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The importance of the degree of punity of a solvent used as amedium for voltam-
metric studies cannot be overemphasized Solvents commonly used 1in nonaqueous
voltammetry such as acetonitrile, dimethylformannde, dimethylsulfoxide and pyri-
dine are recerved from the manufacturer with questionable degrees of punity with
respect both to their water content and to other contaminants specific to the parti-
cular solvent Some of these contaminants may have adverse effects on the clectro-
lytic behaviour of the compounds studied 1in them, e.g , intermediates, such as free
radicals, may be destroyed without detection, extra waves may appcear, wave pat-
terns may be distorted, and control of proton concentration, so mmportant in the
study of organic compounds, may be impossible

Various more or less effective means of purification have been reported for
specific solvents, e g, ref 1 In some cases, impurnties have been detected, their
voltammetric characteristics described, and, because of lack of an adequate means of
purification, the solvents have been prudently used, pyridine 15 an example2-5.

A small prewave to the pyridimum 1on reductton in pyridine has been related
to a predischarge wave present 1n the absence of protons, the sum of the two wave-
heights 1s constant? The magnmitude of the prewave varies with the brand of pyridine
and even with different lots of the same brand Contrary to what one might assume,
presumably better quality spectral-grade samples of pyridine show, in some cases, a
ligher prewave than ordinary reagent-grade solvents

Since the detection of the prewave and the postulation of 1ts origin 1n impuri-
ties, the authors’ laboratory has embarked on a concerted effort to remove and, if
possible, to 1identify the unpunities Many means of purification, such as that mention-
eds for the purification of pyridine for nonaqucous titrations, have been tried, these
methods, although quite effective 1in removal of water and active proton-contaiming
compounds, leave the prewave material untouched However, a successful means of
purification has been developed, although the impurities have not yet been satisfac-
torily identified owing to their very low concentration in pyridine, ¢ g., 0 2 mM

The method of purification, which can be described as zone fractional crystal-
lization, 1s capable of reducing the concentration of prewave-producing material
below the detection limuits of polarography, z.e, 0 o1 mM Water and other impuri-
ties are also removed Comparison of the electrocapillary curves observed in the
presence and absence of oxygen in pyridine in various stages of purification contain-
ing two different background electrolytes has revealed important effects due to the
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impurities Since the stability of the diphenylpicrylhydrazyl free radical was found
to be dependent on the concentration of proton-releasing impurities present, this
phenomenon can be used as an index of the purity of the pyridine

EXPERIMENTAL

Reagents

The pyridine used was a composite of Baker & Adamson reagent grade (Lot
No Zi144) and J T Baker analyzed reagent grade (Lot No 37529), the mixture con-
tained a concentration of impurity which is the average of that found in many brands
and lots The Baker & Adamson pyridine was rich in the prewave-producing material,
the J. T. Baker pyridine, which was free of the impurity, was used as a diluent
Lithium perchlorate (G Frederick Smith Chemical Co anhydrous grade) was dried
at 110° for 2 h Tetracthylammomum perchlorate (JEastman) was vacuum-dried at
room temperature Nitrogen, which had been passed through anhydrous calcium
sulfate, was used to provide a dry 1nert atmosphere above the freezing solvent and
the melting solid Argon was similarly dried.

Apparatus

The fractional crystallization apparatus consisted of a glass freezing tube
(14-1n long; 2-1n diameter) provided with a polyethylene cap having a nitrogen inlet
and an entrance for the stirrer blade, which was a one-turn screw type blade (0 75-1n
wide, 1-1n long), driven by a 1200-rev./min motor

Polarograms were recorded by means of a Sargent Model XV Polarograph 1n
conjunction with a Sargent Model A IR Compensator. The Sargent Model XV was
used as a potential source for clectrocapillary curve measurement

The D.M.E. capillary, made from marine barometer tubing, had an :2/3¢1/6
product in o.x M LiClO4 in oxygen-free pyridine at open circuit of 1 467 (¢=4 18 sec,
m = I 12 mg/sec). Two jacketed threc-compartment cells were used One ccll used
only for pyridine solutions of Et4NCIO4 had a platinum spiral counter electrode 1n one
cnd compartment and a normal silver electrode (NAgE) 1n pyridine? in the other.
Sintered glass disks and gel salt bridges (0.1 M EtaNClO,; in pyridine plus 7 5%, by
weight of methyl cellulose) separated the compartments, o1 M Et4sNClIO4 was
present 1n the reference and counter electrode compartments. The second cell, which
was used only for pyridine solutions of LiClO4, was the same as the first except that
the gel salt bridges consisted of 0.8 M Li1ClO4 1n pyridine plus 10% by weight of
methyl cellulose and o.1 M LiClO4 was present 1n the reference and counter electrode
compartments.

All potentials reported arc versus the NAgE at 25°.

Fractional crystallrzation procedure

The freezing tube containing 500 ml of reagent-grade pyridine was so mounted
that the blade of the stirrer was at half the total depth of the pyridine. The polyethyl-
ene cap was placed in position and the dry mtrogen stream turned on to displace air
from the tube. The stirring motor was then turned to 1ts maxmmum specd and a Dry
Ice—2-propanol bath at —#75° was brought into position such that the lower 2 inches
of the freezing tube were immersed in the bath. Sufficient time was allowed for crystal

Anal Chim. Acta, 39 (1967) 141-149



PYRIDINE PURIFICATION IN VOLTAMMETRY I43

formation at the bottom of the freezing tube; then, the bath was lowered and the
crystals allowed to melt until only a few remained on the bottom of the tube; the
depth of immersion of the tube 1n the bath was then increased ca 1.5 inches at a
time, allowing crystal formation at each stage until the top of the bath was at a level
about r inch above the stirrer blade The time necessary was ca 2 h, by which time
about 509, of the pyridine was frozen The stirrer was then stopped, the bath lowered,
the hiquid fraction decanted, the tube was re-capped, and the solid fraction allowed
to melt 1n a stream of dry nmitrogen The zone fractional crystallization was then re-
peated on the hiquified solid fraction

Polarograms were taken of o 1 M LiClO4 solutions 1n the pynidine fractions
obtamned 1n each stage of the purification process

Llectrocapillary curve procedure

The electrocapillary curves were taken at 25°+ 0 2°, drop-time was measured
at 100-mV intervals between o o V and the cathodic backhground electrolyte discharge.
Solutions containing oxygen were air-saturated, those which did not contain oxygen,
were deacrated by a zo-min purge with dried argon Curves were taken on the com-
posite reagent-grade pyridine, the hquid fraction of the first fractionation, and the
solid fraction of the second fractionation PPolarograms of these samples, which con-

tained a suitable clectrolyte, were recorded before and after the electrocapillary data
had been taken.

ZONE FRACTIIONAL CRYSTALLIZATION

The results of purification of pyridine shown in Table I are based on scveral
purification experiments and on a postulated concentration of predischarge wave-
producing material of o 02 g per hiter of pyridine, which corresponds to a 0 2 mM
concentration of a substance with a molecular weight of 100 The figure of 0 2 mM
1s based on the average of the prewaves for a large number of pyridine samples, as-

TABLE 1

POLAROGRAI'HIC LVALUATION OF THE PURIFICATION OF PYRIDINI BY ZONE FRACIIONAL
CRYSTALLIZATION

I’yrldzylé-}tscd Valume Predischarge wave® Impurity®
mi —
() Eya ) mhM g
(V) (u)
Composite Reagent Grade 1000 —172 o078 0 200 © 020

Furst fractionation

Liquid fractn 585 —172 127 0 323 OO019
Solid fractn. 415¢ —1 71 009 0024 0001
Second fractionation.

Liquid fractn 130 —172 023 0.059 ' 0 0008
Soliud {fractn 225 Not detectable

® In o1 M LiClO,4 solution
b Weight based on o u2 g/1000 ml as discussed 1n text
o 6o-ml sample removed for polarographic evaluation of predischarge wave
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suming a I-electron process? Polarograms of o 1 M Li1ClO4 solutions of the starting
material and two fractions are shown 1n Fig. 1.

A matcrial balance for the predischarge wave maternal for the first fractiona-
tion, based on the measured currents, shows a total weight of 0.0199 g, compared to
the hypothetical starting weight of 0 0zoo g The efficiency of the first fractionation
was 88Y,, defined as follows:

(wt X/ml oniginal pyridine) — (wt X/ml 1st solid fraction)
%L = - 100
wt X/ml original pyridine

The efficicncy of the second fractionation was 789, The yield of purified pyridine,
based on the original volume of pyridine, was 27%,
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Fig 1 Effect of zone fractional crystallization on the magmtude of the predischarge wave in a
o 1 M 1aClO41n pyridine solution (A) Composite reagent-grade pyridine (B) First sohd fiaction
obtamed (C) Sccond sohid fraction obtained

EFFECT OF PURIFICATION ON ELECIROCAPILLARY BEHAVIOR

Electrocapillary curves of o 1 M Li1ClO4 and 0 046 M Et4NClO4 solutions 1n
pyridine obtained from different purification stages were measured in the absence
and presence of oxygen In the subsequent discussion, “purified pyridine’’ refers to
the second solid fraction obtained 1in the crystallization and ‘“‘impure pyridine’”’ to
the first hquid fraction.

Lathirem solutrons
The electrocapillary maximumino 1 M LiClO4in purified pyridineisat —o 40V,
The concentration of impurities significantly affects the electrocapillary curves
in both the presence and absence of oxygen. Figurcs 2 and 3 show the relevant electro-
capillary curves, the depthof the indentationat —o0.40 V 1n the presence of oxygen,
which 1s probably the most striking charactenstic of the clectrocapillary curves,
markedly increases with increasing purity; this potential 1s located at the foot of the
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PYRIDINE PURIFICATION IN VOLTAMMETRY 145

first reduction wave of oxygen. Such a decrease 1n drop-time may be attributed to
adsorption of oxygen on the surface of the mercury drop?, since no such decrease 1n
drop-time 1s seen at —o0 40 V 1n the absence of oxygen

Associated with increase in impurity 1s a decrease 1n magnitude of the apparent
maximum on the_ first oxygen reduction wave at —o0 60 V and a shift of the second
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Fig 2 Electrocapillary curves of o 1 M LiClO4 solution in various grades of pyridine in the ab-
sence of oxygen (A) Pyridine from the second sohid fractton of zone fractional crystallization (B)
Composite reagent-grade pynidine (C) Pynidine from the first liquid fraction of zone fractional
crystallization

Fig 3 Electrocapillary curves of air-saturated o 1 M LiClO; solutionsin various grades of pyridine
A, BandC asinFig 2
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Fig 4 Polarograms of air-saturated o 1 M LiClO4 solutions in various grades of pyridine. A, B
and C asin Iig 2
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reduction wave half-wave potential to more positive values (Fig 4, Table II) The
peaking 1s believed to be due to formation of a film by the product of the first oxygen
reduction; the film acts as an insulator to further current passage. This assumption
1s supported by the fact that the current reaches 1ts maximum value at about half of
the drop growth and approaches a minimum as the mercury drop reaches 1ts maxi-
mum size. The current reversal phenomenon occurs between —o0.60 and —o070 V
and persists until a potential of ca —1 80 V 15 reached, when the film 1s reduced

TABLE 1I
EFFLCT OF IMPURITIES ON FHID POLAROGRAPHIC BEHAVIOR OF OXYGEN IN PYRIDINE

Pyridine Wave or M l.1—(,‘l().;_s_r;lulwn o ;)46 M EtNCIO, solt;ttott
124,24 2 tfin Slopen Ieygz 2 1fin Slopes
(v (1e1) (mV) (V) () (mV)
Compostte Reagent L —o055 1370 41 42 —09Q94 045 12 69
Grade II —084 330 112 —1 06t 8og4 120
11 — 175 21 40
First fractionation I —055 1368 35 44 —093 1077 14 78
Liquid fractn 1T —083 3090 96 —152 777 120
II1 —177 21106
Second fractionation 1 —057 1826 43 50 —095 984 108 06
Solid fractn, 1L —o0 86 428 78 —-164 876 126
I — 171 2049

» Slope defined by (Lga— foapa), where (£4--12174) == 0 050/n at 25° for a reversible process, and
0 08G/xn s for an irreversible process

Consequently, the impurities must aid film formation, addition of water to the sam-
ple solution produces the same cffect, 2.¢, a lowering of the entire wave pattern with
respect to cuirent

The maximum in the clectrocapillary curve at —o 50 V and the subsequent
depression between —o 8o and —1 2 V (Fig 3) can apparently be associated with
the film formation

T'etracthiylammonsum solutions

The clectrocapillary maximum 1n purified pyridine 1s at —o 38 V.

The effect of impurities on the clectrocapillary curve 1s neghgible 1n the ab-
sence of oxygen Curves taken in the presence of oxygen show some deviation from
onc another with changes 1n the solvent purity, but these are insufficient to permit
any conclusions to be drawn.

More pronounced effects are observed for polarograms of EtsNCIO4 solutions
(Fig. 5; Table II) As the purity of the pyridine 1s increased, the height of the second
reduction wave 1clative to that of the first wave increases and both half-wave poten-
tials shift to more negative potential with the shift for the second wave being much
more pronounced.

Addition of water had effects on the first and second oxygen reduction waves
in awr-saturated o.1 M Et4NCIO4 solution 1in purified pyridine similar to those ob-
served as the punty of the pyridine used was decreased As the water content in-
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creased, the ratio of the first to the second wave 1n the purified pyridine solution
increased from an mitial value of 1 08 to 3 55 1n the presence of o0 629, water, at the
same time, the half-wave potential of the first wave shifted from —o0 95 to —o91 V
and that of the second wave from —1I 62 to —1 40 V It seems reasonable to assume
from these observations that water has a pronounced effect on the mechanism of the
oxygen reduction 1n tetraethylammonium perchlorate solutions and that zone frac-
tional crystallization of pyridine removes water from the solvent.

Current

1 i 1 L 1
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-12
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Fig 5 Polarograms of air-saturated o 046 A Et4NClO4 solutions 1n various grades of pyridine
A, Band C asminFig 2

FREE RADICAL STABILI1Y

As a qualitative test of the effect of the impurity concentration on the stabili-
ty of a free radical, 1—2 mg amounts of the free radical diphenylpicrylhydrazyl (DPPH)
were dissolved 1n ca 50 ml of purified and of reagent-grade Baker & Adamson pyri-
dine (Lot No Zo6g), which were saturated with oxygen and stored in the dark (DPPH
undergoes photolytic decomposition) The solution 1n reagent-grade pyridine changed
from violet to yellowish-brown almost immediately indicating a loss of the hydrazyl,
which 1s violet 1n color. After 7 h, the solution 1n purified pyridine still retained some
violet color but was changing to yellowish-brown, after standing overnight, the de-
gradation was complete A product of this reaction has been 1solated and 1dentified
by means of its infrared spectrum as diphenylpicrylhydrazine, which is formed on
reaction of DPPH with compounds containing an active hydrogen. This would indi-
cate that the impurities include one or more active hydrogen compounds (the latter
does not include water, since the addition of water to a solution of DPPH in pyridine
has no apparent effect)

CONCLUSIONS

Voltammetric studies to be made 1in pyridine should include examination of
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the effect of impurities in the solvent on the electrode reaction being studied, 1f these
effects are found to be adverse, purification of the pyridine should be undertaken It
would be desirable to require purification for all work 1n pyridine, e g, by a satis-
factory method such as that described 1in the present paper Work 1s now 1n progress
on the mechanism of oxygen reduction in purified pyridine.

The authors thank the Petroleum Research TFund of the American Chemical
Society and the U S Atomic Energy Commission, which helped support the work
described One author (D A H ) acknowledges with thanks a NASA traineeship

SUMMARY

Purification of pyvridine by zone fractional crystallization reduces the con-
centration of prewave-producing contaminant below polarographic detection himats,
t e, 00 mM. A qualitative test based on the stability of the free radical diphenyl-
pierylhydrazyl has shown the method to be capable of 1educing the concentration of
proton-releasing impurities Water 1s also removed Investigation of the effect of the
contaminants 1n normal reagent-grade pyridine on the clectrocapillary curves and
polarograms of pyridine solutions contaiming hthium perchlorate and tetraethylam-
momum perchlorate as background clectrolytes 1in the presence and absence of oxy-
gen, has incdicated that the impurities are capable of changing the mechanism for
the clectrochemical reduction of oxygen in pynidine

RESUMT

La punfication de la pyridine par cristallisation fractionnée permet de réduire
la concentration des contaminants en dessous des hmutes de détection polarographique
(0 o1 mM) On a examiné I'imnfluence des contaminants de la pyridine sur les courbes
¢lectrocapillaires et sur les polarogrammes a 'aide de solutions pyridine contenant du
perchlorate de Iithium et du perchlorate de tétraéthylammonium comme électrolytes
de base, en présence et en 'absence d'oxygéne On constate que les impuretés pcu-
vent changer le mécanisme de la réduction électrochimique de l'oxygéne dans la
pyridine

ZUSAMMENFASSUNG

Die Remmigung von Pyridin durch fraktionmierte Zonenkristallisation verringert
die Konzentiation von Vorstufen erzeugenden Verunremmigungen unterhalb der
polarographischen Nachweisgienze von o o1 mM Ein qualitativer Test, der auf der
Stabilitat des freien Radikals Diphenylpicrylhydrazyl beiruht, zeigte, dass diese
Methode 1m Stande 1st, die Konzentration von protonenlosenden Verunreimmigungen
zu verringern Wasser wird ebenfalls beseitigt Die Unteisuchung des Einflusses der
Verunremigungen 1in normal reinem Pyndin auf die Elektrokapillaritatskurven und
auf die Polarogramme von Pyridinlésungen, die Lithiumperchlorat und Tetraathyl-
ammomumperchlorat enthalten, in Gegenwart und Abwesenheit von Sauerstoff
zeigten, dass dic Verunremigungen im Stande sind, den Mechanismus der elektro-
chemischen Reduktion von Sauerstoff in Pyridin zu dndern
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