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[11 a report made by the senior author at the
[enver Meeting on certain salt mixtures it was
shown that potassium chloride and sodium
Lromide interact with each other when the salts
are fused, the reaction going practically to com-
pletion. This reaction has been studied in
detail botli below and above the fusion point.
Several other reactions have also been investigated
by means of the x-ray spectrograph and are re-
ported below.

Methods and Apparatus

Each mixture examined was weighed out care-
fully, mixed thoroughly and heated in an electric
furnace. Fused mixtures were kept above the
fusion temperature for a few minutes, after
which time they were taken from the furnace and
poured onto a brass plate previously cooled in
ice water. Immediately after pouring the molten
mixture was stamped from above with another
cold plate. The result was almost instantaneous
crystallization.

The apparatus used for x-ray examinations
was th2 General Electric Multiple Diffraction
Spectrograph. The powder method was used
for all tests. The powdered sample was passed
through a 200 mesh screen and sealed in a thin-
walled glass tube having a maximum outside
diameter of 0.9 mm. The powder was ex-
posed to the Mo « doublet for 500 to 600 m. a.
hours, the x-rays being filtered through zirconia
to make tliem nearly monochromatic. The film
radius was 20.3 cm. The unavoidable error is
believed to be about plus or minus 0.006 A.
for a cube edge of 5 to 6 A., which is about the
accuracy reported by Davey! using a similar
laboratory procedure.

All film measurements were made by direct
comparisons with standard sodium chloride lines
on the opposite edge of the film, the NaCl 400,
331 and 420 interference lines being used for
this purpose. For accurate measurements of cube
edges, lines corresponding to interplanar distances
in the range of 1.3 to 1.6 A. (in the same range as
the standard sodium chloride lines) were selected.
The authors believe that this method of deter-
mining the enbe edge has an important advantage

L Trevey Phos fer 2,143 (1923)

over the use of all lines on the film as has fre-
quently been done. In the first place it is ob-
vious that interference lines corresponding to
interplanar distances greater than 2 A. should
not be used since the unavoidable error in measur-
ing is approximately ten times as large as in the
range selected. In the second place lines too far
out from the zero are not convenient since any
error made is multiplied by a very large factor in
calculating the cube edge and also excessive time
of exposure is required to ensure lines heavy
enough to measure accurately.

Mack, Havighurst and Blake? have shown
that greater accuracy is obtained by calibrating
each section of the film, 7. e., by selecting calibrat-

" ing lines in the same range as the unknown lines.

The method described above has been shown
to produce accurate and reproducible results,
as can be seen by referring to the data given
below. It goes without saying that all the lines
(frequently as many as 18 or 20) were measured in
order to determine the pattern or patterns present,
all lines being accounted for in the manner shown
in Table II although space does not permit pub-
lishing all in detail. The Wyckoff method of
mixing the standard with the unknown could
not be used if sodium chloride was to be the
standard since many of the mixtures contained
sodium chloride. In order to determine the
amount of error introduced due to the difference
in densities of sodium chloride and an unknown
wlien the two are photographed on opposite
edges of the film, a trial run was made with pure
potassium bromide as unknown and pure sodium
chloride as standard. A cube edge value of
6.567 A. was obtained for potassium bromide
compared with 6.570 A., the preferred value
reported in the “‘International Critical Tables.”
In some cases flour was mixed with the heavier
samples in order to minimize the effect of the
difference in densities and also to cut down the
time of exposure.

Experimental Results

In order to study in more detail the reaction
KCl 4+ NaBr — KBr -+ NaClientioned above,
a series of binary mixtures of KC1 KBr, KCl-

2} Mack, Havighuest and Blake, Tris larrnat, 46, 2308 0100
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Na(l, Na(Cl-NaBr and NaCl-KBr of wvarious
compositions were made up and examined with
the x-ray spectrograph. All of these salts crys-
tallize in the sodium chloride type of lattice and
the cube edges range from 5.628 A. for NaCl to
6.570 A. for KBr. The chemicals used were of
¢. p. quality for all immixtures. The results ob-
tained arc shown in Table I.
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continuous series of mixed crvstals between 300
and 660°. R. Nacken® found that for a mixture
of 65 mole per cent. of sodium chloride and 35
mole per cent. of potassium chloride the solid
solution which exists at higher temperatures un-
mixes at slightly under 500° and that pure sodium
chloride exists just under 300 ° and pure potassium
chloride somewhat below 250°.

TaBLE I
RESULTS OF X-RAY ANALYSIS OF BINARY MIXTURES
Composi- Phase 1 Phase 11
Mixture tion in Indices Cube indices Cube
number mole Y. hkl din A, edge = a Remarks hkl din A, edge = a Remarks
19a  NaCl 50 400* .. .. For pure NaCl 400 1.571 6.284 For pure KCI
KCl 50 420 1.257 5.628 a = 5.628 420°¢ ... a = 6.280
422 1.149 5.628 No KCl diss. 422 1.282 6.280 No NaCl diss.
42 KBr 85 400 1.634 ¢.536 For a solid soln, of this No lines for a second
KCl 15 420 1.461 6.534 compn. phase obs.
422 1.333 6.330 a = 6.526
2W KBr 30 400 1.607 6.428 For a solid soln. of this No lines for a second
KCl 50 420 1.436 6.426 compn. phase obs.
422 1.309 6.416 a = 6.425
43 NaBr 50 400 1.452 5.808 For a solid solu. of this NaCllines detected (faint)
NaCl 50 420 1.300 5.814 comprn,
422 1,186 5.810 a = 5.784
1Y NaCl 85 400 1.421 5.684 For a solid soln. of this No lines for a second phase
NaBr 15 331 1.302 5.676 compn. obs.
420 1.271 5.684 a = 5.674
44 NaCl 50 400° ... o NaCl appears to be sk, sol, 222" .. o For pure Na(Cl
KBr &0 420 1.464 6.548 in KBr.{(a = 6.570) 420 1.260 5.634 a = 5.0628

422 1.338 6.554

¢ Double line, 7. ¢., a line from each pattern occurred at about this position and hence neither could be measured

accurately.

Vegard® investigated the system KCI-KBr and
found it completely miscible in all proportions in
the solid state. Vegard’s results have since been
confirmed by other workers* and in the present
work (Mix No. 42 and No. 2W, Table I). From
his work with KCI-KBr mixtures Vegard was able
to state the “Additivity Law.” Although it is by
no means certain that the “Additivity Law” holds
for all substitutional solid solutions, it does seem
to hold very well for the type of solid solution
dealt with in this paper. One of the purposes of
the present work has been to see how well x-ray
‘measurements from this type of salt mixture can
be explained in terms of the ‘Additivity Law.”
Its validity has therefore been assumed.

It was already known that sodium chloride
and potassium chloride are at most only a very
little soluble in each other in the solid state at
room temperature.  G.o Tammann® reported a

vA) Vegurd, 2. Mhvadk, 50 16 1100

by vy Haviglhwrst, Muaeck qnd Blake, Tats Jonrnan, 47, 29
V1O2R) . ) Pavean . 24 deond Loseer, 14, 2153 217 (14051

1A CTammaornt, Nagci Gee Y, Galtien, b 427 7 10190),

Havighurst, Mack and Blake* using x-ray
diffraction methods, report that about 29, of
sodium chloride dissolves in potassium chloride
and a few per cent. of potassium chloride in
sodium chloride at room temperature. These
conclusions were based upon two measurements
which appear to be wholly inconsistent with
each other. In this work it was found possible to
check one of these two measurements to within
0.001 A. (Mix No. 19a, Table I), from which
results it is concluded that sodium chloride and
potassium chloride are almost if not completely
insoluble in each other in the solid state at room
temperature.

Sodium bromide is reported to form a solid
solution with sodium chloride up to 359, sodium
bromide.** Results are shown in Table I for a
50 mole per cent. mixture of sodium bromide and
sodium chloride (No. 43). It is to be observed
that the cube edge for the solid solution was
larger than the calculated value, the observed
Yhad | 100 200 7 101S)

O Naeken, Trhingen Sitzh kulo prence
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value being 5.811 A. and the calculated 5.784 A.
Another 50-50 mixture made up in a similar
manner showed a cube edge of 5.834 A. The
direct interpretation of these results would be
that the solubility of sodium chloride in sodium
bromide has been exceeded and that there should
be some pure sodium chloride in the mixture.
After carefully clearing the film somewhat with
cyanide some very faint lines corresponding to
part of the sodium chloride pattern were found.
The spectrograms of the annealed mixture re-
vealed these lines more clearly. These results
with those mentioned above indicate that sodium
chloride and sodium bromide are not completely
miscible, and that their miscibility depends upon
the heat treatment which would account for the
two somewhat different results reported above.

The detailed results obtained for duplicate
runs for a KCl-NaBr mixture with an 80-20
mole per cent. composition are shown in Table
II. It is clear from the table that the observed
values for d from the duplicate runs agree with
each other very closely. All of the lines are
accurately accounted for on the basis of two face-
centered patterns. The lines for one pattern
correspond closely to lines for pure sodium
chloride. Lines of the other pattern are very
close to the positions expected for a solid solution
of potassium chloride and potassium bromide
although no potassium bromide was put into the
mixture. The obvious explanation is that potas-
sium chloride and sodium bromide have reacted
according to the equation 8KCl + 2NaBr —>
2KBr + 2NaCl + 6KCl and that the resulting
potassium bromide has formed a solid solution
with the residual potassium chloride. It is very
interesting to note that the reaction appears to
go to completion. As early as 1903 Ruff and
Plato’ reported a eutectic mixture of potassium
bromide and sodium chloride having the com-
position of 54 mole per cent. potassium bromide.
Bronsted and Petersen® arranged a cell in which
this reaction could go in aqueous solution. The
e. m. f. was found to be +0.0531 volt from which
the ecuilibrium constant has been calculated to be
K = 12 (approx.).

In order to study the reaction further a KBr~
NaCl-KCl mixture having the composition 20—
20-60 mole per cent. (see reaction above) was
made up, and photographed on one edge of a film

(7) Ruff aml Plato, Ber., 86, 2357 (1903).
(8) Eronsted and Petersen, Del. Kgl. Danske Videnskab. Selskab
Math fye Medd , 1, No. 3 (1917).
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TasLE II
MixTUurg 41, KCl 80 MoLe Per CeNT., NaBr 20 MoLE

PErR CENT. STANDARD OoF CoMPARISON, NaCl
Film L-31 Film 1,22
" 2 E
% “nos 3 5
g EaRNC) [
2 > ol Tes 3 5 L]
Z =] ~ 3 ~ % 2° F8y. 5 3
o g 2 Z £ 2~ Ul miky g2 ED
5 0z ¢ £ S Er _gIcQgs Ee T2
i - ~ - = s e wadi S w4
1 16 3.17 10 3.165 200 3.173 8.176
2 4 2.8 2 2.81 200 2.814
3 9 224 9 2.24 220 2.244 2.246
4 2 1.988 1 1.989 220 1.990
5 4 1.820 4 1.829 222 1.832 1.833
6 ¢ 1.627 .. .. 222 1.624
7 2 1.585 2 1.584 400 1.587" 1.388
8 4 1.419 7 1.418 420 1.4197 1.420 400 1.407
9 3 1.296 5 1.203 422 1.205% 1.207
10 0.51.260 @ 1.259 420 1.259
11 5 1.148 ¢ 1.150 422 1.149
12 1 1.120 0.5 1.121 440 1.122 1.123
13 2 1,058 1 1.058 442 .
0o 1-038 1.039
14 1 1.002 0.5 1.002 620 1.003 1.004
15 1 0.957 622 0.958 0.957
6 @ .939 442
600 0.938
17 @ 017 444 916  .917
18 ¢ .882 640 .880  .881
19 0.5 .830 642  .848  .849
20 @ 771 820
gaa 770 LTT0
® Very faint. ' duwo Caled. from duw, dge, des. ° Cal-

culated on the assuinption of complete conversion of

NaBr to XBr.

with the 80-20 mixture of potassium chloride and
potassium bromide on the other edge. The
film obtained showed identical patterns on its
two edges, indicating clearly that potassium
chloride and sodium bromide reacted with each
other as indicated above.

Table III shows the results obtained from a
series of KCl-NaBr reactions with an excess of
sodium chloride and potassium bromide as shown
in the table. It has been pointed out above
(Table I) that potassium bromide and potassium
chloride form a solid solution with each other in
all proportions and that sodium bromide and
sodium chloride form a solid solution with each
other within limits. It seems clear from the re-
sults for numbers 32a, 38 and 40 that potassium
bromide present in the original mixture or formed’
by the reaction forms a solid solution with any
excess potassium chloride and that sodium
chloride is left as the pure salt. In the case of
mixture 33, sodium bromide is present in excess
instead of potassium chloride and a solid solution
of sodium chloride and sodium bromide results,
the potassium bromide being left as a pure
component. The value obtained for the cube
edge of potassium bromide in this case is slightly
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TasLE III

SHOWING X-RAY DATA FOR A SERIES OF REACTIONS BETWEEN KCl AND NaBr wite Excess NaCl ANp KBr A8 SHOWN IN
THE EQUATIONS

:xillli‘ltbuerxe Composition before fusion Assumed composition after fusion

32a 30KCl 4 20NaBr + 20KBr + 30NaCl —> 40K Br + 10KCl + 50NaCl
KBr-K.Cl phase a = 6.52501s 1, 6.52100s.15, 6.512¢a0.; NaCl phase ¢ = 5.634"

38 40K Cl + 20NaBr + 40NaCl —> 20K Br + 20KCl + 60NaCl
KBr-KCl phase a = 6.43801s.1. 6.4390bs.11, 6.426¢u.; Nall phase a = 5.630

40 24KCl 4+ 20NaBr + 56NaCl —>» 20KBr + 4KCl +4 76NaCl
KBr-KCl phase ¢ = 6.5240bs.1, 6.5210ne.11, 6. 522104, ; NaCl phase a = 5.4134

33 30K Cl 4+ 40NaBr + 30NaCl —> 60NaCl 4+ 10NaBr 4+ 30KBr

NaCl-NaBr phase a = 5.60630ns., 5.673¢al.; a for pure KBr = 6.57, 6.5580us.

¢ Accepted cube edge for pure NaCl is 5.628.

less than the accepted value but corresponds al-
most exactly with: the value obtained when a 50- 350
mixture of potassium bromide and sodium chlo-
ride (No. 44, Table I) was fused. It seems pos-
sible that a small amount of sodium chioride is
dissolved in the potassium chloride.

Table IV shows the results obtained from a
5050 mixture of potassium chloride and sodium
bromide which was ground together vigorously
in a large mortar for fifteen minutes but which
was not heated in the furnace. It is clear that
some reaction to form potassium bromide and
sodium chloride has occurred and that neither
KCI-KBr nor NaCl-NaBr solid solutions have
been formed and furthermore that the reaction
has not gone to completion since all four pat-
terns are present. Judging from the intensities
of the lines it might be estimated that about lialf
of the KCI-NaBr mixture had been converted.
A similar mixture was mixed (without grinding)
and heated at 400° (below the fusion temperature)
for eight hours. All four patterns were again pres-
ent but the potassium bhromide and sodium chlo-
ride patterus were not as intense as before, indicat-

TaBLre IV
SHOWING RESULTS PR A 50-50 MoLE Prr CENT. MIXTURE
or KCl axp NaBr Grounp ToGETHER

hk! dfor hkl dfor hkl dfor hkl dfor
Line in-  pure in- pure in- pure in- pure
no. Obs. dices KBr dices KCl dices NaBr dices NaCl
1 3.2 200 3.28
Y313 200 3.14
3 2.0735 200 2.970
4 2.820 200 2.814
5 2,330 220 2.323
# 0225 220 2,220
T 2.09 220 2.100
8 1.988 311 1.981 220 1.990
v 1.89 222 1.897
10 1.80 222 1.813 311 1.791
11 1.711 222 1.718
12 1.635 400 1.842 222 1.624
13 1.573 400 1.570
14 1.4689 420 1,460
15 1405 420 1.404 400 1.407

ing a smaller amount of conversion. Another
portion of the mixture was heated to 400° for
thirty hours. In this case the potassium bromide
and sodium chloride patterns were strong with
only one or two lines of the potassium chloride
and sodium bromide patterns, indicating almost
complete reaction. It is interesting to note that
no solid solution is formed between potassium
chloride and potassium bromide or between sodium
chloride and sodium bromide when heated at
100°, while when cooled from the fused state these
two solid solutions are readily formed.

Tables V to VIII show the results obtained
fromi a series of mixtures in case of which double
decomposition was possible. In each case equi-
librium was approaclied from both directions.
The results shown in Table V indicate that
potassium chloride and sodium fluoride do not
unite with each otlier but that potassium fluoride
and sodium chloride react completely to form
potassium chloride and sodium fluoride.

TaBLE V
KCl 4+ Nalé €<— KF 4- Na(l

Mixture no. 401 400
Comp., mole %, 50-30 K™ and NaCl KCI” and NaF
Phase 1, § Obs. 4.618 4.024

cube edge = « + NaF 4.62 4.62
Phase 11, { Obs. 6. 260 6.268

cube edge = a | KCI .28 6.28

* Dry salts mixed and fused.

The results shown in Table VI indicate that
potassium chloride and sodium iodide react to
form potassium iodide and sodium chloride.
Vaksherg? reports, as the result of a thermal in-
vestigation, that KCIl 4 Nal — KI 4 NaCl form
an irreversible reciprocal system with equilibrium
more nearly in the direction of KI + NaCl
Also potassium iodide and sodium iodide are

(9) Vaksberg, J. Russ. Phys.-Chem. Soc., 62, 1259 (1030).
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TasrLe VI
KCl + Nal —> KI + Na(l
Mixture 1o. 300 301
Comnp., mole 7 50-50 Nal“ and KClI KI* and NaCl
Phas- I, " Obs. 7.061 7.056
cube edge = o | KI 7.052° 7.052
Phass= II, NaCl lines observed opposite

the NaCl standard

“Dry salts mixed and fused. * Clarke and Duane ob-
tained a cube edge value of 7.064 A. for potassium icdide.

cube edge = a

reported to form a solid solution which does not
show any break inside the reciprocal svstem.
The results from Table VI would seem to indicate
that the reaction goes to completion, since any
unchanged sodium iodide remaining would in-
fluence the lattice dimensions of potassium
iodide.

TasrLe VII
KCI + AgBr <— KBr + AgCl

Mixture 110, 201 200
Comp., molz ¢ 50-50  KBr®and AgCl KCI° and AgBr
Phasc I, . Obs, 6.280 6.284

cube edge = o | KCl 6.28 6.28
Phase II, { Obs. 5.746 5.740

cube edge = a | AgBr 5.750 5.750

¢ Dry salts mixed and fused.

The results shown in Table VII indicate that
potassium chloride and silver bromide do not
react but that potassium bromide and silver chlo-
ride react to form potassium chloride and silver
brornide. Palkin,!® using thermal methods, re-
ports the shifting of equilibrium toward the
formation of silver bromide. It is known that
silver chloride and silver bromide as well as
potessivin bromide and potassium chloride form
unbroken series of solid solutions. The patterns
of pure potassium chloride and silver bromide
reported inn the table indicate complete reaction.

Tanie VIII
KCl 4+ NaNQO; —> KNO; + NaCl

Alixture 110. 100 102
Comp., role ¥ 5650 NaNOQ;* and  KNO;* and
KClI NaCl
Phase I, " Obs. 5.628 5.626
cube edge = ¢ ! NaCl 5.628 5.628
Phase 1T, Phase Il incach case wasfound to
cube edge = « e KNQ; by direct compari-

son with KNO;s lines
¢ Dry salts mixed and fuscd.

The results shown i1 Tuble VIII show tliat
potassium chloride and sodiuin uitrate react to

{10y Pualkin, Avta Univ. Asiae Medige, Series VI, Chemn., No. 4,
3--17 (1930).
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form KNO; + NaCl. The behavior of this mix-
ture is well known in aqueous solution, having
been the subject of numerous investigations.!!
Table IX indicates the direction of the halide
reactions described above and lists the respective
cube edges of the components involved. It is
to be seen from the table that the reactions go in
each case in such a direction that the average
cube edge becomes a minimum. The average
molecular volume becomes a4 maximum at the
same time. Mathieu and Pai¢'? have examined
a series of reactions occurring in the solid state
by means of the x-ray spectrograph and report
that of seven reactions examined three take place

TaBLE IX

KCl 4+ NaBr —> KBr + NaCl

6.28 +5.94 = 12.22; 6.57 4+ 5.628 = 12,208
KCl 4+ Nal —> KI + NaCl

6.28 4 6.46 = 12.74; 7.052 + 5.628 = 12.680
KCl! 4+ NaF <«<— KF + NaCl

6.28 +4.62 = 10.90: 5.328 + 5.628 = 10.956
KCl 4+ AgBr <— KBr + AgCl

6.28 +5.750 = 12.03; 6.57 4+ 5.540 = 12.11

with increase in molecular volume, two with a
decrease and one with no change. The reactious
examined were not double decomposition reac-
tions. Berketoff!® examined chlorides and iodides
of Li and Na, Li and K, Li and Cs, Na and K,
Na and Cs and K and Cs by an indirect method
which involved the heat of solution of salt mix-
tures which had been melted together and those
which had been merely mechanically mixed.
From these studies Berketoff concluded that
double decomposition occurs ameng these salts
in such a direction that cations and anions of
higher atomic weights unite with each other and
cations and anions of lower atomic weights like-
wise unite with each other. All of the doublc
decompositions described in the tables above
check with this conclusion withont exception.
The reaction AgCl + KI —> AgI + KCl has
been examined by Rostkovskii,'* tlie reaction
TINO; + KI —> TII + KNO; by Palkin’”
and the reaction TING; + KBr —> TIBr +
KNO; by Rostkovskii,! therial methods having
beenn used in all three cases. These cases all
check with Berketoff's conclusion.

(11) Uyeda, Mem. Coll. Sc¢i. IEng, (Kvoto), 2, 243--254 (1910).

(12) Mathien and Pais, Compi. rend., 182, 410-418 (1931).

(13) Berketoft, Aiit. d. -1kad. d. Wiss., 18, No. 5 {(1903).
{14) Rostkovskii, J. Russ. Phys.-Chem. Soc. 61, 313 (1929)

(15) Palkin, /bid., 62, 57 (1930).
116) Rostkovskii, itid., 61, 80 11920),
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Bergmann'? has made an extensive study of
mixtures of mercury and cadmium halides with
g T1, NHy, Li, Na and K nitrates, using thermal
methods. This study is interesting because of
the low icnization of mercury and cadmium salts.
Bergmanu concludes that in the case of the mer-
cury halides almost no double decomposition
occurs but that the cadmium halides show a
tendency toward double decomposition in case no
complex compounds are formed.

Summary

1. X-ray patierns have been determined for
a series of mixtures containing KCIl-NaBr, KCI-
NaF, KCIl--Nal, KCI-NaNQ; and KCl-AgBr.

(17) Bergmann, Z. anorg. allgem. Chem., 187, 83 (1926).
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2. Evidence of double decomposition in the
absence of a solvent has been obtained for mix-
tures containing KCl-NaBr, KCI-Nal and KCl-
NaNQs.

3. Equimolar mixtures of KF-Na(Cl have
been shown to go to KCl and NaF when melted
and equimolar mixtures of AgCl-KBr have
been shown to form AgBr and KCl when melted.

4. KCI-NaBr mixtures have been examined
below the fusion temperature and double de-
composition found to occur.

5. Within the limit of error all double de-
compositions examined have beeu found to go to
completion and the final products to be insoluble
in each other in the solid state.

St. Lours, Mo. RECRIVED OCTOBER 12, 1933
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Some Chemical Reactions Involving Active Nitrogen'

By R. H. EwarT AND W. H. RODEBUSH

In the course of some investigations of the re-
action of atomic hydrogen with hydrogen bromide
a yellow luminocsity was observed which was
finally discovered to be due to traces of nitrogen
present in the hydrogen which passed through the
electrodeless discharge. In order to confirm this,
ivdrogen bromide at low pressure was introduced
into a tube through which glowing nitrogen like-
wise at low pressure was flowing. The point of
introduction of the hydrogen bromide was abou:
30 et from the discharge bulb. The nitrogen used
in the experiment contaiued a trace of water vapor
and the afterglow was quite brilliant and estended
with no apparent diminution ir intensity from the
clectrodeless discharge bulb to tle liquid air trap.

At the point where the hydrogen bromide was
cdmitted the afterglow became a brilliant orange
of greatly increased imtensity and all afterglow
ceased m the tube below the point of admission
of the hydrogen bromide. After a few minutes
a white deposit appeared on the walls of the tube
at the point of adniission of the hydrogen bromide.
Tte solid proved to Tre ammonium bromide anc
at the end of the run the liquid air trap was found
to contain free bromine.

When the hydrogen bromide flow was stopped

(1) For references to work on active nitrogen see Kneser, Ergef-
nisse der exaklen Neluriissenschuffen, 8, 220 (1929): also publiea
tions by Kaplan jn Pl Ken (1421 1932%

the brilliant orange flame diminished in intensity
and moved at the rate of a few centimeters per
minute, By the time the flame had moved some
20 cm. its intensity was apparently reduced to
zero and the normal vellow afterglow suddenly
swept through the apparatus as though a valve
had been opened. When the flame was allowed to
“die out” in this way no white deposit remained
in the tube. In order to obtain samples of the
white deposit it was necessary to stop the flow
of active nitrogen at the same time that the flow
of hydrogen bromide was stopped.

Wlien hydrogen iodide is introduced in place
of hydrogen bremide the same phenomena were
observed and the flame was even more intense
and of a brilliant blue color. With hydrogen
chloride no effect was observed except that the
afterglow ceased below the point of admission.

It is possible to offer a plausible explanation for
this phenomenon. The ordinary bands in the
nitrogen afterglow involve transitions from the
11th level of the B state to the 7th, 8th and 9th
levels of the A state of the molecule. When the
orange colored flame was examined with the
spectroscope it was found to owe its color to
strong hands of 5900-6000 A. which probably
correspond to transitions from the 9th level of
the B state to the 6th or 7th levels of the A state.



