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hot water. The extracts are concentrated in vacuum to 30° Be. The hydrolysis of 
the tannin is carried out in huge concrete vats, adaptable to work under either 
reduced or increased pressure. Crystallization of the gallamide requires 10 to 14 
days, that of the gallate even longer. Tannin solutions have a strong tendency to 
ferment, and must be worked up rapidly, especially during the summer. The purity 
of the gallamide is determined by distilling a weighed sample with sodium hydrox
ide, collecting the ammonia in 1 N hydrochloric acid, and back-titrating. A good 
grade of gallamide is 92 per cent pure. 

Gallamide and gallic acid are used in large quantities for the preparation of 
oxazines (see gallamine blue). 

13. Benzene Derivatives from Naphthalene 

Phthalic Anhydride from Naphthalene by Catalytic Oxidation54 

The heat of combustion of naphthalene is -f 1234 kilocalories per 
mole, and of phthalic anhydride, 4-450 kilocalories per mole. 

The catalytic oxidation of naphthalene can easily be carried out in 
the laboratory, although the amount of phthalic anhydride which can 
be prepared in one operation is insignificant. It is of great importance 
that the correct temperature be maintained and that a suitable catalyst 
be used. Special attention must be given to the apparatus if the prepara
tion in the laboratory is to succeed. Furthermore, it is highly desirable 
to use a Cottrel precipitator to collect the reaction product completely. 
This apparatus will collect even the fine particles, which otherwise 
would be lost. 

Preparation of the Catalyst 

Pumice is broken up into pieces about 3 mm. in size and screened, 
using a sieve that retains the 3-mm. pieces. The more uniform the pieces 
are, the better. This pumice is placed in a hot solution of ammonium 
vanadate which is as concentrated as possible. When the pumice is 
thoroughly impregnated, it is removed from the solution and dried in 
a porcelain dish on a water bath. About 3 grams of vanadium are taken 
up by 200 grams of pumice. The dried mass is now heated to 400°C. 
until the grains have a reddish brown color. It is important that the 
54Wohl, Ger. Pat. 347,610 (1921) and 379,822 (1923) [Frdl, 14, 836, 450 

1921-1925)]. See also Chowdhury and Choudhury, /. Indian Chem. Soc, 11, 
185 (1934), and Chowdhury and Saboor, ibid, 14, 638 (1937). 
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catalyst is not heated above the temperature at which it is to be used 
later, a precaution to be observed in many catalytic reactions. 

Rule: A catalyst should not be heated above the reaction tempera
ture. 

Performing the Reaction, Apparatus 

The diagram in Figure 28 best explains the procedure. Naphtha
lene is placed in flask B, which is heated to 110°C, and a stream of moist 
air is passed through the gas introduction tube (A). The presence of 
water vapor is important for the oxidation. The necessary air is most 

Fig. 28. Apparatus for preparation of phthalic anhydride by catalytic oxidation: 
A, air inlet tube; B, melted naphthalene; C, graphite bath; D, electrical heating 
element; E, ground; F, spark induction coil; G, glass wool; H, catalyst; J, bulb 
receier; K, aluminum foil, grounded; L, gas exit tube; M, thermocouple; N, rigid 
wire; Th, thermometer. One side of the spark induction coil is connected to N, 
the other is grounded. 

simply supplied by a water pump which is readily available in the 
laboratory, and the quantity of air passed through the apparatus is 
measured with regular laboratory equipment which need not be de
scribed here. The air stream should be regulated so that 200 liters of 
air and 5 grams of naphthalene are passed through the apparatus in 
1 hour. It is important that the ratio of air to naphthalene be con
trolled so that an explosive mixture is not formed, since this would 
cause a loss of phthalic anhydride. The mixed gases (air and naphtha
lene vapor) are passed into the catalyst tube, which should be of about 
5-cm. internal diameter and should contain a charge of catalyst about 
10 cm. in length. The pumice particles are held in place by glass wool. 
Heating of the catalyst is done electrically as is the usual practice in 
technical laboratories. 
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The gases coming from the catalyst are passed first into a round 
receiver (J) , and then go to the precipitator. The latter consists of a glass 
tube of about 8-cm. internal diameter, the inside wall of which is 
lined with a smooth aluminum foil which can be removed easily and 
which is well grounded through a metal wire to a water pipe. A wire 
or silvered glass rod projects into the tube, and to this a potential of 
10,000 volts is applied. This potential, which can be alternating for the 
present purpose, is generated in the usual manner, most simply by an 
induction coil or a transformer with interrupter. It is important that 
the air spark length of the induction coil be at least 25 mm. The internal 
width of the tube carrying the precipitator must therefore be sufficiently 
great so that sparks do not jump from the wire to the metal foil. Such 
sparking may cause explosions which, although not involving danger, 
may easily burn part of the reaction product. 

When the apparatus, to which careful attention must be given, is 
assembled correctly, the oxidation can be started. The catalyst tube 
is heated to 450°C. (thermocouple), and the stream of mixed air and 
naphthalene vapor is started. The oxidation takes place as the vapors 
pass through the catalyst. Part of the phthalic anhydride collects in 
the bulb receiver, but most of it is collected in the Cottrel precipitator 
where it frequently forms beautiful needles, up to 5 cm. in length, in 
a small space at the extreme first part of the precipitator. The operation 
can be continued as long as desired, since the catalyst retains its activity 
for weeks provided that pure naphthalene is used. The yield of phthalic 
anhydride is about 90 to 95 per cent of the theoretical amount, the 
product being chemically pure if the oxidation temperature is main
tained at the correct point and the throughput is not too high. If too 
much naphthalene is put through per unit of time, the product becomes 
yellowish due to admixed 1,4-naphthoquinone. The product is removed 
from time to time by drawing out the aluminum foil. 20 grams of pure 
phthalic anhydride can easily be prepared in 5 hours in the laboratory. 

Phthalimide from Phthalic Anhydride 

In a three-necked flask fitted with thermometer, gas introduction 
tube, and wide outlet tube bent downward, 148 grams (1.0 mole) of 
pure phthalic anhydride is melted and heated to about 170°. At this 


