrum is weak.
(8.) A stronger spectrum is obtained by heating spiegel-eisen containing 18 to 20
per cent. of manganese, and by heating ferro-manganese, containing 80 per cent.
of manganese, than that which it is possible to obtain by heating, to the same
temperature and during the same period, manganic oxide containing 66 per cent. of
manganese. Silico-spiegel containing 10 per cent. of silicon and 18 to 20 per cent.
of manganese did not yield the manganese bands so strongly as the spiegel-eisen
containing the same proportion of metal, probably because the manganese is converted
into silicate. Even TUrTON’S tool steel yields a fairly strong indication of the man-
ganese bands.

If we examine the spectrum of air of the first order as obtained by sparks
uncondensed, it appears to consist of bands only, but a more minute examination of
spectra taken with an instrument giving considerable dispersion and excellent
definition has shown that the bands are composed of three over-lapping series of
lines. Such a character is usual with degraded band spectra of elements. If the
pressure be reduced from the normal of 760 millims. to something like 5 millims. or
less, then the bands disappear, and the strongest edge of each band remains as a line
to represent the spectrum of the element at diminished pressure. Now, this change
is one which is observed in the case of those metals which give band spectra, but, if
they give bands and lines together, then the lines remain after the bands have
vanished. This is to be observed in the spectra of silver, lead, bismuth, and
tellurium.

The most interesting case, however, is that of silver, for the spectrum is composed
of a number of regularly disposed and closely placed lines.

The bands are degraded towards the rays of lesser refrangibility, that is to say, in
this direction the lines are of diminishing intensity, and they are of increasing width
apart. When the quantity of silver diminishes, and consequently the vapour exerts
less pressure, being mixed with the vapour of other metals, the bands become narrower
until at last nothing but lines remain, and these are the strongest lines belonging to
the strongest bands. They correspond to those on the spark spectrum with wave-
lengths 33823 and 3280-°1.

Thus we see how the line spectra arve related to band spectra, and that there is
really no essential difference between the constitution of the matter which enters
into the vapours of metals and metalloids; there is, in fact, something in their
constitution common to both, which is apparently dependent on their vapour
pressures and probably due to the action of the molecules upon one another when
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168 . PROFESSOR W. N. HARTLEY ON

their mean path is so extended that their motions become rhythmical. Reduce the
freedom of their motions and the result is a continuous spectrum.®

MrrscuERLICH first drew attention to the distinct spectra, for the most part com-
posed of bands, which are emitted by compounds (‘ Poca. Annalen.,” vol. 121, p. 459).

Dracon also (‘Theses de Physique et de Chimie,” Montpellier, 1864, Bochm et
fils), using a flame the interior of which was fed with chlorine, obtained distinct
spectra of chlorides such as those of the alkaline earths, also gold, lead, iron, cobalt,
and nickel.

The alkalies gave no spectrum except where the conditions were such that they
became converted into oxide or metal, as in the mantle of the flame. Of the various
compounds examined, some gave degraded band spectra, others plain bands, and
many yielded line spectra, or bands and lines together., Prticker and Hrrrorr first
showed that the alkali metals and their salts emit, even at a low temperature, spectra
of the 2nd Order or lines, while metals of the alkaline earths, and compounds of the
same emit band spectra, accompanied by a principal line. When the bands are well
developed they constitute a spectrum of the 1st Order; this was proved in every
respect to be the case with the band spectrum of barium.

Flame Spectra Emitted by Compounds at High Temperatures.

L. Spectra of Elements. Chiefly Lines.—Iron, nickel, cobalt, chromium, manganese,
sodium, potassium, lithium, thallium, rubidium.

IL. Spectra Peculiar to Compounds. Lines and Bands together.—Calcium oxide
and salts, calcium fluoride, strontium oxide and salts, barium oxide and salts,
beryllium oxide and salts, magnesium oxide and salts, aluminium oxide and salts,
cadmium oxide and salts, copper oxide and salts, chromic trioxide, phosphorus
pentoxide, cerium oxide and salts, cerium chloride.

The study of the spectra of compounds is one of much interest, particularly in its
bearings on the periodic law, and the prosecution of this subject is being continued.

Application of the Oxy-hydrogen Flame Spectra to Chemical Analysis.

Alkali Metals.—The examination of insoluble minerals, such as silicates, in order
to detect the alkali metals, may be readily made with the oxy-hydrogen blow-pipe.
Proof of the presence of lithium and sodium in kyanite is evidence of this. My
assistant, Mr. RAMAGE, examined a microcline felspar from the granite of Dalkey,
C°. Dublin, by fixing a piece of it in the flame for half-an-hour while a photograph
was taken. The lines of sodium, potassium, lithium, and rubidium were identified.

Alkaline Earth Metals.-—A piece of dolomite gave the lines and bands characteristic

¥ See Professor Scrnustir’s British Association Report, 1880.
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FLAME SPECTRA AT HIGH TEMPERATURES. 169

of lime with the bands of magnesium. The sulphates of calcium, strontium, and
barium readily yield their spectra by exposure to the flame. '

Metals Yielding Band Spectra.—These are elements of considerable volatility, the
lines of which become converted into bands as their proportion in the substances to
be examined diminishes.

The lines which serve for the detection of small quantities of the respective elements
are the following :—

Copper . . . . . . 32732
32469

Silver . . . . . .| 33823
3280°1

Tin . . . . . . . 30331
30079

40615
Lead. . . . . . . 4059 Mean of { ooty
3684 Or (3682:9)
3639'5 (3639-2)
2839:2

Thalliom . . . . . (5349-6)
: 37756

Bismuth . . . . . 47245 Approximately
, 3067-0

Cadmium R (3261°17)

5700 ,, 5645

5845 to 5700
Manganese bands
5645 ,, 5591

" lines., . . (4031-8) These lines are visible after the
(4029°9) bands have disappeared most
completely

As an illustration of the method of testing for these substances it may be
mentioned that a finely crystallized specimen of bismuth was volatilized in the flame.
A number of conspicuous lines on the photograph were measured with the ivory
scale and their wave-lengths ascertained. Thus two lines were identified with
thallium, three with lead, two with copper, two with silver, and the remainder proved
to be bismuth lines. Copper was detected in steel.

Metals which emit Line Spectra.—The spectra of these elements are somewhat
complicated, taking for instance iron, nickel, and cobalt, as examples. Iron is readily

MDOCCXCIV.—A. 7
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170 PROFESSOR W. N. HARTLEY ON

detected by the groups of lines lying between 39297 and 87494, also between
3745'4 and 3683. Chromium is recognized by its two sets of triplets. A more
particular examination of nickel and cobalt has not yet been made with a view of
ascertaining their most persistent lines.

The prominent manganese lines were detected in the spectra obtained from
malleable cobalt and nickel, also in fine steel.

Descriptions of Spectra and Measurements of Lines and Bands, with their
approximate Wave-lengths.

Tee Oxv-Coar-Gas Frame.

The flame was non-luminous. Photographs were taken with a somewhat wide slit,
and the exposure was one hour. The edges of the bands are as sharp as they are
generally seen in the spectrum of a Bunsen flame, and the lines of which the bands
are composed are somewhat wide. No attempt was made to purify the coal-gas, as
the object of examining this spectrum was to determine the origin of any lines which
might be caused by hydrocarbons in the oxy-hydrogen flame. Lrcoq pE Bors-
BAUDRAN has carefully desceribed variations in the spectrum seen under different
circumstances in the flame of a Bunsen burner, but there is no occasion to refer to
these further. (Spectres Lumineus.) ‘ |

All the principal bands observed are probably due partly to carbon and partly to
what is generally considered as the cyanogen spectram. They are indicated by (C)
carbon, and (CN), cyanogen. The measurements of lines and bands made by other
authors are indicated thus:—X. and R., Kavser and Runer; L., LEcoq pE Bors-
BAUDRAN ; L. and D., Livein¢ and Duewar; D., Desnaxpres; W., Warrs; F.,
Fievez. The lines and bands were all measured twice and their wave-lengths
ascertained on two separate occasions. p,y, 8, e are groups or bands described by
LECOQ DE BOISBAUDRAN.


http://rsta.royalsocietypublishing.org/

171

Downloaded from rsta.royalsocietypublishing.org

FLAME SPECTRA AT HIGH TEMPERATURES.

sty £q peddeprero st pueq v
g pue 3 Mow 98-894% CoLY C.68603 Tttt ottt Tt omwmes o) O 08pe S[qLSUBIFAI 010U A, 68-9¢
g pue Y ‘(D) 38-SLLY FLL¥ C.9%608 e L1798
g pue Y ‘(D) 99-¢18% 918¥ G.29203 pueq proIq ® Jo ur mamszﬁ b
o pue " ‘(D) 86-668F 668% STH0G T © 0 o (yyer) purq proiq ® Jo 95pe o[qISuBIOL SSAT oY, ce1g
‘g pue Y ‘(D) G- 1S6¥ i 336103 C .Eéc SuroSozoy £q peddefrero pueq jurey 3o o5pe TeNIEp ST, 3-6¥
) N 18-980%2
Y pue 3 AON ﬁmﬂvmwemv 9g0¢ 29661 e e e e e e e « mer 7] « « Y] 0-2%
"M(D)880¢ “I (D) 6-980¢
. Ry 61-8609
w e (D) ?m.m%# 8608 e196T  |° © ¢ mEl “ “ “ “ 89-6¥
"M ‘00T¢S I ‘64608
T %8810 S1-881¢ . -
‘. ook $8-881¢ 8g1g Z-89%61 Tttt pueq gy oy} JO 95pe JoNIep oy} ONI[ SuLIew ¥ e
qpue "y (D) ) ga geTe ;
"M (D) m.mfi 04TS c.THE6T _h S « “ « “ emom ¢ 12-1%
e61S G.L8T6T ST pumq mor e go o5po sewgﬁe sso[ oY, oF.0F
(aLes FI98T) |- ¢ « « 936 : 8eFe
mmmm ﬂmmw.—” . . - 113 13 $s 13 . Aﬂam (43 13 £ mw.\\uv.mmw
"M (D) qare || EErs A4 1 . “ “ ¢om “ “ ¢ 88.a¢
"M (D) OFFe 9Phe 2.09€8T o : : “ “ 19 « “ « 188
A GV «%\3 QLBS GLe81 o ¢ “ “ Mg “ “ “ 18.1¢
‘SABI
MOJ[@X  ‘NVIAAVESIOE Z6%¢ 20281 Q o mﬁomg& o %@ @&%ﬂmgo P 9 oty Jo a8po amwnonpm oY, Z2L.0¢
L wa dooary £q  pequios S oage -6T18T [ T “ To8uonms ¢ €665
-op dnoxs ¢ eoqyj st STy,
(D) Lees jAded 9-€66L4T Tt otototocotos s+ cpuRq pag oYy Jo 95pe Iejuley oYy, 58-8%
0-228¢
.rm” aAOv .‘V.hhmm hhmm wmmh.ﬁ . . . . . - . . « . . . . 13 (13 € .M@-mgceﬂu.w 113 mm.ww
L-L28%
T ‘(D) 8:019¢ 119¢ 13841 R s R 3 o5pa 1egurey oy, 2eL3
& (D) ¢-L89¢ 2399 €T _h T “ zoBuoys 8692
L6998 C.TL9LT Tttt ototosotos o cs - opueq 9ST 91U} Jo o5pe dejurey oYy, 20-93
‘out ue Jo
‘SYIBUHOY] Y X -wrnagoads a1y Jo uorpdriose(y SYIpeIpUNTY UL
H SJU”LWIINSBI
1830 WOINTIY
.m24ﬂrm” maﬁ@-ﬂﬂ@@-%umo HHT,
n/w T 40 [ 7 40
/ ALIIDOS SNOILDVSNVYL / ALIIOOS SNOILDVSNVYL

% TVAOY dH.L 1vDIHAOSOTIHd 4 TVAOY dH.L 1vDIHIOSOT1IHd


http://rsta.royalsocietypublishing.org/

Downloaded from rsta.royalsocietypublishing.org

PROFESSOR W. N. HARTLEY ON

172

V 1vAOu HL

TVOIHdOSO1IHd

09%¥ G-BLVES Co Co “ « ¢ “ . €28
89¢¥ 9EVEs o oo “ . ¢ “ G6-18
€Lay 00753 o « « “ “ « 8518
Nwmnv m.wmmmm . . . © . . . . . 3 3 “ 113 «” bo..ﬂw
83¢¥ -62EER e « “ “ “ ‘ 89-08
(] Z08% 9FZEeT ) ©oc ot ot st -+ ¢ pueq J0 wnipoeds sNONUTITOO B} UL SUI] PROIG 93.62
wnajoads wﬁoﬁnﬁmoa J0 PUBG OAOQR O] UL SULIBUW
"M (D) TIEH ZISH F61€5 g | © £quo eq Lewr 1o ‘ourf oures oy jo o8pe o[qrSueiyea oxour oY L[qeYOLT 208-62
| wrnagoeds STONUIJUOD 10 PUBY
7ecH %.980€3_J e & our .wﬁmnoﬁ 25 .@ﬁo.ﬁ mnoﬁm % 30 08pe o[qiiuerer ssof ‘dreys oYy, @80-82
r HeV ee0eg ) : « =+ our dreys ySnoyy jurey y 18.22
0SSH <8633 - .mﬁo.mnﬁow oyg £q peddefieso pueq .Hmuﬁﬁ © Jo 03pe xe8uoags o], C6.9/,
‘(a pue g ‘(D) c9e¥ FOCT 8.916%% Co © + owes o7y Jo oSpe o[q1LSurIIAI IO PUB I9FUOL}S OY, %3-92
1°(0) 8987 01 U0 YR 4NOq Y J Ly
a pue 1 ‘(D) 188¥ m%w m.mmmm w © e e e e ... Dueq qagr omp TT seury e mmﬁﬁﬁﬁ mmwm
) (pueq qIgT) posngrp L1904
COFH 60223.) ‘mrnuagoeds sMoONUIIUOD ¥ 10 puB PrOIq B OYI[ SuULSIewr ® JO aSpe oI, 0-F2,
% atisie 71765 Tttt ttotte st Qwms 97 JO 95Pe teFucsyy 0-14
100 Shﬁ “1(n) gBLov 2LV G0718 16:09
(D) 6L9F H *dnox3 & oy Jo qred Jeseom oyg sI STy, -pueq YA O] I SSUILTIBTY
"M (0) 2297 ©2 (D) 68497 629% 04812 9909
‘pueq pesuyrp aeyjour sdR[I6A0 OS]® PUB] SIYJ,
"MD)E#897 “d (0)6-889% [
"o pue "y ‘(0) 3-889% 389% GEETs "ottt + - owres oy JO 05po S[qLIULIFAL OI0UL 10 JOFUOMS AT, 66-09
"MA(D) 78697 “T(0)B0LY
q pue 3 ‘(D) €-804% B0LY L9818 | |) (| 9u%6
,ABN 2127 * () 1-0847 v m _
o ¢ .
m .wnw WHH “M%W MMWMW 0cLy L8118 L pueq yi9T oy3 ur soury daeys oxI[ SSUINIRTY NVICAVESIOF 2 64-8%
o PEE 5 (D) £8.qeLT e Z.0STIZ * aa donary £q peqirosep dnoad A eyy jo uomaod IoSuUOI}S By} ST SIYJ, _ 590
I 4(0) 61627
"M (0) 8682y L cepLy 18012 |J U e9248
‘gour ue jo
*SY 1RO 2% X ‘wnagoads o7g jo uorgdLIose(y syjpapuny ut
.H . i SjUoUIaINSEIW
I9OWOIOTIY
“(penunuo0 ) —EWVI] SVH-TV0)-AX() EH],
n/w 4 40 [ 7 410
ALIIDOS ononsvsnvaL A ALIIDOS snouovsnval

4 TVAOY dH.L 1vDIHIOSOT1IHd



http://rsta.royalsocietypublishing.org/

173

FLAME SPECTRA AT HIGH TEMPERATURES.

Downloaded from rsta.royalsocietypublishing.org

a “(ND) T-€88¢ s8¢ ¢IoL83 0 ¢ : N ) ) ¢ I 6801
‘a ‘(D) 1-e688 €633 F.639CZ 7 DURQ JIEP MOITEU 0 OUI PrOI] © JO mmvm opqrlueayox ssory ¢.201
868¢ 69996 oo e ’ ¢ qyuesy¥Ig 90-201
ﬂoam m.m.ﬂwmm . . . . . . . . . . . . . . . . . . (3 13 @d@@%%mh .—,@.@OH
womm mhmmm . . . . . . . . . . . . . . . . 13 13 J@d@@@..ﬂ.ﬁ.Oh N.@OH
mﬁmm @ﬂm.mym . . . . . . . . . . . . . . . . . . o (13 g%ﬁ@@@.&m.&h—w . w.mo.ﬁ
‘a (0) 90368 0868 gOTgeE T T s AT 9%60T
@Nmm ﬂu.OhﬂmN . . . . . . . . . . . . . . . . . . (X3 [13 : .&@.AH@P@ME“ m.ﬁo.—”
Nm@m m.mmﬁmm . . . . . . . . . . . . . . . . . . 53 114 Q@HHOVH m.nw.ﬁo.ﬁ
wmmm m .Hamm . . - . - - . . . . . . . . . . . . LI [13 HM#HH..HZ @m.mo.ﬂ
@ﬂmm H..wﬁm. . .. . .. e . D .. . e . 113 3 Hmudm.m,‘a@” @mm.O._”
ﬁm@m m&mmm . . . . . . . . . . . . - . . . . . (13 113 &Qg®>®w ww.NOH
c9ge 2-983C% P T T [ [ qIxIg ¢e1.201
el6e ¢.9.1¢% e e e e e e e e e e e e e e e e o 13 L 5101
nﬂawam Mv.wvojﬁmm . . . . . . . . . . . - . . « . . . mn. 113 HHP.HH_,Orm N ﬁw‘OOH
Nmmm NQOWN . . . . . . . . . . . . . . . . . . % 119 ﬁﬁMHQr:_.‘n mo.oo.m

wmp\wm N“.HQMWNW . . . . . . . . . . . . . . . . . . 13 13 @goomw . @.@@

€00% G8676 oot SoLIes 9T JO oUl 3Sany G56-66

‘[[® UI Ue9IXIs Surrequnu
‘sour] qusoslpe L[oso[o pue ouy L19A [ujrgnesq jo sores € sweodde uey,
-suretp 0T jo 1emod SurfjruSewm
® LM QINSBIUIL 0) JUTEJ 00} OIOM TOTYM SOUL[ JOYJO [BIOASS OIOM OIS,

g pue "y ¥(ND) €0-96TF 961% 9gggg |1 T T T Tt ; ; “ “ 62-98

g pue Y S(ND) 7-8067 8087 geueg o T ¢ ) “ “ £5-68

g pue Y ¢(ND) 95-C15¥ ki GGLEG T : « « « 0S8

Omwﬂ m.mﬂwmm . . - - . . . . . . 3 3 113 Y3 :—”N.ﬁw

Oﬁmﬂw momwmmm . . . . - . . . . . 13 3 13 ) , 13 wm.mw

mﬂmﬂ N.“vmdmm . . . . . . . . . . 13 13 [13 113 H.mw

GOTh T10SEG oot st s+t pusq d0 ‘wmagoeds snonurywoo oyg ur SursrRy | [9.28
*gouI ue Jo

‘Syaemoy “\ X . ‘murgoads oty yo worgdrrose(y syspaIpuny ut
1 . SJULWRINSBOWL
I939WOIDTIN
‘(ponurjuo0)—ERVIJ SVH-TVO)-AX() HH],
X7 40 40
\/ ALIID0S SNOILDVSNVYL N/ ALIIOOS SNOILDVSNVYL

/4 TVAOY dH.L 1vDIHAOSOTIHd /< TVAOY dH.L 1vDIHIOSOT1IHd



http://rsta.royalsocietypublishing.org/

Downloaded from rsta.royalsocietypublishing.org

PROFESSOR W. N. HARTLEY ON

174

m%mm @@%@N . . . . . . - . - . . . - 43 43 m.ﬂ._”.om.—..
‘T “(ND) T-098€ 6268 @.T2263 oo ot e Co o 98.8¢1
M.”'\AMMH O@@@N . . . - . . . . . . . . . . . 143 113 @O.bmvﬂ
ﬂwmm Hmmmm . . . . . . . . . . . . . . . . 13 114 @.Wm‘m ”
@@mm AM.H@%@N . . . - . . . . o . . - . 3 (13 ._”Nﬁﬂm.ﬂ i
NO..WM mmmmm . . . . . . . . . ° . . . . . 113 13 Nm.mmﬂ
LEFE 06063 Co et e e Co * oulf Jurey y 62-671
hFe 39063 GF-6%1
mwwm mmwwmm C * sour] gurej ouy A1eA ‘quecelpe L[eso(d oAy Jo dnoxd v wmmwﬂﬁ
2o%e 69685 12-8¥%1
w.mhﬁm wwhwm . . . . . 13 13 (41 13 3 43 113 44 ﬂw.mnv.w.
w.whﬂm wﬂﬁhwm . . - (13 113 (43 13 113 (13 (13 (14 @N.mvﬂ.m |
“ pue Y C(ND) 19-L87€ 8-487¢ G-3L98% Co : @ “ o SEFPT |
!‘m MUHH@ .M mnﬁzov h.h@*M A\w.wmﬁm wvwmwm . B . a . (13 (13 113 '3 [ (43 139 13 h.—”.m“w.ﬁ W
‘m .@gﬁ .M &AZOV mwdwNNnm Nmmm wmmmwm . . . . . 113 113 113 13 173 113 2, 1 m.@.OnVﬁ “
o pue Y “(ND) 14-854€ 85S¢ e85 C : oow e « “© e 00FT |
g pue ,MEB L0-9FCE HHeE 31683 oo * ° pueq ® o eSpe 10 U Surreur € o3| ‘oul] jure} y 8%-8€T
B e ST SO NT Q. & . ¢ N
 pue "y “(ND) 35-6L5¢ ¢-6L8E €76L5 [ Tttt ouwmsomy ¢ ¢ eaopL 18561
o pue " (ND) €9-379¢ Q398 QOBLE Mﬁ ©o © ottt ' * pueq jule] ® JO 95po O[(LEURIFOL SSOr] ¥.-831
) 06L€ 98€9% A T Cototot ottt owmsogy R 8-¢IT
q pue Y €(ND) $3-918¢ ¢18¢ &¥129% L - |ttt pumq qUI ® JO 05DO O[qL3UeILed ssory 8L.€11
o pue 3 “(ND) 9¢-618¢ £.818¢ 2.06193 - putq oures oty o mm% osﬁmaﬁe ax0™ o« oF-eT1
o pue Y “(ND) 6-868¢ €288 849192 Co ‘ o 0-€11
'a ‘(D) 1-¢z8¢
" pue ¥ “(ND) #9588 €.C38¢ S-T719% ©o R oo 18-3T1
o pue 'y C(NO) ¢1-168¢ 1€8¢ 00193 J e o %621l
g pue Y Y(ND) 86-668€ 0%8¢ %.0709% - L € €9-TTT
. @ﬂwm m..ﬁoomm . . . . . - . (13 133 (14 (13 (49 (13 NhH..HH.H
g pue Y “(ND) L758€ .
o pue 3 Y(ND) 90-9¢88 9888 3-38693 ©o © ot o+ ¢ owms oy ur Sunjrewr ¢ ¢ ¢ 8%.011
(@ “(ND) ¥-148¢ 898¢ C.GCREZ L - * pueq JuIRf ® JO 05po S[(LIURIFOL SSO] 10 OUI] JULET SF-601
x *gour ue Jo
. . . S Ipuny ur
S3aemeY \ . T wnagoeds oy jo worgdimsa(y mmmwamw:wwe& _
JI939TUOIOTIN A
“(penunuod)—aNVILY SVH-TVO)-AX() TH],
n/w T 40 40
/ﬁ ALIIDOS o oovsnval /% ALIIDOS syoisvsnvaL
TVAOY dH.L 1vDIHAOSOTIHd TVAOY dH.L 1vDIHIOSOT1IHd


http://rsta.royalsocietypublishing.org/

Downloaded from rsta.royalsocietypublishing.org

‘saojourerp wog Jo omod SurdjruSew ¢ yyim £[09RIn00R oInsee
07 UIR] 00} OI9M “TOASMOT] “TOTTA ‘SOUI OSOT[} JO SIOUL MOJ B I8 dIOT],

FLAME SPECTRA AT HIGH TEMPERATURES.

94828 LTL20E H « ¢ 99141
mwmm A\udmm.OM“ . v . - - . 3 - . . . . - . - . . 6 113 G-Q\DH
whmm HOA‘WOMJ. . . . . . . . . N . . - a b Nh.wwH
mwmm HHQOM. . . . . . . .. . . . . . 113 ew m..h@.m
. 6668 ¢.¢160¢ ¢ - LT-991
‘a ‘() g-s08¢€ F0E€E -9930¢ T e 99991
eIeg €.9810¢ P oo “ L¥-F91
16ge ¢.e110¢ o oo * 8691
0€¢E ¢-CE00& ! Tt T euI[juIRl Y &F-¢91
i ,
) _ ‘our ue jo
*SIIBWY N X “wunagoads ayg jo aom@mﬁowmﬂ sygpapuny ut
H 1 STUBWRINSBO W
A I930WOIOLIY
*(ponuUIIUOD) —ARVI $VE)-TVO()-AX() TH],
ETe)

V-

ALIIDOS 1o
MO AL SO

(7 ALIIDOS

SNOILDVSNVYL

Y TVAOY dH.L 1vDIHIOSOT1IHd



http://rsta.royalsocietypublishing.org/

Downloaded from rsta.royalsocietypublishing.org

PROFESSOR W. N. HARTLEY ON

176

M“w.ﬁmw m.ﬁommm 133 143 13 (33 (19 [13 13 O.hw
) . . m-ﬂmmﬁ @hwmm 113 [ 113 114 113 [13 113 m.ﬂw
M ‘Pueq (D) 678y 6757 Q-LEGET « “ “ “ “ “ “ 068
. ) . wﬁwwﬂ @@@NN 143 (11 [13 [13 [13 411 e w..—uh
.>> nmﬂ: nAOV mwmdw @Wmu,.v O@h.mm 13 13 113 13 3 113 13 m.hwww
"M our (D) Le9 0v9% €.6e¢T3 . . ¢ “ N ) “ €89
"M e (D) 176 g €630% “ “ “ ; “ “ : G-6%
" A\ ‘oul[ os[B .
‘ Mv.ﬁ.ﬁ& €. —..m.L .Mv._H‘N ..m nﬂov @@@ﬂ t m.omaﬁ @H.HON (33 [11 mn 113 13 111 1] m'wﬁ
SMOT[0F geyq [ 03 sorjdde
wonpdriosep owmres sigy, ‘wnroads STLONTIYTOD oY UL Lyrrenboaur we st
L Pue v (D) £.920¢ L60¢ LG861 S0} yeTs MOEOIPUL UB Ewam& pmsﬂ EM%S puteq 20 oury guiey Lroa y 0-9%
AC(D) g.99Te | 891¢ BeE61 S &TF
W .m .mn” nAOV mhn«.wmu ; MWN%WW Hhﬂwﬁ . o . . . - - . . . - . . . . . . . ° B . 119 11 m.;—HMW
WL Pu Yy (D) ¢FESE 12999 04081 e L e o §-6%
“ LLLG " 81641 Coros e e o] quieg £[Surpesoxe uy 0-6%
. "M (D) 28 |
¢ .w,mﬂ @gﬁ .m. «AOV m.mmmm M m.ﬂmmv , wa@._” i 113 &e 119 14 112 (13 13 muh.wlﬂ
H t Nl\;.ﬂw : , wONwH ° (14 (14 49 11 113 114 113 , A\w.m.ﬁ
| LEEY | 88441 * goumstput 9uq dreys gou ‘Opqista A[poavos Supyrent ‘pued 10 SUI Jurey ¥ L6
k
w ) ‘yout ue yo
*SIIRVSY] Y M X ‘wnagoads oy Jo morpdrrose(y syjpaIpuny ur
i 1 STUSWIAINSBOTI
! m ’ | I3 TWOIOTIT
| | |

‘wnagoeds SWe] IWeSSo
oY} JO JBYJ UL OSIMOII] ST T S ‘SIY} JO 0INJeaJ S[qesIewuel € ST wWnijoads snonuryuod pepueixe pue Suoxrys A1oa off,
HIAWG 17ZVIJ PUB ‘NFTIVH], PUe WOUISONY ‘SILV A\ TIVHSEVIY Kq peaIssqo Juewa[e STYY
Jo 'agoads oYy wioay uey e} 0sOTY Jo ewos 0} A[asopd ejewnrxoidde sjueWEINSELUL OYF S® UOGIRD JO wnagoeds oy} Ul SULLINO2O
SSUI] UIB}Ie0 UM POUIUSPI Ueeq oAy gaed 9sowr oYy I0f 0597} pur ‘SABI SNONUIFUOD 973 UO IN000 SOUI] PLOIq UTe}1d))
-ourep seS-Te0o-Ax0 o) SurgderFojoyd Ul se pesn sBm JI[S OPIM JBYMOUWOS T
*000€ Y 3noge 03 008G \ 9NOQE. WOIJ SNONTUIU0D
st mnnoeds oYy, ‘Inoy ouo i0j pesodxo sem oye(d oy, ‘weSAxo yjm Suope odid-mo[q ® WOy JuINg SeM SES O,

"WV EAIXONOTY NOguav() ®H],

N L ALIIDOS oy 615vsnvar WV ALLIDOS oyo5venval

% TVAOY dH.L 1vDIHAOSOTIHd 4 TVAOY dH.L 1vDIHIOSOT1IHd


http://rsta.royalsocietypublishing.org/

A
/A A
a

A

THE ROYAL |
SOCIETY

Lithium chloride.

Elemente,” Kénigl. Preuss. Akademie, 1890, IV.

Lrrmrom,

Exposure 30 minutes.
refer to arc spectra of the alkalies and alkaline earths.
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Kavser and RuNerE’s measurements
‘Ueber die Spectren der

Kavser and Rungn’s measurements.

Ivory scale 1 )
numbers. A 1
k .

A
2:8 .. 1490713 67082 P.s.
64-1 2173 2172794 4602-37 D.s.
90-3 2420 2419878 413244 8.
174:55 3094 3093322 3232-77 8.

PHILOSOPHICAL
TRANSACTIONS
OF

\

A
A
Y

A
S

P.s. Principal series.
D.s. Diffuse series.

SoDIUM.

Sodium chloride. A perfectly pure specimen specially prepared. Exposure
35 minutes. A very strong continuous spectrum extends from A6020 to 3600, it
continues weakly to A\8320. Loc. cit., KaysER and RUNGE.

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Kayser and Runae’s measurements.
Ivory scale 1
numbers. X \. ) Remarks.
- AL
A
60 15340 6518 Bands and lines not pre-
80 15574 6420 viously observed.  Some
95 15748 6349 . .. rather broad, others narrow.
10-8 15898 6290 . . Band with lines upon it.
112 15946 6271 . .
12:3 16042 6233 Stronger edge of band.
14-2 16290 6138 Stronger edge of band at
15-81.
168 16595 6026 Centre of band with stronger
edge at 17:25.
) ‘ 1696091 5896°16 D1
200 | 16975 (1697738) 59019) | D P
. 1758007 568826 -
23 | 17875 (1739663) 56829 D.s.
) 2006610 49835
478 2007 2008314) 4979-3) D-s.
, 2141603 46694
61:1 2142 (3143531> 4665-2) D.s.
. y (3027487 330307
1656 | 30280 3028037 Sopd7) | P

MDCCCXCIV.-—A.

P.s. Principal series.
D.s. Diffuse series.

2 A
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PoTASSTUM,

Potassium chloride. Exposure 25 minutes. A very strong continuous spectrum
extends from \ 4610 to 3440, continuing more weakly to 3057, loc. cit., Kavser and
Runer.

Kayser and Ruwan, ‘
Ivory scale- 1 Remarks.
numbers. iy 1
= by
A
211 1714 1714610 583223 S.s. *
92:3 1723 1723341 580201 Ds. 5 B group
22:8 1729 1729305 578267 D.s. L. or B.
349 1866 1865713 53536 S.s. Measured also by
354 1873 1872631 5340-08 S.s. L. e B.
96-15 2471 2470746 4047-36 P.s. Measured also by
963 2473 2472622 404%7‘29 P.s. L. o B.
. 2900661 3447-49
1487 2902 (2901503 344649 Pas.
1767 3119 31080 (3217_27) Ps.

P.s. Principal series.
D.s. Diffuse series.
S.s. Sharp series.

CADMIUM.

Metal and also cadmium sulphate yield the same spectrum, consisting of one line
only. Tt is the least refrangible of the triplets at Cd 17. Exposure 30 minutes.

Oscillation S ] |
Scale- frequencies Oscillation freguencles § Wave-lengths. ‘
numbers. £ for comparison. |
rom curve. ; ]
1709 30663 3066384 K. and R. # 326117 K. and R. ’ Kayser and Ruwaz.

ZINC AND Zinc OXIDE.

Zine foil was burnt in the oxy-hydrogen flame during 80 minutes. Nothing but a
continuous spectrum is visible. Zinc oxide was intensely ignited in the flame for
60 minutes; it yielded nothing but a continuous spectrum. No lines or bands were
visible.

* Measured also by Liscoq pr BoISBAUDRAN.
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CarcivMm FLUORIDE.

The substance used was fluor spar. Exposure 40 minutes.

Ivory scale- 1 Y Remarks.
numbers. by
12-5 16094 62135 The centre of a band
172 16642 6009 " » »
24 to 17425 5739 .
{28-2 17910 55835 } A faint band
{ ég% to ig%}? 22335 } Band stronger than the preceding
3515 to 18683 5352 Band
363 18812 5316 an
363 18812 5316 Band
367 18855 53035 an
84:35 23637 4231 A strong line.

1

The last is possibly a line measured in the calcium spectrum by Kavser and Ruwee N 4226:91.
‘Ueber die Spectren der Elemente,” Konigl. Preuss. Akademie, 1891, IV.

STRONTIUM OXIDE.

Strontium sulphate was the substance used. Exposure 30 minutes.

Ivory scale 1 1 -
nun}lrbers. X A A Remarks.
154 to 16434 6085 A band
163 16520 6053 4 band.
219 Weak line.
29-2 18028 1803918* #5543°49 Weak nebulous line.
638 21697 2170365% *4607:52 Strong line.
648 21780 4591 Faint. Sr?
8425 23650 2365794:% *4226°91 Faint.
850 23700 42165 Faint.
939 24517 2452254% *4077-88

* Lines measured by Kavser and Ruxee. ¢ Ueber die Spectren der Elemente,” Kénigl. Preuss.
Akademie, 1891, 1V,

8]
.
nN
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Bartom OXIDE.

Barium Sulphate. Esxposure 30 minutes.

Ivory scale numbers. % A Remarks.
24¢5 to 17483 5720
17508 mean 5712 The centre of a weak band.
17551 5697
253 ¢ 175 .
{ {26 1 c?mtmues to 1;6'673? gggg A strong band overlapping a weak
272 17795 56195 one.
280 to 17900 5587 1 A band which is weakened between
l 289 continucs to 18002 9555 | 289 and 30°9.
< 305 18183 5499 > | A line lies on the preceding P.s.
29'3 18037 5544 | band.
305 18170 5503 J End of band, sharp.
{ 34-0 to 18572 5384
350 18670 5356 } End of band, sharp.
{ 36 O to 18789 5322
19154 5221 } End of band, sharp.
{ 1 5 to 19373 5162 Band
4470 19648 50895 } ne.
'( 50 to about 20275 4932 1
54 :
< 518 to 20463 4887 } > | Stronger part of band.
| 528 20565 48625 [ |
[ 540 20690 4833 J
{ 59 to 21208 4715 } Very faint band.
21312 4692
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Prospraorus PENTOXIDE.

A strong continuous spectrum extends from near the yellow sodium line to about
X 4090. A number of lines were observed many of which were identified with those
of iron at wave-lengths 38882, 3860°5, 87494, 3747'6, 37369, 37335, 37228,
37202, 87055, 34402, and 3431'1. The following lines, all very faint, were not
identified with any other substance, and it is probable that they are indications of a
feeble band spectrum. ‘ '

Ivory scale-numbers. A
1685 3279
169-2 3274
1697 3271
170:05 3268
1716 3255
1729 3245
ARSENTC,

This element gave a faint nebulous line at 1684 or \ 3280, which approxﬁnates
the first line in the P,O; spectrum.
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NICKEL.

The metal and oxide were both examined, and the lines photographed were
compared with those obtained by CorNU in the are, and by Liveine and DEWAR in
the arc, the spark, in explosions of oxygen and hydrogen within tubes containing
nickel, and also in the flame of nickel tetra-carbonyl.

Cornu “Spectre Normal du Soleil.” ¢ Annales de I'Kcole Normale,’ 2 ser.,vol. 9. 1880.

Livemve and DeEwaR, ‘ Phil. Trans,,” vol. 179, pp. 231-256, and ¢ Roy. Soc. Proc.,
vol. 52, p. 117.

The lines were measured by the ivory scale and were all identified with the
exception of two, about which there is a slight doubt, namely 3574 and 3496.

The metal used was rolled nickel, which owes its malleability to a little manganese.
The indications of the presence of this element were very evident from the bands
between 5700 and 5300, and the double line 40318 and 4029-9.

The metal was exposed for half-an-hour, and the oxide, which yielded the better
spectrum, one hour.

Livemne and
Drwar’s
Ivory scale 1 A measurements. Remarks.
numbers. N - .
A
1101 25900 3859 38578 Common to Ni(CO),, arc and spark
' spectra. Not seen in explosions.
114-2 26255 3809 38066 Unless exceptions are stated, all lines
1162 26426 3784 37830 are common to the five different
1169 26485 3776 37750 spectra (arc, spark, nickel carbonyl
131-0 27628 3619 36188 flame, and oxy-hydrogen explosions)
13185 27695 3611 3609-8 as observed by LiveiNg and DEWAR.
or 3612-1
1330 27785 3599 35970 Not in Ni(CO), flame.
1355 27980 3574 . 35729, Cornv.
1360 28020 3569 35712 35708, Corxu.
14025 28347 3527 35271 Not in explosions.
141-25 28425 3518 35191 " ”
141-8 28467 3513 351404
1428 28547 3503 35018 Not in Ni(CO), nor explosions.
1436 28607 3496 3492-3
14405 28675 3487 34852 " ” » ”
1458 28777 3475 3470-8 " » » »
1470 28878 3462 3461-1
147-25 28900 3460 34579 3457-8in Ni(CO),. Nobin explosions.
1480 28962 3453 3452-9 Not in Ni(CO), spectrum. A line at
3452'3 occurs in Ni(CO), spectrum,
14875 29025 3445 34457 are, and spark, but not in explosion
14975 29105 3436 34367 1 spectrum.
1501 29131 3433 34330
151-2 29213 3423 34231 '
152-2 20284, 3415 34138 >Not in explosions.
154:8 29477 3392 33924
1550 29492 3301 3390-4 f
156:1 29573 3381 33800 J
3371-3 B— . .

. aong. 33713 in Ni(CO),. Notin explosions.
1874 20673 8370 R } 3370 is probably the line 33689
1639 30157 3316 33151 Not i losi
174°5 30934, 3233 32326 } Ob 1L explosions.

2D 2
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CosBaLT.

The metal and oxide were both examined. The lines photographed were compared
with those measured by LiveiNe and DEwAR in the arc and spark. (¢ Phil. Trans.,
vol. 179, p. 231.)

Measurements were made with the ivory scale, and all the lines were identified.

The oxide and metal, as in the case of mnickel, give the same spectrum. The
exposure of the oxide was double that given to the metal. As in the preparation of
malleable cobalt, some maganese is added ; the bands and lines of this element appear
in the photograph, but less distinctly than in the metallic nickel.

Liveive and
Dewar’s
Scale 1 ) 2 measurements. Remarks.
numbers iy e
AL

91-2 24277 4119 .. 4120 HuaaIns.

99-8 25026 3996 3997-3 On comparing the two series of
1073 25640 3899 39052 wave-lengths it will be seen that
1090 25804 3875 38732 the difference between them is
11115 25990 38475 3844:8 rather larger than usual, which
131-0 27628 38195 . appears to be due to the scale
131-85 217688 3612 3611-3 not being quite accurately ad-
1326 27755 3603 36016 justed lbetween certain points
133-25 - 27805 3596 35944 which are clearly indicated.
1351 27950 3578 35774 The wave-lengths do not approxi-

(more probably mate so closely to LiveiNg and
3574-9) DewaR’S measurements as is the
13575 28000 3571 35689 case with those in the nickel
139-4 28280 8536 35328 spectrum.
139-9 28320 3531 35293
140-1 28335 3529 35284
1403 28352 3527 ..
1414 28437 3517 35177
141-8 28467 3513 35120
. N0, 35093
14215 28495 35095 3509,7}
142-7 28537 3504 3502
1436 28607 3496 34951
1457 28710 3483 34827
1465 28835 3468 34652
1470 28878 3463 3462-2
1472 28895 3461 34606
1479 28953 3454 ?;1522 )
N 3448
1484 28995 3449 34489
1490 29045 3443 3443'8
s 3432
1502 20187 3432 Sioad |
152-2 29285 3415 34142
1524, 29300 3413 { 34117 }
“ : 34120
1529 29336 3409 34086
1533 29365 3105 34045
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CHROMIUM.

The spectrum obtained from ferro-chrome containing 22 per cent. of chromium,
contains six lines due to chromium, and in addition bands and lines of iron. The
bands extend from 24 to 28'3, and continue weaker as far as 35. Manganese lines
are also very strong.

Ivory scale Deseription of 1
numbers. spectrum. A A Remarks.
AxgstrOM and THALEAN.
80-6 2331 4290 42894
) A group of three p i
Bld 1 well-defined lines [} 2o00 4217 42746
82:75 2350 4255 42539
A Liveine and Dewar.
B Y g [T
ot well-defined lines : 'r
1849 27935 3580 3578

CraroMIC¢ TRIOXIDE.

This substance gives, in addition to the above, two groups of three lines, a con-
tinuous spectrum, strong, from close to the sodium line in the yellow, but a little less
refrangible up to A 3820.

IrmpIUM.

This element occasioned some difficulties. Strips of iridium, twisted into loops,
were obtained from Messrs. Jounson and MATTHEY some years ago for the purpose
of serving as supports for the alkalies and alkaline earths in the oxy-hydrogen blow-
pipe. To this use it was put with some success and found convenient, but with
oxides capable of undergoing reduction, even such as cupric oxide, it became corroded.
It was found to be a convenient support for silicates which are fusible, but on
examining the spectrum of silica, several lines were discovered which were not due
to silica. ) _

Three varieties of silica were tested— 1st, Silica precipitated from sodium silicate.
This yielded lines identified with iron even after treatment with hydrochloric acid.
2nd, Silica precipitated from silicon fluoride by passing the gas into water. The
silica was evaporated from the hydrofluosilicic acid by filtration through absolutely
pure ashless filter-paper. Kven this showed a number of lines which at first were
taken to be those of iron. 3rd, Rock crystal exposed to the hottest part of the
flame on iridium for one hour gave nothing beyond the sodium lines in the yellow,

-mean \ 5892, and in the ultra-violet \ 8303.
To prove the origin of the lines which had been previously observed, a piece of
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206 PROFESSOR W. N. HARTLEY ON

clean iridium was heated in the flame for seventy minutes and the spectrum
photographed.

When the wire was at its highest temperature the flame assumed a peculiar bluish
colour and the wire became very thin. The spectrum obtained proved to be similar
to that previously obtained from pure silica.

A second spectrum was taken on the same plate, a little silica being placed on the
loop of iridium. The spectrum was similar to the first, the lines being the same, but
weaker, as the silica acted as a glaze and protected the wire.

It is perfectly evident that this metal was to some extent vaporized in the flame,
and that the vapour emits a line spectrum.

The following are measurements of the lines photographed :—

A A AL A
4386 3599 3479
4256 3812 3596 3475
3965 3772 35335 3464
3937 3705 35115 34364
3860 3696 35087 3400
3815 3663 3484r3 3328

These lines have not yet been identified, but they are suspected to be due to
osmium,

A small strip of pure iridium, for which I am indebted to Mr. GEorRGE MATTHEY,
F.R.S., was exposed to the flame for three hours and a quarter, and a line spectrum
with a small portion of a continuous spectrum was photographed. Undoubtedly the
iridium was volatilized, for it lost weight to the extent of 00826 grm., and the end
was worn away by the flame impinging upon it. The spectrum was very weak, the
lines were not those referred to above, and it is suspected that some of them at least
are due to a gaseous spectrum, or possibly to a series of the lines belonging to the
spectrum attributed to water vapour which have not previously been observed.

The fact that iridium is slightly volatile has undoubtedly been proved, but if the
metal is pure it may be used advantageously for the purpose of supporting irreducible
oxides in the oxy-hydrogen blow-pipe flame.

ALUMINTUM.

When the metal, in the form of foil, is burnt in the oxy-hydrogen blow-pipe, it
gives a spectrum which is continuous, but in which some few lines or narrow hands
are visible. There can be little doubt that these are due to impurities, principally
iron. With the exception of three the lines are all very faint. The measurements,
which are only approximations, owing to the indefinite character of the lines, are the
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following :—\ 4047 broad line, Fe; 4033, Fe; 4023, Fe; 4004'5 Fe; 3996, Fe;
3975, CaO; 39637; 3947°57; 3989?; 4013? The pure metal cannot be vapor-
ized except by the arc and spark.* Evidence of this is afforded by the fact that an
uncondensed spark yields a very beautiful band spectrum. The lines of silicon have
been looked for but not detected in this spectrum.

- 1
Izglnszicr:zl.e Description of spectrum. X \.
6
20 Continuous band of rays from 6 to 170 strong.
120 Very intense from 20 to 120
170
965 Linesat . . . . . . . . . . . . .. 24740 4042
101-7 » e 25300 39683
1028 ”» e 25294 39535

COPPER.

CorrPer foil was heated in the flame. Two silver lines were observed in this
spectrum, A 33835 and 3282-1.

Micrometer
measurements .. 1
in hundredths Description of spectrum. % A Remarks.
of an inch.
303 The centre of a broad line . . 18160 5506°5 This spectrum is partly due
to CuO apparently.
44-35 A faint narrow line . . . . 19684 5080
167-31 The centre of a broad line . . 30398 3290 32899, spark, Harruey and
ADENEY.
17076 ” ’ »o 30652 32625 32652, 32602, two spark

lines, HARTLEY and ADENEY.

The lines 3290 and 32625
are frequently seen in
photographs where they
would be least likely to
be found.

* This statement is not quite correct. See Appendix (5).
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APPENDIX.

[1. Reference has been made to the fact that MrrscaerLICH (‘Poce. Ann.,’ vol. 121,
p- 459, 1864) compares the band spectra of metalloid elements with those of compound
substances. He used both the oxy-hydrogen and oxy-coal-gas flames. He attributes
only line spectra to copper, bismuth, lead, gold, iron, manganese, chromium, tin,
potassium, sodium, lithium, zine, cadmium, mercury, silver, barium, strontium, and
calcium. He figures banded spectra of the following elements, magnesiam, lines and
bands ; sulphur, selenium, tellurium, phosphorus, boron, iodine (bromine and chlorine,
by absorption), and carbon.

Cyanogen and ammonia are also figured as giving channelled spectra, as well as the
following metallic chlorides and oxides :—

PbO, PbCl,, AuCl,, Fe,0, or FeO, MnO or Mn,0,, CuCl,, CuBr,, Cul,, CuF,, and
CuO or Cu,0, BiCl,, BiBr,, Bil,, Bi,04, BaO, SrO, CaO, Bal,.

The following salts gave lines, or lines and bands together :—

BaCl,, BaBr,, Bal,, CaF,, CaCl,, CaBr,, Cal,, SrF,, SrCl,, SrBr,, Srl,.

It will thus be seen that several metals enumerated on pp. 174 and 179 yield
channelled emission spectra, and that these are not credited by MirscHERLICH with
other than line spectra, except in the case of magnesium, to which he assigns lines
and bands. The most refrangible rays observed by MITSCHERLICH were about A 4,000,
and, though wave-lengths were not determined, the positions of lines and bands were
measured and the spectra very carefully drawn.

2. TaveiNg and DEWAR, in their “ Investigations on the Spectrum of Magnesium,”
‘Roy. Soc. Proc.,’ vol. 44, p. 243, give the following description of a spectrum ascribed
to the oxide or to the process of oxidation :—

The component parts of the spectrum are the following—(1) The b group, A 5183~
5172-5166. (2) The MgH series, close to it, 5210, &c., and 5186, &e. (3) Bands in
the green. (4) The triplet near L, N 3838-3831-3829. (5) Triplet near M of the
flame of burning magnesium, A 3730-3724-3720, with the group of bands in that
region. (6) The line, A 2852.

The spectrum which I have described differs from the above inasmuch as the least
refrangible ray photographed was A 3929, which is at the edge of a strong band
degraded towards the less refrangible side. Next, there is a strong line and a well-
marked band, very strong from 3834 to 8805, LiveNg and DEwAR place the triplet
near L, in or about this region. The triplet near M, and group of bands mentioned
above, cccupy the place of a band with lines upon it, extending on my photographs
from \ 3805 to 3682.

Lines belonging to triplets near L and M were not recognized, though by varying
the exposure and using sulphate, nitrate, and carbonate of magnesia, the conditions
under which the spectra were obtained were modified. Tt is possible to obtain an
intense continuous spectrum by prolonging the exposure to one hour and using the
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nitrate. Strong lines are visible in the continuous spectrum or at its edge. LiIvEING
and DEWAR obtained their magnesia by burning the metal and holding the ash in the
oxy-hydrogen flame.

The line A 2852 is common to both spectra.

3. As to any possible relation of emission to absorption spectra, it may be remarked
that Roscor and ScHUSTER found that there was apparently none in the case of sodium
and potassium (‘ Roy. Soc. Proc ,” vol. 22, p. 362, 1874), though the spectra were care-
fully measured.

Lockyer and CHANDLER RoBERTS (‘Roy. Soc. Proc.,” vol. 23, p. 844, 1875) observed
several channelled absorption spectra of metals by volatilizing them in tubes filled
with hydrogen. No measurements were made, probably on account of the difficulties
involved, and consequently the absorption spectra cannot be compared with channelled
emission spectra of the same elements.

Channelled absorption spectra were observed in the vapours of silver, manganese,
chromium, antimony, bismuth, and selenium.

Continuous absorption was noticed in copper, cadmium, iron, cobalt, nickel, tin,
lead, gold, and palladium.

4. The spectra of sulphur, selenium, and tellurium were carefully investigated by
SarEr (‘Ann. Chim. Phys.’ [4], vol. 28, p. 47, 1873; also ¢ Traité Klémentaire de
Spectroscopie,” p. 221), but only so far as the visible region, chiefly the green and
blue rays. There are, however, many bands in the spectra of selenium and tellurium,
which lie in the ultra-violet region, which appear on my photographs and have been
measured.

5. According to a recent photograph, aluminium foil, when burnt, yields a beautiful
channelled spectrum.

I have to express my thanks to Mr. Huer Ramack, F.1.C., Assistant Chemist,
Royal College of Science, for the care with which he has photographed many of these
spectra, and otherwise rendered me valuable assistance.

W. N. H., Sept. 29, 1893.]
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212 'ON FLAME SPECTRA AT HIGH TEMPERATURES.

DzscrriprioN oF Prarzms.

Photographs of spectra of the oxy-hydrogen flame, and of various salts, oxides,
and metals, heated in the same for a uniform period of one hour. Dispersion
used equal to one quartz prism of 60°. Enlarged about two diameters.

\
A

\

L <@
- PLATE 6.
S
é — L. Oxy-hydrogen flame, water vapour lines.
= 2. Lithium nitrate, lines of lithium and sodium.
= O 3. Sodium chloride h
E 8 4. Potassium nitrate
o 5. Magnesium nitrate Band spectra of oxides and chlorides,
§% 6. Calcium sulphate with line spectra of metals.
== 7. Strontium sulphate
g%é 8. Barium chloride J
SE 9. Iron 0
- 10. Nickel oxide |
11. Cobalt oxide £> Line spectra of the metals chiefly.
12. Manganic oxide J
18. Chromium sesqui-oxide

PLATE 7.

Band spectra of arsenic, antimony, bismuth, lead, and silver, with a dispersion cf
four quartz prisms of 60°. Enlarged about two diameters.
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Harlley Phil.Trans. 1894.A. Plate 6.
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