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Introduction

In order to prepare chloroform solutions of anhydrous hydrogen iodide
needed in the synthesis of 2-butene it was necessary to develop a process
by which the desired gas could be obtained readily in large quantity.

Anhydrous hydrogen iodide has been prepared by the following methods:
(a) passing hydrogen and iodine over platinum,® (b) heating iodine and
colophony (resin),* (¢) dropping water upon iodine and phosphorus, and
(d) dropping hydriodic acid upon phosphorus pentoxide.3

For the purpose desired these methods have certain disadvantages, as
follows: Method (a) is time-consuming and gives a product containing
iodine unless a large excess of hydrogen is used or unless the product is
liquefied and the hydrogen iodide distilled from the iodine; in Method
(b) decomposition products of resin are likely contaminants of the hydrogen
iodide; in Method (¢) a considerable amount of phosphorus is reduced
to phosphine, which is carried along in the gas stream, presumably in the
form of phosphonium iodide, and explosions are liable to occur, especially
at the beginning of the experiment; in Method (d), a small amount of
phosphine is formed.

On the other hand, the different methods have certain advantages, as
follows: by Method (a) hydrogen iodide of high purity may be prepared
since both the hydrogen and iodine can without difficulty be freed of im-
purities, and by Methods (b), (¢) and (d) a rapid evolution of hydrogen
iodide may be obtained. Method (¢) is the one usually employed for
quantity production when a pure product is not needed, probably because
the apparatus is comparatively simple, whereas Method (a) is used when
a very pure product is desired. Method (b), apparently, is not generally
recognized since it is mentioned only in standard reference works. It
possesses obvious advantages as a rapid laboratory or lecture demonstra-

1 'This paper contains results obtained in an investigation listed as Project No. 14
of American Petroleum Institute Research. Financial assistance in this work has been
received from a research fund of the American Petroleum Institute donated by Mr.
John D. Rockefeller. ‘This fund is being administered by the Institute with the codp-
eration of the Central Petroleum Committee of the National Research Council.

? American Petroleum Institute Research Assistant, 1927-1928,

8 Bodenstein, Ber., 26, 1146 (1893); Z. phys. Chem., 13, 56 (1894); Beckmann and
Waentig, Z. anorg. Chem., 67, 17 (1910).

4 Kastle and Bullock, Am. Chem. J., 18, 105 (1896).

8.(a) A. van den Berghe, Maandbl. Nat., 22, 35 (1898); (b) Ruff, Ber., 41, 3738
(1908).
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tion preparation. This method was not considered by us because of the
probable difficulties involved in removing the volatile decomposition
products. Method (d) was tried out and an apparatus developed by the
use of which pure anhydrous hydrogen iodide could be obtained rapidly
in large quantities. This last is superior to Method (c¢) both as regards
the purity of the product and the rate of production.

Apparatus and Method

Approximately 130 g. of concentrated hydriodic acid, su. gr. 1.7, was placed in
a dropping funnel, B (see figure) and was allowed to drop upon 200 g. of phosphorus
pentoxide contained in a 0.5-1. conical flask, C, closed by a wired-on rubber stopper.
A slight air pressure insured a steady flow of the acid into the generating flask. The
evolved hydrogen iodide, containing traces of iodine, water and phosphine, was purified
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by passage through an all-glass apparatus. A glass tube, D, filled with phosphorus
pentoxide removed mist produced by the vigorous reaction in the generating flask.
Jodine and a part of the phosphonium iodide were taken out by a saturated solution
of calcium jodide® at 0° contained in the bubbler, F. Water was absorbed by phos-
phorus pentoxide in the tube, G, and small amounts of phosphonium iodide were re-
moved by passage through H, maintained at —25° to —30° by a cooling bath of ice
and concentrated hydrochloric acid. The purified hydrogen iodide may be used as
desired.

The calcium iodide solution, prepared by dissolving 200 g. of the salt in 100 g. of
water, removed iodine completely. However, since anhydrous hydrogen iodide in the
gaseous state and in solution, for example, in chloroform, is easily oxidized by air and
rapidly decomposes when exposed to light, it was necessary to fill the apparatus with
nitrogen for the first run and to protect it from light. This latter precaution is of vital
importance for obtaining an iocdine-free product because even weak, diffused daylight
brings about decomposition. Between runs, in spite of these precautions, traces of
iodine developed and for this reason it was necessary to discard the gas evolved at the
beginning of each run. ‘This formation of free iodine may have resulted in part from the
presence of some air introduced while the phosphorus pentoxide supply was being re-
plenished, even though the precaution was taken of passing a rapid stream of nitrogen

Fig. 1.
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through the flask before it was connected to the apparatus. Not more than 2 g, of
phosphonium iodide crystallized out during the preparation of 850 g. of anhydrous
hydrogen iodide. Its solubility in the calcium iodide solution is practically nil since the
amount at the end of successive runs increased in proportion to the total hydrogen iodide
produced. -During each run there was formed in the generating flask a small amount of
reddish powder, an intermediate reduction product of the phosphorus pentoxide, which
was not investigated.
A saturated aqueous solution of hydrogen iodide prepared by this method gave a
negative test for phosphate with ammonium molybdate.
The authors wish to express their appreciation to Professor Howard J.

Tucas for his helpful suggestions in the work.

Summary

The description of a method and apparatus is given for the rapid forma-
tion of pure anhydrous hydrogen iodide. This is generated by dropping
concentrated hydriodic acid upon phosphorus pentoxide and purified by
bubbling through saturated calcium iodide, drying with phosphorus
pentoxide and cooling to —30°.
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In several papers the attempt has been made to reconcile the positive—
negative theory of valence, formerly advocated by myself, Stieglitz,
Falk and Nelson, Fry, L. W. Jones and others,! with the theories of G. N.
TLewis, Kossel and Langmuir, on the basis of the following principles.

1. Nearly all reactions occurring at ordinary temperatures are iomnic
in character.? For electrolytes this is identical with the positive-negative
theory and is universally accepted. For other compounds this principle
implies that the pair of electrons forming a covalence remains with one
or the other of two atoms which separate as they prepare to enter into
new combinations.?

2. 'There is a sharp difference between completely polar valences,
in which one atom gains and the other loses an electron, and covalences,
in which a pair of electrons is shared by two atoms. At the symposium
of the Faraday Society in Cambridge, in 1923, I said ‘‘The difference

1 For references to the literature see THIS JOURNAL, 50, 2902 (1928).

2 Noyes, Chem. News, 90, 228 (1904); T His JOURNAL, 45, 2959 (1923).

8 For the hypothesis that a covalence consists of a pair of electrons rotating in
opposite directions and including two nuclei within their orbits, see Robert Miiller,
“Der Aufbau der chemischen Verbindungen (Molekiilbau),” Sammlung chem., chem.-
tech. Vortriige, Bd. 30 (1928) and Noyes, Proc. Nat. Acad. Sci., 13, 377 (1927).



