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The subsequent filtration completely removed the finely 
divided Cr(OH)* which was formed during the course of 
the reaction. The clear red filtrate was cooled to 0° 
and neutralized carefully with concentrated hydrochloric 
acid; the temperature of the mixture was not allowed to 
rise above 25°. When the solution had been only par
tially neutralized, a considerable amount of ethylene-
diamine hydrochloride precipitated, and was removed 
by filtration after the solution had been neutralized. 
This filtrate was placed in a vacuum desiccator over phos
phorus pentoxide; the solution was left there for twelve 
hours and the precipitate formed was removed by filtra
tion. This procedure was repeated twice more; in all 
three cases the material was colorless ethylenediamine 
hydrochloride. The next two 12-hour evaporations 
yielded impure [Cr(en)j]Cl». This product was purified 
according to PfeifFer's' method. The yields were never 
over 2 5 % of the theoretical. 

Triethylenediamine ehromium(III) chloride, at least in 
worthwhile yields, does not result from a similar treatment 
of ordinary hydrated chromic chloride, which contains di-
chlorotetraquo chromic chloride and chloropentaquo 
chromic chloride. 

A question as to validity of the simple hydrate 
isomerism as shown by the formulas 

[Cr(H2O)4Cl2]Cl^H2O *Z£ [Cr(H2O)5Cl]Cl2-H2O ± ^ | 

[Cr(H2O)8]Cl. 

seems to arise. To produce [Cr(H20)e] Cl3 it is 
necessary to have a very high concentration of HCl 
(a saturated solution at O0).4 In the substitution 
of ethylenediamine for water and for chloride ion 
the chloride ions are normally more readily re
placed. In dilute solutions of [Cr en2Cl2] Cl and 
of [Cr en3]Cl3 the final product on standing is 
[Cr en2(H402)2]Cl3. The dichloro compound re
acts with water more rapidly than the triethylene
diamine. 

I t does not seem logical that a compound of the 
formula [Cr(H2O)4Cl2]Cl should result in a differ
ent product with anhydrous ethylenediamine 
than one of the formula [Cr(H2O)JCl3. The ex
planation of this more or less classical example of 
hydrate isomerism proposed by Werner and 
others7 is undoubtedly more complicated than was 
supposed. The molecular conductivity and the 
molecular weight determinations on the tetrahy-
drate are in agreement with the simplest formula 
but the chemical properties seem difficult to ex
plain on the basis of the simplest formula. 
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The Magnetic Susceptibility of the Brown Ferric 
Phenanthroline Complex 

B Y L. MICHAELIS AND S. GRANICK 

During the study of the magnetic properties of 
some complex iron compounds of biological in
terest the problem arose as to how much the mu
tual interaction of closely packed iron atoms in 
a polynuclear complex may influence the suscepti
bility. I t seems unavoidable to postulate an 
iron-iron bond for Fe2(CO)9

1-2 but, beside this 
rather exceptional case, no iron complex has been 
known in which the value of the susceptibility 
would compel the assumption of Fe-Fe interac
tion of any appreciable magnitude, except for 
one case published by Gaines, Hammett and 
Walden.3 These authors have described a brown 
well-crystallizable complex of ferric iron with o-
phenanthroline which they proved to be binuclear 
with the following structure (Ph = Phenanthro
line) 

X>Hs 

i n . 
Ph2Fe; 

in 
"Fe Ph2 

- O H ' 

CU 

They have reported a susceptibility of 
this complex corresponding to an effective mag
netic dipole moment of as little as 1.4 Bohr 
magnetons per gram atom of iron. Since the 
moment of any ferric complex in which there is no 
appreciable Fe-Fe interaction can according to 
theory never be smaller than 1.73 BM even upon 
the assumption of complete absence of orbital con
tributions, the authors have suggested an Fe-Fe 
interaction due to the closeness of the two iron 
atoms within the binuclear complex. In view 
of the importance of this case for more general 
conclusions, we undertook to repeat this measure
ment. The complex can be easily prepared ac
cording to those authors. I t forms brown crystals 
which, when thoroughly dried, having no water of 
crystallization, should contain 11.1% iron. All 
of our various samples, prepared independently, 
showed exactly 11.1% iron, as an average of many 
well-agreeing analyses. We recommend especially 
for this analysis the precipitation of iron hydrox
ide from the complex with alkali, collecting it on 
an asbestos mat filter, washing with a dilute salt 
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solution (to avoid peptization), with a small por
tion of alcohol, and again with salt solution, dis
solving in sulfuric acid, reducing with hydrogen 
sulfide and t i t rat ing with permanganate. 

Magnetic measurements were performed both 
with the solid, finely powdered, and with aqueous 
solutions. The method was the one recently de
scribed,4 a modified Gouy method using the double 
vessel of Freed and Kasper, and reading the lines 
of deflection on a microscopic scale a t the pointer 
of a damped semi-micro balance. Calibration for 
the particular vessel used, with the pole distance 
used (1.39 cm.), showed tha t for 10 amperes one 
line of deflection corresponds to an increment of 
susceptibility = 4.37 X lO"1 0 cgs. The actual 
measurements were performed with lower current 
intensities so as to bring about conveniently meas
urable deflections. They are recalculated for 10 
amperes. This recalculation is based on the 
agreeable property of the magnet used, t ha t for 
pole gaps not smaller than 1 cm. the deflection is 
strictly proportional to the square of the amper
age, a t least up to 10 amperes. 

One experiment will be described in detail. A 
solution (almost saturated) containing 3.063% of 
the substance, was filled into the upper compart
ment of the double vessel, the lower compartment 
being permanently filled with a 1% agar gel. The 
deflection measured a t 6.90 amperes and recalcu
lated to 10 amperes, was + 1 8 5 lines. Water 
gave, under equal conditions, —87 lines. The 
difference, + 2 7 2 , corresponds to an increment of 
volume susceptibility, due to the solute, of + 1 . 1 9 
X 10~6 c. g. s. The correction for the difference 
of the diamagnetic contribution of the solute (ac
cording to Pascal) and of the water displaced by 
it is too small to be worthy of consideration. The 
result is : the susceptibility per gram-atom of Fe, 
106XFe = 1970, a t 24°, and the effective moment, 
calculated according to the simple Curie law, is 
found to be 2.10 B M . 

The same method, for potassium ferricyanide, 
in many experiments with the solid and with solu
tions down to V300 molar a t slightly varied room 
temperatures, gave values for txeB all in the range 
from 2.33 to 2.40, in agreement with acknowl
edged values. Table I shows the result of several 
experiments carried out with samples of the sub
stance prepared independently. 

For the solid, the values given in Table II 
were obtained. 
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TABLE I 

MEASUREMENT OF SOLUTIONS 
Susceptibility 

per gram atom Effective 
Prepara- Temp., of Fe, moment, 

tion Concn., % "C. Xp. X 10« MeH 

1 3.063 24 1970 2.17 
2 2.900 24 1995 2.18 
3 2.961 23 1810 2.08 

TABLE II 

MEASUREMENT OF THE SOLID COMPOUND 
10« X Xpe 

Prepara- Temp., Uncor- Corrected for 
tion 0C. rected diamagnetism Meff. 

1 24 2100 2380 2.38 
2 24 2200 2480 2.42 
3 23 2230 2510 2.44 

A slightly higher value is obtained for the solid 
than for the dissolved state. This difference ap
pears to be greater than the limits of error. 

At any rate, no values in the neighborhood of 
those reported by the authors quoted were ob
tained. Our values do not suggest any Fe -Fe in
teraction of appreciable magnitude bu t lend them
selves to the same interpretation as for ferricya
nide ion, which, according to Pauling, may be con
ceived as an octahedral complex with six covalent 
d2spi bonds, allowing for the magnetic effect of 
one unpaired electron slightly increased by incom
pletely quenched orbital contributions. In the 
phenanthroline complex, two octahedra share an 
edge, of which the two corners are represented by 
oxygen atoms. In Fe2(CO)9, two octahedra share 
a face, so tha t the distance of the two central Fe 
atoms is smaller than in the case of a shared edge. 
Perhaps this is the reason why Fe -Fe interaction 
is strong in the carbonyl compound, bu t not ob
vious in the phenanthroline complex. 
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The Synthesis of Aldehydes from Acylhydrazides 

BY CARL NIEMANN AND JOHN T. HAYS1 

The reaction 

RCONHNHSOaAr + OH- >• 
RCHO + ArSOr + N2 + H2O 

which has been used for the preparation of a num
ber of substituted benzaldehydes2 and hetero-
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