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The Chemistry of Vitamin E. XXIX.

Studies of the Behavior of Compounds

Related to Vitamin E at the Dropping Mercury Electrode

By Lee IrRVIN SMITH, I. M. KOLTHOFF, STANLEY WAWZONEK AND P. M. RUOFF

A polarographic study has been made of com-
pounds related to Vitamin E. It is known that
hydroxychromans and hydroxycoumarans can be
oxidized to corresponding paraquinones. This
oxidation is irreversible and the paraquinones
upon reduction yield hydroquinones, the latter
reaction being reversible. In our work it was
found that hydroxychromans and hydroxycou-
marans under the proper conditions yield anodic
waves. It was the purpose of this investigation to
study the characteristics of these waves more in
detail and to find the relation between the polaro-
graphically found half wave oxidation potentials
of these compounds and the true oxidation poten-
tials of the corresponding quinone-hydroquinone
systems. The latter also can be determined with
the dropping mercury electrode as has been shown
by Miiller and Baumberger? although it should
be added that the potentials obtained at the zero
current potential should be corrected for the re-
sidual current.?

Experimental

The manual apparatus similar to that described by
Kolthoff and Lingane* was used with the exception of the
cell which was similar to that described by Lingane and
Laitinen® but without a sintered glass disk. A 0.1 N
potassium nitrate agar plug was used to make connection
with a large external saturated calomel electrode.

The experiments were carried out in a water thermostat
regulated to 25 = 0.01°. In order to minimize vibrations,
the bath was stirred by passing a current of air through the
liquid.

The capillary used had the following characteristics. At
a pressure of 62.7 cm. of mercury the drop time in 0.1 N
potassium chloride solution was 3.68 sec., m = 1.50 mg.
sec.”! and m'/%"/¢ = 1.630. For 0.001 M thallous chlo-
ride in 0.1 M potassium chloride, a diffusion current of
4.56 microamperes was obtained, while the calculated value
was 4.41,4 '

The buffers used in the experiments had the following
compositions.

I. A mixture which was 0.1 { in anilinium perchlorate
and 0.1 M in aniline in 509 methanol by volume; pH
3.56; resistance, 1050 ohms. Drop time of the capillary
in this buffer was 3.7 sec.

(1) Paper XXVIII, J. Org. Chem., 6, in press (1941).

(2) Miller and Baumberger, Trans. Electrochem. Soc., T4, 169, 181
(1937).

(3) Kolthoff and Orlemann, Tais JOURNAL, 68, 664 (1941).

(4) Kolthoff and Lingane, Chem. Rev., 24, 1 (1939).

(5) Lingane and Laitinen, Ind, Eng. Chem., Anal. Ed., 11, 504
(1839).

II. A mixture which was 0.1 M in acetic acid and 0.1 M
in sodium acetate in 509 methanol by volume; pH 5.40;
resistance, 3260 ohms; drop time, 4.02 sec.

III. A mixture which was 0.0452 M in sodium acetate
and 0.0095 M in acetic acid in 509, methanol by volume;
pH 6.06; resistance, 1920 ohms; drop time, 4.04 sec,

IV. A mixture which was 0.02 M in monopotassium
phosphate and 0.03 M in disodium phosphate in 50%
methanol by volume; pH 7.97; resistance, 2650 ohms;
drop time, 3.94 sec.

The pH of the buffers was measured by means of a hydro-
gen electrode in a cell similar to that used during the elec-
trolysis.

The resistance of the buffers was determined by means of
a conventional Wheatstone bridge apparatus under
identically the same conditions as were used in measuring
the current voltage curves, All half wave potentials given
in this paper are corrected for R and are referred to the
saturated calomel electrode at 25°,

The drop time in each case was measured with an open
circuit.

The residual current was measured for each buffer and
was subtracted from the measured current. As an ex-
ample the residual current of buffer II is given in Fig. 1.
Air was removed by bubbling purified nitrogen through the
solution for at least an hour. A trace of methyl red was
always added to suppress maxima.

Compounds related to Vitamin E were prepared by
methods given in the references. The various methyl
quinones, already on hand, were purified by sublimation at
atmospheric pressure. The corresponding hydroquinones
were prepared by reducing the purified quinones with
sodium hydrosulfite.

Experimental Results

Substituted 6-hydroxychromans and 5-hydroxy-
coumarans yield anodic waves at the dropping
electrode. These waves were determined in
buffer I (aniline-anilinium perchlorate, pH 3.56).
The current—voltage curves of the oxidation prod-
ucts, the para quinones, were determined in all
four buffers mentioned in the previous section.
To show that the polarographic method yielded
reliable results, half wave potentials were deter-
mined for various methyl quinones and they were
compared, after correcting for 7R, with the stand-
ard potentials reported in the literature.

In Fig. 2 are given typical waves, uncorrected
for residual current and <R, which were obtaited
with substituted 5,7,8-trimethyl-6-hydroxychro-
mans. Figure 3 shows the same waves after
correction for the residual current. Current-
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voltage curves obtained with 2,2,5-trimethyl-
7,8-benzo-6-hydroxychroman were corrected only
for the residual current. Figure 4 shows typical
waves, corrected for the residual current, which
were obtained with substituted 4,6,7-trimethyl-
5-hydroxycoumarans.

Table I gives the values of the diffusion currents

TaBLE I

ANopIC WAVES oF 6-HYDROXYCHROMANS AND 5-HYDROXY-
COUMARANS IN BUFFER 1
(pH 3.6) at 25°

Concn. (14/C, w1/;

Compound Ref. Molar g X108 X102 (S.C. E)

CH: O
4PN NeH, 6 0.000626 2.3¢ 3.74 +0.227
o L 000939 3.40 3.72 + .232

X .001252 4.64 3.70 + .230

Av. + .230

CHS CHs -

H‘,c/ 7 .0005 1.79 3.58 + .232
, gns .0010  3.55 38.55 + .234
cm L0015 5.25 3.50 + .231
Av. + .232

/\

\ 8 .000438 1.88 4.29 + .112
\//\/ CH, 000900 3.94 4.38 + .115
HO\/\) Ho 001350 6.07 4.50 + .115

Av. + .114

CH:

HSC 8 .000635 2.30 3.62 + .218
HO | .000952 3.39 3.56 + .218
o .0016290 5.91 3.63 + .215

Av. + .217

CH-O 9 .005 1.28 2.56 + .219

H,c qcm .0010  2.59 2.59 + .219
0015  3.75 2.50 + .221

.000906° 3.23° 3.57° + .218

Av. + .219

CHs CHa
HCP < 8 .00052 1.93 3.71 + .217

tl | NeH .00102 3.79 3.70 + .218

.00141 5.14 3.65 + .221
Av. + .219

CHaO
HC \/\CJHS 10 .00024 0.87 3.63 + .214

U] 00051 1.85 3.63 -+ .214

G, .000752 2.75 3.66 + .213

Av. + 214
11 The anodic wave occurs at too
/ \CH: s .
positive potentials to be measured
HO N /— with the dropping mercury elec-

trode.
% A purified product was used.

(6) Prepared according to John and Gunther, Ber,, 78, 1652 (1939).

(7) Smith, Ungnade, Hoehn and Wawzonek, J. Org. Chem., 4,
311 (1939).

(8) Smith, Wawzonek and Miller, $bid., 6, in press (1941).

(9) Smith, Ungnade, Hoehn and Wawzonek, iid., 4, 305 (1939),

(10) Karrer, Escher and Rentschler, Helv. Chim. Acta, 22, 1287
(1939).

(11) Smith, Hoehn and Whitney, Txis Journat, 82, 1863 (1940).
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14 (corrected for 4.) and the half wave potentials
my, against the saturated calomel electrode (cor-
rected for ¢R).

From the results ob-
tained it can be seen that
the half wave potentials
of 6-hydroxychromans
differ from those of corre-
sponding 5-hydroxycou-
marans by approxi-
mately ten millivolts.
This difference is signifi-
cant and it offers a
method of distinguishing
between p-hydroxychro-
mans and -coumarans.
It has not been possible ‘
to distinguish between  +021 e
these two classes of com- ‘
pounds by means of dif- - .
ferences in their ultra- 0 -1
violet absorption data.l? Current in microamperes.

The diffusion current
of the various compounds
is proportional to the concentration in the range
studied (between 0.0005-0.001 M) as can be seen
from the fair constancy of the values of 4;/C.

—-04

-0.3

Potential, v. (S. C. E.).

+0.1

Fig. 1.—Residual current in
buffer II.

T T —
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Current in microamperes.

|
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1 i 1
+03 <402 +40.1
Potential, v. (vs. S. C. E.).
Fig. 2.—Substituted 5,7,8-trimethyl-6-hydroxychro-
man waves in buffer I, pH 3.56: I, buffer; II, buffer with
0.0005 M chroman; III, buffer with 0.001 M chroman;
IV, buffer with 0.0015 M chroman.

|
?
|
|
0

(12) See however, John, Dietzel and Emte, Z. physiol. Chem., 257,
173 (1939), who found noticeable differences in the absorption spectra
of the corresponding allophanates.
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Current in microamperes.

6L

g ~

1

| I i
+0.3 402 +0.1 0
Potential, v. (S. C. E.).

Fig. 3.—Waves (corr. for 4) obtained for a substituted
5,7,8 - trimethyl - 6 - hydroxychroman and for 2,2,5-
trimethyl - 7,8 - benzo - 6 - hydroxychroman in buffer I:
I, 0.0005 M chroman; II, 0.001 M chroman; III,
0.0015 M chroman; IV, 0.00044 M benzochroman;
V, 0.0009 M benzochroman; VI, 0.00135 M benzochro-
man.

The effect of impurities upon the diffusion current
can be seen from the values obtained for 2,4,6,7-
tetramethyl-5-hydroxycoumaran. The first three
values given were obtained with a sample melting
at 126-127° while the fourth was obtained with

T T

T

Current in microamperes.

/

oo/
f N ' ’ )

+0.3 402 +0.1
Potential, v. (S. C. E.).

Fig. 4—Waves (cor. for 4;) obtained for substituted
4,6,7-trimethyl-5-hydroxycoumarans in buffer I: I,
0.000635 M coumaran; II, 0.000952 M coumaran; III,
0.00163 M coumaran.
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a specimen melting at 130.5-131°. All other
compounds used were either analytical samples
or had melting points corresponding to those re-
ported in the literature.

of e B j

Current in microamperes.

ot

+02 +40.1 0
Potential.

L N

-03 -—-04

i . 1
-0.1 -0.2

Fig. 5.—Current—voltage curves for various quinone-
hydroquinone systems in buffer II: 1, hydroquinone; 2,
toluhydroquinone; 3, toluquinone; 4, p-xylohydro-
quinone; 5, p-xyloquinone; 6, pseudocumohydroquinone;

7, pseudocumoquinone; 8, durohydroquinone; 9, duro-
quinone; 10, 2,3-dimethyl-1,4-naphthoquinone.

From Table I it is seen that the half wave po-
tentials of the various compounds studied were
found to be independent of the concentration.
Hence these half wave po-

tentials are characteristic 61 P
for the particular com- I / ]
pounds. g 47 /‘/ !

Attempts were made to é 5 f ( i
determine the current— § i // ‘
voltage curves of various .Z i Z_L~~~

g Of—="——

chromans and coumarans = A
in buffer solutions IT and & _o| /
III in order to find the E |
effect of pH upon the half 3 —4! // ll
wave potentials. No con- . '
clusive results could be -6} 1

+01 0 -0.1
Potential, v. (8. C. E.).
Fig. 6.—Waves for m-
xylohydroquinone and m-
xyloquinone in buffer II
(cor. for ir).

obtained since the curves
were too close to the an-
odic solution curves of
mercury in the buffer solu-
tions alone.

The results obtained
with various quinones and hydroquinones are
given in Table II.
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TasLE I1

CaTHODIC AND ANODIC WAVES OF VARIOUS QUINONES AND
HYDROQUINONES IN DIFFERENT BUFFER SOLUTIONS IN

509, METHANOL

Concen-
tration
Compound molar {4 X 108
Buffer II. pH 5.40
Hydroquinone 0.001372 5.95
Benzoquinone .000936 5.37
Toluhydroquinone .00103 4.16
Toluquinone .00095 5.08
p-Xylohydroquinone .00143 6.02
»-Xyloquinone .000970 4.71
m-Xylohydroquinone .001094 4.62
m-Xyloquinone .00119 6.11
Pseudocumohydro-
quinone .00148 6.48
Pseudocumoquinone .00133 6.38
Durohydroquinone .000844 4.0
Duroquinone .000881 3.84
2,3,5-Trimethyl-6-[3’-
hydroxy-3’-methyl-
butyl]-hydroqui-
nonels .000679 2.27
2,3,5-Trimethyl-6-[3’-
hydroxy-3’-methyl-
butyl]benzoqui-
nonels .00105 3.67
2,3,5-Trimethyl-6-[3’-
hydroxybutyl]-
hydroquinone!s .00111  3.78
2,3,5-Trimethyl-6-[3’-
hydroxybutyl]-
benzoquinone!3 .000946 3.55
2,3,5-Trimethyl-6-[2’-
hydroxypropyl]- .000738 2.85
hydroquinone!? .000538 2.10
2,3,5-Trimethyl-6-[2’-
hydroxypropyl]-
benzoquinonel? .000577 2.35
2,3,5-Trimethyl-6-[2’-
hydroxybutyl]- .00101 3.84
hydroquinone? .00152 5.34
2,3-Dimethyl-1,4-
napthoquinone .000874 3.89
Buffer ITI. (pH 6.06)
Hydroquinone 0.0006 2.65
.0012 5.40
2,3,5-Trimethyl-6-[2’-
hydroxypropyl]-
hydroquinonel3 .000307 1.42
Buffer IV. (pH 7.97)
Hydroquinone 0.001362 5.93
2,3,5-Trimethyl-6-[2’-
hydroxypropyl]-
hydroquinonels .000567 2.03
2,3,5-Trimethyl-6-[2’-
hydroxypropyl]-
benzoquinone!3 .000539 2.24

(¢a/Q)
X 10%

WO W
L S S VT

85

v B W O Ot

38
80
.74
.36

NN NN

3.90

4.07

3.80
3.51

4.46

4.42

3.58

4.16

1
.k

+0.146

.089
.090
.032
.036
.027
.031

+ 4+t

.030
.027
— .004
- .093

- .093

- .090

— .093

— .083

— .080

- .082

- .216

+0.11
+ .112

- .124

—0.007

— .240

— .240

(13) Smith, Ruoff and Wawzonek, J. Org. Chem., 6, in press (1941).
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Buffer I.
2,3,5-Trimethyl-6-[3’-
hydroxy-3’-methyl-
butyl]-benzo-
quinone!s

1021

(pH 3.56)

0.000853 3.09 3.62 — 0.047

No half wave is reported for benzoquinone due
to difficulty in completely eliminating maxima

in the medium of 509
methanol.

From the wvalues in
Table II it can be seen
that 44/C becomes smaller
as the quinone or hydro-
quinone becomes mote
highly substituted. It is
very peculiar that in all
cases 74/C for a quinone is
greater than that of the
corresponding hydroqui-
none. A similar relation
was found for benzoqui-
none and hydroquinone in
water by Kolthoff and
Orlemann.? Quite gener-
ally, it seems that the diffu-

Current in microamperes,

0 +0.1 402
Potential, v. (S. C. E.).
Fig. 7.—Waves for a
8 - hydroxyalkylpseudocu-
mohydroquinone -~ g - hy-
droxyalkylpseudocumo-
quinone system.

sion coefficient of a quinone in a polar solvent is
distinctly greater than that of the corresponding

hydroquinone.

In Fig. 5 and Fig. 6 are
given the curves, corrected
for the residual current
but not for <R, which were
obtained for the various
methyl quinones in buffer
II. Typical cirves, cor-
rected for residual current
but not for +R, obtained
for B-hydroxyalkylpseudo-
cumohydroquinones and
-pseudocumoquinones, and
for ¥-hydroxyalkylpseudo-
cumohydroquinones and
-pseudocumoquinones are
given in Fig. 7 and Fig. §,
respectively. In the re-
versible oxidation of a hy-
droquinone to quinone or
the reduction of quinone
to hydroquinone the oxi-
dation potential increases

0.0591 volt per unit decrease of pH at 25°.

—
—
— b

Current in microamperes.
—
— T~

—9l /

2 1
Li“J
0 -01 —02

Potential, v. (S. C. E.).

Fig. 8.—Waves for a
v - hydroxyalkylpseudocu-
mohydroquinone—~y - hy-
droxyalkylpseudocumo-
quinone system.

Since

the half wave potential (after correction for ¢R)
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corresponds to the classical oxidation potential
the former also should shift 0.0591 volt per unit
decrease of pH. The effect of pH is shown in
Table IT1, and it is seen that the calculated change
of the half wave potential is in satisfactory agree-
ment with the experimental one.

TarLE III
CHANGE OF 71/, WITH pH FOR HYDROQUINONES—-QUINONES
pH 5.40 6.06 7.97
m1/,° +0.146 +0.112 -0.007
Amiy,/ ApH® 0.0515 0.0623
VA —0.082 —0.124 —0.240
Amyy/ ApH? 0.0636 0.0606

® Benzohydroquinone; ® 2,3,5-Trimethyl-6- [2’-hydroxy-
propyl]-hydroquinone.

An analysis of the waves also shows that the
reduction of the hydroquinones and the oxida-
tion of the quinones is re-
versible at the dropping
electrode. 1t can easily
be shown that in these
cases the plot of the po-
tential against log 4/7q —1
should yield a straight
line with a slope of
0.0296. As an example
line II in Fig. 9 gives the
line obtained in the oxi-
dation of 2,3,5-trimethyl-
6-[2’-hydroxypropyl]-hy-
droquinone. The slope
of 0.031 is in good agree-

o

Log i/(ia — ).

I n

0.1 0.2
Potential.

Fig. 9.—Analyses of
waves: I, 0.001 M 2,2,5,7,8-

LEE IrvIN SMITH, I. M. KOLTHOFF, STANLEY WAWZONEK AND P. M. RUOFF

pentamethyl - 6 - hydroxy-
chroman; II, 0.000538 M
2,3,5 - trimethyl - 6 - [2'-

ment with the theoretical
value which was calcu-
lated on the basis of a

hydroxypropyl]-hydroqui-

reversible two-electron
none in buffer 11, :

transfer.

The high value of the half wave potential
obtained for 2,3,5-trimethyl-6-[3’-hydroxy-3’-
methylbutyl]-benzoquinone in buffer I is prob-
ably due to some interaction with the buffer. The
diffusion current of this compound in buffer I was
of the same magnitude as that of its corresponding
chroman.

In Table IV is listed a comparison of normal
oxidation potentials of various quinones as cal-
culated from the half wave potentials with
the normal oxidation potentials of the same com-
pounds determined in the classical way by Conant
and Fieser.

(14) Conant and Fieser, TRIs JOURNAL, 48, 2194 (1923); Fieser
and Conant, ébid., 87, 401 (1935).
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The latter authors determined the potentials in
509, ethanol, and found the same values when
95%, ethanol was used as a solvent. Conant and
Fieser determined the potentials in hydrochloric
acid solutions and referred the values to the
normal hydrogen electrode. Our values were
determined in a buffer solution with a pH of 5.4.
In order to find the standard normal potential
against the normal hydrogen electrode the po-
tentials were calculated for a pH of zero, using
0.246 v. as the standard potential of the saturated
calomel electrode. It is seen that our values are
in excellent agreement with those of Conant and
Fieser.

TABLE IV
CoMPARISON oF NorRMAL OXIDATION POTENTIALS OF
QuiNoNES CALCULATED FROM HALF WAVE POTENTIALS
WITE VALUES OF CONANT AND FIESER

E, calcus
lated from
polaro- Eo (Comant
graphic and
Compound data Fieser)
Quinone 0.711 0.711
Toluquinone 654 .656
p-Xyloquinone .599 597
Duroquinone 471 . 466
2,3-Dimethyl-1,4-naphthoquinone .349 .340

The effect of the position of a hydroxyl group
in a side chain upon the oxidation potential
(vs. 8. C. E.) of a quinone, as illustrated by the
following examples, is in approximate agreement
with the observation of Ball®® for the oxidation

(o] (o]

' X
H,C CH,CHOHCH; H;C l CH,CHOHC,H;
H;C CH; HC; JCHa

| i

O O
—0.082 —0.083
(o]
H,C CH,CH,CHOHCH;
H,C CH;
|
O
—0.092
O
|
H,C CH.CH,C(OH)(CHa),
H; CH,
O
-0.092

(15) Ball, J. Biol. Chem., 114, 649 (19386).
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potentials of related hydroxynaphthoquinones;
thus

- CHz—CHz—C< —CHz—-CH—CH<
CH, T CH,
oH OH
o = 0.3000 v. Fo = 0.3055 v.
Discussion

From Table I it is seen that the half wave
potentials of p-hydroxychromans are 10 milli-
volts more positive than those of the correspond-
ing p-hydroxycoumarans. This means that
v-hydroxyalkylquinones are formed more diffi-
cultly from these chromans than g-hydroxyalkyl
quinones are formed from the coumarans. The
net oxidation of the chromans and the coumarans
to the corresponding quinones is irreversible.
From an analysis of the waves of the chromans
and the coumarans it is evident that the electro-
chemical oxidation involves a reversible reaction
and that the oxidation product formed is unstable
and is irreversibly transformed to the corre-
sponding quinone. The mechanism of the reac-
tion is postulated as

CH,
Hol/ CH; + H,0
H,Cl < SR
S, 6 CHs
0:9)
\( N
. )(j<cns +2H* +2 (1)
\CHs\O CH,
o
(B)
\/ N
‘* | CH,
H,C. /\\ / irreversible
1,8
b
(B)
0
) _CH,
H,C l CHzCHzC—\gg @
mel Jen, '
<

The net reaction is represented by the equation
A 4+ H,O—> C 4+ 2H* + 2e
On the other hand, the potential = of the electrode
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is determined by reaction (1) and is given by the
expression
[Bo]
Al
The subscript zero denotes the concentration
at the electrode, concentrations being written
instead of activities. Since all the experiments
were carried out in well buffered solutions [H+],
may be taken equal to the hydrogen ion concen-
tration in the bulk of the solution.
When the current has become equal to the
diffusion current 44, the relation holds
iq = k[A] €))
in which [A] is the concentration of the chroman
in the bulk of the solution. Since
¢ = k{[A] — [Ao]} (5
it follows from (4) and (5) that

= = Const. + 1 + -—-111 [H*lo (3)

ia — 1
(0] = B2 ®

The concentration of B at the surface of the elec-
trode [Bo] is unknown as B is being transformed
to C, the latter being the end-product. The rate
at which C is formed is proportional to the con-
centration of B. Hence, we can write
[Bo] = ¢[Co] )
[Co] in turn is proportional to the current ¢, and
we find
i = e = & B ®)
or
[Bo] = da/k’ (9)
Since A and C have about the same molecular
size k (eq. 6) may be taken equal to 2’ (eq. 9).
Introducing expressions (6) and (9) into (3) we
find in a well buffered solution
i
Ga — ) k’ + F
a + F ln [H*] (10)

x = Const. + El RT 10 (4]
_1'_
RNCT)
when the pH is kept constant we can write at

25°

= Const. +

x = Const.” + 0.0206 log (m—’_ﬁ 1
and the half wave potential m, is
x1/; = Const.’ (12)

According to the proposed mechanism the half
wave potential is not only determined by the
standard potential of reaction (1) but also by the
rate constant of the rearrangement of the hy-
droxide B to the quinone C (reaction 2). The
latter reaction is analogous to the rearrangement
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of pyridinium hydroxides to a-hydroxydihydro-
pyridines. According to equation (12) the half
wave potential at constant pH and temperature
should be constant and independent of the con-
centration. This was actually found. When
log [4/{a — 4)] is plotted against the potential =
a straight line should be obtained according to
equation (11) with a slope of 0.0296. Such a plot
of the analysis of the anodic wave of 2,2,5,7,8-
pentamethyl-6-hydroxychroman is given by line
IIin Fig. 9. A straight line with a slope of 0.0326
was found in good agreement with the theory.

The rate constant a of reaction B to C (equation
2) cannot be derived from the experimental data.

It is of interest to note that the difference in
half wave potential of two hydroxychromans
was found equal to the difference in oxidation po-
tential of the corresponding quinones, as is
shown by the following case

0
CH; l
YA \l H:C? \CH;
el < 1ol Jon,
¢, & CHs ]
ry/s = 1+0.232 7y, = —0.093
3 ?
HO/
‘l | CH, l/ lcm
N NN
( |l ¥ \CH, '\ “ CH.
y 0
>1//, = 40.114 m/ = —0.216
A = 0.12 A = 0.12

MarcoLM M. HARING AND HUGH A. HELLER

Vol. 63

The fact that coumarans were found to be more
easily oxidized at the dropping electrode than the
corresponding chromans indicates a greater sta-
bility of six-membered rings with a double bond
than that of five-membered rings with a double
bond.’* Further work on the mechanism of the
oxidation and also on the oxidation of Vitamin E is
in progress.

Summary

1. Current—voltage curves at the dropping
electrode of 6-hydroxychromans and 5-hydroxy-
coumarans have been determined in 509, metha-
nol in well buffered solutions. The half wave
potentials. of the various compounds were found
to be unaffected by the concentration. The dif-
ference in half wave potentials of chromans and
corresponding coumarans was found to be 10
millivolts, the coumarans being more easily oxi-
dized than the chromans. A reaction mech-
anism of the electrode reactions has been pro-
posed which accounts for the experimental facts.

2. Current—voltage curves and half wave
potentials have been determined for a great num-
ber of hydroquinones and quinones. The half
wave potentials were found to correspond to the
standard oxidation potentials of the wvarious
systems.

3. Compounds related to Vitamin E can be
determined polarographically.

(16) Brockway and Taylor, Ann. Reports of the Progress of Chemis-
try, The Chem. Soc., London, 84, 219 (1937).
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A Spectrophotometric Study of the Characteristics of Some Halogen Substituted
Sulfonphthalein Indicators

By MaLcoLm M. HARING AND HuGH A. HELLER!

The advantages of the sulfonphthaleins as in-
dicators have encouraged numerous efforts to
synthesize substituted forms. Among others,
Harden and Drake? reported the preparation of
eleven members of a series having four halogen

(1) Part of a thesis submitted by H. A. Heller to the Graduate
School of the University of Maryland in partial fulfillment of the re-
quirements for the degree of Doctor of Philosophy. For seven
additional spectrum photographs, order ADI Document 1494,
American Documentation Institute, 2101 Constitution Ave,, Wash-
ington, D. C., remitting 27¢ for microfilm or $0.90 for photoprint
copies,

(2) W. C. Harden and N. L. Drake, Tms JournAL, 81, 562 (1929).

atoms in the sulfobenzoic acid part of the mole-
cule. They also determined approximately the
useful ranges.

Since precision hydrogen ion colorimetry re-
quires a knowledge of the indicator constant, the
present study has been undertaken to determine
pK for each of seven of these indicators which
were available. At the same time the useful
ranges were redetermined and general suitability
studied, but no investigation of salt and protein
errors was made. The indicators studied were



