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(2) Both electromotive force measurements and chemical equi-
librium determinations show that the effect of ferrocyanide in
acidified solutions is proportional to the square of its concen-
tration where theoretically it showld be.proportional to the first
porver.

Work on this problem will be continued.

In the experimental work of this paper I have been assisted
by Mr. R. C. Pantermiihl of this laboratory. I gladly take this
occasion to express my appreciation of his assistance.
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TuE sulphates of beryllium were first studied by Berzelius in
1815, although Vauquelin, in 17982 had already produced a
gummy basic sulphate. It was Berzelius who first found the neces-
sary conditions to produce the neutral tetrahvdrate, which he con-
sidered to be of an acid nature. He also produced basic sub-
stances to which he gave the formulas 3BeO.SQ.,, 2Be0.SO, and
6Be0.50, + 3H,0. Awdejew,® in 1842, first proved the neutral
character of BeSO,.4H.,O, carefully purified it and studied its
properties in connection with his atomic weight determinations.
Weeren,* in 1854, again used this salt for the same purpose and
claimed that it loses one-third of its water of crvstallization as
low as 35°. Debray,® in the following vear, used the properties of
the basic sulphates as a means of separation from aluminum and
states that the precipitated basic sulphate, on continued washing,
left nothing but the hyvdroxide.

In 1869, Klatzo® took up the study of the sulphates and claimed
to prepare the salt BeSO,.7H,O. Atterberg, 1873-74, in his ex-
tended study of the compounds of bervllium,” again prepared
BeSO,.4H,O and BeSO,.2H,0, and assigned the following for-
mulas to the basic compounds prepared by him. BeSO),.Be(OH),
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1434 CHARLES LATHROP PARSONS.

-+ 2H,0O, BeSO,.2Be(QOH), - 2H,), BeSO,.3Be(OH),+ 2H, O
and BeSO,.7Be(OH), -+ H.O. Topsde! and Topsde and
Christiansen.” in 18;73. studied the crystalline form, specific grav-
ity, molecular volume and optical characters of BeSO,.4H.O.
Thomson® determined its heat of sointio:t.  Nilson and Petterson®
determined its molecular heat and specific gravity, and also that
of the product obtamed by dryving at 2507, which they considered
the anhyvdrous sulphate. Nilson and Petterson.” and Kriiss and
Moraht® again prepared and stwdied the hvdrated sulphates and
used the tetrahvdrate in atomic weight determinations.  The
author’ was unable to obtain satisfactory results from it jor the
atomic weight of bervllium. mainly owing to a slight but con-
tinuous loss of water over desiccating agents.

The following sulphates of beryllium have, therefore, more or
less standing in chemical literature:

BeSO,. BeSO,.Be(OH),.H,O.

BeSO,.2H,0. BeSO,.2Be(OH),.2H,0O.
BeSO,.4H,0. BeSO,.5Be(OH),.3H,0.
BeSO,.7H,0O. BeSO,.5Be(OH),.2H,0.

BeSO,.7Be(OH),.2H,0.

Attempts were made to prepare and studv all of these sub-
stances and any other compounds containing the three components.
e, SO, and H,O, that might be formed under varying equi-
libritum conditions.

EERYLLIUM SULPHATE TETRAIIYDRATE, BeSO,4H,O.

Berylium sulphate tetrahvdrate is easily prepared when the
components SO, and H,O are in excess and should always be sc
made in practice. A very slight excess in solution of the BeO
component will prevent the formation of the compound and only
a non-crystallizable syrupy mass will result. In the presence of
excess of sulphuric acid or the exact equivalent, it crystallizes
readilv. It is best prepared by dissolving beryllium carbonate or
hydroxide in excess of moderately dilute sulphuric acid and evap-
orating to the crvstallizing point. These crystals can then be

v Centrdl., 1873, p. 76.

2 Ann, chim. phys. (51, 1. 5.
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purified by washing with strong alcohol, re-solution in water,
evaporation to a syrup and turning, while hot, into excess of
strong alcohol. The solution is at first colloidal, but after some
hours the BeSO,.4H,O crystallizes out almost completely. By
repetition, the last traces of sulphuric acid may be removed; or,
more quickly, beryllium oxide may be dissolved in concentrated
sulphuric acid in a platinum dish and the excess of sulphuric acid
be driven off by a Bunsen burner, held in the hand. Care must
be used to heat but little higher than necessary to remove the
excess of acid. The mixture of anhydrous sulphate with a little
oxide, resulting from its own decomposition, is then treated with
water and allowed to stand. While cuite insoluble at first, the
sulphate will have dissolved in the course of one or two days.
Filtration from the undissolved oxide and crystallization vields
a product of a fair degree of purity.

Beryllium sulphate tetrahydrate is stable in air having an aque-
ous vapor pressure equal to or greater than the pressure of its
own water of crystallization. Tensimeter experiments show this
pressure over phosphorus pentoxide at 20° to be equivalent to
20 mm. of olive oil and to increase rapidly with the temperature.
At ordinary laboratory temperatures the pulverized salt slowly but
surely lost water in a desiccator over phosphorus pentoxide.
Many sets of weighings might he given, showing this slow but
continuous loss, but as they bring forth no other fact they are
scarcely worth entering in detail. The other properties of the
tetrahydrated sulphate have been carefully determined by the
authorities cited and need no repetition here.

BERYLLIUM SULPHATE DIHYDRATE, BeSO,.2H,0.

Beryllium sulphate dihydrate is easily prepared by heating the
tetrahydrate to 100°. At this temperature it is fairly stable, but
if kept in dry air from 100° to 110° it very slowly loses water.
This loss is so slow that it would not be detected in ordinary
work, but with sufficient time and careful weighing may be shown
to be continuous. In dry air, at ordinary temperatures, it is quite
stable. It has, in general, the same appearance and properties
as the tetrahydrate.

ANHYDROUS BERYLLIUM SULPHATE, BeSO,.

Two apparent methods present themselves for the preparation

of this compound: First, bv driving off the water of crystalliza-
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tion of the dihyvdrate. and second, by treating beryllium oxide with
concentrated sulphuric acid.  The first method was emploved by
Nilson and Petterson, who claimed it was rendered anhvdrons
at 230°. Such is, however. {ar from being the casc. for water
1s given off at temperatures many degrees above this tempera-
ture. Repeated experiments, undertaken by mie. have shown that
there is no sharply defined line between the points where all water
is driven off and where sulphuric anhvdride beging to be evolved.
In fact, they come off together through a considerable range of
temperature. A prochict which is almost anhydrous and which
has lost no sulphuric anhydride can be obtained ncar to the boil-
ing-point of sulphuric acid. The second method, used by Lebeau.!
is subject to the same objections. but to a less degree, if a very
strong actd is used. It is next to impossible to cvaporate the last
traces of free acid and water resulting from its decomposition
without decomposing a small amount of the sulphate, and T have
never been able to make a sulphate i this manner which did not
leave behind a small amount of insoluble residue after the main
portion had been dissolved. The anhydrous sulphate is almost
insoluble in water and is stable in dryv air, Tt is gradually acted
upon byv cold water and more quickly by hot. and apparently has
to be converted into the very soluble tetrahvdrate before solution
will take place. [t certainly loses sulphuric anhvdride as low as
400° and probably much below this temperature. The last traces
arc driven off only at a white heat.

BERYLLIUM SULPIATE TTRPTATIYDRATE, BeSO, 7HLO.

Klatzo. in the course of his extended investigation on bervllium
compounds, claimed to have produced the sulphate BeSO,.7H,O
and gives analyses of his product. From acid solution he first
separated the normal sulphate BeSO,.4H, O and then from a like
mixture of substances by making more strongly acid and treating
by long evaporation between 18° and 25° over sulphuric acid:
first monoclinic crystals of a basic salt were thrown out and fol-
lowing them crystals of the normal BeSO,.7H,O, a truly astonish-
ing sequence, especially when it is considered that by the evapora-
tion the liquid phase was continually growing more concentrated
i sulphuric acid and the higher hydrate was claimed to separate
from this more strongly acid sohution.  Marignac? has already

1 Compt. Rend.. 123, S,
2 Ann. chim. phvs. (4. 30, 45,
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severely criticized certain parts of this investigation and cer-
tainly no other chemist has ever made the heptahydrate. A
repetition of Klatzo’s experiment, which was perhaps unnecessary,
vielded nothing but the tetrahydrate. It can be safely stated that
there is no evidence of the existence of BeSO,.7H,O.

Variously modified conditions have failed to yield any other
definite sulphates of bervilium than those already mentioned.

BASIC COMIOUNDS.

The normal salts of beryllium are, in general, strongly acid to
litmus when in solution and act like acids toward many
substances, being acted upon by zinc and some other metals with
evolution of hydrogen. Thev all dissolve large quantities of
beryllium hydroxide and carbonate, evolving the carbon dioxide
in the latter instance. The quantities of hydroxide or carbonate
dissolved are proportional to the concentration in very strong
solution, although this is not so apparent when the solutions are
ditute. The extent of possible saturation varies with the acid
used, but is usually as much as three equivalents of beryllium to
one of the acid radical, and in the case of the acetate s nearly six.
The addition of water to some of these basic solutions throws
down immmediately precipitates of a more highly basic character,
non-crystallizable and of a gummy nature. On drying at 100°
these precipitates are glassy and show no evidence of definite
structire under the microscope. The remaining solution itself
is also basic in character and its basicity depends on the dilution
until a point is reached where the further addition of water throws
out no further precipitate. On evaporation, the residues obtained
are also gummy non-crystallizable masses and are physically un-
distinguishabie from the basic precipitates except by the fact that
they are soluble in water. The precipitates, on washing, continu-
ally grow more basic and rapidly anproach the hydroxide in com-
position, although T have never been able to entirely eliminate the
acid. To the precipitates themselves and to the residues left in
solution, various formulas have been given. As thev themselves
are never definite in composition it is not strange that different
chemists have seldom agreed as to the formulas assigned.

A lack of appreciation of the strong hydrolyzing action of water
on beryvllium compounds has caused many investigations to fail
and has added many beryllium compounds to the literature which
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have no existence in fact. Still the normal salts themselves are
but slightly dissociated, as Levs' and Bruner® have shown. In
fact, they are not nearly so much dissociated as the corresponding
salts of aluminum and iron, which possess the same power in a
very much less degree of dissolving their hvdroxides and pre-
cipitation by water.

This property of bervilium has led to much confusion in its
literature, and in the opinion of the author, based upon an ex-
amination of many of these so-called basic compounds and upon
the results which follow, it is very doubtful if any definite basic
compounds of bervllium have been made in which beryllium is
the only metal present, with the exception of the hasic acetate
of Urbhain and J.acombe.” and others of the same group, as pre-
pared by Lacambe.t ‘These latter are a truly wonderful series of
compounds, basic in nature, vet made in anhvdrons acid. They,
too, are hydrolyzed by water and then lose their crystalline char-
acter and definiteness of composition. Most of the so-called basic
compounds are probably solid solutions of the hvdroxide with
the normal salt. Precipitated by water the hvdroxide occludes
large quantities of the normal salt, much of which can be re-
moved by washing, but which, in turn, dissolves and carries some
of the hyvdroxide with it as it is washed out. It is hoped to study
more of the precipitates by phase-rule considerations and to arrive
at some conclusion regarding the nature of the basic solutions
through a study of the migration of the ions and the effect upon
the freezing-point.

BASIC BERYLLIUAI SULDIIATES.

()t the basic sulphates already enumerated as claimed by Ber-
zelins and Atterberg, those of a dibasic and tribasic nature are
considered as soluble sulphates, it being possible to dissolve them
while the hexabasic and octabasic sulphates are precipitated from
the soluble basic sulphates by dilution with water.

SOLUBLE BASIC SULPHATES,

\When neutral bervllium sulphate is treated with the basic car-
bonate, carbon dioxide is evolved and an amount of the base is
dissolved, depending on the concentration of the solution. TIf the

s Zeschy. phys. Chem., 30, 218,
2 /bid., 32, 133

8 Compt, Rend., 133, 874.

s fbid |, 134, 772
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solttion of the basic sulphate is fairly concentrated (about 1:3),
the final saturation ratio of base to acid is as 3:1. If the solu-
tion is quite dilute (1:1000) this saturation ratio does not usu-
ally exceed 1.5:1. Solutions have, however, been obtained by
washing the insoluble basic sulphates having as high a ratio as
2.1:1, which were apparently not altered by dilution, while
others of a less basicity have thrown out small amounts of the
insoluble compounds. The conditions causing this variation have
not been determined. A very small amount of carbonate dis-
solved in the normal sulphate takes from it its power of crystal-
lization on evaporation. Accordingly, a substance of any degree
of basicity up to tribasic can be produced by evaporation of the
corresponding solution and drying the residue. Several of these
substances have been produced and analvzed. They separate as
gummy glucose-like masses, which, on drving at 100°, are still
soft, but on cooling become glassy, hard and brittle, and can be
easily pulverized. On heating over a Bunsen burner they swell
up to an immense volume, losing water and yielding a glistening
foamy mass, which, if ignited over the blast-lamp, is reduced to
oxide. The powder itself can be dissolved in a minimum of
water depending on its basicity and the solution, if precipitable by
water, may be diluted to an amount inversely proportional to its
basicity before the more highly basic sulphates, soon to be con-
sidered, are thrown out. The less basic are similar in composi-
tion, physical and chemical properties with the sulphates left in
sotution when the more basic of these substances are, by the hy-
drolvtic action of water on dilution, separated into a soluble and
an insoluble constituent. The tribasic sulphate is simply the limit
of saturation, the dibasic the half-saturated solution at full con-
centration, There is no other reason at present to consider them
as definite compounds, for the ratio base to acid in fully pre-
cipitated solutions is seldom, if ever, exactly 2: 1, as supposed by
Berzelius and Atterberg. On drying at 100° the amount of water
left is generally in excess of the theoretical amount necessary
to produce the hydroxide, but this has little significance, as the
gummy character of the substances makes their complete drying
improbable.

The following analyses of these soluble basic powders will serve
as examples., Many others were made. Nos. 1 and 2 are of the
saturated concentrated solution; Nos. 3 and 4 of the soluble resi-
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dues after apparently complete precipitation. Their difference is
quite probably due to variation of temperature, as no thermostat
was used in this preliminary work.

BeO. S0, H,0.
No. Per cent. Per cent. Per cent. Approximate ratio,
I 30.09 32.94 36.97 3BeO : SO, : 5H,0.
2 29.98 33.26 36.76 3BeO : 80, : 5H,0,.
3 21.00 44.50 34.50 1.5 BeO : SO, : 3.5 H,0.
4 24.56 43.26 32.18 1.8 BeO : SO, : 3H,0.

The saturated sulphate is still slightly acid to litmus and has
a slightly sweetish acid taste. It does not show any hydrolyzing
action on sugar solution. In fact the H ions which are present
to a slight extent in a solution of the normal sulphate (o0.02 mol
per mot of BeSO, in 0.2 molar solution) are thrown back long
before the dibasic condition is reached. The soluble basic solu-
tions are unaffected by dialvsis.

INSOLUELE BASIC SULPIIATES.

If a sufficiently basic solution of beryllium sulphate is diluted
with water, precipitates of much greater basicity than the dissolved
sulphates are thrown out. The necessary amount of dilution de-
pends upon the basicity. If the tribasic solution is used, there
are three distinct precipitations, the different stages of which are
probablv more apparent than real, since the precipitates them-
selves vary little in composition. The point of the beginning of
each precipitation and its end are not sharp, so that only very
rough approximations of the necessary dilutions can be given, but
the periods between the different precipitates where the further
addition of water caused no apparent effect are prolonged and not
to be mistaken. The extent to which this hvdrolytic action pro-
ceeds is truly remarkable.

The two following experiments will lead to a better under-
standing of exactly what takes place. The tribasic solution used
was prepared by adding an cxcess of basic bervllium carbonate
to a 10 per cent. solution of the neutral sulphate or to a corre-
sponding amount of sulphuric acid and evaporating on the water-
bath. Under these conditions the carbonate is dissolved until the
tribasic conditions are reached. At this point a reaction sets in
between a part of the soluble tribasic sulphate and the remaining
carbonate by means of which the latter loses all of its carbon
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dioxide and forms a gum-like insoluble basic substance, of similar
composition. to those precipitated by water. The evaporation
should not be carried too far, for if the solution becomes thick
and syrupy it will be difficult to separate from the gummy residue
and it can not be diluted. 1f this precaution is observed, the solu-
tion of the tribasic sulphate can be easily decanted from the
residue.

(1) Three cc. of a syrupy solution, showing, on analysis, a
ratio of 3BeO: SO, was diluted with water at laboratory tempera-
ture. Precipitation was not permanent until about its own volume
of water was added. Further addition of water threw down a
voluminous white precipitate which momentarily appears gelati-
nous, but soon becomes snow-white and flocculent. Precipitation
was complete before 50 cc. of water had been added. The pre-
cipitate was filtered, washed once and the solution further diluted
without apparent effect to 400 cc., when it became milky, and on
the further addition of water a second flocculent precipitate, re-
sembling the first, but much less in amount, was thrown out.
This second precipitate was washed once with a few cubic centi-
meters of water, the washings, as in the first instance, being added
to the filtrate, Again on addition of pure water there was no
apparent action until 1200 cc. in volume was attained when the
solution again became slightly milky. This third precipitate does
not easily gather together and, in fact, in repetition of this ex-
periment it has not made itself manifest until the solution has
stood some hours, On boiling down the solution the milkiness
disappeared and was gradually replaced by a fine granular pre-
cipitate adhering firmly to the beaker, especially where it had
been rubbed with a glass rod. To the unaided eve it exactly re-
sembled ammonium magnesium phosphate, but under the micro-
scrope showed an entire lack of crystalline structure, as did also the
first two precipitates. The relative quantities of beryllium oxide
in each precipitate and of that left in solution were as follows:

Per cent.
First precipitate. ....cc.oovvveiiiiiin 29.37
Second precipitate -« .vv i 7.63
Third precipitate...oovvviver i i, 10.78
Left insolution «vvvveveee vivevrveennnnnns 52.22

(2) Approximately 2 grams of a basic sulphate showing, by
analysis, a ratio of 2.3BeO: SO, was dissolved in water and di-
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wted. No precipitation whatever occurred until 50 cc. of water
had been added, after which the precipitates came down in order
as in the experiment already cited and. after the first, at about the
same degree of dilution. The relative amounts of the bervllium
oxide in each fraction were as follows:

Irer cent

Tirst precipitate. ...l 10.45
Second precipitate. ... cooi L 5.37
Third precipitate......ccovuien i, 10.71
TH SO O e v e e e vt eeve tver v . 7347

It will be seen at once that none of the residues left in solution
after any precipitation could have been in the exact ratio of
2BeO: SO..

The last precipitate being gathered together in large excess of
water at the boiling temperature was more basic in character.
even as high as 23:1, but was variable and differed little from
the first two when they were subjected to the same treat-
ment. Many analyses were made and the first two precip-
itates, when dried by pressure between filter-papers, also
showed, on analyvsis, a variable composition. In no case was a
basic ratio obtained as low as that given bv Atterberg of 8:1.
When freshly prepared they showed a ratio varving between g: 1
and 12: 1, and the ratio was seldom one of whole numbers. On
washing, they grew rapidly more basic in character and in one
instance, a precipitate washed continuously for several weeks,
reached a ratio as high as 35BeO: 150,. 1t appeared almost im-
possible, however, to remove the last traces of sulphuric anhydride
by washing.

Tt was early apparent that the precipitates could not be sepa-
rated from the mother-liquor for purposes of analysis and that it
was by no means certain that a single basic salt or two different
salts might not be present which were themselves decomposable by
water. Fortunately the question can be settled by means of the
phase-rule of Gibbs, and the conditions of its apnlicability to such
problems as the identification of individuals in a mixture of basic
salts with the mother-liquor have been most clearly pointed out by
Milter and Kenrick,! and applied by Allen* and others.

In this case we have a system consisting of three components
and if these have arrived at equilibrium at a fixed temperature and

1 Tvans. Roy. Soc. of Canada, 7, 111, 35
2 4Am. Chem. /., a8, 308 ; 27, 284.
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pressure, the chances of having more than three phases (not con-
sidering the gaseous phase) are negligible. Thusin a series of ex-
periments, if the mother-liquors have a constant concentration
while the precipitates vary in composition when equilibrium is
reached, then the precipitate is a mixture of two solid phases.
If the mother-liquors vary in concentration while the precipitates
have the same composition then the precipitate is a single chemical
compound. If the precipitates and mother-liquors both vary in
composition then the precipitate is a “solid solution,” 1. e., a single
solid phase of variable composition.

In order to studyv this question a series of experiments was
carried out in a large, specially constructed thermostat, in which
the solutions were agitated continuously in contact with the pre-
cipitates for several weeks at 23°. The experiment began on
November 19, 1903, and the first samples of the mother-liquor
were drawn for analvsis on November 2gth. Like samples were
taken on December 7th and it being evident that equilibrium had
been reached, all were sampled for analysis on December 1oth.
The thermostat was, however, kept running and on December
23rd further determinations were made which confirmed the previ-
ous condition of equilibrium. During the analyses it was noted
that further precipitation took place on dituting the members of
Groups IIT and IV, and in one or two instances in the other groups.
It did not take place in Group V. The BeO and SO, are present
in Groups I and II in the proportion of 3BeO: SO, ; in Groups
IIT and IV in the proportion of 2BeO: SO, ; in Group V in the
proportion of 6BeO:SO,: in Group VI in the proportion of
4BeO: SO,. The results follow:

Found.
Taken.
- Grams BeQ  Grams Grams BeO
Group. No.  UBed.  C80n WO, solution.  sbiution. ormne S0y
1 0.7560 0.3000 50 0.0802 0.1473 0.54
2 1.1340 1.2000 50 0.1216 0.2147 0.57
I 3 1.5120 1.6000 50 0.1627 0.2844 0.57
4 1.8g900 2.0000 50 0.1995 0.3500 0.57
5 2,2680 2.4000 50 0.2437 0.4193 0.58
6 0.7560 0.8000 100 0.0382 0.0738 0.52
7 1.1340 1.2000 10O 0.0613 0.1142 0.53
1I 8 1.5120 1.6000 100 0.0813 0.1457 0.56
9 1.8g00 2.0000 100 0.1014 0.1811 0.56
10 2,2680 2.4000 100 0.1231 0.2132 0.58
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Found.
Taken.
e e e ——— Grams BeQ Granis Grams Be(}
: Grams Grams  Graums in 10 cc. SOzin 10CC. Grams SO,
Group. No. BeO. S0y H.O. solution, solution. iy so:uticn,‘
11 0.5040 0.8o000 50 0.0943 0.1536 0.61
12 0.7560 1.2000 50 0.1400 0.2269 0.51
IIT I3 1.0080 1.6000 50 0.1867 0.3002 0.60
14 1.2600 2,0000 30 0.2293 0.3731 0.62
I3 1.5120 2.4000 30 0.2753 0.4622 0.60
16 0.5040 0.8000 100 0.0462 0.0776 0.60
17 0.7560 1.2000 100 0.0703 0.1159 0.61
Iv 18 1.0080 1.6000 100 0.094z 0. 1517 0.62
Ig 1.2600 2.0000 IO 0.1177 0.1923 0.61
20 1.5120 2.4000 100 0.1394 0.2268 0.61
v 21 5.2920 2.8000 50 0.I710 0.4316 0.40
22 5.2920 2.8000 100 0.0876 0.2241 0.39
VI 23 3.5280 2,8000 50 0.2360 0.4648 0.51
24 3.5280 2.8000 100 0.1239 0.2432 0.5¢

A glance over the preceding figures will show at once that the
concentrations of the mother-liquors vary widely and, therefore,
the precipitates can not cotstst of a mixture of two definite basic
salts.  Other conclusions to be drawn are that an increase in the
relative amount of Be() present diminishes the necessary amount
of water to cause precipitation and also the basicity of the mother-
Hquors: that the concentration of the mother-liquors on equal
dilution is directly proportional to the initial amount of the
basic substanice present and that a dilution from 50 to 100 cc.,
with the quantities present, does not appear to have caused further
precipitation. since the ratio of base to acid s little, if any, changed.
This last is in accord with the preliminary experiments and would
seem to confirm the fact of the precipitation at different stages.
which is difficult to understand. Further. a comparison of 1 and
1i. 6 and 16, 21 and 23, and other corresponding numbers
throughout shows that while an increase in the De() present di-
minishes the ratic of BeQ:$(), in solution it diminishes the
total amount of SO, and in a greater relative proportion. This
wonld tend toward similar composition for the precipitates, which
is borne out by the results to follow.

Tt was hoped in the carlier stages of the work that the composi-
tion of the precipitates could be determined by calculations based
on the amounts of material originally present and the amounts
left in solution. This was found not possible from the facts that
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the precipitates carried so little sulphuric anhyvdride, and in the
case of Groups III and IV, while always present, were very small
in amount. Consequently any error in the analyses of the portion
of the solution taken, or in the determination of its fractional
quantity, was many times multiplied in the calculation and made
any conclusion as to the camposition of the precipitates out of the
question. The precipitates were, therefore, freed from the mother-
hiquors as completely as possible, were pressed between filter-
paper so long as liquid was absorbed and were dried for several
davs to constant weight at 100° in air, free from carbon dioxide.
The analvses of ten of these precipitates follow. The others were
not analyvzed, some being obtained in too small quantity for accu-
rate work.

BeO. S0;3. H,0 by difference.

No. Per cent, Per cent, Per cent,
1 53.9 6.9 39.2
2 53.8 6.8 39.4
3 52.3 7.2 40.5
6 53.1 7.3 39.6
7 532 .. e

9 6.1 e
21 53.6 6.5 39.1
22 53.4 5.8 40.8
23 53.5 72 39-3
24 53.2 75 39.3

It will be seen at once that all of these precipitates contained
notable quantities of sulphuric anhvdride and much more than
could be accounted for from any possible adhering mother-liquor.
The presence of the small amount of mother-liquor introduces a
slight unavoidable error, the effect of which is, however, to give
a resultant solid less basic than the actual. The results themselves,
taken literally, lead to formulas varying from 22Be(CH),.BeSO,
to 28Be(OH),.BeSO,, with a slight excess of water in every in-
stance. The analvses are, however, subject to error and a slight
error evidently has large effect in the calculation of such highly
basic formulas. The possibility of the presence of two definite
basic salts having been eliminated by the variation in concentration
of the solutions, two propositions alone remain to us. First, that
the precipitates are a single solid phase of definite composition
which would prove the presence of a basic salt of a basicity of at
least 25Be() to 1S0,, or that the precipitates vary in composition
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and, therefore. are solid solutions containing a small amount of
the sulphate i the hydroxide. In view of the well-known prop-
erty of hyvdroxides to carry down other substances with them
when precipitated and the utter improbability of any molecule
of so large a ratio of base to acid. the latter conclusion seems
justifiable.

I am pleased to acknowledge the efficient help of my assistant.
Mr. H. B. Pulsifer, who did muuch of the analvtical work and of
Mr. M. A, Stewart, who determined the extent of hvdrolysis of
the normal sulphate in solution and the effect upon the amount of

H ions present obtained by saturating the same solution with its
own carbonate.

The following conclusions seem warranted:

That the only known definite hvdrated sulphates of bervilium
are BeSO, + 4H.O and BeS(0, 4 2H,0.

That the anhvdrous sulphate BeSQ, is difficult to produce en-
tirely free from water or excess of oxide, owing to the difficulty
of removing the last traces of water without at the same time
driving off sulphuric anhydride.

That the so-called basic sulphates of beryllium do not exist as
separate and definite chemical compounds, but are in reality solid
solutions of the sulphate in the hydroxide. These are much more
basic in composition when equilibritun with the mother-liquors is
reached than when first precipitated.

NeEw HAMPSHIRE COLLEGE,
DURHAM, N. H.

ON THE MOLECULAR DEPRESSION CONSTANT OF
$-AZOXYANISOL.

Bv H. MoNMOUTH SMITE AND W. H. MCcCLELLAND,
Received August 1, 1904,

GarreErMaNN and Ritschke! first prepared p-azoxyanisol and
found that at 116° it passed into a turbid liquid of fluid crystals,
which at 134° became a clear, transparent yellow liquid.
Schenck,? in studying the compound, showed that both these
transition points undergo abnormally large depressions, and from
the depression of the ‘clear-turbid” transition point by seven

1 Ber.d. chem. Ges., 23, 1738.
2 Ztschy. phys. Chem., 25, 349.



