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Is hydrogen fluoride or its aqueous solution really incompatible with KMnO4? If so, in what re-
spect (meaning why)? This contribution seeks to answer the previous question that was posed some 20
years ago on the pages of the Journal of Chemical Education. The previous conclusion was that KMnQOy4
cannot oxidize fluoride anions to elemental fluorine. However, this does not prevent the possibility of an-
other type of reaction occurring between HF and KMnOs.

In brief, the reaction of HF(aq) and KMnOu(s) cannot occur with concentrated HF(aq), where
w(HF) = 0.4. However, the reaction of liquefied hydrogen fluoride, HF(l) and KMnOau(s) appears to pro-
duce Mn,O5(1), which is explosive even at moderate temperatures. The same applies to aqueous solutions
of HF where w(HF) > 0.6. In this contribution, some details are further explained and the spreading of
some misconceptions is, hopefully, hampered.

In addition, some authors described HF as a "flammable and explosive" substance, which is even
worse than claiming that "water is flammable and explosive".
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flammability of HF

OKCHUJAIINJA HA HF CO KMnO4: MOKHA MUCKOHIEINNIWHU OKOJY HF

Jam ¢ryopoBOAOpOIOT WIM HETOBHOT BOJEH pAacTBOpP € HABUCTHHA HEKOMIATHOWIIEH CO
KMnO4? Jlokonky oBa € TOYHO, BO Koja cMuciia Ha 300pot? Llenra Ha JeHENIHNOB MPUJIOT € Jia ce Jaje
OJI'OBOP HA MPETXOIHOTO Tpamiame KoewmTo Oelle 3a MpBIAT IMOCTAaBEHO Ipe]| ABaeCeTHHA IOJAWHH Ha
crpannnure Ha Journal of Chemical Education. Kparkoro oOpasnoxkenune Oeme neka KMnO4 He € BO
cocT0j0a 1a M oKcupa (QIyOpHIHHUTE JOHHU 10 racoBUT (uryop (3HauH, GIryop Kako IpocTa CyNCTaHIa),
HO TIOCJIETHOBO HE ja MCKIIydyBa MOXKHOCTa 3a Jipyr Tun peakuuja mery HF u KMnOs.

Haxpatko, peaknmjata Ha HF(aq) m KMnOs4(s) He Moxe na ce oxBuBa nIpu pabora co
koHnentpupana HF(aq), co macen yaen w(HF) = 0.4. Cenak, peakunjata Ha TedeH (PIyopOBOIOPO,
omnocHo HF(1) 1 KMnO4(s) m3rnena nexa gaa Mn,O7(1) xoj Moxe a eKCIogupa Aypy U IpU yMEpPEeHN
temnepatypu. [locnenHoBo Baku u 3a BogHH pactBopu Ha HF co macen ymen w(HF) > 0.6. Bo oBoj
MIpUJIOT ce 00jaCHeTH HEKOW MOAPOOHOCTH W NPE3eMEHH CE€ YEKOPH Oa Ce CIPEUH IMIHPEHe Ha HEKOU
MHUCKOHIIEIIINH.

IToxpaj oBa, Hekon aBTOpM crioMHyBaaT Aeka HF e ,,3amannBa n excruio3uBHa™ cyncranmna. OBa e
YIITE TOJIOLIO OTKOJIKY Jia ce KaXke JIeKa ,,B0/1aTa € 3anajiBa U eKCIIO3UBHA .

Kayunu 360poBu: ¢uryop; gpiayopoBogopos; kanuyM nepmanranatr; Mmanraa(VII) oxcun;
3ananuBocT Ha HF

*Dedicated on the occasion of the Golden Jubilee of the Macedonian Journal of Chemistry and Chemical Engineering
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1. INTRODUCTION

About 20 years ago, while browsing the
Journal of Chemical Education, I came across one
of the CLIP publications (CLIP = Chemical Labor-
atory Information Profile) prepared by a distin-
guished physical chemist J. A. Young.! In that
publication, Young states that solid KMnOQj is in-
compatible with "concentrated acids as HCI, HF,
H,SO;4 and others".

After reading the publication, I wrote a short
comment mentioning that the incompatibility of
KMnO4 with HCI and H,SO4 is known, but with
HF(aq) no reaction is expected, due to the extreme-
ly high 2F/F, redox potential (+2.87 V), which
cannot be surpassed by the Mn?>*/MnQ,~ potential
(+1.51 V). This means that no redox reaction is
possible between concentrated HF(aq) and solid
KMI’IO4.2

[It is worth noting that the concentration
(n/V) of solid KMnOys is approximately 17 mol/l
and can be casily calculated as
p(KMnO4)/M(KMnQOs4). However, at such a high
concentration, the activity is significantly lower
than the corresponding concentration value.]

The famous physical chemist and educator,
Young, had a seemingly convincing counter argu-
ment:?

"Briefly put, the conclusion drawn by
Petrusevski to the effect that potassium permanga-
nate will not react with hydrofluoric acid is correct
if the concentrations of the two reagents are such
that these reagents are at unit activity, their tem-
perature is 25 °C, and they are under a pressure of
one atmosphere, and so on and so forth.

However, if the above conditions are not
met, there may, or may not, depending upon the
details, be a reaction between these two chemicals.
For details describing a reaction, somewhat violent
in nature, between potassium permanganate and a
concentrated solution of hydrofluoric acid."!

From the author's reply to the comment, it
appears that Young was of the opinion that KMnQOy4
could, under certain circumstances, oxidize F~ to
elemental fluorine! The comment, along with
Young's brief response, was published on the same
page of the Journal of Chemical Education,> which
seemingly marked the end of the discussion for the
Editor-in-Chief and the editorial team of the jour-
nal (JCE).

2. FURTHER ARGUMENTS

Later, Young and I exchanged a few private
messages, where I tried to convince him that the

second term (the one that is concentration depend-

ent, i.e., the logarithmic part) in the Nernst equa-

. d .
tion E = E? — 2L 1n 4 cannot really increase the
nF [ox]

value of the redox potential of the Mn*/MnO4
pair enough +2.87 V. Moreover, when we consider
that concentrations should actually be replaced by
activities (as mentioned above), the situation wors-
ens!

Thus, we are left with another option for the
reaction, which was described as "somewhat vio-
lent in nature" in the quoted reference.® I claimed
that this reaction is not a redox reaction, but a
"more mundane" displacement reaction, as repre-
sented by the following chemical equation:

KMnOs(s) + HF(l) = KF(HF) + HMnO4(HF) (1)

which is immediately followed by an elimination
reaction, given by the equation:

2HMnO4(HF) = HLO(HF) + Mn,O«(1)  (2)

The latter reaction is exothermic (due to solvation
of water molecules by HF), and the resulting man-
ganese(VII) oxide, due to the temperature increase,
undergoes explosive disintegration via one of the
following two possible reaction paths:

Mn;0+(1) = 2MnOx(s) + Ox(g) (3a)
Mn;O5(l) = 2MnOs(s) + 1%0x(g)  (3b)

Young partly agreed with the above, but ques-
tioned what might make the reaction described by
equation (1) feasible. At first sight, the question about
feasibility of equation (1) seemed a proper one. After
all, HF is a much weaker acid than HMnOs, so such a
displacement reaction should not be possible! Gener-
ally speaking, the rule is that strong acids displace the
weaker ones from their salts!

However, let us not forget that all rules have
their limitations. In qualitative analytical chemistry
(specifically, for cations of the second analytical
group: Hg*", Pb*", Cu?**, Cd*, Bi*", Sn**, As**, and
Sb*"), it is well known that a weak acid can dis-
place a stronger one. For example:

H,S(aq) + HgClx(aq) = 2HCl(aq) + HgS(s) (4)

We previously published a paper on this problem.*
A similar situation occurs in a desiccator with an-
hydrous CaCl,, containing acetic acid vapors,’
where acetic acid displaces HCl from the drying
agent, CaCl,. It is, by the way, a widely spread
misconception that only strong acids can displace
the weaker ones from their salts, quod erat demon-
strandum.
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However, this logic about strong/weak acids
that often applies to aqueous solutions does not
necessarily apply to liquefied HF (or HF-rich
aqueous solutions). On the other hand, liquid HF
does have a property in which it resembles concen-
trated sulfuric acid: a piece of filter paper is mo-
mentarily carbonized upon contact with liquefied
HF, obviously due to the elimination of water from
cellulose. This tells us something about its dehy-
dration properties, which are directly comparable
with the strongest drying agents, including P>Os
and H>SOs. In fact, liquid HF resembles concen-
trated H,SOy4 in several respects.

For example, the reaction of concentrated
H>SO4 and solid potassium permanganate proceeds
according to the chemical equations:

HzSO4(1) + KMHO4(S) = HMnO4(HZSO4) +
+ KHSO4(H2S0s) )

The first product immediately undergoes a
secondary reaction (cf. equation 2):

2HMHO4(stO4) = HzO(HzSO4) + Mn207(1) (6)

Finally, manganese(VIl) oxide is subject to
an explosive disintegration reaction, described ac-
cording to one of the two reaction pathways illus-
trated in equations 3a or 3b.°

3. ON FLUORINE GENERATION

The only practical method of generating flu-
orine in quantities remains electrolysis, basically in
the way it was first isolated by Moissan in 1886",
but using modified vessels of nickel, copper, or
their alloys instead of the more expensive platinum
and iridium vessel.” Unfortunately, it is not possi-
ble to oxidize HF in any other way but by electrol-
ysis (e.g., electrolysis of molten KF-#HF or similar
systems). If there were another way, we could
hopefully find some information in the rich chemi-
cal literature on permanganates as oxidizers.® 24 the
references therein Thig fact, however, does not prevent
the generation of fluorine on a small scale by
chemical methods, the so-called fluorine synthe-
sis,” which is a truly ingenious process. But that is
another story.

4. MOTIVATION FOR THE PRESENT WORK:
FIGHTING POSSIBLE MISCONCEPTIONS

One could wonder why do I go back two
decades and mention all that happened? After all,
Jay A. Young died 13 years ago and cannot com-
ment on or reply to my reflections. Most probably,
I would have remained silent had I not come across
several websites mentioning the oxidation of HF
with KMnOy4, with the balanced reaction equa-
tion.!'®!! T suspect the authors' intention was to
teach readers how to balance redox reactions, but
the choice of the system was terribly unfortunate.
What is possible with HCl(aq) appears to be im-
possible with HF(aq).

Thus, one of the favorite methods for gener-
ation of chlorine is oxidation of hydrochloric acid
by potassium permanganate, but the analogous re-
action with HF(aq) is impossible, as is any redox
reaction between permanganate and HF(1).

When encountering online sources that in-
clude equations describing reactions between hy-
drofluoric acid and potassium permanganate, one
may come across potential sources of misconcep-
tions for young chemists. These misconceptions
must be revealed and made clear to chemistry
teachers, with an aim to prevent the spread of mis-
conceptions (by definition: misconception is an
idea that is wrong because it is based on a failure
to understand a situation).'?

There is yet another misconception regard-
ing HF in both chemistry literature and other
sources: the claim that HF is "flammable and ex-
plosive".!> This is as unbelievable as saying that
water is flammable and explosive. The above com-
parison is quite appropriate: water is a product of
burning hydrogen in oxygen, just as HF is the
product of burning hydrogen in fluorine.

In this particular case, the source of the mis-
conception (likely a local one, as it seems to be an
isolated belief of the author of reference 12 about
"flammable and explosive HF" could stem from:
(a) a simple misunderstanding. It is often men-
tioned that liquefied HF is a fuming liquid and if
English is not your native language it is easy to
mix/interchange "flammable" and "fuming". Also,
there is an old saying "When you see fumes, there
must be fire somewhere", which could have con-
tributed to the spread of this misconception; (b) If
the authors are not chemists (in the cited paper the
author is probably a physicist and is of Russian

*In 1907 Moissan was awarded the Nobel Prize in chemistry for the isolation of fluorine as a simple substance. There were
two candidates (Moissan and Mendeleev) and Moissan won by a margin of just one vote! A few months later, Moissan died from
appendicitis, although there was a speculation that repeated exposure to fluorine and carbon monoxide also contributed to his death.

Life was not fair to Mendeleev too, for he died the very next year. Thinking about it, it seems to me that the Nobel
Committee had several chances even earlier (1902 — 1905) to award Mendeleev for his historical discovery of the periodicity law, but

they seemingly did not value the discovery... or, perhaps, there were some other reasons!
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nationality), there may be more possibilities for
misunderstandings.

The author writes about the properties of

HF, "It dissolves well in water but is flammable
and explosive."'? The end of the quote is complete-
ly wrong. While liquid HF may explode upon mix-
ing with incompatible chemicals, it is neither
flammable nor explosive by itself!
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