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INTRODUCTION

The periodate cleavage of vicinal glycols has been
used extensively in the field of organic chemistry as an
analytical tool for the quantitative determination of come
pounds of this type, and in structure proof research. For
these purposes, periodie acid has two important advantages'
over similay oxidantsi it exhibits perhaps the highest
degree of specificity for the cleavage reaction, and it
may be used in aqueous solution.

Leon Malaprade (1,2), in 1928,was the first to demon~
strate the usefulness of periodic acid as a reagent for
the oxidation of 1,2~ glycols. Subsequent work by Fleury
and associates and Hudson and co-workers greatly extended
the range of application of the reactiony their work is
summarized in an excellent article by Jackson (3), who
has ¢ritically reviewed the literature of periodate oxi-
dations up to March, 1942, later review articles by Emith
(&) and by Waters (%) bring the subject up to date.

Waters also compares the relative applicability of many
specific oxidants, inecluding lesd tetrascetate, potassium
permanganate, hydrogen peroxide, chromic acid and chromyl
chloride and selenium dloxide,

The type of linkages which undergo cleavage by peri-
odic acid are summarized in Table 1, The products are, in



Table 1. lLinksges susceptible to cleavage by
periodie acid.
Group Example Remarks
“w{ «C - ethylene glyeol, gives 2 moles
pinacel, ete, aldehyde and/or
OH OH ketone.
R
wl «0 =« = inner R-C-OH
glycerol group gives acid.
OH OH OH
, = C = fragment
-l 0 - dihydroxyacetone
0 gives acid,
¢ OH
S R S o
discetyl gives 2 moles of
o o0 acid,
man‘ﬁm- ;
; ethanolamine gives sldehyde and/
0# RH-R or ketone plus
(R may be H) ammonia or amine,

Special cases

glyoxylic acid
HC -~ COOH
0

c=~-C
\ not attacked
OH KR,

8low




general, oxidized only very slowly, if at all, by pericdic
and iodic acids, and the compounds themselves are not prone
to sttack by iodle acld under the usual conditions.
Malsprade (1) pointed out that for esch polyalechol molee
culs of the type (Ci0H),(CHa0H), there are reduced (n+l)
moleoules of pericdic acid (to lodie acid) to give two
molecules of mﬁwa ﬁ& n gwﬁﬁwsu .ﬁ. HCO0H, Compounds
contalning =~ u a - Oy = a - n - proups oxidize

o maa O iR
.

 readily, but - a iz not attacked, p~hydroxy-os

% %»
apino aelds are oxidized guantitatively with liberation of
the stoichiometric apount of awmoniaj other amino acids
are attacked very slowly, giving no ammonias, or else do
not resct at all.

The mechanise of the oxidation has recelived but scant
attention, compared to its analytieal applications,
Criegee and co-vorkers (6,7) concluded that periodate ion
coordinsted two or more water molecules; & molecule of
glyeol displaced two water molecules to form a coyelie
diester which decomposed rapidly to lodic acid, water and
a very resctive free radical vhich instantaneously split
to give two carbonyl groups.

Malaprede (1) had pointed out that the oxidation was
rore rapld in acid than in basic solution, Frice and
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associates (8,9) studied the kinetics of the oxidation of
ethylene glycol, pinscol and c¢is~ and trans- c¢yclohexene
glycols, For ethylene glycol, they found a nearly con-
stant rate of oxidation in the pH range three to seven,
The reaction appeared to be bimolecular, first order in
periodate and also first order in glyeolj the authors
agreed with Criegee that the rate determining step of the
oxidation waz the formation of a eyclic dlester:

\ + HyTo, Sloy ;_!; > I04Hy
l fast

HIOy + 2 >C=0 + H0 .

Hawnver, Price and his assoclates confined their measure~
ments to very dilute solutions, under which conditions a
limited amount of informative data eould be obtained.
They alse found that pin&aal not only was oxidized at s
much slower rate but also exhibited a nearly first order
hydrogen ion catalysis over the pH range two to fourj the
possibility of attack by undissociated HyI0¢ was suggested
to explain the hydrogen lon dependence,

Heidt and co~workers (10) agreed with Criegee and
with Price regarding the formation of an intermediate
eyclie diester. Heldt also set forth a list of physical
properties that any oxidant able to cleave glycols must



haves

1, The central atom of the oxidant must have a dlameter
of 2.5 X 10“8 to 3.0 x 10*3¢m¢ (large enocugh to
bridge the gap between OH groups).

2. The central atom must be able to coordinate at least
two OH groups in addition to groups already on.

3¢ The valence of the aankralkatmmimnat exceed by two
units that of the next lowest stable rate.

4, The oxidant should have an E® value of about -1.7
volts with respect to the next lowest stable valence
state.

Duke (11,12) showed that ceric lon,which possesses
none of the sbove properties, acts as a specifie oxidant
for the cleavage of glycols.

In 1948, Duke (13) studying the oxidation of ethylene
glyecol in acid solution, found that at higher glycel cone
centrations {Qua{n and above) the rate of reaction became
virtually independent of glycol concentration. He further
demonstrated that for glycol concentrations greater then
three times the periocdate concentration the reaction was
first order overall, plots of the logarithm of the total
periodate concentration versus time giving straight lines,

The following scheme was proposed:



K k
H,I0¢™ + Glycol <—> Complex ——> products
rapid slow

- §§1 = k (Complex) = k' FPq

where k' =

Pp = tetal{fari@ﬁate concentration,
ineluding all species.

G = concentration of uncomplexed glycol.

In a later paper, Duke and Bremer (14) showed that period-

ate coordinates not more than one glycole molecule,



PURPOSE AND SCOPE OF THE INVESTIGATION

A kinetic study of the oxidation of the homologous
series ethylene glycol through pinacel was undertaken,
with the following objectives:

l. To determine the free enargiaakaf activation and of
complex formation for a series of glycols, with
gassihlb attempts to relate differences in reactivity
to struecture. |

2. To ascertain whether or not a ral&tienshiprmight exist
between the equilibrium constant for the formation of
the camplaxkaﬂd the rate constant tar_ita dispro-
portionation,

3+ To observe the effect of methyl substitution on the
rate of cleavage of ethylene glyeol, and thereby gain
scme insight into the unusual pH dependence of the
oxidation of pinacol.

4. To obtain more information about the nature of the
reacting species; in particular, to attempt a quanti-
tative correlation of the variation of rate Qiﬁh pH.

In connection with the last mentioned objective,
Waters (5) attributed the constancy of the rate in the pH
range three to seven to the faet that hydrogen ion
catalysis 1s balanced by decreasing 1bn;zati@n of HgqlOg
to the reactive H,I0¢". Using the data of Crouthamel and



assoclates (15,16) for the equilibrium econstants of peri-
odie acid, it is possible to show that, in this pH range,
the concentration of negative ion 1s nearly constanty the
reaction (except in the case of pinacol) does not depend

upon hydrogen ion concentration direetly.

Previous investigators found the stolchiometry of
the oxidation somewhat doubtful in many instances, For
example, Jackson and Hudson (17) showed that, in the oxi~
dation of starch, cotton and filter paper, considerable
overoxidation occurred; the resaction slowed down considers-
ably,‘hnwwvar, after the consumption of an equivalent
amount of periodie acid., Davidson (18) also reported
overoxidation of cotton and filter paper, with formation
of formie acid, formaldehyde and carbon dioxide. Head
(19) found the oxidation of B-methyl glucoside and P~
methyl cellobloside to be stoichiometrie in solution of
pH less than five, but that aenaiéeraﬁle overoxidation
occurred in alkaline solution or in acld solutions ex-
posed to bright sunlight. He further demonstrated that
overoxidation of cellulose in acid solution did not occur
in the absence of light, an equivalent amount of periodie
acid being reduced and no formie acid, formaldehyde or
carbon dioxide detected; when subjected to strong 1llumi~
nation, overoxidation occurred, the oxidized cellulose

had an appreciable carboxyl eontent, and iodine and ecarbon



dioxide were formed.

Because of the possibllity of non~specifiec oxidation
in alkaline solution, the research of this thesis was
concerned only with the acid cleavage., The stoichiometry
of the reaction was checked in the cases of meso~ and
levo-butylene glycols and trimethylethylene glycol in acid
solution (pH about one); the stoichiometry of the pinacol
oxidation was checked in acid, neutral and alkaline so~
Jution. In all cases, a twenty per cent excess of peri-
odic acid was allowed to remet with a dilute solution of
the glycols The results are summarized in Table 2. It
is apparent that pariaaata loses its specificity in alka-
line solution in the case of pinacol.
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Table 2. Check on the stolchiometry of the reaction

, ylene glycol (1.04M), pH ca, 1
time of remction 10 min., 1 1/2 hrs. 2 1/2 hrs. ilggra.
Mg ly@ala 1. 65 1 1. ﬁf)' 1g 05 le& 08

Levo- butylene glyeol (1.00)s pH ca. 1
time of reaction 10 min. 30 min. L hrs.
| Mglyco1® 1.01 1,00’ 1.01

i rle ne glyeol (1,00M), pH ca. 1
time of reaction 2 hrs, U4 hrs, 13 hrs. 1% hrs.

Mg1y001% 99 .99’ 1.01° 1,01
| {2207 pH cas 1
time of reaction 5 1/% hrs. 6 1/4% hrs. 23 hrs ?glﬁys.
Mglycold - .206 .207 .213 .21%
pH ca., 6
time of reaction 6 hrs‘ 12 1/% hrs. 53 hrs,
Mglyeol® +196 .201 | .20%
pH ca, 8
time of reaction 5 3/% hrs. 23 1/2 hrs, 31 hrs.
My 1veo01? +139 <248 276

@Found by periodate oxldation.
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EXPERIMENTAL

Inorganie Materisls

Periodiec acid, H¢IOg, was obtained from the GC.
Frederick Smith Chemical Co, Analysis by reduction to
iodate in neutral solution, and by titration with sodium
hydroxide to the methyl red endpoint, revealed the purity
to be not less than 99 per cent. Solutions of the acid
were found to be quite stable over a period of several
montha, provided they were protected from light.

 Arsenie trioxide used in the analyses was Mallinckrodt
Cos primary standard grade. BSolutions of 0.1 N sodium
awmaswwa«.ﬁ»ww excess sodium bicarbonate, proved to be
stable within three parts per thousand over a period of
three months. |

8odium nitrate, sodlum thiosulfate, sodium bicarbon-
ate, lodine, potassium iodide and sodium hydroxids were
Baker and Adamson Co. reagent grade.

The water used to make up all reactant solutions and
for all dilutions had been redistilled from alkaline per-
manganate solution using & Barnstead namaﬁawudwww water
st11l with a silver pot and tin coils.
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Glyeols

Ethylene and propylene glycols of high purity vere
- obtained from the Matheson Cosy and were doubly vacuum
distilled before use. Analysis by periodate oxidation
showed a purity of 100 % 1 per cent.

Mego~butylene glycol of about 90 ﬁsr cent purity was
obtained from the biochemical groups at Iowa State c@ilage‘
The glycol had been prepared (20) by the fermentation of
corn meal using Aerobacter aerogenes; the main impurity
was the dextro isomer. The glycol was subjected to a dis-
tillation through a 12 ineh Vigreaux column, the first
fourth and the last tenth being discarded. The distilled
glycol was reecrystallized at 0°C, three times from 3@@ mle

portions of Matheson Co. isopropyl ether (alechol-free);
 the ether had been distilled, and the first portion, con~
taining the water, discarded (21). The first crystalliz-
ation required seeding, the seed baingvabtainﬁé by freezing
a little of the impure glycol in an acetone-dry ice bath,
After each crystallization, the porous glycol cake was
washed with cold, dry isopropyl ether, The thrice crystal-
lized glyeol was filtered by suction, and most of the eﬁhar
removed by aﬁtaahing the flask to a water aspirator over-
night, The glycol was then subjected to a distillation
at atmospherie pressure, the last half being collected.
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The freezing point of the distilled glycol was determined
using a 0.1° thermometer immersed in the glycol in a test
tube jacketed with a larger tube. Temperature versus

time readings were made, starting about 5° above the
freezing point. The freezing point was ascertained to be
.33.é<¢ w1%C, 4 earrsspmndmgg to a purity of about 99 per
cent (21)s This was regarded as the minimum purity, sinae
water affects the freezing point in much the same way as
do the d or 1 isomers. Analysis by periodate oxidation
showed the purity to be 100 % 1 per cent.

Eavm*butylene glycol was prepared by the fermentation
of Iowa yellow garn;maai using an.&erabanillu; polymyxa
culture, which has been shown to produce nearly pure levow-
isomer (20), Formule for the innocula was 5 per cent
eorn meal and 9.5 per cent caleium carbonate in distilled
watery for the main fermentation batches, the corn meal
was increased to 10 per cent. All media were sterilized
at 18-20 pounds steam pressure for at least 30 minutes,
then allowed to ﬁeal to room temperature before innocu=-
lation. One ml. samples of the stock culture (ISC B~-34)
were introduced into 10 ml, of medium in each of three
test tubes; these were incubated for two days at 30°C,
and used to innoculate three 200 ml. batches. The latter
wers incubated for 36 hours and used to innoculate the
three main batches of 25&9 ml, each, The main batches
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were incubated for eight days at 30°C., after which time
the pH was adjusted to 9-10 by addition of sodium hydrox-
ide solution and the mixture filtered, first through
cheesecloth and then through distomaceous earth. After
adJustment of the pH to about seven, the entire filtrate
was evaporated at 25~3$”€. under the reduced pressure of
a2 water aspirator to approximately one liter, It was then
extracted for six days with ethyl ether, using a continu~
ous ligquid-liquid extraction apperatus. The ether was
distilled off and the glycol distilled under the reduced
pressure of a water aspirator. There was collected a 47

gram sample which was water-white and had a refractive
o
1
index np 5 equal to 1,4322, as compared to literature

values of 1.4318 at 26° (22) and 1.432% (23) for the pure
compound. The freezing point of the glyeol, obtained by
the seme method as for the meso- lsomer, was 16.8°C.;

this corresponded to a purity of at least 98 per cent,
based upon the freezing point dlagram for mixtures of the
1s§§3ria 2,3~butylene glycols (24), The optical rotation
op as determined by means of a Kern PFull-S8cale polari-
meter was 13,3 + +1, compared to a literature value of
~13+3% (at 26°C) for the pure levo~ compound (22).

Analysis by sodium hydroxide titration revealed an acid im~
purity‘af about @.25 per centj this was removed by éistillQ

ation from anhydrous potassium carbonate., Perlodate
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analysis gave a purity of 156*5 4 1 per cent,

Trimethylethylene (2~ methyl 2« butene) was prepared
(253'by distillation from a mixture of 131 sulfuric acid
and t- amyl alecchol. The distillate was diiud over calei-
uk chloride and Drierite and redistilled through a 12 inech
Vigreaux column, the fraction boiling from 36° to 39°
(uncorrected) being collected.

Two attempts were made to prepare the glycol by the
method of Milss and Sussman (26), using a solution of hydro-
gen peroxide in dry t*vﬁutyl aleochol as hydroxylating
agent and osmium tetroxide as catalysty ylelds were less
than 10 per cents A method similar to that of Roebuck and
Adkins (27), using performie ﬁaia in agueous solution,
proved to be much more satisfactory. A solution of 140
nl. af‘Sﬁ per cent hydrogen peroxide and 600 ml., of 88
per cent formic acld (both. Baker and Adamson Co. reagent
grade) vag placed in s one-liter three-necked flask equip-
ped with a reflux condenser and stirrer; 130 ml. of tri-
methylethylene were added from a dropping funnel at such
a rate that the hydrocarbon refluxed gently after each
addition, The flask was cooled in an iece bath whenever
the refluxing became too vigorouaz., 4n hour after the re-
action appeared to be over, the mixture was evaporated,
under the reduced pressure of a water aspita:.or, to a

volume of about 300 mls The formate ester was saponifiled
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by adding, in small portions, an ice-cold solution of 80
grams of sodium hydroxide in ww@ ml, of water. The glycol
was extracted at a temperature of about W0° with 600 ml.
of ethyl acetate in three portions; the solvent was dise
tilled off. The glyeol was distilled at atmospherie prese
sure to remove all traces of solvent, and was then sub-
jected to a fractional distillation through a Todd
Sclentifie Co. 40 plate column. A 60 ml, fraction bolling
at wwwgw - wwr.wae {uncorrected) was aawweaaaa,_tpaw an
estimated 90 per cent coming over at 17%.0°C. Analysis by
periodate oxidation showed a purity of 100 + 1 per cent.
Pinacol hydrate was prepared through the magnesium
pinacolate by the condensation of ascetone (28). The re~
action proceeded very slowly when half of the ascetone-
mercuric chloride had been added; careful heating at this
point caused the reaction to proceed vigorously, no
further heating being necessary. The hydrate was purified
by thorough washing with benzene and recrystallization
from water, Dehydration was effected by a method similar
to that of Ayers (29), using distillation under reduced
pressure to remove most of the water, When the tempera~
ture reached 50°C, the remainder of the solution was dis-
tilled at atmospherie pressure, using an air condenser.
The fraction bolling from 165° to 172°C was redistilled,



*Yaem *TW g4 TOUCTIIPPe UB Y3Ta XSW[J OfJjeunyoa peseddoys
#8873 *TwW 0§ @ Ul N0 PeTIIVD 8J0M SUOTIOVRL B
,awmasa ¥ 03 Toxjuco eany
~groduey oAT3 0 Jojwinderomyeysy hkﬁaywﬁ ® y3tu peddinbs
y3eq xejem B8 Ul opem oxem Toswuld JOJ 42 3¥ suny
*yjeq TOFIONVeX Y} JO 3BYI O3 JVTTWLH szn w uyp sjenoef
ssw7d uy gdey esem sejjedid Buppdwes puw UOTLIPPE ey
*qurod
0o} 8yj peujuxejep Lrsnotasxd Bupasy e3yw ‘yjeq eusz
-usq 8Y3 Jo sanjesodus) oY) SINSYSW OF DPOSN SEA 8Jued 0T
B pU®R S}IVW WOTIBIGITED L20°0 UITA J930UONISY) UBWDOF ¥
*yjeq 997 ue Ul seqn} 9893 adxey ug sewmau SEA PUOZUSqQ Y]
*0.E0°0 UTUITA SUNI JUSADIITP X0OJ aﬁnwngwaaaau aaaﬁﬂmnaman» 
Juiay? ‘euszusq eyj 83BINJES 03 Popp® sBA J6}BM E800Xe
fepexd juedeel *0n) UOSWEPY PUT JeXey SBA DOSN suUSTUSq eYJ
*X0l13}38 TSOTUBYOSW ® YJTA PBIATIS SEM INIXTW eYj pue
SseT] Jemeq YINOU-IPIA k@aﬁﬁ on3 ® ojuyp penwrd sum ‘prabyr
euy y3Ta FuoTe eseyd pITos eyl *ATearioedsel o50°* F 42°§
| pue o50* F 00°0 Jo seanjguaedumes sAld 03 syjeq @kﬁ&ﬁk@ﬂﬁﬁp

JUe3EUOD S8 DPESn PJem SUSTUSq FUTITOW PuB 69T FUTITON
guoTyBUTHILLeq 838Y
srooeutd snoJpAyue se PSIOETTOD (pejded

~200UN) oZLT 03 69T WOIF BUTTTOq ‘JTeY puoves syy puw

FAR



18

Five ml. of 2.0 M sodium nitrate {to maintain constant
ionie strength) and the required amount of 1.0 M glycol
and 0.20 M sodium hydroxide or 70 per cent perchloric
acld to give the degirad glyeol concentration and pH were
placed in the reaection flask and the contents diluted to
the 48 ml. mark., After at least 30 minutes in the bath,
2.00 ml, of 0,200 M periodic acid solution at the bath
ﬁemparatura were added and the timer, an Air Force surplus
stopwatch, started at iha second shake of the reaction
vessel, At variocus time ihterval&, 5.0 ml, samples were
removed and discharged into the guenching mixture., Time
was taken to be that for which the pipette had drained
past a certain mark, approximately the half~way point in
the discharge of the pipette,

For all reaction ﬁixtﬁras with pH higher than two,
the qé@ﬁéﬁiﬁg solution consisted of a~m¢a5urgdkex¢aaq,
usually 0,500 to 1,000 ml.y of 0,1000 N sodium arsenite,
plus five ml, of 10 per cent potassium lodide sclution
saturated with sédinm blearbonate. Under these conditions,
the periodate was reduced to iodate by the iodide, pro-
ducing iodine which oxidized the arsenite. The excess
srsenite was titrated with standard (.01 N) lodine
solution.

For the reaction at higher acidities (pH less than
two), the above technique proved to give erratic results,
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local excesses of acld from the reaction aliquot causing
some periodate to be reduced to jodine., For these runs
the guenching mixture consisted of an aeid solution of
potassivm lodide. The periodate was reduced to iodine,
whiah was titrated with standard (.01 N) thiosulfate so~-
lution. The periodate concentrastion was caleulated from
the difference in thlosulfate titer for the reaction ali-
quot and that for an aliquot from a flask contsining an
identical amauntlaf periodic acid but no glycol. The
analytical error involved was considerably larger than
that for the arsenite procedure, an error of less than
one per cent in the blank being sufficient to give curves
instead of straight lines for the first order plots,

This difficulty was circumvented to a large degree by
comparing the slopes of the first order plots (log peri-
odate versus time) obtained by the arsenite and the thio-
sulfate procedures for runs at pH 2.20, and correcting the
blank for the thiosulfate determinations so as to give a
straight line with slope identical to that obtalned by
the arsenite procedure, Once auah a correction was ap-
plied to the blank, all first order plots by the thiosul-
fate technique gave good straight lines, Such a pro-
cedure was necessary only for the more rapid runs where
the periodate concentrations in the aligquots became very

small.
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For the high acidity runs on pinacel, a different
procedure was used., The arsenite-bicarbonate~iodide |
guenching technigue was employed, but the reaction aliquot
was first discharged into a c¢old solution containing the
standard arsenite plus excess sodium bicarbonate} excess
potassium lodide was quiekly added. Because the plnacol-
periodate reaction ;a five to ten ﬁimaﬁ slower in solutions
of pH five to savanigg more aclid mediay such a procedure
introduced a nagligiblefarrar in timing.

Levo- butylene glycol oxidized so rapldly at tempera=-
tures above 0° that the resction was substantially over
before the first sample could be withdrawn for analysis.

It was found possible to get dats at a lower temperature,
using supercooled solutions, The bath consisted of an
ice~water~hydrochloric acid mixture; the temperature could
be controlled to within % ,02° by occasionally adding a
little concentrated auﬁd'te compensate for dilutions due
to melting ice, Although the reactants usually super~
cooled at the bath temperature of -4,12°C, a major aiffi-
culty was encountered in that introduction of the sampling
pipette always caused freezing after the first or second
aliquot was taken. A4 survey of all previous data collected
in this research for glycol oxidations of comparable speed
showed that reproducibility of better than 5 per cent in
the rate &@naﬁantskenuld be expected if the initilal
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concentration of periodate and only one other point were
used to determine the slope of the first order plot. The
time of sampling for the one point wazs corrected by a
constant nvmbewvof seconds as determined from previous
runs. It was felt that the accuracy of such a procedure
for determining the rate constants was no worse than about
five per cent,

All pH measurements were made at room temperature
with a Beclmann Model G pH meter. Activity of hydrogen
ion, Apsy was calculsted directly from each pH measure-
ment. Some error, probably less than 0.1 to 0.2 pH unit
was introduced by not correcting for the temperature or

for the error in measuring extremely low pH values.
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DISCUBSIOR

Variation of Rate with pH for Ethylene, Propylene,
Meso~ and levo~ Butylene and Trimethylethylene Glycols

Excellent first order plots were obtained for these
glycols when thevlattar‘wura present in two- to three-
fold excess or more. The pseudo first order rate con-
stants k' were obtained from the slopes of the plots of
log P@'vérsus time, Pp being the total periodete concen-
tration, including all species, complexed and uncomplexed,
The observed variations of k' with pH are given im Tables:
3-7 and illustrated by the points plotted in Plgures 1-k,
During a given run, the pH was fauhd to change by less
than 0,1 unit, 41l pH runs were made at initial periodate
and glycol concentrations of .,0080 M and ,040 M, re~
spectively, No deviation from first order kinetics was
noted. |

The falling off of rate in solutions with pH less
than three suggested the reactive periodate species to be
a negative ion, either 10,  or H,I0; . The kinetics data
alone are not sufficient to demonstrate unequivoeally
whiech of these lons 1s doing the reaseting, since they are
in rapid equilibrium with one another and have a constant
ratio of aanaéntratiana over the acid pH range. However,

it is easy to pleture coordination of 10y~ ion with a
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glyeol molecule in much the same manner as with two water
molecules, the tetrahedral 10, ion assuming an octahedral

configurations
0. /,9” HO O™
) § *aﬁgf} ‘ N /7
/ N\ 0 «1I«-0
0 7/ \
HO OH
CH, — CH,"
o] o~ { 2 {:
\ / cﬁa*eﬁz Q Q‘
I 41 \ N
N\ OH oH 0 ~1I«0
4] (4] /N
HO OH .

Assuming the reacting ion to be xs.”, the rate of

the reaction

K k
I0b,"+6G <— ¢ —> products
fast slow
may be represented by
L S '
- @ ¥ (1)

where Pp = sum of concentration of all pericdste species
= IO, + HyIOg + HgIOg + C®
C = concentration of complex.
Making use of the equilibrium constant K, the above
‘expression for Pr and the dissceciation constants of peri=~
odle acid (15), |

®The lonization HyI0g™ <> H'+H,I0;" 1s completely
negligible in acid solution.



Equation 1 becomes
a9z

- 3t = k! Pp  where (2)

B ek (102 M v;.ma.mzﬂﬁf)
woCitike 1‘%5%%51% » (3

In Equation 3, G is the concentration of uncoordinated
glycol®, yI0y~ and vy ;10, 2Fe the respective activity
coefficients, and K is the (concentration) equilibrium
constant for complex formation,

Using values of k and K determined as outlined in the
next section, pseude first order rate constants were caleu-
lated from Equation 3, and compared to the observed rate
constants in Tables 3-7 and Figures 2-h. 4 value of 0‘75
was estimated for the ratﬁén *Iﬂg“ /%E§196; K; and Kp were
determined from the data of Crouthamel, Hayes and Martin

8 A

The concentration of uncoordinated glycol remains
nearly constant during a given first order run, as evi-«
denced by the linearlity of all log Pp versus time plots.
A simple caleulation shows that such sShould be the case
providing K is reasonably large (greater than about 10)
and /or the glyecol is present in sufficient excess.
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Table 3. Ethylene glycol 0°C, Variation of pseudo
first order rate constants with pH,

(Glycol) total = ,04003 (Periodate) = ,0080

pH At ‘ 1/k*eale? k'@ale.xlﬁa k'abﬁ.xlﬁa

2,23 5.9x10° 299 3.34 3.25
2.53 3.0 277 3.61 C3.62
2.80 1.6 | 266 3.76 3.69
3.28 5.3x10° 258 3.88 3.89
3.68 2.1 256 3.91 3.9%
3,93 1.2 255 3.92 3.9%
5,07 8.6 x 10 254 3.9% 3.92
6.27 5. x 107 254 3.9 3.92

*Calculated using Equation 3 and k = 4,60 x 10°°,
K = 193, (Glycol) uncoordinated = ,03h,



Table 4, Trimethylethylene glyeol 0°C,
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Variations

of pseudo first order rate constants

with th

(6lycol) total = ,0400; (Periodate) = ,0080.

pH

Ag+

1/ktcale?

ktcale.

k'obs.

2,25
2,60
3.10
3.68
4,23
.63

5.30

6.00

5.6 x 10 >
2.5

i
F.5 % 10

2.1

5.9 x 107
2"0 h‘

‘ ly
5.0 x 10
1.0 |

7646
62.8
55,8
52. 5
51.9
51.7
5146
51.6

13.1
15.9
17,9
19.0
1943
19.%
19.k
19.h

15.5
18,5
19.6
20,3
20,5
20.%
19.7
19.8

*Calculated using Equation 3 and k = 34 xklb*s,
K = 43, (Glycol) uncoordinated = ,035.
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!

Table 5. Pregyle&a glycol 0°C, Variation of pseudo
first order rate constants with pH,

(Glyeol) total = ,0400; (Periodate)= ,0080 .

pH At 1/k'eales k'eale.x10’ k'obs.x10®

0.70 +20 376, 2.7 2.4
1.07  .08% 208, 4.8 41
1.33  JO47 152, 6.6 5.9
1.57 027 122, 8.2 742
2,15 L0071 92.7 10.8 10.6
2.49 - 0032 8649 11.% 11,5
2,82  .0015 SRR " 1.8 . 12.3
3.1y 72x10 83.3 12,0 12,5
3.63 24 x 100 82.6 12,1 12.3
.16 5.3 x 10 82,2 12,2 12.6
5,18 6.6 x 107 82.2 12.2 12.1

*Calculated using Equation 3 and k = 13.7 x 10 °,
K = 350, (Glyeocl) uncoordinated = ,033.,



28

Table 6, Meso~ butylene glycol 0°C, Variation of
peeude first order rete constants with pH,.

(Glycol) total = ,0400; (Feriwd&te) = ,0080,

pH Ayt 1/k*e&lu: k'cale,xla3 k*abnxxlﬁ3
0,71 .19 915. 1.1 1.b
1,05  .089 466, 2.1 2.5
1,33 049 279, 3.6 4,0
1.5 .030 204, 4.9 5.7
2.27 » 0054 Pl 10,6 10.2
2.53  .0030 83.5 12,0 11.6
2,80  .0016 77.2 13.0 13.5
3.5 7ax10 73¢3 13.6 142
3.55 2.8 x10 7.3 1%.0 TR
.23 5.9 x 10 70,3 14,2 T,
480 1.6 x 107 70.2 %2 4.6
540 4,0 x 107 70.1 14,3 1,5
5.70 2.0 x 10 ~¢ 70,1 4.3 4.3
5.73 1.9x 10 70.1 4.3 b

*&aiﬁﬁl&t&d using Equation 3 ana k= 20,8 z 10
K = 73, {Glycol) uncoordinated = ,034,
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Table 7. lLevo= butylene glycol 0°C, Variation of
pseudo first order rate constant with pH.

(Glycol) total = ,0200; (Periodate) = ,0080.

pH Ags 1/k'6al¢? k*@ale.xlaa k*@bs‘xlsa
0.68 .21 410, 2.4 6.2
1,08 + 096 207. 4.8 10.6
1.57 027 89, 11,2 18.9
2.17  .0066 45,0 22,2 26,4
2.18  .0066 45,0 23.2 26,0
2.35  ,0045 42,9 23,3 25,8
2.73 0019 36.9 27.1 29,4
3.5% 2,9 x 107 330 29.9 32,0
3.83  1.5x 10 33.0 30.3 31.1
3,93 L2x10° 33.0  30.3 32,7
b8 3.3 x 20 32.7 30.6 311
6.2 6.3 x 107 32.7 30.6 . 30.8
6.6 2.5 x 10 32,7 30.6 29,0

*Caleulated using Equation 3 and k = 47 x 16"3,
K = 180, (Glycol) uncoordinated = ,012 for runs above pH2,
«013 for pH 1.57 and 2,17, 0145 for pH 0.68 and 1.08,
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FIG.1. A. TRIMETHYLETHYLENE GLYCOL 0.00°C.
B. ETHYLENE GLYCOL 0.00°C. FIRST
ORDER RATE CONSTANTS VERSUS pH.
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RATE CONSTANTS VERSUS pH. CURVE
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ORDER RATE CONSTANTS VERSUS pH.
CURVE CALCULATED FROM Eq. 3
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(16)s A plot of the variation of Kp with temperature is
given in Figure 5; Values of Kp used for the caleculations
were 7.1 at 0°, 12,0 at 5.2°, 40 at 25°, and 5.8 at -k.1°,

The agreement between the observed and e¢aleulated
rates illustrated by Figures 2-h substantiates the postu-
late thet a monovalent negative ion, here assumed to be
104", 18 the reactive periodate species, that lowering of
the rate in solution of pH less than three can be attributed
quantitatively to diminishing eoncentration of negative ilon
with increasing &ﬁi&iﬁ?ﬁ~ Furthermore, undissociated HglOy
plays a very small role, 1f any, in the oxidation.

Variation of Rate with Glyecol Concentrationj
Determination of Rate and Equilibrium Constants

Equation 3 predicted a linearity in rate for the pH
range three to seven, the third term in parenthesis be-
ecoming negligibly small. This linearity was indeed ob~
served for ethylene, propylene, meso- and levo- butylene
and trimethylethylene glycols, and in the pH range three
to seven Equation 3 reduced top

%¢ u«% + g%@' ( 3 f%‘) ¢

By varying the glycol coneentration, a plot of 1/kx' versus
1/G should give e straight line with intercept 1/k and



LOG Kb

2.0+

35

- \

! | 1 | l l | 1
3.0 3.2 3.4 3.6 3.8

_}, X 103
FIG.5 PLOT OF LOG- Ko FOR PERIODIC ACID

VERSUS RECIPROCAL TEMPERATURE.
FROM DATA OF CROUTHAMEL etal.(16)
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slope 1/kK(1 + 1/Kp); the rate and equilibrium constants
could both be determined from a single plot. The diffi-
culty in such a procedure lies in the fact that the equi-
librium constant K must be known in order to evaluate G,
the uncoordinated glycol concentrations, One method would |
consist of caleulating a rough value of K from the limiting
slope of a plot of 1/k¢ vara&s\the‘reaigréual of the total
glycol concentrationi the intercept is not very sensitive
to changes in the slope. Using K determined in this man-
ner, G would then be calculated and the data replotted as
1/%* versus 1/G. ?hi# procedure would be repeated until
self-consistency was attained, that is, until the slope of
the line reproduced the same value of K used to caleulate
G

For very dilute solutions of periodate and glyecol,
the reaction appears to b second order, (€irst order in
periodate and first order in glyeol)y because of the rela~-
tively small amount afléﬁmpiéx preaant‘ 1a«tha;turtha®
case of equal concentrations® of total periodate and»tatai

glycol, the kinetics may be represented by
- g_e?g = kK(I04™)(G) = XK £ Pp (%)

vhere 0 = uncoordinated glyeol concentration
Pp = total periodate concentration

. |
The initial concentration used was .00160 M.
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. | (6)

The factor f can be shown to vary by not more than about
10 per cent auring a typlcal second order run, whereas Pgp
was determined over a five~ to ten« fold change in concen-
tration. Haﬁea, it 1s possible to integrate Equation 5,
a plot of 1/Pp versus time giving a straight line with
slope equal to KK

In'praatiaﬁ, & combination of the two foregoing methods
was found to be quite satisfactory for determining K.
Using the mte constant k determined from the intercept of
the 1/k' versus 1/Gyotal Plot and the slope of the second
order plot (equal to kKf), a first approximation to K was
caleulated, PFrom this value of K, G, the average (n@arly
constant) value of uncoordinated glycol concentration for
each first order reaction® was calculated, using the re-
lations:

and C* = Gp ~ G, which

&The concentration of uncoordinated glycol at the
midpoint of each first order run was taken to be the averw
age value for the run, The variation from this average
value for a given run was not greater than § per cent for
most of the rung, and in all no greater than 10 per cent.
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“combine to glve

(G2 - 0) Q1+ g5+ )
(Pp)(G)

with G? and Fz being thu total glyecol and ;axiadate COn=

entxatien, respectively, for the midpoint of each rirst
order run., A plot of 1/k' versus 1/G then gave a straight
line; from the intercept and slope of the plot, better
values of k and K were calculated. The entire process was
repeated to refine the constants} in every case the second
set of calculations gave values of K, determined from the
slopes of the 1/k' versus 1/G plot and the second order
plot, vhich agreed to within 10 per cent. The final sets
of caleulations for the variation of rates with glycol
concnetration are given in Tables 8-12 and plotted in
Figures 6-10. The second order plots are shown in Pigures
11~15,

Rate and aquilibrium constants are given in Table 13.

The indicated errors are estimates based upon the repro-
ducibility of the rate constants and the agreement obtained
between the two methods for caleulating K. There appears
to be no systematie correlation between the equilibrium
and rate constants for the reaction; the factors infliu-
encing the formation of the complex cannot be identified
with those favoring its disproportionation.
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Table 8., Ethylene glvecol. Variations of pseudo first
order rite constants with glyeol concens

tration.
Gp gnittal Op* O 16 Kx10” ke
0,00°C
L0196 L0146 ,0123  80.0 3.16 316
+ 0235 «018% L0162 617 3.40 29
» 0294 02k ,0220 45,5 3.59 279
.0388 .0388 L0312 32,1 3.93 25%
+098 .093 +090 11.1 .32 231
196 .191  ,188 543 .48 223
5.25°C
+ 0196 0146 0130 76,9 6.03 166
<0294 0239 L0221 k5.2 7.13 140
0388 .0333 <031 31.8 7.9 126
.098 .092 + 090 11.1 9.25 108
«196 «190 .188 5.3 9.8% 102

*The total plyeol concentration at half-reaction.

**The average uncoordinated glyeal concentration, calcu«
lated from Eguation 7,
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Table 9. Propylene glyecol. Variation of pseudo
first order rate constants with glycol
concentration.

Gy gnitial  Og* e** 16 kw0’ 1/
— ; - —— 55T o
) {32% * Ql% * 93.2&5 aﬁa é 10, 7 93 » 1
» 0240 «0180 0163 61.3 11«*" 875
+0300 » 0240 0222 45.0  11.9 8.l
L1000 0% 092 10,9 13.1 764
»200 »15% «192 52 13.5 4.2
5,25°C
+0200 ,0135  .0l125 80,0  21.9 45,7
L0240 L0175 L0164  61.0  23.9  41.8
.0300 0235 .0223 We, 8 25.5 39.2
« 0400 «033% +0322 31.1 271 36.9
L100 .093  .092 10,9 28.3 3.3
GO - B -
+200 «193 «192 53 29.9 33.4

*The total glycol concentration at half-reaction.

**The average unccordinated glycol concentration, calcu~

lated from Equation 7,



Table 10,

Trimethylethylene glycol.
glycol concentration. pH 4,1+5.5.

w1

Variation of
pseudo first order rate constants with

G *

O**

1/6 x'x100 1/

G tnitial

+0200
+0240
0300
« 0400
0800

0200
+0240
+0300
«OB00
+0800

L0145
.0180
.0240
.0335
..9?}6

L0140

.0175
.0230
.0330
.0725

0.,00°C

«0136
+0172
+0233
«0328
+072

5,25 °C

0137
0172
0227

»0326

072

73.5
58.1
42,9
30.5
13.9

73.0
58,1
b1
30.7
13.9

12.7

15.0

17.1

20.3
26.0

18.1
17.9

21.8
27.8
35.4
35&9

5%, 7

78.7
66.7

29:3

38.5

55.2
559

45,9

6.0
38.2
27.9

18.3

*The total glycol concentration at half-reaction.

*¥The average uncoordinated glycol concentration,

caleulated from Equation 7.
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Table 1l. ‘Maa@s butylene glycol, Variation of pseudo
first order rate constants with glyeol
concentration.

Gr snitial  Gp* e**  1/6 Kx10° 1/kt

| 0.00°C
(0206 L0146  .0137  73.0 10  96.2
L0247 L0187 L0177  56.5  1lM  87.7
0309 L0249  ,0237 2.2 12.8 781
412 L0352 L0338 29,6 146 68.5

: ‘ , 17.7 56.5

» 206 «200 +»198 5.1 19,6 51.0
5.259C

16.6 60,2

» 0206 L0146 .0139 71.9 17.0 5848
» 0247 L0187  .0179 5%.9 20,7 48,3

27, 36.5

«+OB12 «O347 +0338 2946 27.8 36.0
‘ T 366 2703

«103 «096 +09% 10.% 37.0 27.0

*The total glycol concentration at half-reaction,

*#The average uncoordinated glyecol concentration,
e¢aleulated from Equation 7.
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FIG. 6 ETHYLENE GLYCOL. REGIPROGAL PSEUDO
FIRST ORDER RATE GCONSTANTS VERSUS
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) 0.00°C
pH 4.6-5.0

FIG. 8 MESO-BUTYLENE GLYGOL. REGIPROCAL
PSEUDO FIRST ORDER RATE GONSTANTS
VERSUS RECIPROCAL GLYCOL
CONCENTRATIONS.
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FIG. 9 LEVO-BUTYLENE GLYCOL. RECIPROCAL
PSEUDO FIRST ORDER RATE CONSTANTS
VERSUS RECIPROCAL GLYGCOL CONCEN-
TRATIONS.
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FIG.10 TRIMETHYLETHYLENE GLYCOL. RECIPROCAL
PSEUDO FIRST ORDER RATE CONSTANTS
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TRATIONS. | ‘
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FIG. 11 ETHYLENE GLYCOL . SECOND ORDER
RUNS.
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FIG. 12 PROPYLENE GLYGOL. SECOND ORDER
RUNS. (5° DATA FROM TWO IDENTICAL RUNS,
PLOTTED TOGETHER).
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5 /,/ A. 5.25°GC, pH. 7.2
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/ C. 0.00°C, pH. 4.5
D. 0.00°C, pH. 5.0
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FIG.13MESO-BUTYLENE GLYGCOL. SECOND
- ORDER RUNS.
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Table 13, Equilibrium (K) end rate (k) constants:

G+ 10,7

K> ¢ _E. produets,

Glyeol

K | xx10’

e

‘88C,.

0,00 + ,05°¢C
Ethylene
Propylene

Mego~ butylene
Levo- butylene
Trimethylethylene

5,25 4 ,05°C

Ethylene
Propylene
Meso- butylene
Levo=~ butylene

Trimethylethylene

b

193 + 10 4,60
350 + 20 13.7
734 5  20.8
180 % 20 W7,
b3 2+ 5 3k

¥

I+

124 4 10 10,2
215 4 15 30,8
382 L 48,
395% 20 21.3%

13.72 1.3 119.

«10

*5

o5
24
1.§

+ I+ I+

i+

I+

0.2
2,0

+

i+
»
-

1.0
10.

e

I+

*Levo~- butylene at ~k,12°C,
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Table 1%, Thermodynamic functions for complex
* formations at 0°C. P

G+ 10, <La ¢

Glyecol AH keals AF keal, A e.u
Ethylene  ~12,8+108  ~2,86%.02 ~36+30%
Propylene ~14.0 ~3.18 ~40
Meso~ butylene ~18.7 ~2433 ~60
Levo~ butylene ~27.8 -2.82 -92
Trimethylethylene -32,8 2o Ok «113

Table 15. Activation energles and entroples for the
rate deternining step for the range
0° to 50"2;

¢ —5:7 products,

Glyeol AH keal, AP keal.,  asVe.u
Ethylene +22 445% +18.9%.0 +13+20%
Propylene +23.5 +18,3 +19
Meso= butylene +23.5 +18.1 +20
Levo- butylene* +27.,6 | +17.6 +37
Trimethylethylene +35.6 +17.8 +65

*Levo~ butylene for the range ~-&° to 0°C. Errors
glven are estimated maximum errors, based upon estimated
maximom errors in rate and equilibrium constants.
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8teric effects when two or more methyl groups are
present probably account for the observed deerease in equi~
1ibrium constants with iaaraased methyl substitution,
Steric considerations might also predict the observed
difference in equilibrium constants for meso- and levo-
butylene glyeols, the hydroxyl groups of the meso~ compound
being forced scmewhat further apart by interaction of the
methyl groups. It has been found (30,31) that the levo-
glyeol forms a complex with borie acid much more easily
than does the meso«~ compound, presumably for the same
reason: Price and Knell (9) found that trans cyclohexene
glycol wms4pxiﬁized at a slover rate than the c¢ls isomer;
it remains @a be shown, however, just how much of this
difference can be attributed to a difference in eguilibriupm
econstantss In view of the uncertainty in the structure of
trans cyclohexene glyeol (32), which apparently consists
of an equilibrium mixture of two isomers with very differ-
ent 0 - 0 distances, it would be better to compare the
rates of oxidation of cis and trans cyclopentene glycols,

The thermodynamic funetions for complex formation and
for the rate controlling step are given in Tables 14 and
15« For the equilibrium reaction, calculations were made
from the following relationships:



57

AF = «2,3 RT log K

, 117, K
S e A A

@ﬁw} 'w .

For the disproportionstion reaction, the relations used

AF = -2,3 RT log §§E7S

vhere kg is Boltzmann's constant.

weres

h is Planck's constant.

8H = 2.3 R WziT: log %:- - BT

AB =

Thus far, the reaction has been regarded as proceding

through the sequencet
10, +6 <E2. © _—X 5, products,
fast slow
It should be pointed out that kinetically one cannot dis-
tinguish between this mechanism and that represented by:
K
x@g“ + G > £
k

I0,™ #+ ¢ —— products.
slow :
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The equilibrium constants determined in the latter case
‘are identieal with those obtained in the formerj the rate
constants are larger by the factors K,

Assuming that two ecolliding reactant molecules I0,~
and G must paasass a total energy greater than a certain
value E;, in order to ?arm a complex, and greater than E,
(E; > By)® in order to Feact to give cleavage products,
and fnrthar,assuming a contiuvous distribution ot‘anargiaﬁ,
then a pair of eolliding maleeules'having an ensrgy greater
than B, must also have possessed energy enough to form a
complex, It iz conceivable that one i3 not Justified in
regarding the two mechanisms as being distinet, In any
case, little is sacrificed from the standpoint of theory
by assuming the first representation to be the more cor-
recty something is gained in that the specificity of the

oxidation is made more readily apparent.
Pinacol

Trimethylethylens glycol had been shown (previous
sections) to be oxidized in the same way as the other gly-
cols studied, However, gubstitution of the fourth methyl

are E; were greater than E;, it is doubtful that
enough complex would be present %@ be detected by rate
neasurements,
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group resulted in an abrupt change in ?aaetivity. For
pinacol, the reaction was found not only to be very much
slower but also to follow the second order kinetics re-
presented by

kn
In"+6 — produects.

- g%z = k" (1047)(G) = k' Pp G . (8)

Plots of log Pq/Pp + G4 ~ Py versus time, where Gy and
P4 were the initlal total glyeol and periodate concen-
trations, gave excellent stralght lines, with slopes equal
to k'(Gy - P4)/2.3. Although the pH during a given run
was found to vary by not more than 0.1 unit, there was a
marked dependence of the ratﬂ’up@n the pH of the solution.
Table 16 gives values of the second order rate conw
stants k' determined from different glycol and periodate
concentrations at three selected pH values. Tables 17
and 18 and Pigure 16 show the variation of the second order
rate constants with pH. The flat portion of the curve in
Figure 11 wes taken to represeéent the resction uncatalyzed
by hydrogen ioni the value of k' in this region was taken
to be ky.
Assuming k' to be made up of kg plus a term involving
hydrogen ion, and further assuming the dependence on hydro-
gen lon to be first order, Eguation 8 takes the form:
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Table 18. Pinacol 215.25%. Variation of second
order rate constants with pH.

Ginitial = +O424%3 Pypipgeq = «0080

pH Apgs k 'xma 4 fkt log(fkt-ky)
0.30 .50 16.3 18,5  3.01 .48
0.67 21 24,6 8.8 2,16 .33
1.10  .,080 25.5 W0 1,02 .01
1.63 .023 18,5 1.87 346 .53 -1
2,25 0056 8.6 1.23  .106 .00
2,55 .0028 4,71 1,12 .053 .68 - 2
3.05 8.9 x 10 L7 1,05  .0183 .14
3.9 L3x10 .58 1.03  ,0060 .20 - 3
6.2k 6. x 107 43 1,02 + 004
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25.25°C
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F1G.17 PINACOL. PLOT SHOWING FIRST ORDER

HYDROGEN ION DEPENDENGY. SLOPE OF
EACH kLINE IS - 1.0, INTERGEPT IS
LOG H . _

yH?
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ko and ky are given in Table 19, along with the calculated
thermodynamie functions.
Thus, the rate of the periodate oxidation of pinacol

in acid solution may be represented by

- %? = [ke + kﬁ(ﬂ*)l (I0y7) (6) .

It 1s @@sgible that the uncatalyzed reaction 1s an un~
specific oxidation which accounts for the slight overoxi-
dation of pinacol in aecid solution (see Table 2).

Any me@hanism,prnpaaed for the pinacol oxidation in
‘aeia solution must take into acecount the apparent second
order kinetics, the first order hydrogen ion catalysis and
the constaney of the hydrogen ion concentration during a
given reaction. The first of these could be accounted for
by the followingt
1. The oxidation is a bimolecular reaction involving a

glycol species and periodate ion.

2, The reaction %ay proceed through an intermediate comw
plex, with the rate determining step the formation of
the complex.

3~ The reaction may proceed through an Intermediate com=
plex, with the rate determining step the disproportion-
ation of the complex, the equilibrium constant for its
formation being so small that the complex would be
very difficult te detect by means of rate data.
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Table 19, Rate constant and thermodynamie functions
for the pinacol oxidation.

L= Lot wEh T (10,7 (@)

Uncatalyzed reaction 0,00°C 25.25°C

ﬁkﬂ&lm + ?. 2
&Fkaalg +19.5

éﬁﬁtuu ‘ ' *}*5“

' catalyzed reaction

ky |
8Hyee1, +7.6
+15,2
*285

“'a ’ ,13v2

APy eal,

M‘Qu Ns
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(It iz estimated that if the equilibrium constant were
less than about one, rate determination could not detect
the complex).

The observed hydrogen ion catalysis would be accounted
for if the reactive glycol species were either the conjug-
ate acld or a carbonium lon, the latter produced from the
conjugate acid, It would also be explained if the con-
Jugate acid of an intermediate complex were dispro-
portionating at a rate much greater than that of the non-
protonated complex.

The following reaction scheme 1s offered tentatively
to explain the observed kineties:

[ Ky )
g HO - C - +C -
+ ‘o -~ \
\ - \
) '
+@- 10 S 04T = 0 - ¢
| “‘” ) - -
- 0 = O 3 {
l -0 =C - oH
s .. K -
03I ~0=-C- —> I03"+H +2 S>C=0
\ slow _

'u,? - OH

The first two steps are in line with proposed mechanisms
for the mineral acid esterfication of secondary and ter-

tiary alcohols (33)« Tertiary alecchols react much more
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rapidly in this manner than do secondary, while primary,
with a few exceptions, do not react at all.
The above reaction scheme gives for the rate of the

reactiont

- %? = k K; Ko (I0,7) (@) (H%)

K, might aeneéivably be fairly large but K, most certainly
would be small, It seems highly reasonable that the pro=
duet KK, could be less than unity, leading to the observed
second order kineties. The scheme should be regarded as a
possible mechanism, one which 1s consistent with the data;
however, there is no real reason at the present time for
discarding the several other possidble mechanisms,

The low sglubiiity of pinacol at 0°C prevents using
high concentrations of the glycol to try to force as much
of the perlodate as peésib1ﬁ~ta complexs altarn&tiv@ly,
higher temperatures would probably decrease the equilidbrium
constant for complex formation. That pinacol does not
form a detectable amount of an intermediate of the typ#i
formed by the other glycols studied might be expected from
steric considerations, interaction of the methyl groups
foreing the hydroxyls into a trans configuration.,

Pinacol is known to form a fairly stable hexahydrate;
i1t was thought conceivable that water tied up by the gly-

" eol might account for its slow rate of reaction. If such
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were the case, the relative rates of oxldation of pinacol
and ethylene glycol might be expected to reverse in soe
Jutions of low water concentration, Runs at 2%°C in dry
t+~ butanol indicated that this reversal does not oecur.
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SUMMARY

Ethylene, propylene, meso~ and levo butylene and tri-
methylethylene glyecols have been shown to be oxidized by
periodate in aqueous acid solution according to the fol~

lovwing reaction schemes

k
G+ 10y Complex —> products,
fast slow

The variation of rate with acidity of the solution has
been demonstrated tb be explainable solely on the basis
of the availability‘af negative periodate ion, probably
104"

Rate (k) and equilibrium (K) constants for the oxi-
dation of the above glycols have been determined at two
temperatures and the thermodynemie functions at 0°C calcu~
lated,

The rate of oxidation of pinacol in acid solution has

been shown to be given by the expression

dap '
- ﬁz = [kﬁ + kﬁ (H”)] (104,7) (6) .

The hydrogen ion catalysis has been demonstrated to be
first order. Rate constants k¢ and kg have been estimated
at two tempsratures, and the thermodynamie functions
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estimated. Tentative explanations for the kinetic be-
havior have been offeredj the possibility that the pina~
col reaction proceeds through an intermediate has not been
excluded, although it is doubtful tmt such an mtamediam
would be of the same type as that for the other glyecols
studied, | |
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