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[PraTes 1, 2.]

§ 1. TeE phenomena exhibited by gases when exposed to varying temperatures
and pressures have been shown by many eminent observers to be explicable by an
extension to molecules of the laws of motion of matter which are known to be true
in the case of large bodies. Such molecules of gas are supposed to be in a state of
very rapid motion, the free path of each molecule bearing a very large ratio to the
diameter of the molecule. As a liquid is formed by the condensation of a gas, it is
clear that its molecules are in closer proximity to each other, and that the average
free path of each molecule in the liquid state cannot be nearly so great as in the
gaseous state. It was pointed out by NaumanyN (Ann. d. Chem. u. Pharm., 1870,
155, 825 ; see also RAMsAY, Proc. Roy. Soc., 1880, April 22 and December 16) that
it is conceivable that an explanation of the closer proximity of molecules in a liquid
than in a gas may be that two or more gaseous molecules have united to form
complex molecular groups, analogous to those complex molecules which are known
as chemical compounds, in which two or more elements exist in combination.

On the other hand, it is held by some that the difference between gas and liquid
is due solely to the greater proximity of the molecules in the liquid state, by reason
of which they come within the sphere of mutual attraction, but do not necessarily
coalesce to form groups of molecules analogous to the group of atoms in the molecule
of a compound.

These views also apply to the molecular constitution of solids; it is generally held
that solids differ from liquids only in the arrangement and restrained motion of their
molecules.

§ 2. In support of the first view the following points have been urged :—

(@) The rotation of the plane of polarised light is supposed to point to molecular
grouping in liquids and solids, which does not exist in gases.
(b.) The existence of allotropic forms of elements, and of isomorphous forms of
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72 PROFESSOR W. RAMSAY AND DR. S. YOUNG

compounds, and the fact that heat is evolved or absorbed during passage
from the one form to the other.

(¢.) The abnormal vapour-density of sulphur and selenium among elements, and of
the compound nitric peroxide appear to be undoubtedly due to the existence
of complex molecules. It is to be remarked that in these cases molecular

- grouping occurs before the liquid condition is attained.

(d.) The abnormal vapour-densities of all substances at temperatures near their
boiling-points, shown especially by acetic and homologous acids. Here also
the grouping, if any, must occur in the gaseous state.

§ 8. The phenomena stated in () and (b) are explained equally well, it may be
remarked, by a systematic arrangement of gaseous molecules, and do not necessarily
imply union of those molecules to form more complex molecular groups; while as
regards (d) it appears almost certain that the abnormality common to non-dissociable
vapours near their condensing-points at high temperatures and corresponding high
pressures, is due simply to a deviation from Avoegapro’s law, for it disappears, at
least in the case of alcohol, on lowering temperature and pressure, so as to keep the
vapour nearly saturated. With acetic acid vapour, on the contrary, the abnormality,
which is considerable at the ordinary boiling-point, increases greatly with reduction
of temperature and pressure. It might be expected that a decrease of temperature
would tend towards the formation of complex molecular groups; while it is difficult
to imagine a rise of temperature, even if accompanied by a rise of pressure, bringing
about this result.

§ 4. If it be true that liquids consist of more complex molecular groups than gases,
that each such complex molecule is composed of a definite number of gaseous mole-
cules, and that the molecule of a liquid may be regarded as a chemical compound of
like gaseous molecules, then the phenomena attending the change from the solid or
liquid to the gaseous state should be similar both with stable and dissociable bodies.

§ 5. Certain analogies are evident on first inspection.

(1.) To convert a liquid into gas, work must be done

(@) in overcoming molecular cohesion ;

(b.) in expansion against pressure, which may be that of the atmosphere.

If liquids consist simply of gaseous molecules in such proximity that they exercise
mutual attraction on each other, the work is wholly expended in these two directions ;
if, on the contrary, molecules of a liquid are more complex than those of its gas, work
is also done

~(¢.) in decomposing the complex molecules ;

(d.) in imparting increased velocity to the resultmg gaseous molecules.

The last assertion (d) will hold if the mean energy of each of the liquid molecules
is equal to the mean energy of each of the gaseous molecules in contact with it. Tt
is known, at any rate, that no heat change occurs when a saturated vapour is brought
in contact with its liquid at the same temperature and pressure. Since the energy
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of any molecule is proportional to its mass, and to the square of its velocity, and
since the mean energy of one of the complex molecules is equal to the mean energy
of a single gaseous molecule, it follows that the square of the velocity of the com-

plex molecule is %’ch of that of the gaseous molecule, where n represents the number
of gaseous molecules condensed to form a complex molecule. It follows, then, that
after the complex molecule has been resolved into its constituent simpler molecules,
‘heat must be imparted to each of the latter to increase its velocity, until the energy,
% MV?, becomes equal to that of the remaining molecules. (See NAuMANN, ¢ Ther-
mochemie,” p. 93, ed. 1882).%

(e.) If molecules, in becoming gaseous, acquire increased volocity, it is obvious
that owing to their collision, the motion of the atoms in the molecule is also
increased, a certain proportion of energy being absorbed.

Supposing the existence in liquids of complex molecular groups, the mnalogy 1s
evident between the evaporation of a liquid and the vaporization of such a compound
as is stable when solid or liquid, but dissociates partly or completely when gasified. In
the first case the simple molecules are like each other ; in the second, generally unlike.

§ 6. (2.) The density of gases is found in some cases to increase as the temperature
falls to the condensing-point. = This may be explained by assuming the existence of
complex gaseous molecules (PLAYFATR and WANKLYN, Trans. R.S., Edin., xxii. (3), 441 ;
‘Annalen,” 122, 245 ; also NAUMANN, ‘Annalen,’ 155, 825); or it may be viewed, as
before stated, as caused by greater molecular proximity, when mutual attractlon
comes into play. Similarly with those substances in which dissociation takes place in
the gaseous state, the density of the mixture of gases increases with fall of tempe-
rature ; and this is doubtless caused by the increase in number of complex molecules.
(As regards this statement, see § 3.)

§ 7. Solids and liquids, when confined in a closed space, give off from their
surfaces gaseous molecules, until there exists in that space a certain number.
These gaseous molecules are termed collectively, a saturated vapour. After this
limit, conditioned by the temperature of the liquid and gas, is reached, evaporation
is balanced by condensation ; the pressure exerted by the vapour is termed the
vapour-pressure (vapour-tension) of the substance. Similarly, substances Wthh
are known to dissociate, when confined in a limited space, give off vapour, or a
mixture of vapours, the molecules of which are wholly, or in part, simpler than
those forming the solid or liquid. Such a vapour, or mixture of vapours exerts
a pressure conditioned by the temperature. This pressure has been termed the
pressure (or tension) of dissociation. As in the case of bodies that do not
dissociate into unlike molecules, the pressure is dependent on the temperature,

* Exception may be taken to the above statement on the ground that it is yet unknown to what the
energy of a liquid is due ; and that the relation betwcen energy and temperature, with liquids, has not
been ascertained.
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and at a given temperature it reaches a maximum, owing to equilibrium being estab-
lished between dissociation and recombination, as well as between evaporation and
condensation, if the latter occurs. We have already shown (‘ Transactions,” Part I.,
1884, p. 37) that in the case of solids, where unlike molecules are not formed when
change to a gaseous condition occurs, the curve which represents the maximum
pressure attainable by the vapour of a solid at different temperatures represents also
the maximum temperature to which the solid can be heated under different pressures,
when there is free surface for evaporation. This has long been known to hold for
liquids. If the work done in dissociating complex molecules of a solid or liquid into
unlike simpler gaseous molecules is analogous to that expended in converting a stable
solid or liquid into gas, it seems not unnatural to expect that the above relation
between temperature and pressure should hold good for such bodies as dissociate
in passing from the solid or liquid into the gaseous state.

In the present memoir, the relations between temperature and pressure in the case
of dissociating substances will be studied.

Description of General Methods.

§ 8. Temperature of Volatilization wunder dyfferent Pressures.— The method
employed has already been described in the ¢ Transactions, Part IL., 1884, p. 461. It
was often found more convenient to heat the substance in the still, by means of a
vapour-jacket instead of a paraffin or sulphuric-acid bath. Care must be taken that
‘the temperature of the vapour is at least 80° to 40° higher than that registered by
the thermometer. For high temperatures, the vapour of aniline, methyl-salicylate,
bromonaphthalene, or mercury was used as a jacket ; and for very high temperatures,
it was preferable to use a still with a short tube, with the stem of the thermometer
outside of the apparatus. This, of course, necessitated a somewhat troublesome
‘correction, in order to ascertain the true temperature ; for different parts of the stem
of the thermometer were heated to different temperatures. In many cases, air was
introduced into the previously calibrated thermometer to prevent sublimation of
mercury in the stem. Although the results are uniformly given in arithmetical
order, yet readings were taken sometimes after raising, sometimes after lowering the
pressure.

$ 9. Vapour-pressure (Pressure of Dissociation) at different Temperatures.—The
customary method was employed of introducing the substance into a barometer-tube,
heating the tube, and comparing the height of the column of mercury with that in a
barometer placed in the same trough. The methods of introducing liquids or solids -
into the experimental tube, so as to exclude air and moisture, have been already
described in the memoir referred to above. As it was necessary to heat the experi-
mental tube to any desired temperature, and to maintain that temperature constant
for any length of time, the following method was resorted to as the only practicable
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one. The experimental tube A was surrounded with a jacket B, and passed through
an indiarubber cork, inserted into the lower opening of the jacket. In order to
prevent this cork from being attacked by the hot condensed liquid, it was covered
with a layer of mercury C. (It may be remarked here that it was found that the
slight volatilization of this mercury did not affect the temperature, even at a tem-
perature of 280° with bromonaphthalene as a jacket, owing probably to the constant
presence of a layer of liquid on its surface.) The pure liquid, the vapour of which
served to heat the experimental tube, was boiled in a bulb, D, fused on to the side of

the jacket. A narrow tube was fused on to the top of the jacket, and was surrounded
by a short condenser, E. On issuing from the condenser, the upper extremity of the
narrow tube was coupled, by means of lead tubing, with a reservoir, F, the object of
which was to collect any liquid which might accidentally pass the condenser. A
second lead tube joined F with the gauge G, and the gauge was connected with a
CARRE'S air-pump, as well as with a SPRENGEL pump, a large reservoir being interposed
in order to ensure constancy of pressure. A barometer, H, stood in the same trough
as the experimental tube A, and was surrounded by a jacket of water of known
temperature, I.  On account of the gradual escape of air from the glass into the
vacuous space, the barometer was boiled out from time to time. ~Another barometer,
’ L 2
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K, stood in the same trough as the gauge G. The heights of the mercury were read
in both cases by means of the two scales L and M, graduated on plate-glass mirror ;
parallax in reading was thus avoided. By means of this arrangement, the pressure
in the jacket could be maintained constant for hours together, thus ensuring a
constant temperature. In order to obtain any desired temperature between that of
the atmosphere and 360°, the following liquids were used :—alcohol, chlorobenzene,
bromobenzene, aniline, methyl-salicylate, bromonaphthalene, and mercury. These
liquids have the advantage of being very stable, and of being easily obtained in large
quantity in a nearly pure state, and at a low price.

The vapour-pressures of all these liquids were determined with great care; and as
this method of obtaining constant known temperatures may prove serviceable to others,
we have published separate papers on the subject. (Trans. Chem. Soc., 47, p. 640 and

49, p. 37.)

Results of Expervments.

§ 10. Chloral Hydrate.—The dissociation of the vapour of chloral hydrate
CCI?*CH}(O)%II’ into chloral, CCl,.CHO, and water, H,0, has been shown by NAuMaNy

to be complete even at 78'5°, under a pressure of 162 millims. The vapour-density
determined by him was 40°85, the theoretical vapour-density of a mixture of the
vapours of chloral and water being 41°8, while that of undissociated chloral hydrate is
82°6 (‘Berichte,” 1876, p. 822). Experiments have been made by Morressier and ENGEL
on the distillation of chloral hydrate, and on its vapour-pressure under different con-
ditions (‘Comptes Rendus,” 86, p.971; 88, pp. 285 and 861; 90, p. 98). WiRTz has shown
that the vapour of chloral hydrate behaves to an anhydrous salt as though it contained
water (‘Comptes Rendus,’ 84, p. 977; 86,p. 1170; see also Friepzr, Bull. Soc. Chim., 43,
p- 56 ; Troost,  Comptes Rendus,” 100, p. 834); and also that the vapours of anhydrous
chloral and of water do not evolve heat when mixed (* Comptes Rendus,” 89, pp. 190,
337, 429, 1063). NAUMANN points out that the temperature of decomposition of
chloral hydrate lies so low that the minuteness of its vapour-pressure probably pre-
cludes a determination of its vapour-density at that temperature (‘Thermochemie,”
p- 185). So long as it retains the solid state, however, it is proved by its physical
properties to be a compound. It was, therefore, deemed specially important to deter-
mine whether the curve representing its pressures of dissociation was identical with
that exhibiting its volatilizing points under different pressures.
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§ 11. Pressures of Dissociation of Chloral hydrate in Barometer-tube.

Temperature. Pressure. Time required for equilibrium.
o millims.
12-7 68 ° After standing over night,
279 19-0 34/
399 358 20
508 72:0 24
56°1 962 Constant at once.
633 1464 - ’
782 3183" ” ’

The chloral hydrate began to melt and partly liquetied at 50'8°. These results
confirm those of MorressiEr and ENeEL. The general form of the curve based on

these numbers is remarkably similar to that of an ordinary vapour-pressure curve.
(Plate 1.)

§ 12. TeEMPERATURES of Volatilization of Chloral hydrate.

The bulb of a thermometer was covered by dipping it repeatedly in melted chloral
hydrate, and allowing it to solidify until it had acquired a sufficiently thick deposit.
A Dbath of sulphuric acid was used to heat the tube. The temperature rose gradually;
the pressure remaining nearly constant. At 51°8° the substance was still perfectly
solid, although above its ordinary melting-point, 50'6°; the pressure registered
114 millims. The temperature then rose to 57°, while the pressure rose to
12'3 millims.; after this the pressure rose only 0°1 millim., while the temperature
rose to 64°. Even at 64° no sign of melting was to be noticed. The experiment was
then discontinued, and the melting-point of the sublimed chloral hydrate compared
with that of the portion left on the thermometer. It was found to be 50°6° for both.
The substances had, therefore, apparently undergone no change on heating. It is
right to observe, however, that a specimen of chloral hydrate, which had been re-
peatedly melted, and which was examined after two years, left on treatment with
water an insoluble residue, the melting-point of which was above 180°. The melting-
point of the residue on the thermometer-bulb, however, showed that it did not
consist of this substance, which is possibly a polymeride.

§ 18. In the second experiment, with the temperature at 50-2° the pressure was
7 millims.; the temperature rose to 55°, pressure rising to 74, It was impossible
to lower the pressure further, for vapours given off by the chloral hydrate attacked
the mercury of the SPRENGEL pump, forming mercurous chloride; this is a remark-
able circumstance, for chloral hydrate had no perceptible action on the mercury in
the barometer-tube, at a much higher temperature. After this experiment, the
chloral hydrate adhering to the bulb of the the;‘mométer was carefully examined,
and it was found that the bulb was completely coated, and that the substance was in
perfect contact with it. The minimum thickness was 08 millim., and the hydrate
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extended 12 millims. below the bulb and about 30 millims. above it. The hydrate
was therefore undoubtedly heated above its usual melting-point without melting.
§ 14. The third experiment began with a temperature of 52° and a pressure of

Air was then admitted, so as to raise the pressure to 24 millims., while
More air was

92 millims. . »
the temperature was rising. The registered temperature was 53°.

admitted from time to time, and the following readings were taken :——
403 530 53°0 606
520 500 490 49°0 (melting).

Pressures .
Temperatures.

As soon as the substance began to melt, air was removed by pumping. When the
pressure was reduced to 40°3 millims., the temperature being 48:4°, the substance
entirely solidified, and after further reduction of pressure to 23 millims., the tempera-
ture rose to 51°% Air was then admitted, so as to raise the pressure to 61°6 millims.,
when the hydrate melted. It is noticeable from this experiment, that admission of
air, to increase the pressure, lowered the temperature, and its removal raised the
temperature ; and that the substance melted only when the temperature had fallen
below its ordinary melting-point ; and that the pressure at which fusion occurred was
in this, and in other similar cases, about 60 millims.

§15. CONFIRMATION of the above results was obtained with a fourth series.

. !
Pressure. Temperature. Pressure. Temperature. Pressure Temperature.
millims. ° millims. o millims. o
74 500 410 560 420 500
75 520 400 537 falling 530
76 54-0 47°5 530 ’ 54:0
77 550 596 52-0 ” 550
81 560 596 510 . 560
81 57:0 596 507 .. ..
. . . Melting ; air removed b, Pressure increased to 64 millims,
Substance solid ; air admitted. pumping. y Sllabstane o melted. 1

§16. In the fifth series, to ascertain if the chloral hydrate would melt if the
pressure were high, and the temperature raised towards the melting-point, the
substance was heated at a pressure of 24 millims. It began to melt when the tem-
perature registered was 24°. It was evident that the heat had not had time to
penetrate to the interior. The substance was cooled, and again heated at a pressure
of 165 millims. The hydrate melted only when in contact with the stem of the
thermometer, where it was evidently heated by conduction. These observations were
confirmed by a sixth experiment, in which the pressure was 25 millims., and the
temperature registered, when fusion began, 87°. . After cooling and lowering the
pressure to 15°2 millims., the temperature rose on again heating to 55°, without the
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substance melting. As these results are so very unusual, it was deemed advisable to
check the experiments, showing the possibility of heating the chloral hydrate above
its melting-point without its fusing; entirely similar results were obtained in two
separate series of experiments.

§17. The general conclusion to be drawn from these experiments is, that the rela-
tions between temperature and pressure with chloral hydrate differ from those shown
in the case of bodies which do not dissociate, and indeed that a fall of pressure allows
of a rise of temperature, and that a rise of pressure lowers the temperature of this
dissociating body. It is also to be remarked that this substance undergoes no change
in composition, so long as it remains solid, while it is known that when the liquid hydrate
is distilled, separation into its constituents takes place, and that the residuum has a
different composition from that of the distillate (NAUMANN, ¢ Berichte,” 1879, p. 738)..

§18. As the results of a determination of the vapour-pressures of chloral by
Morressier and ENGEL are meagre, it was thought worth while to determine these
constants by the still-method, as chloral attacks mercury, and another cause of error
is the formation of a small quantity of hydrogen chloride when chloral is heated.

VAroUR-PRESSURE of Chloral.

Pressure, Temperature. Pressure. Temperature. || =~ Pressure. Temperature.
millims. ° millims, - ° millims. - °
53 —-130 29-6 180 2486 652
75 — 69 379 22-7 2966 697
84 — 50 498 28:2 3583 74:8
10-3 — 10 619 32:0 4150 797
12-3 + 20 629 327 4633 82-7
136 40 72'6 359 5180 853
157 65 791 37'5 5650 886
16'5 69 83-8 389 6080 907
17-0 80 955 419 6715 938
183 92 121-3 - 476 7049 953
20-1 10-8 1600 54:0
216 128 2007 597

§19. It will be noticed from § 10 that Navumann found the vapour-density at 785°
under a pressure of 162 millims. to point to complete dissociation. But the vapour-
pressure of chloral hydrate at 78°5° is 822 millims., hence the vapour in his experi-
ments was very far from being saturated. Since dissociation decreases with increase of
pressure, it was deemed possible that at pressures nearer saturation, dissociation might
not be complete. The following experiments were carried out to test this point :—

A quantity of substance was roughly weighed (about 0-016 gram.), so calculated that
its vapour would exert a pressure nearly that of saturation at 60°; and its vapour-
density was then determined by HorMaNN’s method ; the tube was heated by alcohol
boiling under reduced pressure.



80 PROFESSOR W. RAMSAY AND DR. S. YOUNG

|
Percentage . f
Weight. Pressure. Volume. P. V. Vapour-density. | of molecules
decomposed.
grm. millims. cub. centims. per cent.
001587 1133 3364 3811 4308 9174
.- 107-0 3614 3867 4246 94- 54
102-5 3776 3870 42-42 94°72
The temperature was then raised to 782°
1196 34-58 4136 41-87 07-28

The temperature was raised to 131'8° by a jacket of chlorobenzene vapour, and two
readings of pressure and volume were taken. From these the values of P.V. were
respectively 4835 and 4829 ; as it is certain that dissociation must be complete at this
temperature, the actual weight of substance was calculated from the mean value of
P.V., and the number obtained was employed in the above calculation of vapour-
densities. It is thus evident that at 60° and at pressures near that of saturation,
dissociation is not quite complete. In this, and in all other cases in which dissociation
was nearly complete, a very long time elapsed before the whole of the substance had
evaporated.

§20. Butyl - chloral Hydrate, C,H,Cl;.CH { 8?1.—This body resembles chloral

hydrate in dissociating into butyl-chloral and water. Its vapour-density has been
determined by ENeEL and Morressicr in HoFMANN’s apparatus at 160° and found to
point to complete dissociation. It is stated by these experimenters that it begins to
boil at 100° and that the water distils off, leaving butyl-chloral, boiling at 165°
Butyl-chloral hydrate was found to separate on heating into two layers, the upper of
which consisted mainly of butyl-chloral. A few determinations of vapour-pressures
were made by MorressiEr and ENGEL, and the following numbers were obtained by
them :—

Temperature. Pressure.
° millins.
168 183
460 628
650 1250
784 3310
1000 Over 760.
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§ 21. PrEsSURES of Dissociation of Butyl-chloral hydrate in Barometer-tube.

Temperature. Pressure. Time required for equilibrium.
° millims,

150 58 2 hours
350 231 81’

160 95 Stood all night.
350 259 51/

500 49'5 52

600 860 95’

700 1897 73’

778 307:0 28’

850 4280 7

900 5697 2/

The curve is represented in Plate 1.

§ 22. TempERATURES of Volatilization of Butyl-chloral Hydrate.

The thermometer-bulb was coated as usual, and the still was jacketed with aniline
vapour. The initial pressure was 2°15 millims. The temperature rose gradually to
68°5°, and then fell again to 66°5°; the pressure falling to 20 millims. The pressure
was then raised to 68 millims. ; the temperature continued to fall very slowly to 66°.
On raising pressure to 152 millims., temperature fell to 65°5° ; and with a pressure of
28'5 millims. temperature remained constant. When pressure was raised to 527
millims. temperature rose to 66°; pressure was increased to 659 millims., when tem-
perature rose gradually to 69°7°, when the substance in contact with the stem of the
thermometer became moist. On reducing pressure to 21°8 millims. solidification
immediately ensued ; but as the substance had largely evaporated, readings of
temperature were doubtful.

A second series of experiments was made. The initial pressure was 1°9 millims.,
the temperature rising to about 63° On raising pressure to 8'8 millims., no alteration
in temperature was noticed. At 26°1 millims. temperature rose slowly to 64°5°
Pressure was then reduced to 139 millims., and the temperature fell to 63° The
reduction of pressure was continued until it reached 2'8 millims.; the temperature
fell to 62°5° when the pressure was 55 millims., and gradually rose again to 64°.
Pressure was then raised to 48 millims., and temperature rose to 68°. With rise of
pressure to 652 millims., temperature rose to 69-2°, and the upper portion of the
substance melted. On reducing pressure to 22 millims. solidification occurred, and
temperature fell to 65°4°,

§ 28. It will be seen that these results are most erratic; but it is to be noted that
the total range of temperature was only from 62°5° to 69-2°, while the pressure varied
from 19 millims. to 659 millims. The only conclusion to be drawn is that temperature
and pressure are independent of each other.

MDCOCLXXXVI. M
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§ 24. Chloral methyl-alcoholate, CClsCH{ggH .—This substance is formed by
3

direct combination of chloral and methyl alcohol, with evolution of a large amount of
heat. It has been little investigated. Its boiling-point is given by MARTINS and
MENDELSSOHN-BARTHOLDY at 98° (‘ Berichte, I1I., p. 443), and by JAcoBsEN at 106°
(‘ Annalen,’ 157, p. 243). The melting-point is stated by JAcoBsEN to be 50°. We find
it, however, to be 40°2°. These numbers are discordant, but it is to be noticed that
the numbers given by JACOBSEN are with methyl and ethyl compounds of chloral
invariably 8° to 10° higher than those given by other observers.

The methyl alcohol used by us in preparing this body was made from pure crystals
of methyl oxalate, and was carefully dried. It was mixed with chloral, and the
resulting compound was crystallized over sulphuric acid. The crystallization of both
ethyl and methyl compounds, from their solution in the respective alcohols, is
extremely beautiful. The crystals grow upwards out of the liquid, and assume the

form of luxuriant Vegetation.

§ 25. PrESSURES of Dissociation of Chloral methyl-alcoholate in Barometer-tube.

Temperature. Pressure. estgll);xl}sehrzgsz{iel;lrit\?m. Remarks,
.o millims. )
17:0 88 1h. Solid.
350 170 16’ ’
400 181 Constant at once. '
450 21-3 15 Liquid.
400 149 35 Liquid, cooled below M.P.
350 10-3 50’ 2 2 ” ”
500 307 8 Liquid.
550 400 5 .
60-0 566 2' .
650 732 4 ”
700 985 5 ys
7805 1542 3’ ”

The level of the mercury in the trough was then raised, and the tube allowed to
cool ; complete condensation occurred, and after 16 h. the mercury was in complete
contact with the solid at the top of the tube. The level was then lowered. -

Temperature. Pressure. estgéﬁlshr:gzgffli-itﬁm. Remarks,
° millims.

180 93 48' Solid.

850 2189 12 -Liquid.
90-0 2814 19 ”
950 3584 7' ”
1000 452-8 6’ ”
1050 566-2 26' ”

It will be noticed that the liquid has apparently a lower vapour-pressure than the
solid. At 35° the vapour-pressure of the solid is 17 millims., and of the liquid only
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103 millims. Now, as we have already shown, that with stable substances the solid
has invariably a lower vapour-pressure than the liquid (‘ Transactions,” Part II., 1884,
p. 461), and as from theoretical considerations this must be so; and as it is also
evident that the melting of chloral methyl-alcoholate must be accompanied by absorp-
tion of heat, for when the liquid substance is allowed to cool below its solidifying
point, temperature rises when solidification begins; it appears to us necessary to
account for this phenomenon by the supposition that the products of dissociation are
soluble in the liquid, and are therefore prevented from exerting their full pressure.
Similar phenomena have been observed with the ethyl alcoholate, and it was noticed
that when liquefaction commenced pressure fell at once. (The curve is given in
Plate 1.)

§ 26. TEMPERATURES of Volatilization of Chloral methyl-alcoholate.

The initial pressure in the still was 2°2 millims. On heating with aniline vapour, the
temperature gradually rose more and more slowly to 40°6° without alteration of
pressure. On raising pressure to 5'5 millims., the substance melted completely at once.
The melting pressure lies, therefore, between 2:2 and 5°5 millims. Here, again, no
relation between temperature and pressure is observable.

§ 27. It was noticed that the vapour-pressure of the methyl alcoholate in the
barometer-tube was lower than that of the hydrate at the same temperatures, in spite
of the fact that methyl alcohol is more volatile than water ; and 1t appeared likely
that the substance would be more stable than the hydrate. This was found to be
the case by the following determinations of vapour-density. It will be noticed that
while the vapour-pressure at 78'5° is 160 millims., the density was determined at

131°4 millims,.
VaroUur-DENSITIES of Chloral methyl-alcoholate.

Percentage
Weight. Temperature. Pressure. Volume. P.V. X:f::l?; mol::ﬁ::’g;im_
posed.
o millims. cub. centims. | per cent.
0:0203 785 1314 3353 4406 5032 78:06
— ” 1170 3803 4450 49-82 79-84
— 132-1 1486 38:01 5648 4524 1000
— ” 134-7 4228 5695 4486 »
—_— ” 1509 37-58 5671 4506 '
1

The theoretical vapour-density of the dissociated substance is 44°8.

§ 28. Chloral ethyl-alcoholate, CCl,.CH 8ng5.~Formed by direct combination
of ahhydrous chloral with ethyl alecohol. It was crystallized from its solution in
ethyl alcohol. It is stated by JACOBSEN to melt at 56° (loc. cit.) ; by LIEBEN at 46°
(‘ Berichte,” IIL, p. 909 ; and we find its melting-point to be 46'5°. The boiling-point

M 2
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is given by LIEBEN as 115°
found by Dumas’s method to be 5312 at 157° and 50-38 at 198°.
determined the vapour-density by HorMaNN’s method, and found at 100°, with a
pressure of 2476 millims., the vapour density to be 48:07. The theoretical density of
By Dumas’s method the alcoholate would
be submitted to fractional distillation, which would entail a residue containing excess
of chloral ; and it is more likely that the higher vapour-density obtained by LIEBEN is

the mixture of chloral and alcohol is 48°3.

Its vapour-density has been determined by LiEBEN, and
Wirtz has also

to be ascribed to this cause than to incomplete dissociation.

§ 29. VAPoUR-PRESSURES of Chloral ethyl-alcoholate in Barometer-tube.

Series L.
Temperature. Pressure. Time. Remarks,
o millims.
140 135 2 days | Solid.
350 244 22 ”
450 231 13 Trace of liquid showing.
500 24-7 22 Liquid.
550 34-6 5 ”
60-0 466 9’ ”
650 62-7 3 »
70°0 84-0 5 ”
750 1118 3 »
780 1300 3 ”
Ccoled to 50°0 2407 45' Recombination.
” 350 98 23' Still falling; liquid, cooled
below solidifying point.

120 11-2 18 hours | Solid.
350 24-3 19' ”
850 187:3 31 Liquid.
900 2422 15' ”
950 3088 5 ’

1000 387'8 10 ”

1050 487°7 10 ”

1094 5854 9’ »

§ 30. Series II.
Temperature. Pressure, Time. Remarks.
° millims.
150 91 1 hour | Solid.
350 228 19’ ”
400 24:7 25' ”
450 251 15 ’
501 259 37' Liquid.
60-0 471 12 »
Cooled to 40-0 14-7 112 Still liquid.
» 350 124 50 Still liquid ; pressure falling
‘ slowly.

350 199 _ 16 Solid.
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Here, again, the pressures in the solid are higher than in the liquid stste, and
probably for the same reason. On referring to the curve in Plate 1 it will be noticed
that that portion representing the pressure in contact with liquid below the melting-
point is continuous with that above the melting-point ; whereas the pressure of the
vapour in contact with solid is somewhat irregular, as is also the case with the methyl
compound.

§ 81. TEMPERATURES of Volatilization of Chloral ethyl-alcoholate.

Series I.—The initial pressure was 2 millims. ; the temperature of the alcoholate,
heated by aniline-vapour, rose more and more slowly until it reached 47-7°. The
pressure was then raised to 8-1 millims., when the substance melted.

Series II.—At a pressure of 2'55 millims. the temperature rose to 47°; air was
admitted so as to raise the pressure to 61 millims., the alcoholate at once melted, and
did not re-solidify on reducing pressure to 51 millims. It was thus impossible to
detect any relationship between temperature and pressure.

§ 32. VAPoUR-DENSITIES of Chloral ethyl-alcoholate.

Percentage
Weight. Temperature. Pressure. Volume. P, V. dvea;g?;,l;.— molx;gf]];e(’i:cfom_
posed.
grm. ° millims. cub. centims. per cent.
002066 7835 111 3842 4265 52-88 8268
117-7 36-28 4270 5282 82:89
1229 34-68 4262 52:95 82-44

It is thus evident that this body is not wholly dissociated at 78:35° when the
pressure bears the ratio to that of saturation of 111 or 123 to 130.

We propose to study in greater detail the dissociation of these interesting
substances, as revealed by their vapour—densities; these determinations, however,
suffice to show that they are capable of existing partially undissociated.

§ 38. Ammonium Corbamate.—The formula of pure ammonium carbamate is

CO{%TI}\II% ; but from the nature of our experiments we were compelled to use the
r _4 N

commercial salt, the composition of which is variable.

The dissociation pressures of this substance have been very accurately determined
by NauMANN (¢ Berichte, 1871, p. 782); by IsamBerT (‘Comptes Rendus,” 97,
p- 1212) ; and by Moressieir and ExceL (¢ Comptes Rendus,’ 93, p. 595). As the
results of all three observers agree with each other, a redetermination was unnecessary.
Suffice it to say that they give a regular curve of the usual form, reproduced in Plate 1.

It is also known from numerous experiments by NAUMANN (¢ Annalen,’ 160, p. 5, and
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¢ Berichte,” 1871, p. 780) ; by BINEAU (‘ Annales,” 67, p. 240) ; and by H. RosE (Pogg.
Ann., 46, p. 363), that the vapour-density of ammonium carbamate is 130, correspond-
ing to complete dissociation into 2NHz;+CO, It might, therefore, be expected to
yield results somewhat analogous to those obtained with chloral hydrate.

§ 34. TEMPERATURES of Volatilization of Ammonium Carbamate.

As it was impossible to coat the bulb of the thermometer in the usual way with
this substance, a block of commercial carbamate was drilled with a hole, which the
thermometer exactly fitted ; and it was then turned in a lathe to form a cylinder of
convenient size. The following numbers refer, therefore, to commercial carbamate, or,
as it is usually termed, carbonate of ammonia. The apparatus was the same as that
employed for chloral hydrate. To ensure thorough condensation of the evolved gases,
tubes containing pumice-stone, moistened with sulphuric acid, and stick-potash were
interposed between the apparatus and the pump. The jacket was the vapour of
boiling aniline.

The first series consisted of two readings, every care being taken to keep the
pressure low. The pressures were 5 and 9 millims. respectively, and the temperatures
62° and 64°.

The second series gave the following numbers :—

Pressure. Temperature. l Pressure. Temperature. Pressure. Temperature
millims. o millims. o millims. o
100 658 1455 64-2 130 660
115 654 162-0 677 ' 210 660
130 645 1560 680 202 654
139 635 144-0 674 200 650
145 633 1300 665

From these experiments it will appear that, as in previous cases, pressure and
temperature are independent of each other. The maximum temperature attained
was 68° although the temperature of the jacket was over 180° The results are
shown in Plate 1. ,

§ 35. Ammonium Chloride, NH,Cl.—This substance has given rise to long discussions.
The solution of ammonium chloride is known to dissociate on boiling, for ammonia is
first evolved, and the residual liquid is acid (Frrric, ‘Annalen,’ 128, p. 189). Its vapour
density corresponds to a mixture of NHg and HCI at 850° and atmospheric pressure
(DEviLLE and Troost, ¢ Comptes Rendus,” 56, p. 895), and also at higher temperatures.
HorstMANN, from not very concordant results, concluded that its vapour-density is
greater at 300° and a pressure of from 40 to 60 millims., than at 860° under normal
pressure (‘ Berichte,’ 1869, p. 299). At 360° DEvILLE found that on mixing the gases
heat was evolved, necessarily implying some combination; WANKLYN, however, states
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that combination is only partial. MARIGNAC calculated the latent heat of vaporiza-
tion of NH,CI and found it to be 706 calories; while FAVRE and SILBERMANN give
the heat of combination of NH,; and HCIl as 7435 or 7155 calories, calculating by
different methods. HorsTMANN determined the vapour-pressure by distilling the
substance in an iron tube closed by a cork in which were three holes; one for a
manometer, one for a thermometer, and one for exhausting air, and so lowering
pressure. And from his observations, the details of which he does not record, he con-
structed a curve showing the relations of pressure and temperature (‘Berichte,’ 1869,
p- 187).  On referring to this curve it will be seen that his results closely agree with
those obtained by us. THAN contradicts DEVILLE'S results as regards rise of tem-
perature on mixing the gases, by experiments conducted on a different principle; at
350° he found no evolution of heat, or, more correctly, noticed no contraction, while
between 330° and 340° contraction occurred (‘ Annalen,” 181, p. 129). The well-known
experiments on the diffusion of the hot vapour of ammonium chloride point to at least
partial dissociation.

§ 36. VAPOUR-PRESSURES of Ammonium chloride in Barometer-tube.

For temperatures between 98° and 280° an ordinary barometer-tube was used. As
mercury-vapour at 280° exerts a pressure of 155:17 millims., it was first advisable to
determine whether a mixture of mercury-vapour and another vapour on which it had
no action could be relied on as giving the sum of their pressures.

A barometer-tube was boiled out, and jacketed with bromonaphthalene, no sub-
stance being introduced. At a pressure of 7559 millims., and at a temperature as
determined by the vapour-pressure of bromonaphthalene of 280°1° (see § 9), the vapour-
pressure of mercury, after all corrections had been introduced, was found to be 158-8
millims. On cooling there was a certain amount of air present which had been given
off from the walls of the barometer-tube. The pressure exerted by this air was read
at 24°, and was found to be 106 millims. The volume occupied by this air was (23°3
millims. X by area of the tube), while at 280°1° it was (159'3 millims. X by area of
tube) ; hence the pressure at the higher temperature was found by the equation

10°6X 233X 5531 __ 99 millims.
1593 x 297

The vapour-pressure of mercury is therefore 1588 —2'9=1559 millims. This is identi-
cal with that given by REeNavLr, for mercury-vapour at 280°1%%  This tube without
being emptied was inverted and again boiled out wn vacuo. Bromonaphthalene was then
introduced, and the tube was jacketed with bromonaphthalene vapour, boiling under
reduced pressure. 'The temperature was occasionally raised by increasing the pressure,
and readings were taken. The results obtained were always too low, and were vari-
able. The cause of this turned out to be the slow rate at which the mercury-vapour
diffused through the layer of liquid bromonaphthalene on the surface of the mercury,

* From our revised table of the Vapour-pr.eSSures of mercury the pressure at 280°1° is 157'7 millims.
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for on lowering the temperatu;re the pressure of the bromonaphthalene vapour, after
the pressure of mercury-vapour had been subtracted, was found to be the same as that
under which the bromonaphthalene which jacketed the tube, was boiling. The

detailed results are as follows :(—

Pressure of Total pressure v '
Temperature, | bromonaphthalene in apour-pressure A. Corrected to 0°,
? in jacket. barometer-tube. of mercury.
° millims. millims, millims, f mitlims,
2382 2906 3467 555 2912 2901
| : (54-1)* 2926 291-5

The level of the mercury was fluctuating about 1 millim.
It is thus seen that the combined vapour-pressure of these two substances is equal

to the sum of the two vapour-pressures taken separately.
§ 87. A fresh tube was boiled out, and ammonium chloride was introduced. On

heating with vapours of different liquids under different pressures the following

results were obtained :—

Temperature. . Pressure. Duration of experiment.
° millims,

982 02 Constant
1229 35 23'
1320 39 10’
1409 43 Constant
1519 47 !
1659 49 8'
1833 55 34/
2000 91 36’
2101 12-3 60'
2230 181 32
241-9 321 29’
2514 488 43'
2613 725 65'
2711 994 1
280-7 1444 ?

The last observation admitted of no regular time-curve, on account of the difficulty of
forcing up the vapour. A constant result was finally obtained at the pressure given.

§ 88. After cooling, a permanent gas remained, exerting a pressure of 502 millims.
This after two days bad fallen to 44 millims. The tube was then inverted, which
removed some of the gas, and after being placed in position, was again heated. The
atmospheric pressure was 760 millims., hence the boiling-point of bromonaphthalene
was 280°3°.  The pressure now rose to 1459 millims., almost identical with the former
reading. After again cooling, the pressure was 85 millims. On introducing water, a
portion, at least, of the permanent gas was dissolved. As the pressure thus obtained
was identical within limits of error of experiment with that yielded by the still-

* From our table.
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method, which will afterwards be given, and as this was not the case with other
dissociating substances, the highest reading was repeated.

§ 39. The vapour-pressure of mercury was redetermined in the same manner as
before ; ‘the tube was jacketed with bromonaphthalene at a pressure of 7522 millims. ;
the temperature corresponding was 280°% The vapour-pressure was found, after the
necessary corrections, to be 156 millims. After cooling, the pressure due to air was
17 millim. ; this, corrected as before, gives a pressure of 0'6 millim. at the higher tem-
perature. The pressure of the mercury-vapour is therefore 155'4 millims. -~ From
REGNAULT’S numbers, 1552 is the pressure at this temperature.®

This tube, without being emptied, was boiled out again in wvacuo, and some
ammonium chloride, prepared from pure hydrochloric acid and ammonia, and pre-
viously strongly heated, was introduced with the usual precautions. The tube was
again jacketed with bromonaphthalene vapour, boiling at a pressure of 7557 millims.,
corresponding to the temperature 280°1°; the pressure read was 145'4 millims., a
number agreeing very closely with those previously obtained, viz., 1444 and
145°9 millims.

§ 40. When the tube cooled, a permanent gas remained, which exerted a pressure
of 18'3 millims. This amounts to a pressure at the higher reading of 4'2 millims. As
a very long time was allowed so as to make certain of no further rise when the
ammonium chloride was heated, the presence of this gas cannot be accounted for by a
gradual decomposition of the ammonia, for we have shown (Chem. Soc. J., 1884, p. 88)
that, ammonia begins to decompose only at about 500° even when hydrochloric acid
is absent. It might, however, be due to some extent to the action of hydrochloric
acid on mercury. On inclining the tube, this gas formed a bubble of considerable size
at the top. Water was then introduced, and almost complete absorption occurred.
It appears certain, then, that gaseous hydrogen chloride and ammonia, when perfectly
dry, combine very slowly. In any case, the error, owing to presence of permanent
gas, amounted to only 42 millims.

§ 41. It was deemed advisable to ascertain the vapour-pressure of ammonium
chloride at still higher temperatures, and for that purpose the ordinary arrangement:
was inadmissible. We, therefore, adopted a method, the principle of which will be
seen from the accompanying diagram. A is a tube, at the closed end of which a
mass of ammonium chloride was placed above the constriction at B. This was done
before the tube had been bent. Mercury was then introduced, occupying the level
shown. This tube was surrounded by a jacket, C, containingb a little mercury ; and
was closed by a tight-fitting indiarubber cork, D, through which the open end of the
tube, A, projected. The tube A was connected by means of lead-tubing with a
differential gauge, E, behind which stood a graduated mirror scale, and with a force
and exhaust-pump, G, so that pressure on the mercury in A could be increased or
diminished to a known amount at will. The pressure exerted on the mercury in the

* From our revised table, 157°35 millims.

MDCCCLXXX VI N
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closed limb of A was equal to atmospheric pressure plus or minus the difference of
levels in the differential gauge, plus or minus the difference of levels in the tube A,
all reduced to 0°.

§ 42. Through a second hole in the indiarubber cork D a tube passed to a gauge, F,
and from that to an exhaust-pump. The mercury in C could thus be caused to boil
under any desired pressure, heating A to corresponding temperatures. For the
measurement of these temperatures, REGNAULT’S data for the vapour-pressures of

mercury were used.

i@

It 4
| > ToPump

§ 43. A preliminary experiment was made in which the tube A contained only
mercury, which had been repeatedly boiled out in vacuo. The following results were

obtained :—

Pressure under which .
mer cu;}; boiled. Pressure in A, A,
millims, millims, millims,
2676 2667 09
3783 3770 13
7550 7518 32
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The error in pressure is thus seen to be less than 05 per cent., and corresponds to an
extremely minute difference in temperature ; in the last instance it is barely 0:20°.

§ 44. In experiments on the vapour-pressures of ammonium chloride it was unneces-
sary to boil out the tube A, for it was possible to ensure absence of air by raising the
pressure, heating the substance, and then reducing pressure so as to allow gas to
escape. The mass of solid ammonium chloride could not pass the constriction. At a
temperature of 320° it was considered certain that all air had been removed when this
operation had been repeated six times, a considerable interval of time elapsing between
each escape. A large number of preliminary experiments showed that the pressure
rose steadily, and as this was considered at first to be due to dissociation, time-curves
were constructed. In order, as we imagined, to shorten the time required, the pres-
sure in the differential gauge was raised before each reading, so as to keep the volume
of gas constant. |

§ 45. For the sake of clearness the experiments are arranged in the order of
temperature, At 290° vapour was allowed to escape, and a reading was immediately
taken, with the following result :—

Temperature. Pressure.

° millims.
290 1885
300 2506
” 2525
310 3424
' 3421
320 4459
’ 4437
330 5976
5 5960

§46. A considerable number of experiments were made at 320° and 840°, pressure
being allowed to rise.

At 320° the following initial readings were obtained :—4497 millims. and 4477
millims. Having noticed that pressure steadily rose, after these readings had been
taken, it was resolved to construct time-curves, so as to ascertain the rate of increase,
and the final value. But it was found that this rate was sensibly constant during any
one experiment, although it differed in each experiment, and was always slower after
each escape of vapour. Since the explanation of the results which we propose to give
was only arrived at after careful examination of these time-curves, it is necessary to
give the numbers in detail. The third column will be explained later.
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I. TEMPERATURE, 320°.

Rate of increase of pressure, 1 millim. per minute.

Pressure recalculated.

Pressure read. Time x rate. Time,
millims, millims. ,
4492 0 449-2 0
451-1 5 4461 5
4572 11 4462 11
4631 17 4461 17

|

I1. TEMPERATURE, 320°

Rate, 0'85 millim. per minute.”

Pressure read. Time x rate. Pressure recalculated. Time.
millims, millims. /
4493 0 4493 0
449-1 42 4449 5
4562 93 4469 11
4602 136 4466 16
4627 16°1 4466 19

Pressure recalculated.

Pressure read. Time x rate. Time.
millims. millims, /
4475 0 447°5 0
4481 27 4454 5
4539 54 4485 10
4576 98 447-8 18
470°3 207 4496 38

1V. TEMPERATURE, 320°

Rate, 0°513 millim. per minute.

Pressure read. Time x rate. Pressure recalculated, Time,
millims. millims. p
4497 0 4497 0
4517 2:6 449-1 -5
4574 10-8 4466 21
4681 190 4491 37

V. TEMPERATURE, 320° ‘Rate‘, 0°481 millim. per minute.

Pressure read. Time x rate. Pressure recalculated. Time,
millims, millims. ,
446-0 0 4460 0
4488 2'4 4464 5
4539 53 448°6- 11
4608 87 452-1 18
4638 14-9 4489 31
4747 250 4497 52
4816 32:7 4489 68

LII. TeMPERATURE, 320° (much vapour let out). Rate, 0545 millim. per minute.
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VI. TEMPERATURE, 320° (tube re-filled). Rate, 0:683 millim. per minute.

Pressure read.

Time x rate. Pressare recalculated. Time.
millims, millims. ’
447°1 0 447°1 0
4651 253 439-8 37
5100 588 4512 86
5545 102-5 4520 150
6100 164-0 4460 240
6625 2255 437-0 330
706:3 2665 4398 390

VII. TEMPERATURE, 320° (large amount of vapour allowed to escape). Rate,
0297 millim. per minute.

Pressure read. Time x rate. Pressure recalculated. Time,
millims. millims. ‘
4384 0 4384 0
4471 89 4382 30
4581 267 4314 90
4775 490 4285 165
5178 787 4383 265

VIIL. TEMPERATURE, 320°. Rate, 0:2142 millim. per minute.

Pressure read. Time x rate. Pressure recalculated. Time. -
millims. millims, ’
4384 0 4384 0
4454 51 4403 24
4613 233 4380 109
4784 43-7 434:7 204
4960 587 437°3 274
5118 715 4403 334

IX. TEMPERATURE, 340°

Rate, after about 20, 01495 millim. per minute.

Pressure read. Time x rate. Pressure recalculated. Time.
millims. millims, ’
7281 0 7281 0
7657 64 759:3 13
7843 173 767:0 35
8066 34-6 772:0 70
8138 52:0 7618 105
8252 5404 7708 110
8388 718 767:0 145
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X. TEMPERATURE, 340°. Rate, 0°385 millim. per minute.

Pressure read. Time x rate. Pressure recalculated. Time,
millims. millims. ’
684-2 0 6842 0
7482 2:3 7459 6
7586 73 7513 19
774:2 200 7542 52
7869 32:7 754:2 85
7933 4407 7486 116

XI. TeMPERATURE, 340°. Tube re-filled. Rate, after 20, 1°02 millim. per minute.

Pregsure read. Time x rate. Pressure recalculated. Time.
millims, millims, /
7207 0 7207 0
761'8 71 754°7 7
7809 204 7605 20
8040 449 7591 44
8278 683 7595 67
8592 989 7603 97

XII. TEMPERATURE, 340°. Rate, after 20’, 0372 millim. per minute.

Pressure read. Time x rate. Pressure recalculated. Time.
millims. millims. ”
7309 0 730°9 0
7558 19 7539 5
774:7 93 7654 25
7870 231 7639 62
7963 34-2 7621 92
810-8 454 7654 122

XIII. TEMPERATURE, 340° Rate after 20/, 0:300 millim. per minute.

Pressure read. Time % rate. Pressure recalculated. Time,
millims, millims, '
71404 0 71404 0
756'3 12 7551 4
7699 66 7633 22
7750 126 7624 42
782:2 201 7621 67
8358 684 7674 228
8860 1239 7621 413
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XIV. TEMPERATURE, 340°. Rate, 0°191 millim. per minute.

Pressure read. Time x rate. Pressure recalculate d. Time,

millims,” millims, ,

7674 0 7674 0
800-3 351 7652 184
8050 403 764:7 211
809-0 489 7601 256
839-2 770 7622 403
8459 865 7594 453
8579 951 7628 498
8669 1033 7636 541
870:1 1100 7601 576

§ 47. As in all these experiments the volume was kept nearly constant, a constant
increase of pressure denotes a constant evolution of gas. This would not have been
the case had the volume been allowed to increase. It seemed impossible that such
results could have been produced by dissociation ; and as it was believed that this
constant evolution of gas was due to the action of hydrochloric acid on mercury, this
supposition was put to the test. On heating mercury with ammonium chloride for
three hours to 330-340° in a sealed tube, it was proved, on treating the contents
with water, that mercury had entered into solution as chloride. This has also been
noticed by THAN (‘ Annalen,” 131, p. 131). It would appear that the rate of action
depends on the quantity, and therefore on the surface of the solid ammonium chloride
present ; for it diminished after each escape of gas. It was, therefore, possible to
calenlate the pressure due to the vapour of ammonium chloride or of its products of
dissociation ; for it may be considered certain that the rate of action of ammonium
chloride on mercury during one experiment is constant. By deducting the product of
the constant rate of increase of pressure into the time, from the read pressures, the
true vapour-pressure, or dissociation-pressure of ammonium chloride at each time of
reading could be calculated. It will be seen that at 320° the vapour-pressure is
constant throughout the whole experiment ; while at 340° the pressure due to
ammonium chloride rises rapidly during the first twenty minutes, and then remains
constant. Now, although both the initial and final pressures with diferent experi-
ments at 340° differed widely from each other, yet, calculating in this way, the result
varies within very small limits. We are unable to account for the rise in vapour-
pressure during the first twenty minutes at 840° and not at 320°; had it occurred
also at 820° we should have ascribed it to the usual rise of pressure accompanying
dissociation before equilibrium is established ; but, as will afterwards be shown,
dissociation is complete at both temperatures; there is no doubt, however, that the
temperature of the ammonium chloride must have been greatly lowered at first by
volatilization, and it may be due to this cause.

Since at 320° the initial pressure is the same as that obtained by recalculation, the
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numbers first given for the lower temperatures, and probably for 330° may be con-

sidered as correct.
The mean results at 320° and at 340° are :—

Temperature. Pressure.

B millims.
320 44407
340 7596

Some of the experiments described above were made with ordinary commercial
ammonium chloride ; but the later ones were all made with material prepared from
pure hydrochloric acid and “volcanic” ammonia, which, as is known, is free from

hydrocarbons.

§ 48. TEMPERATURES of Volatilization of Ammonium Chloride.

A very clear block of commercial ammonium chloride was cut into pieces of suitable
size, each of which was drilled with a hole to receive the bulb of the thermometer,
and was then cut into a cylindrical shape. Owing to the very high temperature
attained by the ammonium chloride, and the sudden heating, the thermometers were
frequently broken ; each thermometer was carefully calibrated before air was intro-
duced, and their readings served so far to check each other. Although this method
appears somewhat crude, yet the concordance of the results to be given shows its

reliableness.
Series I.—Pressure Raised by Admission of Air.
Pressure. Temperature. Pressure, Temperature. Pressure. | Temperature.
millims. o millims. o millims, | 5
59 199-3 650 2566 4498 3155
62 202'5 749 2590 4952 3194
302 2379 819 2626 520-1 3205
379 240-7 89-8 2641 596°6 3256
381 241-3 100-6 2677 6409 3277
456 247-8 1099 2699 7096 3313
599 252'8 . 1221 2733 7603 3334
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SeriEs II.—Pressure Raised by Admission of Air.

Pressure. Temperature. Pressure. Temperature. Pressure. Temperature.
millims. o millims. ° millims, °
14 1785 169 2205 349-8 307-3
15 179-3 253 229+9 3995 3119
22 1833 316 2359 4004 3132
31 1875 41°0 244c4 4477 3152
36 191-1 82:8 2639 499-8 3189
44 194-7 955 266-7 502'5 3209
45 196-8 1258 2759 5537 3218
45 193-3 1507 2803 602-3 3240
83 2021 194-5 289-3 652-6 8270
91 206-0 201-0 289-0 652-9 3278
12:6 212-2 249-7 2960 7077 3295
16'1 2196 293-0 302-6 7633 3307
16'3 2205 3009 302-2

Ser1Es 1I1.—Pressure Raised by Admission of Ammonia-gas.

Pressure. Temperature. Pressure. Temperature. Pressure. Temperature.
millims. o millims. o millims. °
33 1917 112-8 2730 4577 3185
61 204-6 1696 284-7 5103 3214
97 2114 1801 2874 57405 3258
208 2269 2172 292-8 5899 3271
377 2425 3050 303-5 6404 3295
655 257°1 322-8 3063 7202 3339
771 2624 3830 3115
1134 272:6 4430 316-2

SeriEs IV.—Pressure Raised by Admission of Hydrogen Chloride.

Pressure. Temperature. Pressure, Temperature. Pressure. Temperature.
millims, o millims, o millims, o
39 195°5 770 261-2 2924 301-7
120 214-7 102'6 2673 304-6 3022
19-3 224:2 1236 2734 3629 3081
315 2369 1354 2770 4263 314-0
341 239-3 1467 2788 489-3 3194
42-4 2445 171+0 2835 4967 3184
57'8 2532 206-2 2900 614-4 3263
707 2589 2534 296-2 7057 3317

During these experiments the tube was jacketed with the vapour of boiling
mercury ; the readings are given in arithmetical order, but were taken sometimes
with rising, sometimes with falling pressure.

§ 49. The results of all these experiments are shown in Plate 1; where it will be
seen that the curve representing the temperatures of volatilization under different

MDCCCLXXXVI, 0
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pressures is sensibly identical with that representing pressures of dissociation and
vapour-pressures at different temperatures.

§ 50. It will be noticed that at the highest temperatures the numbers representing
temperatures of volatilization fall below the vapour- pressure curve: and since the
temperatures of the jacket of mercury-vapour used for heating the block of
ammonium chloride was only about 20° higher than the highest temperatures registered
by the thermometer imbedded in the block, it was deemed advisable to make an
independent determination of the temperature of vaporization under normal pressure.
For this purpose a calibrated thermometer into which air had been admitted was
heated with mercury-vapour under circumstances as similar as possible to those of the

Fig. 3.

actual experiment. In the woodcut, A represents a wide tube bent twice at right
angles, with a bulb blown at one end. At B a hole was blown, to admit the
thermometer, which was kept in position by a plug of asbestos. The upper part of
the thermometer was protected from hot air-currents by a sheet of asbestos cardboard,
('; the mean temperature of the upper part of the stem of the thermometer was
ascertained in the ordinary way. The result was as follows :—

Reading of thermometer 351°0°
Stem heated by mercury-vapour up to graduatlon 110°
Mean temperature of upper portion of stem . . 33°
Correction for calibration at 351° . — 365°
Rise of zero-point owing to heating o 1-9°
Corrected temperature 351:0°412'3°—8'65°—1"9°=357" 85°

. 7621 millims. at 0°

Barometer .

From REeNaULY’S table mterpolated Temperature=3576"%

This close approximation between a mercurial thermometer and an air thermometer
might excite surprise ; but we have frequently noticed that these particular German-

* From our revised table, 358'3°.
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glass thermometers give results closely agreeing with air thermometer readings up
to 280°. It may be concluded that the temperatures shown by this thermometer,
corrected in this way, are in sufficiently close agreement with those of ReaNaurr’s
air thermometer.

§ 51. The temperature of volatilization of ammonium chloride was then determined
under ordinary pressure with the apparatus shown in the wood-cut (fig. 4). A block of

Fig. 4.

ammonium chloride, B, was drilled with a hole to receive the bulb of a thermometer, A,
and was placed horizontally at one end of an open combustion-tube, C.  The stem of the
thermometer was protected by a sheet of asbestos, D. The block was heated by
applying the flame of a BuNSEN burner to the combustion-tube, and the temperature
registered by the thermometer was read, when constant.

Reading of thermometer . . ... 8295
(Stem was heated up to graduatlon 70 .)
Mean temperature of cool portion of stem . . .  304°
Jorrection for calibration at 3295°. . . . . . —365
Zero-point after experiment . . . . . . . Unaltered
Corrected temperature . 329°54144—365—1'9=33835°
Barometer. . . . . . . . . . 7621 millims. at 0°

By the barometer-tube method, the mean-pressure at 340° was, as before mentioned,
7596 millims. The difference, which is less than 2-0°, may well be due to error of
experiment.

§ 52. SomE Experiments on the Vapour-density of Ammonium Chloride.

These experiments were carried out by HorMaNN’s method at 280° under pressures
varying from 85 millims. to 135°8 millims. The pressure of the vapour in contact with
solid, at 280° is about 145 millims. This temperature is perhaps the only one in which
HormanN’s method can be applied ; for at higher temperatures the vapour-pressure
of mercury becomes too great, and atlower temperatures, the vapour-pressure of
ammonium chloride is too small.

No serious error can be introduced by the action of the hydrochloric acid on the
mercury, because the volume of the gas is so large, the surface of contact with the
solid so small, and the action so slow at that temperature.

o2
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The HorMANN’s tube was exhausted, filled with mercury, and jacketed with bromo-
naphthalene, boiling at 7523 millims. pressure; the temperature was, therefore, 280°,
at which the vapour-pressure of mercury is 157°35* millims.

I. Height of barometer as read on scale 1150 millims.

. mercury m HormMANN’S tube . . . . . 27283
Difference . . . . . . . . . 15673

Correction for heated column of mercury . . . . 133
1706  ,,

Pressure ..
Pressure reduced to 0°
Weight of ammonium chloride .

The ammonium chloride was introduced while the tube was still hot, and the

169-7 '
0°00434 grm.

following readings were taken :—

Height of barometer as read on scale 112°8 millims.

. mercury in HOFMANN'S tube. . . . . . 3391
Difference . 246°3 ’

Correction for heated column of mercury 93
Pressure . R 2556,
Pressure reduced to 0° 2546,

The tube containing ammonium chloride carried with it a little air, the pressure of

which, at the higher temperature and volume, was calculated to be 0°25 millim.
4394 cub. centims.

. 6350 »

. 1697 —157'35 millims.
12-35 x 4394

’ " larger ' G W—SG '

Total pressure due to air at larger volume 8:6-4+0'25=885 "
Pressure due to NH,C1 ' =254'6—15735—8'85=88"4 »

Volume before addition qf ammonium chloride .

29 a'fter 2 2 2y
Pressure due to air at smaller volume .

Vapour density of NH,CI(H=1) . 13-29 .
Vapour density of NHy+ HCI 1337
The body is thus seen to be totally dissociated.
II. Weight of substance 0-0087 grm.
Barometer, corrected . 7494 millims.
279-8°

Temperature of bromonaphthalene vapour
Vapour-pressure of mercury 1566 millims.

* In revising pro’ofs, we have substituted for the vapour-pressures of mercury determined by ReGNauLT,
our revised numbers, which we believe to be more accurate.—[May 22, 1886.]
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Correction for | Pressure Pressure of “
Pressure column of | corrected | L ressure ammonium- Volume. P. V. Vapour.
(uncorr.). | yot mercury. to 0o, | duetoair | oh)oride vipour. density. .
millims, wiilims. millims. | millims. millims. cub. centims. ‘o
M 146-8 141 - 1603 3 .. 41-66 .. e
(2) 2868 76 293-3 21 134-6 73'52 © 9,896 1509 -
3) 2865 75 2929 2-1 134-2 74,11 9,946 1506
4) 2862 74 2925 2:0 1339 7457 9,985 14-96
(5) 2852 72 2918 195 182-75 7541 10,01v 14-92
(6) 282:3 67 2879 1-7 129-6 7775 10,077 14-82
(7) 2812 645 286:55 | 1'55 1284 7878 10,115 1477
(8) 2862 75 292-6 16 . 134-4 7391 9,934 1504
(9) 2870 775 29365 21 13495 7273 9,815 15-23
(10) 280-1 65 2855 155 127-35 7856 10,005 | 1494

Of these determinations, (1) was with mercury alone, in order to determine the
amount of air present. From the rest it would appear that the vapour of ammonium
chloride is not wholly dissociated at pressures near those of saturation; the per-
centage number of molecules decomposed varying from 75°57 to 81'04 within the
limits of these experiments. It may also be noticed that, in general, the higher
the pressure, the higher the vapour-density.

§ 53. In the case of ammonium chloride it appears that the temperature of
volatilization depends on the pressure, and that the curve representing the tempera-
tures of volatilization under different pressures is coincident with that representing
the vapour-pressures at different temperatures. But on inspecting the curve
(Plate 1) showing the relation between temperature and pressure for ammonium
chloride it will be noticed that the temperatures of volatilization, represented by
crosses, lie in all cases lower than the circles representing pressures. Two corrections
have not been applied, both of which would raise the temperatures of volatilization,
because we were unable to estimate the exact amount. The temperatures of volati-
lization were ascertained by means of a mercurial thermometer, but the others,
indirectly by an air thermometer. The thermometers were not compared beforehand,
and, having been broken during the experiments, a comparison is now impossible.
Thermometers belonging to the same batch, which were made of German soda-glass,
have been subsequently compared, and to make their readings coincide with those of
an air thermometer require to have their readings raised 1-0°at 220° 1:2° at 230°,
1'4° at 250° and 1-5° at 280°% If this correction were applied it is obvious that the
results of the two methods would form the same curve. Above 280° this comparison
has not been made.

Another correction would appear to be requisite for the highest temperatures, owing
to the temperature of the jacket of mercury-vapour being too near that of the block
of ammonium chloride. Of this we can form no estimate, but it should be noticed
that the single observation at the atmospheric pressure, by a method which is free
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from both these objections, agrees closely with the point obtained by the barometer-
tube method. This is shown by the large cross on the diagram.

- § 54. Phthalic Acid, C;H,(COOH),.—This acid melts at 184° (LosseN), decomposing
into water and phthalic anhydride, C;H,(CO),0. ADOR (‘ Annalen,’ 163, p. 230) states
that large crystals melt at 213°, while, when powdered, the melting-point is 203°.

PrESSURES of Dissociation of Phthalic Acid in Barometer-tube.

Temperature. Pressure. Duration of experiment.
° millims, ‘

308 47 19

598 208 _ 46

780 288 62
1000 41-2 84
1160 519 140
13195 61-7 151
1316 601 125
1436 1119 423
1499 164:6 384
149-8 1631 18
1549 2155 363
1595 3273 257
164-6 4432 142

The tube was here refilled, as the original: quantity of substance was deemed
insufficient ; the remaining numbers of this series will be referred to under succinic
acid.

Temperature, Pressure, Duration of experiment.
o : millims.
1653 5143 67
168-7 6296 Constant
Recombination 1650 5187 122'
168°1 6187 118
i

The results of these experiments are graphically represented in Plate 2. The
form of the curve appears to differ somewhat from that of an ordinary vapour-
pressure curve, for the curvature is more abrupt on approaching the horizontal
portion. This peculiarity will be referred to later.

§ 55. TEMPERATURES of Volatilization of Phthalic Acid.

As phthalic acid dissociates on liquefying, the bulb of a thermometer was first
covered with cotton-wool, and dipped repeatedly into a boiling aqueous solution of
the acid. The thermometer was then hung in a bell-jar over sulphuric acid for several
days until dry. The requisite temperature was obtained by jacketing with vapour of



bromonaphthalene, boiling at about 280°. The condenser was cooled by a freezing
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mixture.
Pressure, Temperature, Pressure. Temperature. Pressure. Temperature.
millims. o millims, - ° millims, o
1-05 191-9 98 2017 873 1969
35 1984 1420 2101 322 1686
64 1994 469 1771
304 2029 228 1595

10¢

o
v

When the pressure was raised to 142 millims. the anhydride was left behind, and
condensed as liquid on the sides of the tube, crystallizing on the colder parts. After
the experiment, on removing the freezing mixture, the solid which had passed into
the condenser liquefied partially, the liquid containing crystals. There had therefore
been a separation of water. The solid in the condenser was evidently acid, and not
anhydride, so that at very low pressures the acid had passed over undecomposed : it
was then only after the pressure had been raised that decomposition took place, and
it is probable that the substance had then melted, though it was difficult to observe
this on the cotton-wool. The phthalic acid condensed in very small crystals, forming
an opaque mass : the anhydride, in long transparent crystals. There was a distinct
line of demarcation between the two. The last five numbers, which differ entirely
from the others, are evidently the temperatures of volatilization of the anhydride,
and the former ones of the acid: These numbers are reproduced in a separate curve.
The temperatures of volatilization of the acid are plotted in Plate 2, and it is to be
observed that, although there is an indication of a curve of the usual form, it com-
pletely differs from that obtained by the other method.

§ 56. Succinic Acid, C,H,(COOH),.—This acid melts at 180° and is said to boil at
235° with formation of the anhydride, C;H,(CO),0. Thbe acid used in these experi-
ments was recrystallized, and kept over phosphoric anhydride.

Pressures of Dissociation of Succinic Acid in Barometer-tube.

A very large number of experiments were made with this substance. In the first
three series the numbers obtained gave, when graphically represented, curves with
double flexure ; and so long as the same amount of substance was employed recombi-
nation at any given temperature reached the same point as regards pressure as did
decomposition. The curves obtained from these series were fairly concerdant. But,
on increasing the amount of substance, the pressures for given temperatures were
much higher, and the double flexure tended to disappear. With phthalic acid it is
possible that the vertical trend of the curve might have been due to an insufficient
amount of substance; but this cannot have been the case with succinic acid. As the
pressure of dissociation of succinic acid appears to depend on the amount of substance
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present, and is capable of being altered at will, and as the number of experiments
made on this subject comprise several thousand readings, and lasted over six weeks,
we content ourselves with reproducing the results in the form of curves. (See Plate 2.)
It may be generally stated that the larger the amount of substance the higher the
pressure at which the double flexure appears. It may possibly be that succinic acid
has the power of forming intermediate anhydrides of some such type as
COOH
a0

Y
CHLGo0H

and that its abnormal behaviour is to be accounted for on the supposition of their

existence, but this is merely a conjecture.

§ 57. TEMPERATURES of Volatilization of Succinic Acid.

The bulb of the thermometer was dipped repedtedly into the melted acid until a
sufficiently thick layer had accumulated. For low pressures the condenser was cooled
by a freezing mixture, and the tube was jacketed with vapour of methyl salicylate.

Serizs I
Pressure. Temperature.
millims. o o
09 1537
2:3 166-8
25 169-3
Series IIL
Pressure. Temperature. ! Pressure, Temperature. Pressure. iTempemture.
millims. . millims, R willims, A
1-55 1607 64 1747 754 1751
165 1615 74 176-0 107-8 174-3
1:70 161-0 12-5 176-8 : 139-3 1741
1-90 1624 . 156 176-1 168-7 174-2
21 162-4 17-1 1765 2204 1745
30 167-3 309 1756 2751 1745
43 1702 | 511 ' 1758 ‘

The substance melted after the pressure had been raised to 2751 millims.; the
melting-pressure must therefore occur between the pressures 2204 and 275°1 millims.
After the experiments were finished the melting-point of the acid still adhering to the
thermometer bulb was compared with that of the original substance, and they were
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found to be identical at 181-0°. Here, again, it is noticeable that the results of the
two methods are widely divergent. (Plate 2.)

§ 58. Aldehyde-Ammonia, CH3.CH{g§2.—This substance was suspected to decom-

pose on heating, in spite of SCHRODER'S having found its vapour-density normal at
160° (¢ Berichte,” 4, p. 470) ; and it will be seen later that our experiments prove the
justice of this conclusion. The substance smells at once of aldehyde and ammonia.
It is said to melt between 70° and 80°, and to distil undecomposed at 100°.

§ 59. PRESSURES of Dissociation in Barometer-tube.

Temperature, Pressure. Duration of experiment.
"o millims.
21-3 70 12 hours.
289 ' 135 83 minutes.
39+7 329 88 ’
452 498 27 ”
50-0 836 Not constant after 249 minutes.
546 1442 ' ” 718 ’
557 176-2 Constant after 75 minutes.
60~60-8 307 4 Not quite constant after 25 hours.

It was evident from the discoloration of the substance at the higher temperatures
that it had partly decomposed ; the results, however, point to gradual dissociation,
accompanied at the higher temperatures with some decomposition. The curve is
given in Plate 2.

§ 60. TEMPERATURES of Volatilization of Aldehyde-ammonia.
The condenser was cooled by a freezing mixture. The thermometer-bulb was

covered with cotton-wool, and dipped repeatedly into the melted substance. The
tube was jacketed with the vapour of chlorobenzene.

SErIES I.—Pressure raised by admitting Air.

Pressure. Temperature. ~ Pressure, Temperature. Pressure. Temperature.
millims. ‘o millims. o millims. °
2-8 261 330 562 4033 782
325 29-2 634 61-5 533 603
385 33-2 12471 67-2 5111 81-2
85 42:7 2650 42

MDCCCLXXXVI, P



106

PROFESSOR W. RAMSAY AND DR. S. YOUNG

SERTES II.—Pressure raised by admitting Air.

|
Pressure. Temperature. Pressure. Temperature. | Pressure. Temperature.
millims. R millims. o millims, o
1-95 243 955 65°1 3493 767
24 271 161-3 69-2 1532 688
2:8 289 1981 70°9 4457 792
12-9 47:1 2509 731
216 52:6 3004 749

Ser1Es IIT.-—Pressure raised by admitting Ammonia-gas.

Pressure. Temperature. Pressure. Temperature. Pressure. Temperature,
millims. o millims, o millims. o
63 382 38:0 590 1850 722
6-45 3955 537 612 2163 732
95 44:3 67-8 63-2 2495 74-8
10-8 463 795 645 2783 759
12-55 482 956 654 2052 734
156 505 1140 67-2 140°1 703
215 537 136-0 687
286 566 1565 702

Series [V.—Pressure raised by admitting Ammonia-gas.

Pressure. Temperature. Pressure. Temperature, Pressure. Temperature.
millims. o millims, ° millims, o
40 356 44:0 60-2 2298 739
214 522 533 621 3036 762
488 602 81-7 660 300°1 76:0

SeriEs V.—Pressure raised by admitting Ammonia-gas.

Pressure. Temperature. Pressure. Temperature. Pressure. Temperature.
millims, o millims, . millims. o
97 423 150-3 - 692 5514 814
111 451 2394 731 606-3 82-8
235 526 314+9 753 6418 83-2
668 62-3 3820 772 711-7 852
688 63-0 4355 786 736°1 858
1082 666 5064 80-3




ON EVAPORATION AND DISSOCIATION. 107

SERIES VI.—Pressure raised by admitting Aldehyde-vapour, prepared at the time
from Aldehyde-ammonia and Sulphuric Acid, and dried over P,O;.

Pressure. Temperature. Pressure. Temperature. Pressure. Temperature.
millims. ° . millims, o millims, o

845 42-1 67°5 639 3099 751
1015 44-3 997 658 3481 76'3
23:6 5402 139-8 688 4031 777
377 59'1 1751 70-8 462-4 789
4404 610 2158 721 5531 803
49-8 62-0- - 2660 739 6169 814

When air or aldehyde was admitted to raise the pressure the cotton-wool became
discoloured by a brown resinous substance ; this was not the case when the pressure
was raised by admitting ammonia-gas (L1uBAWIN, ¢ Berichte,” 8, p. 1684). Although
the results obtained on raising pressure with air, ammonia, and aldehyde are somewhat
divergent, yet a very large difference of pressure is caused by a slight alteration in
temperature, and the results of observations with any one of these substances show
equal discordance among each other. This is not surprising considering the nature of
the compound. . (Plate 2.)

§ 61. VAPoUR-DENSITIES of Aldehyde-ammonia.

The vapour-densities were determined by HorMANN’s method at 78:25° and at
131-8°

Percentage number

Weight. Temperature. Pressmc. Volume. P.V. Vapour-density, of molecules
decomposed.
' o millims, cub. centims, ]
00353 7825 294-1 73:06 21,487 17:93 70-11

" ., 92800 7686 21,521 1790 .

A long time had to elapse before pressure became constant and the vapour acquired
its maximum volume.

Percentage number
Weight. Temperatu-e. Pressure. Volume. p.v. Vapour-density. of molecules
decomposed.
| .
o millims. cub, centims, -
00353 131-8 324-1 79-78 25,857 17-17 7764 (?)

A certain amount of yellow resin had deposited on the surface of the mercury at
the higher temperature, which accounts for the dissociation being apparently incom-
plete. At the lower temperature no decomposition was observed.

P 2
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The dissociation of this substance was evidently far from complete, and it will be
seen that the curve representing temperatures of volatilization approaches more nearly
to the usual form of a vapour-pressure curve. The pressure, 280-290 millims., lies
considerably below that obtained by the still method at 78'25°, which is about
420 millims., and it is very far below saturation, as indicated by experiments with
the barometer-tube.

§ 62. Paraldehyde and Metaldehyde.—It was thought that some results might
have been obtained from these substances. Paraldehyde is a liquid of the formula
C:H,,0,=3C,H,0, obtained by treating aldehyde with a minute quantity of sul-
phurous anhydride, cyanogen, or certain other substances. Its vapour-density is
said to be normal for the formula C H,,0, (BewstEIN, ¢ Handbuch der Organischen
Chemie,’ p. 28). Tt boils at 124° (KBKULE and ZINCKE), at 123:2° to 123°5° (BRUHL).
When distilled with a little sulphuric acid it changes totally to aldehyde
(WEIDENBUSCH).

A portion boiling at 122:6° was employed for the following experiments. When
heated in a barometer-tube it was found to attack the mercury ; it was therefore well
shaken with mercury and redistilled. The pure substance does not appear to
decompose, and the results obtained by the two methods were practically identical.

Metaldehyde is a solid crystalline body, produced by the action of gaseous hydrogen
chloride, or sulphurous anhydride on aldehyde in a freezing mixture. It is insoluble
in the ordinary solvents, and sublimes without melting at 112-115° and when heated
under pressure to 120° it changes completely into aldehyde. Its dissociation-pressure
was determined in a barometer-tube.

Temperature. Pressure. Time.
o millims.
17:0 11-8 24 hours
504 282-0 216’
’ 332:0 216'+380'=596'
’ 3394 596'+75'=671'

The rise of pressure was 2°4 millims. in the last 35".

Temperature. ’ Pressure, Time.
o millims,
60 4590 335’

The pressure rose 14°3 millims. in the last 60’.

We have evidently here to deal with a substance the equilibrium of which is
established only after a very long time. It was allowed to cool, and stood for ten
days; combination was gradually taking place, as shown by the gradual rise of the
mercury.
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§ 63. Nitrogen Peroxide.—This substance was prepared in the following manner.
A mixture of arsenious oxide, sulphuric acid, and nitric acid was heated ; the vapour
evolved was led through a U-tube containing arsenious oxide, and then through a
drying-tube filled with phosphoric anhydride. It then entered a U-tube, provided
with a bulb, which was placed in a freezing mixture. To avoid decomposition, the
apparatus was constructed, as far as possible, in one piece. After redistillation the
substance, which had a deep-red colour, was used for the following experiments.

The vapour-density of mitric peroxide in presence of nitrogen was first determined
by Prayrair and WANKLYN (‘ Annalen,” 122, p. 249). From their results they con-
cluded that at 100° the gas consists chiefly of NO,, and at the ordinary temperature
of N,0,, MuLLEr (‘Annalen, 122, p. 15), and DEviLLE and Troost (‘Comptes
Rendus,” 64, p. 237) determined its vapour-density by Dumas’ method, with very
concordant results. NAUMANN (‘Annalen,’” Suppl.,, 6, p. 203) calculated from their
data the percentage number of molecules decomposed at different temperatures, and
found that at 26°7° it contained 8004 p.c. of molecules of N,O,; while at 135°, 1-31
p.c. of the total number of molecules was left undecomposed. The curve constructed
from NAUMANN'S numbers presents the usual double flexure of a dissociation-curve.
At the boiling-point, under normal pressure, 21°7°, it is evident that less than 20 p.c.
is dissociated. DE 1A FonTAINE (‘Archives Phys. Nat.’ (2), 28, p. 271) drew attention
to the remarkable change of colour which nitric peroxide gas shows on heating ; and
as the liquid also grows lighter in colour when cooled, it appears probable that dis-
sociation still proceeds in the liquid state (NAUMANN, ‘Thermochemie,’ ed. 1882,
p- 138). From these and similar results WiLLARD GiBBs has constructed a formula,
showing on thermodynamical principles the rate of dissociation of nitric peroxide.

§ 64. VAPOUR-PRESSURES of Nitric Peroxide.

As liquid nitric peroxide quickly attacks mercury, it was impossible to determine its
vapour-pressure by the usual method. Tolerably accurate results were obtained by the
following device. An apparatus of the form given in the annexed drawing was
employed.

A large bulb A of about 50 ces. capacity, very thin walled, yet strong enough to resist
the pressure of the atmosphere, was sealed to a graduated glass tube of thermometer-
bore, B, and was fused into an encasing bulb, C, the walls of which were much thicker.
From the upper part of C a tube, D, projected vertically for some distance, and was
then bent twice at right angles. The other extremity of this tube was enlarged at E;
a T-piece, F, was sealed to the horizontal portion of the tube; the bulb A was filled
with mercury, by exhausting it, and allowing mercury to enter. The bulb C was
placed in a vessel with a perforated bottom, containing finely-pounded ice, which was
heaped round the lower portion of the graduated stem, and continually renewed. As
the bulb A forms an extremely delicate thermometer, in which 60° of the arbitrary
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scale corresponded to 1° of temperature, it was only after several hours that the
temperature became constant. “When absolute constancy of temperature had been
attained, the T-tube F' was connected with the pump and with a gauge, and air was
removed from the apparatus ; the diminution of pressure caused the bulb A to expand,
and the mercury in the graduated stem to fall. This fall was found to be sensibly
equal for equal decrease of pressure ; and from the mean of a great number of readings
a change of 904 millims. pressure was found to be equivalent to 1° of the scale ; hence
1o corresponded to about 1 millim.

A perfectly air-tight stopcock was then fused on to the T-tube I, and the apparatus
was dried by exhausting the air with a CARRE'S pump. The apparatus was then
pumped empty of air with the mercury-pump, and the stopcock was closed. A
reservoir, (, which had been sealed to the stopcock, was then filled with liquid nitric
peroxide, and the stopcock was opened so as to admit two or three cubic centimetres of
the liquid. The stopcock was then closed, and removed by sealing.

As the height of the mercury in the graduated stem had been read before introducing
the nitric peroxide, and as the introduction of the liquid caused a rise of the mercury
corresponding to the pressure of its vapour, the apparatus acted as a barometer for
temperatures below 0°. The vapour-pressure was regulated by the coldest part of the
apparatus. The bulb E was placed in a well-stirred mixture of ice and hydrochloric
acid, in contact with a thermometer, and the temperature and the position of the
mercury in the graduated scale were read, with the following results :—
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§ 65.
Scale readings.* Pressure. Temperature,

millims. °
115-0 686 —26
114-9 696 —252
113:3 84-6 —21-0
112-0 96:0 —191
1120 96-0 —180
1114, 1016 —17:0
108-0 132-2 —130
1061 149-4 —115
106-0 150-2 —11-0
1054 1557 —100
1058 1520 — 96
104-7 161-7 — 87
104-1 167-5 — 80
1005 2000 -~ 53
97-7 225'3 - 31

§66. To obtain readings at a higher temperature, the bulb C was placed in running
water, the temperature of which was almost constant, and mercury was removed from
the graduated stem for convenience in reading. The readings obtained by this
method correspond with those obtained by the still-method, to be hereafter described.
It was accordingly assumed that they would correspond at 0°. The bulb E was
placed in melting ice, and the position of the mercury in the graduated stem was
noted. The ice round E was now replaced by running water at a temperature of
18'9°, and the alteration in position of the mercury in the scale read. Since the
temperature of the running water was not absolutely constant, this was repeated
several times, and the mean result taken as correct. It was found as the mean
of six experiments that an alteration of temperature from 0° to 13-9° produced a
rise of mercury of 30'9 scale divisions, corresponding to an increase of pressure of
2793 millims. As the pressure at 0° found by the other method is 2575 millims.,
the pressure at 13-9° is therefore 279-3+4257-5=536"8 millims.

§67. A direct reading at 196 was taken by placing the apparatus in a large tank
of water of that temperature, the temperature of the room being some degrees
higher. The mercury in the scale read 81:0°. The point of the T-tube was broken,
s0 as to communicate with the atmosphere, and the height of the mercury was again
read. It was 73'2°. This difference was 7°8° or allowing for the cooling of the
water during one minute, 7°7°. Multiplied by 9-04, this difference is equivalent to
695 millims. Subtracting from the pressure of the atmosphere at the time, 756°6,
the true pressure in the apparatus was found to be 6871 millims.

# Tt should be mentioned that the scale was inverted, so that a lower reading corresponds to a higher
pressure.
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§ 68. Maximum Temperatures at Different Pressures.

In these experiments the only differences from the ordinary arrangement were—a
stopcock was used instead of an indiarubber tube and clip to admit the liquid ; as
nitric peroxide attacks cotton-wool, the bulb of the thermometer was covered with
ashestos ; warm water was used as a jacket, and the condenser was placed in a good

freezing mixture.

Pressure. Temperature. Pressure. Temperature. Pressure. Temperature.
millims. ° millims, ° millims, °
865 —19-35 257°5 00 4830 12-1
91-8 —1815 291-0 +2-2 5360 142
1135 —14-60 3165 40 5785 158
1270 —12:7 344-0 57 6135 17-0
147°5 - =100 3905 79 6605 185
177:0 — 67 4260 97 7385 209
204-5 — 43 4675 11-4 7520 21°5

§69. On reference to the curves (Plate 1) it will be seen that the results by both
methods agree as closely as could be expected from the nature of the first. In this
respect, the behaviour of nitrogen peroxide is similar to that of ammonium chloride ;
but while the latter is completely dissociated at its volatilizing point under normal
pressure, the former has suffered only very partial dissociation.

Nore.—Quite recently E. and L. NaransoN (‘ WIEDEMANN'S Annalen,’” 24, p. 454)
have determined the relations between the specific heat and vapour-density of
nitrogen peroxide under varying pressures, and at a constant temperature. They find
that while the vapour-density increases, the specific heat decreases with rise of
pressure, and conclude from this that the alteration of density of nitrogen peroxide is
due to the dissociation of N,O, into 2NO.,,

§70. Acetic Acid.—The sample of acetic acid used was the same as that em-
ployed by us in determining the different vapour-pressures of the solid and liquid
acid (see ‘ Transactions,” 1884, Part IL.). It was perfectly pure, boiling with absolute
constancy at 118:7° at a pressure of 765°2 millims., and melting at 16°4°. The large
stock of acid contained a little water; but on fractionation, after one-third had
distilled over, the remainder always boiled constantly to the last drop. The various
determinations were made with portions fractionated at different times.

Pravyrair and WANKLYN (Trans. Roy. Soc., Edin., 22, Part III., p. 441) were the
first to suggest that, as the vapour-density of acetic acid at low temperatures is nearly
double that which it possesses at high temperatures, its formula at low temperatures
is C,H3O,; and that on heating, this molecule splits into two of the formula C,H,0,.
An increase of density in the neighbourhood of the condensing-point is a common pro-
perty of all gases; and NaumanN concludes (“ Annalen,’ 155, p. 325) that, although
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acetic acid may exhibit this behaviour, yet that its abnormal density is to be explained
chiefly on PravFAIR and WANKLYN’S supposition. HoRrsTMANN and others take the
opposite view. So far, then, it is an open question whether acetic acid dissociates or
not.

§ 71. Numerous determinations of the vapour-pressures of acetic acid have been made
by REGNAULT (‘ Mémoires de I’Académie’, xxvi., p. 51-60), BINEAU (‘Annales’ [3], 18,
p-226), Lanpowrr (‘ Annalen,” Suppl., 6,p.157), and WULLNER (Pogg. Ann., 103,p. 529).
Their results show absolutely no concordance. Thus at 15°, BINEAU finds a vapour-
pressure of 7 millims.; while Lanporr finds 15 millims.; and REeNAULYS determina-
tions vary from 85 millims. to 10°4 millims. At higher temperatures the various
determinations are even less concordant. At 80°, for example, the difference between
determinations by Lasporr and by WULLNER amounts to 85 millims. REeeNAULT
attributed his discordant results to the presence of water in those samples which gave
a lower pressure, and of acetone in those giving a higher pressure. It will be seen that
our very numerous determinations exhibit perfect accordance with each other. The
vapour-pressures and the temperatures of volatilization at low temperatures have
already been given by us in the paper referred to; above 20° the results are as
follows :—

§ 72, VAPOUR-PRESSURES of Acetic Acid in Barometer-tube.

Series L.
Temperature, Pressure. Temperature. Pressure. Temperatnre. Pressure.

° millims. o millims. 5 ‘millims.
21-2 127 392 322 632 1007
24r5 14-6 438 397 660 1134
29-15 1855 481 499 687 127:7
31-0 2045 515 587 711 1425
332 232 549 683 734 1570
34-4 2425 576 774 755 170°1
356 2645 602 885 781 1907

Serres II.
Temperature. Pressure. Temperature. Pressure. ; Temperature. Pressure.

° millims. ° millims. ° millims,
259 1505 451 '42:65 6615 114-6
28:3 17+7 496 529 6815 126-0
3095 2025 532 636 7005 1361
343 2525 570 755 , 72:95 1536
374 29-2 599 865 746 1645 |
408 34-5 632 1012 77°95 1881 |

After the completion of these experiments it was found, on incliﬁing the tube, that_
absolutely no air was present.
MDCCCLXXXVL. Q
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114
Series IIL
Temperature, Pressure. Temperature. Pressure. Temperature. Pressure.
° millims. o millims, ° millims,
62'5 972 93-7 3400 1083 5516
743 1634 1052 4999 109-3 5744
830 229-9 o941 3456 .. ..

§ 78. Maximum Temperatures at Different Pressures.*

Series I.
Pressure. Temperature. Pressure. Temperature. Pressure. Temperatare.
millims. o millims. o millims, °
2363 839 787 57:4 283 361
194-4, 788 66-7 535 229 327
1562 732 537 49-2 16-8 272
1319 691 517 485 129 224
963 61-8 417 438
Serres IL
Pressure. Temperature. Pressure. Temperature. Pressure. Temperature,
millims. o millims. o millims, o
1463 716 - 343 401 17-45 27°3
581 50°5 289 369 12:65 21-4
51-3 482 218 - 313
Sgries IIL
Pressure, Temperature. { Pressure. Temperature. Pressure. Temperature.
millims: : ° © millims; o millims, o
145 23-4 14-35 230 12-45 209
Series 1V.
Pressure. Temperature. { Pressure. Temperature. Pressure. l Temperature.
millims. | ° millims, ° millims, °
1595 256 1305 22:05 12-85 21-68

* In this case, as well as in that of nitric peroxide, it is inadmissible to use the expression “tempera-
ture of volatilization,” which by definition applies only to solids. (Phil. Trans., 1884, I.) Nor is
“boiling-point” a correct term, for ebullition does not take place. With liquids which are known not
to dissociate, the expression ‘ vapour-pressure ” may of course be used.
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SEriEs V.

Pressure. Temperature. Pressure. Temperature. Pressure. Temperature,

millims, o millims. ° millims, °
717-9 117:15 4603 103-3 242-1 | 846
6575 1141 4252 ] 100:6 ] 2280 834
6426 113-4 396-3 98-6 215-2 8165
623-8 112-4 3764 974 199-5 : 798
5871 110-4 344-3 945 1773 764
5400 107-45 3079 91-4 1275 685
501-8 10545 267-8 875 876 596

556 49-65

The shortness of series IIL. and IV.is accounted for by the fact that they consist of
the higher numbers of series which have been elsewhere given. The results by both
methods are shown in Plate 2.

§ 74. It was thought possible that the hydrochloride of ethylamine, and that chlorine
hydrate might yield serviceable results. The former gave off a permanent gas, and
grew pasty when heated ; the temperature rose steadily to above 300° with no sign of
a check.

The chlorine hydrate, prepared by bringing a thermometer-bulb covered with cotton-
wool, and soaked with water, in contact with chlorine at a low temperature, melted
suddenly when the pressure was lowered, with rapid evolution of chlorine, while the
temperature rose to 0°. This unusual behaviour perhaps deseryes further investiga-
tion,* but as it did not come under our programme, it was not further followed.

* (Since writing the above, the matter has been made the subject of experiment by H. Lr CHATELIER,
“Comptes Rendus,” 99, p. 1074; he finds that solid chlorine hydrate has a higher vapour-pressure than
the liquid hydrate, if the latter exists, and is not a mere solution of chlorine in water. It may be
remembered that similar results with chloral ethyl- and methyl-alcoholates are described by us in § 25).

Q2
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§ 75. DiscussioN of Results.

For the sake of clearness we tabulate the results already described : —

Name of substance.

Vapour-density shows—

‘| Temperature of volatilization.

Vaponr-pressure, or
pressure of dissociation.

Chloral hydrate .

Butyl chloral-hydrate .
Chloral methyl.alcoholate
Chloral ethyl-alcoholate .
Ammonium carbamate
Ammonium ci:tloridé

Phthalic acid .

| Suceinic acid .

Aldehyde-ammonia,

Paraldehyde .
Metaldehyde .

Nitrogen peroxide .
Acetic acid

Ethylamine hydrochloride
Chlorine hydrate .

Dissociation almost com-
plete at 78°

Complete dissociation at
160°

At 78:5°, about 78 per cent.
dissociated

At 78°, 82'5 to 83 per cent.
dissociated

Total dissociation

Dissociation very nearly
‘complete at 280° -
Vapour-density not deter-
mined; dissociation pro-
bably very -large; no
constant melting-point
Vapour-density not deter-
- mined; dissociation pro-
bably less complete than
with phthalic acid, con-
stant melting-point .
70 per cent. dissociated at
78:25°, under reduced
pressure _

No dissociation .

Dissociation small below
20°

Vapour - density abnor-

_ mally  high, . especially
at low temperature

No results

No results

Independent of pressure
Independent of pressure
Independent of pressure
Independent of pressure
Constant at about 65°
under all pressures

(Curves

Rudimentary curve at
low pressures

Curve more obvious than |

with phthalic acid

Curve of usual form .

(Curves ,

(Curves

(Curves

Curve of ordinary
form.
Curve of
form.,
Curve of
form.
Curve of
form.
Curve of

form. .
identical.)

ordinary
ordinary
ordinary

ordinary

Abrupt change of
direction of curve.

Appears to depend
on amount of
substance -~ pre-
sent; curve shows.

. double flexure..

Curve of wusual
form, but pres-
sure higher than
by other method. -

identical.)

Equilibrium estab-
lished only after
very  prolonged
heating.

identical.)

identical.)

§ 76. It is evident that these substances may be divided into two groups: that in
which the curves representing temperatures of volatilization and vapour-pressures are
identical ; and that in which these curves are distinct. The members of the first
class behave like ordinary solids and liquids; and the class includes the three sub-
stances, ammonium chloride, nitrogen peroxide, and acetic acid; with the first of
these dissociation is nearly complete sixty degrees below the temperature of volatili-
zation under normal pressure; with the second dissociation amounts to less than
20 per cent. at its boiling-point ; while with acetic acid it is uncertain whether true
dissociation takes place. The second group, which contains the rest of these sub-
stances, with the exception of paraldehyde, which is stable, may be divided into two
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sections : that in which pressure has no apparent influence on the temperature of
‘volatilization, and that in which its influence is partial.

§ 77. Judging from the determinations of vapour-density which have been made, it
may fairly be stated that those substances which show the greatest amount of disso-
ciation also show the greatest divergence between the curves, and the least connexion
between pressure and temperature of volatilization. Thus with chloral hydrate, the
dissociation of which is almost complete, the temperature of volatilization is indepen-
dent of pressure, and with ammonium carbamate, which is completely dissociated, this is
also noticeable. Again, with succinic and phthalic acids, the former of which, judging
from its melting-point, is probably more stable than the latter, the curve representing
temperatures of volatilization of the former is more obvious than that of the latter;
and with aldehyde ammonia, the two curves of which have the same general form and
which are not widely divergent, the determination of vapour-density shows that the
dissociation is only 70 per cent. at 78:25°, under greatly reduced pressure. Again,
with the alcoholates of chloral, which appear to show the same behaviour as chloral
‘hydrate in the still, the melting-pressure is so low, and the rate at which they volati-
lize so rapid, that any small indication of temperature being influenced by pressure
might well have escaped observation. Moreover, we are not able at present to
compare the relative stability of these bodies with that of phthalic and succinic acids.
Had we to deal with this class alone it would have appeared that the statement at
the beginning of this paragraph might be general; but ammonium chloride forms so
marked an exception that this view can hardly be sustained without qualification.

§ 78. Tt is also to be noticed that the chloral compounds with water and with the
alcohols belong to the class of dihydric alcohols, or their methyl or ethyl derivatives.
Thus aldehyde itself, when mixed with water, evolves heat, and undergoes con-
traction ; and this behaviour would point to the formation of the dihydric alecohol

OH
CHSCH{ on

Now such a union, if this constitution be accepted as correct, involves the breaking
down of a molecule of water, and the partial molecular rearrangement of aldehyde, so
that from CHZ;CHO there is formed CH,CH(OH),, With the methyl and ethyl
compounds the substance produced is at once a monohydric alcohol, and a methyl or
ethyl ether, thus :-—

OH

OH
00130H{OCH3, and CCI3CH{002H5-

In the case of ammonium carbamate its formation involves the breaking down of
one molecule of ammonia, and the formation of an ammonium group, NH,, and of an
amido group, NH, : and this necessitates the actual transfer of an atom of hydrogen
from one nitrogen-atom to the other, thus :—

0CO+2NH,= OC{ONH‘*

NH, -
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Again, aldehyde-ammonia is usually viewed as a dihydric alcohol, in which one
hydroxyl group is replaced by an amido group, and this again involves the breaking

down of a molecule of ammonia, its formula being CHsCH{l%II_II . Lastly, the com-
2

bination of phthalic or succinic anhydride with water involves the breaking down of a

molecule of water, thus :—

C,H,(C0),0+H.0H=C,H,(COOH), ;
QeH,(C0),0+H.0H=C,H,(COOH),

In all these cases the behaviour in the still differs from that in the barometer-tube.
§79. The three remaining substances, nitrogen peroxide, acetic acid, and ammonium
chloride, give identical vapour-pressures by both methods; and in this their
behaviour does not differ from that of stable solids or liquids. It is, therefore, to be
surmised that these substances must show some essential difference in constitution
from the others, and we shall consider them in detail.
Nitrogen peroxide, when dissociated, may have one of two formule, either

N<<8 or N <8 It is indifferent for our purpose which is accepted ; but, taking the

first as correct, there are three ways of representing the union of two molecules
of NO, to form N,O, First: Simple union of the nitrogen atoms thus:—

8>N — N <8 Second : Union through the oxygen atoms :—0=N—-0—0—~N=0.

Third (and the hypothesis has been recently advanced yb Divers): Union of a
nitrogen atom of the one molecule with an oxygen atom of the other, the result being

a nitrate of nitrosyl, 8>N —0--N=0.

Now, none of these methods of representation involves the breaking down of a
molecule, but only a partial molecular re-arrangement, such as takes place in the
aldehyde group, CHO, which does not involve an alteration in position of the atoms.

§ 80. Passing to acetic acid, it has been suggested by PLAYFATR and WANKLYN that
the abnormal vapour-densities point to a molecule of the formula CH;0,, and the
formula deduced by WiLLARD Gi1BBs from the observations of these experimenters and
others is based on this assumption. If this view is correct, the only structural

formula applicable is

0H3—0{ of
CH3—O{gH

where the oxygen of the two carboxyl groups forms the connecting link.. Here again
there is no breaking down of a molecule.
But experiments which we have made on the density of the saturated vapour of
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this substance show clearly that the density increases more and more rapidly with fall
of temperature, until at 50° the density is more than 55, that of the molecule C,H,O,
being 60 ; and some isolated determinations by a method, of the reliability of which we
are in some doubt at present, appear to indicate that at 20° the vapour-density may be as
high as 70, and there is no doubt that the trend of the curve representing the relation
of saturated vapour-density to pressure or temperature would, if prolonged and if no
sudden change of direction occurs, give vapour-densities at low pressures and tempera-
tures considerably higher than 60. We have shown in a paper, recently presented
to the Society, that alcohol, and also ether, which may be regarded as typical of
liquids in general, do not show this increase in the density of their saturated vapours
with fall of temperature and pressure. We are at present engaged in a study of the
thermal properties of acetic acid, which we hope will definitely decide this point. If
the vapour-density of acetic acid is really higher than 60, at low temperatures no
structural formula can represent the method of combination of the molecules.

§ 81. The formation of ammonium chloride is usually believed to be attended by
the change of valency in nitrogen from triad to pentad, and to be accompanied by the
breaking down of the molecule of hydrogen chloride, thus :—

H
H H

N< H+HCl=N< H;
‘ Cl

and the existence of the extremely stable phosphorous pentafluoride is a strong
argument in support of this view.

But if it be held, there appears no reason why we should not place in the same
class potassium hydrogen fluoride, KHF,, and hydroplatinichloric acid, H,PtCl;, and
other similar compounds.

On the other hand, such compounds may be placed in the class of “molecular
combinations ;” but if this be done it must be conceded that such compounds are not
always to be distinguished from ‘atomic. combinations” by any ordinary tests of
stability.

Now ammonium chloride, although it agrees with acetic acid and with nitrogen
peroxide in its behaviour as regards vapour-pressures, differs from them in respect of
its dissociating into dissimilar molecules. It is thus evident that the agreenient in
behaviour of these three substances with that of ordinary solids and liquids cannot
be ascribed to the similarity of the molecules produced by dissociation.

§ 82. As nitrogen peroxide and acetic acid in their dissociation do not require a
breaking down of a molecule such as water or ammonia, and as ammonium chloride
agrees with them in its behaviour as regards vapour-pressure ; and as this agreement,
as has already been shown, does not depend on the amount of dissociation, for there
are some bodies in the other class totally dissociated, and some partially dissociated :’
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it may be surmised that in the act of combination of ammonia with hydrogen
chloride, the molecule of hydrogen chloride is not split but combines as a whole.
Should this conjecture not be accepted as correct it will be necessary to seek for an
explanation of the phenomena observed, by some relations yet to be discovered.
Should it be accepted, the classification of those substances in which an evident
molecular rupture takes place, suggested in § 77, may still be adopted ; and it is
probable that an idea of the amount of dissociation may be gathered from the relation
of the two curves.

§ 83. Some points still remain to be discussed.

Vapour-pressures of substances undergoing partial dissociation.—A substance
capable of exerting vapour-pressure, and at the same time capable of dissociating,
exerts a pressure which is the sum of the vapour-pressures of the undecomposed
substance, and of the bodies resulting from its dissociation. If these two pressures
could be determined separately by experiment we should have two separate curves,
the resultant of which would be that representing the pressure determined by the
barometer-tube method.

The curve representing the true vapour-pressure of the dissociating body would, to
begin with, show increase of pressure with rise of temperature. But at a certain
temperature pressure must decrease with rise of temperature, for if the temperature
be sufficiently raised dissociation is. complete, and there is no true vapour-pressure.
The curve must, therefore, have the general form A, fig. 6 or fig. 7.

At the same time the products of dissociation exert a pressure which increases more
and more rapidly with rise of temperature (as in B, figs. 6, 7, 8). Now the combina-
tion of two such curves might yield a curve of double flexure, as shown in C, fig. 6;
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and an indication of this may possibly be seen with succinic acid. Or it may give a
curve with an abrupt change of direction, as in C, fig 7, and phthalic acid may afford
an example of this. Or, lastly, the curve may be indistinguishable from an ordinary
vapour-pressure curve (C,fig. 8), as is the case with most substances.

§ 84. Influence of one of the products of dissociation on the amount of dissociation.—
The results of HorsTMANN, Morressier and ENGEL, and IsaMBERT have shown that
the presence of excess of one of the products of dissociation diminishes the amount of
dissociation. Their experiments were made by introducing a known quantity of one

MDCCCLXXXVI R



122 PROFESSOR W. RAMSAY AND DR. S. YOUNG ON EVAPORATION, ETC.

of the products of dissociation into a barometer-tube, in which the dissociable sub-
stance was being heated. WURTz has also shown that the vapour-density of a dis-
sociable compound is increased in presence of one of its components, which necessarily
implies a decrease of dissociation. Now, it has been found by us from experiments
with aldehyde ammonia and ammonium chloride that it is immaterial how pressure is
raised in determining temperatures of volatilization ; but the two cases are very
different. In the former the gas in excess is mixed with, and acts on the vapour
evolved from the dissociable body, while in the latter it is a question of the action on
the solid of the gas introduced, sinee after the component vapours have left the
surface of the solid, any action on them would have no influence on the solid. It
appears most, likely that the solid is always surrounded by its own vapour, so that it
is doubtful whether the introduced gas ever comes in contact with the solid at all.

§85. Difference of behaviour of dissociable solids from dissociable liquids when
evaporating jfrom a free surface—So long as the body is solid the residue has
always its original compesition ; but a liquid separates into its components, the
more volatile passing over first. This was found to be the case with chloral hydrate
and with phthalic and succinic acids, and no doubt holds good with others. Tt
amounts to a proof that the solid substance, in volatilizing, does not pass through the
state of liquid. It would also show that a solid, so long as it remains a solid, cannot
dissociate ; while a liquid may undergo increased dissociation with rise of temperature,
thus forming a mixture from which the more volatile constituent separates first.

§ 86. We have shown in the preceding pages that there is no essential difference, in
certain cases of dlSSOCl&thII, between the behaviour of dlssocmtmg and evaporating
bodies ; but in others, where a deeper chemical change may be supposed to occur, an
essential difference exists, as shown by a comparison of the curves representing, on the
one hand, temperatures of volatilization under different pressures, and, on the other.
vapour-pressures, or pressures of dissociation, at different temperatures. The precise
nature of this difference is as yet unexplainable, in our present state of i ignorance of
the molecular and atomic constitution of chemical substances.
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