178

Joun C. Bamwar, Jr., aNp J. B. Work

Vol. 67

{CONTRIBUTION FROM THE NOVES LABORATORY OF CHEMISTRY, UNIVERSITY OF ILLINOIS]

The Role of Catalysis in the Preparation and Reactions of Some Cobaltic and
Chromic Ammines

By Joun C. Ba1Lar, Jr., AND J. B. Work!?

Several investigators have observed that metal
amimines in water solution are partly or completely
decomposed by contact with extended surface
catalysts.

Schwarz and Kronig? found that hexammine
cobaltic chloride, when shaken with decolorizing
charcoal or silica gel, is converted to chloropen-
tammine cobaltic chloride, [Co{NHj3)sCl]Cl,. Shi-
lov and' Nekrasov? extended this study to a wide
range of cobaltic ammines and double salts and
found, in every case, that the complex ion was
decomposed. Shukoff and Shipulina® showed
the same effect with codrdination compounds of
platinum. Ou the other hand, G.” W. Smith®
observed that many complex ions are adsorbed on
silica gel without decomposition.

[t remained for Bjerrum® to utilize this catalytic
effect in the preparation of cobaltic ammines.
‘With the aid of activated carbon, he was able to
prepare hexammine cobaltic chloride from co-
haltous chloride, ammonium bydroxide, am-
woniurg chloride and air at atmospheric tempera-
ture and pressure—a great advance over the cum-
bersome methods previously used.

This article reports sotne supplementary obser-
vations on such catalysis and its use in the study
of codrdination compounds. Preliminary ex-
periments showed that decolorizing charcoal,
silica gel and Raney nickel all catalyze reactions
involving the codrdination of nitrogen to cobalt.
The reactions frans-[Co en,CL]Cl 4+ 2NH,OH —
{‘-;U eng(NHg)Q]Ch + 2H,0,” and [CO(NHs)s-
TG -+ NHOH —~» {Co{NH;3)e|Cl; + HyO were
used to compare the three catalysts. In the ab-
sence of a catalyst, ammonium hydroxide con-
verts [Co enyCly]Cl to [Co eny(NH;)C1]Cl, readily,
but the replacement of the second chlorine pro-
ceeds slowly and incompletely, most of the final
product being [Co eny(NH;)C1]Cle. In the pres-
ence of silica gel, a sample of [Co enyCly]Cl was
completely converted to [Co ens(NHs),]Cls in
thirty minutes; in the presence of either charcoal
or Raney nickel the same effect was produced in
two minutes. The second reaction cited is so
slow as to be almost imperceptible in the absence
of a catalyst. In the presence of silica gel, it
wis not complete in twenty-four hours; under the
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same conditions, but with charcoal present, it was
complete in five hours. The catalytic properties
of Raney nickel are comparable with those of
charcoal; it is not as easy to use, however, for it
is sometimes very difficult to filter.

The present study has shown that many reac-
tions in which nitrogen is codrdinated to cobalt
or chromium are particularly susceptible to cataly-
sis by charcoal. It seems to be immaterial
whether the nitrogen is part of a nitro group, a
primary amine, or ammonia.

Preparation of Triethylenediamine Chromic
Chloride.—The usefulness of this catalytic ef-
fect is well illustrated by the preparation of tri-
ethylenediamine chromic chloride. In the past,
this preparation has necessitated the use of
anhydrous materials, for water molecules co-
ordinated to chromium are not displaced by
amines under ordinary conditions. However, in
the presence of charcoal, hydrated chromic
chloride and aqueous ethylenediamine react
readily to give the luteo salt. Even with the
aid of a catalyst, however, aqueous ammonia is not
able to displace water molecules from the co-
ordination sphere to form [Cr(NHy)e]Cls.

Mutual Replacement of Ammonia Molecules
and Nitro Groups.—Particularly interesting is
the ease with which ammonia molecules and
nitro groups displace each other from the cobalt
codrdination sphere. Both of these groups are
so firmly linked to the metal that under ordinary
circumstances they are removed only with dif-
ficulty.

Werner’'s® discovery that either ammonia or
chlorine, or both, can be expelled from the co-
ordination sphere of [Co eny(NH,)Cl]++ by the
action of nitrites is an unusual exception. In the
presence of charcoal, [Co eny(NH,)Cl]++ and
sodium nitrite react smoothly and quickly at room
temperature to give [Co ens(NH;)(NO,)]*+, and
on warming, [Co eny(NO,).]*. In the absence
of charcoal, [Co eny(INHj)o]+++ does not seem to
react with nitrites, but when charcoal is present,
it is readily converted into [Co enz(NO,).]t.
Similarly, in the presence of charcoal, the very
stable [Co(NH;)g]**++ ion is converted to [Co-
(NH4)3(NOy);] by heating with aqueous sodium
nitrite.

Without a catalyst, nitro groups are expelled
from the coérdination sphere by aqueous ammonia
only in rare cases, and even by liquid ammonia,
very slowly. Werner® observed a case of such
replacement in the reaction of #rans-[Co eny-

{8y Werner, Ann., 888, 168 (1912).
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(NQO,),]* with a mixture of aqueous ammonia
and ammonium chloride to give [Co en,(NH;)-
(NO,)]**. In the presence of charcoal, however,
liquid ammonia converts [Co(NO,)s]™ and [Co-
(NHa)z(NOz)d— to [CO(NHs)s(NOz)s] There is
some evidence that the reaction may continue
very slowly to the formation of [Co(NH,),-
(NO,):]t. We were never able to make this step
of the reaction go to completion, however.

It is worthy of note that [Co(NH;)s(NO,)s] is
the stable end-product in the displacement of am-
nonia from [Co(NHj)s]*** .and in the displace-
ment of nitro groups from [Co(NOg)e]®. It seems
to indicate that ammonia and nitro groups co-
ordinate to cobalt with approximately the same
bond strength. The low solubility of [Co-
(NH3)3(NO,)s] may also be a factor.

Introduction of Monoamines into the Codrdi-
nation Sphere.—Several attempts were made to
induce organic amines to react with [Co en,Cl;]Cl
to form compounds of the type [Co eny(RNH,),]-
Cl;, where R represents an alkyl or aryl group.
Previous workers!? have been able to introduce one
amine group into the codrdination sphere, and
it was hoped that by the use of a catalyst the
second step of the reaction might be effected.
However, the presence of charcoal favors a very
different reaction, which gesults in the formation
of triethylenediamine cobaltic chloride. Methyl-
amine, isopropylamine, aniline and pyridine, all
of which yield [Co en;(RNH;)Cl]*+ readily in the
absence of a catalyst, induce complete conversion
to the triethylenediamine salt. Ablov!® has found
that organic amines weaker than aniline produce
this effect, even in the absence of charcoal. On
the other hand, treatment of an aqueous solution
of the dichlorodiethylenediamine salt with char-
coal alone produces none of the triethylenediamine
salt, either in a neutral solution or one made
strongly basic with sodium hydroxide. Appar-
ently the organic amine cobrdinates with the
cobalt, bit rearrangement then displaces it by
the more strongly codrdinating ethylenediamine.
Similar cases have been observed in reactions of
optically active diamines with cobalt complexes
containing enantiomorphic diamine molecules.!
Thus [Co(/-propylenediamine),Cl;]Cl reacts easily
with dextro-propylenediamine, but the product
formed, [Co(J-pn),(d-pn)]Cl;, is so unstable that
it immediately rearranges to a mixture of [Co-
(I-pn);]Cl; and [Co(d-pn)s]Cls, both of which are
stable. In the present instance, only one product
of the rearrangement, [Co en3]Cls, is stable
enough to be isolated, since the monoamines used
do not have strong donor properties.

Search for a Walden Inversion.—If one op-
tically active material is converted into another,
the product may have the same configuration as
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the parent compound, or the enantiomorphic
configuration. Obviously, two different reac-
tion mechanisms are involved, and it is possible
that the presence of a catalyst might favor one or
the other of these to give a preponderance of the
product which is obtained in lesser amount in the
absence of a catalyst—a Walden inversion would
thus be observed. The reaction between levo-
[Co enyCly]* and nitrites in the presence of co-
baltous ion and in the absence of any catalyst
has been investigated in this laboratory.}* The
product under all conditions tried was dextro-
[Co eny(NO,), ]+. The use of charcoal as a cata-
lyst gives the same product. Dextro-[Co en,-
(NH;)Cl]*+ gives dextro-[Co eny(NH;3)(NOg)]*+.
The reaction of Jevo-[Co en,Cl,]* with aqueous
ammonia, in the absence of a catalyst, displaces
one chloro group from the complex to give dextro-
[Co en,(NH;)ClI]++, but is unable to displace the
other. Both the Jevo-dichloro and the dextro-
chloro-ammino-ions react with aqueous ammonia
in the presence of charcoal to yield an [Co en,-
(NH,;),|t++ which shows no optical activity.
This is mostly the trans salt, and may be all trans.
This rearrangement to the trans form is interesting
in view of the fact that aqueous ammonia (in the
absence of charcoal) produces only the cis form of
[Co eny(NH;)CIICl; from either cis- or trams-
[Co en,Cl;]Cl.

Experimental

Preparation of Triethylenediamine Chromic Chloride.—
To 13.3 g. of green chromic chloride hexahydrate (0.05
mole) mixed with 1.5 g. of decolorizing charcoal, 19 g. of
57% ethylenediamine (0.18 mole) was added. The mix-
ture was heated as hot as possible in an open beaker on a
steam cone overnight, and after cooling was covered with
50 cc. of alcohol. After an hour the mixture was ground
in a' mortar, the alcohol was filtered off, and the process
was repeated with smaller portions of alcohol until all cf
the excess ethylenediamine had been removed. After
drying, the residue was stirred with 25 cc. of 1.7 N hydro-
chloric acid at 60° for a minute, and the mixture was
quickly filtered into a well cooled mixture of 40 cc. of alco-
kol and 25 cc. of concentrated hydrochloric acid. The
orange [Cr en;]Cly:3.5H,0 was removed by filtration,
washed with alcohol and ether, and dried in air; yield,
8.3 g., or 40%, of the theoretical.

Replacement of Ammonia by Nitro Groups.—Three
grams of mixed c¢is- and frans-[Co ens(NH,):]Cl; (0.0094
mole) was mixed with 10 g. of sodium nitrite (0.145 mole),
1 g. of charcoal, and 30 cc. of water. The mixture was
warmed on a steam-bath until no more ammonia was
evolved (about two hours), cooled fo room temperature
and filtered. The residue was washed with 10 cc. of Hot
water. When the filtrate and washings were cooled, 0.6 g.
of a mixture of yellow and brown crystals was obtained.
That the material was a salt of the ion [Co en;(NO;), ]+
was shown by the fact that warming it with hydrochloric
acid liberated nitrogen dioxide fumes and formed a red
solution that quickly turned green, depositing almost the
theoretical quantity of trans-[Co en,Cl-'Cl when cooled.
The dinitro salt must have been mostly . the ¢is configura-
tion.

Two and seven-tenths grams of [Co(NH,)¢]Cl, (0.01
mole) and 10 g. of sodium nitrite (0.145 mole) were dis-
solved in 30 cc. of water and heated on the steam cone for
thirty minutes. No ammonia could be detected above

(12) McReynolds and Bailar, ibid., 60, 2817 (1938).
to be published later.
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the solution by odor or litmus test. But when the experi-
ment was repeated with the addition of one gram of
charcoal, ammonia was evolved as soon as the mixture
was warmed. A slow stream of air was passed through the
mixture to keep the carbon suspended and to aid in the es-
cape of ammonia. After three hours the mixture was fil-
tered. Fully two liters of water were required to wash all
of the yellow salt out of the charcoal, which was then found
to contain no cobaltous or cobaltic hydroxides. When
the initial filtrate was cooled about a gram of fine yellow
crystals precipitated. This material was [Co(NHjy),-
(NQy)al, as was shown by analysis and by the very low
conductivity of a solution made from it. litative tests
of the solution from which these crystals had precipitated
showed the absence of [Co(NOs)s]®, [Co(NHy)(NOs)s]*
and [Co(NHy)s(NOy).]~ ions. Anal. of the crystals,
caled. for [Co(NHy);(NO;)s]: N, 33.87. Found: N, 33.36,
33.31.

Small samples (0.2 g.) of several nitro cobaltic codrdina-
tion compounds were treated with an excess of liquid am-
monia, both in the presence and in the absence of charceal,
Qualitative tests on the residues showed that {Co(NH,),
NO;]Cl; and [Co eny(NO;)3]Cl were not affected in either
case. Trinitrotriammine cobalt was scarcely attacked by
ammonia alone, but was partially converted to [Co(NH,}.-
(NO3):INO; in the presence of charcoal. Erdmann’s
salt, NH,[Co(NH,):(NO:)«], which was very slightly at-
tacked in the absence of the catalyst, was completely con-
verted to [Co(NH,)3(NO;):] when charcoal was present.
Sodium cobaltinitrite was partially converted to the same
product in the absence of catalyst, but completely in its
presence.1?

Reaction of [Co enyCl;]C1 with Organic Amines in the
Presence of Charcoal

Pyridine.—One-half gram of charcoal, 2.8 g. of trans-
[Co ensCl2]Cl (0.01 mole), 2.1 g. of pyridine (0.0287 mole),
and 25 ml. of water were shaken in a closed flask for four
days without appearance of the yellow color which would
be indicative of the formation of & luteo type salt. The
mixture was therefore heated to about 80° for eight hours,
cooled, and filtered. The filtrate was mixed with 756 ml.
of alcohol; this mixture was stirred for a few minutes and
filtered. The filtrate contained cobaltous salts. The
yellow residue was washed with alcohol and with ether and
dried in air. The yield was 1.7 g. of impure salt. The
material was recrystallized and dried at 11Q° for five hours.
Anal. Caled. for [Co enspys]Cly: Cl, 24.02. Caled. for
[Co en;]Cly: Cl, 30.78. Found: Cl, 30.60.

In the hope that [Co enspys]*+* might be obtained
under less strenuous conditions, 1 g. of [Co engpyCl]Cl,
¢0.0027 mole), 2 cc. of pyridine (0.25 mole), and 0.5 g. of
charcoal were ground together in 8 cc. of water at room
temperature for several hours. No reaction took place.

Aniline.—Fifteen grams of frans-[Co enyCl3]1Cl (0.0625
mole), 1 g. of charcoal, 15 g. of aniline (0.161 mole), and
20 ml. of water were heated to 90° for one and a half hours.
The charcoal was removed by filtration and alcohol was
added to the black filtrate. A brownish compound pre-
cipitated; it was shown to be [Co en3]Cly contaminated
by decomposition products of the aniline. Several re-
crystallizations gave a pure yellow compound which was
dried at 110° for six hours. Amal. Caled. for [Co eng-
ang]Cly: Cl, 22.66. Caled. for [Co eny]Cly: Cl, 30.78.
Found: Cl, 30.74.

Isopropylamine.—Six grams of (rams-[Co ensCly]Cl
(0.021 mole), 9.8 g. of isépropylamine (0.162 mole), and
1 g. of charcoal were ground in a mortar for thirty min-
utes. About 50 ml. of 959, alcohol was added and the
mixture was stirred for several minutes and filtered. The
residue was washed with alcohol until all isopropylamine
had been removed and was then dissolved in 25 ml. of

(13) Several other complex salts were shown to be unattacked by
liqui& ia in the pr as well as in the absence of charcoal.
These include Ki[Co(CN)s], [Co(NH1)(CD:]NOs, Ki[Cr(CN)],
[Cr pys Ch), NHiCr(NHi)s(NCS)], and [Cr(NHsCHiCOO)].
All of these have extremely stable codrdination bonds.
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water, forming a solution to which was added 150 ml. of
alcobol and then 100 ml. of ether. This mixture was
filtered after four hours., The yellow residue was recrys-
tallized and dried at 110° for five hours. Anal. Caled.
for [Co emip:]Cls: Cl, 26.36. Caled. for [Co en;]Cls:
Cl, 30.78. Found: Cl, 30.87.

Reactions of Optically Active Ions.—About 0.5 g. of
decolorizing charcoal was mixed intimately with 0.1054 g.
of levo-[Co enyCl3]Cl.  To this mixture was added a solu-
tion of one gram of sodium nitrite in 20 ml. of water. The
mixture was stirred for five minutes and filtered. The
residue was washed until all [Co enz(NO;);]NO; was re-
moved; the washings were combined with the filtrate and
the resulting solution was dilited to exactly 100 ml.
This solution was then 0.117% [Co eng(NQ:):]NOs;
the optical rotation was found to be +0.045°, [a]D 4-38.5.
Since a 1.0, solution!* of dextro-[Co ens(NO;):]NO; has
[alp +41.5°, it is obvious that more than 909, of the
[Co eny(NO:):INO: was dexiro-cis; little racemization or
formation of trans salt had taken place.

Oune-half gram of charcoal, 0.241 g. of dexiro [Co eng-
(NH;)C1]Cl, (0.0008 mole), 3.0 g. of sodium nitrite (0.044
mole), and 15 ml. of water were mixed and stirred occa-
sionally for two hours. The charcoal was removed by
filtration and washed with water until the washings were
colorless. The deep orange filtrate was combined with
the washings and diluted to exactly 50 ml., giving a 0.59,
solution if calculated as [Co ens(NH;) (NO,)]Cl;. For this
solution, [a]c +8.8° and [«]p +16.8°; [a]E could not be
determined accurately due to the depth of color of the so-
lution. The accepted values® for a 0.1%, solution of
«fﬁ:gtag-[Co eny(NH,)(NOy) |Br; are [a]c +4-20° and [a]p

To one gram of levo-[Co ensCl;]Cl in 2.8 ml. of 209, am-
monium hydroxide, 0.5 g. of decolorizing charcoal was
added. The mixture was stirred for twenty minutes and
the charcoal was removed by filtration and washed with
a few milliliters of water. The addition of 50 ml. of 969,
alcohol to the combined filtrate and washings precipitated
an oil. This was separated from the supernatant liquid
by decantation, and was then stirred with 20 m}. of abso-
lute alcohol. This treatment gave a semi-crystalline mass
which, after removal of the alcohol by decantation, was
dissolved in 2 or 3 ml. of water and reprecipitated by the
addition of 50 ml. of alcohol containing about 109, hydro-
chloric acid. The yellow crystalline precipitate was
washed with alecohol and with ether and dried in air.
The yield of [Co ens{NHj,):]Cl; was 0.4 g. An 0.5% solu-
tion of the product showed no optical rotation at the C, D
or E lines. A concentrated solution of the product was
mixed with sodium dithionate and allowed to stand.
After a day, a considerable amount of the insoluble orange
trans-dithionate had precipitated.

Two grams of dexiro-[Co eng(NH;)Cl]Cly, one gram of
carbon black, and 10 ml. of concentrated ammonium hy-
droxide were stirred together for ten minutes. The char-
coal was then removed by filtration and washed with small
portions of water. The filtrate and washings were com-
bined and mixed with 120 ml. of absolute alcohol. An oil
precipitated; it was converted to pure crystalline [Co ens-
(NH,);31Cl; by a method similar to that described above.
The yield was 1.6 g. An 0.5% solution of the product
showed no optical activity at the C, D or E lines. The
addition of sodium dithionate to a saturated solution of it
precipitated some orange {rans-dithionate.

In both cases, the solution may still have contained cis
salt, for it remained orange. It is clear, however, that
formation of the frans salt rather than racemization was
largely responsible for the inactivity of the product.

Summary
‘It has been shown that extended surface cata-
lysts, such as charcoal, silica and Raney nickel,
catalyze the formation of Co-N and Cr-N codrdi-

(14} Werner, Ber., 44, 2447 (1011).
(15) Wilbuschewitsch, Dissertation, Zirich, 1919,
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nate bonds. Charcoal seems to be the most
suitable catalyst for practical purposes.

In the presence of charcoal, aqueous ammonia
displaces both chlorides from cis-[Co en,Cly]+,
giving preponderantly the #rans product, [Co
eny,(NH;s)e] *++. In the absence of the catalyst,
only one ammonia molecule enters the codrdina-
tion sphere, and the product [Co eny(NH;)Cl]++
has the cis configuration, irrespective of whether
the dichloro salt was cis or trans.

Triethylenediamine chromic chloride is readily
prepared by the reaction of hydrated chromic
chloride and hydrated ethylenediamine in the
presence of charcoal.

In the presence of charcoal, sodium nitrite
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reacts with hexammine cobaltic ion and am-
monium hydroxide reacts with cobaltinitrite to
give trinitrotriammine cobalt, which thus seems
to be the most stable member of the cobalt nitro
ammine series.

Organic amines react with the dichlorodiethyl-
enediamine cobaltic ion to give ions of the type
[Co eny(RNH,)CI]*++ if no catalyst is present,
but in the presence of charcoal, complete re-
arrangetnent to the extremely stable [Co eny]+++
ion takes place.

The presence of.charcoal during reactions of
optically active cobalt amnmines does not alter
the sign of rotation of the products.
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The System Aluminum Sulfate-Ethanol-Water at 30° and 80°¢

By EpwiN A. GEg?

Introduction

This investigation was undertaken to establish
the 30 and 80° isotherms of the system aluminum
sulfate—ethanol-water and to determine the vari-
ous hydrates present at equilibrium.

A method for the preparation of iron-free alumi-
num sulfate using ethyl alcohol as a solvent was
brought to the attention of the Bureau of Mines by
Dr. P. S. Roller of the Bureau staff. In the pilot-
plant development that followed, data on the
system aluminum sulfate—ethanol-water were
necessary to interpret certain phenomena that
had been observed. Systems of the general type
(inorganic salt—ethanol-water) have been previ-
ously investigated.

Experimental Methods

Solvent.—Ethanol-water mixtures were prepared from
distilled -water and purified ethyl alcohol. Commercial
959, alcohol was refluxed for several houts over lime and
distilled; the distillate was redistilled to ensure complete
separation from the lime. Density determinations were
made to establish solution composition, pycnometers of
50-ml. capacity being used. ’

Aluminum Sulfate.—Baker analyzed aluminum sulfate
was employed throughout.

Solubility Determinations.—Saturation was effected in
250-milliliter bottles which were rotated four to six days
in two water-baths operated at 30 = 0.01° and 80 = 02°,
respectively. When equijlibrium was approached from
undersaturation aluminum sulfate was added directly to
the solvent. Approach from supersaturation was simu-
lated by adding concentrated aqueous aluminum sulfate
solution to the alcohol. After equilibrium was reached the
mixtures were allowed to settle and were filtered through
sintered glass of fine size.

Alcohol content was determined by distillation to dry-.

ness, the composition of the distillate being determined by
density. This method yielded alcohol percentages accurate
within 1 to 29, and this limited the over-all accuracy of the

(1) Published by permission of the Director, Bureau of Mines,
U. 8. Department of the Interior. Not copyrighted.

(2) Associate physicai chemist, Bureau of Mines, Eastern Experi-
ment Station, College Park, Md.

investigation. Aluminum sulfate solubility was deter-
mined by direct evaporation and ignition of the liquid
sample or by precipitation with ammonia. Water was
calculated by difference. The density of the equilibrium
solutions was measured in 50-milliliter pycnometers.

Points nea: ile plait point were determined by titrating
two-phase liquid systems with water to homogeneous solu-
tioms.

Identification of Solid Phases.—Analysis of the solid
phase was made by two methods. In the first, the crystals
were separated from the mother liquor by filtration after
which they were successively washed with absolute alcohol
and anhydrous ether. The water of hydration was then
determined by ignition. This method had a tendency to
give low results in determination of the higher hydrates.
This was probably due to the dehydration effect of the
anhydrous alcohol and ether which were necessary to ob-
tain a rapidly drying product. The second method is es-
sentially an application of the work of Foote and Sholes
in which the hydrates of inorganic salts in equilibrium
with various alcohol mixtures are determined.® If a .
slightly soluble salt of known hydrate is placed in an alco-
hol-water mixture the specific gravity of the alcoholic
solution will increase or decrease according to the release or
absorption of water by the salt. If no change is noted the
hydrate is in equilibrium with that alcoholic solution.
Thus, by observing the change in specific gravity of the
solvent the solid phase present at equilibrium with various
alcoholic mixtures can be identified. This method neces-
sitated the preparation of known hydrates which were pre-
pared by precipitation of aluminum sulfate from alcohol-
water mixtures. The various hydrates were dried over
correspondingly lower hydrates. The final hydrate com-
position was determined by ignition.

The technique required slight modification for applica-
tion to this investigation. As several hydrates are present
at the same temperature, there must be a transition point
at which two hydrates will be in equilibrium with the same
alcoholic solution. After the approximate location of this
transition point had been ascettained, its position could
be established by adding a mixture of the two hydrates
involved and observing the change in composition.

Results and Discussion

The results of the investigation at 30 and 80°
are recorded in Table I and Fig. 1 and in Table II

(3) H. W. Foote and S. R. Sholes, Tars JourNAL, 38, 1309 (1911).



