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cals of these times describe the rate of rotation and
the temperature dependance of this rate may be
expressed as anactivationenergy. Figure 4 shows
a graph of logr against 1/T and the slope of this
line is equivalent to an activation energy, Er, of
1.7 kcal. if the time of relaxation is expressed by

r= Ae"E7/RT

This value may be compared with that of 1.7 kcal.
for the similar activation energy for the rotation of
camphor in n-heptane,? and also with the value of
2.3 kcal. for the corresponding activation energy
for the viscosity of cyclohexane!?® over the range
15-30°. Further the interpolated value for the
relaxation time at 20° which is 6.8 X 10~?sec. in
cyclohexane is very close to the value 6.5 X 1012
sec. for camphor in n-heptane? but these values
are by no means proportional to the macroscopic
viscosity coefficients which are 0.96 and 0.41
cpoise, respectively.!®
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Fig. 4.—Graph of logic 7 against 1/7; slope equivalent to
1.7 kcal. energy of activation.

Summary

A description of the measurement of the dielec-
tric loss of liquids at microwave frequencies using
a completely filled cavity resonator is given. So-
lutions of camphor in cyclohexane have been
measured over the range 10-70° at three wave
lengths, 1.3, 3.3 and 10 cm. The observed losses
can be well explained by a single Debye loss curve;
the relaxation time is 6.8 X 10~*'sec. at 20° and
the temperature coefficient corresponds to an acti-
vation energy of 1.7 kcal.
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Potentiometric Investigation of Tripyrophosphatomanganic(III) Acid

By James I. WATTERS AND I. M. KoLTHOFF

Evidence presented in a previous paper! indi-
cated that the violet complex ion of manganese
(III) and pyrophosphoric acid is a chelate ring
complex anion having essentially the formula
Mn(HyP:O7);—2. The 1onic weight was estimated
by application of Jander’s expression® to the po-
larographically determined diffusion coefficients,
and the hydrogen content of the complex was de-
duced from pH, ionic charge, and theoretical con-
siderations. An investigation of the oxidation po-
tential of the manganese(II)-manganese(III)
couple in acidic pyrophosphate solutions along
with the various factors influencing it is described
in the present paper.

A new potentiometric procedure for determining
manganese by titrating the trivalent complex with
standard iron(II) sulfate solution is also de-
scribed. Volumetric procedures in which the tri-
valent complex is titrated with iron(II) sulfate
and the end-point detected with diphenylamine
sulfonate as indicator, as well as amperometrically,
will be described in subsequent papers. On the

(1) I, M. Kolthoff and J. 1. Watters, Ind. Eng. Chem., Anal. Ed.,
15, 8 (1943).

(2) G. Jauder and H. Spandau, Z. physik. Chem., A186, 325
(1939).

basis of the present studies,® Lingane and Karplus? .
have developed a potentiometric method for de-
termining manganese in which manganese(II) is
titrated to the violet manganese(III) pyrophos-
phate complex with standard permanganate solu-
tion. Their titration curves substantiate the au-
thors’ results.

Theoretical

In the experimental part it is shown that the po-
tential at a platinum electrode of the complex
manganic(IIT)-manganous(II) system is rever-
sible, and that both complexes are mononuclear.
It has been mentioned that the trivalent manga-
nese complex contains three pyrophosphate radi-
cals.! The hydrogen content of the pyrophos-
phate ions, either in the form of complex ions or
simple ions, is a function of the pH of the solution.
The number of associated hydrogen ions in the
various ions at a particular pH, will be indicated
byx, v and z. The number of pyrophosphate rad-
icals in the manganese(II) complex will be indi-
cated by m to illustrate the method of its evalua-

(3) J. 1. Watters, Ph.D. Thesis, University of Minnesota, 1943.

(4) 1.7J. Lingane and Robert Karplus, Ind. Eng. Chem., Anal. Ed.,
18, 191 (1946),
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tion. The following equation for the electrode
reaction can be written

Mn(H.PyOp)pm~Um—mz—2 4 (3 — m)Hy POy~ = » <__—>
Mn(H,PsOq);~ @~ 3 + (mx + 3y — my — 32)H+* +¢ (1)

The equation for the oxidation potential of this
system at 25° in terms of activities can be written
as

E = E: + 0.0591 log aMn!C/aMn!C
— (3 — m) 0.0591 log aH PO~ ¢~ ¥ +
(mx + 3y — my —32) 0.0591 log aH* (2)

Upon converting hydrogen ion activity to paH
and other activities to concentrations, this equa-
tion becomes

E = E + 00591 log (fu/fafs)
4+ 0.0591 log (MnIIC)/(Mn!IC)
— (3 — m) 0.0591 log (H,P:0;,~4—®)
— (mx + 3y — my — 32) 0.0691paH 3)

In these equations Mn'C and Mn!C indicate
the two complex ions, ¢ denotes molar activity,
and f; the molar activity coefficient of Mn'IC, f,
that of Mn!'C and f; that of H,P,O;=“~% and
parentheses indicate molar concentration. Ej
indicates the standard potential for the reaction.

If only the concentration ratio of the two man-
ganese complexes is varied, the potential change
AE at 25° at constant p,H and ionic strength can
be expressed as follows

AE, _1 = 0.0591 A log (MnMIC)/(Mn!C),_; (4)

By means of this equation it is possible to estab-
lish that the complexes are mononuclear and that
a one-electron change occurs.

The effect on the potential resulting from varia-
tions of only the total pyrophosphate concentra-
tion can be expressed as

AE; 1 = (m — 3) 0.0591 A log (H,P0; ~¢4=9)), 4y (5)

By simple calculations involving the ionization
constants of pyrophosphoric acid it can be shown
that, at constant ionic strength and paH, the con-
centrations of all species of pyrophosphates are
proportional to the total pyrophosphate concen-
tration. Accordingly, equation (5) can be con-
verted to the following form

AE;_; = (m — 3) X 0.0591 Alog (Cs)e—1 (B)

Cs denoting the total pyrophosphate concentra-
tion. From this equation, it is possible to deter-
mine m, the number of pyrophosphate ions asso-
ciated with each manganese(II) ion by determin-
ing the change in potential, E, as a function of the
total pyrophosphate concentration.

The effect of varying the paH is given by the
equation
AE; 1 = (32 + my — 3y — mx) 0.0591ApaHs_; (7)

Certain complications enter in the evaluation of
x, » and z. Obviously pyrophosphate ions and
both complex ions in various degrees of association
with hydrogen ion enter the reaction or are in
equilibrium with reacting forms. The observed
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coefficient of paH (eq. 7) will be a weighted aver-
age for the several reactions which may occur.
An equation for a predominant reaction in a given
paH range might be written. In this case, the
concentration of the uncomplexed pyrophosphate
ion could be evaluated since the ionization con-
stants of pyrophosphoric acid are known. How-
ever values of the hydrogen ionization constants
of the two complex acids are unknown. Accord-
ingly, the actual concentrations of complex ions of
any given degree of dissociation for which the elec-
trode reaction might be written cannot be solved
even though the total concentrations of manganese
(II1) and manganese(II) are known. Recourse
to a sufficiently high paH to be certain that one
complex contains no associated hydrogen ions is
denied because in alkaline solutions the complex
manganese(III) ion disproportionates to produce
manganese dioxide. Likewise, the complexes are
too strongly acidic to assume quantitative asso-
ciation during a variation in paH in fairly strong
acidic solutions. The latter behavior is to be
anticipated because positive nuclear ions enhance
the acidity of acids in the complex. Pyrophos-
phoric acid complexed with either manganese(II)
or manganese(III) is a stronger acid than the
simple pyrophosphoric acid, and the manganese
(III) should be more acidic than the manganese
(IT) complex.

The value of z in fairly strong acid solutions has
been shown! to be close to 2 corresponding to 6
hydrogen ions in the manganese (III) complex.
However, the evidence did not preclude the pos-
sible association of one or possibly two additional
hydrogen ions or the dissociation of several more
hydrogen ions depending on the exact pH with a
corresponding effect on the potential. It follows
that only differences in the acidities of the two
complexes can be found on the basis of equation
(7).

Experimental

Apparatus.—The potential measurements were made in
a 100-ml. tall form lipless beaker with a bright platinum
indicator electrode and a saturated calomel reference elec-
trode. The beaker was equipped with a no. 11 rubber
stopper with holes to receive electrodes, buret, a stirrer,
and a tube for admitting purified nitrogen. Unless other-
wise indicated, oxygen-free nitrogen was bubbled through
the solution for fifteen minutes to remove oxygen. A
temperature of 256 = 0.1° was maintained by means of a
thermostatically controlled water-bath. In a few titra-
tion experiments the temperature of the bath was changed
to 26°, which was room temperature.

A Leeds and Northrup Student’s potentiometer was
used on conjunction with a Leeds and Northrup portable
enclosed lamp and scale galvanometer. The paH meas-
urements were made by means of a Beckman glass elec-
trode pH meter.

Reagents.—Analytical reagents were employed. A
stock solution of 0.1 M manganese(II) sulfate in 0.01 N
sulfuric acid was used.! Standard 0.1 N iron(II) sulfate
solution having a pH of about 1.6 was prepared by dissolv-
ing approximately 40 g. of Mohr salt in water, adding 2
ml. of sulfuric acid (1:1) and diluting to one liter. This
solution, which was oxidized only slowly by air, was

standardized daily just before being used. Standard
0.01 N iron(II) sulfate solution was prepared by dilution
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of 0.1 N solution with sulfuric acid (1:100). Sodium
and potassium pyrophosphate! were both used as a source
of pyrophosphate. The pH of the pyrophosphate solu-
tions was adjusted to the desired value with either sulfuric
or nitric acid.

Procedure.—The manganese(III) complex was pre-
pared from the manganese(II) complex, in 0.4 M pyro-
phosphate having a pH of about 2, by shaking with lead
dioxide and then filtering according to the procedure de-
scribed in a previous paper.! The solution was stirred
mechanically during potential measurements.

Results and Discussion

Equations (4) through (7) were tested by means
of various experiments designed to permit the ob-
servation of potential changes resulting from care-
fully controlled variations.

Effect of the Manganese(III) to Manganese
(II) Ratio.—Experimentally, equation (4) was
tested by measuring the potential of solutions
prepared by mixing varying proportions of the air-
free oxidized and unoxidized portions of a solu-
tion, 10 millimolar in manganese ion, 0.4 M in so-
dium pyrophosphate, and 2.40 in paH. The po-
tentials in Table I are plotted as a function of log
(Mn!IC)/(Mn!IC) in line ¢, Fig. 1. The points
fall on a straight line which has a slope of 0.0598 v.,
in good agreement with the theoretical value of
0.0593 volt for a one-electron transfer at 26°.

TaBLE 1
RELATION BETWEEN POTENTIAL AND RaTtio (Mn™M)/
(Mn)
 (MnUI

LOglUEﬁnIT))' E (S\;Olct.SE.)’
1.69897 0.8456
1.39794 . 8288
1.09691 .8116
0.69897 7877
.39794 L7697
.22185 L7592
.09691 7523
00000 . 7463
- ,22185 7327
- .39794 7220
— 69897 7042
—1.09691 . 6800
—1.39794 6612
—1.97634 .6323

Another experiment was performed by observ-
ing the effect on the potential resulting from
changes in total manganese concentration while
the ratio of the oxidized to reduced form remained
constant. A solution 5 millimolar in both the
manganese(III) and the manganese(II) com-
plexes, 0.4 M in sodium pyrophosphate and 2.40
in pH, was diluted ten times with a solution 10
millimolar in sodium sulfate instead of manganese
sulfate, 0.4 M in sodium pyrophosphate and 2.40
in pH. Upon dilution the potential retained a
constant value of 0.7463 v. (S.C.E.). From these
- experiments it follows that the electrode behaves
in a reversible manner for a one-electron transfer
with respect to the two manganese complex ions,
and that both the oxidized and reduced forms of
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the complex ions must contain only one manga-
nese atom. This conclusion has further support
in the fact that potentiometric titrations discussed
later show that the oxidation states differ by
unity.
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Fig. 1.—Line a, data obtained from the titration curve
of 0.001 M manganese (III) complex with iron (II); line
b, data from titration curve of 0.01 M manganese (III)
complex; line ¢, data obtained from Table I.

Effect of the Pyrophosphate Concentration.—
Equation (6) was tested experimentally by
varying the total concentration of pyrophos-
phate from 0.4 to 0.04 M keeping the ionmic
strength and the paH constant. In the following
experiments the paH was 2.06. The ionic strength
of the system which was 0.4 M in sodium pyro-
phosphate was calculated to be 1.83. The solu-
tion containing 0.04 A pyrophosphate was made
1.83 M in potassium nitrate in order to have the
same ionic strength as the 0.4 M pyrophosphate
solution. The various solutions were 0.5 milli-
molar both in manganese(II) and manganese
(III). The average value of the oxidation poten-
tial (vs. S.C.E.) of the solution 0.04 M in pyro-
phosphate was found to be 0.8278 == 0.001 v. and
of the solution 0.4 M in pyrophosphate 0.7670 =
0.001 v. After correcting for the amount of pyro-
phosphate combined with manganese, the poten-
tial change was found to be 60.8 = 2.0 mv. for a
change in the pyrophosphate concentration from
0.3975 to 0.0375 M. Substituting these values in
equation (6) yields 2.00 for the value of .

In order to establish that m remained constant
throughout the dilution, another experiment was
performed in which the pyrophosphate concentra-
tion was varied continuously. To a solution 5
millimolar in both manganese(I1I) and manganese
(III) and 0.4 M in sodium pyrophosphate, was
added 1.83 M potassium nitrate solution. The
paH was kept constant at 1.58 by adding small
amounts of nitric acid. The results are given in
Table II. They show that in the concentration
range of pyrophosphate used a value of m = 2
satisfies the experimental data.

From polarographic experiments! it was con-
cluded that the manganese(III) complex contains
three pyrophosphates. This relation of two to



TaBLE II

THE INFLUENCE OF PYROPHOSPHATE CONCENTRATION ON
THE POTENTIAL

Dilution Potential vs. AE
Ve S. C. E, mv, Alog Cs, mv,

1.0 824.7
1.5 834.7 56.8
2.0 839.6 49.5
3.0 850.3 53.7
7.5 874.6 57.2

10.0 884.3 59.6

three in the number of chelate complexing ions has
been observed repeatedly in complexes of di- and
trivalent elements of the first transition series.
An analogous behavior of the iron(III) oxalate—
iron(II) oxalate couple was observed by Schaper’
and verified by Lingane.$

Effect of Hydrogen Ion Concentration.—Since
the value of m has been found to be two, equa-
tion (7) becomes

AE;_; = (33 — 2x — y) 0.0591ApaH,_y =
~w 0.0591 ApaH._y (8)

Experimentally, this equation was tested by meas-
uring the potential as the paH was varied by add-
ing concentrated nitric acid or ammonium hy-
droxide dropwise to a solution 5 millimolar in both
manganese(II) and manganese(III) complexes
and 0.4 M in sodium pyrophosphate. The effect
of changing the paH in this solution is shown in
Table III and Fig. 2. The value of w corre-
sponds to the number of hydrogen ions involved in
the reaction if the activity coefficient of the hydro-
gen ions remains constant with variations in the
acidity. Each value given for w is the average
obtained with reference to the preceding and suc-
ceeding data. In solutions having a paH smaller
than 3, the solution was rich violet in color. As
the paH approached 7, the color of the complex be-
came increasingly amber. When the peH ex-
ceeded 7 appreciably, a precipitate formed due to
disproportionation of the amber-colored coniplex
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Fig. 2.—Change of potential with paH in mixture 0.005
M in both manganese(II) and manganese(III) complexes
and 0.4 M in sodium pyrophosphate.

(5) C. Schaper, Z. physik. Chem., T8, 315 (1910).
(6) J. J. Lingane and H. Kerlinger, Ind. Eng. Chem., Anal. Ed.,
13, 77 (1941).
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TABLE III
EFFECT OF p.H ON THE POTENTIAL
Potential
VS,
S.C. E,
peH mv. w Color
0.05 946 .2 .. Rich violet
.19 934.5 1.51 Rich violet
.52 903.5 1.51 Rich violet
.80 879.6 1.21 Rich violet
1.12 861.1 1.23 Rich violet
1.52 826.0 1.31 Rich violet
1.76 812.4 1.54 Rich violet
1.97 788.7 1.80 Rich violet
2.27 758.4 1.90 Rich violet
2.99 668.0 2.33 Rich violet
3.59 578.0 2.44 Violet (less intense)
4.02 518.5 2.64 Violet (trace of amber)
4.54 4282 2.61 Amber violet
5.85 318.4 1.03 Brown amber
7.11 262.3 0.77 Brown turbid
8.72 187.0 More turbid

to form manganese dioxide and manganese (II)
ion.

At a paH approaching zero w became approxi-
mately 1.5. In the lower limit of this paH range,
¥ can be assigned approximately the value 4 since
the pyrophosphoric acid is largely associated.
Assigning the value of 2 to z on the basis of polaro-
graphic data' leads to a calculated value of ap-
proximately 2 for x, indicating that both the man-
ganese(II) and the manganese(III) complexes are
definitely more acidic than pyrophosphoric acid.
The following equation may accordingly be writ-
ten for the predominant equilibrium in strongly
acidic solutions,

Mn(H.P.07)2~2 + H,P:0, Z
Mn(H:P:0;);~2 (violet) + 2H* + e  (9)

In the paH range of 0 to 3, there is a large varia-
tion in the extent of association of hydrogen ions
with pyrophosphoric acid. This factor alone ac-
counts for the major portion of the change of w.
Accordingly if there is any decrease in the value of
z in this range, there is also a compensating de-
crease in the value of «.

In the paH range of 3 to 6, pyrophosphoric acid
is largely present as HoP,O;~% ~ Furthermore, the
degree of association of pyrophosphoric acid does
not change rapidly in this range and does not con-
tribute appreciably to the value of w. In the
lower half of this range the observed value of w is
about 2.5. This value should be zero if both com-
plex ions contained dihydrogen pyrophosphate
ions. [t isevident that the manganese(III) com-
plex must contain fewer hydrogen ions than the
manganese(II) complex. Accordingly z is unity
or zero. This decrease in the value of z is accom-
panied by a change in the color of the manganese
(III) complex from violet to amber.

In the paH range of 6.7 to 9.4, the ion HP,O;~3
preponderates in pyrophosphate solutions. The
more acidic complex ions undoubtedly contain
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simple pyrophosphate ions. Assigning the value
zero to x and g, yields a value of unity for w which
is approximately the value observed. The main
reaction in this paH range is
Mn(P;07);~% + HP;0;~3 ==

Mn(P:0r)s™* + H* + ¢ (10)

Cartledge and Ericks’ in a study of the oxalate
complexes of manganese(III) observed a red com-
plex, Mn(CyO,);—%, which changed to a brown
complex, Mn(CyOy). (H:0);™!, when the concen-
tration of excess oxalate ion was decreased by di-
lution. The color change in the manganese(III)
pyrophosphate complex cannot be due to an anal-
ogous displacement of pyrophosphate ions by wa-
ter molecules because a one-hundred fold dilution
of the violet complex with water at a paH of 2
caused no change of color from violet to amber,
but a change of the paH to 2.4 caused a definite
change in color. Furthermore a large excess of
the complex-forming pyrophosphate ions is pres-
ent in solutions containing the amber-colored com-
plex.

On the basis of these considerations it appears
that the manganese(III) complex is rich violet in
color when an average of two hydrogen ions are
associated with complexed pyrophosphate ion
and it is amber in color when one or no hydrogen
ion is associated with each pyrophosphate.

Potentiometric Titrations.—Titrations 1 and 2
in which 75 ml. of 1 millimolar manganese(III)
complex was titrated with 10.06 millinormal iron
(IT)sulfate, with air present and with dissolved
air removed, yielded curves (a) and (b) in Fig. 3.
Titration 3 was performed with a ten-fold increase
in the concentration of both the manganese(III)
complex and the iron(II) sulfate in the presence of
dissolved air. This titration curve was practically
identical with curve b in Fig. 3.

In blank determinations performed in the same
manner as the titrations, 0.07 ml. of 0.01006 N
iron(II) sulfate was added before a potential
change was observed. This blank correction due
to a trace of oxidizing agent, probably very finely
divided lead dioxide, was applied in all calcula-
tions. The calculated molarities of the manganic
complex in the three titrations, assuming a one
electron change, were 1.0013, 1.0010, and 9.972
millimolar corresponding to errors of -+40.13,
+0.10 and —0.28Y%, respectively. The large po-
tential break and the accuracy which is better
than 0.3% in the presence or absence of dissolved
air, indicate the excellence of the potentiometric
titration from a practical viewpoint.

Effect of Oxygen.—Although dissolved oxygen
had no noticeable effect on the results of the
titration, some of the potentials, especially in
the more dilute solutions, were influenced by
its presence. Before the end-point the corre-
sponding potentials in all three titrations were
in good agreement. However, beyond the end-

(7) G. H. Cartledge and W. P, Ericks, THIs JourNaL, 88, 2065
(1936).
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point, the presence of dissolved oxygen influenced
the potential in the solutions which were only one
millimolar in manganese complex because of air
oxidation of the ferrous iron.

o rrrrrrrrrrrrrrrrT
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0.4

0.2

T 1T T P 1T T T T T gl

| I T I T T T N N W |

0.0
-0.20 4

Potential vs. S. C. E. in volts.

[ T T T |
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2 4 6 8 10 12 14 16
Volume of 0.01006 N iron(II) sulfate in ml.
Fig. 3.—Potentiometric titration curve of 0.001 M
manganese (III) complex with iron (II); a, dissolved air
not removed; b, dissolved air removed.

Since the changes in paH and volume during the
titrations were small, the potential change before
the end-point was due largely to changes in the
ratio of the concentrations of the two complex
manganese ions. This permitted a convenient
confirmatory test of equation (4). Upon plotting
the potential wversus log (MnMIC)/(MnlIC) for
titrations 2 and 3, the lines a and b in Fig. 1 were
obtained. Straight lines with slopes of 0.059 v.
were found in both cases. Considering the small
effect due to dilution and a small pH change the
average value of the potential of 0.776 v. at the
midpoint in the titrations agreed satisfactorily
with the formal potential of 0.767 v. of the couple
at various concentrations in a solution 0.4 M in so-
dium pyrophosphate having the same paH,
namely, 2.06.

Similar calculations involving the iron(III) and
iron(II) pyrophosphate complexes which deter-
mine the potential beyond the end-point yielded a
slope of 0.059 v. and a potential of 0.033 v.
(S.C.E.) for this couple in a solution containing
equal concentration of the two complex ions at a
paH of 2.06. It follows that both of the manga-
nese and both of the iron complexes are mono-
nuclear and that both undergo one-electron
changes.

The potential at the endpoint should be one-
half the sum of the above potentials of the two
couples at paH of 2.06, namely, 0.405 v. (S.C.E.).
The value of 0.410 v. (S.C.E.) calculated by the
method of second derivatives from titration b
(Fig. 3) is in satisfactory agreement with the theo-
retical.

The Standard Potential.—The potential of a
solution equimolar in the manganese(III) and
manganese(II) complexes, in a solution 0.4 M
in sodium pyrophosphate and having a paH of
2.06 is +0.767 = 0.003 v. versus the saturated
calomel electrode or 41.013 = 0.003 v. versus the
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standard hydrogen electrode at 25°. Extrapolat-
ing to a paH of zero and a pyrophosphate concen-
tration of unity on the basis of experimental data
previously presented yields a value of +1.15 v. as
the “formal” oxidation potential for the reaction
in equation (9) at 25°. Strictly speaking this po-
tential is not the formal potential, since the hy-
drogen ion activity and not its concentration was
extrapolated to zero. Nor is it the standard po-
tential since the concentrations and not activities
of the complex ions and pyrophosphoric acid are
used. As the activity coefficients are not known,
the standard potential cannot be solved but is
probably close to 1.15 v.

Although the data will not permit an accurate
evaluation of the instability constants, an approxi-
mation may be made of their ratios. On the basis
of the standard potential of 1.51 v. for the aqueous
manganese(II1I)/manganese(II) couple deter-
mined by Grube and Huberich3® the following
relation between the instability constants Ky
for tri-dihydrogen pyrophosphatomanganate(I1IT)
complex and Ky for di-dihydrogen pyrophosphato-
manganate(II) is obtained
1.15 v. = 1.51 + 0.0591 log “2%

aMn*2
Kijjamaliic ¢g,p,0p

1.51 v. + 0.0591 log
Kemalic ag,p,0p2

volts

an

Since the standard potential is calculated for
all substances in the last term at unit activity
(8) G. Grube and K. Huberich, Z. Elektrochem., 39, 17 (1923).

(9) W. M. Latimer, ‘‘Ozidation Potentials,’”’ Prentice-Hall, Inc.,
New York, N, Y, 1938, pp. 221,
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the following relation is obtained
Ky = 107 Kyg {ca.)
Summary

The couple tripyrophosphatomanganic(III)
acid/dipyrophosphatomanganic(II) acid was
shown to behave reversibly at a platinum elec-
trode. The influence of the total pyrophosphate
concentration, ratio of manganese(III)/manga-
nese(II) concentrations, and paH were studied.
At a paH near zero, the equilibrium was shown
to be essentially

Mn (H,P,07):~2 + H,P:0Or _><—-
Mn(H;PsOr);~3 (violet) + 2H* + e (9)

The potential of a platinum electrode in a solution
containing equal concentrations of manganese
(II) and manganese(III) in a solution 0.4 M in
pyrophosphate having a paH of 2.06 is +1.013 =
0.003 v. versus the standard hydrogen electrode.
The standard potential for the reaction indicated
in equation (9) is Ey = (ca.) —1.15 v. (Lewis and
Randall convention).

As the paH approaches 7, the manganese(I1I)
complex becomes increasingly brown amber in
color, due to the ionization of additional hydrogen
ions from the complex. In an alkaline solution,
the manganese(III) complex is unstable dispro-
portionating to form manganese dioxide and man-
ganese(II) 1on.

A new method for determining manganese by
means of a potentiometric titration of tripyrophos-
phatomanganic acid with iron(II) sulfate is de-
scribed.
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[CONTRIBUTION FrROM THE PHILADELPHIA QUARTZ Co.]

The Effect of Sodium Silicates on the Absorption Spectra of Some Dyes

By R. C. MERRILL, R. W. SPENCER AND R. GETTY

That certain dyes change color in the presence
of various colloids has long been known. Familiar
examples are the variation in color of a biological
stain depending on the nature of the stainable sub-
strate, which P. Ehrlich called metachromasy, and
the protein error of indicators. Micellar solutions
of colloidal electrolytes, such as cetyl pyridinium
chloride! and long chain sulfonates and sulfates®3
change the color of pinacyanol chloride and other
dyes.t5 This paper reports the effects of another
group of colloidal electrolytes, the sodium sili-
cates, on the absorption spectra of the dyes, pina-
cyanol chloride, toluidine blue O, Rhodamine 6G,
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and the sodium salt of 2,6-dichlorobenzenone in-
dophenol.

Experimental

All of the sodium silicates used were commercial products
of the Philadelphia Quartz Co. Their composition is sum-
marized in Table I. The sodium metasilicate penta-
hydrate was in the form of pure white free flowing crystals
which have a melting point of 72.2°. The “‘E’’ and
‘“Star’’ silicates are clear, transparent, aqueous solutions
and the ‘‘S’’ is an opalescent solution. The sodium oxide
content is determined by titration with standardized

hydrochloric acid to the methyl orange end-point. Silica
TABLE I
CoMPOSITION OF SODIUM SILICATES
Naz0, $i0s,
Name Formula M. W. % %%

Metso crystals  NapSi0y-5H;0 122 29.1 28.2
Star Na,0-2.6S10, 217 10.5 26.3
E Na,0:3.3810: 262 8.6 27.7
S Na,0-4.0810, 305 6.3 24.6



