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SUMMARY

Potassium ferrate of known purity was used to oxidize three
alcohols (propanol-2, 1,1,1-trifluoropropanol~2, and 1,1,1,3,3,3-
hexafluoropropanol-2) in 8 M potassium hydroxide, and a series of
i substituted phenyltrifluoromethyl carbinols (m-nitrophenyl-, m—bromo-~
phenyl-, p-methylphenyl-, and unsubstituted) in 0.5 M potassium hydroxide
and 3.5 M potassium fluoride. The reactions were found to obey pseudo-
first order kinetics and shown to be first order in ferrate ion and
first oréer in alkoxy ion (ionized carbinol or alcohol); acetone production
from the oxidation of propanol-2 also followed first order kinetics;

~ oxygen evolution was 3/2 ;rdef in some reactive intermediate, other than
iron-VI. Deuterium isotope effects show that the breaking of the C-H

~ bond on the e{-carbon is the rate determining step for the oxidations.

‘;“ The isotope effects also indicate, by applying the Swain Criteria, that

%y

‘?g a hydride mechanism is likely. The salt effect, isokinetic relationship,
and Hammette/ plot all give confirmation of the suggested hydride

mechani sm,
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HISTORICAL

\
\

The heating of a mixture of iron filings, nitre, and potash

‘constituted the first preparation of Potassium ferrate (dipotassium

- tetraoxoferratelVI) (1). This took place in 1702 but little quantitative

(1) G. E. Stahl, Specimene Becheriano, Franckfurth, 1702, page 247.

~ work was done on the compound until about 1950. Methods of preparing

25 iron-VI salts were known (2), but yields and purity were low until

(2) J. M. Mellor, Comprehensive Inorganic and Theoretical Chemistry,
Lorgmans, Green, and Co., vol. XIII, 1924, page 935-936.

Thompson, Ockerman, and Schreyer (3) proposed their synthesis, which

(3) G. W. Thompson, L. T. Ockerman, and J. M. Schreyer, J. Am. Chem.
Soc., 73, 1379 (1951).

utilizes sodium hypochlorite to oxidize iron-III nitrate to iron-VI. The
reaction produces a large quantity of iron-III hydroxide, so that much of

the synthesis is devoted to purification of the iron-VI compound,




Jf essentially the same process as in (3), of high purity iron-VI ferrates

~ of lithium, sodium, potassium, rubidium, cesium, cadmium, zinc, and

';‘laﬂthanum.

Compounds of iron-V and iron-IV have been reported (5, 6, 7, 8).

A (5) J. S. McGee, Ph. D. Thesis, The Kinetics of the Decomposition of
\ Potassium Tetraoxoferrate (VI) in Aqueous Solution, University of
Delaware, 1961,

~ (6) R. v. Scholder, H. v. Bunsen, and W. Zeiss, Z. anorg. w. Allgem.
Chemie, 283, 330 (1956) -= = = — reference 19 in McGee's thesis (5).

(7) W. Klemm and K. Wahl, Angew. Chemie, 65, 261 (1953).

t':(B) B. Jezowska—Trzebiagovska and M. Wronska, Cong. intern, Chim.
; re, et, appl., 16 , Paris, 1957, 827-835 (Pub, 1958) = - - ~
reference 17 in McGee's thesis (5).

:glxlemm and Wahl (7) have determined that K3FeO4 disproportionates in

~ aqueous solution to give iron-I1I hydroxide and potassium ferrate while
Scholder, Bunéen, and Zeiss (6) have obtained iron-III hydroxide and
ferrate ion as the decomposition products of Nu4FeO4 in dilute sodium
hydroxide solution. McGee (5) noted a black precipate when potassium
ferrate was decomposed in strong sodium hydroxide; the precipitate was
assumed to be Na_Fe(_.. DBarium ferrate (BaFeOB) has been named (2) as a

._ 2273
- possible intermediate in the thermal decomposition of barium ferrate (VI).
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L;qtton and Wilkenson (9) state, however, that "X-ray studies have shown

f{g) F. A. Cotton and G. Wilkenson, Advanced Inorganic Chemistry,
Interscience Publishers, 1962, pages 718-719.

- that these (Ba2F904 and Sr FeO4) do not contain any discrete ferrate (1V)

2
- ions, although the compounds are commonly called ferrates (IV), but that
:-they are mixed metal oxides, the barium one having the spinel structure."
~ The spinel structure is a common one for compounds of mixed oxidation
{fstates. " These authors do salvage some hope for the iron-IV ion since they
¢ v : 111

- list the compound |Fe (diars)2C12 Fe'" C1,| , as being the only
;ﬁdiscrete iron-IV complex to be reported. In the cation complex, (diars)

- is the bidentate of diarsine, o-phenylenebisdimethyl arsine. No
.:quantitative data on the X-ray studies wsee presented by the authors.

hi :
; Aqueous species of iron-IV have been suggested in cytochrome

e
U
~ oxidation (10) and for some reactions of iron=II and iron-III with hydrogen
- A

{10) R. Stewart, Oxidation Mechanisms, Applications to Organic Chemistry,

Wi A. Benjamin, Inc., New York, 1964, pages 145 to 149. See also
references therein.

- peroxide (11). McGee (5) has proposed aqueous species of iron-IV and

iron-V as intermediates in the oxidation of water to oxygen by potassium

g /
'rate. Iron-IV is also the proposed intermediate in the oxidation of
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nol-2 (12) which is the subject of this paper,

B. E. Norcross and W, C, Lewis, The Oxidation of Propanol-2 and
2-Deuteropropanol-2 with Dipotassium Tetraoxoferrate (V1), Abstract
of Papers, 146th Meeting of the American Chemical Society, Denver,

Colorado, 1964,

Perferric acid, HoFe0;, and a few other iron-VIII compounds have

:f,,n mentioned in the literature (2) but are not considered herein,

Wood (13) has given the potential of the iron-III-iron-IV

‘half-cell to be 0,71 * 0,03 v. for the reaction

re(on)3 + 5(0H") = FeO"

PR 4 B20 + 3 e

‘Values for potassium ferrate's heat of formation (-116 kcal/mole),

%ﬁapo energy of formation (-78 *s kcal/mole), entropy of formation




‘f,g chromate ion, Cr0:, by X-ray studies (15) which have shown the

—y—

B, Helferich and X. Lang, ibid., pg. 169.

ngions to be almost identical in cell dimensions, The same types of

studies have also been done on barium ferrate by Jellinek (16).

F. Jellinek, J. Inorg. and Nuclear Chem., 13, 329 (1960).

McGee (5) examined the decomposition of potassium ferrate in

"t
basic aqueous solutions by measuring the partial pressure of oxygen

oduced according to the equation

- - o we 4 ave\ S W L 0 Irsaty

B T e R T T Y

T —
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The products of this decomposition had been observed before (17) while

4 D T'CU += 11U N uu= 4 re\vi v J U T O nvu
2 2 Yyl 2

J. M. Schreyer and L. T. Ockerman, Anal. Chem. 23, 1312 (1951).

stasility of potassium ferrate in solutions of electrolytes was being

ed. Tt has been observed (17, 18, 19) that stability of ferrate ion

V¥. P. Vagner, J. R. Gump, and E. N. Hart, Anal. Chem., 24, 1497 (1952).

W. F. Wagner and J. R. Bump, Trans. Kentucky Acad. Sci., 15, 112-116
(1954); c. A., 49, 29217 (1955) = - - - reference 16 in McGee's
thesis (5). .




McGee (5), Wood (13), Jezovska~Trzebiatovska and Wronska (8),

1 found a first order dependence on ferrate ion for the decomposition

aronJVI compound jn strong base; however, McGee shows reason to
he conclusions of the latter investigators. McGee determined the
;'ihg relationships for the decomposition of ferrate ion in the
‘;g;pﬂ regions:

. ¢
\

pH 9.2 to 9.6 rate

k(lveo:')2 (")
pH 10  to 11.4 rate = k(Feo:) , (ou")3/ .

B oH 12 to T M KOH  rate = k(Feo:) (o701

chanisms of all these reactions are complex but the last is of
lar interest, showing a dependency on base concentration that
not calculable from available activity coefficient data. Further

tion of this point is made in the discussion section.
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OUTLINE OF THE PROBLEM

”.gory when crystals of the substance were rapidly decomposed by

hanol during the final steps of a ferrate preparation, The possibility

ive .ndhpropanol-z was chosen as the first substrate, since its only
ldation product should be acetone, The high extinction coefficient of

t gsium ferrate in aqueous solution, at 505 myu, presented an easy method
}f;ollcwing the oxidat;on reaction by tracing the decay of the ferrate

‘:: at that wavelength, (This was the wavelength used for the kinetic

es discussed in this paper,)

i3 b!olilinary experiments with propanol-2 were promising enough to

ant a full-scale investigation, Basic solutions were used to achieve
ate l;ability and also to ionize the alcohol, Problems were encoun-

d due to incomplete ionization of propanol-2, even in very concentrated
sium hydroxide; therefore, trifluoro~ and hexafluoropropanol-2 were

d and used for kinetic studies, since they are completely ionized
”ﬂtib basicity range used for these experiments (0.5 M to 8,0 M), Potassium
» ride had to be added to the less concentrated potassium hydroxide solu-

8 to prevent iron-III from precipitating as the hydroxide,

g G=Deuteropropanol-2 gave a slower rate of reaction with potassium
ate than did propanol-2 by a factor of 9,6, thus indicating that the

d°t?"101n8 step in the oxidation is the breaking of the C-H bond at .
1® @ position,
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1;nt to allow a firm distinction between a proton or hydride

'i{!bt mechanism in the rate determining step, This situation led

he synthesis of a series of aryltrifluoroalcohols, herein referred

st frequently to as "carbinols,” which are completely ionized in

'ith molar alkali (28), The kinetic data obtained from this series
.iﬁolg, using the interprotation given in the "Discussion Section,”

onsistent with a hydride mechanism,

SR O e B S )

bt ¢ Y

T "

TP e—




EXPERIMENTAL

TON OF POTASSIUM FERRATE

- Potassium ferrate [dipotassium tetroxoferrate(VI)] was synthesized
Iin low yields of varying purity by the following modified procedure.
orine was added to a well stirred solution of 30 grams sodium

roxide in 75 ml. water, while the temperature was maintained at

or below 30° (20), until a weight gain of at least 20 grams was observed.

0) All temperatures are given in degrees centigrade unless otherwise
noted.

Verizeq iron(ITI) nitrate nonahydrate were added over a period of one
until a total of 25 grams had been added. As the oxidation took
ce, the solution turned from a brown to a very deep red. The

1ting deep red solution was saturated with sodium hydroxide, while

ntaining the temperature below 300, and then centrifuped (21) for

' !22535213 Synthesis, vol. IV, J. C. Bailar, Jr., editor, McGraw-
- Hill Book Co., Inc., 1953, pages 164-167.




minutes. After centrifugation, the solution was immediately

‘ ;tered on a coarse, fritted-glass funnel of large surface area
‘1pped with a pad of glass wool (3), which greatly enhanced the speed
of filtration. The filtrate was added to 100 ml. chilled, saturated
ptassium hydroxide in a 400-m1; beaker. This mixture was stirred for
10 minutes, and then rapidly cooled to 10° and filtered on a coarse,
ted-glass funnel. The residue on the funnel was a mixture of a
TOoWN sludge and purple crystals. The purple crystals of potassium
ate were separated from the brown impurities by dissolving the
tals with four or five 10-ml. rinses of 3 M potassium hydroxide.
11 these portions were collected in a single flask containing 50 ml,
\?”éhilled, saturated potassium hydroxide, which was then added to
collected washings. Crystals of potassium ferrate were observed
the sides of the vessel after the solution was further chilled and
stirred. Filtration of this solution on a fritted-glass funnel of
lum porosity gave purple-red crystals; these crystals were then

eﬁ with 10 ml. of begzene followed by three 20-ml. portions of

:' ethanol. The product, which was greater than 90% pure, was

hed with ether and then stored under vacuum for twenty-four hours.
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9918 OF POTASSIUM FERRATE

The analysis (22) of five different potassium ferrate samples

(22) J. M, Schreyer, G, W. Thompson, and L, T, Ockerman, Anal,
’ Chem,, 22, 1426 (1950).

‘i;vo purities ranging from 40% to 96%, In this method of analysis,
the sample of potassium ferrate to be tested is used to oxidize a
g;ﬁuic solution of Cr-III to Croz; the resulting chromate solution
1s then acidified and titrated with standard Fe-II using sodium

8

d j;onylaminesulrdnate indicator, The procedure outlined in (22)

f qguned with two modifications: the indicator was added near the
é}~Apoint to prevent indicator oxidation; and a light was placed
behind the titration vessel for better detection of the subtle

Qﬁ ple to green end-point, The solution in the titration flask was
stirred magnetically and care was taken to insure that the ferrate
é&jﬂ e was completely dissolved,

Another method of analyzing potassium ferrate was also developed
é!hich utilized the oxidative powers of ferrate to produce acetone

b propanol-2, The acetone produced was then condensed with salicyl-

ldehyde in basic solution (23), The resulting solution, after heating,

) G. B, Ginther and R. C. Finch, Anal, Chem,, 32, 1894 (1960).

sz red-orange in color and possessed an absorption peak at 500 muy (12),
OPtical density at this wavelength was then read on the Cary 14

—?g°1ng Spectrophotometer and corrected by subtracting . the optical
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j .1ty of a blank that had been treated in exactly the same manner,
;N' solutions of known acetone concentration were run simultaneously
iﬁth the ferrate analysis under identical conditions, The optical
nsity at 500 my was read and the blank reading subtracted, Values
;;;thil corrected optical density, plotted versus the acetone con-
fl.tration, produced a standard curve from which the acetone con-
; -fru€1on for the ferrate analysis could be interpolated; that is,
the corrected optical density for the analysis could then be used
3Anterpolate the quantity of acetone produced from the reaction with

te, The purity of the sample could then be calculated from these
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ON OF POTASSIUM DEUTEROXIDE AND DEUTERIUM OXTDE SOLUTIONS

~ Potassium deuteroxide was prepared with a few modifications of

the usual technique (24). Potassium metal (0.5 mole), prepared by

[y

Inorganic Isotopic Synthesis, R. Herber, editor, W. A. Benjamin Co.,
New York, 1962, pages 27-29.

_{i?\

iping the surface clean in a dry nitrogen atmosphere, was added to a

viously dried, three-necked, standard taper flask equipped with a

ing funnel, a vacuum source and a nitrogen inlet. The flask was

ed with dry nitrogen before and during the addition of the

assium metal. The apparatus was then sealed, the nitrogen turned off,

' ;‘¥he whole system evacuated. The vacuum was turned off and dry

%gogen allowed to flow in. The evacuation and nitrogen flushing was

ted three times. A vacuum was then drawn and the potassium melted;

N

‘Eglo cooling, the flask was swirled, depositing a thin coat of the

» on the sides of the flask. After cooling was complete, 15 g. of

}egium oxide (the deuterium oxide in excess of the stoichiometric

mount was intended to keep the potassium deuteroxide in solution) was

| dropwise with periodic application of vacuum to draw out the

rium.gas'produced. The reaction was exothermic and very vigorous

that it was important to draw off the deuterium gas before a sufficient

.tity accumulated to combust. The resulting solution contained some

%iZible organic impurities, which would interfer with kinetic deter-
\

tions. The solution was purified by adding a small amount of

sium ferrate and alloving the mixture to react for twenty-four

7

By this time, the impurities were oxidized and the excess ferrate



., .

‘ ;f;..sod. The precipated Fe(OD)3 was filtered out of the solution
i?# fine porosity fritted-glass funnel while the whole filtering

atus was under a nitrogen atmosphere. An aliquot of the filtered
solution was then titrated with standard hydrochloric acid. After

. concentration was known, an aliquot, large enough to make 100 ml.
5 _li_d_ potassium deuteroxide, was placed in a 100-ml. volumetric
Plask and diluted to the mark with deuterium oxide. An aliquot of

this néw solution was then titrated with dilute hydrochloric acid to
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A 1000-ml., three-necked, standard taper flask was equipped with
a gas delivery tube, a stirrer, and an 18-cm. cold finger condenser

cooled with dry ice and acetone. Two hundred and fifty ml. of dry

lithium aluminum hydride. The stirrer was started and hexafluoro-

etoné'bubbled into the contents of the flask while the temperature
: \
s maintained at 0°. After 25 to 30 minutes, the rate of bubbling

observed to increase significantly; this was taken as evidence

at the reaction was essentially complete.

Any remaining reducing agent was destroyed by addition of 6 M
€ ochloric acid; 'the resulting two layers were separated, and the
ether layer dried and then fractionally distilled on a spinning band

c %ymn. The fraction boiling at 76-77° was collected and analyzed by
v;; liquid chromatography using a column of 15% Ucon Polar on

mabsorb W (50-60 mesg); flow rate = 60 cc./min.; oven temperature =

« This fraction was found to contain hexafluoropropanol-2 and

T, apparently an azeotrope. Using the same column and conditions

uplet with peaks at 4.09, 4.19, 4.30, 4.39, 4.49, 4,61, and 4.69

S per million (d ) and an OH peak at 4.56 § . The refractive

£ A., ﬂ’ 12306b (19(‘3)}1.L.K~uurdﬂf8, Et. AL,
OBTAINED From Columsin Oxcawic Cnamicoe Co,




ON OF 1,1,1-TRIFLUOROPROPANOL-2

A quantity of 1,1,1-trifluoroacetone was obtained from

umbia Organic Chemical Company and separated from its impurities
a Nester-Faust Prepkromatic GLC (Gas-Liquid Chromatograph) using
E;column of 107 polypropylene glycol on chromabsorb W (45-60 mesh);

rate = 600 cc./min.; and column temperature = 40°.

\

g‘i reduced with 1.3 g. (0.0343 mole) lithium aluminum hydride

the method presented for the preparation of the hexafluoro-
Mgwianol-Z. The dry ether solution containing the 1,1,1-trifluoro-
| anol-2 was chromatographed on the preparative GLC (same column
iiflow rate as before; column temperature = 850) to separate the

ohol from ether. The yield was 6.5 g. (497), based on 1,1,1-tri-

oroacetone (25).

-y -

McBee and Truchan, J. Am. Chem. Soc., 70, 2910 (1948).




‘TION OF PHENYLTRIFLUOROMETHYL CARBINOLS (27)

-] Y-

27) These compounds (28) have been sufficiently well characterized
that no further proof of identity was needed other than
refractive index, melting point, and/or boiling point.

\

ethylphenyltrifluoromethyl carbinol was prepared in 857 yield (28):

’ R. Stewart and R. Van der Linden, Can. J. Chem. 38, (1960).

o

18 1.4640, reported (28)

bope 94.5 (pressure = 12 mm. Hg); n

= 1.4650.

1trifluoromethyl carbinol was prepared (28) in 697 yield.

fication by preparative GLC (column of 107 polypropylene glycol

on chromabsorb W, 45-60 mesh; flow rate of 600 cc./min.; column
: o

2
perature = 1750) produced a clear, colorless oil; n.BS = 1.4588,

25° )
)ported (28) ny” = 1.4590.

=Deuterophenyltrifluoromethyl carbinol was prepared in 907 yield

m 1, 00 g. (0.0275 mole) of lithium aluminum deuteride and 5.22 g.
030 mole) of o> o, d-trifluoroacetophenone (28). Purification by
E*’ (column of 10% polypropylene glycol on chromabsorb W, 45-60 mesh;
flow rate of 60 ce./min.; column temperature = 1750) gave a clear,

%
orless liquid; n;')4 = 1.4586,

om"I)htmvl‘briﬂuoromethv] Carbinol - m-Bromo- ¢, d,d-trlfluoro—

Ophenone was prepared by the method given in (28) with the



) Anhydrous ferric chloride was prepared as in Inorganic Synthesis,
vol. IIT, L. F. Audrieth, editor, McGraw-Hill Book Co., 1953,

pages 191-194.

%ead of 0.1 g. The 160 yield obtained using the additional ferric

oride was considerably higher than with the smaller amount.
3 \

;} The m-bromo ketone was then reduced to the carbinol with

lum aluminum hydride. The products were fractionally distilled
the fraction boiling at 115° and 12 mm. Hg was collected; GLC

ysis (a column of 107% polypropylene glycol on chromabsorb W,

0 mesh; flow rate = 60 cc./min.; and oven temperature = 2000)
f‘ealed that the product was a mixture of the ketone and the carbinol,
 product was then purified on the analytical GLC using the conditions
given. The two liquids collected in the purification were then
rected.to NMR analysié. The liquid having the shortest retention
?3¥0 gave an NMR spectra consisting only of aromatic peaks; the

-ﬁid of longest retention time gave the same aromatic peaks but

0 had & quartet at 4.72, 4.80, 4.90, and 5.01 d and an Ol peak

t 3.27 d . The first spectra is that of the ketone while the

second is that of the carbinol. The carbinol gave nﬁqoz 1.5028

0

s )
ipared to the expected ne!l o 1.5005 (28). Upon standing, the

D

farbinol crystallized into a pure-white solid with m.p. = 27—390, it

Previously has been reported (28) only as the oil. The yield of

ified carbinol was 897 based on m=bromo ketone.

——
|

b 7

——ew



‘ ‘i‘brophenyltrifluo’romethy]. Carbinol - m-Nitro-¢, ¢, o -trifluoro-

e\
S

,cetophenone was prepared (28) in good yield (53.5%) and then

%

solution of 10 g. (0.045 mole) of m-nitro-of , &,  ~trifluoro-

sduced to the carbinol with potassium borohydride. A methanol

tophenone was added dropwisé to a well stirred solution of 2.7 g.
05 mole) potassium borohydride in 100 ml. of methanol. After
jtion of the ketone, the solution was stirred for two hours,
dified w;th hydrochloric acid, and extracted three times with
ether; the ether extract was dried over anhydrous magnesium sulfate.
s illation of the dry ether extract gave a very viscous, yellow-
wn 0il boiling at 104-106° and 2 mm. He. The 0il crystallized
ly giving pale yellow crystals, m.p. = 45-520. Upon
ecrystallization from benzene and petroleum ether, the m.p. was

51° compared to the literature value of 47-48° (28). The yield

of purified material was 697, based on ketone.

' Deutero-m-nitrophenyltrifluoromethyl carbinol was prepared by

method just described except that ether was the solvent and

,.gm borodeuteride was the reductant. The m-nitro ketone (6.24 g.
‘15 mqle) was added to an ether solution of 1.00 g. (0.0239 mole)
um borodeuteride to yield 3.8 g. (61%) of unpurified crystals.
recrystallization from benzene and petroleum ether, pale-yellow
tals vere obtained with MePs = 48-510; reported for protium

¢

compound, 47-48°,



A1l potassium hydroxide solutions were made by direct weighing
B Fisher Reagent Grade pellets into a volumetric flask. When an

f,cohol solution was prepared, the alcohol was weighed and transferred

;émmride, a stock solution containing the two was prepared, by

ect weighing of the reagents, and stored in a polyethylene
tainer until used. The alcohol or carbinol was then weighed
ectly into a volumetric flask and the hydroxide-fluoride stock
vution added to the mark. The very small concentration error due

to the carbinol dilution (0.2-0.57%) was well within experimental

or (1-5%).

Care had to be taken in preparing the carbinol solutions to
‘. d cleavage of the trifluoromethyl group. In fact, the reason
'.tho hydroxide-fluoride solvent was to limit this cleavage by

1_ll‘fhlg base strength, while maintaining sufficient hydroxide

The fluoride complexed the iron-III1 produced in the
thus preventing precipation of ferric hydroxide, which
Would interfere with absorption measurements. In general, a new

\ tion of carbinol was used for each temperature, and only that
on needed for a particular kinetic run was heated to thé

ion temperaturc; the rest of the solution remained at room

'Perature,

- -
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i The disappearance of the purple colored iron-VI ion was

;iowed under pseudo-first order conditions by dissolving a small

nt of solid potassium ferrate in a measured quantity (1.00 to

ml.) of 8 M potassium hydroxide in a 4 ml. Beckman pyrex cuvette,
h was then pla%ed in the cell compartment of a Cary Model 14
Q;rding spectrophotometer, operated at a fixed wavelength. This
tion was mixed until homogeneous with a medicine dropper, and

ien the Cary was turned on, recording a plot of time versus optical
f{ity. This gave the rate of ferrate decomposition in base alone.

volume of solution of known alcohol concentration, sufficient to

d as before and the drive of the Cary again activated to give a

; of optical density versus time for the reaction of ferrate with

*

&

TGS

~....r
e
‘
<

.

e —



IN POTASSTUM HYDROXIDE-POTASSIUM FLUORIDE SOLUTIONS

~ The following method applies to all runs involving fluoride ion,

'3 to runs in 4 and 3 M potassium hydroxide.

1;'The 0.0-0,2 slide wire wnslplaced in the Cary and 10-cm.

7'72 cells were 'used. Alcohol or carbinol solution was placed in
:nﬁb-cm. cell and then equilibrated at the reaction temperature.

11 amount of potassium ferrate was added, dissolved, mixed by

ing and the cell placed in the thermostated cell compartment of
, Cary. The time drive was activated giving a plot of optical

.ffty versus time.

‘:‘A decomposition rate of ferrate in solvent alone was determined

| & similar fashion. Sce tables 17 and 18.

e
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PRODUCTION IN 8 M POTASSIUM HYDROXTDE

7 ACETONE
An arbitrary amount of potassium ferrate was added to 50 ml.

V g8 M potassium hydroxide in a 250-ml. volumetric flask and then

solution was thermostated at 25.1°. A five ml. aliquot was

gaken, treated as in (12) and called zero acetone concentration.

Fnough 8 M potassium hydroxide-propnnol-2 solution, of known alcohol
. \
centration, was added to the flask to bring the liquid up to

This solution was mixed well and thermostated at 25.10.

4+ intervals of about 90 seconds, a five ml. aliquot was withdrawn

-l
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dinitrophenylhydrazine in a ratio of one mole derivative to one

5£p of potassium ferrate. The melting point of the derivative was

125°%; reported (30), 126°.

-22-

R. L. Shriner, R. C. Tuson, and D. Y. Curtin, The Systematic
Identification of Organic Compounds, John Wiley and Sons, Inc.,
New York, 1956, page 310.

;ﬁ Acetone has also been isolated in a ratio of one mole ferrate
me mole acetone (12), as shown in Table 15, by use of basic

condensation of acetone with salicylaldehyde (23).

inol Oxidations

m-Nitro- of, of,{~trifluorcacetophenone was quantitatively

ated and identified after a 0,0536 g. (0.232 x ]O.-3 mole) sample
of potassium ferrate, shown by analysis (22) to be 85.77/ pure, vas
ded to 25 p1, potassium hydroxide-potassium fluoride solvent

ontaining 0.0821 g. (0.372 x ]0_3 mole) m-nitrophenyltrifluoromethyl




/

and chromatographed on a 3" x 3/8" column of Woelm activity V
rina using ether as the eluent. All the eluent was collected in
'e weighed flask, the ether evaporated, and the flask reweighed
rive 0.0547 g. (0.250 x 10'-'3 mole) of m-nitro-eof,of,e ~trifluoro-
. The unreacted carbinol was not recovered. The ratio

tophenone.

ron-VI reacted to ketone product isolated was 0.93.

Bromo- & , o ,&{ ~trifluoroacetophenone was quantitatively

:%ﬁied from a reaction solution containing 0.0606 g.
X 10-.3 mole) potassium ferrate (85.7% pure) and 0.113 g.
fix ].0—3 mole) m-bromophenyltrifluoromethyl carbinol in 25 ml.

ssium hydroxide-potassium fluoride solvent.

]

{Q s solution of carbinol and ferrate was mixed well, allowed
7:& for one hour, and then acidified., The acid solution was

| extracted three times with ether and the ether dried over

S magnesium sulf&te. Using a spinning band column, most of
Vpﬂer was distilled off and the residue was then analyzed on the
equipped with a column of 107 polypropylene glycol on

lo?b W (45-60 mesh); the flow rate was 60 cc./min. and the

r ﬂwu-erature was 200°. Only three peaks showed up, the first
er, the second was the m-bromo ketone, and the third was the
10 carbinol, The ratio of ketone to carbinol was 1.34 compared

expected 1.39 (see "Experimental Discussion" section for an

S of the product data).

/

/

2 & &-Trifluoroacetophenone was quantitatively identified

Lida Same procedure as for the m-bromo ketone; a 0.966 x 10“3

= B
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sample of 85.7% potassium ferrate was added to a 4.74 x 10.3 mole

8105 g,) sample of phenyltrifluoromethyl carbinol. Using the

column and flow rate as for the m-bromo ketone, the GLC was

.,uj an oven temperature of 175°; GLC analysis of the oxidation

cts gave & ratio of 0.223 mole of ketone to one mole of carbinol.

e expected ratio was 0,297,

p—Methyl- of, of , -tri fluoroacetophenone was quantitatively

fied using the same procedure as outlined for the m-bromo

23 a 0.0768 g. (0.332 x 10-3 mole) sample of 85.77% potassium
rrate was used to oxidize a 0.237 g. (1.26 x 10-"3 mole) sample of
m ﬂ:lphenyltrlfluoromethyl carbinol. GLC analysis (conditions and

n the same as for the m-bromo compound) gave the ketone to

nol ratio as 0.357 compared to the expected 0.376.

- ©
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ast a previously standardized mercury thermometer) was con-

cted and used.to measure the temperature of the cell compart-

s circulator, One end of the thermocouple was placed in the
; %o.partment and the other end in an ice-water mixture (the

, was made from triply distilled water; the water used was also
:!ﬁy distilled), The leads were connected to a potentiometer

ads and Northrup Co,) capable of a tenth of a millivolt accuracy,
v;,'portture control on the Haake circulator was adjusted and
};rvperature of the Cary allowed to come to equilibrium, The
;ﬁrnture of the water circulated by the Haake was then recorded

was the potential of the thermocouple; this process was repeated

two degrees from 15° to 48°, The potential was interpolated (31)

2é8 centigrade (see Table la) and considered to be the
action temperature, Table la lists the temperature given by the
ating pump versus the real temperature, which is that given

ne tharmocouple; all temperatures are accurate to } 0.1°.
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EXPERI MENTAL DISCU SSION

22) of\Potassium Ferrate

: (3) and Analysis (
: g

| hlong vith the potassium ferrate, o large quantity of iron-TTI

e is formed requiring that much of the long synthesis be devoted

ggfication of the iron-VI compound. The stoichiometry of the

jve reaction is as follows:

> Fe(OH) 5(8,0)5 + 4 Kk + 4 o0

rmined by McGee (5) that purity of th

=3Cl +2 KzFeO4 + 11 “20

e sample, with respect

rric hydroxide, had little effect on the rate of decay; the

this laboratory showed no noticeable effect of ferric hydroxide

s of propanol-2 oxidation. Any easily oxidizable impurities,

led to large rate deviations. This difficulty was avoided by

crystals of botassium ferrate to the solution suspected of

the impurities. The solution was allowed to stand until the

te had decomposed, after which the solution could be employed

purposes, since iron-II1 hydroxide is non-reactive.

the analysis of potassium ferrate takes advantage of i#s

izing powers to oxidize Cr-1II to CrOj.

b
"Cr(0H), + FeO, + 3 H,0 = Pe(OH) 5 (H,0) 5 + cro, + Oif"
then acidified, and the

1 of chromate and ferric ions is

@ ion produced is titrated with a standard solution of Fe-I1 (27).



CHROMATOGRAPHIC ANALYSIS FOR KETONES, CARBINOLS, AND ALCOHOLS

- GLC was used whenever possible for both analysis of mixtures and
flpgeparation of very pure samples of alcohols and carbinols, All

xf"os were done on two columns (polypropylene glycol and Ucon

lar, see "Experimental™ for deteils) of differing polarity, while

impurities. All carbinols, except the m-nitro carbinol, and all

phols, except propanol-2, were purified in this manner,

7 wWith the exception of the m-nitro compound, the products of
'binol oxidation were analyzed on the GLC, The ratio of ketone

,f em1dat1on product) to unreacted carbinol was calculated by the

mmoles ketone - mmoles ferrate
mmoles carbinol mmoles carbinol - mmoles ferrate
unreacted added

3} ratio was then compared to the experimental value obtained by
the area under the ketone peak, on the GLC graph, by the

)8 under the carbinol peak.

mmoles ketone = area of ketone peak

mmoles carbinol area of carbinol peak
unreacted

© latter relationship was shown to be accurate (* 10% at the lowest
3%“"1 concentration) over a wide range of known ketone-carbinol

3: The known mixtures were made by direct weightings and then

Vﬂgmalysiﬂ run on the appropriate column,

ia!br the columns and conditions listed under "Isolation of Products,™



NT OF DATA

The disappearance of the purple ferrate color was treated as a

;ﬁio-first order process for both the decomposition in base alone

'jngor its reaction with alcohol. The slope of a plot of log
cal density versus time for the slow decomposition gave the rate
f ¢.t for the decomposition process (Figure 1); this was usually
ten times slower than the reaction with alcohol. The reaction
Qlcohol was generally over in twenty to thirty minutes, and had
'jiinity point of 0.02-0.05 optical density units (this was due
}54n-III complexes). A semi-log plot of (0°D't - 0.D.go ) versus
e, the slope of which gives kobs' was generally linear over two
E;ur half-lives for propanol-2 oxidations (Pigure la). To obtain
e rate due to alcohol reaction alone, the rate of decomposition,
‘) was subtracted from the rate of iron-VI disappearance in the
nce of alcohol (kobs). The resulting constant, k., when

ed by the alcohol concentration in moles per liter, gives the

molecular rate constant, kII’ in liters mole—-1 second-l.

I EhB decomposition of ferrate in 0.5 ﬂ_potassium hydroxide

d 3"-5 ﬂpotassium fluoride was not first order over 1007
position; however, the reaction of ferrate with the carbinols
rapid enough to occur within the time corresponding to the
composition of only a few percent of the initial iron-V1
ncentration in solvent alone. This was true if only the first
{ﬂ?‘ three half-lives of reaction were considered, since in this
lon the decomposition was slow and approximated first o;dor.

ond three half-lives, much variation in rate was observed.

— -
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~ plots of log (ODt - ODgg ) versus time (where ODeg= 0 in all
»f:g, owing to the very low Fe-I11 concentration) were used to
germine rate constants for the carbinols (Figure 2). Initial

VI concentrations, in the 10-cm. cells used for these

netic determinations, were on the order of 5 x 10 M.

~ For the rate of acetone production, a calibration curve

e 9) was established (12, 23) of optical density of the
lution of acetone condensed with salicylaldehyde versus

ntration of acetone. The acetone was sufficiently dilute so
the plot followed Beer's law; also, the curve was reproducible
,Qchree trials. Semi-log plots of acetone concentration at

;;f infinity, Cee » minus the concentration at any time, Ct’

‘“\n time were linear over several ferrate half-lives. These

e concentrations plotted had been interpolated off the

rd curve (Figure Q) for each aliquot of the reaction solution

See Figure 10 for a typical kinetic plot of this type and

‘1‘116 for data.
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& F. Daniels, J. H. Mathews, J. W. Williams, P. Bender, and
" R. A. Alberty, Experimental Physical Chemistry, McGraw-Hill
"Book Co., New York, 1956, page 339.

N 3xy - =xEy

SLOPE =
NS xc - Ex)2

N is the number of points; for isokinetic plots, x = AS* 3
3 for Hammett plot, x =6, y = log (kH); and for the rate

letone production, x = time in seconds, y = log (Cep - Ct)'
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DISCUSSION

Q}The oxidation of alcohols and carbinols by potassium ferrate was

e first order in ferrate ion and in alkoxy ion of alcohol or

Y
It could not be determined what dependency the reaction has

that it did enter into the

-

roxide jon, but the indications were

tion, as was shown for ferrate decomposition (5). The overall

‘%ion can be written as:
=1 i 1 -?
rate = k (Fe04) (alkoxy ion)  (OH )

1glﬁhe alkalinity was kept constant for a series of reactions thus

ting (OH ) into the specific rate constant:

rate = kII (Fe04) (alkoxy ion)

‘:The stoichiometry of the reaction of propanol-2 and ferrate in
tassium hydroxide indicates the following relationship:
+ 4 CH,CH -

3 OHCH3 4 (0113)2

'iﬂbf acetone production was found to be equal (within experime

CO+02+4Fe0£+40H-+2H20

ntal

ﬁhq rate of ferrate disappearance (see Table 1 and 16), showing

:ﬁble ferrate-propanol-2 intermediate is formed. This also
§hat the reaction forming acetone be essentially complete in

which is akin to postulating a two electron transfe£;> This

reduce the oxidation state of iron from VI to 1V (5, 6, T, 8) and,

fl aqueous species of iron-1V has, to date, never been characterized,

fﬂ°f iron can be assumed to be very reactives> Support for such a

>4 ‘Qv‘z .-3' g‘ﬂ‘
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intermediate is derived from the results of oxygen production

en starts to be evolved as soon as the ferrate and alcohol

*;55 mixed, and continues for several half-lives after complete
;%ﬁ'of the purple color. Oxygen evolution, then, is not directly
iw-ironJVI but to some unknown, reactive intermediate, here

;?‘to be an iron-IV oxyanion decomposing into iron-IIT and other
‘Hw;y species which then undergoes iron-ITI catalyzed decomposition,
:;fgen (11). These results lead to some question of the validity
;;work (5), wherein he measured the decomposition of ferrate by
;{»oxygen evolution. Was he really measuring the decomposition
/I or was it some reactive intermediate? It should be stated that
nf;sition of ferrnte may bé very much different FROM its reaction
compounds. If potassium ferrate reacts in a manner similar

ate in alkaline solution (33), oxygen evolution would indeed be

Panols were not determined; however, other data point to the

4 that they react in the same proportions as the carbinols and

Rl S e SN o e 2 B . 2L Summn )
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Jf The deuterium isotope effect for 2—deuteropropanol-2 gave

indicating that the rate determining step is the breaking

9.6,

¢-H bond on the X—carhon> Arrhenius plots of the deuterium

;nd in potnssium hydroxide and water solutions were non-linear

yxg) as were the plots of the protium alcohol in deuterium oxide-

um deuteroxide solutions (Figure 3). The Arrhenius plot for the

tero alcohol, however, wns§ linear for the solvent deuterium oxide-

um deuteroxide (Figure 3). The curved Arrhenius plots might be

om any of a number of reasons, of which two are most probable:

e in mechanism; or the reaction does not have a linear inverse

yture dependence. Whatever the precise cause of the anomalous

5 curves, it is clear that the C-Il bond is being broken in the

olling step.

- The deuterium isotope effect on two aryltrif]uoromethy]

1s which are completely ionized, revealed that the rate

step for their oxidation is also the breaking of the C-H

| the o{-carbon. An Arrhenius plot for d—deuterophenyltrif‘luoro—

carbinol was linear, with ILH* and IKS* fitting the isokinetic

r the carbinols (Figure 7).

J{ For phenyltrifluoromethyl carbinol, kh/kd is 5.5 Y 0.3 while

mitrophenyltrifluoromethyl carbinol, k /ky is 6.5 2 0.7. These

re nearly equal when the limits of experimentnl error are

3 d, but there does seem to be a small difference between them.
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C; 4o Swain (10, 34a) proton and hydride transfers may be

C. G. Swain, R. A. VWiles, and R. F. V. Bader, J. Am. Chem. Soc.,
83, 1945 (1961).

XK. B. Wiberg, Chem. Revs., 55, 723 (1955).

" X. B. Wiberg, J. Am. Chem. Soc., 76, 3371 (1954).

ifhed by examining the isotope effect when different substituents
.% in the reacting molecule. le points out that known examples
on transfers (34b) show a sensitivity of isotope effect to addition
ents or a change in structure, whereas there is little change
ride transfer (34a, c). The proton transfers (34b, page 723)
. values as low as 0.84 (neutralization of 1-butylmagnesium
T neutral water-deuterium oxide mixtures) to as high as 12
ation and deuterium exchange of (=) 2-butyl phenyl ketone in water
iﬂéium oxide]. Intermediate kh/kd values (34b, page 727) vary from
10, for various oxidation reactions of compounds with differing
*{.in solvents that include aqueous acid, methanol, ethanol,
'fgohol, water at pH 7, and water at pll 13. A few examples of

sfer reactions have been studied (34a, ¢) and show a range

ope effect of only 1.8 (34c) to 2.94 (34a). The latter example
_brdmine oxidation of propanol-2 in water, while the ratio for the
M of 1-Pluoropropanol-2 by bromine is 2.83. This is a small
addition of a fluorine atom, which is strongly electron
g, Swain postulates, from these data, that hydride shifts are

SPonsive to electronic changes than are proton shifts.

e isotope effects for the aryltrifluoromethyl carbinols used

*Stigation, according to the Swain Criteria, indicate a hydride



pecause of their relative insensitivity to a change in the

nic environment. There are valid objections to the Swain Criteria
G:éeneral mechanism or steric character of a reaction changes with
ffnt, but in the case of ferrate oxidation of carbinols, both

";e constant; the only variation is electron density at the
Jécnnter. The basis for Swain's conclusions is that "The electron
ed for proton transfer would normally occupy a nonbonding level
ee-atoﬁ molecular orbital in the transition state, but, because
short distances involved in bonds to hydrogen, there will be consid-
i repulsion between the orbitals of R (the group bonded to the

'pg and N (the attacking nucleophile), resulting in some anti-

aracter being conferred on the orbital." (35). These repulsions

- Stewart, Oxidation Mechanisms, Applications to Organic Chemistry,
« A. Benjamin, Inc., New York, 1964, page 24.

‘hfdride transfer is a compact transition state, since the attacking
le usually has a low energy, unfilled orbital available for
:'Because of the greater polarizability and ionic character of the
transition state, there should be a significant salt effect for a .
isfer, whereas there should be little change in rate for the
fi8ehanism. The latter is found to be the case (Table 9), for the

ation of phenyltrifluoromethyl corbinol; the rate in 0.5 M

-35-



1;‘d in 0.5 M potassium hydroxide and 4.5 M potassium fluoride
;‘ liters mole-1 second—l. This is a very small change in rate
5% change in salt concentration, and once again points toward a
inhanism. The experimental precision in the latter solvent
véxmuch greater stability of the ferrate ion in the more

ated solution than in the former,which was the solvent used for
binol reactions. This effect is apparently due to complexing of
JIE iron species by the fluoride ion, which bears a striking

nce to the hydroxide ion in physical properties. The entropies

ueous ions, AS® at 298.1° K, are (36): OH, -2,49; F, -2.3.

. Latimer, V. S, Pitzer, and W. V., Smith, J. Am. Chem. Soc.,
1829 (1938).

& G. Yagil and M. Anbar, J. Am. Chem. Soc., 85, 2376 (1963).
] c.Anbar, M. Bobtelsky, D. Samuel, B. Silver, and G. Yagil,
Abid., page 2380
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.;;r jdea of the base dependency of the reaction. Plots of the

n of the results of propanol-2 oxidation in concentrated
vdroxide: the ionization constant of propanol-2 in 8 M base
mn, nor is it known for any solution of concentrated alkalij;

precise data for activity coefficients of concentrated base

=¥

s Schwarzenbach and R. Sulzberger, Helv. Chim. Act., 27, 348
1948).

A. Robinson and R. H. Stokes, Trans. Far. Soc., 45, 612 (1949),

dations (Table 14) with those of other postulated hydride

at there is a likelihood of I ion existing in concentrated

iion (40), Fluornoy and Wilmarth present some excellent data

le 14a) shows a striking similarity. (It is also of interest

Fluornoy and V. K. Vilmarth, J. Am. Chem. Soc., 83, 2257

T GV T

—

o



. 1gaving 1ittle doubt that hydride ions can and do exist in

4 alkali).

:'fl'he information, as presented thus far, is consistent with a
-Vhanism, but examination of the rate data in Tables 7-10 reveals
'»_,ophenyltrifluoromethyl carbinol reacts fastest of all carbinols
-methylphenyltri fluoromethyl carbinol reacts slowest. Since a
nsfer requires removal of Il_, a proton plus two electrons, the
ing properties of the nitro group, and the p-methyl carbinol
expected to react fastest because of its electron donating

::l These data produce a Hammett @2 plot (Figure 8) with a

:i'ope of 0.72. "A hydride expulsion should be favored by
donating groups and should result in a large negative Hammett
(10, page 65). The rho value for hydride addition to

d fluorenones (41) has been given as + 2.65. Therefore, it

-8

carbinol would be expected to react slowest because of the electron

+ Smith and R. P. Boyer, Tetrahedron, 18, 323 (1962) - - - -
terence 27 in Stewart (10), page 65.

2 but opposite in sign. Before the material just presented is

to be at variance with the postulated hydride transfer for

OXidation, the effects of the experimental temperature must

dered,

/

(dchie and Sager (42) state that "Caution - - - (is) - — -
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vress in Physical Organic Chemistry, vol. 2, S, G. Cohen,
treit-w_i_eser, Jr., and R. W. Taft, editors, Interscience
lishers, New York, 1964, page 354,

sokinetic temperature." The isokinetic temperature, F , is given
lope of the line resulting from a plot of AH* versus AS# for
of variously substituted reactants, in this case a series of

meta substituted phenyltrifluoromethyl carbinols (43). This ( ﬂ )

» isokinetic temperature will be referred to as F and the
mental temperature as T; both are in degrees Kelvin.

the temperature at which the rates of reaction of all the
i reactants would be equal. As the experimental temperature
1 below f3 to above IG-, the /Jva]ue (of a Hammettff plot) will

eally change signs asﬂ is passed (38, pages 353-354) (44). It

+» Leffler and E. Grunwald, Rates and Fquilibria of Organic
ons, John Wiley and Sons, Inc., New York, 1963, pages 374-387,

mobserved (38, pages 356-365) that, in general, simultaneously
Sokinetic plots and Hammett plots occur only infrequently, and
4 0f those that do occur can be dismissed as fortuitous for one

" another, However, there are those that cannot be explained

B A e )
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effler and Grunwald (44) also list several cases that would be
. Cross and P. Fugassi, J. Am. Chem. Soc., 71, 223 (1949).
A. I. Biggs, J. Chem. Soc., 1961, 2572.
_l
t0 explain without the aid of both the isokinetic and Hammett
PSe
The main objection to simultaneously linear Hammett and
?;plots lies in the relationship between the two functions,
lots are to be linear, then/’ must be proportional to the
T
(: -F) as shown below (42):
‘For Hammett,
JAF* =J4n* - MS‘* = =2.3 RTo P (1)
For isokinetic
T
Jan¥ - ,ZQSS* (2)
Substituting (2) into (1)
: ¥
Jart /N AT, RT 070 (3)
~2.3RT 070 “Jant T Y (4)

P

'Instead of the derived proportionality, it has been shown

eat many cases (46), but in most of thosoﬁis very close to the

11y that, (’is inversely proportional to the absolute temperature

\

(Ps R. Vells, Chem. Revs., 63, 171 (1963).
R. W, Taft, Jr., and I. C. Lewis, J. Am. Chem. Soc., 81
- 3343 (1959),

B ""_7 «',‘\'ﬁ”
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i‘tal temperature. This proximity of temperatures often causes a
» on the isokinetic plot, possibly because AC; is not constant

e experimental temperature range (47). It also appears that the

*

_ -JAn
af- o

(1- ) (5)

3=

al =

oy (6)
@

gonstant including fAH‘and 23R,

~ ¥hen @ and T are quite close then the quantity (T - 1) can change
| ¢

ative to positive with only a small change in either T orﬁ ; this

same as saying that/’ is proportional to = 1 that is, experimental
T

: +

¥ Examples of the proportionality to — 1 can be found in Vells,
35 (. $ i
5 (46a). Whenﬁ77T, th(-nfwou’ld be proportional to - = and

’1\
change much with a small change in T; whunﬁ<< T, would be
1
al to 4 T and would change only slowly with small changes in T.
BT condition,ﬂ(( T, applies for the case of ferrate oxidation of

# and &lcoho]s, whoreﬂ is 2180 K for carbinols and 3(’:'50' K for the

. An examination of the data revealed ﬂ\;lt/JJnvs increase slowly

A ‘g
.
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11 temperature changes and approaches 1,0 at the upper temperature
eed in these investigations. For the particular example of the

this behavior is predicted by equation 6 by introducing

tal values for F and T:

(6)

| g‘(’: + K% (0.41) (7)

tally, f was found to have a positive value of 0.72, just as is

equation 7. The slowness of the increase of/’ with T, can

methyl group, which is adjacent to the reaction site. This

s S0 large as to impart an insensitivity to the electronic effect

g substituents to the phenyl ring.

I"- Hammett Ly relationship is derived from the relative
constants,. in 'a,que'ous media at 250, of meta and para
benzoic acids; this defines a line wir# rho = [.0.
1sion mechanisms, such as the ionization of substituted

P

(48), where/) = 2.889 undﬂ = 4T, give positive values of rho

Alnable), By the same reasoning, a hydride abstraction

D
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should have a large negative rho when F?)T, but should have a
B ho vhen P((T. The latter is the situation for the ferrate
No example has been found in the literature of a

of carbinols.

ansfer reaction with a wel].-definedP greater than the reaction

ture.

~ Petersen (49) states that many isokinetic plots are just

o S

'¢. Potersen, J. Org. Chem., 29, 3133 (1964).

taken by itself to be an adequate demonstration of the existence
etic relationship.” This is true, but in the case under
lon, a linear Hammett plot also exists. This fact, in the light

regoing discussion, puts the apparent isokinetic plot on much

oting.

* It is also possible to gel a linear isokinetic plot due to

Sabing experimental error (50), but if that were true for the

1).

« Petersen, J, Markgraf, and S. Ross, J. Am. Chem. Soc., 83, 3819

¢ uUnder consideration, it would have to be considered extremely

to obtain a linear !lammett plot with the same data. The largest



f!&g* is Yo.s kecal/mole (51), assuming a 5% error in the

.ﬁ. Wiberg, Physical Organic Chemistry, John Wiley and Sons, Inc.,
w York, 1964, page 378.

21 rate constants (the error was usually nearer 27). The total

“éiﬂ* is 4 kcal/mole for the reaction series, which is 2} times
:Qt error limits, 28 (as defined by Wiberg). The values of the
;’activation show a range of 19 entropy units.

the limits of error (51), T4 entropy units.

or experimental error.

large amount of corroborative evidence has been presented in
alcohol oxidation by potassium ferrate. It has also been
'fﬁhat the isokinetic relationship and Hnmmett¢7° plot have a

eral interrelation than previously discussed. The hydride

B depends upon the validity of this isokinetic relationship, and

C“When/g is much less than T.

The experimental data, using the interpretation given in the

: diScussion, indicate the most likely mechanism to be the

This is four times

'?lu hydride transfer mechanism for the previously unexplored area

N the inference that a nepative ion mechanism should have a positive



cHO™ 4+ Feoj ..k_.’
R 0
0 - C———-H—m—0-Fe-0
R 0

*

2
R 0
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TABLE

1

Kinetic determinations with
propanol-2 in 8 M KOH

intion with propanol-2

E kObs o kF804

i;- 8econd order rate constant = kI %

i%?erature corre¢tion applied, see table la,

|

tOC kpeol X kops X  ky x  (alcohol) k
) 105 (2) 105 (3) 105 (4) x 102 (%§
25.1 0.22 2.91 2.68 1.91 0.140
25,1 0.18 2.65 2.47 1.91 0.129
o5, 1 0.20 2.94 2.74 1.91 0.144
25.1 0.20 2.89 2.69 1,91 0.141
esl1 0.17 3+35° 3.18 2.18 0.146
25.1 0.21 3,42 3.21 2.18 0.147
25.1 0.15 2.79 2.64 1.91 0.138
31,8 0.18 %.91 3.73 1.91 0.195
= 31.8 0.17 4,22 4,05 1.91 0.212
31,8 0.15 3.98 3.83 1.91 0.200
3.8 0.13 4,15 4,03 1.91 0.211
38.5 0.18 S5eT4 5456 1.91 0.291
58,5 0.24 5¢35 5.11 1.91 0.268
8.5 0.25 5.76 5451 1.91 0.289
45,2 0.4 7.69 7 .26 1.91 0.381
45,2 0.26 8.23 T97 1.91 0.416
45, 2 0.33 8.14 7.81 1,91 0.409
45,2 0.61 7.67 7 .06 1,91 0.370
5,1 0.14 2.84 2.70 2.23 0.121
eS.1 0.15 3,37 3,22 5. 0% 0,144
5.1 0.15 5.90 5«15 4,46 0.129
25, 0.15 5.82 5.67 4,46 0.12
25,1 0.15 3,21 3,06 2,23 0.137
o5, 1 0.11 3,24 3,13 2.23 0.140
25,1 0.12 535 5.23 4,46 0.117
§e5,.1 0.13 6.01 5.88 4,46 0.131
o5, 1 0.13 6.16 6.03 4,46 0.135
es. 1 0.13 844 8¢31 5.95 0.140
pes, 1 0.13 8.27 8.14 5.95 0.137
es.1 0.13 12.8 18.7 8.92 0.142
OTES ¢

5_04 < rate of disappearance of ferrate in KOH alone

8 = pseudo-first order rate constant for ferrate
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TABLE 1la

Temperature Corrections

ature temperature

O f
°3

National Bureau of Standard's

Clrcular 561

temperature temperature
from b of " from -
thermocounle machine thermocounle’

15.7 31.5 31.3
16,2 %2 0 31.8
16.7 325 3243
b iy . 33.0 Des
17.6 3345 b 1P |
18,1 34,0 3346
18.6 34.5 34.1
19.1 35.0 34,6
19.6 3565 35.1
20,1 36,0 3546
20.6 36.5 36.0
21.1 370 3645
21.6 2D 370
22,1 2860 375
22.6 38.5 28.0
23.1 39.0 38.5
23.6 3945 39.0
24,1 40,0 39.5
24 ,6. 40,5 40,0
25.] 41.0 40,5
25.6 41,5 40,9
2040 42,0 41 .4
26.5 42,5 41.9
2T 0 43.0 42 .4
- 43,5 42,9
28.0 44,0 43,3
285 44,5 43,8
28.9 45,0 44,3
29,.4 45,5 44 .8
2(‘09 46.0 45.2
30.4 46.5 45,7
50.9 T:0 46.1

\

]ieﬂperature of machine given by water circulated with a
€ clrculator,

'gr°tent1a1 of a ten junction copper-constantan thermo-
Was read and interpolated to degreecs centigrade by

47
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TABLE 2

' Kinetlc determinations with
propancl-2 1in 7.49 M KOD and Do0

B8 sec tublc

1

t°C  kpeoj kops X k1 X (alcohgl) kry
(1) 103 (2) 102 (3) 107 (4) * 10 (5)
25.1 0.19 4,33 4,14 2.38 0.174
2501 0033 4.67 1*.31“‘ 2.38 00182
25.1 0.16 4,66 4,50 2.38 0.188
3,8 0.18 5.78 5.60 2.38 0.235
B 31.8 0.18 5.96 5.78 2,28 0.242
B 31.8 0.21 5.50 5.29 2.38 0,222
- 38,5 0.32 9.58 9.26 2.38 0.389
38,5 0.33 9.17 8.84 2.38 0.371
B 58.5 0.28 8.70 8.42 2.38 035
45,2 0.27 10.3 10.0 2.38 0.421
45,2 1,09 11.3 10.2 2.38 0.426
45,2 1.93 11.6 9.69 2.38 0.406
25,1 0 18 3,06 2.92 2.38 0.122
ifter kinetic solution had been heated to 45,29,
PES: see table 1
TABLE 3
‘ Kinetic determinations with
t=deuteropropanol-2 in 7,71 M KOD and D0
e ko o x  Kopg X Kp X (alcohgl)  krp
(1) 54 3 x 10
102 (2) 102 (3) 102 (4) (5)
25,1 0.10 1.40 1.30 2.10 0.0619
25.1 0.14 1.30 1.16 2.10 0.0552
Eo.1 0,08 1.35 1.27 2.10 0.0605
81,8 0.17 1.55 1.38 2.10 0.0656
31.8 0.21 1.63 1.42 2.10 0.0676
31.8 0.19 1.62 1,473 2.10 0.0672
38.5 0.18 1.94 1,76 2.10 0.0838
38.5 0.16 1.97 1.81 2.10 0.0862
38 5 0.22 2.14 1.92 2.10 0.0915
§5.2 0.32 2.40 2,08 2.10 0.0991
45,2 0.32 2.6 2.36 2.10 / 0.112
45,2 0.3 2,48 2.18 2.10 0.104
25.1 0.17 1.0 1.10 2.10 0.0524

BEer kinetic solution had becn heated to 45.29,
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TABLE 4

1.4 .'l“\.
Kinetlc determinations with po .
2-deuteropropanol-2 in 8 M KOH

— e ————

t0¢C kFeOZ Eopa % ke X (alcohol) Ky
(1) 103 (2) 103 (3) 105 (4)  x 10° (5)
: 25.1 0.16 0.78 0.62 4,16 0.0149
. 31,8 0.21 1,70 1.49 8,32 0.0179
31.8 0.21 1.57 1.36 8.32 0.0164
38,5 0.39 2.76 2.37 8.32 0.0285
38,5 0.39 2.51 2,12 8,32 0.0255
44,5 0.43 4,50 4,07 8.32 0.0489
- 44,5 0.43 4,17 374 8.32 0.0449
44,5 0.43 4,55 4,12 8.32 0.0486 !
25,1 0.15 1,03 0.88 8,32 0.0106
25,1 0.15 1,10 0.95 8.32 0.0115
25,1 0.15 1.36 1.21 8.32 0.0145
- 25.1 0.15 1.40 1.25 8,32 0.0150

The kinetic solution for runs VI-217 and VI-218 had been
the same length of time and to the same temperatures as
l@tic solution for runs VI-200 to VI-216. The

olution for rune VI-219 and VI-220 was thermostated

S until used; the alcohol was in solution for the same
O time as for the other runs,

& See table 1



5o

TABLE 5

' Kinetic determinations with r
1,1,1-trifluoropropanol-2 in 8 M KOH L
a o
+0C kFL04 Eohg X ky x ulcohgl) krp o
(1) 105 (2) 103 (3) 105 (4) *10 (5) b
25,1 0.14 4,88 4,74 2.39 0.198 &
B8l 0.17 4,79 4,62 2.39 0.193 (
25.1 0.14 2.34 2.20 1.02 0.216 ,
25.1 .13 2.27 2.14 1,02 0.210 f
§e5.1 0.20 7.76 7.56 3.58 0.211
£25.1 0.20 8.06 7.86 3.58 0.220
18,1 0.07 5.16 5.09 3.58 0.142
18,1 0.10 5.13 5.03 5.58 0.140
8.1 0.11 5,00 4,89 3.58 0.136
25.1 0.18 4,18 4,00 1.65 0.242
25.1 0,11 4,11 4,00 1.65 0.242
39.9 0,43 6.80 637 1.24 0.514
25,7 0.08 2.28 2.20 1.78 0.124
5.7 0.06 3.1 3,05 2.66 0.115 ‘
5.7 0.07 3.20 Bell 2.66 0.118
0.0 C.29 5.86 5.57 1.78 0.313

¢ see table 1

T A BLE 6 !

N Kinetic determinations with
Q:l 1,3,3,3-hexafluoropropanol-2 in 8 M KOH

0 ) -
%1? Xpeor: Kopg X kg X (aicig 1) Kr1
102 (2) 102 (3) 102 (4) (5)
ED.1 0.12 4,59 4,47 2,00 0.224
5.1 0.15 4,58 4,43 2.00 0.223
ES.1 0.09 4,40 4,31 2.00 0.216
§1.8 0.15 6.45 6.30 2.00 0.315
3108 0018 6.09 5-91 2.00 0.296
1.8 0,17 6.80 6:72 2.00 0:336
39.9 0.26 10.9 10.6 2,00 0.532
39.9 0.51 11.2 10,7 2.00 0.536
- 39,9 0.30 11,2 10.9 2.00 0.544
5.1 0.3 4,38 4,07 2,00 0.302
Bl 3 0.17 3,48 Be3) 2.00 0.165
21,3 0.12 545% 3,41 2.00 0.170
.3 0.10 3,62 352 2.00 0.176

F
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s
. Kinetic determinations with r
& p-nitrophenyltrifluoromethyl carbinol B
in 0.5 M KOH and 3.5 M XF R
: 4
tOC kops X .(31001’131) kII ;’_‘"""‘M\u
(1) 102 (2) x 10 (%) :
25.1 25.4 10.00 2.54 [
25.1 23,0 10,00 24350 !
25.1 8.45 J+52 2.40
25.1 9.50 SeD2 2.T0
15.7 2.TT 7.62 1.04
15.7 3.96 3.62 1.09
15.7 4,28 3,62 1.18
20.1 L% ] D3k 1.55
20.1 5.40 De 2 1.63
20.1 5.09 3e31 1.54
1.9 11.9 3.06 3490
J1.9 10.2 3.06 3o 34 |
31.9 11-9 3006 3.88 !

obs X 1

Second order rate constant k
‘ (alecchol) z




TABLES

R Kinetic determinations with
© m-bromophenyltrifluoromethyl carbinol
; in 0.5 M KOH and 3.5 M KF

SR -'_w.“\'—-?

T

o ——

t°C Kopg X (alcohgl) Kyy
(1) SRR oy 5 100 s
25 .Y 6.70 5.04 1a35
25.1 T7.05 5.04 1.40
25.1 8.09 5.04 1.61
25.1 6.18 5.04 1.23
5.1 8.01 5.04 1.59
25.1 T.87 5.04 1.56
25.1 2.59 20T de2
25.1 2.68 2:07T 1.29
B0l 3419 2.07 1.54
25T 1.78 2.98 0.597
15.7 1.83 2.98 0.614
20.1 2.83% 2.98 0.948
2001 2.40 2.98 0.805
5T Ve d2 4,23 0.739
15.7 3.14 4,23 0.743
5.7 SeT e 4,23 0.880
30.3 5.43 2,92 1,86
30-3 6-95 2.92 &’038
303 T.02 2.92 2.40

see table 7



TABLE 9

Kinetié determinations with
phenyltrifluoromethyl carbinol
in 0.5 M KOH and 3.5 M KF

t9¢c Kops X (alcohol) Koy
(1) 103 (2) x 102 (3)
25.1 8.42 1.13 0.745
25.1 9.16 1:d3 0.811
el 111 1+13 0.982
30.1 13%.0 - 4 N 1+15
34,7 14,4 1ad 2 l.27
34,7 19.2 P | 1.70
25.1 45,0 2.00 0.750
25.1 14,6 2.00 0.729
25.1 16.2 2.00 0.810
Kinetlc determinations with
phenyltrifluoromethyl carbinol
in 0.5 M XOH and 4.5 M KF
25,1 18.4 2.35 0.785
25.1 18.6 2.35 0.790
25.1 18.6 2.3’ 00790
Kinetic determinations with
phenyltrifluoromethyl carbinol
in 1.0 M KOH and 3,0 M KF
25.1 9.20 1.52 0,605
25.1 9099 1.52 0065_‘6
2ol 11:0 1.52 0.721

see table 7
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TABLE 10

Kinetic determlinations with

;vp-methylphenyltr1fluoromethyl carbinol

in 0.5 M KCOH and 3.5 M KF
£°C Koba X (alcoh Kry
3/ 10 (2) A0 (3)
20.4 4,60 1.18 0.391
20.4 4,63 1.18 0.394
25.1 599 1.18 «509
sl 6.14 1.18 0,521
30.0 )058 1.18 00730
50,0 8.69 1.18 0.7T5
34,7 11.6 1.18 0.987
5% T 10.9 1.18 0.928
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TABLE 11

Kinetic determinations with
X=deuterophenyltrifluoromethyl carbinol
in 0.5 M KOH and 3.5 M KF

£°¢ Sbe (alcohgl) k
(1) 10? (2) % 108 (§§
25.1 3.09 1,98 0.156
25.1 2.66 1,98 0.134
25.1 2.78 1.98 0.140
25,1 2.60 1.74 0.149
AP 2.54 1.74 0.146
25.1 2.50 1.74 0.144
16.5 1.26 1.64 0.0769
16.5 1.45 1.64 0.0885
16,5 1.45 1.64 0.088
30.8 2.93 1.64 0.179
30,8 2.98 1.64 0.182
30.8 3637 1.64 0.205
ST 8 7.84 1.64 0.476
37.0 TeTL 1.64 0.470

. b i

S, , kh/kd.- 5.5

NOTES: for both table 11 and table 12 see table 7

TABLE 12

J Kinetic determinations with
°eutero -m=-nitrophenyltrifluoromethyl carbinol
3 in 0.5 M KOH and 3.5 M KF

Ay Kopg X (alcohol) K1y

(1) 10 (2) x 107 (3)

b el 1.36 4,46 0,304
25-1 1."’15 1‘."‘6 ()o,7 S
€. 1,83 4,46 0.410
25. 2.:01 52 0.385
25.1 1.95 5.2 0.374
25.1 2432 5.21 0.444
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TABLE 13

Determination of order
in alcohol

2'01 concentration ks or k order 1in
E" x 10° ! 3 iy alcohol
nol-2 1.91 2,64 1
f 2.18 3.19
2429 3.03
2.98 3495
4,46 5.61
5495 8.23
8.93 12.7
0.992 1.40
1fluoro=- 2.39 4,68 1
nol-2 1.02 21T
\ 3.58 Told
- 1.65 4,00
trifluoro- 2,00 15.3 1
opheny - 0.207 2.82 1
omethyl 0,504 7.32
nol
‘opheny1- 1.00 oh 2 1
omethyl 0.352 8.71

1) k, for propanol-2 and 1,1,l-trifluoropropanol-2 and
8{1 carbinols,

(2) see figures

&
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TABLE 14

Activation Parameters

Lot AHY ash " kqyyoat solvent
1 kcal/mole E.U./mole o
25,0
tero 7.46 -41,6 0.0149 T.T1 M
3%01-2 g . y KCD and D50
8.05 =35.4 0.140 8 M KOH
trifluoro- 10,6 -25.9 0,217 8 M XOH
anol-2
23,3,3 10.2 -27.3 0.216 8 M KOH
luoro-
anol -2
ylphenyl- 10.4 -25,8 0.516 0.5 M KOH
oromethyl and
trifluoro-  11.2 -21.6  0.778 0.5 M KOH
carbinol and
: 3.5 M KF
erophenyl- 9.04 -32,0  0.145 0.5 M KOH
oromethyl and
binol 3.5 M KF
opheny1- 12.6 -15.5  1.42 0.5 M KOH
omethyl and
inol 3¢5 M KF
ophenyl- 13.1 -12.8 2,44 0.5 M KOH
rOomethyl and
binol 3.5 M KF
tero- o e 04374 0.5 M KOH

57



TABLE 1l4a

Other anion oxidations

~ oxldant (OH™) O 1 5T k, /ka
Jo©  MnOZ 0.001 12.4 -18.4 10.1
;.3 Mno7, 0.1 9.1 -24,3 16.1
B Mnot - 12 -14 7.0

Halpern and 5. M. Taylor, ibid., 29, 174(1960)
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TABLE 15

Isolation of products

¥ TN

,; t moles KyFeQ, moles moles ketope mole ratio
4 added x 107 alcohol  found x 10 KoFeOy
(1) added (2) to alcohol ,
X 1()3 i'l‘M\
e 0.232 0.372 0.250 (3)  0.93 -'
inol ' [
| |
romo 0,262 S, R — 1.04
inol
binol  0.996 boTh e 1.15 |
fqol : 0.332 1.26 = ee--- 1,05
S 0.0413 0 ----- 0.0389 1.06
) 0.0440  —---- 0.0416 1,06
0.0442 —---- 0.0465 0.95 i

¥rected for 85.7% potassium ferrate,

foducts analyzed by gas-liquld chromatograph for all f
rbinols except the m-nitro

iolated in a welghed flask after chromatographing a dry
sl€r solution of the products on Woelm activity V
fUumina using ether as the eluent,

e reference 12

TABLE 16

Rate of acetone production
in 8 M KOH

0 C & r
£9¢ Euion §)103 (a}cgggl) L?I
x (&)
T 8 P 2,18 P0.1652
A5 R 3e22 2.18 0.148
¥Del o P 42 2.18 0.172
® pPseudo-first order rate constant for production of
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potassium ferrate oxidatlion of
propanol-=2 at 25,1° (1)

Effect of XKOH concentration on the

see table 1

(oH™) kFeOﬁ %" Bps X kg X (aicgggl) Krg
102 (2) 103 (3) 107 (&) (5)
7 M 0.24 2.13 1.89 2,11 0,0896
7 M 0.25 2.34 2.09 2,11 0.0991
7 M 0.33 2,62 2,29 2,11 0.109
6 M 0.20 LaTd E O | =i B 0.0709
6 X 0.24 1.75 1.51 2.13 0.0709
6 M 0.19 1.74 1.55 2sl3 0.0728
5 X 0.41 1.45 1.04 1.91 0.0545
5 1 0.34 1.4%4 1.10 1.91 0.0576
5 M 0.27 1.32 1.05 1.91 0.0550
4 M Q31 0.976 0.66 1.97 0.033
4 M 0..50 1.79 l.29 B 1 Lo 0.0408
4 ) 0.49 1.80 1,32 3,17 0.0416
53 M 0.35 1.51 1.16 3.98 0.0292
8 M see table 1 0.140

6o
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TABLE 18

G TR

?;Kinetic determinations with propanol-2
& using a constant salt concentration

s o

of 6 M at 25,1° e
2>
A B c D E F G !
6 M 0 0.20 1.71  1.51  2.13 0.0709
6 M 0 0.24 1.75 1.51 2.13 0.0709
£ 6 i 0 0.19 1.74 1.55 2.13 0.0728
B8y 1M  0.38  5.55 5,18  7.15 0.0724 |
5 M 1M 0.38 5.49 5.12 7.15 0.0716
5 i 14 0.38 5.63 5426 7.15 0.0736
3 M 3N 0.16 3,62 3,48 7.26  0.0479 '
e o M 3 M 0.16 3.69 3453 T.26 0.0486 .
A M 5 M 0.54 2.20 1.66 7.37 0.0225
1M 5M  0.54 2.15 1.61 7.37 0.0219 ;
Bl M 5M  0.54 1.85 1.5 7.37 0.0178 |

molarity of KOH

larity of XF

te of disappearance of ferrate in solution alone x 107
eudo-first order rgte constant for ferrate reaction

th propanol-2 x 10

€ result of subtracting column C from column D, The 1
lue shown in column E is multiplied by 105 i
olar concentration of propanol-2 x 102

i8€cond order rate constant; values of column E divided
By the values of column F

8€e footnotes on table 1
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FIGURE 3

A PROPANOL-2 IN 8M KOD-D20
© PROPANOL—2 IN 8M KOH —H20
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FIGURE  3a
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