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[ReprinUd from the PROCEKDi>fQs of the Royal Society, A. Vol. 92]

On the Bunsen Flame Spectra of Metallic Vajyours.

By Prof. J. C. McLennan, F.R.S., and Andrew Thomson. M.A..
University of Toronto.

(Received July 17, 1916.)

[Plam 9.]

1. Introduction.

In seeking to solve the problem of the structure "f atoms, especially of
the more complex ones, it is of great importance to know what are the
smiplest or fundamental spectra which such atoms are capable of emitting
Information regarding such fundamental frequencies for the atoms of some
metals has been obtained from investigating the characteristics of both the
absorption and emission spectra of vapours of these metals. For example
McLennan and Edwards* have shown that, with the non-luminous vapours
of mercury, zinc and cadmium, narrow absoi-ption Iwinds are obtained using
moderate vapour densities, with lines whose frequencies are given by
p = (l-5,S)-(2,Mtan<l " = (1-5.S)-(2,P). The first of these is the frequency
of the first member of Paschen'sJ combination series p = (2. /?a)-(m, S), and
the second is the first member of the singlet series p =: (1-5. S)-(to P)
Moreover, one§ of us has also more recently shown from absori)tion ex^n-
ments that for magnesium atoms the frequencies y = (1-5, S)-(2, P)
i/ = (l-5, S)-(3, P),and possibly also those of still higher members of the'
series p = (1-5, S)-(vi, P). are the fundamental ones. With this metal the
frequency p = ^IS, S)-{2,p»), does not appear from experimental evidence
as yet available to be fundamental.

It has also been shown by McLennan and Hendersonij that the simplest
spectrum which the vapoura of mercury, zinc, and cadmium in a vacuum
can be made to emit under bombardment by electrons consists with each of
the metals of the single spectral line whose frequency is given by

MiLennim and Edwardn, ' I'lul. Mag.,' v.,1. 30, p. 685 (Nove.ul^r, l!)15)tin the symbolic equation . = {„, X)-(»., Y), the frequemien an, ./ en by

[H + X+.r(«, X)]-~f,« + Y+y(m, Y)7''
*'"''' ^' '" ^'J^l^'-g's nuinl,ei-, n I < a flxej

value, either integral or one of the nun.bers 1-5. 2:,, 3-5, etc., and ,„ has Hucct.,i»e
mu-gral values, each one giving tlie fiequeuey of a member of the series

+ Pascheu, 'Ann. der Phys.,' vol. 35, p. 860 (1911).
§ McLennan, gujira, p. 574.

II McLennan and Henderson, 'lU.y. So<.'. Proc.,' A, vol. 91, p. 48.') (1915).
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V = (1-5, S)-(2, J93).
With magnesium, on the other hand, one of us* still later

has shown that the simplest spectrum which can be obtained of magnesium

vapour in a vacuum by means of electronic bombardment is given by

V = (1-5, S)— (2, P). For mercury, zinc, and cadmium vapours, then, the

frequency v = (1-5, S)-(2, pa)—and probably also v = (1-5, S)-(2, P)—

appears to be the fundamental one, while with magnesium it is in all

probability v = (1-5, S)-(2, P).

As the electrical conditions in flames are probably simpler than those

which obtain in the electric arc or spark, one should expect that, in flame

spectra of the elements, the fundamental frequency would come out

relatively with speciaUy strong intensity. Charles de Watteville,t in a

number of papers on flame spectra, has pointed out that, if a Bunsen flame

be fed with the spray of salt solutions of a number of different elements, the

spectrum of the flame with some of the elements consists of a single strong

line, and with othei-s of a single strong Une accompanied by a number ..f

very much fainter ones. These strong lines foi the different metals, with

their frequencies, are given in Table I.

Tuble I.

p I-

Elemei .

ilercury
Zinc
Cadmium
Magnesium*
Calcium
Strontium
Barium

Frequency !

Frequency

r= 1-5,S-2,P3. V - 1-5, S-2, P.

A.U. A.tJ.

\ = 2536 -72 —
A. = 3075 -99 —
\ - 3260 -17 —

K = 2852 -22

\ = 4226 -91

\ = 4607 -62

— K = 5535 -69

• Loren«er, ' Inaug. Dim.,' Tubingen, 1913.

This Table, it will be .seen, emphasises the view that for mercury, zinc

and cadmium, the fundamental frequency is given by k = (I'o, S)-(2, r.>.

while for magnesiun., and pr. bably also for calcium, strontium, and banum

it is given by .- = (lo,S)-(2, P). Some earlier experiments made by Gony.:

with salts sprayed into a flame, also confirm this view with respect to .inc

and cadmium.

* McLennan, »!'/M-a, p.
•'>"^-

, , , _, ^ o „ 1.,

+ De Watt^ville, ' Phil. Tran.s.,' vol. 2(.4, p. 139 (1904); and ' tompte. Rend.

vol. 142 (1906).

; (iouy, ' Ann. de Chiuiie ct Phya.,' vol. 18 (1879).
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Observations have also been made by Hartley* and by Itaum-et on the
IJunsen and the oxy-liydrogen flame spectra of some nineteen of the
elementa With mercury no characteristic lines were observed witli either
of these flames. With zinc, cadmium, and magnesiun., spectra consisting
of a number of lines came out with the oxy-hydrogen flame, but no charac-
teristic spectra were obtained when the Bunsen flame was used. With
calcium, strontium, and barium, however, the single spectral line whose
frequency is given by „=(l-5, S)-(2, P), i.e. tiie fundamental frequency, came
out strongly with the Bunsen flame, while the same line and several others
m addition came out when the oxy-hydrogen flanir was used. In the
experiments of Hartley and of Eamage. the vapours of the pure metals as
well as of the salts of these metals were used in studying the flame siHictra.
DeWatteville: reports that he was unable to detect any characteristic line
of the mercury spectrum in photographs taken of the spectrum of the
flame of a Bunsen burner into which there was blown the spray frohi solu-
tionsof metallic mercury in nitric acid.

The only investigators who appear to have observed the line \ = 4.571-38
A.U.—frequency V = (lo,S)-(2,;)a)—in the flame spectrum of magnesium are
Liveing and Dewar,§ and Eder and Valenta.|| The former found in the spectrum
of the light from magnesium burning in air a number of lines, among which
those of the wave-lengths X = 4571-38 A.U. and X = 2852-22 A.U. clme out
with relatively strong intensity. The first-mentioned line they state was
always narrow and sharj ly defined. Eder and Valenta in their exi)eriments
found that a Bunsen flame fed with magnesium emitted a spectrum
consisting of the v 5183-79, 5172-87, 5164-49, 457138, 3336-82
3332-33, 3330-04, ; 9309, 3091-11, and 2852-22 A.U.,' together
with other lines wl.

, tributed to magnesium o.xide and to impurities
in the magnesium. Atlas of typical spectra,ir however, iliey give a
spectrum of the flame from a magnesium-fe(i Bunsen burner whicli shows
but the single line X = 4571-38 l.U. of the magnesium spectniin.

As the Bunsen flame would appear to be the simplest possible means of
exciting the fundamental frequencies in the atoms of easily volatilised
metals the failure of Hartley, Kamage, and de Watteville to briu- out these

* Hartley, 'Phil. Trans.,' A, vol. 185, p. 161 (1804); and 'Tran... DuUiu .Soc.,' N S.,
Tol. 7, Part XII, p. 341 (1901).

+ Ramage, 'Roy. Soc. Pioo.,' Nc. 4.-)9, vol. 70, p. 1 (1901).

t De Watteville, Ifx: cit.

i Liveing and Dewar, 'Roy. Soo. Pi-oo.,' vol. 32, p. 189 (1881).
11
Eder and Valenta, ' Atla« TypUcher Si«ktiei..' and ' Beiaiige y.m- Photochemie und

f'ptktral-AnalyBe,' S. 411, 1904.

T Eder and Valenta, ' Atlas Typischer Spektren,' Tafel III, No. 1.
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frequencies by means oi" this agency in the case of the metals mercury, zinc,

cadmium, and magnesium seemcfl rather remarkable. It is not clear from

the papers of Eartley and Ramaf,'e whether more than « casual examina-

tion was made of this point, but before accepting as final the conclusion

which may be drawn froia their results as to the probable impossibility of

stimulating the fundampntal frequencies of these elements by means of

Bunsen flames, especially in regard to mercury, zinc, and cadmium it was

thought desirable by the writers to subject this matter to a closer inquiry.

This has now been done, with the result that it has been found possible to

obtain with the Bunsen flame the fundamental frequencies mentioned of the

spectra of mercury, cadmium, and magnesium, but up to the present it has

not been found possible to obtain such with zinc.

2. Apparatus.

In the experiments two types of Bunsen burner were used. One, shown

in fig. 1, consisted of an ordinary burner A, to which "as attached at tlie top

a steel close-fittiui; tubular cap BB, provided with a conical shajied cover C.

Fis. 1. Via. 2.
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The metal to be vaporised was placed in the cup BB, and when the cover C
was replaced and the burner lighted the flame of a blow-pipe was directed
against the cup. The vaporis..! metal in escaping was thus made to pass
directly into the flame of the burner.

The second form of burner used is shown in fig. 2. To the top of an
ordinary Bunsen burner Q a brass cylinde.- KL, 3-8 cm. in diameter and
8 cm. high, was soldered. The top was closei by .. lid containing an aperture
in the centre IS cm. in diameter, to which a small tube 0-5 cm. high was
attached. Another brass cylinder, ."'8 cm. in diameter and 7 cm. in length,
was supported in the centre and coaxially with KL hy means of three asbestos
plugs. Tliis inner cylinder contained a quartz tube F, 1 em. in diameter and
alwut 8 cm. in length, drawn off to a neck about 05 cm. in diameter at the
upper end. A coil of manganin wire MN was wound round this tube, and
the ends were led out through two openings fitted with small iK)rcelain plugs
in the bottom of KL. A layer of asbestos paper was placed round the wire
and then the whole space between the tube and the brass cylinder next to it

was fiUed with plaster of Paris, which on solidifying kept everything rigid.

The top of the quartz tube F came just level with the mouth of the burner.
When the gas was lighted a large clear Bunsen flame was easily maintained
above the mouth of the burner. The metals to be vaporised" were placed
within the quartz tube Fand the furnace was raised to whatever temperature
was desired by supplying a current of suitable intensity to the circuit AtX.
With each metal a fresh q lartz tube was used and care was taken to
thoroughly clean the burner before taking the photographs. The photographs
of the flame spectra were taken first with a small Hilger quartz spectrograph,

,
pe A, and afterwards with a l-- one of the type C.

3. Bunsen Flame Spectra.

The spectrograms taken of the different spectra are shown in the plate at
the end of the paper. No. 1 is a reproduction of the spectrum of the clear
Bunsen flame free from all metalUc vapours. No. 2 was obtained with
mercury vapour. In addition to the ordinary Bunsen flame spectrum this
spectrogram shows that the mercury line \ = 253672 LU. came out
strongly. No. 3 is a spectrogram of Bunsen flame spectrum of cadmium vapour
and was obtained with the flame bur ing very gently. It shows the
characteristic line \ = 326017 LV. No. 4 is the Bunsen flame si>ectrum of
magnesium. It shows the line \ = 2852-22 > J. faiiitly but clearly in
addition to the ee flame spectrum. No sign of the line \ = 4571-38 A.U.
was found '"n any of the spectrograms taken with this metal. No. 5 is the
spectrum obtained with thallium vapour. In this case the only characteristic

-kl

.4 I
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lines of the thallium 8i>ectrum which came out were X = 377ii-87 A.U. ami
X = 5350"G5 A.U. The former line was always much the stronger, liut t'ns

may have been because the plates used were less sensitive to the green than

to the ultra-violet. No. 6 is a reproduction of the spark s-peotrum of

cadmium, and No. 7 the Bunsen flame spectrum of cadmium vapour obtained

when the draught was slightly forced and the flame was burning vigorously.

As No. 7 shows that the line X = 2288-79 A.U. came out faintly on the plates

in addition to the line X = 326017 A.U. under these circumstances. With
zinc vapour no characteristic lines were obtained. Numerous mollifications

in the form of the burner were made and exposures were taken with them of

varying duration, with the flame burning witli different intensities, ln:t in no

case did tiie flame spectrum show any trace <<( the lines X = :\07')-'M .\.U.

and X = 21o9:i A.I', or of any other of the zinc lines. .Just why the zinc

vapour failed to show any siiectrum when results were obtained so ea.'-ily with

the other metals i.s not very clear.

4. Discussion of Htsnlts.

In view of the line X = 2288-79 A.U. coming out i» strong flames with

cadmium vapour, it was thought at possibly the analogous line in the

mercury spectrum X = 1849-6 A.U. might come out as well. No trace of it,

however, was found on any of the plates. It is known that both of these

lines are strongly alxsorbed by the vapours of their respective metals, but,

since the one came out, tlie other might have been expected to appear as

well. However, it must be rememl)ered that the line X = 18196 A.U. is in

the spectral region where the air begins to absorb very strongly, and it is

possible that this effect combined with the action uf the cool vapour in the

flame to cut off all radiation of this wave-length which may have been

emitted.

It is of interest to note that with magnesium no trace of the Hue

X = 4571-38 A.U.—frequency v ^ (1-5, S)— (2, j9a)_was obtained. vSiuce the

line X = 2852-22 A.U.—frequency i> = (lo,.S;—(2,P)—cameoutonthe plates

but feebly, it was scarcely to be expe ' t.iat the line X = 202G-4G A.U.

—frequency v = (1-5, S)— (3, P)—or others of higher frequency in the same

series would have been obtained.

With thallium, as stated above, the lines X = 53r»0-65 A.U. and

X = 3775-87 A.U. were the only ones which came out. They are the first

members of the second subordinate doublet series given by v = (2, pi)—(iii, s),

and V = (2, pj:)—(m, s), and are therefore analogous to the doublet yellow

lines in the spectrum of sodium. The behaviour of thallium vapour in a

:.i £ L
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Bunsen flame, in so far as these experiments go, is exactly similar to
the well known behaviour of sodium.

5. Results.

1. The results with mercury and cadmium vapours go to confirm the view
that the frequency .; = (1-5, S)-(2, p^), is a fundamental one. The fact that
the cadmium line X = 228879 A.U. came out in strongly burning flames also
gives support to the view that the frequency v = (1-5, S)-(2, P), possesses
fundamental characteristics for cadmium atoms.

2. The experiments tend to support the view that, in the magnesium
spectrum, the fundamental frequency is given by «/ = (1 5, S)-(2, P). It is

the one most easily stimulated in the spectrum of magnesium. When the line
X= 4571;38 A.U. has been observed by other spectroscopists, it has always
been accompanied by other lines, including in some cases that of wave-len-th
X = 2852-22 A.U.

"

3. The results obtained with thallium failed to give any indication of the
fundamental frequencies in the spectrum of this element. It is probable
that, witli thallium, the fundamental spectral lines come far down in the
ultra-violet region.

In conclusion, we wish to acknowledge the kind help of Mr. J. F. T. Young
in taking some of the photographs.

-•' »

Uabriioh IKO aoKii, Prinlen in Ordiimry to Hii MBJetly, St. Martiii's L»ne.




