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TaBLE 11
H! N.m.Rr. SPECTRA 0F CoMPoUNDS CONTAINING THE HCF,CFo( CF;), CF,CF.CH,0O Group
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a The aH to (a + 2)F coupling is barely visible in this compound. Line broadening prevents its observation in the othet com-

Compound 8, p.p.m,
HCF,CF,CH,OH oH 3.98
wH 5.94
OH 4.46
H(CF;),CH,OH oH 4.12
wH 6.08
OH 4.7
H(CF,)CH.OH oH 4.12
wH 6.05
OH 4.65
[HCF,CF.CH,0];B aH 4.25
wH 5.87
[H(CF,),CH,0];B oH 4.39
wH 6.00
[H(CF;)CH.0]3B oH 4.43
«oH 5.98
pounds.
Company. Boron trichloride was obtained from the Matheson
Company.

(b) Typical Preparation: 2,2,3,3-Tetrafluoropropyl Borate.
—A Fisher and Porter Flowrator No, 08F-1/16-4/35 tube with
glass ball float was calibrated by measyring the weight increase of
pyridine used to absorb boron trichloride at various meter read-
ings over timed intervals, In a 5-1. three-necked flask equipped
with a stirrer, a reflux condenser protected with a Drierite drying
tube, and a gas dispersion tube was put 3.71 kg. (28.1 moles) of
2,2,3,3-tetrafluoropropanol. The calculated amount of boron
trichloride necessary to form the borate was metered into the
alcohol over 9 hr. The flow rate varied during addition so that
completeness of reaction was followed toward the end of the
addition by infrared detection of the alcoholic OH band. The
mixture was heated at approximately 60° for 2 hr. with a slow
dry nitrogen sweep to remove dissolved hydrogen chloride and
then distilled through a 65-cm. heated column packed with
Raschig rings. Recovered was 814 g. of unreacted alcohol and
2.61 kg. (88.49%,) of the borate ester, b.p. 202-206°.

Anal. Caled. for CgHBF:015: B, 3.01. Found: B, 2.80-
The analysis is obtained by titration of the boric acid from ester
hydrolysis in the presence of mannitol. Other elemental
analyses (C, H, F) were not satisfactory but structures are con-
firmed from the identity of the starting alcohols and the proton
n.m.r. spectra of the products, 7.e., the OH peak due to alcohol
disappears while the fluoroalkyl group spectrum remains, B
n.m.r. chemical shifts are those expected for borate esters.5?
The proton spectra and coupling values are shown in Table IT.
No peaks due to species other than H(CF,CF;),CH; are seen.

(¢) Instrumentation.—B!!'n.m.r. spectra were obtained utiliz-
ing a Varian V-4300 high resolution n.m.r. spectrometer operating
at 12.83 Mc. H!n.m.r. spectra were obtained utilizing a Varian
A-80 high resolution n.m.r. spectrometer.

(d) Reactions of Borates with Amines.—Stoichiometric
quantities of borate ester and amine were placed in n.m.r.
sample tubes, and chemical shifts of the resultant solutions were
measured utilizing boron trichloride and boron triethyl as stand-
ards.’ Shifts, where reaction occurred, were at § = —2 to
0 p.p.m. compared to § = —16 to —18 p.p.m. for the borate.®
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In the course of a study of the behavior of solid
oxidizing agents under very high pressures, the oxi-
dation of MnO, by either KCIO; or KNO; in the
presence of alkali has been investigated. The oxida-
tion of MnQO, to KxMnO,4 by KClO; or KNO; inn the
presence of KOH at atmospheric pressure is a well-
known, solid-state method for preparationn of the
manganate. This study of the oxidation under very
high pressures (10-50 kbars) has shown that the
reaction becomes explosive at a comparatively low
temperature (80-90°) above about 19 kbars.

Experimental

The high-pressure unit used in this work (Tem-Pres Research,
Inc., Model SJ-100) was a uniaxial press with simple Bridgman
anvils.! The reagents were thoroughly mixed in a mortar and
the power was placed inside a nickel ring (0.75 in. o.d., 0.5 in.
i.d., 0.018 in. thick) and sandwiched between two platinum
covers 0.001 in. thick. Since the ratio between the internal
diameter of the ring and its thickness was about 28, the pressure
on the sample was essentially uniform along the ring diameter.?
The sample and the anvils were heated by means of an external
furnace. The temperature was measured by means of a chromel-
alumel thermocouple placed in direct contact with the sample.
The samples were brought to the desired pressure at room
temperature and subsequently heated at constant pressure.

(1) F. Dachille and R. Roy in “Modern Very High Pressure Techniques,”
R. H. Wentorf, Ed., Butterworths, London, 1962, p. 163.

(2) M, Myers, F, Dachille, and R. Roy, ASME Preprint No. 62-WA-255
(1962),
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The temperatures of explosion at the various pressures (large
circles, Fig. 1) were determined by recording the temperature at
which a detonation was clearly heard during the heating of the
sample at constant pressures. Asa consequence of the explosion
the containing rings were broken and the material was splashed
against the protective steel shields which surround the anvils.
Analysis of the material collected on the shields always showed
the presence of manganate, of residual MnQs,, and, in the case of
the MnO,-K Cl0;~KOH system, of chloride ions.

Results

The results obtained are illustrated in Fig. 1. The
small circles give the temperatures at which the forma-
tion of the manganate first became detectable at the
various pressures. At atmospheric pressure the oxi-
dation of MnO,; was appreciable at about 170° in the
presence of either KClOs;, KNO; or air. Pressures
between 10 and 19 kbars apparently had a retarding
action on the reaction, particularly in the MnO.-
KNO;-KOH system. Above about 19 kbars the re-
action proceeded explosively.

Samples with MnO,:KClO; molar ratios of either
1 or 0.5 exploded at temperatures which were the same
within the experimental errors. An explosion tempera-
ture of 135° has been determined for the MnQ,-KCl105-
KOH system at 100 kbars, in agreement with the value
extrapolated linearly from the 19-50-kbar region.
No reaction could be detected in the explosive pressure
region up to ~10° below the explosion temperature.
Substitution of NaOH for KOH in the MnO,-KClO;
system did not affect the temperature of explosion
within experimental error. A 1:1 molar mixture of
MnQ,; and KClO; heated to 335° at 41 kbars in the
absence of alkali did not explode and only a very
slight decomposition of KClO; could be detected (Cl—
test). No decomposition of KClO; was observed after
heating the mixture to 210° at 41 kbars. No explosion
and no decomposition were observed in a MnOy;~KClO;
mixture heated at 170° in the presence of water.

Discussion

The catalytic decomposition of KCIO; at atmospheric
pressure in the presence of MnO, as a catalyst proceeds
at a high velocity at temperatures between 290 and
300° for wvarious MnOQ,-KClO; mixtures, including
those used in these experiments.? The presence of water
has been reported to enhance the catalytic decompo-
sition rate.*

It is, therefore, apparent that high pressures exert a
remarkable retarding action on the catalytic decom-
position of the chlorate. This result is consistent with
earlier data* which showed the negative influence of
pressures up to about 500 bars on the decomposition
of KCIO; in the presence of MnQO,;. KClO; was only
slightly decomposed (Cl— test) when heated alone up
to 450° under a pressure of 41 kbars. The 1:2 molar
mixture of MnO; and KNO; did not explode in the

(3) J. A. Burrows and F. E. Brown, J, Am. Chem. Soc., 48, 1790 (1028);
see also J. D. Woods and F, E. Brown, Proc, Jowa Acad. Sci., 62, 258 (1955).

(4) H. M. McLaughlin and F. E, Brown, J. Am. Chem. Soc., 80, 782
(1928).
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Fig. 1~~Temperatures of explosion (MnQO;:KClO; = 1, ©;
MnO;:KClO; = 0.5, ©; MnO:;:KNO; = 0.5, ®) and tempera-
tures of incipient reaction (MnQ,~KClO;, é; MnO,-KNO;3, i)
as a function of pressure,

absence of KOH and no decomposition of the nitrate
(NO;~ test) was observed when this mixture was heated
to 210° at 24 kbars.

Thus, the explosive reaction was only observed
when alkali was present, the pressure was greater than
19 kbars, and the temperature above 80-90°, This
observation implies that, at least, the thermal initiation
of these explosions, which occur at comparatively low
temperatures, should be attributed to a very rapid
formation of the manganate at pressures above 19
kbars. The sharp transition from a normal to an
explosive reaction, at about 19 kbars for both the
MnO,~KClOs-KOH and the MnO;~KNO;-KOH sys-
tems, suggests the existence of a phase transition in
MnOs, at this pressure or the formation of a complex
K-Mn-O-H species which catalyzes the reaction. The
high pressure phase thus formed would be characterized
by a much higher reactivity toward KClO; and KNQ,
than the low pressure phase. It should be mentioned
in this connection that samples subjected to pressures
in excess of 20 kbars and subsequently heated at
pressures below 20 kbars do not explode, suggesting
that the high-pressure phase cannot be preserved at
the lower pressures. Neither the phase diagram of
pure MnO, nor the interaction of MnQ, with alkali
hydroxides has been investigated at high pres-
sures.

It is apparent from the figure that the temperatures
of incipient reaction and the explosion temperatures
are both increased when the pressure is increased. A
negative influence of the pressure on the rate of reaction
was also observed for the reaction BaQ, + MnQO, =
BaMnO,s. At atmospheric pressure the temperature
of incipient reaction is about 350° and the reaction is
already much faster at 370°. TUnder 30 kbars no re-
action was detected up to 410° and no explosive re-
action was observed up to 410°. An increase of the
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explosion temperature with increasing pressure, up to
the very high pressure range, has been reported for a
number of solid explosives.’

The fact that for the systems under investigation the
rates of both the normal and of the explosive reactions
are decreased by a pressure increase could be interpreted
on the assumption that, whatever the activated com-
plex may be, the activation volume® is positive for both
the normal and the explosive reactions.
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The «-oxyhyponitrite ion has been assigned the
structure [8>N~N—O:|2_ on the basis of recent

calorimetric measurements.? Addison, et al.,® had
previously come to the same conclusions by comparing
the ultraviolet spectra of NO;—, NO;~, and N.O,*~
with that of N.O;2~. While investigating some reac-
tions of nitric oxide, the author had occasion to pre-
pare this compound and measure its infrared spectrum.
The details of this infrared spectrum and a partial
Raman spectrum presented here are also consistent
with the above structure.

Experimental

The white compound, Na;NyOs, was prepared according to the
procedure described by Addison.

Analbt Caled.: N, 22.91; Na, 37.65; O, 39.34.
N, 22.36; Na, 35.40; O, 40.00.

The infrared spectra were obtained as Nujol and hexachloro-
butadiene mulls using a Beckman IR-4 spectrophotometer with
NaCl and CsBr optics. The Raman spectrum was obtained
using a Cary Model 81 recording Raman spectrophotometer.

Found:

Results and Discussion

A typical infrared spectrum of NasN,Oj; is shown in
Fig. 1. Samples from several different preparations

(1) This work was sponsored by The International Nickel Company,
Inc.

(2) H.R. Hunt, J. R. Cox, and J. D. Ray, Inorg. Chem., 1, 938 (1962).

(3) C. C. Addison, G. A. Gamlen, and R. Thompson, J. Ckem. Soc., 338
(1952).

(4) The analyses were carried out by Huffman Microanalytical Labora-
tories, Wheatridge, Colo.
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were identical except for the occasional appearance of
impurity bands due to NaHCO; and water. A partial
Raman spectrum was obtained from a saturated
aqueous solution of Nay,N,O; at room temperature.
Unfortunately, the solution decomposed too rapidly
to obtain reliable Raman spectra. When it decom-
posed, the compound liberated oxides of nitrogen which
were evolved as tiny bubbles of gas. These appear as
“noise’” on the recorded Raman spectrum. For the
very intense Raman bands the ‘‘noise” presents few
difficulties, but it is a serious problem for the weak
Raman bands. The results of the partial Raman spec-
trum are presented in Table I, along with the observed

TaBLE I
THE RAMAN AND INFRARED FREQUENCIES (CM.™!) OF NoO42~

Raman Infrared Assignment
1380 s¢ 1400 s= Antisvmmetric NO, stretch
1240 w 1280 s Symmetric NQ, stretch
1110 m 1138 :z N-N stretch
9iss g?g Z; N-O stretch
745 w 74T w NO; bending
630 m!,  N-NO bending
605 m 610 wj ’ N-XNO bending
425 w 430 w ON-NO; out-of-plane bending
367 m ON-NO; out-of-plane bending

o s, strong; m, medium; w, weak.

infrared frequencies. The facts that the bands at
1100 and 980 cm.~! are only single bands in solution
and that at least nine other strong bands are observed
in the infrared spectrum of the solid indicate that the
two bands at 1100 and the two at 980 cm. ! represent
a total of only two fundamentals.

There are two types of configurations which will
be considered for the N;032~ ion. One is O-N-NOy2~
and the other is O-N-O-N-0O?-. Both of these
arrangements have at least two possible types of sym-
metry, Cs and C,,. These configurations cannot be
distinguished from one another by the number of
infrared-active fundamentals or by the number of fre-
quencies coincident in the infrared and Raman spectra.





