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TaBLE IV

CHANGE OF ABSORBANCE OF 4 X 1074 M Cr(VI)in 0.1 M NaCl 4+
0.9 M HCIO; witTH TEMPERATURE

T, °C. Asso
10.2 0.521
18.0 0.517
22.0 0.511
25.8 0.510
Discussion

Table V compares various equilibria involving
HCrO;~. The formation constants for chromic acid ob-
tained in this study may be compared with the value
of 1.2 obtained at ionic strength = 1.0 by King and

Inorganic Chemastry

The results of the study of the formation of CrO;Cl—
may be compared with those of Cohen and West-
heimer,” who did the same study in 86.59, acetic acid.
They found the same spectra of HCrO,~ and CrO;Cl—
as those reported here and a formation constant (K3)
of 1.11 X 105 Acetic acid is a weakly ionizing medium
and as such favors formation of CrO;Cl— much more
than an aqueous medium.

Cohen and Westheimer” noted a similarity in the
change in spectrum for Cr(VI) effected by substituting
phosphate and chloride ions for hydroxide in the acid
chromate ion. Substitution of sulfate can now be
said to have about the same effect. It is notable that

TasLE V
TueErRMODYNAMICS OF HCrO,~ REACTIONS
Tonic K, AFg, AHas, ASas,
strength 1./mole kcal, /mole keal, cal./deg.
HCrO,~ + Ht — H,CrO, 1.0 0.2“b 0.9+0.2 —2.1 2.5
0.83

HCrO,~ 4+ H* 4+ Cl— — Cr0;Cl~ + H,0 1.0 17® —-1.7x0.2
HCrO,~ + HSO;~ — CrS072~ + H0 3.0 4.1° —0.85+£0.10 0.0 2.7
HCrO,~ + H;PO, — H,CrPO;~ + H:0 0.25 9.4 —1.95
HCrO,~ + H,PO,~ — HCrPO;2~ + H,0 0.25 2.9" —0.8
HCrOy~ + HCrOy~ — Cr072~ 4+ H,O 1.0 98° —21.

® This work. ° Ref. 3. °Ref. 2.

Tong,? who measured the effect of changing hydrogen
ion concentration on the dimerization of HCrO,™.
The present authors feel that the value certainly lies
between the values 4.5 and 6.5 on the basis of more
direct means of measurement. It should also be noted
that King and Tong? found it necessary to postulate
the existence of HCr,Os;— in order to fit their data,
although they could find no change in absorbance due
to its formation. If a value of about 5.0 for the dis-
sociation constant of HsCrOy is applied to the data of
King and Tong the postulate that Cr,O;2~ is protonated
is no longer required.

the ultraviolet absorption spectra of HCrO,~ and
Cr,072~ ions are nearly identical. Addition of protons
to HCrO,~ to form chromic acid has quite a different
effect on the spectrum from that of substitution for
OH— groups. The charge-transfer spectrum of CrO2~
exhibits small shifts in wave lengths for band maxima
and considerable decrease in probability for electronic
transitions upon the addition of one or two protons.

Acknowledgment.—The authors wish to thank the
Office of Ordnance Research, United States Army, for
the use of the Beckman Model DU spectrophotometer.
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Configurations of Isomeric
Phenyl-N-dimethylaminotetraphosphonitriles.
The Use of H' Nuclear Magnetic Resonance
and Double Resonance Techniques
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In two recent papers’? it was demonstrated that
proton magnetic resonance spectra can be used to de-
termine both positional and cis—trans configurations of

(1) I.I. Bezman and C. T. Ford, Chem. Ind. (London), 163 (1963).
(2) C. T. Ford, F. E. Dickson, and I. I. Bezman, Inorg. Chem., 8, 177
(1964).

a series of dimethylaminotriphosphonitriles. This
paper extends the procedure to an analysis of the con-
figurations of three phenyl-N-dimethylaminotetra-
phosphonitriles, P.Ny(CsH;)s[N(CHj)q s, and, by impli-
cation, substantially resolves the configurations of
three phenylchlorotetraphosphonitriles, PyNy(CeHs)s-
Cl;, from which they were made. Specific configura-
tions have not been reported previously for any of these
compounds.

Cyclic tri- and tetraphosphonitriles of the formula
[NP(A)Bl; and [NP(A)B]; have the groups A and B
attached to the phosphorus atoms. The bond angles
are such that one group is above and the other is below
the hypothetical plane of the ring and indicate the
existence of geometric isomers. In the case of the
trimer, two isomers can exist;' for the tetramer, four
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isomers are possible. Several such isomers have be\en
reported in which A is a phenyl group and B is either
chlorine or bromine. The syntheses have involved the
reaction of phenylphosphorus tetrahalide and the cor-
responding ammonium halide in a solvent such as
sym-tetrahaloethane.

Using this procedure,® Humiec and Bezman obtained
an isomer of P3N3(CGH5)3C13 meltmg at 161—'1630
Shaw and Stratton*® isolated the other isomer of the
trimer, melting at 188°, and also three tetrameric
isomers, melting at 148, 202, and 248°. Nannelli
and Moeller® obtained two isomers of P3N;(CsH;)sBr3,
melting at 152-153 and 194-195°. The phosphorus-31
nuclear magnetic resonance spectrum of the 194-195°
isomer showed one resonance peak while that of the
152-153° isomer had two. It was concluded that the
former was the cis isomer and the latter was the irans
isomer.

We have recently allowed CeH;PCL and NH,CI
to react in sym-tetrachloroethane and, by careful
work-up of the products in a manner similar to that of
Shaw and Stratton,* we also obtained three isomeric
phenylchlorotetraphosphonitriles, compounds A, B,
and C, melting at 248-258, 202, and 148°, respectively.
The melting point range of compound A persisted
despite many efforts to narrow it by recrystallization
from various solvent systems. Its infrared spectrum
was identical with that of the 248° isomer reported
by Shaw® and Stratton. The infrared spectra of com-
pounds B and C were likewise identical with those of
Shaw and Stratton’s 202 and 148° isomers. It should
be noted that compounds A, B, and C were isolated
from a single reaction mixture. An over-all yield of
309, tetramers was obtained, and the relative yields
of compounds A, B, and C were 19:1:3.5, respectively.

Compounds A, B, and C were easily and quanti-
tatively converted to the corresponding phenyl-N-
dimethylaminotetraphosphonitriles by treatment with
aqueous dimethylamine solution. Three distinct com-
pounds of the formula PiNi(CeH;):[N(CHs)sls were
obtained, compounds AA, BB, and CC, melting at
178180, 154-155.5, and 139-141° and made from
reference compounds A, B, and C, respectively. In
a review article,” two phenyl-N-dimethylaminotetra-
phosphonitriles are tabulated as melting at 178-180
and 154° and are attributed to unpublished work of
Shaw and Stratton. These are probably the same
as our compounds AA and BB. Compound CC has
not been reported previously. Anal. Caled. for
P4N4(C6H5)4[N(CH3)2]41 C, 5783, H, 6.67; N,
16.87; P, 18.64; Cl, 0.00. Found for compound AA:
N, 16.60; Cl, 0.00. Found for compound BB: N,
16.67; Cl, 0.00. Found for compound CC: C, 57.58;
H, 6.47; N, 16.61; P, 18.56; Cl, 0.00. The infrared
spectra of the compounds showed typical ring absorp-
tions in the tetramer region.

(3) F. S. Humiec and I. I. Bezman, J. 4m. Chem. Soc., 83, 2210 (1961).
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(6) Dr. Shaw kindly furnished us with the spectra of his compounds.

(6) P, Nannelli and T. Moeller, Inorg. Chem., 2, 896 (1983).

(7) R. A. Shaw, B. W. Fitzsimmons, and B. C. Smith, Chem. Rev., 62,
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Compound CC Compound CC

Norma!l Proton Decoupled Spectrum

NMR Spectrum P3! Irradiating Frequency
24.28 mc/sec

Figure 1.

Proton magnetic resonance spectra were obtained
for compounds AA, BB, and CC as ~209%, solutions in
CDCl; and referenced to tetramethylsilane as an
internal standard. The measurements were made
with a Varian A-60 n.m.r. spectrometer equipped with
an N.M.R. Specialties Model HD-80A heteronuclear
spin decoupler. Spin decoupling experiments, which
involve the application of a second strong oscillatory
field near the resonance frequency of the heteronucleus
while observing the transitions of the protons, were
performed in order to establish that the observed
doublet systems did indeed represent single protonic
environments and that the additional broadening
was due entirely to long-range coupling to phosphorus
atoms further removed.® It is believed that these
decoupling experiments are the first ever to be per-
formed on a Varian A-60 n.m.r. spectrometer system.

The spectrum of compound CC (Fig. 1) showed three
sets of doublets occurring at 130.0, 150.0, and 155.2
c.p.s. from tetramethylsilane. The coupling constant
(J’pu) in each case was 10.5 c.p.s. and is characteristic
of phosphorus—methyl proton coupling in this type of
compound.? On irradiation of the phosphorus at 24.28
Mec./sec., the three doublets collapsed to three distinct
singlets. The three sets of doublets and the cor-
responding singlets in the decoupled spectrum indicate
three distinct chemical environments existing in the
molecule for -N(CH;), groups. Of the four possible
cis—trans isomers of P,N4(CeH;)s[N(CH;)els, only one
represents three environments for the -N(CHj),
groups. This isomer is that in which three —-N(CHj),
groups are czs (above the hypothetical plane of the ring)
and one is trans. The environments are determined
by the immediate neighbors of the ~N(CHj;), group on

(8) J. D. Baldeschwieler and E. W. Randal, ibsd., 63, 81 (1963).
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TaBLE [
H!' NucLEAR MAGNETIC RESONANCE DATA FOR PyNy(CsHp)s [ N(CH; o}y
N-Dimethyl-
amino Shift in
Parent PaN4(CeHs)sCly deriv. PsN4(CsHs)¢ [N (CHg)2 ¢ No. of J, J'PH, Ce¢Hs soln.,
compd. m.p., °C. compd, m.p., °C, doublets C.p.s. c.p.s. c.p.s.
A 248-258 AA 178-180 1 142.9 10.5 +1.6
B 202 BB 154-155.5 1 159.2 10.5 +0.9
C 148 CcC 139-141 3 130.0 10.2 +1.7
150.0 10.5 +0.5
155.2 10.5 +0.8

the same side of the ring and attached to the nearest
neighboring phosphorus atoms.? The three environ-
ments for compound CC can be described as follows:
(1) One -N(CHj), group flanked on either side by
-N(CH;), groups; chemical shift 130.0 cp.s. (2)
Two —-N(CH;), groups flanked on either side by one
CeH; group and a -N(CHj), group; chemical shift
150.0 c.p.s. (3) One ~N(CHsj), group (irans to the
above) flanked on either side by two CsH; groups;
chemical shift 155.2 c.p.s. The three above-described
environments are analogous to the environments
found in the previously reported! compound, P;N;-
(Ce¢H3)2 [N(CHsj)2]s, for which the chemical shifts for
similar environments were found to be 133.2, 150.9,
and 157.2 c.p.s., respectively.

The spectrum of compound BB displayed one doublet
at 159.5 c.p.s., and a sharp singlet was observed in the
decoupled spectrum, indicating all the -~N(CHj),
groups to be in the same deshielded environment.
Comparison with the chemical shifts for compound
CC indicated that the —-N(CHj), groups in compound
BB are flanked by two phenyl groups. The only sym-
metrical isomer which exhibits this environment is
that in which the —-N(CHj), groups are alternately
cts and trans.

The spectrum of compound AA also showed one
doublet, at 142.9 c.p.s., which, upon double irradia-
tion of the phosphorus, collapsed to a singlet, indicating
that all the -N(CHs), groups were again in the same
environment. The shift, however, is not consistent
with any of those characteristic of compound CC.
It is considerably lower (~10 c.p.s.) than that of the
-N(CHs)s groups flanked by phenyls or by a combi-
nation of phenyl and -N(CHs),, and it is higher (~10
c.p.s.) than that for an -N(CHjs),; group flanked by
-N(CH;), groups. A further experiment was per-
formed in an attempt to clarify this anomalous chemi-
cal shift.

It has been well established?® that neighboring phenyl
groups and aromatic solvents can cause a marked
effect on the chemical shift of aliphatic protons, due to
the diamagnetic anisotropy of the phenyl ring. In
the previously described environments, those -N-
(CHy): groups assumed to be neighbored by phenyls
were found to appear at much lower fields (~25-30
c.p.s. lower) than the corresponding —N(CHj), flanked
only by other —-N(CH;), groups. It was logical to
assume, therefore, that if benzene were added to each

(9) J. A, Pople, W. G. Schneider, and H. J. Bernstein, ‘“High-resolution
Nuclear Magnetic Resonance,” McGraw-Hill Book Co., Inc., New York,
N. Y., 1959, p. 424,

CDCIl; solution, the resulting spectra should reveal
a relatively large shift for -N(CH;), groups flanked
only by -N(CHjs), groups and much smaller shifts for
-N(CH;); groups which are flanked by phenyls or a
combination of both (since the major phenyl deshielding
effect is already inherent in the molecule).

Table I summarizes the results of the above-de-
scribed experiment and also includes the other data.
The doublet ascribed to the —N(CHj), group flanked
only by two other -N(CH;), groups in compound
CC shifted 1.7 c.p.s. in benzene solution while the other
two doublets were affected to a much lesser degree
(~0.6 c¢.p.s.). The doublet of compound BB shifted
0.9 c.p.s., while that of compound AA shifted 1.6
c.p.s. Although the latter shift is in accord with the
1.7 c.p.s. shift noted in compound CC for the ~N-
(CHs;), group flanked only by other —N(CHj), groups
and is an indication that all the ~N(CHj;), groups in
compound AA are in a ¢is configuration, the relatively
small numerical values of all shift changes brought
about by benzene casts some uncertainty on this
deduction and does not rule out completely the pos-
sibility of a frams configuration in which two adja-
cent —N(CHjg), groups are on one side of the ring and
the other two are on the other side. However, we
believe the benzene data have some significance in
indicating the cis configuration to be the more probable
structure. Thus, if an arrow is used to indicate the
side of the PN ring on which a -N(CHj;), group is
located, the data presented above indicate that com-
pound AA is probably 1111 but may be $1{{; com-
pounds BB and CC have the configurations 11/
and 1114, respectively.

Finally, with the assumption that conversion of the
chlorophosphonitriles, compounds A, B, and C, to the
corresponding —N(CHjs). derivatives takes place with
no geometric rearrangement, the data also establish
the configurations of the former. The fact that AA,
BB, and CC were obtained in quantitative yield sub-
stantiates the validity of this assumption. A recent
publication” describes several cases . of cis—trans
isomerization of aminochlorotriphosphonitriles by treat-
ment of an isomer with the corresponding amine hy-
drochloride. In all cases, mixtures of the starting
isomer and its corresponding cis or frams counterpart
were formed.

Further work is now in progress through which we
hope to establish unequivocally the structure of
compound AA.

(10) R. Keat and R. A. Shaw, Chem. Ind. (London), 1232 (1964).
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A New Method for the
Preparation of B;Hy

By HERBERT A. BEALL AND WiILLIAM N. LIPSCOMB
Received August 4, 1964

The study of the chemistry of BgHjo has been largely
hampered by a lack of a suitable method of preparation,
which we now report from reaction of ByH,— ionh?
with polyphosphoric acid.® The yield is only 2.5%
based upon ByHyu~, and 14 mole 9, of the volatile
hydrides. Nevertheless, ByH;s— can be made available
in large quantities, the volatile materials are easily
separated by use of standard vacuum line techniques,
and the reaction is very easily carried out.

The starting material, (CoH;);NHByH;4, prepared by
reaction? of BjHys with KOH, was allowed to react at
room temperature with polyphosphoric acid in an
evacuated flask. The volatile boranes, B,H; (40 mole
% yield), BsHy (37%), BsHy and BsH, (10%), BeHio
(149,), and traces of BgHi, and ByoHy, were caught in a
series of traps at —196° and then separated in a small
number of fractional condensations. Only BgHi, re-
mained with the Be¢Hyy, but it decomposed quantita-
tively* when the B¢Hy, was warmed to 0° for vapor pres-
sure measurements. Separation of the BgH;—BsHis
mixture below —20° may also yield reasonable amounts
of BgH, for further study. Allhydrides were identified
by mass spectrometric methods,® and, in addition, the
BsHj, was shown to have a vapor pressure of 7.2 mm.
at 0°.

We believe that this method of preparation is more
convenient, in spite of the low yield, than boride hy-
drolysis,%7 discharge methods,®® or base-catalyzed con-
version!®!! from other hydrides.
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Experimental

The (C,H;)sNHByHy, was prepared according to the procedure
of Benjamip, Stafiej, and Takacs.? Solid (C:H,);NHByHi4
(1g.,4.7 mmoles) was then added slowly iz vacuo to polyphos-
phoric acid. This mixture was continuously evacuated and
stirred with the use of an Asco Laboratory gland stirrer (Arthur
F. Smith Co.) which was lubricated with No. 90 Kel-F grease.
Volatile products were trapped in three successive U-tubes cooled
to —196° with liquid nitrogen. After 3 days the effervescence
had stopped, and the gas pressure measured with a McLeod
gauge had been constant for 1 day. The BiHis was then sepa-
rated from more volatile hydrides by passage of the mixture
through a U-tube cooled to —23°. Three quick passes through
a —63° trap then retained BsH;; and BgHs, but allowed the B.Hs,
B4H10, B:H;;, and B5H9 to pass through. After the BeH1o~BsHis
mixture was raised to 0° for measurement of its vapor pressure,
a considerable pressure of H; remained upon recooling to —196°.
Since the remaining liquid was pure BgHip, we concluded that the
BgHi; had decomposed. The presence of BsH;, before the sample
was, warmed to 0° was proved by the observation of its charac-
teristic pattern? in the mass spectrum, including, in particular,
the maximum peak at 93 and the parent peak at 100 mass units.
After the sample had been warmed to 0° this pattern disap-
peared, leaving only the BgH,, peaks in the mass spectrum.
About 0.12 mole of BeHy, remained. Yields of BoH; (0.33 mmole),
B:Hi; (0.31 mmole); and BsHy; and Bs;H, (0.08 mmole) were also
determined after separation by fractional condensation. The
vapor pressure of BgHjp at 0° (7.2 mm.) is in agreement with the
value given by Stock,® and the mass spectrum was found to be
exactly like the published spectrum.s
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Investigations - indicate that finely divided nickel
boride is useful in catalysts2 and fuel cell electrodes.?
The action of solutions of sodium or potassium boro-
hydride on solutions of nickel salts has been described
as resulting in nickel boride, Ni;B.45 Though nickel
boride formed by the action of sodium borohydride on
nickel salts has received considerable attention as a
catalyst, no structure study of this nickel boride has
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