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close to the base ; on tlie other tower it should be near the constriction.
The inner diameter of the constriction should iu each case be smaller
than the inner diameter of the neck in order to permit the introduction
of the rubber stoppers and glass tubes. In setting up the apparatus
for ordinary use an irou ring-stand with three clamps holding the appa-

ratus at D, A and F, respectively, may be employed.
CORNELL UNIVERSITY,
March, 1907.

THE SELENIDES OF SODIUM.
By C. H. MATHEWSON.
Received March 21, 1907.

The existence of selenides of the general formula Na,Se, has long been
known but no systematic attempt to prepare and study the series by
crystallization from solutions corresponding in composition to various
possible formulas or by physical cliemical methods has been nndertaken
Uelsmann' in 1860 observed that selenium and sodium combine very
readily at moderately low temperatures, with evolution of heat and light.
He prepared a compound which lie assumed to be Na,Se by passing hy-
drogen selenide into strong sodium hydroxide solutions. No amalysis
was given to support this conclusion. Hugot® prepared the monoselen-
ide by action of sodammionium in excess on selenium and de-
scribed it as a wlite amorphous substance soluble in water free from air
producing a colorless solution. Air causes tlie immediate separation of
red selenium.  Fabre' obtained several crystalline monoselenides by
treating sodiun hydroxide solutions with hydrogen selenide. Ignition
in nitrogen expels water of crystallization without furtlier decomposition.
Jackson* reduced sodium selenide with carbon, a method used by
Wohler and Dean’® for preparing the potassium compound. The result-
ing selenide gave a dibenzyldiselenide when treated with benzylchlor-
ide which characterized the alkali selenide as Na,Se, and not Na,Se.
Rathke®explained this formation of diselenide by tlie unavoidable pres-
ence of water in the carbon used for reduction, with cousequent oxida-
tion of the monoselenide. Sodium tetraselenide, Na,Se, was prepared by
Hugot’ by the action of sodaminoniuni on an excess of selenium.

Alkali sulphides of the following six types are known :—

X8, X.8,. XS, X8, XS, X,S,.
Rigid experimental proof of the existence of this unbroken series of sul-

! Ann. Chem. Pharm., 116, 122 (1860).
2 Compt. rend., 129, 299 (1899).

$ Ann. chim. phys., (6), 10, 500 (1887).
4 Ber., 7, 1277 (1874).

5 Ann. Chem. Pharm., 97, 5 (1856).

6 Aun., 152, 181 (1869).

loc. cit., page 1.
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phides of rubidium and cesium has been obtained by Biltz and Wilke-
Dorfurt'.  Their conclusions were based mainly upon freezing point
determinations. A similar systematic investigation of the sodium and
potassium sulphides has uot been published but most of the formula types
(at least for potassium) have been realized in purely preparative experi-
nients.

The close analogy existing between sulphides and selenides would
suggest a closely similar series of alkali selenides. Three representa-
tives, X,Se, X,Se, and X,Se,, corresponding to above mentioned sul-
phides have been isolated for sodium and potassium. This thermo-ana-
lytical study of the selenides of sodium was undertaken with the pur-
pose of describing all compounds of sodium with selenium which result
from direct combination of the elements and are stable in contact with
the liquid phase. For a detailed exposition of the application of the
principles of heterogeneousequilibrium to the determination and inter-
pretation of cooling curves reference may be made to three papers by
Tammann®. Freezing point curves have often been compiled from cool-
ing curves taken after successive additions of one component, thereby
regularly increasing its concentration in the sample and simultaneously
increasing the total weiglit. To obtain the actual limiting concentra-
tions at wlich an eutectic begins to appear requires by this method an
unusually large expenditure of experimental effort and results are gene-
rally obtained only in approximation. The practice of referring all
cooling curves to the same weight of sample and tlie same rate of cool-
ing permits a comparison of the results obtained in neighboring coucen-
trations aud a graphical determination of limiting concentrations as well
as those representing maxinium times of crystallization. By careful ap-
plication of these principles the formulas of chemical compounds crystal-
lizing in the melt can usitally be determined with great accuracy.

Experimental Procedure
Essentially the same method of experimentation was adopted as has
been previously used and described by the author in the investigation of
sodium-tin alloys®. It may be said in addition that the heat evolved by
the reaction of sodium with selenium is greater than has been observed
in the study of sodium alloys of tin, lead, zinc, cadmium, bismuth and
antimony*, all of which form definite compounds. Bismuth and antimony
alone enter into this combination with a somewhat comparable manifes-
tation of free energy. Small pieces of amorphous selenium (a few milli-
grams) were added at intervals to molten sodium in a tube of Jena glass
1 Z. anorg. Chem., 48, 297 (1905).
? Ibid., 37, 303 (1903); 45, 24 (1903); 47, 289 (1905).
+Ibid., 46, 91 (1905).
“Ihid., 48, 191 and 50, 171 (1906).
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kept at a temperature slightly in excess of the melting point of sodium
by a surrounding bath of paraffin oil. A slow current of dry hydrogen
circulated in the apparatus. Notwithstanding the utmost precaution the
glass tubes were not infrequently ruined by the violence of the combina-
tion. The addition of selenium to an excess of sodium occasions violent
exothermic formation of the white monoselenide, addition of selenium to
the nionoselenide results in polyselenide formation without considerable
heat evolution. Preparation of the pure monoselenide might be sug-
gested as an advisable preliminary to the subsequent thermic work, but
this itself presents difficulty. Passing hydrogen selenide into strong
sodium hydroxide solutions furnislies a good product, but the irritating
effect of this gas even in small quantities on the mucous membranes of
the throat, nose and eyes renders the operation on a moderately large
scale objectionable. The tube containing a mixture of monoselenide and
selenium was transferred to a cylindrical iron sand bath surrounded by
an asbestos mantle to prevent rapid heat radiation and the contents
nmelted. Cooling was conducted at a nearly uniform rate of 4.75° in ten
seconds, at or near 500°, 2.5° at or near 300°, 1.8° at or near 200° and
0.6° at or near 100°. Temperatures were measured by a thermo-electric
couple of platinum, platinum rhodium (10 per cent.) which was calibrated
from the following four fixed points on the air thermometer scale :

Boiling point water 100°, melting point ziuc 419°, melting point tin
232°7 melting point antimony 630.6

The cold junction of the thermo-couple was surrounded with water at
18 =+ 2° for these calibrations and during actual measurements the varia-
tion in the temperature of this bath was kept within these limits. Tem-
perature readings were accurate throughout the whole range to about 2°,
A sample of 10 g. total weight was used in each experiment. Weighings
were carried to the nearest centigram. Some slight spattering during the
preparation of the melt was unavoidable ; analyses of several representa-
tive samples established the change in concentration due to this and
other details of the manipulation at == 0.2 wt. percent sodium. The melt
was regularly stirred during cooling as long as its consistency would per-
mit. Previous experience has shown the importance of thorough me-
chanical mixing in obtaining the normal time of crystallization at a tem.
perature corresponding to nonvariant equilibrium between (a) primary
crystals which have separated from the melt at higher temperatures
along the freezing point curve, (b) crystals forming at this temperature
during reaction between (a) crystals and melt and (c¢) melt ( (d) vapor).
The stirring should secure thorough mixing rather than an artificial
segregation of material, a condition somewhat difficult of attainment

1 Holborn and Day, Ann. Physik., 2, 545 (19c0).
2 Heycock and Neville, J. Chem. Soc., 57, 380 (1890).
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owing to the pasty cousistency of the reaction mixture common at tlis
point. It may be stated in anticipation that several instances of this
type of equilibrium were discovered in the study of these compounds.
Soft iron wire was used in stirring at temperatnres below 400°, at higher
temperatures this dissolved appreciably in the fusion and use was made of
small rods of Jena glass. At these higher temperatures the Jena glass
used tliroughont the work as receptacle for the fused wmixtures, protect-
ive covering for the thermo-electric junction, and for stirring, was cou-
siderably blackened ; below 350° very slightly. Changes of concentra-
tion due to this cause were found by analysis to be negligible,

The data fron1 which cooling curves for 20 separate couceuntrations were
constructed was obtained by observatious taken every ten (10) seconds
on the falling temperature in the molten mixtures. The temperatures
were plotted as ordiuates, time intervals as abscissae. Table I,
gives a complete sunnnary of these thermic results.

TABLE 1.
Snmmary of results from cooling curves.
Weight per Atomic per LEMP: of Secondary Crystalization.
No. ceutFSO ium cent, Sodium P“C‘:;T;y Temp. i}:lénei. Temp. i:l';'éi.
1 Pure Sodium—Melting Point 97.5°
2 72.3 89.9 343° 97° 290
3 53.7 79.9 610° 97° 165
Sodium monoselenide (66.6 at % Na)
melts abozve 875°.
4 30.4 60.0 ? 500° 45
5 27.8 56.9 745° 480° 70
6 24.0 52.0 593° 492° 110
7 22.5 50.0 Sodium diselenide (s0.0 at % Na)
melts with decomposition at 495°.
Time of cryst. 160 sec.
8 20.8 47.5 469° 314° 25
9 19.2 44.9 4:3° 369° 70
10 16.3 40.0 368° Sodimn triselenide (40.0 at % Na)
melts with decomposition at 313°.
Time of crvst. 135 sec.
11 14.8 37.4 333° 308° 40 288° 90
12 13.0 34.0 306° 290° 210
Sodinm tetraselenide (33.3 at % Na)
melts with decomposition at 290°.
Time of cryst. 250 sec.
13 12.0 32.0 300° 258° 25 292° 185
14 1.1 30.0 286° 258° 70
15 10.0 27.6 280° 258° 120
16 8.8 25.0 276° Sodium hexaselenide (25.0 at % Na)
melts with decomposition at 258°,
Time of cryst. 200 sec.
17 6.8 20.0 272° 258° 120 207° 30
18 4.9 15.1 253° 210° 140
19 2.5 8.1 243° 215° 210
20 1.2 4.0 226° 217° 230
21 0.6 2.0 223° 217° 250
22 Pure seleninmt (grey-metallic) melting point 217°.

Inthe table, column (2) contairs tlie weight percents of sodiumin tlie
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wixtures;column (3) the corresponding atomic percents sodium’; column
(4) the temperature at which initial retardation in the rate of cooling was
observed. This is evinced by a more or less plainly marked break in the
curve ; columns (5) and (6) the temperature and time of secondary crys-
tallization in the systeni, rendered nouvariant by the pressure of a secoud
solid phase; colummns (7) and {8) similar data relating to a second tem-
perature of nonvariant equilibrium on the cooling curve,

These tabulated results are to be found in diagramatic form on page
872, Fig. L.

The curve Na - - - - - - B C D E Se joining the points of primary
separation of a solid phase from the fusion of the twenty concentrations
is the freezing point curve and consists of at Jeast (5) branches; Na...B,
BC, CD, DE and ESe. The six horizontal lines of the diagram (Bb, etc.)
represent nonvariant crystallization at the temperatures for which they
are drawn and within the concentration limits over which they are pro-
longed. The vertical lines (es. etc.) are proportional to the time during
which the temperature remained constant on the cooling curves of the
respective concentrations. The end points of the horizontals (represent-
ing minimum crystallization) were found by drawing the verticals to a
larger scale and constructing curves joining tlie ends and intersecting tlie
horizontals ; these points of iutersection are the required end concentra-
tions. ‘The actual concentrations correspouding to maxinmum crystalliza-
tion were similarly obtained by coustruction on an enlarged scale.

Table 2, page 874, summarizes the figures obtained by these methods
and presents the thermo-analvtical conclusions.

The five (5) sodium-selenium comnpounds given in column 7 of this
table may be further characterized as follows:

(a) Sodium-monoselenide, Na,Se, melts at some temperature above 875°
which was not realized experimentally owing to the lack of a suitable
containing vessel for the fusion. Iron, in which sodium may be distilled
uuchanged?®, is unsuitabte owing to ready reaction witl selenium at these
temperatures. Glass and porcelain are attacked by sodium. This com-
pound has been described by Hugot®. Its color is white, rapidly chang-
inging to red in moist air owing to oxidation with separation of seleniuni.
The water solution is colorless when kept in a non-oxidizing atmospliere,
undergoing a similar change, however, in the air.” Selenium dissolves
readily in the solution of the monoselenide producing a wine color which

Weight percent sodium

! Atomic percent sodium = 23.65
Weight percent sodium Weight percent seleniuni

_ - ——————

23.05 79.2
? Ruff'and Johannsen. Ber., 14, 3601 (1905).
#loc. cit., page 1.
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deepens with increasing addition of the element, finally becoming dark
and opaque. Such solutions may be concentrated in hydrogen without
separation of selenium,

(6) Sodium diselenide, Na,Se, is in equilibrium with the melt along
the branch, BC, of the melting point curve (Fig. 1). The break at B in
the curve is represented as nearly coincident with the concentration to
which the maximum time of crystallization along the horizontal Bb cor-
responds. Experiments have not been sufficiently detailed to conclusive-
ly establish this construction. Owing to the appreciable reactivity of
the melts towards glass at temiperatures in the vicinity of B (495°) a
somewhat greater error limit must be conceded to these points than to
those between C and Se. It is, nevertheless, most probable that the con-
centration of the pure compound lies somewhat to the left of the point
B, as shown in the diagram, in which case the following reversible
reaction takes place at 495°:

1 Na,Se,+w a Na,Se + melt of conc. B., the coefficient a being a small
fractional number. Other possibilities are, (1) the point B represents
exactly the concentration of the pure compound which then melts with-
out deconiposition and dissolves no monoselenide at its melting point.
(II). The pure compound melts without decomposition and dissolves
monoselenide sparingly with a proportionately slight lowering of the
melting point’.

(¢) Sodium triselenide, Na,Se, separates as the primary crystalline
phase along the short branch CD. At 313° the triselenide is in equilib.
rium with diselenide and melt of the concentration C. The quauntitative
relations are as follows :

1Na,5e,720.32 Na,Se, + melt (1.35 mol. Na 4 2.35 mol. Se) concen-
tration C.

(d) Sodium tetraselenide, Na,Se,, crystallizes primarily along the flat
branch DE.

The reversible reaction at 29o° is expressed by the equation :

1Na,Se, < w0.40Na,Se, -~ melt (1.20 mol. Na -+ 2.80 mol. Se) concen-
tration D.

() Sodium hexaselenide, Na,Se,, is the primary crystalline phase sep-
arating along the branch E Se. By falling temperature the following
reaction proceeds at 258° to the left; by rising temperature in the reverse
direction :

1Na,Se e w0.73Na,Se, + melt (0.54 mol. Na 4 3.08 mol. Se) concen-
tration E.

The polyselenides of sodium are all readily soluble in water, producing
! For a more extended discussion of a similar case compare Vogel, Z. anorg.
Chem., 48, 333 (1906).



TABLE 1I.
Thermmic Analysis of tlie Selenides of Sodium.

See Diagram 1, Fig. 1.

Atoutic per Limitiug concentrations Average of conceutra- Therimo-
X . cent. Na expressed in atomiic tions determining for- Calcwlated comnpositiont aualytical
Solid phases crystallizing at thie same tem- correspond per cent Na. mulas of componnds. erTor.
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from mixtures of compound No. 1
and melt. [Horizontal Bb] 50.2
Compound No. 3 erystallizing at 313° 48-8 b 49-5 22.0 Cv‘;;g.'f;,“ ? 50-00 22.54 0.5 0.3
from mixtures of compound No. 2 T
and melt. [Horizontal Ccc’] 40.3
Compound No. 4 crystallizing at 2go° 401 l ......... d4o.2 16-36 C'I{;‘,:'J:f’J J0-00 16.-125 0.2 0-1
from mixtures of compound No. 3 } T
and melt. [Horizontal Ddd’] 32-7
Compound No. 5 crystallizing at 258° 331 1 ......... 32.9 12.5 C'l,’\l‘L No.4 33.33 1270 0. 0.1
from mixtures of compound No. 4 J Hades
and melt, [ Horizontal Eec'] 24.6
Seleniuut erystallizi o ! . CpdNo s -
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red solutions, the depth of color being approximately proportional to the
amount of selenium in the solution.

The reguli are somewhat darker than pure grey selenium. In the air
they redden and slowly disintegrate in consequence of separation of sele-
nium. Excepting those containing sodium as a structure element the
reguli are brittle.

Addition of selenium to sodium does not produce an appreciable lower-
ing of its melting point. Althougl the temperatures, electrically mea-
sured, were accurate only to == 2°, supplementary measurenients with a
mercury thermometer proved conclusively that this hypothetical lower-
ing can not exceed 0.2°,

The extreme reactivity of mixtures of sodium monoselenide and
sodium at the high temperatures necessary for fusion prevented satisfac-
tory completion of this part of the curve. No thoroughly suitable con-
tainiug vessel was available. A mixture containing 8o atomic per cent.
sodium appeared to soften considerably below the melting point of pure
sodium monoselenide but the actual initial temperature of primary crys-
tallization was not determined. It is doubtful if a true state of fusion
was attained.

The use of hydrogen to prevent oxidation of sodium occasions some
loss of selenium owing to direct union of the elements to form hydrogen
selenide. This loss was greatest between 300° and 400°, in extreme
cases anlounting to 0.4 percent of the total selenium used. Very careful
corrections by analysis' were made in concentrations corresponding to the
possible formulas Na,Se, and Na,Se,. Cooling curves of these concentra-
tions were repeated several times both in hydrogen and carbon dioxide,
with fresh samples and very satisfactory agreemeut was attained. That
the solid phase in question possesses the fornula Na,Se, and not Na,Se, is
rendered apparent by the graphical representations (I)and (II)in Fig. 2.

These melts were cooled in carbon dioxide. The accompanying fig-
ures refer to initial weighed percentages of sodium and are subject to cor-
rection not exceeding =+ 0.2 percent sodium.

! Results froni two analyses of a regulus made up to contain 8.6 % Na were as

follows : I 1T
Sodium 8.30 8.47

Seleninm  90.99 9r.02

Silicon 0.38 0.42

99.67 99-91

Samples weighing about 2.g were taken for analysis. These were dissolved in a
moderately large amonunt of water (about 500 cc.) and decomposed. by a slow current
of air. Towards the end of the operation which requires several hours the solutions
were acidified with sulphuric acid and boiled. The separated selenium was filtered,
washed and weighed in a porcelain Gooch crucible, after drying at 100°. The fi-
trates were concentrated, silica removed in the usual manner, and sodium determined
as su'!phate,
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The compound Na,Se, whicli coustitutes the primary crystalline phase
in these concentrations reacts quantitatively [maximun time of crystal-
lization, 200 sec.] witli the melt in some couceutration closely approxi-
mated by No. II, Fig. 2, containing 8.6 percent sodium, to form a sec-
ondary solid phase. Tlie composition of these secondary crystals is
therefore defined by the formula Na,Se, wlich requires 8.8 percent sodi-
unt. That a lesser amount of this solid phase is furnislied by the same
reaction in coucentration No. I with 10.2 percent sodiuni is established
by tlie more limited heat evolution [shorter time of crystallization, 110
sec.]. The cooled melt of this coucentration is accordingly a mixture of
tetraselenide and hexaseleuide crystals and not a homogeneous crystal-
line regulus corresponding to the formula Na,Se, requiring 10.4 percent
sodium.

v /4
10.2, % Na 8.6 %N
%*76‘ N N\
§:—z—sa‘ —_
N
et e 200,
Time.
FIG. 2

The addition of sodium in swmall anounts to melted selenium suf-
ficiently modifies its normal behavior on cooling to render a soumewhat
detailed discussion pertineunt. Grey mnietallic selenium is the variety
stable at higher teniperatures in the vicinity of its melting point 217°.
Saunders' concluded from dilatometric measurenents that this is the only
stable form at all temperatures below the melting point. Marc® has more
recently published heating curves of amorphous selenium exhibiting two
separate accelerations in the rate of rise of temperature (heat evolution
by rising temperature). The temperatures at which these heat effects
occurred were variable with tlie rate of heating and must correspond to
two monotropic changes, the first heat evolution acconipanying transition
of amorphous selenium into a crystalline variety, I, and tlie second heat
evolution corresponding to the monotropic relation between this and
another form II. Monotropic substances frequently fail to crystallize
the variety with the highest mielting point on cooling from the ligquid
state’. This is notably true of selenium. Fig.3, 1a (p 878)showsa
cooling curve of 20 g. selenium.

1 J. Physic, Clhem., 4, 423 (1900).
? Z. anorg. Chem., 48, 408 (1905).
% See discussion by B. Roozeboom. Die heterogenen Gleichgewichte, 1, p. 163.
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No crystallization occurs at 217°, the melting point of grev, metallic
selenium II and no other crystalline form separates on cooling, the sub-
stance gradually solidifying as vitreous aniorphous selenium. This be-
havior is occasioned by unavoidable supercooling to such an extent that
the higher forms are no longer stable and caunot appear.

Studies of Tammann' on the degree of supercooling lhave shown that
of the two factors which determine crystallization ; (1) the spontaneous
appearance of crystalline nucleii in the liquid and (2) the rate of growth
of these crystalline grains, the former increases very greatly as the
temperature falls below the melting point, reaching a maximum and
thereafter decreasing with falling temperature. The latter factor in-
creases during a short temperature interval below the melting point, sub-
sequently attaining a lower value. It is readily seen that supercooling
beyond certain limits lessens the teudency to crystallization of the phase
in question and brings the system within the stability limits of other solid
phases. In the case of selenium these factors are at no time large enough
for any crystalline modification to produce solidification.

The effect of sodium on the crystallization of selenium is rendered
most apparent by reference to the melting point, (Diagram Fig. 1), and
to Fig. 3 which shows a heating curve of 20g. pure selenium (1b) which
was previously maintained at 175-205° for 18 hours to cause complete
transformation into the metallic variety, and the following cooling curves,
all from 20 g. samples; I a—pure Se, II—o.1 per cent. Na, III—o0.6 per
cent. Na, IV—r1.2 per cent. Na, and V—a2.5 per cent. Na.

The addition of 0.1 per cent. Na (1I) suffices to induce complete crystalli-
zation of the selenium. ‘The regulus has the appearance of puregrey me-
tallic selenium. The effect of smaller percentages of sodium on the
crystallization was not studied.

Two solid phases, grey metallic selenium and sodium hexaselenide,
appear in these concentrations. The eutectic horizontal Se — s (Dia-
- gram, Fig. 1) extends from pure selenium to the concentration of the pure
compound, Na,Se,, allowing o.25 per cent. Na experimental error. This
establishes complete immiscibility, or extremely limited miscibility of
these two substances in the solid phase. Moreover addition of sodium
does not lower or raise the melting point of selenium to an appreciable
extent. Although the accuracy of these pyrometric measurements was
not greater than =+2°, additional experiments with a mercury thermom-
eter in which heating curves of pulverized metallic selenium and the
pulverized regulus containing o.1 per cent. sodium were taken, established
agreement within #+o0.2°. ‘The solubility of sodium hexaselenide in
selenium at its melting point is, therefore, exceedingly limited. Not-
withstanding these facts it is not impossible that the very limited misci-

I'Z. physik, Chem., 25, 441 (1898).
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bility not excluded by these experinients may play some important part
in inducing crystallization. Exact laws governing the effect of foreign
substances in small amount on a liquid in the metastable condition with
relation to a solid phase have not been established. Tammann' has
shown that an unlimited variety of soluble and imsoluble substances
exert an enormously modifying influence on the spontaneous formation
of crystalline nucleii within the liquid, in some cases acting positively
and in others negatively.’?

[
'
'

AN
A

em)

]
!
i

%Na — ]
FIG. 4.

The possible nature of the solidification processes under discussion may
be illustrated by the four diagrammatic representations in Fig. 4. The
crystallization in question occurs invariably at the left of the dotted line,
which represents a very inconsiderable sodium content (not exceeding
0.1 per cent.). The relations in (I) are those given in the melting point
diagram, Fig. 1. Sodium hexaselenide crystallizes primarily and se-
lenium separates secondarily at its true melting point (#). A true eutec-
tic is shown in (II), the hexaselenide crystallizing primarily, followed

! Z. physik, Chem., 25, 440, and 26, 314 (1898). Addition of o.1 per cent.
anisic acid to Betol multiplies the number of grains more than threefold.

? For effect of foreign substances on the rate of crystallization compare also
Bogajulenski, Z. physik. Chem., 27, 585 (1898).
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by the selenium rich eutectic at a temperature (#) lower than the true
utelting point of selenium. In botll these cases pure selenium must
crystallize in the presence of primary crystals of the hexaselenide,
which therefore coustitute the dvnamic factor of the crystallization. Case
IIT represents primary crystallization of Na,Se, followed by secondary
separation of the same solid phase and mixed crystals rich in selenium,
simultaneously, at a temperature (¢) lower than the true melting point
of pure selenium. According to case IV, primary crystals of Na,<Se,
react with the melt at a temperature (f) higher than the true melting
point of seleniun: and forin selenium-rich mixed crystals.’

The well known effect of isomorphous substances in inducing
crystallizatipn® might suggest Cases III and IV characterized by forma-
tion of mixed crystals, as the most probable, but the fact that in all
cases selenium crystallizes in the preseuce of crystals of the liexaselenide
strongly indicates that this alone may be the determining factor and
renders Case I, whicl is most forcibly suggested by the tliermic results,
a teuable conclusion.

Comparison of the five formula types constituted for the thermo-stable’
selenides of sodium with those already meutioned for the alkali sul-
phides (Cs and Rb) reveals close conformity. The oune exception to be
noted is the non-existence of a sodium selenide of the type X, Se,. Itis
by no meaus iniprobable that rubidiun: and cesium furnish the complete
series. ‘The peutasulphides of these elements are characterized by great
stability, both melting witlhiout decomposition while the liexasulphides
show a lesser range of stability making it the more noteworthy that the
latter tvpe alone is represented in the sodium series of selenides. Blox-
ai® was able to crystallize only one polysulphide of sodiuni, to which lie
ascribes the formula Na,S,. Sodium and selenium do uot combine di-
rectly to form a thiermo-stable compound of this atomic ratio or any com-
pound into which four atoms of sodium must of necessity enter.
MASSACHUSETTS INSTITUTE OF TECHNOLOGY,

March, 1507,

! Actnal examples of these four types of solidification may be consulted as
follows :

I. Na-Na,Sn, Mathewson, Z. anorg. Chem., 46, 94 (1903).
II. Bi- NaBi, Mathiewson, Z. anorg. Chem., 50, 171 (1906).
III. An-AuSn, Vogel, Z. anorg. Chem., 46, 60 (1905).

IV. Zu-AuZng, Vogel, Z. anorg. Chem., 48, 319 (1906).

* Ostwald, Z. physik. Chem., 22, 289 (1897).

I use this term solely to indicate stability of the solid phase in the presence of
liquid phase of same couiposition.

#J. Chent. Soc., 77, 753 (1900).
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