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1. Imtroduction.

d
|

= TrE word “occlusion” was first used by GRAHAM, to signify the absorption of, or
< y y p

> E shutting up, of gases in solid substances. Many porous bodies, such as charcoal,
2 25 possess this property, and it is also to be met with among the metals, pre-eminently
o) 5 among the metals belonging to the eighth group of the Periodic Table, and especially
O among the platinum metals.

=w

Platinum in the coherent state, and also in the state of sponge, has been very fully
investigated by GrAHAM, in his classical researches. A large number of observations
on platinum black are also on record,t but these, for the most part, have been made
with impure material, and the results are often contradictory.

* (GtramaM, ¢ Phil. Trans ,” 1866, 399; see also ‘ Chem. and Phys. Researches,” 1876, p. 263.
+ Cf. the Dictionaries by GweriN-KravT, LADENBURG, DAMMER, &c. .
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658 DRS. 1. MOND, W. RAMSAY, AND J. SHIELDS, ON THE

Our object has been to prepare platinum black in as pure a state as possible, and
to subject it to careful examination. As is well known, platinum black is the most
active form of platinum, it is a powerful oxidising agent, readily inducing so-called
“ catalytic actions.” Discovered in 1820, by Epmund DAvy,* it was thought by him
to be platinous nitrite. DOBEREINER,T Brrzrrivs.] and Zris§ considered it a sub-
oxide of platinum, whilst Ligsig| pronounced it to be nothing but the very finely
divided metal. How far Liepie¢ was right will be seen during the course of this
investigation, the results of which we now beg to lay before the Society. In modern
times BERTHELOT and others have worked with platinum black, but a discussion of
their work is reserved for a later part of this communication.

IL. Repetition of Graham’s Ezpervments.

Before proceeding to the description of our experiments on platinum black, we may
state that a few experiments were made with platinum foil and platinum sponge.
The foil which we used was obtained from Messrs. Jounson, MarTary and Co., and
was said to be pure. It weighed 51 grms. and was about t¢g inch in thickness.
After being rolled up into the shape of a cylinder it was introduced into an experi-
mental tube of hard glass, somewhat similar to that represented in fig. 2a. The
temperature and pressure of the air in the experimental tube were noted, and from a
subsequent, determination of the capacity of the tube it was found, on exhausting the
tube at the ordinary temperature by means of a SPRENGEL pump, that the volume of
the air pumped out corresponded exactly to the amount of air contained originally in
the tube. In other words, the platinum foil gave off no measurable quantity of gas
when exhausted at the ordinary temperature. On heating the foil to a dull red heat,
however, 104 cub. centim. of gas was extracted. Taking the density of the platinum
toil as 215, this amount of gas corresponds to 0°4 vol. of gas given off, the volume
of the platinum being taken as unity. The composition of the gas was as follows : —

cub. centims. vol.

CO,. . . . . . . . . . . . 076 or 03
Oy, . . . . . . . . . . . . trace trace
Unabsorbed by alkaline pyrogallate . 028 . 01
1-04 04

Pure dry hydrogen was then admitted to the platinum foil and left in contact with

* Hp. Davy,' Phil. Trans.,” 1820, p. 108 ; ¢ Schweigg. Journ,,” 31, p. 340.
+ DOBEREINER, ¢ LieBia’s Annalen,” 14, p. 10.

+ BErzprius, ¢ Schweigg. Journ.,” 34, 81.

§ Zuise, ‘Kongl. Danske Vidensk. Selsk. Forh.,’ 1825, 26, 13,

|| Ltesis, ¢ Pogg. Annalen,” 17, 102.
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OCCLUSION OF OXYGEN AND HYDROGEN BY PLATINUM BLACK. 659

it for three days. -On connecting the tube with the pump again it was found that no
hydrogen wasg given off from the foil at the ordinary temperature, and only a trace at
a red heat. The platinum foil was next kept in contact with hydrogen for three hours
at a red heat, and then allowed to cool down gradually in an atmosphere of the gas,
but the same result was obtained. It was then charged twice with pure dry oxygen,
once at the ordinary temperature and again at a red heat, but no appreciable quantity
(0°1 cub. centim.) of gas could be pumped off.

GramaM found that the amount of hydrogen occluded by platinum depended
largely on the texture of the sample employed. The following volume of hydrogen
he found were occluded by unit volume of platinum.

Platinum wire (from fused plzitinum) . 0128 — 0207 vols.

Wrought platinum (old crucible) . . 38483 — 553
‘ ’ ’ (old tube) . . . 228 —2:80
Platinum sponge . . . . . . . . . . 1:48

It will be seen from these numbers that the least absorptive form of platinum is the
wire made from fused metal, but its absorptive poweris greater than the foil examined
by us. It is also very remarkable that wrought platinum occludes about three
times as much hydrogen as platinum sponge. As it was conceivable that the texture
of our platinum foil might be altered by alternately charging it with hydrogen and
oxygen electrolytically, it was placed in dilute sulphuric acid and made to serve as
the negative and positive pole alternately during the electrolysis of the acid. It
was finally charged with hydrogen, washed with distilled water, dried in the steam
bath, and then replaced in the experimental tube. No gas was given off i vacuo at
the ordinary temperature, but at a red heat 1:20 cub. centim., equal to 05 vol., were
extracted. This gas suffered no diminution of volume on being treated with caustic
potash and alkaline pyrogallate, and caught fire on applying a small flame. It was
probably hydrogen, and shows that platinum foil charged with hydrogen may be
exposed to the air and heated in a steam bath without the whole of the hydrogen being
oxidised to water by the oxygen of the air. The former experiments were now
repeated, but it was found that the occlusive power of the platinum foil had not
altered by alternately charging it with oxygen and hydrogen electrolytically.

A similar set of experiments was now made with platinum sponge,
44°2 grms. = 2°06 cub. centims. of platinum sponge, prepared by igniting platinum
black at a red heat, were introduced into the experimental tube. After charging
with oxygen and hydrogen practically no gas was given off ¢n vacuo at the ordinary
temperature. The following results were obtained :—

MDCCCXCV.—A. 4 Q
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660 DRS. L. MOND, W. RAMSAY, AND J. SHIELDS, ON THE

Oxygen.

Oxygen extracted ¢n vacuo at a
. dull red heat.
Charged with O, at a red heat for several hours,

and allowed to cool down gradually. . . . 46 cub. centims. = 21 vols.
Charged a second time. . . . . . . . . 49 " = 24

23

Hydrogen.

Hydrogen extracted in vacuo at a
dull red heat.

Charged with H,, 8 days at ordinary temperature 1°4 cub. centims. = 0°7 vols.

’ » for one night . . . . . . 09 ’ =04 ,,
’s ” at a red heat, and cooled

gradually . . . . . . 65 v =31 ,,
, . ditto ditto. . . . . . 52 . =25 ,,

The results with hydrogen are rather surprising, inasmuch as platinum sponge
occludes more hydrogen when it is heated in the gas and then allowed to cool down
gradually than when it is simply allowed to remain in contact with the gas at the
ordinary temperature. "

It will be seen later on, that platinum black behaves in precisely the opposite
manner. If the sponge is left in contact with the hydrogen for a sufficiently long time
it may, however, as the experiments seem to indicate, take up the same quantity of
hydrogen as when it is heated. The action of the heat may thus be simply to
increase the rate at which absorption takes place.

Ancther series of experiments was made with sponge prepared by igniting
ammonium platinichloride.

The sponge weighed 9°15 grms. and its volume was taken as 0'44 cub. centim.
As will be seen from the following numbers, its occlusive power for both oxygen and
hydrogen was less than that of the first sample of sponge. Initially it was found to
be charged with 0'89 cub. centim. =09 vol. of a gas which was not further
investigated,

Gas exhausted in vacuo at a

red heat.
Cbarged with H, at ared heat. . . . . 03 cub. centims. = 0'7 vol.
. ,, at ordinary temperature . 0°2 . =04 ,,
' O,atared heat. . . . . 02 . =04
,» at ordinary temperature . 025 " =05 .,

GiraHAM also made some experiments with the view to determine the influence of
temperature on the absorption of hydrogen by platinum. Thus he found that a
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OCCLUSION OF OXYGEN AND HYDROGEN BY PLATINUM BLACK. 661

sample of platinum foil charged with hydrogen for three hours at 230° C., contained
1-45 vol. of hydrogen, whilst the same sample left in contact with hydrogen for the
same time at 100° C., had only occluded 0°76 vol. of hydrogen. This agrees with
what we have also found for platinum sponge. '

ITL. Preparation of Platinum Black.

The best method of preparing platinum black is as follows:—100 grms. of
hydrogen platinichloride are dissolved in about two litres of distilled water and boiled.
After neutralizing with sodium carbonate, the boiling solution is slowly poured
into a boiling solution of about 100 grams of sodium formate in two or three litres of
water, Violent effervescence takes place, and the platinum is precipitated as a black
powder, which is then thoroughly boiled out about eight or ten times with distilled
water, the water in each case being separated by decantation. On one occasion, the
platinum black was boiled out with dilute acids and alkalis. This process is, however,
not to be recommended, as the dried substance on heating ¢n vacuo gave off corrosive
vapours which attacked the mercury of the pump and consequently had to be
redissolved and reprecipitated in the usual way. The platinum black drained as
free as possible from water is then dried either in a steam bath at 100° C. or over
calcium chloride at the ordinary temperature.

Platinum black prepared in this way is a fine, black, impalpable powder and can be
poured from one vessel into another like precipitated silica. It ought to be carefully
preserved from all traces of grease and volatile matter. In all the experiments
which we have made with it, ordinary greased taps and india-rubber joints have been
avoided as much as possible. Taps can be lubricated with slightly deliquesced
phosphorus pentoxide, and after a little practice glass tubes can be joined together
before the hand blow-pipe about as easily, and much more securely, than by means of
rubber tubing and wire. ‘

IV. The Water retained by Platinum Black.

Lieera stated that platinum black was nothing else than finely divided platinum.
Qualitatively speaking, this may be quite true, but we have never yet succeeded in
preparing platinum black free from, firstly, water; and secondly, oxygen and traces
of carbon dioxide. It is impossible, even by means of phosphorus pentoxide in vacuo,
to completely remove the water below a temperature of at least 400° C., about which
temperature the platinum black begins to pass into platinum sponge.

In order to see whether the amount of water given off, or the amount of water
retained, by platinum black én wvacuo at different temperatures were constant, the
following series of water determinations was made. The platinum black, dried at
100° C., was placed in a hard glass tube connected with a weighed U-tube, con-

4qQ2
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662 DRS. L. MOND, W. RAMSAY, AND J. SHIELDS, ON THE

taining phosphorus pentoxide, which was attached to the pump. A vacuum was
then produced in the apparatus whilst the platinum black was kept heated at the
required temperature until all the water had been taken up by the phosphorus
pentoxide.

The increase in weight of the tube gave the amount of water directly. The
following table gives the percentage amount of water given off by the platinum black
at the different temperatures. Three different preparations of platinum black were
used, and it will be seen that they contained about 0°5 per cent. of water, and that
about one half of the total quantity of water was given off 4n vacuo at 130° C.

1st preparation. | 2nd preparation. 3rd preparation.
Temperature.
' I IL. IIT. IV. V.
° per cent. per cent. per cent. per cent. per cent.

130 .. 0:26 0-21
237 ' .. .. 0-33 . .
280 .. .o . oo 040 0-38
320 .. .. . .. 043
330 . .. oo 0-46 e
360 . . ) . .o 047
410 .. .o .o 049 e
440 - . 043 .o -
650 (?) 0-54 046 045 052 049

From these ﬁgufes it would be fair to assume that at any given temperature the
amount of water retained by platinum black is constant.

V. The Density of Platinum Black.

During the course of this investigation it was frequently necessary to know the
volume occupied by a given weight of platinum black. A determination of its density
was therefore necessary. This was made in the usual way with a pyknometer specially
constructed for the purpose. After the platinum black was introduced into the
pyknometer it was half filled with distilled water and connected with a pump. The
water, with the platinum black suspended in it, was then boiled, in order to get rid
of all traces of air adhering to the powder. After the pyknometer had cooled down
bo the ordinary temperature again it was filled up to the mark with boiled distilled
water. The accurate adjustment of the water level to the mark was made after the
temperature 25° C. had been attained by plunging the pyknometer into a thermostat
at 25° C. ' ~

Weight of platinum black taken . . . . . . . 11'4811 grms.
pyknometer and water, at 25° C. .. . 163099 ,,
4 platinum black . 27-1989

2

2 2 3
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OCCLUSION OF OXYGEN AND HYDROGEN BY PLATINUM BLACK. 663

The loss of weight of the platinum black in water is thus 11-4811 + 163099
— 271989 = 0'5921 grm,, and hence the density of platinum black at 25° C., com-
pared with water at the same temperature, is 11°4811 < 0'5921 = 194,

The platinum black, however, contained 0°552 per cent. of water, and if we calcu-
late the density of dry platinum black, which still, however, contains oxygen, as will
be seen later on, we get for the loss of weight in water

11°4117 4 16°3099 — 27°1989 = 05287 grm.,

and for the density 25°/25°
11°4177 + 0'5287 = 21°6,

or, compared with water at 4° C., 21°5. _

As it is only necessary to know the density in order to translate the results of
actual experiments into volumes of gas given off or occluded by unit volume of
platinum black, the density 21, which is sufficiently near for the purpose, has been
used throughout to effect the comparisons,

VI. The Absorption of Oxygen by Platinum Black.

As has already beerd stated, platinum black invariably contains a considerable
quantity of oxygen which has no doubt been absorbed or occluded from the air
during the process of washing or drying. Platinum black prepared in the way
described in Section III. takes up no more oxygen on being exposed to an atmosphere
of this gas for several days. The object of the following series of experiments was
to determine the total quantity of oxygen and carbon dioxide contained in platinum
black, and also to ascertain how much of these gases was given off in vacuo at
different temperatures. For this purpose the platinum black dried at 100° C. was
heated #n vacuo in a hard glass tube A (fig. 2, p. 668), at first to moderate temperatures
by means of the vapour jacket F, and finally to a red heat. The experimental
tube A was attached to the pump and the rest of the apparatus by a ground glass
joint B, lubricated with phosphoric dcid, and further protected by a little mercury
poured into the thistle-shaped enlargement at the top. It is bent as shown in the
tigure, and is supposed to lie in front of the plane of the paper in order to prevent
the upward current of hot air from acting prejudicially on the ground joint and the
taps. The washing and drying tubes shown in the figure, with the exception of the
tube E, which was filled with phosphorus pentoxide to dry the gas evolved, may be
left out of consideration. Before beginning an experiment, the capacity of the
experimental tube, together with that of the narrow bore tubing between the
taps C and D, was first of all determined by pumping out the air and measuring it at
the same temperature and pressure as that which obtained when the taps were shut
previous to exhausting the apparatus up to the tap D. After introducing the
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664 DRS. L. MOND, W. RAMSAY, AND J. SHIELDS, ON THE

platinum black, the true capacity of the experimental tube was then found by
subtracting the volume of the platinum Ftlack from the capacity of the tube as
determined in the above way. On now exhausting the tube A, containing a known
quantity of platinum, it was found that no measurable amount of gas was given off
from the platinum black at the ordinary temperature n vacuo. The platinum black
was then heated successively at the different temperatures given in the following
tables until no more gas was given off. It was found that the gas consisted chiefly
of oxygen. At low temperatures (up to 287°), almost pure carbon dioxide along with
a trace of nitrogen or some other gas not absorbed by alkaline pyrogallate was
however evolved. Frequently, a slight explosion® or sudden swelling up of the
platinum black was noticed in the neighbourhood of 300° C., but the cause of this is
unknown, and in no case was the explosion accompanied by a large evolution of gas.
In the following tables the temperatures are contained in the first column ; the second
and third columns contain the amount, in cubic centimetres, of carbon dioxide and
oxygen respectively given off In the last column are tabulated the number of
volumes of oxygen given off by unit volume of platinum black. All the gas measure-
ments contained in this communication are reduced to 0° C. and 760 millims., unless
otherwise stated.

1. Prarivum Black taken, 5:1187 grms, = 0244 cub. centim.

Temperature. COq. 0,. Oq.
° cub. centims. cub. centims.: | (vols. Pt. = 1).
17 (00 O

100 | 00

184< 074 >+ 067 2:97 122

237 | 083

280 (207

340 . 1507 61-8

400 . 2:30 94

650 (?) .. 055 22

Total . 856

* (Cf. Duscorits, ‘Gilb. Annalen,’ 27, 231.
+ In this experiment the total gas given off up to the temperature 280° C, was analysed all together,


http://rsta.royalsocietypublishing.org/

. 0

VA\
/) \

/

e

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

A
A
B\

A

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

OCCLUSION OF OXYGEN AND HYDROGEN BY PLATINUM BLACK.

IT. PraTixum Black taken, 52380 grms. = 0°249 cub. centim.

Temperature. CO,. 0,. Oq.
° cub. centims. cub. centims. | (Vols. Pt. = 1).
18 00 . . 0-0 0

100 082 0-02 0-09
184 2:73 i 0-06 024
237 0-08 053 2-13
280 . 144 578
360 . 819 32:89
440 . 515 2068
650 () . 56 10-28

Total . . . 72:09

III. Prarinum Black taken, 5:0754 grms. = 0'242 cub. centim.

Temperature. CO,. 0,. 0,.
° cub. centims. cub. centims. | (Vols. Pt. = 1).
18 00 00 00

100 040 00 00
184 032 0-37 1-53
237 005 065 2:69
280 .. 075 310
333 . 0-88 364
370 - 336 : 13-88
400 .. 743 30:91
700 (?) .. 963 3979
Total . . . 9554

IV. Prarinum Black taken, 5:8069 grms. = 0-277 cub. centim.

Temperature. CO,. 0,. 0,.
° cub. centims. cub. centims. | (Vols. Pt. = 1).
18 00 00 00

100 0-94 00 00
184 2'74 00 00
237 - 024 041 148
280 . 1-30 4-69
335 .. 792 2859
390 .. 846 3055
460 . 1-37 4-95
550 .. 103 372
700 (?) - S122 4-40
Total . . . 78:38

665
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666 DRS. L. MOND, W. RAMSAY, AND J. SHIELDS, ON THE

The results of the above experiments are plotted graphically in the accompanying
curves, fig. 1, in which the ordinates represent the number of volumes of oxygen or
carbon dioxide given off by unit volume of platinum black, and the abscissee the
temperatures. A glance at the above tables or curves shows that the oxygen begins

Fig. 1.
"o
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to come off about 200° C., that the evolution is very rapid between 800° and 400°, and
that the bulk of the oxygen is given off a little above the latter temperature.

The following short table gives the total volumes of carbon dioxide and oxygen:
given off per unit volume of platinum black.

CO,. 0, €0, + 0,
I. 27 856 883
1. 14-18 72:09 86-27
I, 318 0554 9872
IV, 1415 7838 92:53

" The numbers vary considerably, .although the platinum black used in all four cases
was taken from the same preparation, but it is very remarkable that when the
amount of oxygen obtained is small (II. and IV.) the amount of carbon dioxide
is large.
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OCCLUSION OF OXYGEN AND HYDROGEN BY PLATINUM BLACK. 667

The curves representing the evolution of carbon dioxide are also shown in fig. 1,
and if the amount of carbon dioxide is added to the quantity of oxygen extracted,
curves are obtained which more nearly coincide. It is difficult to account for this,
If the platinum black had got contaminated with traces of organic matter in any
conceivable way, then possibly the carbon might, annex some of the oxygen, and this
would afterwards reappear as carbon dioxide. Carbon dioxide formed in this way
would occupy the same volume as the original oxygen, and some weight is lent to
this hypothesis by the fact that the sum of the oxygen and carbon dioxide is more
nearly constant.

Platinum black, dried at 100° C., thus contains rather less than 100 volumes, or
about 0'66 per cent. by weight of oxygen. The amount of oxygen contained in
platinum black varies, however, in different samples, and seems also to depend largely
on the temperature at which it is dried.

As regards the carbon dioxide contained in the four specimens of the same prepa-
ration of platinum black which have been examined, its amount seems to vary
between about 3 and 14 volumes ; but, as has already been suggested, the apparently
larger quantities of carbon dioxide may possibly correspond to an accidental introduc-
tion of some carbonaceous impurity. The numbers representing the total absorption
of oxygen by platinum black have been confirmed in a later section of this communi-
cation, using a different sample of platinum and an indirect method.

VIL. The Absorption of Hydrogen by Platinum Black.

Platinum black, as is well known, possesses, in common with palladium, the power
of absorbing or occluding considerable quantities of hydrogen In view of the fact,
however, that platinum black always contains a certain amount of oxygen, it is
important, in determining its absorptive power, to distinguish between the amount of
hydrogen which is really absorbed by the platinum black per se, and that which is
simply burnt up to form water by the oxygen already contained in platinum black.
In making experiments with a view to ascertain the absorptive power of platinum
black, prepared in the usual way, for hydrogen, this has been steadily borne in mind.

The apparatus which was used was essentially the same as that used for the deter-
mination of the oxygen in platinum black, with the addition of the washing and
drying tubes shown on the left of fig. 2. '

Hydrogen, prepared to begin with from pure zine and pure sulphuric acid, was
supplied by means of a Kipp’s generating apparatus to the first washing tube, G
(RicHARDSON’S pattern),® containing a solution of potassium permanganate ; it then
passed through the next washing apparatus, H, charged with a solution of potassium
hydroxide. Finally, the hydrogen was thoroughly dried by traversing the U-tubes,

* Riowaroson, ¢ Trans. Chem. Soc.,” 1894, 469.
MDCCCXCV.—A. 4 R
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J and K, filled with fragments of solid potassium hydroxide and phosphorus pent-
oxide respectively.
Fig. 2.

£l
.’%\’\ E;
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The platinum black under investigation was placed in the experimental tube A,
and the water which was pumped off was collected and weighed in the U-tube K.
The tube E was attached to the apparatus by stout rubber tubing joints, which were
securely wired. The hydrogen pumped off by the SpreNGEL pump at the different
temperatures, and finally at a red heat, was collected and measured dry over mercury.
Knowing, then, the amount of water originally contained in the platinum black, and
the amount of water collected in E after charging with hydrogen, it was easy, from
the difference of the two, to calculate both the amount of hydrogen which had gone
to form water with the oxygen pre-existing in the platinum black, and also this
amount of oxygen itself. As a check on these results, however, the total amount of
hydrogen absorbed by the platinum black (independent of that required to fill the
experimental tube A, of known capacity) was determined by introducing a gas
burette, B, shown in fig. 11, p. 687, hetween the stopcock C, and the U-tube K.

In performing an experiment, the platinum black was first introduced into the
experimental tube A, which was then rendered vacuous by means of the pump. The
stopcock D was now shut, and the pure dry hydrogen slowly admitted in to the expe-
simental tube A, through the stopcock (), until no more absorption took place. The
bulk of the hydrogen was absorbed almost instantaneously, but, on allowing the stop-
cock to remain open for a few hours, a very slight additional amount of hydrogen
was absorbed.  The quantity of hydrogen filling the experimental tube at the ordinary
temperature and pressure could easily be calculated from the capacity of the tube
diminished by the volume occupied by the platinum black itself.

The following four tables contain the results obtained in four experiments made
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OCCLUSION OF OXYGEN AND HYDROGEN BY PLATINUM BLACK. 669

with the same preparation of platinum black, dried at 100°C. It will be noticed that
platinum black charged with hydrogen behaves in a different manner from platinum
black ché,rged with oxygen, inasmuch us part of the hydrogen can be pumped off in
vacuo at the ordinary temperature. The first column in the tables gives the tempera-
tures at which the platinum black was heated. The lower temperatures were
maintained by means of vapour jackets, whilst for the higher temperatures an air-
bath was used, and the temperatures were determined either by a BAry and CrorLey
thermometer or by a Lt CHATELIER thermo-electric junction. The second and third
columns contain the total quantities of hydrogen given off, in cubic centimetres and
volumes (platinum black = 1 vol.) respectively.

A. Praminum Black used, 583194 grms. == 0253 cub. centim. Total hydrogen
absorbed, 679 cub. centims.

Temperature. Hydrogen exhausted up to temp. ¢

o cub. centims. Vols. (Pt. bk. = 1).
15 4:30 17:0

100 925 366

150 13-23 52:3

225 1511 597

410 17:09 676

580 1803 713

Water found, 0-0742 grm.

B. Prarinum Black used, 53067 grms. = 0'253 cub. centim. Total hydrogen
absorbed, 7834 cub. centims.

Temperature. | Hydrogen exhausted up to temp. ¢

o cuab. centims. 1 Vols. (Pt. bk. = 1).
15 ’ 6-19 245

100 13-75 54eh

200 21-86 866

300 23-87 945

400 2501 99-0

550 2625 104-0

4R 2


http://rsta.royalsocietypublishing.org/

. 0

VA\
/) \

/

e

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

L\

3

///
5

A

THE ROYAL A
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

absorbed, 7601 cub. centims.

DRS. L. MOND, W. RAMSAY, AND J. SHIELDS, ON THE

(', Prarizum Black used, 51763 grms. = 0246 cub. centim. Total hydrogen

absorhed, 7669 cub. centims.

Temperature. | Hydrogen exhausted up to temp. ¢.
° cub. centims, Vols. (Pt. bk. = 1).

17 666 27-0

100 10:85 44-0

184 19-28 782

237 20-96 850

370 2301 934

550 2523 1024

D. Prarivom Black used, 5:1362 grms. = 0°245 cub. centim. Total hydrogen

Temperature. | Hydrogen exhausted up to temp. £
o cub. centims. Vols. (Pt. bk. = 1).

18 662 264

100 11-82 482

184 20057 84:0

237 22:72 927

280 24002 980

400 2512 1025

600 26-82 1095

Water found, 0°0737 grm.

These results, together with three others, marked 1., IL., and 1IL, are plotted
graphically in the accompanying plate of curves. The ordinates represent the total
number of volumes of hydrogen given off by unit volume of platinum black, whilst the
abscissee give the temperatures.

The Curves L., I, and I11. were obtained from a different preparation of platinum
black, and = slightly different method was used. Curve A is evidently too low,
although the experiments were made as nearly as possible under the same conditions.
In general, however, it is evident from a consideration of the curves that the hydrogen
is more easily pumiped off than oxygen, and that about five-sixths of the total
quantity can be extracted about 300° C. It was also noticed that platinum black
which had been charged with hydrogen was converted into platinum sponge at a
lower temperature than platinum black which had not been so charged. The Curves
B, C, and D are fairly concordant with each other and also with I. where a different
sample of platinum black was used.

Neglecting A, the total amount of hydrogen absorbed in Experiments B, C, and

Dis—

B. C. D.
3097 vols. 3091 vols. 3130 vols,
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Part of the total hydrogen absorbed, namely, that portion which has not gone to
form water with the oxygen originally contained in the platinum black, is again
evolved on heating to a dull red heat vn vacuo. Assuming that all the rest has been
converted into water in this way, an assumption which is justified by the results, we
may construct the following table, which explains itself :-—

Water
Experi. | Flatinum Total lHydrogel} Difference Water SO} originally | Sum of Total Difference
‘Xpeil' black hydrogen (.xtrnctcfcl " hetween  |responding in the last | water |(experimen-
ment. used. absorbed. va0u0 atb & last two. to differ- platinum two. found. | tal error).
red heat. ence. black.
) grms. | cub. centims. | cub, centims | cub. centims.; grms. grms. grms. grms. grms.
A 53194 679 1803 49-87 00404 | 0-0287 | 00691 | 00742 | +0-0051
B 53067 7834 26:25 52-09 B I R o ee | e oo
C 51763 7601 2523 50-78 B S e I I
D 51362 7669 26-82 49-87 00404 | 00277 | 0-0681 | 0-0737 | +0-0056
IT. 5236 592 990 49:30 0-0399 | 00242 | 0-0641 | 00601 | —0-0040
TII. 5190 672 16:68 50°52 0:0410 | 0-0240 | 0-0650 | 00689 | +0-0039

From the table it is evident that no matter what the absolute amounts of hydrogen
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672 DRS. L. MOND, W. RAMSAY, AND J. SHIELDS, ON THE

absorbed and hydrogen evolved may be, the differences between the two are in all
cases about 50 cub. centims. The slight variations in the weight of platinum black
used do not appreciably interfere with this coincidence.

This 50 cub. centims. of hydrogen, even in the case of the apparently bad experi-
ments A, 11., and IIL., probably gets about 25 cub. centims. of oxygen from the
platinum black to form water, and the amount of water capable of being formed in
this way is given in the table. If to this amount of water we add the water
originally contained in the platinum black, we get a number which corresponds as
closely as can be expected with the total amount of water found.

Of the total absorption of hydrogen by platinum black, about 310 volumes, only
about 110 (the maximum is 119) volumes are really occluded by the platinum per se.

The amount of oxygen originally contained in six of the above samples of platinum
black, viz., A, B, C, D, I, and IIL., can be calculated in the following way.

The difference between the total hydrogen absorbed and the hydrogen finally ex-
tracted, tabulated in the fifth column of the above table, represents the amount of
hydrogen which has been burnt up to water by the oxygen contained in the platinum
black.

If we call this quantity n, then n/2 represents the quantity of oxygen contained by
the platinum black, and n/2v, where v is the volume of the platinum black, the
number of volumes of oxygen occluded by unit volume of platinum. The following
values are thus obtained :—

A contained 986 vols. of oxygen.

B, 1030, .,
¢, 1082 .,
D 1018 y
., 990,
., 1023 .,

The direct determinations described in the previous section showed that platinum
black contained rather less than 100 volumes of oxygen, so that the results cbtained
by the two different methods agree very well.

VIIIL. The Influence of Diminished Pressure on the Absorption of Hydrogen by
Platinum Black.

The platinum black used for the following experiments had not such a high absorp-
tive power for hydrogen as some of the samples previously examined. In the course
of some other experiments it had been charged with hydrogen and exhausted at
130° C. Tt was then again charged with hydrogen at atmospheric temperature and
pressure and exhausted at ordinary temperature. In this condition it still retained a
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OCCLUSION OF OXYGEN AND HYDROGEN BY PLATINUM BLACK. 673

large quantity of hydrogen. In order to see the effect of diminished pressure on the
absorption of the rest of the hydrogen, the gas was admitted from a gas burette into
the apparatus similar to that represented in fig. 2 until the required pressure was
registered by means of a manometer which replaced the U-tube E, in fig. 2.  The
time allowed for charging ranged from 20 to 45 hours. The hydrogen contained
in the manometer and pump was first pumped out and measured, then the gas filling
the experimental tube A at the given temperature and pressure together with the
hydrogen given off by the platinum black was extracted and measured. From these
measurements and the amount of gas which had disappeared from the gas burette the
following table was drawn up.

Column 1 gives the pressure at which the platinum black was charged with
hydrogen.

Column 2, the hydrogen used as measured by the gas burette.

Column 3, the hydrogen contained in the experimental tube (calculated from the
capacity of the tube and the temperature and pressure of the gas).

Column 4, the hydrogen contained in the manometer and pump. This gas was
pumped out separately and measured directly. '

Column 5, the amount of hydrogen actually absorbed, ¢.e., the total hydrogen used,
minus the sum of the volumes of the hydrogen contained in the experimental
tube and pump.

Column 6 gives the amount of hydrogen extracted from the platinum black after
subtracting the hydrogen contained in the experimental tube.

All the experiments were made at the ordinary temperature (about 19° C.) and the
weight of the platinum black used was 796 grms. = 0°379 cub. centim.

Hydrogen Hydrogen Hydrogen.
Pressure Total contained in contained in
* | bydrogen used.| experimental tube | manometer and |, A -
(caloulated). pump (found). Absorbed. Exhausted.
millims. cub. centims. cub. centims. cub. ceutims. cub. centims. | cub. centims.
767-0 3805 17-94, 17-12 2:99 3-05
3714 17-68 869 6:08 291 2:90
1765 9-42 414 2:51 2-77 2:78
309 346 072 042 232 2:31
111 2:26 026 0-22 1-78 1-80

As a check on these numbers, the platinum black was again charged with
hydrogen, at ordinary temperature and pressure, and the gas pumped out fractionally
at reduced pressures. 38°20 cub. centims. were required to charge the platinum black
fully, and the following quantities were pumped off' at reduced pressures.
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674 DRS. L. MOND, W. RAMSAY, AND J. SHIELDS, ON THE
Pressure. Hydrogen extracted.

T millims. cub. centims.
4169 - 0°00

2645 059 (?)
1257 : 038
595 021
224 03
00 1-89
Total . 346

The total hydrogen extracted exceeds that required for charging by 0:26 cub.
centirn.

This is due to the fact that o slight leakage into the pump occurred at the pressure
264°5, so that the quantity pumped off at this pressure (0'59) is certainly too high.

The platinum black exhausted at the ordinary temperature gave oft 1314 cub. centims.
= 3513 volumes of hydrogen when heated to dull redness. We are, therefore,
in a position to draw up the two following tables, which show the effect of diminished
pressure on the absorption of hydrogen by platinum black. In the first series of
experiments the mean of the hydrogen absorbed and hydrogen exhausted is used.

I 11.
Pressure. Hydrogen absorbed. Pressure. ydrogen absorbed.
It % N B e A \

millims. cub. centims. vols. millims. cub. centims. vols.
00 1314 3513 00 13-14 3513
111 1494, 3995 22+4 1503 4019
309 1545 4131 595 1542 4123
1765 15-92 42:56 1257 1563 41-79
3714 16-04 4289 264¢5 16:01 42-81
7670 16-16 4320 4169 1660 44-38
(767°0) 16-60 44:38

The results of these determinations are plotted graphically in fig. 4. It will be
seen that diminished pressure has a certain but not very pronounced effect on the
absorption of hydrogen by platinum black at pressures above 200 or 300 millims.
Below this pressure, however, the absorption rapidly falls off, and then remains nearly
constant again. In other words, platinum black @n vacuo absorbs a certain amount
of hydrogen. This particular sample absorbed 35 volumes of hydrogen, but if a
better sample had been employed the curves would probably have been displaced
upwards parallel to themselves or nearly so, until 85 had become about 75, as in the
case of the best samples of platinum black. On increasing the pressure of the
hydrogen up to about 300 millims. a further quantity is absorbed (with the best
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OCOLUSION OF OXYGEN AND HYDROGEN BY PLATINUM BLACK. 675

samples of platinum black this would be about 25 or 30 volumes). An increase of
pressure now has no appreciable effect up to pressures slightly above the atmospheric
pressure. The effect of higher pressures is reserved for the next section, but it
would seem from the run of the curves that this would also have little or no effect
on the amount of hydrogen absorbed. The break in curve IL corresponds to the
leakage into the pump which has been already mentioned. As no oxygen can be
pumped off platinum black charged with oxygen at the ordinary temperature, it
was impossible to make a corresponding series of experiments oun the influence of
diminished pressure on the absorption of oxygen. The effect of increased pressure
has, however, been observed and recorded in a subsequent section.

Fig. 4.

&

®

43

N
4

<Y
<
B veceniel:

Vols. hydrogen absorbed .

37

35! _—
800 m 1z 700 600 500 400 300 200 100 0

Pressure.

IX. The Influence of Increased Pressure on the Absorption of Hydrogen by
Platvnwm Black.

In determining the influence of increased pressure on the absorption of hydrogen
by platinum black, the method adopted was to enclose platinum black saturated with
hydrogen at atmospheric temperature and pressure in a graduated tabe containing
excess of hydrogen, and then to increase its pressure by means of a column of
mercury. If no further absorption takes place, then the product of the pressure
and volume (PV) of the gas should remain constant. On the other hand, if PV
diminishes with increased pressure, then it would be possible to calculate the amount
of absorption from the diminution of PV.

MDCCCXCV.~—A, 48
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676 DRS. L. MOND, W. RAMSAY, AND J. SHIKLDS, ON THRE

The apparatus which we used for this purpose is represented in figs. 5, 6, and 7,
Fig. 5 shows the apparatus ready for an experiment. The vessel A, to contain the
platinum black, is sealed to a graduated and carefully calibrated glass tube B, which
is connected with the tube C, into which mercury can be poured in order to raise the

Fig. 5. Fig. 6.
MR

-0

A
D
¢
IR Fig. 7.
- ; ’
1 = i
= = : 7T
: ¥
w—%-

pressure. The graduations of the measuring tube or burette begin at the point D.
After the experiments were at an end, the vessel A containing the platinum black
was cut, off from the graduated tube at the point D and its capacity separately
determined. Knowing, then, the total volume of the hydrogen confined in the tube,
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its temperature being kept nearly constant by means of the water-jacket shown in
the figure, and the height of the mercury column, it was easy to observe the product
PV at the different pressures.

Atter the apparatus was fitted up and thoroughly dried, the platinum black was
introduced through the tube E, fig. 6, which was then sealed off at the point K
(indicated by an arrow). :

The stopcock G being shut, some mercury was poured into the apparatus through
the funnel O, fig. 5, and the tube H connected with a pump in order to produce a
partial vacuum, so that no explosion would occur on allowing hydrogen to enter.
When a sufficient vacuum was produced, pure dry hydrogen was passed into the
apparatus through G. The whole apparatus was then filled with mercury, as shown
in fig. 6, almost up to the point L.

The hydrogen thus swept out all the air from the vessel A, and in order to get rid
of the excess of water formed, the current of hydrogen was continued for four hours.
The exit tube was then sealed off at the point H. At this stage the stopcock M,
fig. 7, was opened and the mercury allowed to flow out until it attained the level
shown in fig. 7. The measuring tube was thus filled with pure hydrogen. As it
was doubtful whether the stopcock M would withstand the high pressure (three-and-
a-half additional atmospheres), it was sealed off at the point K, a long capillary
being left in order to allow the mercury to flow out slowly after the experiments
were completed.

The stopeock G was then shut and the apparatus allowed to stand overnight. As
no farther contraction in the volume of the hydrogen occurred, the apparatus furnish-
ing hydrogen was sealed off at the point F.

The apparatus, with its water-jacket, then presented the appearance as shown in
fig. 5. Successive quantities of mercury were now poured in through the funnel O
and the height of the mercury column (measured with a steel scale and reduced to
0° C.), the volume of the gas and its temperature noted. When no further con-
traction occurred, another quantity of mercury was introduced and the corresponding
readings taken. In this way the numbers recorded in the first three columns of the
following table were obtained.

. Volume of Volume of
Temperature. ... Pressure, o Bu'rvette. reading hydrogen in pv. hydrogen macub.
millims, Hg. (0°). in millims, oub. contims centims. (0° and
LUD. o i 760 millims.).

190 7658 6820 1368 97950 128-88
188 1222-7 3889 855 97810 12869
181 1664-5 2550 62-7 97880 12879
180 2507-1 1813 416 97840 12874
18:0 34152 663 305 97720 12858

482
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The next column contains the burette readings in millims., reduced to cub. centims.
and increased by 14'6 cub. centims., the capacity of the vessel A down to the
mark D. Tn the fifth column are tabulated the products of pressure and volume PV.
The last column contains the volume of the hydrogen reduced to 0° C. and 760 millims.
of mercury.

A glance at the table suffices to show that the product PV remains very nearly
constant, and exhibits only a slight falling off (about 02 per cent.).

It is obvious, from the last column of the table, that by increasing the pressure of
the hydrogen from one atmosphere to between four and five atmospheres, there is
practically no change in the absorption of hydrogen by platinum black, since the
reduced volume of the hydrogen at high pressure is only 0°3 cub. centim. less than
at atmospheric pressure. As the platinum black used in these experiments weighed
5:972 grms., or had a volume of 0°284 cub. centim., it follows that only one additional
volume of hydrogen was absorbed by unit volume of platinum black at the highest
pressure.

X. The Influence of Increased Pressure on the Absorption of Oxygen by Platinum
Black. )

A corresponding series ol experiments to those described in last section was
now performed with oxygen. The apparatus and the method of charging it
remained precisely the same. The quantity of platinum black employed was
5979 grms. = 0°284 cub. centim., and the oxygen, made from pure potassium
chlorate, was passed successively through sulphuric acid containing a little chromic
acid, potassium hydroxide, and phosphorus pentoxide, before being introduced into
the apparatus. ‘ ’
The results are given in the following table :—

Volume of Volume of
m Pressure, Burette reading B , Oxygen in cub.
Pemperature. | - ijime. Hg. (0°). in millims. OX)'%O?i:élq oub. Pv. centims. (0° and
CORBIS. 760 millims.).
150 8193 6169 1254 99658 1281
» 11657 4000 874 96577 1271
» : 16424 2526 62:0 96526 127-0
" 21126 1714 481 96323 126-7
” 2739-0 1056 370 96064 1264
" 34170 616 29'5 95553 1257

It will be seen that the falling off in the values of PV is much more marked in
the case of oxygen than in the former experiments with hydrogen. At the highest
pressure the volume of oxygen is less than the original volume by about 2 per cent.
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Altogether 2°4 cub. centims. of oxygen have disappeared, and this corresponds to an
additional absorption of oxygen by the platinum black of eight-and-a-half volumes,
by increasing the pressure from one atmosphere to four-and-a-halt atmospheres.
Platinum black charged with oxygen is thus much more influenced by changes in
the pressure of the gas than platinum black charged with hydrogen. In the latter
case, as we have already seen, the influence of pressure is so - slight, at least between
the atmospheric pressure and four-and-a-half atmospheres, as to be almost negligable.

XL The Influence of Temperature on the Absorption of Hydrogen by Platinum
Black.

GrauAM determined the absorptive power of platinum foil for hydrogen at a red
heat, at 230° C. and at 100° C. and found that the higher the temperature the
greater was the absorptive power of the foil. We found this statement te be true
for platinum sponge also, but it is obvious that it cannot hold good for platinum
black, since platinum black at a high temperature is converted into sponge, and this
we know absorbs at most only a few volumes of hydrogen, while platinum black
absorbs over 100 volumes at ordinary temperature.

The investigation of the absorptive power of platinum black for hydrogen at
temperatures above the atmospheric, but still below the temperature at which it is
converted into sponge, thus became a matter of great interest.

The sample of platinum black to be examined was charged with hydrogen at the
ordinary temperature and pressure and then sealed up in an atmosphere of hydrogen
in the manner shown in fig. 8§ The volume of the hydrogen having been ascer-
tained, heat was applied to the platinum black by jacketting with a convenient
vapour. The new volume of the hydrogen, always kept approximately at atmo-
spheric pressure, was then read off. If it were found that the new volume, on
reduction to 0° C. and 760 millims. pressure, were less than or greater than the
original volume when similarly reduced, then the difference between the two would
represent the amount of absorption or expulsion of hydrogen directly.

The apparatus shown in fig. 8 was sealed on, by means of the dotted tube C, to an
apparatus for producing pure dry hydrogen. The stopcock on the dotted tube C
(not shown in the figure) was then shut and a weighed quantity of platinuum black
introduced into the bulb A through the tube D. Previous to the introduction of the
platinum black, however, a weighed gquantity of glass wool was placed in the bottom
of A in order to prevent the finely divided platinum from falling through the capillary
tube into the graduated tube B. Since the whole of the tube B, together with the
bulb A and a portion of the stem of' D up to the mark F, had been carefully calibrated,
the weight of each substance introduced into A was carefully noted, so that the
necessary corrections for the volume of each could be made.

The level of the mercury having been lowered beneath the junction of the tube €
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with B, the stopcock already mentioned was opened and pure dry hydrogen passed
through the apparatus for five or six hours, until the moisture which had condensed
in the upper part of A and in D had been removed completely. A weighed glass
thimble tube containing a weighed quantity of phosphorus pentoxide was then dropped

Fig. 8. Fig. 9.

-2 black
-{Hess-wool

on the surface of the platinum black, so that any moisture given off on heating
would be immediately absorbed and not interfere with the volume of the hydrogen.
The open end of D was now connected with a narrow tube dipping under the surface
of mercury and the current of hydrogen continued for another hour. At the end of
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this time the stopcock was shut and the side tube drawn off and sealed at the point
C. When C had sufficiently cooled the mercury reservoir It was raised until the mer-
cury level had nearly reached the top of the tube B. The upper tube D (the open
end of which was still dipping into mercury) was then drawn off and sealed at the
point D, a little way above the mark F.  When the experiment was at an end the
conical part of the tube above F was cut off, and its capacity determined separately.

The whole apparatus was then allowed to stand at atmospheric temperature and
pressure for twenty-four hours in order to make sure that the absorption of hydrogen
was complete. The volume of the hydrogen having been determined, the experimental
tube was surrounded with a vapour jacket as shown in the figure. The volume, pres-
sure, and temperature of the hydrogen was then noted for each different vapour-jacket.
Each jacketting process had to be continued for at least a day before the volume be-
came constant. Duplicate determinations, as will be seen in the following tables, were
made at the temperature of boiling aniline in order to determine approximately the
extent of the experimental error.

After each heating process the apparatus was allowed to stand over-night and a
fresh observation taken in the morning in order to see how much of the hydrogen, if
any, was re-absorbed on cooling.

The density of the phosphorus pentoxide, which does not seem to have been pre-
viously determined, was ascertained in the usual way by weighing in benzene. It
was found to be 2:27, and it is further assumed that the deliquesced portion does not.
appreciably affect its volume. As the correction for the volume of the phosphorus
pentoxide was itself very small we may consider this assumption justified. The total
amount of correction of the capacity of A from all sources was 073 cub. centim., the
initial reduced volume of the hydrogen being 33'40 cub. centims. The weight of
platinum black was 4'6918 grms. = 0°22 cub. centim. The pressures are reduced to
'0° C., and where necessary corrected for the vapour pressure of mercury and for the
difference of temperature of the column of mercury heated in the vapour jacket.

The results are contained in the following table, those obtained after cooling being
marked with an asterisk (¥).

‘ Volume reduced Total I »
- N to 0° C. and otal hydrogen given off on
Temperature. Volume. Pressure. 760 millims. Y h%atifg.
Hg.
o cub. centims. millims. cub. centims. cub. centims. volumes,
178 3603 7504 33-40 000 00
780 4509 7530 3475 1-35 60
*181 36°13 . 7535 3360 0-20 09
131-7 5826 8022 41-50 810 363
*18-0 42-99 7607 40-37 697 313
184-5 57:11 10273 46:07 12:67 567

.. 50'11 1137-1 4614 12-74 571
*19:0 4862 760°0 4546 12-06 54:1
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The comparatively small variations in some of the above pressures from atmo-
spheric pressure can have, as we saw during the investigation of the influence of
increased pressure on the absorption of hydrogen by platinum black, no appreciable
effect on the final result.

The table shows distinetly that on heating platinum black charged with hydrogen
at ordinary temperature and pressure, a large proportion of the absorbed hydrogen is
expelled, and that on cooling only a small fraction of this is re-absorbed, also that the
higher the temperature at which the platinum black has been heated, the less is the
amount of re-absorption. ,

It was impossible to determine the total quantity of hydrogen initially in this
particular sample of platinum black experimented upon, but if we assume that it
contained 110 volumes of hydrogen (this is about the average amount of hydrogen
contained by the best samples of platinum black), then the quantity of hydrogen
retained by the platinum black when heated in an atmosphere of hydrogen at different
temperatures is as follows :—

U\ \ \ Volumes of hydrogen retained
Lomperaturc. by the pla;?;inu%n back.
° volumes.
178 [110]
780 104
1317 737
184:5 . 533

These results are plotted as Curve 1, along with the results obtained with oxygen, in
fig. 10, p. 685.

Arguing from these results we might expect to find that platinum black absorbs a
still larger quantity of hydrogen when it is cooled down below the ordinary
temperature.

As yet no experiments in this direction have been made, but we hope in a subse-
quent paper to be able to communicate the results of such experiments to the
Society.

XIL The Influence of Temperature on the Absorption of Oxygen by Platinuin Black.

Platinum black, charged with oxygen, was next heated in an atmosphere of
oxygen. The experiments were conducted in precisely the same way as those just
described, and the results are given in the following table :—
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OCCLUSION OF OXYGEN AND HYDROGEN BY PLATINUM BLACK. 683
Volume reduced
Temperature. Volume. Pressure. to 0° and 760 Oxyg"i‘; aﬁf}?bed on
millims. o

o cab. centims. millims. cub. centims. cub. centims. vols.

170 31-32 751-8 29-17 00 00
780 37-87 7550 - 2927 —01

* 160 30°78 7503 2871 05 2:2

1316 3940 7530 2634 2:9 125

* 178 30-02 6983 2590 33 142

1829 3941 7282 22:62 66 284

* 155 3013 5907 2216 7'0 302

237'1 3677 7089 18'36 10:8 465

* 180 30-87 4878 1859 106 457

A glance at the table suffices to show that the behaviour of platinum black when
heated in an atmosphere of oxygen is totally different from the behaviour of platinum
black charged with hydrogen and heated in an atmosphere of hydrogen. The latter
gas is expelled on heating, whilst the former is absorbed.

The numbers are not quite so satisfactory as could be desired, for the platinum
black on cooling (those experiments marked with an *) seems to absorb more gas
(except in the last case). We believe, however, that this is only apparent. The
phosphorus pentoxide employed to keep the gas dry got all used up about 78° so
that the gas was in all probability slightly damp, although nothing like saturated
with aqueous vapour. At the high temperatures, therefore, the aqueous vapour
would behave like a perfect gas, and an error would be thus introduced, that is, the
true or reduced volume of the oxygen as calculated from the measurements at high
temperature is probably too great on account of the presence of the aqueous vapour.
At ordinary temperature the effect of the water vapour will in great measure have
disappeared, and as it is extremely unlikely that more oxygen is absorbed on cooling,
the volume of the gas measured at the ordinary temperature, after cooling down
from the high temperature, is taken as representing more nearly the correct volume
of the gas. The difference between the two, however, does not materially affect the
general significance of the set of experiments.

The process of heating could not be carried farther then 237° C., because of the
fact that at this temperature combination had just begun to take place between the
hot mercury and the oxygen, a perfectly distinct ring of red oxide being visible
within the graduated tube.

In carrying the heating to a higher temperature it was therefore necessary to
slightly modify the apparatus.

At this stage the platinum black was transferred to a tube of hard glass, and the
contents of the tube exhausted with the SprENGEL pump. No gas was given off at
the ordinary temperature, but at a red heat 111 volumes were liberated. Potash
produced no diminution in the volume of the gas obtained, and it was practically all
absorbed by alkaline pyrogallate. Of the 111 volumes given off, 465 volumes were

MDCCCXCV.—A., 4T
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684 DRS. L. MOND, W. RAMSAY, AND J. SHIKLDS, ON THE

absorbed on heating from ordinary temperature up to 237° C., hence the platinum
black used in these experiments originally contained 111 — 465 = 645 volumes of
oxygen. The low initial absorptive power of this sample of platinum black is
accounted for by the fact that it had previously been used for another set of experi-
ments, and had been charged alternately with hydrogen and oxygen.

Starting with platinum black containing 645 volumes of oxygen at the ordinary
temperature (17°) the following table shows the amount of oxygen absorbed on
heating at different temperatures in an atmosphere of oxygen.

Volumes of oxygen contained
Temperature. in platinﬁ% black.
17:0 645
78:0 667
1316 78-7
182-9 94-7
237-1 1110

These numbers are represented graphically in Curve IL., fig. 10. The Curves L
and TL. show very clearly the difference in behaviour of platinum black towards
hydrogen and oxygen.

Knowing that platinum black is converted at a high temperature into platinum
sponge, and that platinum sponge has a very low absorptive power for oxygen, we
would expect to find a turning point in Curve IL, or in other words it became
important to determine the temperature at which there was a maximum absorption
of oxygen.

For reasons which have been already alluded to, the apparatus in use was valueless
for this purpose. The apparatus shown in fig. 9, p. 680, somewhat after the nature
of a constant volume air thermometer, and constructed entirely of hard glass, was
therefore made. In most respects it was similar to the apparatus last employed, but
in place of the graduated glass tube B of fig. 8, the hard glass capillary tube AB
was substituted. This tube had a mark A engraved on its stem, and the volume of
oxygen contained in the bulb was always kept at constant volume by raising or
lowering the mercury cistern C.

In the first experiments a hard glass thimble tube containing phosphorus pentoxide
was also introduced into the bulb of the apparatus to keep the gas dry. This had
soon to be abandoned, however, for reasons which will appear immediately.

In the first experiment a sample of platinum black containing initially
988 volumes of oxygen was employed. Heated in the presence of oxygen for a day
at 362° (., 783 additional volumes of oxygen were absorbed. On heating for
another day at 403° C., 92 volumes were expelled. Above this temperature, how-
ever, more oxygen was absorbed, and it was noticed that phosphorus pentoxide
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had distilled out of the small tube, and the results then became very irregular. Up
to 403° C., the results are plotted roughly in Curve ITL., fig. 10, below.

Fig.
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Above this temperature they are no longer trustworthy, and on examination it
was found that the platinum black, now converted into sponge, was contaminated
with yellow brittle patches. It therefore occurred to us, that the phosphorus
pentoxide had combined in some way with the platinum sponge, and that the
compound ‘then went on absorbing further quantities of oxygen, even up to a
temperature of about 600° C.

412
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Our suspicions were verified in the following manner. The platinum sponge
containing the yellow patches was thoroughly boiled out with distilled water in order
to remove all the free phosphoric acid. On fusing the residue with a mixture of
potassium and sodium carbonates and a little potassium nitrate, and dissolving the
fused mass in water, large quantities of phosphoric acid were found in the filtrate.
Drying the gas with phosphorus pentoxide was thus rendered impossible, and
subsequent experiments had to be conducted without it.

In the section of this paper dealing with the amount of water retained by platinum
black, it was incidentally mentioned that platinum black is converted into platinum
sponge at a temperature of about 400° C. We were therefore of opinion that the
temperature of maximum absorption of oxygen could not differ much from this
temperature, or at any rate could not exceed it.

Curve IIL of fig. 10 indicates that the required temperature is less than 400° C.,
but, to make quite sure of the upper limit of temperature, a sample of platinum
black was heated in an atmosphere of oxygen, kept at atmospheric pressure and in
absence of phosphorus pentoxide, at 444° C., the temperature of boiling sulphur.

52766 grms. = 0°251 cub. centim. of platinum black, containing 988 volumes of
oxygen, were placed in the experimental tube A, which was then sealed on to the gas
burette B, as shown in fig. 11, p. 687. The platinum was then placed in communication
with the pump and the phosphorus pentoxide tube F, by means of the three-way stop-
cock D, and heated in a water-bath at 100° C., in order to get rid of as much water
as possible. When the experimental tube was cold and vacuous, pure dry oxygen
was admitted from the gas burette B, and the total volume of oxygen in burette and
tube noted. The platinum was now heated in the sulphur-bath E, until the volume
of oxygen in the gas burette remained constant, the pressure being always main-
tained approximately atmospheric by raising or lowering the reservoir C. After
cooling, another measurement was made, and it was found that the oxygen in the
burette and experimental tube had expanded 11°4 cub. centims. (0° and 760 millims.),
i.e., the platinum black had given off 456 volumes of oxygen at the temperature
of boiling sulphur (444° C.).

The experimental tube of known capacity was then again connected with the
pump. On exhausting at ordinary temperature, no gas was given off from the
platinum black, but, on careful heating to dull redness, 15°1 cub. centims, = 604
volumes of oxygen, were extracted.

The results are given in tabular form below, and it will be noted that the sum of
the volumes of oxygen given off at 444° C. and at a dull red heat amonnts to
106 volumes, which is in fair agreement with 98:8, the quantity of oxygen originally
contained in the platinum black, as determined by a direct experiment.
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|

Cub. centims. Volumes.

0, evolved on heating platinnin black in an atmosphere of 0,

under atmospherie pressure at 444° C. .o 114 4H°6
O, still retained and given off at a red heat . . . . . . . 151 604
Total . . . . . . 2065 1060

___Topume

P

] AR A R A A B S A R A B B |

It was thus satisfactorily proved that the temperature of maximum absorption of
oxygen was below 444° C., but, in order to determine derectly whether the formation
of a phosphorus compound of platinum was answerable for the abnormal absorption of
oxygen already referred to, the following experiments were made :—

(1.) The experiment which has just been described may be regarded as the first of
this series. It shows that, in absence of phosphorus pentoxide, platinum black does
not go on absorbing oxygen indefinitely above 444° C., but in reality gives off at this
temperature shont 46 volumes of the oxygen originally absorbed.
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(2.) As much phosphorus pentoxide as was used in the previous experiments
(0°8 to 04 gram) was heated in an atmosphere of pure dry oxygen in the apparatus
represented in fig. 12, to a temperature approaching dull redness. Only a minute
fraction of a cubic centimetre was absorbed, hence the presence of a lower oxide
of phosphorus in the phosphorus pentoxide has nothing to do with the abnormal
absorption.

Fig. 12.

e -‘ﬂ.zyyeﬂ

(3.) A similar experiment to the last was made, but the phosphorus pentoxide was
replaced by a mixture of platinum black and phosphorus pentoxide. Almost the
whole of the oxygen contained in the tube was rapidly absorbed at a dull red heat,
the temperature being probably about 50° to 100° C. higher than the boiling-point of
sulphur,  Our suspicions regarding the formation of a phosphorus compound of
platinum, perhaps phosphate or pyrophosphate, were thus fully confirmed.*

A new set of experiments, but with a different sample of platinum black, was
therefore made without employing any phosphorus pentoxide to keep the gas dry.
The platinum black was taken from an old preparation, as it was the only specimen
available at the time, and subsequently it was found that it was rather an inferior one,
containing only 89°4 volumes of oxygen. Although the absolute amount of gas
absorbed is so low, this should in no way affect the turning point or temperature of
maximum absorption of oxygen, as it has already been seen that the temperature at-
which practically all the oxygen or hydrogen (whether large or small in amount) is
given off n vacuo from platinum black is always the same.

The experiments were made in the apparatus shown in fig. 9, p. 680.

Vapour jackets were used for heating up to the temperature 280° C., after which
the capillary tube was bent at right angles at the point B, and the bulb then heated,
first in the air bath, and afterwards in a bath of boiling sulphur, the vertical stem of
the capillary tube being temporarily inclined in order to allow of the balb being

plunged in the sulphur bath.

* Since these experiments were made, Mr. BARNETT (* Chem. Soc. Trans.,’” 1895, p. 513), working in
Professor TILDEN’S laboratory, has prepared platinic pyrophosphate, PtP,O,, by distilling phosphorus
pentoxide over spongy platinum in a current of oxygen.—[Sept. 23, 1895.]
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The results obtained are tabulated below.

1. Prarinum black used, 5:6465 grams = 0°269 cub. centim,

Capacity of apparatus corrected, 18:76 cub. centims.

. Volume reduced
Temperature | Temperature of Pressure ° ,
of heating. measurement. corrected. t00° C. Oxygen absorbed.
and 760 millims.
o o millims, cub. centims. cub. centims. vols.
.o 14-2 7953 1866 . ..
132 1475 7184 16-84 1-82 68
184 150 5976 13-98 4-68 174
238 14-8 493-8 11-56 710 264
280 16-2 4339 10-11 855 318
350 168 384-1 893 973 362
444 180 5005 11-57 7:09 264
II. Prarinum black used, 5°187 grams = 0'246 cub. centim.
Capacity of apparatus corrected, 17°85 cub. centims.
Temperature Temperature of Pressure Vol i}l;l%ol” %duced Oxygen absorbed.
of heating. measurement. corrected. and 760 millims.
o o millims. cub. centims. cub. centims, vols.
. 16-0 779'8 17-30 . ..
330 16-2 4142 918 812 329
444, 150 . 4760 10°59 671 27-2

It is evident from these tables that absorption of oxygen takes place up to
at least 350° and that the temperature of maximum absorption lies between 350°

and 444° C.

The original amount of oxygen contained in these samples of platinum black was
394 volumes, hence the total quantity of oxygen contained in the platinum black
after heating in an atmosphere of oxygen at the undermentioned temperatures is as

follows ~—

Oxygen contained in

Temperature. the platinum black.

. vols.

18 394
132 462
184 56'8
238 658
280 71-2
350 756
444, 658
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IL.

et Oxygen contained in

Temporature. the platinum black.
° vols.
18 394
330 72:3
444 666

The results of Experiment I. are almost identical with Experiment IL, and have
been plotted graphically in Curve IV., fig. 10, p. 685. A glance at the curve shows
that the temperature at which platinum black absorbs the maximum quantity of
oxygen is about 350° to 860° C. It is also interesting to note that this is the
temperature at which most of the oxygen can be extracted from platinum black on
vacuo. : .

The residual platinum black or sponge of Experiment II. was transferred to a tube
of hard glass and heated to redness in vacuo. 1578 cub. centims = 64°1 volumes of
oxygen were given off, hence we have

vols.

Oxygen originally in platinum black . . . 394
,» - absorbed on heating to 444° . . . 272
Total . . . . 666

The total 666 vols. agrees fairly well with 641 vols. directly determined.

XIIL. Résumé and General Discussion of the Results.

As far as our experiments on platinum foil and platinum sponge go, they may be
said in general to confirm GRAHAM'S observations. At most, only a few volumes of
oxygen or hydrogen are occluded by these substances.

The slight differences that do occur are no doubt due, as Gramam himself pointed
out, to differences in the material experimented with.

Of recent work on the occlusion of gases by platinum foil, the most remarkable is
that of BERLINER,* who arrived at results totally different from those obtained by
Granam and ourselves. According to BERLINER, ordinary platinum foil contains as
much as from 71 to 227 vols. of occluded gas, and foil which has been deprived of
this gas (not analysed) can afterwards absorb from 204 to 271 vols. of hydrogen and
100 vols. of oxygen. BERLINER invariably states the amount of gas absorbed or
expelled directly in volumes referred to platinum as unity, and carefully avoids

# BERLINER, ¢ Wied. Annal.,’ 1888, vol. 35, p. 791.
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stating the amount of gas actually measured in cubic centimetres. From the table
given on p. 807 of his paper, together with statements made on p. 803, we arrive at
the following conclusions :—

(1) The volume occupied by the largest sample of platinum foil with which he
worked was 0°0043 cub. centim.; (2.) The largest volume of occluded or expelled
gas which he measured never exceeded, and was usually much less, than one cubic
centimetre ; (3.) The graduated tube in which he measured his gas was not jacketed,
and its temperature was only determined by thermometers suspended outside it.
Although these thermometers were graduated in tenths of a degree C. and could
probably be read to hundredths, yet we have no guarantee that they really indicated
the temperature of the gas. A variation of 1° C. in his gas corresponded to a
change in its volume of 0116 cub. centim. and since the volume of the platinum foii
was in general about 0003 cub. centim., an error of one degree in the temperature of
the gas means a difference in the occlusive power of 40 volumes more or less; (4.) An
error of one millimetre in the measurement of the pressure of the gas similarly
corresponds to an apparent occlusion of 14 volumes more or less.

Although working on a small scale with an apparatus such as BERLINER used has
its advantages, e.g., the surface of the platinum can be made and kept quite clean, and
it can be heated to a very high temperature by means of an electric current, yet it
has also very great disadvantages, as we have just seen, but until his results are
confirmed by a less objectionable method, we must look upon them with great
distrust. v

In now passing on to the occlusion of gases by platinum black, we are obliged to
neglect almost all the earliest observations, because they took no account of the oxygen
1t already contained, and mostly worked with an impure material, insufficiently washed
free from accidental impurities, such as sugaf, glycerol, alcohol, nitroso and chlorine
compounds, &c.  The former would give off' large quantities of carbon dioxide, whilst
traces of the latter give off corrosive vapours which attack the mercury of the pump.
It has long been known that platinum black contained oxygen, but probably the first
accurate determination was made by NEUMANN,* who found it to contain from 63 to
77 volumes. Most of the specimens which we examined,and which were dried at 100°C.,
contained approximately 100 volumes of oxygen, provided they had not been used
previously for other experiments. Its density we found to be 194, or allowing for
the water contained in the black, and which can only be got rid of by heating in vacuo
to a temperature at which it no longer is platinum black but sponge, 21°5. LieBig
estimated its density at 1578, 1632, and 17°572.

On placing the platinum black in an atmosphere of oxygen, and increasing the
pressure of the gas to four-and-a-half atmospheres, only eight-and-a-half additional
volumes were absorbed. Platinum black heated in an atmosphere of oxygen absorbs

* NrumMANN, ‘ Monatsh.,” vol. 13, p. 40..
MDCCCXCV.—A. 4 U
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a further quantity of’ oxygen up to the temperature 360° C. At higher temperatures,
and under atmospheric pressure, the gas is again expelled. Most of the oxygen contained
in platinum black can be extracted at about 400° C. in vacuo, but it requires to be heated
to a red heat for its complete removal.

The amount of hydrogen occluded by platinum black independent of that required
to form water with the oxygen already contained in it, is about 110 volumes for the
best samples of black, the total amount of hydrogen absorbed being about 310 vols.
This amount, however, is very largely influenced by the presence of traces of accidental
impurities, probably grease, &c. An increase of pressure, up to four-and-a-half
atmospheres, on platinum black already charged with hydrogen, only causes it to
absorb one additional volume of hydrogen. A portion of the hydrogen occluded by
platinum black can be removed at the ordinary temperature by means of the pump
alone, but not until the pressure has decreased to about 300 millims. The bulk of
the hydrogen can be extracted in vacuo at about 300° C., but a red heat is necessary
for its complete removal. On heating platinum black charged with hydrogen in an
atmosphere of hydrogen, a portion of the gas is immediately liberated, and in this
respect: it differs entirely from platinum black charged with oxygen.

We are not yet in a position to form an opinion as to whether we are dealing with
true chemical compounds of these gases with platinum black, as maintained by
BerrHELOT, or whether we are simply dealing with cases of absorption or of solid
solution as suggested by Vax't Horr,* but we are at present engaged on experiments
which we hope will throw some light on this subject.

Berraerort is very definite in his statement that true chemical compounds of
hydrogen and platinum having the formula Pty H, and Pty b, exist, and quite
recently he again emphasised this opinion in an appendix to a paper by CATLLETET
and Corrarpravu.f  According to these gentlemen a gas battery working under a
pressure of about 600 atmospheres gives a much higher electromotive force and has a
greater capacity than a similar battery working under ordinary pressure. ~Whether
the increased efficiency is due to an increased absorption of gas under the high
pressure was not, however, directly determined.

The evidence cited by BertHELOT not only for the existence of definite chemical
compounds of platinum with oxygen and hydrogen, but in particular for the com-
pounds with hydrogen, having the extraordinary formulae mentioned above is, in our
opinion, insufficient to decide the question.

From the peculiar behaviour of the platinum black employed by BErrHELOT we
conclude that it was by no means quite pure. For example, his moist platinum black
gave off 21 per cent. of water at 100° C., and on heating to nearly 600° C in vacuo
liberated nearly 200 volumes of oxygen and less than one volume of carbon oxide,

# Van't Horr, ¢ Zeits. f. physikal. Chem.,’ vol. 5, p. 322 (1890).
+ BerrasLor, ¢ Ann. de Chim. et de Phys.,” 1883, vol. 30, p. 519.
+ Oarcuerer and CounArpEAU, ¢ Comptes Rend.,” vol. 119, p. 830.
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besides nitrogen and oxides of nitrogen. The same sample after drying at 150° C. is
said to have lost half its original quantity of oxygen. It then contained 90 volumes
of oxygen and as much as 31 wolumes of carbon dioxide, along with several other
gases. Now we have already seen that platinum black absorbs more oxygen on
heating, provided the temperature does not rise above 360° C., and we are unable to
explain why BerTHELOTS platinum black lost oxygen, more especially as we found
that even ¢n vacuo the oxygen does not begin to come off until the temperature of
about 300° C. is reached.

The heat which is evolved on the absorption of hydrogen by platinum black has
been measured by BrrrHELOT* and by FAVRE,T and has been used by BERTHELOT as
an additional argument in favour of his formulee. In view of the fact, however, that the
heat due to the combination of the oxygen pre-existing in the platinum black with
hydrogen is also included in these measurements, no safe conclusion can be drawn
from these numbers. Until a sample of platinum black can be prepared free from
oxygen and other impurities, or until the amount of oxygen contained in it has been
properly allowed for, the numbers supposed to represent the heat of absorption of
hydrogen by platinum black are of little value.

If a chemical compound of platinum and hydrogen exists at all we would from
analogy prefer to look for a compound similar to Pd,H, but as the existence of even
this substance has been recently called in question,] we prefer for the present to
leave the matter as it stands until sufficient data have been accumulated for an
adequate enquiry.

* BERTHELOT, loc. cit.
t Favre, ¢ Comptes. Rend.,” vol. 77, p. 649; and vol. 78, p. 1257.
1 Horrsuma, ¢ Zeitsch. f. physikal. Chem.,” vol. 17, p. 1.
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