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Intrinsic Viscosities.—The intrinsic viscosi
ties of all samples are plotted against number-
average molecular weight in Fig. 4, together with 
values for several other linear fractions from unpub
lished data. For the cross-linked samples, [ij] in
creases much faster than for the linear samples. 
This is primarily due to a distortion of the molecular 
weight distribution function and the fact that [rj] 
reflects an average which is closer to Mw than to 
Mn. The weight average molecular weights of the 
cross-linked samples can be estimated by an equa
tion due to Stockmayer,1^ which is in our notation 
Mw = MwV(I - PEMWVM)) , taking Mw° as 
approximately equal to Mn

0. When the intrinsic 
viscosities are plotted against the estimated weight 
average molecular weights, the linear and cross-
linked samples fall much closer together. 

Values of ix.—The thermodynamic constant 
H is expected to increase with cross-linking.14'15 

However, in our results this effect is barely per
ceptible (Table I). 
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Introduction 
A series of investigations2'34'6 carried out over 

the past eleven years has suggested that the 
chromic acid oxidation of isopropyl alcohol takes 
place by way of an ester of chromic acid. In 
dilute acid, the proposed mechanism1-6 is as follows 

rapid 
HCrO4- + C H 5 C H O H C H J + H + ^ *• 

(CHj)2CHOCrO3H + H2O (1) 

rate 
B + (CH3),CHOCr03H >• 

determining 
BH+ + (CHa)2CO + HCrOs" (2) 

Here the symbol B represents a molecule of water 
or of some other base. The scheme here outlined 
corresponds to the correct kinetics in dilute aqueous 
acid: the rate is first order in the acid chromate 
ion,2 in alcohol2 and in hydrogen ion. (In more 
concentrated acid solutions, the reaction rate is 
second order in hydrogen ion,2 and the ester must 
be further protonated.) The mechanism of equa
tions (1) and (2) also corresponds to the fact that 
the first unstable chromium intermediate is a com
pound of tetravalent chromium3; the subsequent 
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Summary 

1. A copolymer of styrene and maleic anhydride 
has been cross-linked in concentrated dioxane 
solutions by hexamethylene glycol and by benzi
dine. The proportion of anhydride groups reacted, 
PT, was calculated from the amount of cross-linking 
agent added, and the proportion reacted to form 
intermolecular linkages, PE, was calculated from the 
change in number-average molecular weight. 

2. The ratio PE/PT decreased with decreasing 
concentration of polymer during reaction. The 
data for benzidine were in rough agreement with 
an approximate theory based on estimating the 
volume pervaded by a single polymer coil from 
intrinsic viscosity. The data for hexamethylene 
glycol showed a deviation which is attributed to a 
tendency to chelate linkage on the polymer. 
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reactions of the tetravalent chromium compound 
are discussed elsewhere.3'5 Furthermore, the mech
anism here advanced explains the fact4 (determined 
from studies with CH3CDOHCHs) that the rate 
controlling step of the oxidation involves the 
cleavage of the C-H bond. 

The data, here reported, consist of two parts. 
(1) A chromic acid ester of isopropyl alcohol can 
be prepared in benzene or toluene solution; in 
these solvents the ester is decomposed rapidly by 
bases (such as pyridine) to form acetone. (II) In 
aqueous solution (where the base, B, of equation 
(2) is generally water) the reaction is also catalyzed 
by pyridine. The relationship of these new facts 
to the mechanism represented by equations (1) 
and (2) is then discussed. 

I. Chromic Acid Esters 
Di-£-butyl chromate8 and several analogous 

chromic acid esters6'7 of tertiary alcohols have 
been prepared by Wienhaus and others. Wien-
haus pointed out that when an aqueous solution of 
chromic acid and of a secondary alcohol was shaken 
with hexane or carbon tetrachloride, an unstable 
yellow compound was extracted into the non
aqueous layer. Presumably this was an ester of 
chromic acid and the secondary alcohol; the ex
treme ease with which the esters decompose in 

(6) H. Wienhaus, Bef„ 47, 322 (1914). 
(7) W. Hflekel and M, Blohm, Ann., »W, 114 (1938). 
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these solvents prevented any extensive work with 
them. It has now been discovered, however, that 
the esters can be extracted from aqueous solutions 
of chromic acid and secondary alcohols by benzene 
or toluene and in these solvents the esters are some
what more stable. Although all attempts to iso
late the solid esters have so far failed, and although 
the esters are decomposed photochemically and 
spontaneously, dilute solutions of the esters in 
dry benzene or dry toluene can be handled at room 
temperature and in dim light for about half an 
hour. 

The ester, in solutions of the order of 0.0002-
0.002 molar, is bright yellow; the color approxi
mates in quality that of aqueous chromic acid. 
The analysis of the ester, in such dilute solutions, 
is obviously very difficult and is complicated by 
the fact that the solutions decompose so rapidly. 
Nevertheless, the purest solutions of the ester 
which were obtained contained approximately two 
moles of alcohol for each gram atom of chromium, 
therefore suggesting the formula (CHs)2CHOCrO2-
OCH(CHs)2. Furthermore, the fact that the 
yellow solute in benzene is actually a neutral ester 
is confirmed by the facts (a) that chromic acid 
itself cannot be extracted from aqueous solutions 
into benzene, or into benzene plus acetone, and (b) 
that the solution of the ester in benzene cannot be 
extracted into water by washing with aqueous 
bicarbonate or carbonate solutions. 

When a drop of pure, dry pyridine is added to a 
few milliliters of a solution of the ester in benzene, 
the ester is instantly destroyed; the solution be
comes brown and turbid and acetone is formed. 
When the concentration of pyridine is 0.001 molar, 
the decomposition requires fifteen to thirty seconds. 
A similar decomposition can be accomplished with 
dimethylaniline or quinoline; diphenylamine 
(which is a strong reducing agent but a weak base) 
decomposes the ester only slowly. It is therefore 
probable that pyridine is functioning as a base. 

Qualitative experiments, similar to those here 
reported for the isopropyl ester of chromic acid, 
have been carried out with the secondary butyl 
and borneol esters. 

II. Base Catalysis of Chromic Acid Oxidation in 
Aqueous Solution 

Previous experiments2 on the chromic acid oxida
tion of isopropyl alcohol suggested that the reaction 
is second order in hydrogen ion in 0.2-0.5 molar 
acid, but that it is first order in hydrogen ion in 
more dilute acid. This has proved to be the fact, 
and the rate data have been analyzed in terms of 
two simultaneous reactions 

(HCr-^ 1 Vd/ = *,)(,s.(HCr(V-')(CH3CHOHCH,'i (3; 

where 
*„i. . . = h(HJ) + k,( H •'*•)-

Representative data confirming equation 3 are 
presented in Table I. For the range of acidity 
under consideration in the present problem, only 
the term (in equation 3) involving &3 is important. 

It was here found that, in the presence of pyri
dine and pyridinium ion, the rate of the chromic 
acid oxidation of isopropyl alcohol was accelerated, 
in some cases, by more than o0%. Since the ion-

TABLE I 

EFFECT OF ACIDITY ON THE RATE OF CHROMIC ACID OXIDA

TION OF ISOPROPYL ALCOHOL 

(CrO3) = 0.00100 m./L, CH3CHOHCH3 = 0.200 m./l. , 
/u = 0.25, T = 40° 

Aa = 0.073 m i n . - 1 k, = 1.66 m i n . - ' 
( m . / l . ) - » ( m . / l . ) - ' 

104£obsd., min. _ 1 10*&oalrd., min . ' 
H ' ' , m . / l . ( t n . / l . ) - ' ( m . / l . ) ' ' 

0.0(150 4.4 4.1 
.0108 1J.8 9.8 
.0150 14.8 14.7 
.0520 82.8 83.2 
.1224 343 338 
.250S 1200 1200 

ization constant of pyridinium ion8 is about o 
X 10~"6, and since the concentration of acid here 
used was in the range of 0.003-0.01 molar, the con
centration of free pyridine in these solutions was 
very small (of the order of 0.00005 molar), and 
therefore the observed effect on the reaction rate 
shows that pyridine is a very powerful catalyst for 
the oxidation. The reactions were carried out at 

TABLE II 

Tm.: PYRIDINE CATALYSIS OF THE CHROMIC ACID OXIDATION 

OF ISOPROPYL ALCOHOL 

(CrO3) = 0.000200 m./l., (CH3CHOHCH3) = 0.260 m./l., 
fj, = (i.2(i, T = 25° 

lO^ohsd. , min. - ' 
H " , m„ 1. HPy ! , m . / l . 10 'Py , m . / l . ( m . / l . ) " ' 

0.0090 . . . . . . 1.62 
.0090 0.060 33 1.92 
.0090 .190 100 2.33 
.0046 ... ... 0.591 
.0041) .190 206 1.22 

25°, where the ionization constant of pyridine is 
better known than at 40°. The acceleration in rate-
here noted was not caused by errors in the cal
culated concentrations of hydrogen ions (or of 
other reagents) since the acidity of these solutions 
was checked by an indicator method. 

Experimental 
Materials.—The chromic acid and isopropyl alcohol used 

in these experiments were purified as in previous work.3 

Mallinckrodt A.R. pyridine was dried over barium oxide 
and then distilled, with adequate protection from moisture, 
through a 24" column packed with single-turn glass helices. 
It boiled at 115.3 ± 0.1° and had a density,9 d*\ = 0.9778. 
It did not decolorize dilute chromic acid in a mixture of 
perchloric acid and acetic acid, and was therefore free from 
reducing impurities. The perchloric acid was reagent 
grade; the sodium perchlorate (used to maintain constant 
ionic strength) was recrystallized from water and gave a 
negligible test for chloride ion. Reagent grade, thiophene-
free benzene was distilled through an 18" Podbielniak col
umn ; reagent grade toluene was used directly. 

Preparation of the Chromic Acid Ester.—Twenty milli
liters of 0.1 molar aqueous CrO3 and 1 ml. of isopropyl alco
hol were shaken with 20 ml. of benzene. The benzene layer 
became yellow at once, and the yellow color deepened as 
the shaking continued. After 5 minutes, the layers were 
allowed to separate. The benzene layer was rapidly washed 
with a 100-ml. portion of cold calcium chloride solution, and 
then with 100 ml. of cold water; the solution was then dried 
with calcium chloride. More thorough washing than that 

(8) F. Ha lm, Brr., 62, 727 (1B29); R. B r u e h l m a n and F. Verhoek, 
T H I S J u l KNAi., 70, U O l (1948); K. H u g h e s , H. Je l l inek and B. Am
brose. J Phys. and Colloid C.hem., 53, 410 (1949). 

(9) J H e a p , W. Jun ta and J. Speakn ian , T H I S J O U R N A L , 43, IHHO 
H 1 J i I j 
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here described generally results in extensive and prompt 
decomposition of the ester. Washing with carbonate 
solution does not result in much more extensive decompo
sition than does washing with water, presumably because 
the inorganic base (Na2C03) is insoluble in benzene. The 
washing is necessary to reduce to a minimum the concentra
tion of free isopropyl alcohol in the benzene layer; for many 
experiments, the alcohol is not undesirable, and the benzene 
layer can be dried after only one washing. Since the par
tition coefficient of isopropyl alcohol between benzene and 
water10 is around 1A the washing here described reduces the 
concentration of alcohol in the benzene to about 0.0001 
mole/liter. There is also a trace of acetone in the benzene 
layer. The acetone is formed both during the preparation of 
the ester and by its decomposition while it is washed. Since 
the partition coefficient of acetone between water and ben
zene is of the order of unity,11 not all the acetone is removed. 

If aqueous chromic acid, or aqueous chromic acid contain
ing acetone but no alcohol, is shaken with benzene, the ben
zene layer remains colorless. 

Analysis of the Ester.—Since the ester, even in dilute 
solution in aromatic solvents, is extremely unstable, the 
quantitative analyses here reported are necessarily crude. 
The analysis was conducted as follows: A solution of the 
ester in toluene was prepared, washed twice with ice-cold 
7% calcium chloride solution, and dried. The chromium 
analysis was conducted by reducing an aliquot of the toluene 
solution of the ester with aqueous sulfur dioxide. The 
chromium was quantitatively extracted into the aqueous 
layer as C r ^ " " , and was then converted into the complex 
with ethylenediaminetetraacetic acid.12 This complex, 
which is advantageous because it has a high extinction co
efficient, was then determined spectrophotometrically with 
a Beckman model DU-8 quartz spectrophotometer. 

The analysis for isopropyl alcohol in the chromic acid 
ester was accomplished by converting the alcohol (and the 
acetone formed by decomposition of the ester) to iodoform; 
the iodoform was determined spectrophotometrically13 at 
3500 A. The detailed procedure was as follows: A 10-ml. 
sample of the toluene solution of the ester was decomposed 
by light, and then refluxed for sixty minutes with an aque
ous solution 0.3 molar in I2, 0.6 molar in KI and 0.4 molar 
in NaOH. The iodoform produced during the reaction was 
extracted into the benzene layer; excess iodine was removed 
by washing the toluene solution with a small amount of 
aqueous alkali. The toluene solution of iodoform was 
dried and examined spectrophotometrically; the absence 
of iodine was demonstrated, since these solutions showed 
essentially no absorption at 5000 A. The procedures here 
outlined were carried out in dim light to avoid the photo
chemical decomposition14 of iodoform; the brief exposure 
to the beam of the spectrophotometer did not cause meas
urable decomposition. Control experiments gave an aver
age yield of iodoform of 68 =*= 5 % ; acetone gave roughly 
the same yield as did isopropyl alcohol. The analyses for 
the isopropyl alcohol in the ester solutions were corrected 
for the yield of iodoform determined in these control experi
ments. An additional set of control experiments was per
formed in which dilute aqueous perchloric acid was sub
stituted for the aqueous chromic acid employed in the 
preparation of the chromic acid ester. The toluene layer, 
obtained in these control experiments, contained a dilute 
solution of isopropyl alcohol; these solutions were washed 
and analyzed as described above. The results of these 
experiments showed that a correction (usually amounting 
to about 10%) had to be subtracted from the amount of 
iodoform determined spectrophotometrically. 

A series of seven experiments with approximately 0.002 
molar ester, conducted in the manner here outlined, gave the 
following values for the ratio of isopropyl alcohol to chro
mium: 1.80, 1.94, 2.16, 2.03, 2.40, 1.91 and 2.07. The 
average value is 2.04 ± 0.14. Considering the instability 
of the ester, the analyses correspond reasonably well to the 
formula for diisopropyl chromate. 

(10) A. Olsen and E. Washburn, THIS JOURNAL, 57, 303 (1933). 
(11) A. Seidell, "Solubilities of Organic Compounds," Vol, II, 

D, Van Nostrand, New York, N. Y., 1941, p. 182. 
(12) G. Schwarzenbach and W. Biedermann, HeIv. Chim. Acta, 31, 

459 (1948). 
(13) R. Potterill and O. Walker, Trans. Farad. Sac, 33, 363 (1937). 
(14) W. Hardy and E. Willooek, Proc. Roy. SoC. (London), 72, 200 

(1903). 

Identification of the Oxidation Product.—The acetone, 
formed by the pyridine-catalyzed decomposition of a ben
zene solution of diisopropyl chromate, was isolated and iden
tified as the 2,4-dinitrophenylhydrazone. Twenty-five ml. 
of a 0.00107 molar solution (chromium analysis) of the ester 
in benzene was decomposed with pyridine, and the insoluble 
chromium compounds removed by centrif ugation. The 
clear benzene layer was shaken with a sulfuric acid-water-
alcohol solution of 2,4-dinitrophenylhydrazine. When this 
solution was shaken with pure benzene, the hydrocarbon 
remained colorless. However, when the solution of de
composed ester was used, acetone 2,4-dinitrophenylhydra
zone was extracted into the benzene layer. The benzene 
was washed, dried and evaporated in vacuum. The residue 
was redissolved in ether, and the evaporation repeated. 
The crude residue weighed 7.8 mg.; after two recrystalliza-
tions from absolute alcohol it melted at 124-126°; a mixed 
melting point with an authentic sample of acetone 2,4-di
nitrophenylhydrazone showed no depression. The yield 
of crude acetone 2,4-dinitrophenylhydrazone was 60%, 
based on diisopropyl chromate. This probably corresponds 
to one mole of acetone per mole of ester; the fact that the 
yield somewhat exceeds 50%, may be due either to impuri
ties in the crude derivative, or to air oxidation induced by 
the decomposition of the chromic acid ester.15 

An additional test for acetone was conducted colorimet-
rically. The benzene solution of the decomposed ester was 
extracted with water, and the acetone estimated with sali-
cylaldehyde.16 When the test was conducted with an un-
decomposed solution of the ester, from 10 to 30% as much 
acetone was found as in the solution of ester decomposed by 
pyridine. Presumably acetone is formed by the decompo
sition induced by water; continued washing completely de
stroys the ester. This decomposition, which necessarily 
accompanies the washing of the ester, contributes to the 
inaccuracy of the analysis. 

Kinet i c M e t h o d . — T h e c o n c e n t r a t i o n of c h r o m i c 
ac id in a q u e o u s s o l u t i o n s w a s fo l lowed s p e c t r o 
p h o t o m e t r i c a l l y . 4 T h e k i n e t i c e q u a t i o n s e m p l o y e d 
were g e n e r a l l y s imi l a r t o t h o s e of W e s t h e i m e r a n d 
N o v i c k 2 ; t h e r a t e c o n s t a n t s h e r e r e p o r t e d a r e 
t h o s e for t h e r e a c t i o n of t h e ac id c h r o m a t e ion, 
HCrC>4"". S ince in gene ra l t h e c o n c e n t r a t i o n s of 
ac id a n d a lcohol were , a s a first a p p r o x i m a t i o n , 
u n c h a n g e d d u r i n g a n y p a r t i c u l a r k i n e t i c expe r i 
m e n t , a s imp le first o r d e r e q u a t i o n co u l d b e used , 
a n d t h e r a t e c o n s t a n t c o r r e c t e d for t h e f a c t t h a t 
o n l y a f r ac t ion (w i t h 0.001 m o l a r c h r o m a t e , t h e 
f r ac t ion is 0 .906) of t h e t o t a l h e x a v a l e n t c h r o 
m i u m is p r e s e n t as HCrC>4~. H o w e v e r , in t h e 
v e r y d i l u t e ac id so lu t ions , s o m e f u r t h e r r e f i n e m e n t 
w a s n e c e s s a r y . I t c a n b e shown 1 7 t h a t t h e in
t e g r a t e d f o r m of e q u a t i o n (3) m a y b e a p p r o x i m a t e d 
b y (4), w h e r e a is t h e in i t i a l c o n c e n t r a t i o n of al
cohol , b t h e in i t i a l c o n c e n t r a t i o n of CrOs , c t h e 
in i t i a l c o n c e n t r a t i o n of h y d r o g e n ion a n d x t h e 
c o n c e n t r a t i o n of C r + + + p r e s e n t a t t i m e /. 

h 2 r r 2 

2.303 log r - ^ — + = p - = {h'ac + k4'ac*)t (4) 
0 — X OC 

E q u a t i o n (4) is v a l i d p r o v i d e d t h a t c>b a n d a » b . 
I n th i s e q u a t i o n , t h e s y m b o l L is def ined b y e q u a 
t ion (5) . 

. _ 1 + 2kj'c/k'a ,.* 
L ~ T + wc/k'.; (5) 

A p p r o x i m a t e v a l u e s of W a n d &/ a l low a n a p p r o x i 
m a t i o n of L; t h e final v a l u e s of t h e c o n s t a n t s c a n 
t h e n b e f o u n d b y success ive a p p r o x i m a t i o n s . 
T h e r a t e c o n s t a n t s &3 a n d &4 differ f rom W a n d 
W r e s p e c t i v e l y , in t h a t t h e f o r m e r h a v e b e e n 

(15) W. Waters, / . Chem. SoC, 1151 (1946). 
(16) K. D. and C T. Snell, "Colorimetric Methods of Analysis," 

Vol. II, D. Van Nostrand Co., Inc., New York, N. Y., 1937, p. 93. 
(17) F. Hollaway, Dissertation, University of Chicago, 1950. 
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corrected2 for the fact that only HCrO4
- is the 

reactive oxidizing agent. 
The acidity of solutions containing perchloric acid 

was compared to those containing perchloric acid, 
pyridine and pyridinium ion, using thymol blue as 
indicator. The method outlined by Brode18 was 
used; at a pK of 2 the indicator is in its most 
sensitive range. The acidities of the perchloric 
acid solutions were identical, within experimental 
error, with the corresponding solutions containing 
pyridine; certainly the difference did not exceed 
1% of the hydrogen ion concentration. 

Conclusions 
The objective of the present series of investiga

tions is the elucidation of the mechanisms of 
chromic acid oxidation in aqueous solution. The 
ester in benzene is most probably diisopropyl 
chromate. By contrast, the kinetics of the oxida
tion in aqueous solution shows that, if the ester 
mechanism is correct, the intermediate must be 
monoisopropyl chromate. Since the C-H bond 
of the alcohol is cleaved in the rate controlling 
step of the reaction,4 and since it has here been 
shown that pyridine catalyzes the reaction in 
aqueous solution, the mechanism represented by 
equations (1) and (2) becomes highly probable. 
Furthermore, a mechanism analogous to that 
represented by (1) and (2) probably explains the 
pyridine-catalyzed decomposition of the ester in 
benzene or toluene solution. (It is possible that 
the pyridine may also, or in some cases alterna
tively, complex with the chromium atom of the 
ester. The mechanism for the reaction in aprotic 
solvents is not yet completely understood.) The 
parallel between the decomposition of the ester 
in benzene and in water is strengthened by the 
fact that the reaction in aqueous solution19 as 
well as that in benzene, can be photochemically 
accelerated. 

The ester mechanism for the chromic acid oxida
tion of isopropyl alcohol in aqueous solution is con
sistent with numerous other facts concerning 
oxidation in polar media. For example, the by
products obtained in the oxidation of methyl-i-

(18) W. Brode, T H I S JOURNAL, 46, 581 (1924). 
(19) E. Bowen and C. Bunn, J. Chrm. Soc. 2353 (1927). 

Recent work of Allen,1 Dainton,2 Krenz,3 Miller,4 

and Weiss and Stein6 has given considerable sup
port to the suggestion of Weiss6 that free hydrogen 
atoms and hydroxyl radicals are the principal 
active species liberated in liquid water by ionizing 
radiation. This present communication reports 

(1) A. O. Allen, J. Phys. Colloid Chem., 52, 479 (1948) 
(2) F. S. Dainton, ibid., 52, 490 (1948). 
(3) F. H. Krenz, CaK. J. Research, B26, 647 (1948). 
(4) N. Miller, J. Chem. Phys., 18, 79 (1950). 
(5) J. Weiss and G. Stein, Nature, 161, 660 (1948). 
(6) J. Weiss, ibid., 153, 748 (1944). 

amylcarbinol20 may be explained16 by the ester 
mechanism. The chromic acid ester of this 
alcohol can decompose by either of two mech
anisms ; one of these is the normal oxidation to the 
ketone, analogous to that shown in equations (1) 
and (2); the other mechanism is represented by 
equations (6) and (7); where R represents the t-
amyl group. 

CH- H 
, iX>c/ —>- CH3CHO + HCrOr + R+ (6) 

R/ X)CrO3H 
fast 

R + + HiO—^ROH + H + (7) 

(The fate of the HCrO3
- , a compound of tetra-

valent chromium, has been discussed elsewhere.3,6) 
In reaction (6), a solvated <-amyl carbonium ion 
splits from the ester and reacts with water to form 
f-amyl alcohol. This type of by-product will pre
sumably only be formed in those instances where 
the solvated carbonium ion has reasonable stability, 
i. e., only where the ion is of the tertiary or benzyl 
type.21 

It is pertinent to note that several other oxidizing 
agents also function by way of esters as inter
mediates.22 

Summary 

1. A dilute benzene solution of a neutral ester 
of chromic acid and isopropyl alcohol (presumably 
diisopropyl chromate) has been prepared. 

2. The ester is very unstable; its decomposition 
is strongly catalyzed by bases such as pyridine. 

3. The chromic acid oxidation of isopropyl 
alcohol in 0.01 molar aqueous acid is also catalyzed 
by pyridine. 

4. These facts, together with those previously 
known about chromic acid oxidations, indicate 
that an ester is an essential intermediate in the 
oxidation of isopropyl alcohol by aqueous chromic 
acid. 
CHICAGO 37, ILLINOIS RECEIVED JUNE 5, 1950 

(20) W. Mosher and F. Whitmore, T H I S JOURNAL, 70, 2544 (1948). 
(21) E. Hughes, Trans. Faraday Soc, 37, 603 (1941). 
(22) R. Criegee, L. Kraft and B. Rank, Ann., 507, 159 (1933); R. 

Criegee, Angcm. Chem., 51, 519 (1938); 53, 321 (1940); F. Duke and 
A. Forist THIS JOURNAL, 71, 2790 (1949). 

work on the specific action of the hydroxyl radical 
in aqueous solutions of formic acid. 

According to present concepts hydrogen and 
hydroxyl radicals are produced in equal numbers 
during irradiation of water or aqueous solutions 
with 7-rays. Unless a complete analysis of all 
reaction products can be made, it is difficult to 
differentiate between the chemical effects of these 
two radicals. This is particularly true in solutions 
containing organic molecules. However, it is 
found that the effect of the hydroxyl radical can be 
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