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INTRODUCTICK

Polarographic methoda{l)have been successfully used
in the study of the kinetics of reacticns; and the evalu-
ation of the stability, and polymerization of erganic sub-
stances. In numerous instances it has given definite
assistance in establishing the organic structure of some
complex compounds. It has been fairly well determined
that there is a close relationship between the polaro-
graphic reduction potential of a compound and its chemi-
cal constitution. The polarograph is well suited for
such measurements.

Much less is known of the interpretation of current-
voltage curves of 6rganic compounds than of most inorganic
compounds, because, generally, reduction of organic.com-,
pounds are irreversible reactions. In irreversible re-
ductions the nature of the reducfion product is often
unknown, due to the exceedingly small amount formed during
the electrolysis. However, much information regarding
the structure of the compound can be gathered by deter-
mining the number of electrons involved in the reduction
at the dropping mercury electrode.

The main difference tetween the oxidation or reduc-
tion of inorganic substances and organic substances is
that in the reduction or oxidation of the organic sub-

stance hydrogen ions are usually involved in the electrode



yeaction. The equation

R+ nE' + ne == RH
represents a general case in which the oxidant and reduc-
tant are both uncharged molecules. Ordinarily n is equal
to 2.

It is desirable to work with buffered solution in
the studies of the reductions or oxidations of organic
compounds, because electrons are involved in the elec-
trode reactions. If buffered solutions weren't used the
pH of the solution would be changing continually. Never-
theless, some compounds form better waves in unbuffered
solutions and in these cases unbuffered solutions are
usede. ;

In this investigation experiments were carried out
in an endeavour to determine the stability and rate of
decomposition, on exposure to air, of various vitamin K

solutions.
TATERIALS

The mercury which is used must be exceedingly pure,
and may be used only once before being repurified. A
high grade of mercury, which had been previously used in
polarographic work, was used for first experiments. After
being used once it was purified by first shaking vigor-
ously with distilled water in order to remove all water

soluble material. This onerotion is repeated four times



and then the mercury is shaken four times with 2% nitric
acid. Next ié is passed through a cone of filter paper
with a hole in the apex and through a four foot length of
glass capillery. Tnis operation removes all solid par-
ticles not soluble in water or 5% nitric acid. The mercury
is now allowed to drop in a stream of fine droplets through
a five foot column of 2% nitriec acid. After this the mer-
cury is distilled in vaccuum and is then ready for usee.

The nitrogen used is obtained from a commercial tank
of nitrogen. Oxygen and other impurities which may be pre-
semt are removed by first passing the nitrogen through a
solution of pyrogallic acid, next through a solution of
alkaline potassium permanganate, and finally washed by

passing through water.

PROCEDURE

A leeds and Northrup Electro-Chemograph was used in
this investigation and in the following paragraph the
procedure used is outlined. ¥ercury is poured into the
dry electrolysis cell until the bottom is covered. A
measured amount, usually four mililiters, of the solution
to be analyzed is added. Five drops of 0.05% gelatim is
added to the solution in the cell. The gelatin is added
to prevent the formation‘of gurrent maximas. The cell is
placed in position and the electrodes inserted. Nitrogen

is bubbled through the solution for three minutes, in order



to remove any dissolved oxygen. Oxygen is easily reduced
at the dropping mercury electrode and if not removed it
will give a reduction wave which will interfere with the
wave 0f the substance to be analyzed. The sclution is

kept under an atmosphere of nitrogen throughout the elec-
trolysis. During the time the nitrogen is bubbling through
the solution the three electrical balances; described in
the directions for operation of the instrument, are made.
The proper shunt, depending on the concentration of the
solution, is inserted. The height of the mercury column

is adjusted so that the drop time is from 2 to 4 seconds.
In most cases it was ad justed so that one drop of mercury
fell every three seconds. The galvanometer is now released
and allowed to come to rest. The polarizing unit is now
started, this steadily increases tne potential between the
electrodes, and at the same time the chart is set in motion.
The current-voltage curve is now autcmatically traced on
the moving chart and nothing remains to be done except

turn the instrument off at the conclusion of tias rune

INVESTIGATICN CF VITAMIN K CCMXLEXES

The substances used in this investigation wers:
2-methyl-l,4-naphthoguinone, 2,¢é-dimethyl-l,4-naphtho-
quinone, l-hydroxy-2-méthyl-4-naphthol amine hydrochlo-
ride, and the dimer of 2-methyl-l,4-naphthoquinone.

Stock solutions of each compound were prepared by dis-



solving in either oxygen free water or oxygen free alcohol,
depending on the solubility of the compcund. The oxXygen
was removed from the water and alcohol by suction. The
stock solutions were kept tightly stoppered and in the
dark except when a sample was being withdrawn. ‘Jhen a
determination was to be made a sample was withdrawn and
diluted 1 to 1 with O.1 N KC1l or buffer, gelatin was added
and it was then electrolyzed.

2-Methyl-1l,4-naphthoguinone is practically insoluble
in water, so ethyl alcohol was used as a solvent. The
alcoholic solution was found to be perfectly stable. The
2-methyl-l,4-naphthoquinone gave an excellent cathocdic
wave in both an unbuffered KCl solution and a buffered
solution of a pH of 5.0. The buffer used was composed

of egual parts of 1 M NaCBH30 and 1 M HCoH 0

2 s 2°
buffer alone had a pH of 4.6. ‘hen it was diluted with

The

an equal amount of water it had a pH of 4.6. %When it was
diluted with an egual amount of ethyl a2lconol it had a pH
of 5.0. Fig. 1 shows a cathodic wave of 2-methyl-l,4-
naphthoquinone, and Table 1 summarizes the results. The
unbuffered solution exhibited a current maxima which
could not be suppressed.

2,5-Dimethyl-l,4-naphthoquinone is gquite similar to
2-methyl-l,4-naphthoquinone. 1t is insoluble in water

but soluble in ethyl alcohol. f1he cathodic wave of 2,0-



dimethyl-l,4-naphthoguinone is exactly like the one ob-
tained with 2-methyl-l,4-naphthoquinone except that it
has a higher reduction potential and a higher half-wave
potential as can readily be seen from Table 7. Fig. &
shows a typical wave. Cathodic waves were formed from
both buffered and unbuffered solutions. The wave from
the unbuffered KCl solution was the better of the two.
The wave formed from the buffered solution exhibited a
current maxima which could not be suppressed by either
gelatin or glue solution.

l1-Hydroxy-2-methyl-4-naphthol emine hydrochloride
is soluble in water thus permitting use of an aqueous
solution. 1l-Hydroxy-2-methyl-4-naphthol amine hydrochlo-
ride was found to be very easily oxidized upon being
exposed to the air for only a very few moments. The
cathodic wave formed from a buffered solution of l-hydr-
oxy-2-me thyl-4-naphthol amine hydrochloride, pH of 5.0,
changed considerably on aging. At first the reduction
potential remains constant and the diffusion current
in¢reases steadily. ihen the solution was one hour old
the diffusion current had reached a limiting value and
now the reduction potential started to increase with the
diffusion current remaining constant. iihen the soluticn
was thres hoﬁrs 01d the reduction potential and half-wave
potential had reached limiting values. After this the

cathodic wave did not change as the solution continued



to age. This effect is shown in Table 4 and Fig. Se.

The results shown in Table 2 were obtained using an
0ld soluticn of l-hydroxy-2-methyl-4-naphthol amine hydro-
chloride in which the reducticn potential and diffusion
current had become constant. Good curves were formed
from the buffered solution of a pH of &§.0. A slight cur-
rent maxima, which could not be suppressed by @ither gel-
atin or glue, was exhibited both in the buffered and the
unbuffered solution. Fig. 2 illustrates a wave from an
0ld solution. 1f a sample of a fresh solution of l-hydr-
cxy=-2-methyl-4-naphthcl amine hydrochloride is taken and
electrolized, then left exposed to air and electrolyzed
again, etc., the sume change in reduction potential and
diffusicn current, as described above, is noted; only this
time it occurs much faster. The change depends on the
time and intimacy of the contact of the solution with the
air. 1t is probably due to oxidation of the l-hydroxy-2-
methyl-4-naphthol amine hydrochloride by the oxygen in the
air.

The effect of irradiation, by ultra-violet light, on

a solution of 2-methyl-l,4-naphthoquinone was studied.
The solvent used was absolute ethyl alcohol. The solution
was irradiated for a definite interval of time and a
sample was withdrawn. ‘1he sample was diluted 1 to 1 with
O.1 N KC1 and electrolyzed.

The results of this irradiation are sanown in Tatle &

At first the curve broke at -C.44 v. After being irrad-



jated for ten minutes tnere were two curves; cne broke at
-C.44 v. and the other at -0.74 v. ‘lhe first curve dis=-
appeared gradually and the second increased as the irrad-
iation continued. After the solution had been irradiated
for a periocd of twenty minutes the first curve had com-
pletely disappeared and a third wave had appeared. The
seecond wave broke at -0.70 v. and the third at -1l.18 v.
As irradiation continued the second curve began to lose
its shape and after the solution had been irradiated for
forty minutes only the third wave remained. As irradia-
tion continued the half-wave potential of the third wave
remained constant but the diffusion current increased
slowly. It is readily apparent that the irradiation with
the ultra-violet light changed the structure of the
2-methyl-l,4-naphthoquinocne.

A solution of the dimer of 2-methyl-l,4-naphthoqui-
none was prepared by dissolving the dimer in absolute
alcohol. Upon being reduced at the dropring mercury
electrode the dimer gave a dcuble cathodic wave. Results
are given in Table 6. The dimer was diluted 1 to 1 with
O.1 N KC1l before teing electrolyzed.

Commercial liquid samples of l-hydroxy-2-methyl-4-
naphthol amine hydrochloride were measured. The samples
were obtained in sealed ampoules; each contained 1 mg. of
the compound. The ampoule was opened immediatly before
it was to be electrolyzed. The contents cf the ampoule

was diluted 1 to 1 with acetate buffer and measured, then



left exposed to the air for a short time and remeasured.
Wnen ampoule No. 199 (50271) was used, two cathcdic
waves were tormed. fThe first increased in sized steadily
until reaching a maximum value when the solution was
abcut three hours cld. The first wave had a reduction
potential of -0.02 v. at first. i/hen the solution was
about two hours old the reduction potential started to
increase. It veached a maximum value 0of -0.20 v. when
the solution was six hcurs old. The reductiocon potential
of the second wave was =0.7C v, at first., It increased
steadily to a value of -1.0 v. by the time the solution
was three hours old. The size of the second wave varied
hardly at all. Table 20 summarizes the results.
When ampoule Ko. 199 (49771} was used, two wzves
were again formed, which were of about equal size at first,
One broke at -0.&9 v. and the other at -0.65 v. During the
first one and one-half hours the first wave decreased in
size while the second increased in size and the final
limiting current remained approximately constant. By
stating that the ®"wave increases in size®™ is meant that
the diffusion current of that particular wave is increaseda
The reduction potential of the first wave increuased to
-0.45 v. wnereas the reductivn potential of the second
did not change. At the end of four and one-half hours
both full waves had increased in size. The reduction

potential of the first wave fell to -C.C2 v. and the sec-
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ond had risen to -0.75 v. ihen the solution was five and
one-half hours old the diffusion current of the first wave
had increased slightly and the diffusion current of the
second wave had remained constant. The reduction poten=-
tial of the first wave had risen to -0.08 v. and the reduc=-
tiun potential of the seccnd wave had risen to -0.95 v.
When the solutiun was forty-eight hours ovld the values

for the half-wave potential and the diffusion current of
both waves were approximately the sawme as when the solu-
tion was only five and one-half hours o0ld. This showed
that limiting values had probably been reached. The re-
sults are tabulated in Table 21.

The solutions from the two different ampoﬁles behaved
differently on being exposed to tane air but it is interest-
ing to note that the final curves cbtained frum both
solutions are approximately the same, as can readily be
seen from a comparsion of Table 20 and Table 2l1. The
reason for the two samples passing through a different
series of steps is probably due to a difference in sol-
vent, which would lead to a difference of pH between the
two sclutions. It is also to be noted that the half-wave
potential 6f the first curve in its final form is the same
as the half-wave potential of and o0ld solution of l-hydr-
oxy-2-methyl-4-naphthol amine hydrochloride which was

made up from the solid.



Table 1. Effect of pH on the Half-Wave Fotential
of 2-lethyl-l,4-Kaphtheoquinone

Cong. Shunt Reduction Falf-Wave

(mg/1] (ohms) pi Potential Potential

(volts] (volts)
100 22222 5.0 -0.34 -0.42
200 22222 | 5.0 -0.%4 -0.43
100 500C0 5.0 -0.20 -C.42
200 50000 5.0 -0.3% -0.44
100 22222 7.0 -0.44 -0.57
200 22222 7.0 -0.44 -0.58
100 50CC0 7.0 -0.41 -0.57
200 50000 7.0 -0.40 -0.59

Table 2., Effect of pH on the Half-Wave Potential
l-Hydroxy-2-Nethyl-4-Naphthol Amine HC1l

conc. Shunt Eeduction Ealf-‘.’iave
og/1] | (ommal ] B Rorenner Potenien)
100 22222 4.6 -0.24 -0.94
200 22222 4.6 -0.22 -0.0%
100 50000 4.6 -0.22 -0.26
200 50000 4.6 -0.23 -0.36
100 22222 7.0 -0.07 -0.50
200 22222 7.0 -0.05 -0.82
100 50000 7.0 -0.04 -0.50
200 500C0 7.0 -0.54 -0.582
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Table 3. Effect of Aging on a Solution of
2-)Nethyl-l,4-Naphthogquinone
Congce. Shunt Age Reduction Half-wave [Diffusion
(mg/1) tohms} {hrs) Potential Potential | Current
{volts) tvolts) |(miecroamp)
200 22222 0 -0.40 -0.87 S¢9
200 22222 1 -0.49 -0.57 Se
200 22222 2 -0.40 -0.87 4.0
200 22222 4 -0.40 -0.57 S8
200 22222 8 -0.40 -0.57 Se9
200 22222 24 -0,.,40 -0.58 Se?
Table 4. Effect of Aging on a Solution of
l-Hydroxy-2-}ethyl-4-Naphthol Amine
Hydrochloride
conc. Shunt Age Eeduction alf-Wave [Diffusion
(mg/l) tohms) {hrs) otential Potential | Current
(volts} (volts} |(microamp)
200 50000 0 -0.02 -0.09 1.65
200 50000 1 -0.09 -0.11 2.7
2C0 500C0 2 -0.09 -0.11 2.6
200 5CC00 3 -0.23 -0.83 2.6
200 50000 4 =0.24 -0.85 2.6
200 50000 6 -0.24 -0.35 2.7
200 50000 7 -0.24 =0,95 2.6
200 50000 2% -0.24 -0.06 2.75




Table 5. Effect of Aging on a Solution of
2,¢-Dimethyl-l.4=-Kaphthoquinone
Conc. Shunt Age eduction Half-Wave [Diffusion
tmg/1) tohms) (hrs) otential Potential | Current
(volts) (volts) |(microamp)
200 22222 0 -0.48 -0.65 Ve
200 22222 2 -0.48 -0.65 Cel
200 22222 6e5 -0.48 -0.€5 0.5
200 22222 1.5 -0.49 -0.65 Oed
200 22222 62 -0.46 -0.65 G
Table 6. MNeasurement of the Half-Nave Potential of the
Dimer of 2-MNethyl-l,4-Naphthoquincne
Conc. Shunt First Wave Second Wave
tmg/1] (ohms ) _
Reduction Half-Wave Reduction Half-Wave
fotential Potential Potential Potential
(volts) (volts) (volts (volts)
100 22222 -0.99 -1.06 -1.55 -1l.66
100 500C0 -0.98 -1.06 -1.54 -1l.68
2C0 22222 -0.98 -1.07 -1.57 -1.€9
200 50000 -0.96 -1.C7 -1.57 -1.71




Table 7. Effect of pH on the Half-Wave Fotential
of 2,2-Dimethyl-1l,4-Naphthoquinone

Conc. Shunt Reduction [Half-Wave

(mg/1] (ohms]) pH Potential [Potential

(volts) (volts)
100 22222 5.0 -0.41 -0.48
200 22222 5.0 -0.40 -0.50
1C0 5C000 5.C -C.40 -0.49
200 80000 5.0 -0.40 -0.52
100 22222 7.0 -0.80 -0.64
200 22222 7.0 -0.50 -0.66
100 50000 7.0 -0.81 -0.66
200 50000 7.0 -0.44 -0.€7

14



Table 20. Effect of Aging on a Scolution of 1l-Hydroxy-
2-Methyl-4-Naphthol Amine Hydrochloride*®
Ampoule Ko. 50271
Shunt Age First Wave Second Wave
(ohms) (hrs) falf-Wave |Diffusion| Half-WaveDiffusion
Potential| Current | Potentiall Current
(volts)| Jmicroampf (volts) |(microamp)
22222 o) -0.08 l.1 -C.81 10.8
22222 .5 -0.06 1.¢ -0.8% 10.8
22222 1.5 -C.C8 Sl -0.867 1C.8
22222 3.0 -0.26 beb -1l.11 10.8
22222 6.0 «0.29 T ded -1l.12 11.0
22222 9.0 -0.21 S.8 -1l.12 11.0
*Conc. is 500 mg/1l.
Table 21. Effect of Aging on a Solution of l-Hydroxy-
2-Fethyl-4~Naphthol amine Hydrochloride*
Ampoule No. 49771
Shunt Age First Wave Second Wave
(ohms) (hrs) Ealf-Wave Diffusiowgalf-Wave Diffusion
otential | Current otential ] Carrent
(volts) |(microamp) (volts)(microamp)
22222 0 -0.48 4.2 -0.75 5.0
22222 025 -0048 '().2 -0076 6.4
22222 5.5 -C.17 Oed -1.08 9.2
22222 48.0 -0.:2 0.7 -1.11 10.4
*Conc. is 500 mg/l.

15
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INVESTIGATICKN CF VITAMIN B CCMNELEXES

Riboflavin, thiamin hydrochloride, nicotinic acid,
end nicotinic amide were the complexes used. J.J. Lin-
gane(z)did most of the sarly work in the application of
the polarograph to the vitamin B complexes.

Table 9 shcws some of the results obtained with
riboflavin. Riboflavin was tne easiest of tihe complexes
to determine. It gave ex@ellent cathodic waves in an
unbuffered 0.1 N KC1l solution. It also gave good waves
in buffered sclutions. Tne riboflavin was dissolved
directly in the 0.1 N KCl. Riboflavin did not exhibit

a current maxima and it was nct necessary to add gelatin,
The reduction potential of riboflavin was found to vary
with the pH of the solution. Fig. 6 shows a good cath-
odic wave of riboflavin.

It was necessary to neutralize the nicotinic acid
with sodium hydgoxide before it would give a good cath-
odic wave in O.1 N KCl. A good cathodic wave was obtained
if the nicotinic acid was dissoived directly in O.1 K
NaHCOz. The sodium bicarbonate neutralized the nicotinic
acid and also acted as a buffer. Resylts are shown in
$able 10. FKicotinic acid did exhibit a current maxima
and so it was necessary to add gelatin as a suppresscr.

The curve obtained is actually the cathodic wave of sodium
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nicotinate. The pH of the solution greatly affects tne
reduction potential of the nicctinic acid. A cathodic
wave 0f nicoctinic acid is shown in Fig. §.

It was difficult to get a good cathodic wave of thi-
amin hydrochloride. ZRest results were obtained wnhen the
thiamin hydrochloride was dissolved directly in O.1 N KCl.
These.results are given in Table 1ll. Fig. 7 snows a typ-
ical curve.

Kicotinic amide was easier to measure tnan nicotinic
acid. The cathodic wave of nicotinic amide had a slightly
higher half-wave potential than the wave of nicotinic acid.
Fig. 9 shows a cathodic wave cof nicotinic amide. This
wave was cbtained by dissclving the nicotinic amide direct-
ly in 0.1 K KCl. Results are given in Table 1l2.

Riboflavin and neutralized nicotinic acid may be si-
multaneously determined frcm the same solution. The re-
duction pctentials of the twc substances are far enough
apart so that the individual waves do not interfere with
each other. Only fair results, as shown ty Fig. 1C, were
obtained. Table 1l¢ gives the results of the determination.
Table 14 summarizes results frcm a simultuneocus determin-
ation of riboflavin and thiamin hydrochloride. Riboflavin
and nicotinic amide can also be determined together. Re-
sults are given in Table 17.

A simultanecus determination of riboflavin, thiamin
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hydrochloride, and niccotiric acid was made from the same
solution. Fair results were obtained, as can be seen from
Fig. 12 and Table 15. The results from a simultaneous
determination of ritoflavin, thiamin hydrochloride, and
nicotinic amide were not very satisfactory; these results
are given in Table 16. Great care had to be taken in the
neutralization of the nicotinic acid. Iither an insuffic-
ient amount or an excess of sodium hydroxide would ruin
the curve. The whole determinaticn was very sensitive to

the pH of the solution. The best results were obtained

at a pH of 6.8.
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Table 9. Measurement of the Half-Wave Potential
of Riboflavin
Conc. Shunt Feduction Half-Wave
me/1 ohms ) H Potential Potential
¢ g/ ) ( P (volts) (volts)
100 40C000 7.0 -0.48 -0.68
€7.5 200C00 7.0 -0.51 -0.02
50 400000 7.0 -0.08 -0.62
Table 18. Measurement of the Half-Wave Potential
of Nicotinic Acid
eduction Half-Wave
?gn7i) ?gﬁﬁ:) pH Potential #otential
€ (volts) (volts)
200 200000 €.9 -1.68 «-1.77
200 8C0C00 6.9 -1.70 -1.77
100 400000 §€.9 -1l.66 -1.77
Table 1ll. Measurement of the Half-Wave Fotential
of Thiamin Hydrcchloride
eduction Half-Wave
%Zgii) ?gﬁg:; pH Eotential Potential
(volts]) (volts)
200 50000 7.0 - -1.20 -1l.24
1C0 50CC0 7.0 -1.20 -1.85
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Table 12. leasurement of the Half-Wave Fotential
of Kicotinic Amide
Reduction Half-Wave
Condny | Gonms) pE  Potential potential
€ (volts) | (Volts)
200 4081 7.0 -l.69 -1l.61
50 200000 7.0 -1.67 -1.81
Table 13. YMNeasurement of tne Half-liave Fotential of a
¥ixture of Riboflavin and Nicotinic Aciad
Conc. Shunt Reduction Half-Wave
Substance (mg/1) {ohms) pHE Potential Potential
e (volts) (volts)
Riboﬂavinl 100 4000C0 £€.9 -0.54 -0.62
Rihoflavinz 200 40CGCO 8.9 -0.47 -0.59
Nicotinic 100 4CCCCO 8.9 -1l.66 -1.77
Acidg
Kicotinicy 200 4000C0 8.9 -1l.64 -1.77

1l = Same Solution

2= Same Solution

Table 1l4. lleasurement of the Half-ilave Potential of a
Fixture ¢f Riboflavin & Thiamin Hydrochloride
Conc. | Shunt Reduction Half-Wave
Substance (mg/1)| (ohms] pH Hotggiig% Eo%:g{;:}
Rivoflavin 100 50000 7.0 -C0.385 -0.47
Riboflavin 50 200CC0 7.0 -0.94 -0.45
Thiamin HC1l 100 50000 7.0 -1l.26 -l.04
Thiamin HC1 50 200000 7.0 -1.22 -1.06




Table 15. Measurement of the Half-Wave Fotentials of a
Kixture of Riboflavin and Kicotinic Acid.&Thiamin
Reduction Half-Wave
Substance %gnfi) ?2ﬁg§) PH kotential potential
€ (volts) | (Volts)
Ribeflavin 80 200000 6.8 -0.36 -0.45
Thiamin HC1l 1C0 200000 O.b -1.18 -1.%
Nicotinic 1C0 2C0C00 6.8 -1.60 -l1.74
Acid
Table 16. Measurement of the Half-Wave Potentials of a
Mixture of Riboflavin, Thiamin HCl & Nicotinic
Amide
eduction Half-Wave
Substance %°n7i) %gﬁﬁ:) PH EOtential ‘otential
mg (volts) (volts)
Riboflavin 100 50C00 7.0 -0.%6 -0.46
Thiamin HCl 100 50000 7.0 -l.24 -1.38
Nicotiniec 100 50C00 7.0 -l.61 -1l.81
Amide
Table 17. lNeasurement of the Half-Wave Potentials of a
Vixture of Riboflavin and Kicotinic Amide
. Reduction Half-"ave
Substance | €Png., | AL | »R  Potential Potential
(volts) (volts)
Riboflavin 87.5 20C0C0 7.0 -0.51 -0.062
Nicotiniec 50. 2CCCTe 7.0 -1.67 -1.81
Amide
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INVESTIGATICN OF ALCORBIC 4CID

Ascorbic acid did not give a cathodic wave. It is
a strong reducing agent and, as a result, gives a good
anodic wave. In the determination of ascoroic acid the
dropping mercury electrode is tne ancde and the pscol of
mercury in the bottom c¢f the cell is the cathode.

Asccerbic acid is soluble in water and an agueous
solution of ascorbic acid is stable. However, ascorbic
acid is readily oxidized by oxygen and so oxygen must be
removed from the water before the ascorbic acid is dis-
solved in it, and the solution must be kept in an air
tight container. 7The oxygen was removed frow the water
by suction.

Sodium ascorbate is also water soluble and it gave
an anodic wave almost identical with that obtained from
ascorbic acid. <Sodium ascorbate is, also, easily oxidized
by oxygen, so the szme precauticns were used in the case
0f sodium ascorbate as were used in the preparation of a
solution of ascorbic acid.

Botn ascorbic acid and sodium ascorbute gave best
results in a btuffered solution. A bufier of pH of 7.C
and a ouifer of pH 4.6 were used. The bufier of a pH of
7.0 was composed of 0.1 M KaOH and 0.1 I KHgPO04. The

buffer of a pH of 4.6 was made up of eguual parts of 1 M
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NaCZHb_O2 and 1 M\ HCZH&OZ° The agueous solutions of thne
ascorbic acid and sodium ascorbate were diluted 1 to 1
with the buffer, gelatin was added, and the solution was
then electrolyzed. “xcellent curves were obtained of
both compounds as can be seen from Fig. 1l¢ and Fige. 1l4.
The buffered solution of a pH of 4.t gave the more satis-
factory results. Sodium ascorbute gave good anodic waves
in both buffers. The waves of ascorbic acid in a buffer
of pH of 7.0 had a poorly defined limiting current. The

results obtained with these two compounds are tabulated

in Table 18 and Table 19.



Table 18. Effect c¢f pH on the Half-Wave Potential
of Ascorbic Acid
c : xidation Half-lave
B | W | w PR
‘100 22222 4.6 0.02 0.C9
100 22222 7.0 0.C2 C.08
100 50C00 4.6 0.C2 0.09
100 50000 7.0 0.02 0.08
200 22222 4.6 0.02 C.09
200 22222 7.0 0.02 0.09
Table 19. Effect of pH on the Half-Wave Fotential
of Sodium Ascorbate
Conc. Shunt Exidat@on Half-Wave
sell | (o) | v foienis) peiene
100 22222 4.6 0.02 0.C8
100 22222 7.0 0.C2 0.07
100 500C0 4.6 0.02 0.C9
1C0 500C0 7.0 c.02 0.08
200 22222 4.6 0.02 C.068
200 22222 7.0 0.02 0.08

25



—3

+0.8

00.7 17 1 |
+0.6
+0.5
3
~+0.4
=]
>
+0.3
50.2 )
ﬂﬁ,ﬂ
=2
+0.1 aas
0.0 =
+2 +4 +0 ’
Microamperes
Fig. 13
Aecorbic Acid
200 mg. per liter
Shunt - 22,222 ohms
+0.8 atl
-
b
+0.7 ’
f
+0.6
+0.5
[ ']
-
*0.4
>
+0.3
+0.2
%031 Saul
-f"-‘-4
0.0 I
- +*2 +4 +6
Microamperes
Fig. 14

Sodium Ascorbete
200 mg. per liter
Shunt - 22,222 ohms




26

SUL17ARY

2-Yethyl-l,4-naphthogquinone forms excellent eathodic
waves in an unbuffered 0.1 N KC1l solution. 2,3-Dimethyl-
1l,4-nephthoquinone, also forms excellent cathodic waves
in an unbuffered 0.1 N KCl solution. 1l-Hydroxy-2-methyl-
4-naphthol amine hydrochloride forms good cathodic waves
in a buffered solution. Solutions of 2-methyl-l,4-nuph-
thogquinone and 2,é-dimethyl-1l,4-naphthoguinone are found
to be stable upon prolonged exposure to the air. 4 solue
ticn of l-anydroxy-2-methyl-4-naphtho} amine hydrochloride
was found to be rapidly decomposed upon being exposed to
the air.

The best cathodic waves of riboflavin, thiamin hydro-
chloride, nicotinic acid, and nicotinic amide wére obtain-
ed in an unbuffered 0.1 N KC1l solutivn. Riboflavin, thia-
min hydrochloride, nicotinic acid were determined simultan-
eously from the same sclutione. Riboflavin was the easiest
to determine.

Excellent anodiec waves of ascorbic acid, and sodium
ascorbaie were obtained from buffered solutions of these

compoundse
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