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experiments*! show, however, that the presence of a large excess of ammo-
nium oxalate prevents the complete precipitation of this organic salt of mag-
nesium. All the results were too low when much oxalate was present.

Neubauer,!? Gooch and Austin,!® Jéarvinen,!* and Smitz have all found
that the precipitation of magnesium succeeds in the presence of con-
siderable ammonium salt, but it is evident that they never tried the experi-
ment with as much ammonium oxalate present as recommended by Bob-
telsky. In giving beginners a sample of dolomite to analyze for calcium
and magnesium, the results obtained are usually good when the directions
of Richards or of Blasdale are followed and a single precipitation of cal-
cium oxalate made, or when, according to the directions of Fresenius,!® a
double precipitation of calcium oxalate is made. Occasionally, however,
we have noticed that a student fails to get all of the magnesium precipi-
tated as magnesium ammonium phosphate. In the light of these experi-
ments it seems probable that this is the result of using too large an excess
of ammonium oxalate. These experiments indicate that 75 cc. of 0.5 N
ammonium oxalate solution is sufficient for the precipitation of 0.3 g. of
calcium ions in a volume of 500 cc., but the same quantity of reagent should
be used when only 0.02 g. of calcium is present in the presence of con-
siderable magnesium (0.12 g.).

Summary

For the precipitation of calcium oxalate in the presence of magnesium
ions an excess of ammonium oxalate is necessary. If this excess is properly
regulated, it is possible to precipitate pure calcium oxalate. If, however,
a very large quantity of ammonium oxalate is present, the precipitation of
magnesium ammonium phosphate is incomplete even after long standing.
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NOTE

The Rate of Reaction of Liquid and Gaseous Zinc with Carbon Mon-
oxide.'—The data of Maier and Ralston? on the free energy of zinc
oxide and Lewis and Randall’'s® equation for the free energy of carbon
monoxide indicate that at all except extremely small partial pressures,
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zinc vapor and carbon monoxide should react to give zinc oxide and carbon
at about 700°, the temperature of the condenser in zinc smelter practice.
Viewed otherwise, carbon monoxide should at 700° change to carbon dioxide
and carbon almost completely, and the carbon dioxide should oxidize the
zinc to zinc oxide. As the formation of carbon dioxide and carbon from
carbon monoxide is, in the absence of a catalyst, extremely slow at 700°,
it appeared to be of interest to determine whether or not the rate of the
direct reduction of carbon monoxide by zinc was appreciable. The ap-
pearance of some carbon during experiments of Maier and Ralston at
higher temperatures suggested that zinc oxide might catalyze the decom-
position of carbon monoxide into carbon and the dioxide.

Pure zinc was made by fractional distillation of electrolytic zinc in vacuo.
Pure carbon monoxide was made from concentrated sulfuric acid and 609,
formic acid, passed over soda lime, and allowed to stand for two days in
contact with molten sodium at 130°.

In a system of about 200 cc. in volume, 20 g. of zinc was distilled in
two hours through carbon monoxide at 0.5 atm. Vaporization took place
in the center of a horizontal silica tube furnace, the gas passed through
about 20 cm. of the tube kept at 750° by a separate winding, and con-
densation took place near the end of the furnace. The distilled zinc con-
tained no free carbon detectable when 1 g. was dissolved in hydrochloric
acid, and no zinc oxide could be found on the walls of the tube. The hydro-
gen evolved was not tested for hydrocarbons. The pressure did not drop.

About 5 g. of zinc was refluxed in a silica tube in 0.5 atm. of carbon
monoxide for five days. The volume of the system was about 100 cc.
and the temperature was 690°. A total decrease in pressure of 0.006 atm.
occurred. Some zinc condensed in the section of the tube at the upper
end of the furnace, changing to a finely divided solid in the colder part
of the tube and to large crystals in the hotter part.

A silica tube containing 0.1 g. of zinc and 3 pieces of red fire brick about
1 mm. in diameter was evacuated, heated to 680°, and filled with carbon
monoxide at 0.4 atm. The volume of the system was about 100 cc. In
five days the pressure dropped 0.06 atm. The fire brick became sooty,
and a coating of zinc oxide covered the inner wall of the tube. Fire brick
freed from iron showed no catalytic effect whatever; negative results
were also obtained with aluminum oxide and zinc oxide.

Zinc containing 0.04% of iron was refluxed in carbon monoxide in the
same way as the pure zinc, with the same result.

These experiments indicate (1) that the reaction CO + Zngor g =
ZnO 4 C is extremely slow at 600 to 700° in the absence of a catalyst,
(2) that it is possibly slower than the reaction 2CO = CO; + C under the
same conditions and (3) that zinc reduces carbon dioxide rapidly at the
given temperatures.
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The production of zinc oxide in the zinc condenser is due, then, to the
oxidation of the zinc by carbon dioxide, or water vapor, both of which
are present in considerable quantities in the gases issuing from the retort
when reduction first starts. Additional carbon dioxide may be produced
by the reaction 2CO = CO; 4 C, which is catalyzed by the clay present
in the condenser walls. Pure carbon monoxide is an excellent atmosphere
in which to distil zinc, provided the walls of the apparatus are free of iron.

CONTRIBUTION FROM THE RusseLn, W. MILLAR*
Pacrric EXPERIMENT STATION
U. S. BUREAU OF MINES

BERKELEY, CALIFORNIA

ReceIvED JUNE 30, 1928
PUBLISHED OCTOBER 6, 1928

[ConTRIBUTION FROM THE CHEMICAL L,ABORATORIES OF THE UNIVERSITY OF DENVER]
A MODIFICATION OF THE SKRAUP SYNTHESIS OF QUINOLINE

By ByroN E. Conx anp R. G. GUSTAVSON
RECEIVED FEBRUARY 21, 1027 PuBLISHED OCTOBER 6, 1928

The Skraup synthesis of quinoline occupies a position of interest in or-
ganic chemistry because it offers a ready method of synthesis of the quino-
line group of compounds.

Several modifications have been proposed since the method was inaugu-
rated in 1880. The most important advance has been the enlargement
of the yield. The ferrous sulfate modification is outstanding in this
phase of the development.! The original Skraup method and all of the
modifications to date possess one disadvantage.in common. The reaction
is usually vigorous and at times violent. Clarke and Davis writing in
“Organic Syntheses”” say, “‘In the Skraup synthesis of quinoline the prin-
cipal difficulty has always been the violence with which the reaction
generally takes place; it occasionally proceeds relatively smoothly, but in
the majority of cases gets beyond control.”! The occasional violence of the
reaction renders the experiment objectionable as a routine laboratory ex-
periment. The authors have succeeded in eliminating this danger by the
addition of acetic acid to the reaction mixture, and have studied the
effect of variations in the conditions upon the yield of quinoline obtained.

The safety attained by this modification is attested by the fact that
the reaction has been carried out in our Laboratories by large classes of
students observing no special precaution and the reaction has never be-
come violent.

During the course of the investigation an unsuccessful attempt was made
to render the reaction safe by dilution of the sulfuric acid. The method
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