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Figure 3. Plot of dipolar correlation time vs. viscosity
for Cu(H,0)s?* in water—~glycerin mixtures.

whose slope can be used to calculate a should result.
Values of 7, for Cu(H;0)s** in water—glycerin solutions
were calculated from eq 1 by the following procedure.
Values of ws corrected to 60 Me/sec and 7. at 40° in
pure water were obtained from previous investiga-
tions.®8 The value of P was calculated by assuming a
coordination number of 6. A value of the constant C
was obtained and subsequently used to calculate 7, in
water glycerin solutions. This procedure was adopted
to avoid ealculating C from first principles, since it con-
taing a R—% (R = ion—proton internuclear distance)
dependence and R is not accurately known. The
resulting excellent linear plot is given in Figure 3. A
least-squares treatment of the slope gives a valueof ¢ =
2.3 &, which is in as good agreement, as can be expected,
with previously suggested values of R of 2.5% and 2.8
A5 A macroscopic solvent continuum model (eq 2)
appears to do a surprisingly good job of accounting for
the data, in view of obvious difficulties which result if
a microscopic picture is considered. 222
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Pyrolysis and Energetics of Halocarbons in

Cryochemical Studies of Divalent Carbon’®
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Difluorocarbene is unusually unreactive in the gas
phase, presumably due to its singlet electronic ground
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state,? the electronegativity of the fluorine atoms,® and
the favorable contributions of resonance structures.?
Although it has not been observed, diiodocarbene may
be additionally unreactive due to steric shielding of the
carbon by the enormous iodine atoms. Consequently,
as part of a continuing study of the preparation and
properties of unusual reagents (not trapped free radi-
cals) by eryochemical procedures, it has seemed rea-
sonable to explore the stability and reactivity of CF.
and CI, at very low temperatures. In related earlier
experiments, CCl, was ostensibly prepared as a stable
yellow solid melting at —114° and boiling at —20° by
means of a liquid air quench of the efluent from the
low-pressure pyrolysis of CCls in a graphite tube at
1300°,5 but this produet substance was later shown to
be an equimolar mixture of C,Cl; and Cl.® Studies
with the related molecule, SiF,;, which has a half-life
of 150 sec in the gas phase at 0.1 torr and 25°, have
been more fruitful’?

The primary analytical tool in this study was the
Bendix time-of-flight mass spectrometer and cryogeni-
cally cooled inlet system?® which usually permits the
identification of species regardless of their stability
even at very low temperatures.

A number of halocarbons were pyrolyzed either in a
tubular monel furnace or on heated filaments of plati-
num and tungsten. Calculations indicated that the
furnace pyrolyses should have attained equilibrium.
An essentially collision-free path between the pyrolysis
and the ion source was necessary, and this was ac-
complished in the usual way by the use of low pressures,
close spacing, and differential pumping. The fila-
ments and the furnace outlet were positioned 3/s and
/s in., respectively, from the ionizing electron beam.
Furnace temperatures were limited to 500°, but the
filaments were usable up to temperatures at which they
collapsed. Ionization occurred with tungsten filaments
either on the hot metal surface or from the acceleration
of the surrounding electron cloud by the potential
between opposite ends of the filament, but these ions
were readily biased out of the pyrolysis products before
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Notes 739
Table I: Appearance Potentials
This work,
Parent compound Ion eV Lit., eV
CF,l CF 1+ 10.3 +=0.2 10.0 =+0.3°
CF,* 11.1 0.2 11.28 &= 0.20
CF,* 17.140.1 18.5 == 0.6¢
I+ 12.9+0.2 12.9 =+ 0.15¢
13.6 £ 0.5
CF; from pyrolysis CF,* 11.8 4= 0.1 11.78
of CF,l 11.86 = 0.1
I, from pyrolysis I+ 8.8+0.1 8.62 3= 0.06¢
of CFsI
C-C4F3 CF2+ 19.041.0
C,F4 from pyrolysis CF,+ 15,0 1.0 15.26 £ 0.05%
of ¢-C,Fg
CHCIF, CHCIF,*+ 12.3+0.1 12.69 == 0.157
CHF,*+ 12.840.1 12.59 == 0.15/
CF.CICOOH CF.* 13.44 0.1
CHI; CHI,+ 9.4+0.2
CHI, + 10.04-0.1

<V, H. Dibeler, R. M. Reese, and F. L. Mohler, J. Res. Natl. Bur. Std., 57, 113 (1956).

b J. Marriott, quoted by C. R. Patrick,

“Advances in Fluorine Chemistry,’”’ M. Stacey, J. C. Tatlow, and A. G. Sharpe, Ed., Vol. 2, Butterworth and Co., Ltd., London,

1961, p 17.

J. B. Homer, and F. P. Lossing, J. Am. Chem. Soc., 87, 957 (1965).
trometry,’’ J. Waldron, Ed., Pergamon Press, New York, N. Y., 1959, p 427,
Related data on CF;l also appear in F. H. Dorman, J. Chem. Phys., 41, 2857 (1964 ).

575 (1964).

<J. B. Farmer, 1. H. 8. Henderson, F. P. Lossing, and D. G. H. Marsden, J. Chem. Phys., 24, 348 (1956).

4 I. P. Fisher,
¢ D. C. Frost and C. A. McDowell, “Advances in Mass Spec-
/ D. L. Hobrock and R. W. Kiser, J. Phys. Chem., 68,

they entered the source. The appearance potentials
of some of the principal ions from the products of these
pyrolyses were measured using the retarding potential
difference technique,® and a summary of the results
of those measurements appears in Table I.

CF,CICOOH has been shown to be a useful source of
CF. for liquid phase organic reactions,® but CF: was
not detected from the pyrolysis of the acid at tempera-
tures of up to 500° even though severe decomposition
did occur. The ionization efficiency data for A(CF.*)
indicated the formation of an excited ion at the same
energy above the ground state ion (within experimental
error) as was observed in the determination of I(CFy).

¢-C'4F's was pyrolyzed on platinum filaments at 1100°
to produce a lowering of A(CF,*) from approximately
19 to 15 €V, indicating decomposition into CoF4(A (CF, )
from C.Fy = 15.26 £ 0.05 eV).}* At 1600°, the CF;*
signal responded to RPD change at still lower energies,
but the intensity was too low for confirmation from
ionization efficiency studies. Pyrolysis on tungsten
gave a similarly weak indication of the presence of free
CF,. CF, is produced by the pyrolysis of CoFs in a
graphite furnace at 1300°,1

CHCIF; was pyrolyzed on both tungsten and plati-
num filaments and in furnaces, but free CF, was not
observed. Furnace pyrolysis at up to 500° produced
little change in the mass spectrum except for the ex-
pected sharply decreased parent ion intensity. The
values of A(CHF,*) and A(CHF.Cl*) from CHCIF,
reported in Table I may be compared with those
reported by Hobrock and Kiser, who recognized the
improbability of their inverted relative magnitudes.

CF,CFCl was pyrolyzed in furnaces and on tungsten
filaments without producing free CF.. Pyrolysis on
platinum filaments above 1000° yielded meager but
equivocal evidence for the presence of CF,.

Cal, was pyrolyzed at 100-300° in the furnace inlet,
but C.I, and I, rather than Cl, were formed, even at
the lowest usable temperatures.

CHI; was pyrolyzed in the furnace inlet at tempera-
tures up to 300°, but free Cl: was not observed. The
value of I(CHI;) suggests ionization from a nonbonding
orbital of an iodine atom since it corresponds so closely
to the ionization potential of other iodine-containing
compounds, e.g., [(CH;I) = 9.55 eV'2 and I(I;) =
9.41 V.12

CF,I dissociated to yield free CF, upon passing over
an incandescent platinum filament at 1100°. A(CF.*)
from CFsl at room temperature was 17.1 &= 0.1 eV,
but upon filament pyrolysis, CF.* appeared at its
ionization potential. A sharp break in the ionization
efficiency data at 12.8 eV evidently corresponds to the
formation of CF.t+ in an excited state. Pyrolyses of
CF;l on tungsten filaments at 1000-1700° and in a
monel furnace at 100-500° failed to produce CF..
Pyrolysis of fluorocarbons on platinum filaments poi-
soned the wire making it ineffective in producing CF,
in subsequent pyrolyses of CF;I. Prominent features,
other than CF,, in the mass spectrum of CFsl upon

(9) C. E. Melton and W. H. Hamill, J. Chem. Phys., 41, 546 (1964),
(10) Reference 4, p 47.
(11) R. F. Pottie, J. Chem. Phyas., 42, 2607 (1965).

(12) F. H. Field and J. L. Franklin, “Electron Impact Phenomena,”
Academic Press, Inc., New York, N. Y., 1957, p 113.
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platinum filament pyrolysis were (1) a large increase
in IF+ relative to the parent ion, (2) the appearance
of CoFy, C.F,, and I, and (3) the absence of free CF,.
The CF; free radical, which was expected in view of
earlier related work,'® was not detected by the appear-
anc? potential technique in any of these experiments
with CF;I. The presence of I, in the products pre-
vented the detection of free I atoms since 4(I*) from
I, is less than I(I) due to pair production. Although
neither was detected, the presence of both CF; and I at
some point in the process seems reasonable since both
C.Fs and I, were identified as major contributors to the
mass spectra of the products. CF; was not lost by the
reaction, 2CF; — C;Fs + F,, since F; was absent, but
its reaction to form CF, and CF,is a possibility.

Using I(CF;) = 9.25 eV,13 D(F;C-I) = A(CF;t+) —
I(CF;) = 11.1 — 9.25 = 1.85 eV or 43 keal/mole,

whereas employing A (I+) yields D(F;C-1) = A(I+) —

I(I) = 129 — 1045 = 2.45 or 57 keal/mole. This
latter value is surprisingly close to the average energy
of the C-I bond in CI, of 57.4 kcal/mole!* and to the
energy of the C-I bond in CH,I of 55 keal/mole.!
The I- ion from CFsl appears at essentially zero elec-
tron energy,'® and hence D(F;C-I) can be no greater
than EA(T) of 3.14 eV. A(I*) from CF;I may be too
large since usually only the fragment with the smaller
ionization potential is formed without excess kinetic
energy,'® and here I(I) is 1.2 eV greater than I(CF;).
Having thus demonstrated that CF, was produced,
the filament pyrolysis was conducted inside a cryo-
genically cooled reactor-inlet system.® Argon was
used as a carrier to sweep the pyrolysis products away
from the filament and down a monel condensation tube
thermostated at 77°K which successfully condensed all
of the products. The cold composite solid was then
slowly warmed, the spectra of the evolved gases were
recorded as a function of temperature, and a discrimi-
nating low-energy electron beam was employed to
search for free CF; or CF; in the evolved gases. The
cold sample emerged from the refrigerated inlet system
directly into the electron beam of the ion source.
The major products were CF;, C.F; C.Fs and the
unchanged parent, CF;I, which appeared in the order
given, 7.e., in the order of decreasing volatilities. The
results were the same when the condensation tube was
cooled t0 4.2°K. In no experiment was free CF; or CF;
or any other unusual or reactive molecule observed.
An earlier matrix experiment indicated that CF.
dimerized at 14°K in dilute solutions in argon,'” while
another suggested that CF, existed in fluorocarbon
matrices at up to 95°K, while CF; existed at up to
107°K.18 In the present study, if we make the reason-
able assumption that the CF; survived the quench, it is
clear that it is lost in this rather complex matrix at
temperatures below that at which it can exert the
minimum required vapor pressure of 3 X 10-% torr
that is characteristic of the cryogenic inlet system.
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Hence, we conclude that the extraordinary half-life
of singlet CF; in the gas phase is due to factors not
implying the existence of an activation energy for its
dimerization, and the possibility of the existence of CF,
as a cryochemical reagent must be dismissed. The
situation with Cl; remains uncertain since this species
has not yet been observed. The search for compounds
of divalent carbon or divalent silicon which will be
preparable as cryochemical reagents is continuing.
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The Anion and Cation Radicals of

N,N-Dimethyl- p-nitroaniline

by R. F. Nelson and R. N. Adams

Department of Chemistry, University of Kansas,
Lawrence, Kansas 66044 (Received July 18, 1967)

There is ample evidence that the anion and cation
radicals of the same alternant hydrocarbons possess
very similar electron paramagnetic resonance (epr)
spectral—* with respect to coupling constants of the
various nuclei and the over-all spectral widths. The
epr spectra of cation and anion radicals of nonalternant
hydrocarbons are, as expected, dissimilar due to differ-
ent spin populations in the two frontier orbitals.®~7
Coupling constants of corresponding nuclei in the anion
and cation radicals are not comparable and spectral
widths vary considerably. In both cases (for alternant
and nonalternant radicals), the cation spectral width is
generally the larger, but the opposite is sometimes
true.® Brown and Karplus have found® that valence-
bond spin-density calculations at least partially account
for slightly larger cation radical spectra in some alter-
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