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of 0.005 ml. were used. The §-alcohol hiad a longer reten-
tion time than the a-isomer.

A, (Me;SiC:H,);B.—In one run the alcohol mixture re-
sulting from the oxidation of the triorganoborane was dis-
tilled, giving an 88% yield of mixed a- and §-Me;Si(CoHy)-
OH, b.p. 62-75° (42 mm.).

Anal. Caled. for C;H,,08i: C, 50.78; H,11.93. Found:
C,50.83; H, 12.06.

The results of a number of representative runs are sum-
marized below

a-Alcohol,  §-Aleohal,
Conditions of hydroboration niole ¢ mole %
NaBH,-AICI;, 20 hr. at room teuip. 37 63
NaBI1;~AlICl, 2 Lir. at room temp,,
1 hr. at 60° 33 67
NaBH,-AICl;, 3 Iir. at room temnp.,
8 hr. at 150° 37 63
Me;N-BH;, 22 hr. at 70-80° 34 66

The similar ratios of a- to S-trimethylsilylethanol ob-
tained in tliese reactions, in which the thermal history of
the reactions covers a fairly wide range, makes the pos-
sibility that thermal rearrangements occurred in the direc-
tion Me;SiCHMe-B — Me;SiCH,;CH,-B, similar to those
reported by Henuion, et al.,'" and by Brown and Rao, seem
unlikely.

B. 1:1.6 Hydroboration Reaction Products.—Oxidation
of the products of the 1:1.6 hydroboration reaction described
above are summarized below.

The (Me;SiC:H,():BOC,H; obtained, 12.8 g. (0.0495 mole),
was oxidized in the usual manner using 1.6 g. NaOH in 50

(17) G. F. Hennion, P. A, McCusker, E. C. Ashby and A. J, Rut-
kowski, THis JoUrRNAL, 79, 5190 (1957).

(18) H. C. Brown and B. C. Subhba Rao, J. Org. Chem., 22, 1136
(1957).
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ml. of ethanol and 14 g. of 309 hydrogen peroxide to give
10 g. of mixed alcohols. Gas chromatographic analysis
showed the mixture to consist of 70.4% a-trimethylsilyl-
ethanol and 29.79% B-trimethylsilylethanol, The (Mes-
SiC.H,):B, 8.8 g. (0.028 mole), was oxidized using 1.5 g. of
NaOH in 50 ml. of ethanol and 13 g. of 309, H:0, to give 8.1
g. of a mixture containing 42.8% of the a-alcohol and 57.1%
of tlie B-alcohol. Similarly, the [(MesSiC,H,).B}.0, 6.3 g.
(0.014 mole), was oxidized in solution with 1.0 g. of NaOH
i1t 35 ml. of ethanol by 8 g. of 309, H;0,, yielding 5 g. of
mixed alcohols (40.5% a-alcohol and 59.4%, -alcohol).

Thus the boron compounds obtained in this experiment
contained a total of 0.128 mole of Me;SiCHMe- groups and
0.112 mole of MeySiCH.CHzgroups, giving an over-all dis-
tribution of 53.4%, a-trimethylsilylethyl groups and 46.6%
of the 8-isomer.

Hydroboration of Trimethylvinyltin.—Attempted hydro-
boration of trimethylvinyltin with the NaBHAICl; re-
agent gave a product having a characteristic organoborane-
like odor that caused ignition when poured on cloth or paper.
Attempted distillation resulted in decomposition. Oxida-
tion of the crude trimethylvinyltin hydroboration product
by the usual procedure also resulted in decomposition and
no organotin-alcohol could be isolated.
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The Hammett Acidity Function H, for Trifluoroacetic Acid Solutions of Sulfuric and
Hydrofluoric Acids!

By HERBERT H. HYyMAN AND RoNALD A. GARBER
RECEIVED OcToBER 17, 1958

The Ho values of mixtures of H,SO, and trifluoroacetic acid, as well as HF and trifiuoroacetic acid, Lave been measured

over the entire range of compositions.

Introduction

Some interest has been shown in this and other
laboratories in non-aqueous highly acid media.
Trifluoroacetic acid has rather good solvent
properties for many organic molecules, is readily
available as a rather pure anhydrous chemical
and is completely miscible in all proportions with
some stronger acids such as H,SO,, HC10, and HF.,
The Hammett acidity function has been correlated
with other phenomena of interest involving proton
mobility.? The HySO,~trifluoroacetic acid system
has been used to investigate the effect of increasing
acidity on the hexamethylbenzene spectrum, and
values were given for a Hammett function H,
calculated using hexamethylbenzene as the indi-
cator.® This hydrocarbon is a different type of
proton acceptor than is usually used as a Hammett

(1) Based on work performed under the auspices of the U. 8.
Atomic Energy Commission.

(2) L. P. Hamwmett, Chem. Revs., 16, 67 (1935); ‘‘Physical Organic
Chemistry,” McGraw-Hill Book Co., New York, N. Y., 1940.
(3) M. Kilpatrick and H. H. Hymau, THIS Journar, 80, 77 (1958).

The values found are related to those
pected due to the liigher acid strengtl: of trifluoroacetic acid.

found for aqueous systems, displaced as ex-

indicator and as would be true of any indicator,
1s useful only in a narrow acidity range. This paper
gives the acidity of the entire trifluoroacetic acid,
sulfuric acid system obtained by using the conven-
tional Hammett indicators. Since systems exist
in which the sulfonating behavior of sulfuric acid
systems is undesirable, the HF-trifluoroacetic acid
system was also investigated. Mixtures containing
high concentrations of perchloric acid are too
oxidizing to be useful as simple acidic solvents and
were not investigated.

The data of Dallinga and Kok discussed by
Mackor, et al.,* were not known to us at the
time this program was initiated. Over the range
of concentrations reported, the results are in good
agreement.

Experimental

Materials,—The indicators used were Aldrich Chemical
Company products sold for use as Hammett indicators.
They were used as received. Trifluoroacetic acid is now

(4) E. L, Mackor, P. J. Smit and J. H. van der Waals, Trans.
Faraday Soc., 53, 1309 (1957).
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available from Mutlhiesvn Coleman & Bell. It was freshly
distilled before making up the solutions used iu this work.
Similar materind lus been shiown 1o contain less than 0.019;
1130,

Reugent grade concentrated snlfurie acld was mixed with
similor grade himing snlfuric ucid to give approxinneely
1000z acid.  The concentration was checked by titriation
with standard base and readjusted to give anhivdrons mute-
rinl.

Distilled hydrogen tflnorhile was kept over cabalt tri-
flioride but Innedled inoometal viccuuen e so that the water
copttent is probably smewlnt higher twn thae deseriberd
by Hyman, Kilpatrick aud Katz.2 The /0 fouand for this
uttterinl, —9.97 correspomds to less tan .01 mole of H.O/
liter.

Optical Equipment.—Cuopveutional gluss stoppered silica
cells were used Tor all solntions not oomgining HIEL Colls
suitahle for vpddeal mensaraiseats with 1HF Love hpen de-
seribed previomsly® The vnes tsed in this research eut-
ployed polvehlorntritiporoethivlene bodics and windows and
extent] wetal fittings, 4 length of Kel-1P tubing and o
valve nehined fromr Ko-ID stick swere nsed 1o covteet the
cell to tire vaennn line nsed i preparing tiese selutous.

Al spectrn were ahzninal nsing the Heekionn DROT re-
cording spectrmipdotorieter equipped svith o seooudary con-
tiitler U provent ouage in the case nf leaky cells. The
lstrarment was i coustant temperature voean and all
wreasprentents were made gt de =20,

Solution Preparation.-—The triflnoraaccetic acidt, snlfuric
acid solntions were prepared by vohtne noconvenional
gradisted gliss equipment. The reguired comonut of -
dicator wis welglied oo miero-hadonee and dissolved o a
100-1:1, sple of writhaeoncetic achl, 1070 snlfuric acid
was added to this stopk sedution to ke np A ta 10 il of
the required sointiveu fur spectral ohservition, The refer-
cuce solution was o similir teiflnervacetiv seiinrie acid mix-
wire coutainiig uo fudicatr,

The sointins conteining hydrogen flnoride sere pre-
parcd and Bamiled fnoa taally cacineed svstenn as follaws,
The compty spectraphotomieter ol mnl satached Kel-IF
valve were weighed oncsen cnalvtical halonee, Troem b2 tn
0.7 b of 4 writlaoraaectte acid sobad of the tnlipaior
being nsed was placed fnothe cell, and the ol ond valve
were weighal again. The coli and vatve werp then con-
nected to tie viaenum e eonntaining ITF bt uot evacnatorl.
A portion of I sudicient to give the slesira! solntion was
distilled fura o receiver just abpve the valve, This re-
ceiver wus thien cinsed, the valve hetween the receiver and
cell vpenend, thie HIT warmad and allowed to low fue the
cell. The valve was thoen chesed and e odl! resnoval from
the Hup and swelghed, The veference el 1o this case was
flled with pure triflnerameetic aecid.

Observations and Discussion

Tvpieid values for the aeidity Tunetion for tri-
fluoroicetic eid. sulfurie sewd tustures are
Table I und plotted in Tz Lo The £, value 1s
plottedd  agunst  the conevntration m taales 1
In the abscice of necnrate density deteriintions
for the sobttiis, 1t 15 not possible to cunvert
accurately the concentration scale to weight per
cent. or moles per 1000 grams, althongh the devia-
tion from additivity on mixing is probably smaller
for tliese scolutions than for the sulfuric acid—
water systen.

As may be scen from the sulfurie acid-wnter
curve drawn for camparison, tliere 1s nothing
surprising i the general shape of the curve given
by this svsteul.  The very sharp rise in acidity on
the addition of the first amwunt of sulfuric acid 1s
undoubtedly acenupanied by the shift in the acid
base pair in equilibrium with the indicator from the
triflinoroacetate ion-nteutral acid combination in
the pure solvent to the ucutral acid-protonated
species in tlie system containing the stronger acid.

(3) H. 1. Hyman, M, Kipatrick amt J. J. Kitz, Tins JOURNAL,
79, 3AG8] (1035},

s DT Rtz amb TTOLL Flvn g Revl Ned Juecer,

24, Ttea 10730,

HurBeErRT H. HyuvaN anD RoNaLD A, GARBER
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TanLe I
Tyrrean Iy VaLvrs ror SULFURIC AcCih SOLUTIONS IN
TRIFLUOROACETIC ACID

1150, 3 — i Tudicatpr”
8] 3.03 a
0,019 5.20 5]

O7h 5.72 h
14 6.01 b
L0 T.33 N
187 K07 <
St 8. &6 8!
Ao 924 ¢
.35 0.33 ¢

11 oG 9.61 ¢
sy 0.85 ¢
IN. 71 1110 ¢

PR = —=3.32% (b}
{c}) B-bromoe-2 4-dinitro-
—8.27;

v 2 k=Dichloro-G-uitronnitine,
2 d-dinitronuiline, pK = —4.05;
auniline, pA = =671 (d) authraquinone, pA =
{¢) trinitrounitine, pA = —9.41,

In the iiddle range of sulfuric acid concentration,
1o qualitative changes are tuking place and the
acidity rises slowly until one is well into the region
wlhere the sulfurie neid 1s the niajor component.
The cffect of adding trifluoroacetic acid at this
point is that of a buse competing with the indi-
carvar and, therefore, redueing the acidity at a
proportionntety greater rate.

TaprLe I
Tyrican Flo Varers ror Hvnrornvorice Acin SOLUTIONS IN
Trirnvoroscrre Aein

W,y - H Lrnlicytyer®
il B0
1 i) 61t 1
1204 (o6a i1
22A S a0 h
Aol N ol h
a7 S h
EH IR N oo t
g1 A L
T S ¢
T 8.3 C
NS R.94 o
1o 11 0,97 ¢
“ G G-Dromo-2 d-divitroaniline, pRK = —=10.71 (b)Y an-
Uiragutione, pR = —8.27; fcl trinitroaniline, pA = — 9041,

The numbers reported by Mackor as obtiuned by
Dallingn and Kok are not strictly comparable.
Thev were obtained for solutions prepared by
weight and, while the indicator constants speci-
fied are not given, the abscnce of a reference to the
recent review paper of Paul and Long™ suggest that
they used tlte older indicator constants of Paul
and Hanunett.> A few points calculated on the
basis of additive densities and using the newer
indicator constants are shown on the curve in Fig.
1. The agreenent is excellent, although the small
correction for the newer constants lifts the D and
K points consistently nbove the curve. For some
reason they report no value using an aniline type
indicator for pure trifluoroacetic acid. They quote
the Van Dyke Tiers value of —4.4 using benzal-
acetophenone us indicator.  This is in poor agree-
nment with our value of —3.1 obtained by using

T OMOA T and TN Long, Chow Reee, 87,1 71607),
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Fig. 1.—The Iy funetion fir sulfuric acid snlutions in
water and triflunroacetic acid, O, D and K points from ref.
4, see text.

the 2 4-dichloro-G-nitroauiline indicator which has
been reported by Kilpatrick and Hyman? and recon-
firmed 1n this studv. The values of Iy, the {unc-
tion for some sulfuric-trifluoroacetic acid mixtures
suggested by Kilpatrick and Hyman using hexa-
methylbenzene as an indicator, are also in poor
agreement with the values shown in Fig. 1.

Similar lack of agrcement between indicators
has been noted by other workers, especially, Bates
and Schwarzenbach,® and Paul and Long” have dis-
cussed this to some extent. In the case of the
hexamethylbenzene, it is perhaps not unrecasonable
to observe that the rearrangenient needed in order
to place a proton on the organic molecule makes
this reaction somewhat different from the addition
of a proton to the nitrogen in an amine group.
Great care must be excrcised in extrapolating pure
proton transfer measurements given by Il values

(8) R, S Bytes and G. Scliwarzeubueh, Felt. Chim, Acta, 38, 100

[T

-12.0

-10.0

-8.0

-6.0

~4.0

-~2.0

2.0

% HF

Fig. 2.—Tlie I, function for hiydrogen fhieoride solutions i
water and trifluoroacetic acid,

using Hanunett indicators to problems where the
important reaction is not entirely protou trausfer.

The hydrogen fluoride-trifluoroacetic ncid svs-
temn also sliows no surprises if compared with the
Ivdrogen fluoride—water svsteni.  Since these
solutions were prepared by weight, the data in
Table IT and Fig. 2 are given on a weight per cent.
basis. The rise in acid strength with the first
addition of HF is somewhat steeper than in the
water case. This mav Dbe associated with the
lower dielectric coustant of the trifluoroacetic acid
and, therefore, the greater increasc in such constant
on the addition of HF.
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Paramagnetic Resonance Spectra of Adsorbed Manganese(II), Copper(Il) and
Oxovanadium(IV)!

By RoGER J. FABER® AND MaxX T. ROGERS
RECEIVED AucuUST 18, 1958

Paraulaguetic resonance spectra were obtained for Mn(II), Cu(1I) and oxovanadium(IV) adsorbed on cation- and aniou-

exchange resins, activated cliarcoal, zeolite and silica gel.

except wlien adsorbed on an anion exchanger, wlere a large amount of covalent bouding was indieated.
field syunetry was largely cubic with a small component of lower symimetry.
nature of the active group in the adsorbent, and values of g}, g1 and 4 were measured for most adsorbents.

Essentially ionic bonding was found for the Mn(II) samples

The electrostatic
The spectrum of Cu(II) was sensitive to the
Increasing cova-

lent character is to be expected in bonds between adsorbent and adsorbed ion in going from sulfonic acid-type exchangers
thirouglh carboxylic acid-type to the amine-tvpe; g-values, hyperfine structure intervals and line widths all changed in a

Values of gl

al

manner consistent with this hypotlesis.
nearly isotropic and close to the free electron value.

g1, A4 and B were obtained for oxovanadium(IV); g-values were
The hyperfine structure was very anisotropic and the intervals de-

creased i1 going from sulfonic acid-type to amine-type adsorbents; this behavior is consistent with the theoreticul pre-
diction that tlie intervals should decrease witli increase in covalent bonding.

Introduction
The large amount of data on the paramagnetic
resonarnce spectra of transition metal ions in crystals
of known structure makes it possible to draw con-

(1) Taken from a thesis submitted by Roger J. Faber to the Schoul
of Advanced Graduate Studies of Michigan State University in partial
fulfillnient bf the retiuirenients for the Ph.D. degree. Presented in

clusions concerning the bonding and the environ-
ment of transition ions in unknown surroundings on
the basis of their paramagnetic resonance speetra.

part befare tlie Physieal iind Inorganic Division of tlie 130th Nutiunal
Neceting of the American Chemical Sociely, San Francisco, Catifornia,
April, 1938,

12) Union Curbitle Corp. Fellow for 10501047,



