129

PERCHLORIC ACID—A NEGLECTED CHAPTER
IN GENERAL CHEMISTRY
J. H. REEDY

University of Illinois, Urbana

An examination of a dozen or more
college textbooks on general chemistry
showed that only one of them gave per-
chloric acid more than passing notice.
The omission of this substance from the
list of important inorganic compounds
cannot be due to any lack of industrial
importance. A recent estimate is that
300,000 to 500,000 pounds of perchlorates
are produced each month. This puts
perchloric acid approximately in the class
with phosphoric acid.

The fact that perchloric acid has come
into importance only recently may have
something to do with its omission. Au-
thors are hesitant about giving space to
new compounds as long as there is any
question as to their eligibility to a chemi-
cal “Who’s Who"” or “What’s What.”
The compass of textbooks is limited, and
“a new topie cannot be squeezed in with-
out squeezing something else out.” To
displace another topic, a substance must
have definite industrial value or scientific
significance. For example, if it is an
analytical reagent, it must be able to
compete with other reagents of recog-
nized standing. This consideration has
counted against perchlorie aecid, for so
many analysts are so comfortable in pre-
cipitating potassium with chloroplatinic
acid that they are unwilling to give a
newcomer a trial.

Perchloric acid has a reputation for
being a treacherous explosive. A while
ago a graduate student argued against
including perchloric acid in courses in
general chemistry on the ground that its
excessive explosiveness would tempt
young students to make illicit experi-
ments that might turn out disastrously.
This idea of spontaneous explosiveness
is not limited to students. It is held by
many mature chemists who ought to
know better. The fact is, concentrated
perchloric acid is quite stable, and can-
not be exploded by shock or otherwise.
Like nitrie acid, it may be used in making
explosives. If perchloric acid is to be

banned for this reason, consistency would
call for a similar exclusion of glycerine
and toluene, or even sulfur and saltpeter.

In my opinion, the strongest objection
to including perchloric acid in the subject
matter of elementary courses is a peda-
gogical one. Many of the perchlorate re-
actions that have been studied appear
so involved and anomalous, that the stu-
dent is dismayed and comes to doubt if
there are any fundamental principles
controlling the course of chemical reac-
tions. An illustration is the awe-inspir-
ing equation proposed for the prepara-
tion of perchloric acid from ammonium
perchlorate:

34NH.CIO, + 36HNO. + 8HCI —»
34HCI10, + 4Cl. + 35N.0 + T3H.0

Other discouraging equations from the
literature are:

14Fe + 48HCIO, —
14FE(CIOJ)3 + 3Cl: + 24H.0
Cr:0; + 2HCIO, + H.0 —
2H.CrO, + CI2 + 20.

PROPERTIES OF PERCHLORIC ACID

Perchloric acid comes on the market
as a clear mobile solution, with a density
of 1.69, and containing about 72 per cent
HCIlO,. This solution boils at 203° with
slight decomposition. Judged by its elec-
trical conduectivity, concentrated per-
chloric acid is a very weak acid. Accord-
ing to Linde, the 72 per cent acid is only
b per cent ionized. This accounts for its
very slow reaction with active metals.

Concentrated perchloric acid is a de-
hydrating agent and chars wood and
other cellulosic materials by the extrac-
tion of water. Very naturally, the in-
tensity of this effect varies with tempera-
ture.

At ordinary temperatures concentrated
perchlorie acid is a weak oxidizing agent
—not as active as nitriec acid. Upon
heating to 150° or above, it shows marked
oxidizing power, converting Cr*** ions
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TABLE 1.—THE REACTIONS oF METALS WITH 729 PERCHLORIC ACID

Metal Produets Metal Produets
Magnesium...........| Mg*, Ha Lol oooviinavi o Pb*+, Ha, Clz, HCI
Aluminum .| Al*+, Ha, CI- (trace) Copper. ... Cuat+, u*"’,:t Cl
Zine, wereeenenvesooon. | &0t Ha, G Ef.rncl‘} Mercury .| Hg**, HCI
Cadmium. . ... . .| Cd*+, Ha. CI~ (trace) Arsenic H;As04, HCI
Chromium ; (1) Crtrt, CriH(n, Antimony 8ba204, HCI
Iron Foror s Bl Hol Siver | Aot A

asresrrinans o es | Fertr, Fatt, Ha, 2 ilver. . .. .| AgCl, Ag*
g?:l?]r . %?: Hz'}}}gll glnlgmum,. . 'Nl; reectgiun

el NS Ha BE 090  [leeldi il =
Tine.oouiininnnn. .. Sn0y, C?z. Ccl- ) At

into the CrO,~ form. This notable in-
crease in oxidizing strength with temper-
ature can be explained only by some
change in the molecular composition of
the solution. Although liquid perchloric
acid is stable and very hard to reduce,
gaseous perchloric acid is very unstable
and therefore a powerful oxidizing agent.
It is likely that this oxidizing action is
inherent in the anhydrous HCIO: mole-
cules.

Reactions with metals.—The reactions
of perchloric acid with metals have been
summarized in Table 1. From these re-
sults it appears that only active metals
react at low temperatures, and that they
liberate hydrogen with no reduction of
the perchlorate group. At high tempera-
tures, the active metals continue the dis-
placement of hydrogen, but with some
reduction of the ClO. group; the nobler
metals also reaet, but in their case no
hydrogen is evolved, and the perchlorate
group is reduced, forming chloride in
most cases. Marked passivity is noted
in certain cases; e.g., iron, chromium,
nickel, ete.

The wvarious reactions of perchloric
acid may be simply explained in terms
of its ionic and molecular composition,
which may be represented by the follow-
ing equilibrium:

heat

+ - dilution
H* + ClO, < HClO..hydrate =

HClO: + H:0

The liberation of the hydrogen by active
metals is characteristic of the H* ion. It
is interesting to note that this reaction
becomes very vigorous when water is
added to a hot mixture of acid and alu-
minum or magnesium.

The dehydration effects are inherent
in the anhydrous perchloric acid, and
therefore proceed more rapidly with rise
in temperature.

Oxidation is a property of the perchlo-
ric acid molecule, particularly the an-
hydrous HClO,. The ClO, ion is not an
oxidizing agent; its neutral solutions
will not react with the most vigorous
reducing agents. In these reactions per-
chloric acid shows a definite similarity
to nitric acid, e.g., in the passivity effects
noted above.

As hydrogen chloride is formed by the
reduction of perchloric acid, the solution
contains a mixture of hydrochloric and
perchloric acid which is analogous in
composition to aqua regia. This combina-
tion does not have any solvent action on
platinum, but its reaction with gold is
appreciable. Evidently perchloric acid is
not as effective as nitric acid in the oxi-
dation of hydrogen chloride.

Determination of Reaction Products.—
The determination of the products formed
in perchlorate reactions is a matter of
some difficulty. Weighed samples of the
metals were completely reacted with an
excess of 72 per cent perchloric acid, and
the products were analyzed qualitatively
and quantitatively. As far as possible,
volumetric methods were used for gaseous
products, and wet methods for dissolved
products. Lack of space prevents extend-
ed description. The general procedure
may be outlined as follows:

For low-temperature reactions, in
which hydrogen is the general product,
the apparatus shown in figure 1 was
used. For high-temperature work, a
closed system is necessary to avoid fum-
ing and possible loss of volatile products.
The apparatus in figure 2 was designed
for that purpose. In both cases, the
apparatus was filled with the acid by
suction at the stopcock of the burette.
Another type of apparatus was found
very useful, especially for high-temper-
ature reactions. It consisted of a tube
closed at one end and bent in the shape




of a W (fig. 8). The tube was filled with
72 per cent perchloric acid, and the metal-
lic sample was introduced and maneu-
vered into the bend next to the closed
end. Heat was applied at this point. In
this way the gases evolved were retained
in the end and the second bend. These
gaseous products were then transferred
under water to other tubes for analysis.

2% HCIO

HETAL

Apparatus for the analysis of the reaction prod-
ucts of perchloric acid.
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The displacement-of-hydrogen proceed-
ed simply in the cases of the more re-
active metals—i.e., those occurring above
hydrogen in the E. M. F. series. In these
cases, an equivalent weight of the metal
forms a one-half molar volume of hydro-
gen. In oxidation reactions, the predom-
inant reduction product was gaseous
hydrogen chloride, insoluble in concen-
trated perchloric acid. The ratio of
equivalents of metal consumed to Cl- ion
formed found in all cases to be close to
8:1, showing the “oxidation number” of
perchloric acid to be +8. This indicates
that the fundamental decomposition of
perchloric acid may be represented:
HCIO, —» HCl + 40. Illustrative equa-
tions are:

4Ni + HCIO, + 8H* —
4Ni** + HCI + 4H.0
8Bi + 3HCIO. + 24H* -
8Bi*** + 3HCI + 12H.0

In cases of prolonged heating, this ratio
was frequently exceeded. The source of
this excess chloride was found to be due
to a slight decomposition of perchloric
acid into hydrogen chloride and oxygen.

The equations obtained by analytical
methods are overall equations, and give
no information about the concurrent or
consequent reactions that may be in-
volved. When concurrent reactions are
involved, their relative speeds may vary
with conditions, and the overall equations
are not definite and are without signifi-
cance.

Summary.—The very complex equations
found in the literature of perchloric acid
are a deterrent to the inclusion of this
subject in inorganic textbooks.

These discouraging expressions may be
eliminated by considering the reactions
of perchloric acid to be a summation of
the behaviors of the ionic and molecular
constituents of the solution. Two or more
reactions may take place simultaneously,
and their effects are therefore super-
posed.

In general, perchloric acid shows two
modes of reaction: (1) Displacement of
hydrogen, without any decomposition of
the ClO,~ group; (2) oxidation, with the
reduction of the ClO, group to CI°
mainly.



