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2NaWO3 ̂ ± 1 2Na + 2WO, (1) 
2Na + MoO3 —>• Na2O + MoO2 (2) 

Na2O + *W03 —> Na2WO4(WO8)X-! x> I (3) 
The excess (2 — x) of WO3 dissolved in the un-
reacted bronze, forming bronzes with a deeper 
(red or blue) color showing a smaller lattice con
stant 
NaWO, + 31WO3 —> NaWvOs(W

VI03)„, y = 2 - x (4) 
If the molybdenum (VI) oxide content was increased 
Na2WaO: as an added product, according to reaction 
(3), was formed. 

Thus, as a final product, a mixture of a deeper 
colored bronze and molybdenum (IV) oxide re
sulted, while the sodium bitungstate was removed 
by the washing operation. Qualitative tests 
snowed that there was only a trace of molybdenum 
in the sodium bronze. Therefore, molybdenum 
(VI) oxide was not dissolved by the bronze and 
acted only as an oxidizer, making solid solutions of 
the type NaWvOs(MoVI03)x impossible. Even 
the copper lid of the crucible (with larger amounts 
of molybdenum(VI) oxide present) was attacked: 
Cu + MoO3 -» MoO2 + CuO. This strong oxidiz
ing property of molybdenum (VI) oxide at elevated 
temperatures was also observed by others.7 

In the case of 30% molybdenum (VI) oxide, the 
reactions (2) and (4) proceeded far enough to leave 
very little of the original bronze which, in addition, 
was transferred into the tetragonal bronze because 
of the large amount of tungsten(VI) oxide dis
solved according to (4). The formation of Na2-
Mo2O7, and of a water-soluble compound Na2-
WO4(MoOs)3; (x < 1) instead of (3) is also possible. 
The powder patterns of these three substances 
including Na2W2O; are identical except that the 
sodium tungstate containing molybdenum (VI) oxide 
has a contracted lattice. 

The experiments performed with a sodium bronze 
containing 22% tungsten(VI) oxide at 1000° for 
two hours led to the same final products. 

No molybdenum (VI) oxide containing sodium 
bronze was obtained when molybdenum was chosen 
instead of tungsten as a reducer 

2Na2WO4 + 2WO3 + Mo — > 4NaWO1 •+- MoO2 (5) 

Of course, the bronze NaWO3- always contained a 
dissolved excess of tungsten (VI) oxide. 

All other combinations of the 3 substances, as 
shown on the left side of equation (5), being partly 
replaced by the corresponding molybdenum (or 
tungsten) compounds after the reaction at 800-900° 
in a vacuum gave only molybdenum (IV) oxide. The 
products such as Na2WO4, Na2W2O7, Na2WO4 
(M0O3) and Na2Mo2O7 were washed away in the 
subsequent treatment with water. 

The Alkali Molybdenum Bronzes.—Completely 
replaced the initial products of reaction (5) by 
the corresponding molybdenum compounds, in no 
case gave any molybdenum bronzes. The chemical 
reason of the failure to prepare these bronzes 
might be as follows: For the formation of the 
bronzes it is necessary that the heavy metal should 
have the property to coexist in two valency stages 
at the elevated temperatures of formation. In the 

(7) G. W. Rathenau and J. L. Meijerding, Metallurgies, 42, 167 
(19SO). 

alkali tungsten bronzes tungsten is hexa- and penta-
valent.8 This, evidently, is impossible in the case 
of molybdenum bronzes because of the high oxidiz
ing power of molybdenum(VI) oxide. Glemser 
and Lutz9 showed that all lower molybdenum oxides 
above 700° were decomposed into molybdetmm-
(VI) and -(IV) oxides.9 But four-valent molyb
denum, similar to four-valent tungsten, does not 
enter the lattice of the bronzes. 

The only possibility of obtaining molybdenum 
bronzes seemed to be by synthesis below 700°. 
Dry sodium molybdate, molybdenum (VI) oxide 
and molybdenum powder were heated in a vacuum 
in two separate experiments at 510 and 45€-° 
for 24 and 50 hours, respectively. After the soluble 
compounds were washed away, only molybdenum 
(IV) oxide remained. 

(8) G. Hagg, Z. physik. Chem., B29, 192 (1935); A. MagmSli, Nova 
Ada Soc. Sc. Ups., [IV] 14, No. 8, 14 (1949). 

(9) O. Glemser and G. Lutz, Z. anorg. allgem. Chem., 263, 2 (1950). 
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Adsorption of carbon monoxide on iron catalysts 
has been the subject of many investigations,1 and 
it has been inferredle'f'h that it is possible to make 
such studies up to 150° without interfering chemical 
reactions. However, during the course of studies 
at 0-108° on the adsorption of carbon monoxide 
on potassium carbonate promoted iron catalysts, 
it has been found that chemical reactions occur 
that produce iron pentacarbonyl and carbon di
oxide. 

The experiments were carried out in an adsorp
tion apparatus of conventional design2 and operat
ing at constant pressure.3 The iron catalyst 
was of a type used for the synthesis of hydro
carbons from carbon monoxide and hydrogen. 
It consisted of mill scale in the form of a powder 
finer than 100 mesh, promoted with 0.5 wt. % 
K2O.4 After reduction with hydrogen at 340° 
under 250 p.s.i., the promoted catalyst was de
gassed at 450° until a pressure of 1.5 X 1O-6 mm. 
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Sastri and K. A. Eini, Current Set. {India), 15, 283 (1946); C. A., 41, 
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K. Yoshimori, J. Soc. Chem. lnd. (Japan), 47, 1 (1944); C. A., 43, 
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(4) S. W. Walker, U. S. Patent 2,485,945 (October 25, 1949). 
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was obtained. Hydrogen adsorption experiments 
in this Laboratory indicated t ha t temperatures 
from 350 to 400° remove most of the hydrogen, 
bu t it has been reported5 t ha t even under these 
conditions the surface will still contain some hy
drogen. In each experiment the dead volume of 
the adsorption cell was determined with helium, 
and then the helium was pumped off a t 350° unti l 
a vacuum of 1O - 6 mm. was obtained. The gas 
used in the adsorption experiments contained (in 
volume per cent.) 98.4 carbon monoxide, 0.1 carbon 
dioxide, 0.7 hydrogen and 0.8 nitrogen. 

Four apparent adsorption isotherms were meas
ured a t 0, 25, 65 and 108° and 280 mm. pressure. 
The results, plot ted in Fig. 1, cover only the first 
11 hours of each experiment, al though in each 
case the adsorption was followed much longer. 
Even after 144 hours, the catalyst was still "ad
sorbing" gas a t a slow but finite rate. An experi
ment with an unpromoted mill-scale catalyst 
showed essentially the same "adsorption" isotherm 
a t 25°. 

Time, lir. 
Fig. !.—Apparent adsorption isotherms of carbon monoxide 

on a promoted iron catalyst. 

After the measurement of each isotherm had been 
completed, a sample of the gas in the adsorption 
cell was transferred directly to the mass spectrom
eter for analysis. During this operation, the 
temperature and pressure of the cell were held 
constant to prevent readsorption. The gas an
alyses, given in Table I, unexpectedly revealed iron 
pentacarbonyl and large amounts of carbon di
oxide. The absolute values of the iron penta
carbonyl concentrations are subject to some 
question, bu t comparisons of the concentrations 

(S) J. T. Kumtnor and P. H. Emmett, J. Phys. Colloid Chem.. 56, 337 

a t the different temperatures are believed to be 
valid. 

TABLE I 

COMPOSITION OF GAS IN ADSORPTION CELL AFTER 144 

HOURS 
1 crap., 

0 C. 

0 
25 
25" 
65 
65" 

108 

Fe(CO)1 

0.05 
.0 
.6 
.3 
.3 

<0.05 

Composition, 
COj 
0.1 

'8.9 
9.1 

12.3 
12.0 
16.7 

volume per cent.— 
H; NJ 

0.3 0.6 
.7 .8 
.8 .9 
.3 1.0 
.1 0.9 
.09 1.0 

CO 

98.9 
89.0 
88.6 
86.1 
86.7 
82.2 

• Duplicate adsorption experiment. 

The results indicate that , a t temperatures as 
low as 25°, carbon monoxide will react with reduced 
iron to form iron pentacarbonyl. The concentra
tions of iron pentacarbonyl in the adsorption cell 
after 144 hours a t 0 and 25° are lower than would 
have been predicted from equilibrium considera
tions6; it is assumed tha t this is the result of a low 
reaction velocity. The observed pentacarbonyl 
concentration a t 65° is ten times the calculated 
value for some unexplained reason. At 108° 
the calculated concentration is 0.0038%, which is 
well below the sensitivity of the mass spectrometer. 

The carbon dioxide in the adsorption cell could 
have been produced by the iron-catalyzed con
version of carbon monoxide to carbon and carbon 
dioxide. However, extrapolation of the kinetic 
da ta for this reaction7 eliminates it as the source 
of the carbon dioxide. I t is possible t ha t the carbon 
dioxide, and presumably iron carbide, were pro
duced by the decomposition of iron pentacar
bonyl8; kinetic or equilibrium da ta on this reaction 
are not available. 

In any event, the interpretation of carbon 
monoxide adsorption experiments a t temperatures 
above 25° is subject to question unless gas analyses 
are made to confirm the absence of chemical re
actions. 

(6) H. Pichler and H. Walenda, Brennsloff-Chem., 31, 133 (1940). 
(7) C. I. Chufarov and M. F. Antonova, Bull. acad. sci., U. R. S. S., 

Classe sci. tech., 381 (1947). 
(8) A. Mittasch, Z. angew. Chem., 41, 827 (1928). 
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Reversal of 2-Ethylhex-2-enal to Butyraldehyde 

BY Y. SPRINZAK 

Self-condensation of butyraldehyde leads via the 
aldol1 to 2-ethylhex-2-enal2 (I) 

C2H8CH2CHO — > C 2 H 6 C H 2 C H O H C H ( C 8 H 6 ) C H O — > 
C 2 H 6 C H S C H = C ( C 2 H 6 ) C H O (I) 

In an a t t empt to condense (I) with fiuorene by 
azeotropic distillation in presence of freshly fused 
potassium hydroxide,3 a hydrocarbon of m.p. 55° 

(1) V. Grignard and co-workers, Bull. soc. chim. France, [4] 37, 
425 (1925); Compl. rend., 177, 300 (1923); Ann. chim., [10] 2, 282 
(1924); [10] 9, 5 (1928); CH. Weizmaun and S. F. Garrard. J. Chem. 
Soc, 117, 324 (1920). 

(2) V. Grignard and A. Vcstcrnuui, Bull. soc. chim. France, [1] 37, 
425 (1925). 
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