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L.

This peper deals with the excitation of molecular
spectra by the explosion of mixtures of solids and gives the
results so far obtained on the spectirs amitted by MgS and Pb3,

| Thie work was begun with the ides of producing
emizsion spectra of intermetalliec compounds, photographing
these spectrs end inxgxﬁxaﬁinglﬁhamﬁ Although & large number
of intermetallic compounds was siundied, the ordinary methods
of excitation whieh were used failed to produce any moleculer
spectira nssignable to such ccompounde. The arc and spark speetra
between slectrodes of the compounds were investigated in the
region 2400, to 6700, A. Due to the fallure to obtain molecular
spectra of intermetallic compounds, other compounds were studied
with the objeot of dsveloping sulteble methoda for exeiting these
spectra. The plan of this part of the work was to follow the
periodie table passing from the oxides of the metals, which are
relatively eesy to exsite and photograph, to the more metallie
compounds formed by elements lower in the seme family, Out of
this work has developed the production of band spectra by
explosion mixtures. Ths development and use of this method of

ax¢itation are presented herein.



11. HISTORICAL

The work of Barrat (1) on absorption of mixed
metallic vepors, and the f:ﬁ,éﬁammmu by Hewmen (2) i:h&t bands
are emitted by excitation of mixed sodium end potassium vapors,
have shown that intermeialllc compou
state and are capable of sbsorbing smd being exeited to emit

specira similar to other non-metallic compounds. In previous
work in this mwmtm several intermetallic compounds were
made up and excited in the are and _' a;sark in air, A feow were
arced in en atmosphere of hydrogen. The results of this work
indicated that no band spectra were produced, which were assign=
eble to intermetsllic compounds. The spectrum produced in each

case was a qualitative summation of the speotra of the two _
metale, each exeited under the same copditions as the compound,
and showed only reversals and variations in relative intensities,
Similar observations were mede by Tammen =£§3i- ‘who mmxnaé the
spectra emitted by CusSb, ZnsCu,, Bi,Mg, and Mg.Sn when arced

in air. Wache (4), in his observations of the spark spectra of
copper in aluminum snd of copper inm zinc, found only atemic
spectra. Wheatstone and ingstrim (5) made observations similsr

%o those of Wache, on spark spestra of amalgams and brasses,
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Due to the apperent insbility to excite inter-
metallic compounds by are and spark in the ordinary way, the
work on these compounds was dropped temporarily for a study of
excitation of less metallic compounds, Since the spectra of
the oxides of maay of ihe metals were already known and malymeﬁ,
and the combination of metals with elementis lower in the same
temily of the periodic table as oxygen would produce compounds
mors metallic, the next step was to produce and enalyze band
spa@tm of the sulfides of ﬁxw metals, A search of the litera~
ture revealed that no metallic sul
The only molecular spectra mwlvmg sulfur, whioch have been
found te have been analyzed (6) were those of sﬁlﬁw atoms with
ecarbon -i*?’fh oxygen (8) and other mli‘ar (2} atoms,

The amimtwn the sulfides wes then trisd by
ar&mg metallic amﬁtwéw m‘na&g cores of sulfur, This exclta~-

1ifide spectra had been analyzed.

tion produced no spectira sssipgnable o the sulfide of a metal. |
Some metals were then areed in atmospheres containing sulfur,
such as H,8 and €84, In the former, the outstanding molecular
spectra produced wers those of the hydrides of the metals, ui,ih
no evidence of sulfide spestra. In the latter case no metallie
sulfide spectra were found. Strong Swan bande were produced
zardless of the metal used as slectrodes when arced in CSg.
The production of spectre of metals in pure sulfur vepor was
then ftried, but the stn

ng absorption of the low temperature
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sulfur vapor around the arc and the difficulties encountered
in the operation of ‘the arc made the method @xte undesirable.
The only evidence of sulfide spectra obtained by this method,
was that obtained by copper, Magire la.

Due to the observation that a flashlight powder pro-
duced band speetra, it was decided to try the explosion of
mixtures as a means of exciting the sulfide spectra. This
method was found te be suitable for the production of specira

of sulfides and applicable te many other compounds. A4 search
of the literature showed that a method eimilar to the one being
developed in this laboratory was used by Ghosh, Mehanti and
ukkerjee (19} to excite the blue-green system of Mgh. In
thelr mrk, a m&xm of magnesium nitrate end magmsim powder

was ignited by means of a sparking arrangement.



III. THEORBTICAL

The relations eacﬁ.sﬁmg M‘k‘&am the energy ﬁhangas
in a gaseous diatomlc molecule and its specirum have been very
ebly presented by Jevens (11). More recently Meggers and |
‘ﬁh@};ar {12} have applied the notetion recommended by Mulliken
(13) to the treatment of molecule
th@r%mai treatment, sﬁaiah is mffiai&ﬁ% for the interpreta~

tion of the present werk, is presented here.

The energy which may change by ahmrﬁ%wn or radla-
tion, in B gaseocus diatomic molecule in any particular electronic
state, when the moleculs is vibreting longitudinelly along the
line joining the centsrs of the atoms and rotating on an axis
perpendicular to this line, is represented hy the ‘aat’im.\,

E=E, *E, *E Equation 1.
Here B, 1s electronic energy, X, is vibrationel energy, and E,
is rotational snergy. 4 change in this energy, elther by
radiation or absorption, such chenge being any combination of
possible cheanges in the three prectically independent variables,
may be represenied by the equation, - |

AL = AR, +AE, *AE, Equation 2.
Of these changes, the shift in electronic energy A EB is by far
the greatest and a system of bands {e determined by any single



electron Jump, A Ey is next in magnitude and determines the
bands of a systems AL, is of small magnitude compared with
the other changes and furnishes the fine line structure to the
bends, Sines I, is indirectly proportional to the moment of
inertia I, 1t may be seen that e molecule having a high moment
of inertia would furnish & fine line structure, which could not
be resolved except on a spectrogreph with high resolving power,
Since the molecules dealt with in this paper are molecules with
relatively high moments of inertia, the rotational structure is
not defined by the spectrograph used, Since the origin of a band
is not distinguishable without fine nm structure, the b&m
heads, which beer nearly a constant ﬂﬁmrma with i:ha hﬁm
origing throughout @ system, are the only measurable quantities
o ﬁamm};m in the anslysis of & system. E@aﬁm 3 then be~

comes Tor this work,
AE *A% *AE | Equatim &. |
The energy of vibmtmm of this diatomic malam}.s is
Eiven approximately hgr the new qumtm mechanics as
| E, = ho [w (v + 1/2) ~wex (v + 1{&)2] Eqnatim 4
¥ {the guantum m:tmh&r for ﬁbmtima}._ammﬂ =0, 1, 8 3, -w-;
cwg per second is called the fﬁa@é&;ﬁy@f vibration of infini-

insl amplitude and x is8 8 m&l& fzmﬁtw%.v Sinece the
electrenic chenge causes chenges in both wgy end w.x
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ALy = he [wg' (vt + 1/2) - uptxr(y* + 1!3}% -
he [w Mt 4 1/2) - W txt{v" + 1/3}% Equatian L
The {*)s mfw to the upper electronic state and the (")s
refer to the lower electronic state. The energy wammying
a rediation or absermmn is -

L =mhs = AE {far the mlmnla} ~ Equation 6
where h is Elamkh*a @fa;t:am, ¢ the veloecity of light and A
the wave length of the light.

The wave number V , i.a. the mbar of wave lengths
of the light per centimeter in a vacuum is equal to L/)‘mg,
Since the wave number assoc¢lated with electronic and vibrational
changes in a molecule is represented by,

V =V, V.,,» ’

4

V=l [c%rwr«;;/z}—ng' i??*xfaﬁﬂ -

[wg”i?”ﬁ/ 2] - w, "ﬁ”h‘*i[ﬁ}ﬂ ‘EBquation 7.

Vg is the energy in (ea™) units contributed to the light effect
by the a&mﬂkm; ahift and agﬁm;:s the origin of the systen.

In order to agsign proper values to the variables and
constents in mﬁ;imn 7, & }i;am;a l.i}ke‘ Tah;a 4 is @mﬁr&aﬁaﬁ for
the wave numbers of bands in a system, For making the assign-
ments of v' and v", the following partial quotation from Meggers
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and Wheeler (12), who modified the statements of Jevons (11)
to conform wifth' the notation recommended by Mulliken {13) is

exceedingly helpful:

| Bands for w%&ieh v’ {or v") is constant emd v"
{or v’} varies constitute a v" (or v') progression;
thus the bands for which v*, v" ave, reapeetiveiy,
0,0, 0,3, 90,2, 0, $~~~fém tm v" progression v's
Q m& %he G,gl lgz* 3,3, ;z**‘!‘mﬁ fﬂm ‘ﬁh& ?‘
:gmgmgaieﬂ ¢" = 2, Bands for whioch the shange
v"=y* is constant form & sequence, thus the v-ytes]
sequence consisis of the 0,1, 1,2, 2,3, 3,4~~-bands,
In snalyzing a system it is usaally expm:ient o
arrange the wave nunbers of the heads in a table such
that the 0,0 band eppears in, say, the left-hend top
corner, each v" progression runs horizontally, each v*
progression runs vertically and esch sequence rung .
diagonally froam top left to bottom right. The wvibra-
tional quantum snalysis mey, indeed be sald to consist
of the correct consiruction of such & teble, for when
this is achieved, the walues of v' and v" can be
assigned with slmost complete certainty, and the
coefficients in aqw’&im {11)" of ten evaluated.

Criteria for the v', ¥ assignments are:

1. V incresses with deorsasing v" in a v |
progression and with inereasing v' in a v* progression.

2. The intervals 4)belwsen successive bands of
a progression  desrease with inereasing v' or in~-
creasing ¥, very nearly in arithmetical progression if
Q heads or band origing are tabulated, and less nearly
in arithmetiesl prasr@amﬁ if R or P heads are used.

3. A awmsa of 1 is accompenied by an increase
of Wy, and vies vers 2 }mma, if the bands degrade
mar@ the infra-red I < It, W'> wt, end the above
intervals AV are larger in a v*" gwgmsai@n then in s v*
progression; the reverse is true if the bands degrade
toward the ultra-vialet. ’

4. As a consequence of (1) end (3), along a
- 8sguence. v' and v" increasa in the ﬁirwzian in whieh .
the bands degrade.
“¥Equation 11 vefers to an squation similier to 7 Of this paper.




5. When the directions of ilnerease of v' gnd v"
are thus satti&é;g thelr values are decided by the sudden
ecessatlon of a v" progression {(sey v' = 0 or 1) et
its low=V end, and of a v' progression {(sey v" = 0
or 1) at its high=V end; the test is applied by
verification of the entire sbeence from the spectro~
gram of bands whose YV 's are obteined by extrapola=-
tions beyond the %top row and left~hend columns of the
above table.

L R SN B

’ 7. The distribution of intensity ampng the bands
of a system is normslly of the type in which a pro-
grossion {say v = 4 oy ¥" = 4) has two intenaity
maxime separated by & minimum, and the lecus of all
the naxims is a curve of naamy parabolic form

{the Franck-Condon parabole) such that {(a) its axis
approximately coincides with the 0 sequence, and re-
presents a rapid decline of intmwity from & meximum
to zeroj (b} if the change I" - I* or W™ -~ W* i
very small, its vertex winamaa with the O Q%and
{which is %he strongest of the system), and its two
limbs are close to one asnother and %o the 0 sequence
{which is the strongest, if not the only, %quane&
present)3 {(e¢) as the chenge I" - IY¥ or W -
inereases, the vertex of the curve recedes fmm tge
0,0 band, &nﬂ the limbs of the curve become wider
apart; ﬂms the wide curve of mexims which charactier-
izes & large change ocuts the 0 sequence not at the 0,0
band, but at & higher ¥*, v" band,

B. The vibrational isotope arfeet, if present
and precisely messurable, furnishes an absolute check
on the v', v" numeration end is, in fact, the experi~-
mental aav:iaamm for the use of ?sr + 1/2) ins iaaé of ¥
:x;za tliaﬁ 1;&%%@1&1:&3 gnergy terms in equations” (2), {(3),

Such & table has been consiructed for a system of

Mg3 bands in Table 4. The difference between two adjecent
wave nambers in the progressions is shown in the columne indie
cated by AV % ~whieh refers to the difference bstween the two

"X Equations (21, V8), and (Lil, refer to equations similar to
4, 5 and ¥ af this paper.
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wave numbers with aversge v sgqual to y.

The constantsW ", (%’”‘Ix”, wg » and W, tx* of
equation 7 can be evaluated from Table 4, A general method
for such & caleulation will be developed at this point,

Prom equation 7 i1t may be seen that in a v" pro-

gression the difference between two adjacent wave numbers is
Avgwu - [‘*’a“‘i%} - Ly x” {g}‘? + Eu"“{% + 1) - %"x"(%‘ + 1)?
from which

AVg" = W -y + 1O,
Similarly AV" *‘2 = wr .~ (y+3) w#”x”
The difference between these two adjacent AVP's of a V" pro-
greasion is then,
AV?" av ig’i =W" «{y*l) Wy"x" = W "+(y+3) wéuxu = 2y "z
Also (y+3) 4))% = {y+1) AV%@ o (y+3) w;,“-&y-ﬁ,) w" = aw;?"

In the same way (v ' and W,'x" may be evaluated and the whole
summed up as
w,txt = 417% - AD i.ég
& = .
3~ {y*1) AV')‘%& » (when AV

Z
2

Wt = {y+3) AP

% = Vv,ﬁ%}h ‘vaaxé.l)



s
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and

w,@“X” = AV i_av ﬂ*g

o= {y+3) AV S ~ (yel) L | |
W y llV,é__2 ?* Aszg ‘m,napgﬁywtxg 'V*"%*Izl)

The value for P, can be celculated after the above

constants have been detsminaﬁ;



- 14 -

IV. MATERIALS

The compounds used in this work were all marked C.P,
except the Bal,. The compound MgSO, (dried), on which consider-
able welght is placed in the proof of a carrier of a band
system presented herein, was

c1 0.010%

As 0.001%

Alkali Metals (es Na) 0.500%

Fo 0.003%

Other Heavy Metals None '

The sources of magnesium besides that in the MgSO,,
were the following: | /

{e) A metal which contained at least Qg.éﬁ-magnasiﬁm.
The impurities possible were L

Cu less than 0.01% A1 less then 0.006%

Mn less then 0,014 Ba 0.002%

Fe less then  0.03% Ca  0.012f

51 about 0.04%  Alkall metals ~ trace

Oxide 0.2 to 0.3 %

(b) A portion of the sbove magnesium metal was sublimed
here and the product used as the seecond source. This product

was not analyzed.
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The source of aluminum, which was used in the work,
was bronzing aluminum, labelled chemically pure,

Flowers of sulfur was the source of free sulfur,
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V. APPARATUS AND MANIPULATIONS

The spectra discussed herein were photographed
with a Hilger El Quaritz spectrograph. The dispersion of this
instrument varies from about 47 A per millimeter at 6500 A
to 8.5 A per millimeter at 4000 A, the region so far used in
the study of explosion spectra. The photographic plates which
were used were Wratten and Wainwright panchromatic, These
plates were sufficiently fast to register the band systems up
to 6500 A, with very short exposures. ©Sinece several of the
gsystems excited gave specira which progressed farther to the red
than the limit of these plates, plates sensitized to the far red
by kryptocyanine and to the infra red by neocyanine were tried.
These sensitized plates were entirely too slow for this work.

Various materials for sapporting the charge were
tried, the most satisfactory for general use being a 1/4 inch
carbon rod having a cone shaped cup drilled in one end. The
mixture was placed in this cup in the upright position in such
& way that the exploding mabteriel would pass up before a lense
which focused the light on the slit of the spectrograph, To
produce the MgS bands for final measurement, the charge was
ignited in & cup in a magnesium rod. The use of this material
eliminated any bands due to carbom which would interfere with

measurement of the MgS bands.
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The most satlsfactory method found for igniting the
mixture was to strike en arc on the rod in the vicinity of
the charge. The rod holding the charge was‘cannaetad to the
positive pole of a 100 volt storage battery. Other methods of
ignition sueh as by flame, spark end fuse were tried. The arc
method proved to be best in that mixtures which required con-
siderable heating before reaction started could easily be so
treated by heat from the are. _ |

The spectra were compared with the iron arec spectrum
at 100 volts D.C. through the use of a Hartmenn diaphram.
leasurements of the spectra were found to be quite difficult
to make with the high megnification of the microscope of the
Societe Genevoise Measuring Mechine, whieh can be read to .0001
centimeter. The megnification showed plate graininess and made
the location of bands difficult. Other methods of measurement
were tried, such as projecting the image at about 25 diameters
magnification on a sereen, where the band heads could be seen
much better than under the microscope. ?he imag@ was measured,
but the amount of error, due to the chromatic aberration of the
projector and the change in temperature of the plate by the
light source, was too great.

The graininess of the plate was eliminated and good
contrast was braaght‘abaux by an sttachment made in the College

Instrument Shop for the microscope of the Measuring Machine.
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the plate, an adjustment is provided for turning the attach~
ment through e sufficient angle. During each revelution of the
cube, four views of the field are received, therefore, the slow
rate of four or five revolutions per second Is sulficient to
fuse the grains into & solid well defined line. ZXach grein is
elongated into a straight line. The amount of elongation
depends upon the thieckness of the plates used on the cube. The
image of & grain always travels in one direction across the
field, making & line of even intensity throughout its length.
The field mey easily be examined for spots not due to lines by
merely stopping the rotator. By this arrengement, no errors
dus to shift of prisms or paris are introduced,

After the band systems and the iron are spectrum
were measured, the micrometer readings for the iron are were
vlotted against wave lengths on & large graph. From this curve,
the wave lengths in air of the band heads were determined.
These wave lengths were then changed over to wave lengths in
vacuum by the addition of a correction taken from tables worked
out by Meggers and Peters {15) and given by Baly {(16). The
wave numbers were obtained from vacuum wave lengths by dividing
one by this wave length expressed in centimeters. A Munroe
calculation machine was used to carry out the caleulations in

the work.



VI. EXPERIMENTAL

In the course of the work, the specirum produced by
& flashlight powder made of powdersd magnesium end powdered
barium peroxide was photographed., This photograph showed a
strong emission band system, shown in Figure 24 to the red end
of the spectrum. A4 few measurements were made of the system
which showed it to be due to Bad, which had already been analyzed
by Mecke (B)}. Manganese dioxide was then mixed with powdered
magnesium. The burning of this mixture gave the Mn0 systenm,
Figure 2¢c, also treated by Mecke (8). 4 mixture made of lead
dioxide and magnasium gav@ the Pb0 system, Figure 2b, analyzed
by Bloomenthal (17). By using aluminum in place of the magnesium
in the above mixtures, the same specira were observed as before
except that the Al0 system was produced by these mixtures while
the Mgl system was present in the specira produced by the first
mixtures., .

¥hen powdered sulfur was added to the explosion mix-
tures the spectrum emitted by each mixture chsnged considerably.
In plaee of the oxide speetra of barium, mangenese and lead, new
systems appeared when the constituents were mixed in the proper
proportions. Thie appeared to be the solution to the problem

of exciting the metallic sulfides to emission., It being necessary



to prove that the new systems were due to the sulfides, a study
of band speetra produced by explosion mixtures was undertaken.
In the course of the work, several new band systems were excited
by the ﬁx@laaiﬁn method and an analysis given for one Ligs
system, Due to the complicated structure of the PbS spectrum,
only & partial analysis has been given for the bands of PbS.
The work has included some previously known systems in order teo
show the character of the specirs produced by this method of
excitation. | |

The character of the combustion was found to depend
upon the constituents of the mixture and the proportions used.
In some cases, the reaction was explosive as in the case of red
phosphorus and lead dioxide. In other mixtures, the combustion
was of the nature of a steady flame as was cbserved when the Pb3
gystem was produced by a mixture of aluminum, sulfur and lead
dioxide. Due to the short duration of the exeitation in an
explosion, several explosions were necessary to register the
spectrum on the photographie platej while the flamelike combustion
required only a few charges per setting. o

The temperature reached during the combustion can
only be estimated or given rough calculation. From the appear-
ance of the O— O band of A10 (18} in the burning of the mix~
ture of aluminum, lead dioxide and sulfur, which has probebly

the lowest maximum temperature limit of any reaction yet atudied,
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it 12 estimaeted that ftenmperatures reached are at least momaw
absolute.

www‘qumw«mmﬁm of the explosion method as found from
the work in this laeboratery are! {a) The reduction of the rela-
tive intensity of the atomiec speetrum which so often covers up
bands when excited by the are of the metal in the proper atmos-
phere, Figure 2a shows the visible PbQ bends produced by an
are between lead electrodes.in air, while Figure 2b showg the
same gystem exeited by explosion of & mixture of magnesium and
lead dioxide. {(b) Systems are produced which are difficult to
produce otherwise. The CuS system obtained by arcing between
copper electrodes in sulfur vapor, Figure la, ean excitation
whieh is very difficult to produce and photograph is compared with
the same system exeited by the explosion of a mixture of magnesium
and copper sulfate, Figure 1lb. (e¢) As has been seen in a
description of the apparatus used, a minimum of eguipment is
necsssary to execite spectra by this method.

The disadvantages of this method of excitation are:
(a) That the spectra which do sxtend far into the ulira violet
are very weak 1in this reglon. Compare (s} snd (b} of FPigure 2 in
which the bend at left or wiolet end are much weeker for the
spectrum by explosion. wwwﬁ,ﬁemwmwmm is to be expected from the
small amount of energy of reaction for the mixture which was used.

(b} Some explosions give a weak continuocus background to their
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spectra. This background makes it difficult to loeate wesk

band heads., These continuous specira can be reduced by adjuste
ing the position of the charge and the relative amounts in the
mizture to give an explosion rate which will allow the solid
particles to exist for only a short time in focus with the slit
of the specirograph as compared with the time of existance of
the excited ges in that position. Ghosh, Mahanti and Mukkerjee (10,
heve observed that the bacikground produced by their mixture is
much less than that obtained by exciting the Mg0 bands by
burning megnesium ribbon. (e} Possibly the large number of
kinds of atoms involved during an explosion makes the assignment
to the proper carrier less certain. The method of elimination
herein used seems to limit the possibilities to quite definite
assignments. {d) Unless very fast photographic plates are

used, this method requires a long time to record the spectra.

The broadening of bands due to collisions {19) and pressure which
no doubt would be enhanced in the explosion was not noticeable

in the spectra as photographed by the low dispersion of the

apparatus used.

A Band System of Mgl

Figure 3 shows several bands produced during the

explosion of a mixture of magnesium, mercuric oxide and sulfur.
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To show that g3 is the cerrier of a m%w.wg observed
in the blue region of the spectrum, when mixtures containing
magnesium and sulfur are expleoded, the pbservations on a number
of different explosions are recorfed in Teble 1. Column 1 gives
the mixture} column 2, the supporting electroede and colummn 3,
glves the observation, positive if the system is observed in the

spectrum, or negative 1f not cbserved,

Table

o Mixture Electrode Observation

Mg and PbO, Carbon
Mg, b0, snd S »
Mg and FbS0,

Mg and Cu0

Mg and Cu30,

Mg, BgO and S
Mg and Hgl

Mg and MgSO,

Al and MgS0,

Mg and MgS0, ‘ Magnesium

- NN
LK 3 N BN B S O O IR N A )

It is evident from these observations that magnesium
and sulfur are both neceasery in the mixture to produce the
system under investigation. Other bands in the viclet mre common

with this system, and it is quite probable that these bands
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These observations show that the two elemenis b
and S are both necessary constitvents for the produstion of
the bands, The large number of sources of Fb and S seem o
eliminate the possibility of any impurities producing the
spectrum. OSinee the system is in appearance gulte like that of
Sg moleecules, a very careful comparison was made between the
data on the S, bands (20) and thess bands which showed them %o
be entirely different. OSince the origin of the system is some-
what indefinite, only & temporary analysis is included, as
given in Table 5.



Fipure 2.
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{a) Copper are in sulfur vapor. (b) The explo-
sion of magnesium with copper sulfate.

{a) Pb0 bands by are of lead in &air.

ib) Pb0 bands by explosion of Mg end Pb0, mixture.

'ﬂ% ¥n0 bands by explosion of Mg apd ¥MnO, mixture.
)} Bef bands by explosion of Mg and Baly mixture.

{4

Vioclet Blue Green Yellow Orange
' [ [ | |

Bands produced during the sxplesion of a mixture of

magnesium mercuric oxide and sulfur.

{n) dpeetrum produced by burning 4 charges of &
nixture, of aluminum, lead dioxide and sulfur.

{b) The iron arc speetrum. (¢} Spectrum pro-
duced by burning 2 charges of a mixture of eluminum,
lead dioxide, and sulfur.



VIIl. RESULTS

A system of bands of MgS (Figure 3) has been obtained
which shows four distinet sequences in the blue part of the
spectrum, About sﬁ‘baad hsads have been measured for the sysiem.
chex band heads belonging to the same system ais ns Aoubt pre-
sent, but too weak to measurs accurately. There appears to be
some doubling in the very weak bands of the {*gl,saquanee‘ 'The
overlapping of this system in the voilet with other bands,
possibly due to another system of MgS, has prevented measuring
the weak heads in that region. The system degrades to the red
as shown by the (0] sequence.

The wave lengths, estimated reletive intensities
{from 00 the very weak to 4, the strongest), wave numbers and
vrv" assigmnents for thia MgS system are shown in Table 3..

The vibrationmal quantum anelysis for this MgS band
systen is given in Tagble 4, which was constructed sccording %o
the eriteria for v'v" assignments. An approximate aqnaﬁian for

the system based on the above date and assignments is

V = 25,056.8 + [495.5 (v + 1/2)-2.8 (v* + /2y -
- [Besez (v 4 1/2) - 2008 (v 4 v2)2]



Date on MgS band heads
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TasLe 4; Vibrational Quaniam Analysis of /‘756 Barnd 5}/5l‘é77z Na. 7.
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-4y, N 4827 { { 4816 | | #82.2
3 234659\, 22,9505 |2 |224432
0 %] o0 3] 2 | N o
Avy 478.0 o | - 478.0
4 234265 224225
3 0 2
5 23,3973 224019 |
00 2
6 233639 | || 22,3804
. 00 P
I 1
|
S = - ! A
AVERAGE N N M § | L
o 5 5 s ‘ |
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The spectrum of PbS {Figure 4a and c) which has
been obtained shows sirong bands throughout the entire visidle
region. The limit of the photographic plate is about 6700 A
and in that part of the specirum the beands are very strong, so
no doubt extend farther to the red then the date indicate.
Gvgr 100 bands have been measured in the region yhétagrayhadu
ALl bhands degrade to the red and show no rotational structure.

» Table 5 gives the data which has been obtained on
the spectrum. These data include all bands observed on the photo-
graph produced by the combustion of & mixture of aluminum, lead
dioxide and sulfur on a carbon electrode. HNo doubt some of these
bands cannot be assigned to FbS.

'~k complete analysis of the FbS bands has not yet
been obtained becsuse of the dirficulty met with in selecting
an origin. The bands seem to fit into two or three schemes only
partially. Further study of these bands is needed.

The band sgeetraﬁ produced by the explosion of mix-
tures of Pb and 5 resembles closely the band systems for Pb0
as reported by Bloomenthal (17)}. However, a careful comparison
of these two spectra reveals that the explosion spectirum contains
many new bands which when analyzed can dbe definitely ascribed to

& PbS systen.
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VIII. INTERPRETATION OF RESULTS

The moment of inertia of the MgS molecule with the
electron in the more excited state. | is,when V*'=0, represented
by Io' and similarly for the less excited state is I ". From
the observatlon that the bands degrade to the red

10> I,
Sinﬁw»léﬂ'nf7i » Where ), is the nuclear separation of the two
atoms in the zero vibrational state and ’L is the reduced mass,
DR A o

The electronic levels which @mﬁma this system of
MgS bands are separated by 2.85 volts or a difference in level
gorresponding to 65,800 calories per gram molecule.

The energy of dissociation of the MgS (gas) mole-
cule to give Mg (gas) + & (gas) may be lem&aw& by the
equation developed by Birge and Sponer {(20). This a@mtmn is

7
D= [ dv
¢ .
where D is energy of dissociation, U)f %—3 WXV end 7, is
the value of V which makes Wy=0, This equation when applied

to the more excited state of the molecule becomes

' 4
D=/, dv!
0
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and gives for the Mgs molscule In that stete the yalue
DY = 82,000 @a;fmgigﬁ Simllarly the dissocistion of the less

excited molecule glves D" = 67,000 cal/mole.
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IX. SUMMARY

The method of exeiting band speetra by explosion mixtures
has wide apgliaability'anﬂ ghould lead to the study of many
new systems., ;

The spectram of Mgs has been excited by this method and a
band system obtained which degrades to the red.

The heat of dissocistion of the MgS moleecule in two different
states of axaitatian{haa been caleulated, |

The spectrum of FbS molecules is easily photographed by the
explosion method. The ayeﬁﬁram of Pb8 which resembles that
of P00 1s not essily analyzed.

The advantages outweigh the disadvantages of the method for

production of many spectra in the longer wavelength regions.
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