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THE CONDUCTANCE BEHAVIOUR OF 1-NAPHTHALENE

SULFONIC ACID POTASSIUM SALT IN DIOXANE-WATER
MIXTURES

D. A. JANNAKOUDAKIS. D.K. PANOPOULOS
Laboratory of Physical Chemistry, Faculiy of Physics & Mathematics. University of Thessaloniki, Greece.

(Received January 25. 1979)

Summary

Conductance measurements are reported for I-Naphthalene sulfonic acid potassium °
salt in dioxane-water mixtures at 25"C in dioxane-rich region covering the range of dielectric
constant 12.37 < D < 24.01. The experimental results were analysed by means of Fuoss-
Onsager—Skinner (FOS) and Graham-Kell-Cordon equations for associated electrolytes
using the “y-x>* method. The (FOS) equanon reproduceﬁ the data with a randem patern of
AA’s and the resulting values of A,. Ka. a ., and a « Darameters are reported. The Walden
product of the salt decreases with increasing dioxane content of the solvent. This
hydrodynamic behaviour has been investigated by means of Fuoss-Boyd-Zwanzig theories.
The R* + R distance (Fuoss empirical equation) is not in satisfactory agreement with
aL and 3,( values. The failure is discussed. Zwanzig equatmn reproduces the walden
products of the anion with an identical mtercept-ﬁlope value of ¥ parameter. in the case of
perfect sticking. In what it concerns the K* . the two Zwanzig radii agree poorly in both cases
(**stick’ and “slip”). As a probable explanation. this discrepancy may be attributed to
solvent microscopic structure properties and to specific ion-solvent interactions. Dioxane-
Water intermolecular complexes -hydrogen .bonded- form a solvation sheath around the
cation. the existence of which is ignored by Zwanzig continuum model.

Key words: Equivalent conductance, association constant, Zwanzig, 1-Naphthalene sulfonic acid
Potassium salt, Dioxane, Water.

Introduction

Experimental evidence from conductometric study of suitable systems has
repeatedly shown that. although many properties of electrolyte solutions can bge
interpreted in terms of a continuum model for the-solvent. others cannot. Attempts
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“have been made to relate association constants and ion mobilities to properties of
the solvent and the solute. but all are limited in their application and can only be
used under restricted conditions if the results are to have any meaning. _

Association behaviour and ion mobilities are most complicated in systems
where a protonic component is present and it is evident that adequate knowledge of
the properties of the solvent mixtures is necessary for a meaningful-discussion of
the behaviour of the solution. .

In this paper. we report on the conductance data of 1-Naphthalene sulfonic
acid Potassium salt in Dioxane-Water mixtures over the range of dielectric constant
12.37 D g 24.01.

It is a part of our investigation on the conductance behaviour of sulfonic
compounds -our interest being stimulated by the fact that their molecule gives a
large organic ion and the lack of systematic conductometric data reported on them-
in a series of mixtures of a given polar and protic solvent with a nonpolar aprotic
solvent in low dielectric constants. )

Unfortunately. solubility problems for this salt in Methanol prevented the
extension of the measurements in Dioxane-Methanol, and Benzene-Methanol
mixtures.

Dioxane-water system contains a polar hydrogen-bonding solvent and a non-
polar component. It therefore presents an excellent opportunity to study ionic
association and mobilities. to test the model and also to illustrate the methods of
applying the theoretical analysis to conductance data. In Dioxane-rich region of the
mixtures (low dielectric constant range) the calculation of the distance parameter
can be obtained by three distinct methods.

While the continuum model serves to descrlbe the electrostatic effects,
however. it is found to be inadequate for the hydrodynamlc properties. In our case,
the Walden product. Agn, is not constant but decreases with increasing dioxane in
the mixed solvent. In such studies it is important to know if the changes observed in
these properties, as dioxane is added to water, are due to the decreasing dielectric
constant, to a relaxation field between ions and solvent dipoles, or to a change in
solvent-ion or solvent-solvent interactions, since an inevitable weakness of any
continuum theory is its inability to account for structural features. The key to
understanding is to be sought in specific structural effects. A detailed picture of ion-
solvent and solvent-solvent interactions is an essential prerequisite.

The date were analysed by means of Fuoss-Onsager-Skinner (FOS), Graham-
Kell-Cordon (GKC). Fuoss (empirical) and Fuoss-Boyd Zwanzig (FBZ) equations.
All symbols used, have their usual meaning.

Experimental Technique

1-Naphthalene sulfonic acid Potassium salt (PFALTZ and BAUER, INC.
Assay-97-99%. typical) was dissolved in conductance water. filtrated to remove
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insoluble impurities. recrystallized three times and dried at 115"C under reduced
pressure. It was stored over phosphorous pentoxide in an evacuated desiccator.

Reagent grade 1.4-dioxane (RPE. Acs-Carlo Erba) was refluxed over metallic
sodium for 12 hours. It was distilled under nitrogen through a 60-cm column; b.p.
101.1-101.3 °C:; density at 25°C ranged from 1.02790-1.02809 g/ml which compares
well with the best value reported by Lind and Fuoss!. -

Conductivity water was prepared by distillation of double-distilled water in an
all-Pyrex-glass set. Specific conductance was._ less than 2*10"7 mho/cm.

All conductance measurements were made at 25°C using an oil-filled
thermostat of Lveds and Northrup Co., with an accuracy of 0.002°C.

Resistances were measured at 3000 c/sec on a Beckman conductivity bridge
Type RC-18A. The cell constant. 0.027 cm™' was determined by the method of
Lind, Zwolenik. and Fuoss® and rechecked repeatedly during the work. For the
measurements of dielectric constants of the various dioxane-rich mixtures a
Dipolmeter WTW type DM 01. was used. Densities were measured in a Sprengel
pycnometer and viscosities with an Ubbelohde-type viscometer taking the viscosity
of water at 25'C as '0.008903 poise. The apparatus used for conductometric
measurements permitted the solvent and solutions to be kept in an all glass
completely closed system in an inert gas atmosphere at all times.

Conductance runs were made by dilution within the cell of a definite volume of
the most concentrated solution. After immersion in the thermostat for 10 minutes
the content of the cell was shaken to eliminate the effects of temperature gradients
within the solution and left in the thermostat until resistance readings were
constant. This usually required 20-25 minutes more. The measured resistances for
all runs were in the range of 550-3.100 Ohms which is a convenient range of
resistance for precise electrical measurements.

Data treatment, results and discussion

The properties of the dioxane-water mixtures used as solvents are given in
Table 1. The data were analysed on a DIEHL — Alphatronic Computer by means

TABLE: 1. Properties of solvent mixtures at 25°C.

System Wt % mole-% d 10y D
N° Dioxane Dioxane (g/ml) (poise)

1. 64.33 26.94 1.0369 1.9406 24.01
2. 69.40 31.68 1.0371 1.8988 19.84
3. 74.33 37.19 1.0363 1.8175 16.11
4. 79.28 43.89 1.0358 1.7108 12.37
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of Fuoss-Onsager-Skinner (FOS)? three-parameter conductance equation: for an
associated salt. S

A=Ao—S ¢!/2y /2 + E ¢ v In (6E; ¢ y) + L cy—K; cy f2 A (1)
which symbolically may be written as

A:AO—As‘IAEI + A —Ag (la) “

Where As is the decrease in conductance due to the limiting Onsager terms. A, is
the decrease due to the transcendental terms of order cInc from the relaxation field.
A, is the increase due to linear terms from the same source and Ay is the decrease
due to ionic association. For analysis of association we have adopted the *y-x™
method. because association is marked. and K, can be determined to good
precision by this method.
Equation (1) can be rearranged™® to give

A'=A-Ag +S ¢'/2 y'/2—E’cy In (6 E| ¢y 2)

A/cy = L-K, 2 A (3)

‘ y=A'/CY (4)
x=f% A (5)

y=L-K, x (6)

Assuming y=A"/cy to be a linear function of x=f2A, the L(a)and K, can then be
evaluated from (6). a form which is of course amenable to treatment by the method
of least squares. The computer first evaluates an approximate. y, from®

Y=A/[Ag—S (A/Ag)'/? ¢'/?] (7)

using a A, estimated from the phoreogram .
It then operates on equations (2-6) and does a least squares treatment on (6)
calculating the L(a) and K,. It finds new y using the equation.”

Y=A/[Ag — S ¢'/? ¥'/* + E’cyln (6E] cy)+L ¢cy]  (8)
This process is iterated until the condition

I'Yin — 'YouJ < 541075

is satisfied. The computer perfoms this series of calculations for a set of A values
calculating and printing the correlation coefficient rxy of the “‘y-x" line for each A,
originally using [ or 2 A, unit increments. By means of correlation coefficient and
“y-x"* plots we select the Ag value which gives the best fit and we repeat the whole
calculation with increments 0.01 A, units. At this point machine calculates, also,
Acacd) obtained from eq.(1) on substituting the given concentrations and the values
of the three constants which were obtained from the computer analysis of the data,
AA = [Awbsd) — Acaledy] and the standard deviation of AA’s

63 = X [AAi — AAF / (n-3) )

selects Ag, L, K, which minimize the standard deviation printing the original (C,A)
input, Ay, L, 8, , Ka, x, y values, 1wy, 6,, v and f for each concentration, the limits
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of K, and &, and the terms A, of eq (1) or (1.a) for graphical purposes which are
useful in certain cases.
The data were analysed, also, by the equation

A/F = Ao — (Ki7A)) . (f2c A¥/F?) (10)
suggested by Graham, Kell and Cordon** 3-8

Equation (10) can be rearranged to give

y=A/F . (11)
x = f2c A/F? (12)
y = A — (K,/AQX (13)

Eq. (13) is amenable to treatment by the method of least squares giving the values
of A, directly as the intercept and K, from the slope K,/Ag. The computer first
evaluates an approximate y, from (7) using a A estimated from the phoreogram. It
then operates on eq. (11-13) and does a least squares treatment on (13) calculating
Ao and K,. The computer repeats the calculation with each new value of Ao
obtained several times until the same value of Ag, K, are obtained. At this point
machine prints Ao, K,. X, y values and the correlation coefficient rxy of the “y-x
line.
" Conductance data for the various systems studied and

AA = [Acbst) — Accaicr], the difference between the measured A and that calculated
from the theoretical equation (1), are summarised in Table II.

TABLE 1. Equivalent conductance of I-Naphthalene sulfonic acid Potassium salt in Dioxane-Water mix-
tures at 25°C.

- (c: moles/1 ;. A : Ohm-'cmPequiv-')

104¢ . A 103AA 10¢c A : 103AA
D= 24.01 D= 19.84
6.0714 34.1845 24 5.0000 30.8748 1
7.0833 33.7593 —19 7.0833 29.7945 —14
8.0952 33.4081 —13 8.0952 29.3574 — 1
8.9474 33.1209 —20 8.9474 29.0284 24
10.0000 32.8008 i —14 10.0000 28.6335 32
10.9677 32.5458 15 - 10.9677 28.2280 —46
12.1429 32.2414 34 12.1429 27.8516 —32
13.0769 31.9886 19 13.0769 27.6159 36
14.7826 ‘ 31.5425 —24 -
D=16.11 D=12.37
7.0833 24.2997 —11 5.0000 17.6603
8.0952 23.6991 18 6.0714 16.7611
8.9474 23.2189 4 7.0833 16.0604 -
10.0000 22.6871 1 8.0952 15.4440 ——
10.9677 22.2392 -7 8.9474 14.9983
12,1429 21.7364 —28 10.0000 14.5365

13.0769 21.4103 24 10.9677 14.1201
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In Fig. 1., the ratio A/A (reduced conductance) is plotted against k = (c/D)'/?,
the Debye-Huckel parameter The corresponding l|m|t1ng tangents, Fig. 1. (a, b, ¢,
d), are given by the equation®.

A/Ay =1 — (54.7/D+ 1.640/Aon) (10 *k) (14)

o 1.2 __2.0 28
10" %
FIG. 1. Normalized conductance curves and corresponding limiting tangents for C,,H:SO.\K in Dioxane-
Water mixtures for the range 1237 D 24.01.
(A.a : 24.01; B.b : 19.84; C,c : 16,115 D.d : 12,37).

Negative deviations from the limiting law of the conductance mean that, ion
association is sufficient to pull each curve below its corresponding limiting tangent;
with the decrease of dielectric constant, the curves become progressively steeper e.g.
equivalent conductance decreases steadily more rapidly with increasing concentra-
tion. This means that association of the ions to pairs increases rapidly once the
dielectric constant of the solvent drops.

Fig. 2. shows y vs.x plots for this Ay value which minimizes the standard deviation

o}
| D=24.01
2] *‘:‘W
: ' s SO D=19.84 2‘7‘
! LT & D=16.11
2 | 26
1 gl <a: ( )
~ > 25 b
8l *a
. ="6.11 (a') 241 \e\
10 . N . \ e , 0. 30 34 0.38
9 13 17 21 25 >
xa £2 X = g2 cA /F

FIG. 2. Application of “y-x"" method to C,,H,SO,K in Dioxane-Water mixtures [a : Eq.(1); b : Eq.(10)].



CONDUCTANCE OF C,.H-SO.K IN DIOXANE-WATER MIXTURES 133

of AA’s in each mixture and we can see that the slopes increase with decreasing
dielectric constant. Generally, as the dielectric constant increases, the “y-x"" plot
becomes increasingly sensitive to the trial value of Ao and simultaneously becomes
nearly horizontal as Ka decreases. The sensitivity to experimental error is also
considerably increased®. ‘ :

The conductance parameters derived for both equations (1) and (10) are
summarised in Table III in which are also given the standard deviations, ca, of

TABLE 111. Derived conductance parameters for 1-Naphthalene sulfonic acid Potassium salt in Dioxane-
Water mixtures a1 25°C. i

Ao: Ohm \cmlequiv.”t; Ka: ml.mole™t; 2 Ao Aot Ohm™v.cm2equiv.”' P)

D Ap K A @ O, Aol’] .y Eq.
24.01 38.41 104.73+£10.28  4.5410.98 0.0265 0.7454 —0.9907 1)
38.21  113.31 7415 .9986 (10)

19.84 3594  192.69+£12.48 4.06+0.59 .0358 .6824 9967 (1)
"3591 253.34 6819 .9993 (10)

16.11 34.62 717.86+15.37 4.03+0.30 .0223 .6292 .9997 (1)
35.51 1,048.52 .6454 9996 10y

1237 a)
34.78 5,129.82 .5950 9994 (10)

AN’s Agn products, the correlation coefficient rxy of the “y-x""line for this Ao value
which minimizes the standard deviation of AA’s.

Figure 3 (a,b.c) shows the dependence on dielectric constant of the various
terms, A, in the conductance equation (1) or (1,a). These curves serve to illustrate
the transition from the case of moderate to pronounced association and also to
show the shift in control from long range to short range interionic forces as the
dielectric constant is decreased. All the A- terms increase numerically but A, - term
increases at a far more rapid rate, crosses A - term and finishes by controlling the
course of the conductance-concentration curve in the usual range of concentration.
In Fig. 3 (c), (D = 16.11), the difference between Az and At is small with respect to
Ay so that a completely satisfactory value of K, could have been obtained by
simultaneous neglect both of these higher terms. So, the dirived conductance
parameters by eq. (10) for D, 16.11 and 12.37 could be more realistic.
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1 p—o—0—0—a 00—
W O 0—0—0 AIJ
-.-M =1 L .
o — 7 11 15
8 12 104c
107¢
®@ ®) ©

FIG. 3. Dependence on dielectric constant of the various terms in the conductance equation (FOS).

As the dielectric constant is lowered by adding dioxane to the solvent, the
association constant increases approximately exponentially with reciprocal
dielectric constant as shown in Fig. 4. in which the point for D = 12.37 is omitted

1.8 s [ 1
7

5 6
100/D
FIG. 4. Dependence of association constant, K, on dielectric constant.

O = values of logK, obtained by analysing the data by Eq.(I).
Iﬂ]‘= data obtained by the approximate Eq.(10).

because it falls out of the experimental curve. Eventually, at this sufficiently low
dielectric constant, the effects of association higher than pairwise must be included
in the analysis. In order to obtain another experimental value of the distance
parameter, from the slope of the logK, - 1/D plot we consider the points with K,
estimated by eq.(1) for D values 24.01 and 19.84 and by eq.(10) for D value 16.11.
The result is &, = 4.89 a value somewhat larger than those obtained from the values
of L(a) derived by the “y-x"" plots. It is a satisfactory agreement for the center-to-
center distance of the ions taking in account that the L-values become uncertain
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when association is marked as in our case. So, we can say that the system
C,0H,SO;K - dioxane- water is described by the (FOS) approach.

Over the D range covered, the Walden product, Agn, (Table III) decreases as
dioxane-content increases; That is, there appear to be a correlation between the
Walden product and the dielectric constant. The decrease in the mobility of some
ions produced by the addition of organic solvents to water has been attributed to a
solvent relaxation effect. A moving ion orients the solvent dipoles around it, and
these can relax again into a random distribution only after the ion has passed. Such
a re-orientation requires a finite relaxation time (t) of the order of 107!!s. during
the course of which the attendant electrostatic field in the medium opposes the ion’s
movement. This phenomenon of solvent-dipole relaxation was originally described
by Born’. Fuoss® later noticed the dependence of the Walden product, Agn, on the
dielectric constant and in a heuristic argument suggested a semi-empirical
expression from which the classical Stokes’ radius, R, may be derived

R =R.+s/D (15)

RD =5 + Roc D (150)

where, S is an empirical constant for a given ion-solvent system, and R is the
hydrodynamic radius of the ion in an hypothetical medium of infinite dielectric
constant (where the electrostatic forces vanish). Boyd® showed that the effect of
dielectric relaxation on ionic motion can be treated theoretically. Zwanzig'’ in a
more rigorous derivation, taking into account the fact that some of the solvent near
‘the ion is dragged along by viscous forces and does not need to be oriented,
calculated the dielectric force which must be added to that produced by viscous
drag.
Rearranging terms in his theoretical equation, it gives'!':.

2 2
.2 Anz" e (g, -¢€.) :
27eF Ao+ 2. g = . (16)
AN v r3 e°(2e°+1) n
With A, = 6 and An=.__3 for perfect sticking
' 8
and A, = 4 and An=3__ for perfect slipping
4

Inserting numerical constants and r in R it becomes
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10%% (e, - )

15,459 o , 8,64 <

—2e 22 18,842 + 2= . . 17
AsM d 23 €, (2, +1) 0 an

OF L = 15,842 + 28 oy (17a)

xr

for perfect sticking and
15,459 o 17,28 1077 (e, -e,)

5 =12,56% + e 5 L3 (18)

on ,CI)' EO( EO + 1) n
or L*=12.56%+—17—;-23-§—p . (180)
r

for perfect slipping, where:

1 is the dielectric relaxation time for the solvent dipoles and .

€.& , are static and limiting high-frequency dielectric constants of the solvent
respectively.

Plots of L* versus the solvent function P* must be linear'®P and some
hydrodynamic radius can be calculated from both intercept and slope. A
quantitative test of eq.(16) may be obtained by comparing the value of ¥ from the
slope and intercept of the straight line by a least squares treatment. The ionic
conductance at infinite dilution'® in pure water at 25°C )‘o(K+ ) = 73.50. Ag of
CioH;S0;K in pure water at 25°C has been found by us to be 114.8. From these
values the transport numbers are ty+ = 0.640, tc, H-50," = 0.360. If we assume that
the transport number is independent of composition in dioxane-water mixtures
(probably the weakest assumption), A4 n and A6n can be calculated for these
mixtures and Stokes radii R® , R ~can be calculated from the values of Ao n. These
values are summarised in Table IV. A test of eq.(15) is shown in Fig. 5 where R*D
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TABLE IV. Limiting single ion conductance-viscosity products and Hydrodynamic Radii of the salt ions in
Dioxane-Water mixtures.

D xo Mo o Mo R R R+’calcd R caled Eq
24301 0.477 0.268 - 1.718 3.058 1.730 3.076 1)
19.84  0.437 0.246 1.875 3.331 1.847 3.285 1)
16.11 0413 0.232 1.984 3.532 2.003 3.562 (10)

80|
©
60L /0/
/A
o
40|
20 . :
12 20 28

D

FIG. 5. Dependence of classical Stokes radius on dielectric constant (anion: upper plot; cation: lower plot).

and RD are plotted against D. The plots are linear and R*, R- can be reproduced
by the equations

R' =117+ _ 1339 sndr =200+ 280

D _ D

as shown by the values of R%aica) and Rcacar given in the last columns of Table 1V.
The center-to-center distance of the ions is A AT R+°°‘ + R 5% =3.26 Z\ . This value
is not in a satisfactory agreement with & - G values. We have to recall that the
polar component of our solvent mixtures introduces the complication of solvent
composition near an ion and thus makes impossible any estimate of & by
extrapolation of hydrodynamic radius to infinite dielectric constant. R is the
radius of the sphere hydrodynamically equivalent to the ion if Stokes’ model were
valid and hydrodynamic friction were the only force to be overcome by the external
field in order to produce ionic migration.
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It was considered of interest to examine the applicability of Zwanzig’s
equation to dioxane-water mixtures, to investigate the retarding effect resulting
from the relaxation of solvent dipoles around a moving ion. The necessary solvent
parameters, which are interpolated values from data of G. Atkinson and Y.
Mori®.P are summarised in Table V. Fig. 6. shows the Zwanzig plot for both cation
and anion. Both plots are good straight lines. The linearity in both figures 5 and 6
means that solvent behaves. like an ordinary liquid over the range of dielectric
constant used" showing, also, a drag on the ions due to relaxation of solvent
dielectric as ions move through it.

TABLE V. Water-Dioxane Parameters (25°C)

) . 10'2tD €o—E

Wt% € goc 1072ty 102 P* =
Dioxane n €o(2e0t1)
64.33 2401 - 3.298 23.113 1.941 20.955
69.40 19.84 3.141 23.916 1.899 26.057
74.33 16.11 ... 3.009 23.628 1.818 31.816
701

60}
) A S
- 50

1
4G
30/0/

20 25 . 30 35
P

i jon: t, cation:
F1G. 6. A plot of L* for both anion and cation versus the solvent function P*. (anion: upper plo

lower plot).

Table VI gives the resulting radii of both ions for the cases of perfect sticking
and slipping, by a least squares treatment of eqgs.(17,a), (18.,a) respectively.

TABLE V1. Radii Comparison (A°)

Perfect sticking Perfect slipping
] [} -4 °
T T T T
fon (intercept) (slope) (intercept} (slope)
cmH7§.’oJ' 2.17 2.19 3.25 2.76

K 1.22 2.66 1.83 3.35




CONDUCTANCE OF C,;H,SO,K IN DIOXANE-WATER MIXTURES 139

For the C,,H,SO7 anion the slope and intercept radii values are in very good
agreement for the case of perfect sticking; With this t value eq. (17) reproduces the
A1 experimental products of Table 1V. In the case of perfect slipping t slope-
intercept values are close enough to each other. For their greater values compared
with those of perfect sticking case we recall that the perfect slipping boundary
condition allows greater relative motion between the ion and the surrounding
solvent and thus increases the extent of dielectric friction. Dielectric friction is
smaller in the case of perfect sticking since the solvent dipoles in the immediate
neighborhood of the ion move together with it.

For the K ion the two radii (intercept-slope) agree poorly in both cases
(perfect “*stick” and “‘slip™). It is recalled that in most cases the two radii are far
from equal, indicating that the theory does not account quantitatively for mobility
changes. Zwanzig theory is most successful for large organic ions in aprotic media
where solvation is likely to be minimal and where viscous friction predominates
over that caused by dielectric relaxation. The descrepancies become more striking
the smaller the ionic radius is and the theory breaks down whenever the relaxation
term becomes large i.e. for solvents of high P*!! Limitations in continuum theory
have led to the thought that the key to understanding is to be sought in specific
structural effects. An inevitable weakness of any continuum theory is its inability to
account for structural features.

Infrared and nuclear magnetic resonance studies's, !® indicate that water and
dioxane interact strongly. The non-aqueous component, 1,4-dioxane, contains two
separated hydrogen-bonding sites; because of the inductive effect of the methylene
groups the negatine charge on an oxygen atom is greater in the dioxane molecule
than in water molecule, and further, a dioxane molecule can induce in a water
molecule, hydrogen-bonded to it, an increased negative charge on the oxygen atom
and a decreased positive charge on the hydrogen atoms'?. Generally, mixtures of
dioxane and water appear to form intermolecular hydrogen-bonded complexes of
various possible structure'’,'% 1%,

Whatever the case may be in our mixtures, we shall find these intermolecular
complexes immobilized to a considerable extent around the K" cations with the
oxygen atoms (with increased negative charge) pointing inward causing an
increased primary solvation, the existence of which Zwanzig-theory ignores.
Consequently the difference between F (slope) and f (intercept) is not too
disturbing; that is, the discrepancy between the two (intercept-slope) radii of K
could be attributed (as a probable explanation of this divergencies) to a solvation
sheath due to specific solvent microscopic properties. This solvation leads to
smaller dielectric friction and enhanced mobility® as it is shown in Fig. 7. where the
failure of Zwanzig-continuum model to predict the dependence of mobility on
solvent dielectric properties is obvious. Experimental K mobility for D = 24.01 IS
much higher than this predicted by the theory for a crystal radius value of 1.33 A
(Pauling) or 1.49 A (x-rays). In short, it is the case where Zwanzig-theory may be
reminding that the concept of an ion radius in a hydrogen bonding solvent and
where solvation is present is not an easily defined parameter.

Conversely, around the anions, we shall find intermolecular complexes
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FIG. 7. lon mobilities in Dioxane-Water mixture of €0=24.01 against reciprocal crystal radius. Mobilities
calculated are represented by the full curve (eq. 18.@-slipping) and the dashed curve (eq. 17.d-sticking).

oriented with their hydrogen atoms (with decreased positive charge) adjacent to the
anions and the primary solvation of the anions is likely to be minimal. Also, in the
case of bulky anions viscous friction predominates over that caused by dielectric
relaxation.

Although Zwanzig seems to assume that the t value of his equation is identical
with the ion radius, “it would be very startling if this turned out to be true'*.

It has been suggested that this T parameter could be interpreted as a distance
beyond which the solvent is no longer affected by the ion field!*:D,

Fuoss-Boyd-Zwanzig theory although relates the deviations from the Walden
rule to the independently measurable solvent parameters and also introduces the
concept of a hydrodynamic character to the solvent whose properties are affected
by the presence of ions, it is based on a continuum model for the solvent using its
macroscopic properties to describe an effect that has its origin in the microscopic
nature of the solvent near the ions. Also, this theory completely ignores the
possibility for a change in the size of the moving ion owing to changes in solvation.
The ion is treated as arigid sphere of radius r moving with a steady state velocity
through a viscous incompressible dielectric continuum. Evidently, further
developments of the Zwanzig equation are desirable and the next step of the
problem is set for the theoretician: to include in the theory the discrete structure of
the solvent and to calculate the distribution of .a mixed solvent around ions
dissolved in it; it has become clear that the sphere-in-continuum model has reached
the limits of its developments. On continuum theory, ‘specific ion-solvent
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Tepidnyn

*Aywyrpouetpixti avunepigopd tob 1-Naglaiivo-oovAgovikeld Kaliov aé bdato-
Soéavixd Sialbuaza.

MehetiOnke 1 dyoypopetpixt] cvpnepipopd 1ot 1-Nagbarivo-coviovi-
xob Kakiov of bdatodiotavikd diardpata otodg 259C otiv meployr) diniextpi-
kfic otafepic 12.37 D 24.01 xai mapéyoviar oi @uoikéc iBrdTnteg Tod
Sredvtikot péoov yid v mepoyx avty Tiic dinhextpikiic oTabepdc.

Té neipopatiké dedopéva dvalibnkav pé tic dywyipopetpikég EEichoelg
Fuoss-Onsager-Skinner (FOS) xai Graham-Kell-Cordon. Bpébnkav ol tipég tdv
Gyoyopetpikdv Tapapétpav: icodivaung dyeyipdtnrag of dnepn dpaioon,
Aq xai tiig otafeplc ovledéemg, K,, 00 dratog. Tad nerpapatikd dyoypope-
TpIKa dedopéva avanapuyovrat pé ikavomommtikyy Gkpiféia dnd tiv tEicwon
(FOS). “H iovikn} mapdaperpoc, & , mpocdiopiletar 4né v EEicwon (FOS) xai
ané v xAion tfic ypoapuikiic oyéceng logKka—1/D. Oi 360 Tipég aL, &«
Bpickovtar o€ ikavomoinTiky cvppavia peta&d tovg. T6 d6poiopa tdv dxtivav
Stokes Tdv i6vTov, R}’w + R-ooniO'KSTal ot dovppovia pé tic Tipég . a%. “H
aovppovio avth culnteitor pé ikavonowntikd tpdmo.

Iapatnprifnke 8t 16 yivopevo Walden ghattdveran pé triv adénon tfig
TEPLEKTIKOTNTOC TOD S1addtny pé droEdvio. “H bdpoduvapikn adtr] cupnepipopa
100 dhatog peletifnke ooppova pé tig Bewpnmikég dndyerg kai E&riodoeig Tdv
Fuoss-Boyd-Zwanzig mpoxetpévov vé diamotobei § &nidpacn 108 gaivopévov
Born- Fuoss—Boyd-Zwanzig (tfic direkTpikiic TpLPfig TdV Nrmérlwv Tod drarvTn)
omv kivnon 1dv idévtev. Atamotdbnke 8Tt y1d 16 Gvidv tod alarog 1 é€icwon
Zwanzig-perfect sticking 8iver tfv 18w Tipn} tfig mapapétpov T 1600 a6 TV
kMion 800 xai Gné v tetaypévn Eni tv dpy tfic evbeiag nod naprotdver kai 1
tiocwon avamapdyel td meipapatixd yivopeve Walden tob Gvidvtog pé peydin
adxpifera &vd 116 16 xatév tod K mapatnpeitar peydin dovpeovie. ‘H
dovpeovia adty égeileTar mbavdg oty Eviovny émidloliTacn TdV KaTIOVTHV
t0b K ané té oynpotniiépeva pé deopovg Kdpoydvov évdopoplakd ocvledypata
TV popimv Tod piktod Sraddtn. “ YrevBupiletar 811 1) Bewpia Zwanzig dyvoel trv
petaPorn tiic Gxtivag t@v idviav Adye Emdlalvtdoeng.
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IONIZATION OF METHYL ORANGE AND TAUTOMERIC

EQUILIBRIUM OF ITS MONOPROTONATED FORMS IN AQUEOUS
SOLUTIONS

D. JANNAKOUDAKIS, E. THEODORIDOU AND L MOUMTIZIS
Laboratory of Physical Chemisiry, the Faculty of Physics ana Mathematics, University of Thessaloniki,
Greece.

(Received April 7. 1979)

Summary

The behavior of 4-dimethylaminoazobenzene-4 -sulfonic acid natrium salt (methyl
orange) in acidic aqueous solutions is investigated. Monoprotonation of methyl orange (in
pH region 2.5 - 4,5) gives an equilibrium mixture of the azonium and the ammonium ions, in
which the former is predominant. In strong acidic solutions there is an equilibrium between
the azonium and the biprotonated form, whereas in concentrated sulfuric acid, methyl
orange exists exclusively as biprotonated. The ionization constants of the mono- and the
biprotonated forms, as well as the partial pK values of the azonium and the ammonium form
and the tautomeric equilibrium constant Kr between them, are estimated by a
spectrophotometric process, which seems to give more accurate results in comparison to
those up to now employed for the study of similar azobenzene derivatives.

Key words: methyl orange, mono- and biprotonated form, azonium and ammonium form tauto-
meric equilibrium. dissociation constants, partial pKs. tautomeric equilibrium constant.

Introductlon

Several divergent views have been expressed by many authors on the behavior
of p-aminoazobenzene derivatives in acidic solutions. In such solutions these
compounds are mono- or biprotonated, and the electron density at their azo-
linkage is more or less associated with their carcinogenetic activity'.

Some previous authors have assigned the ammonium structure III (scheme I)
as 'the exclusive structure of the monoprotonated form of the above aminoazoben-
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zene derivatives®, Other authors on the other hand have concluded that the
monoprotonated form has the azonium quinoid structure II, with the proton
attached to the B-azo nitrogen atom™*. It is clear hewever from careful
examination of the UV spectra in solutions of different acidities, that the conjugate
acid of IV is an equilibrium mixture of Il and III containing substantial amounts of
both tautomers >""'* .

The equilibrium diagram between the possible protonated forms of a p-
aminoazobenzene derivative is given in Scheme I.

Scheme I

RR 'NN=§
y B
R R O)n-4-0)

(11) H

RR N;; -N=N; == H | | = RR'NN=N
(1) | RR'%;N=N (IV)

(IID)

The two tautomers exhibit in the UV spectrum markedly different absorption
bands; the azonium ions in the 500 nm region and the ammonium ions in the 320
nm region. Azobenzene derivatives which are protonated exclusively at the azo-
linkage (e.g. 4,4 -azoanisole !' and p-phenyl-aminoazobenzene '!»!* have only the
500 nm band, whereas the derivatives protonated only at the amino group (e.g. 4-
dimethylamino-3-methyl-azobenzene'!, p-dimethylaminoazobenzenemethiodide’
and p-phenylazotrimethylanilinium methylsulfate'® have only a single band at 320
nm. Some authors have estimated the tautomeric equilibrium constant Kr between

the azonium and the ammonium form of several aminoazobenzene derivatives by
means of the relation!™ !,

_C, _ Cnixt ~ &1
KT,— =

Emixt
where C, and C, are the molar concentrations of the ammonium and the azonium
form, € and €, the respective molar extinction coefficients and &mix the
experimentally observed molar extinction coefficient of the equilibrium mixture at
the same wave length.

Other authors 7 on the other hand have estimated the tautomeric
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equilibrium constant by means of equation

{11
-1 €c Eq
Ky = Ky = ———
€a'Ec

where &, & are the apparent extinction coefficients and e.!!, &!'! are the molar
extinction coefficients of the ammonium and the azonium form at their absorption
maxima respectively. In both cases the extinction coefficients of the pure tautomers
could not be measured directly and were estimated from the spectral data of model
compounds, which exist only in a single form.

S. Yamamoto and co-workers !»!¥ have however determined the extinction
coefficients of the two tautomeric forms &' and &!!! of the relation (2) of some p-
aminoazobenzene derivatives by a graphical method in mixed solvents.

In some cases '%!*"!* the partial pK-values of the two tautomeric forms are
also estimated by means of the Kr or K: value, found from the equations (1) or (2).

In a previous paper ¥ the behavior of p-aminoazobenzene-sulfonic acid and
p-phenylaminoaminoazobenzene-sulfonic acid in acidic aqueous and aqueous-
methanol solutions has been investigated, and has been found that in case of p-
aminoazobenzene derivative the molar extinction coefficient of the azonium form
could be directly measured from the spectra of this compound in strong acidic
solutions. Based on this extinction coefficient a process has been followed, which
permits the determination of the partial pKs of the azonium and ammonium form,
whithout knowing the tautomeric equilibrium constant Kt between the two forms.

In order to have a further evidence for the application of the above mentioned
process ' to other aminoazobenzene derivatives the ionization steps of 4-
dimethylaminoaminoazobenzene-4 " -sulfonic acid natrium salt (methyl orange) in
aqueous strong acidic and buffered solutions have been thoroughly investigated in
the present paper.

Experimental

Methyl orange (Fluka, puriss p.a.) was recrystallized from ethanol solutions.
The buffer solutions were prepared according to Walpole Standarts '* . The spectra
were recorded using a Beckman DB-GT-spectrophotometer, the intensities of the
solutions at a fixed wave length were measured by a Beckman ACTA-5-
spectrophotometer. The pH-values of the buffer solutions were measured by a
Knick pH-meter.

The concentrated sulfuric acid used for the preparation of the strong acidic
solutions was puriss p.a. of the Fa.Fluka. The pH-values of these solutions were
taken from the tables of Michaelis-Granick 2° . The methyl orange concentration
was in all cases 2.10"° M. All measurements were carried out at 25% 0,01°C.
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Results and Discussion

The absorption spectraiof methyl orange in aqueous standard buffer solutions
(pH range 2,5 - 4,5) as well as in acidic (0,1 N HCI) and alkaline (0,1 N NaOH)
solutions are given in fig 1. The absorption band at 464 nm is due to the

L.Of . i

S N D
L)

&
T

FIG. 1. Spectra of methyl orange (2.10* M) in acidic, alkaline and buffered aqueous solutions at 25°C. (1)
0.1 N HCI, (2) pH 2,72, (3) pH 3,12, (4) pH 3.46. (5) pH 3.72, (6) pH 4,03, (7) pH 4,43, (8) 0,1 N NaOH.

unprotonated indicator, while the absorptions at 508 and 317 nm are attributed to
the azonium and the ammonium form respectively. The azonium ion is expected to
absorb at a longer wave length because of its quinoid structure, whereas addition of
the proton to the amino group shortens the chain of conjugation and causes a
strong violet shift in the band of the unprotonated species ¢ .

- Scheme 11

CH,
\N N=N—'—SO 3
i
=N~ —'—so3

CHs t.

Ko v Orsos
3 - /ﬁm (Unprotonated form)
A-Orrn-O-s03
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The band at about 275 nm is due to the unprotonated as well as to the azonium
form - at this region both species show almost the same absorptivity —, while the
ammonium form does not absorb at this wave length »*b | This is more obvious in
the spectra of methyl orange in strong acidic solutions (fig. 2).

On the basis of the intensities measured in buffer solutions at 420 nm - this
wave length has been chosen instead of the absorption maximum at 464 nm in
order to measure the absorbance of the remained unprotonated form far from the
absorption band of the azonium form; on the other hand Beer’s law has given very
gooc linearity for alkaline solutions at 420 nm - the total pK,-value (scheme II) for
the dissociation of the monoprotonated form of methyl orange in general has been
estimated by means of equation:

D - Dag+
PK, = pH - log -

D! - D

A
where D, D%nu+, and D are the optical densities of an alkaline (0,1 N NaOH), of
an acidic (0,1 N HCI) and of a buffer solution of methyl orange at 420 nm.
In order to obtain the partial pKs of the azonium and the ammonium form the

spectra of methyl orange in strong acidic solutions have been recorded and are
given in figure 2. As it is shown in this figure the spectrum in 2 N H,SO, (curve 1) is

& N obs

240 340 4;0 510
A(nm)—=

FIG. 2. Specira of methyl orange (2.10° M) in sulfuric acid aqueous solutions at 25°C. Sulfuric acid

concentration: (1) 2N, (2) 10N, (3) 15.3 N, (4) 20.4 N, (5) 22.3 N. (6) 23.2 N, (7). 24 N, (8) 25N, (9) 26 N.

(10) 100 % H.SO,.
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similar to that in 0,1 N HCI (fig. 1, curve 1) with two absorption bands at 508 and
317 nm respectively. In a more acidic solution (10 N H.SO,) the intensity at 508 nm
increases and at 317 nm decreases (fig. 2, curve 2). This fact is considered as a
further evidence, that the two bands are due to two isomers in equilibrium. With
increasing acidity (15,3 - 26 N H,SO,) the absorbance at 508 nm decreases, while a
new absorption band appears at 406 nm, which is attributed to the biprotonated
form of methyl orange (scheme III). In pure concentrated sulfuric acid (fig. 2, curve
10) the whole amount of the indicator is considered to be biprotonated. Because of
the absence of the quinoid structure the biprotonated form absorbs at a shorter
‘wave length than the azonium form. The absorption band at 317 nm almost
disappears in the acidic solutions with a sulfuric acid concentration greater than 20
N, so that one can make the assumption that in these solutions only the
biprotonated and the azonium form are in equilibrium.

From the optical density of the solution in pure sulfuric acid at 406 nm, the
extinction coefficient of the biprotonated form at this wave length can be
determined by means of Beer’s law:

(o]
Dios

0 - : :
€amlt T Tc, (4)

and has been found equal to 2,76-10° mole~'.lit.cm ™. In equation (4) Co is the tgtz.nl
concentration of methyl orange in the solution (2.10 M). In the strong acidic
solutions the remained concentration of the biprotonated form can also be found
from Beer’s law at 406 nm: ’

Duos

AH++ (o]
2 €
++
AHY

C (5)

| Thus the concentration of the azonium form can be obtained each time from
the difference :
C Co C AH** (6)

at(az) T 2

The extinction coefficient of the azonium form at 528 nm - chosen instead of
the absorption maximun (508 nm) for the same reason as in case at 464 nm - has
then been estimated from the relation.

o D2 -
e T o ———ce—
. ART(az) CaH*(az)

“and found 5.84-10* mole-'.lit.cm™ (average value for five different strong acidic

solutions).
The pK,-value for the dissociation of the biprotonated to the monoprotonated
form - in case of methyl orange K. corresponds to the dissociation of the
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biprotonated to the azonium form

Scheme 111
(Biprotonated) (Azonium form)
N _ 2 N +
/l}TN—l}TSOE;H /NN=N503H
CHj, H \ CHj I!I

- can also be estimated - since the concentrations of the two forms are known — by
means of the relation

C, o+
pK, = pH =- 1ogM . (8)
CAH;‘* )

The calculated pK,-values for some strong acidic solutions at 25°C are given in
table I, together with the observed optical densities at 406 and 528 nm, the pH-
values of the solutions and the calculated by means of equ. (5) and (6)
concentrations of the biprotonated and the azonium form of methyl orange.

TABLE 1. Spectral data, concentration of the biprotonated and the azonium form and pK values for
methyl orange (Co = 2.10° M) in strong acidic aqueous solutions at 25°C.

NH,s0, — pH Dys - Dy CAH+@az).10° CAH,++.10° - pK,
20,4 5,52 0,097 0,863 1,649 0,351 6,19
22,3 6,05 0,215 0,697 1,221 0,779 6,25
23,2 6,31 0,290 0,553 0,949 1,051 6,27
24,0 6,54 0,368 0,398 0,667 1,333 6,24
25,0 6,82 0,444 0,252 0,391 1,609 6,21

The obtained average value for pK, is equal to -6,23(+0,04).
On the other hand the observed optical density of a buffer solution at 420 nm
is equal to

Do = €,:C)+6,,+Co - C,) D (9)

where ¢€a is the obtained by means of Beer’s law extinction coefficient of alkaline
solutions (0,1 N NaOH) at 420 nm (ea = 2,04:10° mole~'.lit.cm™) and eau+ is the
extinction coefficient of acidic (0,1 N HCI) solutions found in the same way at the
same wave length (gag+ = 3,35-10° mole'.lit.cm™),

Finally the measured optical density of a buffer solution at 528 nm is equal to

—_ o .
Dsag = 8AH+(az)' CAH"'(az) + eA.CA (10)
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Here €¢'a ( = 6,13:10° mole™'.lit.cm~' by means of Beer’s law) is the extinction
coefficient of alkaline solutions of methyl orange at 528 nm and Ca is the remained
concentration of the unprotonated form, found by means of eq. (9). On the basis of
eq. (10) the concentration of the azonium form can be estimated. Of course it is
considered that the ammonium form shows no absorption at 528 nm. A similar
assumption cannot be made for the azonium form at the absorption maximum of
the ammonium form (at 317 nm), since as already mentioned the azonium form
absorbs at 275 nm neighboring the ammonium form band.

The concentration of the ammonium form is then found from the difference

C c, -C

aR*(am) = S0 T Cant(az) T v (1)
without using the absorbance at 317 nm.

The known concentrations of the two tautomers permit now the calculation of
the partial pK-values as well as of the tautomeric equ1l|br|um constant Kr between
them (scheme II) by means of the relations

pK = pH - ‘l(og pK - H - lo CA
az CAH+(az) ’ am 1% g —_—CAH+(am) (12)
CAH+
and Kp = —AHT(az) (13)

CaHt(am)

These values are given in table Il, together with the calculated by means of
eq.(3) total pK,-values, the measured optical densities at 420 nm and 528 nm and
the pH-values of the standard aqueous buffered solutions at 25°C.

TABLE I11. Spectral data, pK,, pKaz, pKam and KT values of methyl orange (Co=2.10"* M) in standard
buffer aqueous solutions at 25°C.

pH Dy Dy pK, pKaz pKam Kr

2,46 0,100 0,793 3,43 . 3,30 2,85 2,85
2,73 0,124 0,739 3,42 3,30 2,84 2,83
3,12 0,181 0,613 3,42 3,29 2,84 2,78
3,37 0,228 0,511 3,41 3,28 2,84 2,77
3,46 0,248 0,467 - 3,40 3,27 2,83 2,75
3,59 0,275 0,408 3,39 3,26 2,83 2,72
3,72 - 0,299 0,356 3,38 3,26 2,82 2,711
3,90 0,325 0,301 3,40 3,27 2,83 2,74
4,03 0,340 0,258 3,41 3,26 — ———

4,23 0,359 0,212 3,44 3,26 — —

443 0,374 0,180 3,45 3,25 o weee
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The average values are: pK, = 3.41(*0,04), pKa: = 3,27(20.03)
PKam = 2,84(£0,02) and Kr = 2,77(¥0.08),
and confirm very satisfactorily the following relation, resultlng from the
combination of the K-values:
- -1 -1

K7' = K, + K} | (14)

The pK, value is in a very good agreement with that of De Ligny and co-
workers !  who have pointed out for pK, of p-dimethylaminoazobenzene-
sulfonic acid in aqueous solutions the values 3,39 and 3,37. Furthermore the
constancy of the pK values given in table II must be considered as an additional
evidence concerning the applicability of the method employed.

Comparison of the above partial pKs with those obtained for p-aminoazo-
benzene-sulfonic acid (pKa: = 2,23, pKam = 2,72) '* shows that pKaz is greater in
case of methyl orange.. This 1s attributed to the stronger electronegativity of the
dimethylamino group compared to that of the animo group (Hammett constant ¢
for -NH, -0,660 2»2* | while for -N(CH,), -0,931, based on the half wave potentials
of p-substituted azobenzene derivatives ** . Therefore the proton is stronger
attached to the azo nitrogen in the conjugate acid of methyl orange. The pKam
values of both compounds are on the other hand almost equal. The two methyl
groups cause a steric hindrance on the animo nitrogen, but this is probably
refracted by the positive inductive (+I) effect of these groups.

It is obvious from all above mentioned that the followed in the present and in a
previous '* paper process permits the determination of the partial pKs of p-
aminoazobenzene derivatives, without knowing the tautomeric equilibrium
constant Kt between the two forms. It is justified to believe that these pK values are
of greater accuracy in comparison to those given by some authors '%16-1"1* found
from Kr, which is taken by means of equations (1) or (2), because Kr is estimated
from spectral data of model compounds and mainly because Kr depends strongly
on the acidity of the solution '#!?

On the other hand in case of p-aminoazobenzene derivatives the assumption
that the azonium form does not absorb at 317 nm (g, = 0 in eq. 1) is not correct-
because of its remarkable absorption at 275 nm - so that eq.(1) becomes
inapplicable.

The calculated by means of eq.(2) - from spectral data obtained as mentioned
by a graphical method in aqueous 50% ethanol solutions !'!* - Kr value is
considered to be more accurate, although the ratio ea/gc of eq.(2) is estimated only
at one acidity (= 1 N HCl), so that the obtained Kr suits only to this acidity * and
not to the whole acidity region, where both tautomers exist at various
concentration ratio in equilibrium.
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Iepidnyn

*Toviouds tijc fAtavBivnc kai tavtouepiic icoppomio. T@v povompwroviwuévwv
Hopo®v TS 0é Vdatikd Saivuara.

Meietdtor 1) ovunepipopd 10b Ghotog pé vdatpio 100 4-SipeBvhapivo-
alwpevioro-4 -covipovikod 8Eéoc (MAtavlivn 1 moprokaArdypovv toD pebu-
Alov) of §Eiva DéaTIKG Sralvpata. T pubpuatika Srarvpata nteproyiic pH 2,5 —
4,5 oynuatiletor Tavtopepég piypa TdV SV0 POVOTPOTOVIOUEVOV HOPEHV TTig
NAwavBivng (scheme II), dnradn tfic npoToviepévng otiv dleopdda (4lwovio-
popon) xai tfic mpoToviwpuévng otrjv dGuivoopdda (dppoviopopery). Of dvo
.popoég Eppavifovy Aéy® cuvtoviopod StapopeTikd péyloto AnoppoProeng otd
edopo UV, 1 dloviopopen otd 508 nm kai §§ dupoviopoperi ota 317 nm (fig. 1).
' Z¢ loyupd Eva pé Bekd 68D Sraddpata deictatal isopponia petald tiig alwvio-
kai 1fig &pgavilouevneg pé péyisto dmoppogroeng otd 406 nm (fig. 2)
Simpwtoviopévng popefic (scheme III), &véd 1 dppoviopopen Exer oxeddv
gapavicBel. Téhog of kabapd Betkd 6EV 6An 1§ tocdTnTa Tfig Aravlivng elvar
Simpotoviopévn (fig. 2). *And 14 @dopata tfig Hravbivng of ioyupd S&iva
Sraddpata wpocdiopiletar 6 ypappopoplakdg cuviereoTrig droppogricens Tiig
aloviopopoetic, ané Tov dnoio kabh¢ kai Tig peTpovueveg dnTikég TUKVETNTEG TV
Swaivpdrov 1fig Hrtavbivng o1d didgopa péyrota dnoppogriceng vmoroyilovral
ol Empépoug ovykeviphoeig Tfig Uy mpoToviopévng, tiig alovio— xai Tiig.
GUPOVIONOPOTiC. .

* Ané tig oyéoeig (12) xai (13) rpocdiopilovrar 11 cvvéyeia td pK tdv dvo
TOLTOUEPRYV pOPPBYV KkoBd¢ kxai 1) otabepd icoppomiog petad adtdv xai
Bpiokovtar oi Tipéc: pKaz = 3,27, pKam = 2,84 xai Kt = 2,77. Téhog and 11 oyéon
(3) Ppioketar 16 pK tfic dactdoewg Tfic pikTfig povompoToviepévng Tpdg un
wpotoviopévn poper (pK, = 3,41) xai ané 1) oyéon (8) 16 pK tiic Swuotdoeng
tfig dimpotoviepévng npdg v dloviopopen (pK, = —6,23). “H pébodog mov
éxoAovbeital otiv épyacia adtri yid 16v npocdiopiond tdv pepikdv ctabepdv
Sdloctdoewg Tdv dV0 TOLTONEPDY popedV Tiig NAtavBivng motevetan T divel
akpipéctepa dnotehéopate cvykpltikd pé Tig pebédoug mov Exouvv péypl Topa
gpappocei yid mapdpowa mapdywye tob dlwpevioriov. Ztic pebddovg avtég
APNOHOTOLEITAL GROKAEIOTIKG Y4 TOV Tpocdiopiopd Tdv pepikdv otabepdv
Slnotdocwg T®V Svo tavtopepdv popedv 1) otabepa icoppormiag Kr petalvd
adtdv, 1 6noia Spwg deevdg Ppioketar Tig TEpLocOTEPES POPEG AT Ypappopo-
pLoKoUc CUVTELECTEG ATOPPOPHOEWC TPOTLIOV EVOoE®V, oV DeicTavial poévo
Oné v dupoevio- 1 tiv aleviopoper kai depetépov EEaptitar onpaviikd and
v 6&btnTa TOob Saddpartoc.
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POLAROGRAPHIC BEHAVIOR AND DISCONTINUITY OF THE
ELECTROREDUCTION CURVES OF PHTHALALDEHYDE IN
METHANOL

DIMITRIOS JANNAKOUDAKIS and GEORGE KOKKINIDIS
Laboraiory of Physical Chemisiry, University of Thessaloniki, Thessaloniki, Greece.
(Received Novemper 28. 1979)

Summary

The polarographic curves obtained during the reduction of phthalaldehyde in methanol
in the presence of carboxylic acids display discontinuity and hysteresis effects. The role of
hemiacetals formation was taken into consideration for the interpretation of these effects.
The change of the acid concentration in the vicinity of the dropping mercury electrode.
caused by the hydrogen discharge. leads to alteration of the electrochemical process. which is
responsible for the discontinuity and hysteresis effects.

Key words: Hysteresis of the polarographic wave, hemiacetal formation, proton donors, hydrogen
discharge, catalytic hydrogen wave.

Introduction

In the course of our studies on the polarographic behavior of carbonyl
compounds(’-4) in methanol, we found that the polarographic curves obtained
during the reduction of phthalaldehyde in the presence-of carboxylic acids, present
discontinuity as well as hysteresis effects. It is well known that oxygen containing
anions, such as nitrates(%,%), iodates and bromates(’,8) give polarographic curves
with the same characteristic properties during their reduction in the presence of
tri— and tetra—valent cations. However, other organic depolarizers showing a
similar behavior have not yet been cited in the literature so far. Therefore, an
investigation regarding to the probable explanation of the discontinuity occuring
during the reduction of phthalaldehyde was considered necessary for our further
research interests.
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Experimental

Polarographic curves and cyclic voltammetric i — E curves at a HM.D:E.

were obtained as discribed previously(4)., The potential was measured relatively to

* the aqueous calomel electrode (SCE) saturated with KCIl. The experiments were
carried out at constant temperature 25 + 0,1 C. .

The reagents were methanol “zur analyse” from Merck. lithium chioride R.P.

from Carlo-Erba and phthalaldehyde “puriss p.a.” from Fluka. The other
substances were also of high grades obtained commercially.

Results and Discussion

The polarographic curves of phthalaldehyde in methanol in the absence as well
as in the presence of benzoic acid are given in Fig. 1. The reduction mechanism of
phthalaldehyde in the absence of any proton donor was discussed previously(3).
The first wave is due to the reduction of the free aldehyde and it possesses kinetic -
character; the second wave corresponds to the reduction of monohemiacetal
followed by the reduction of 2-hydroxymethyl-benzaldehyde formed in the first
step according to the reactions:

CHO CHZOH CH,OH
2e + 20 2n™ ‘ 2e + 21t 5 ‘
CHO CHO CH,OH
| CH4OH CH30H
CHO CH,OH
‘ 2e + 20" ‘
OH > _OH
H<OCH CH\OCH

In the presence of benzoic acid a discontinuous increase of current to the
maximum limiting value is observed and the polarographic curves obtained do not
have the usual exponential form (Fig. 1, curve 2). A further anomaly in connection

“ with the discontinuity is the hysteresis of the reduction wave.

The potential of discontinuity (the potential at which the discontinuous
increase of current occurs) is affected by the following factors.

1. The concentration of acid. Fig. 2 demonstrates the fact that by increasing
gradually the concentration of benzoic acid the potential of discontinuity is
displaced at more negative values. Other acids also present a similar behavior.

2. The strength of acids. For stronger acids. the potential of discontinuity is
shifted to more positive values. This has been detected by using a series of acetic
acid derivatives (Fig. 3) as well as a series of benzoic acid derivatives. In the
presence of even stronger acids (i.e. CCl;COOH, CF,;COOH) the polarographic
curve of phthalaldehyde maintains its usual exponential form. In this case, a time
dependent decrease of the height of the polarographic wave is obtained, which is

©
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FIG. 1. Polarograms of 10-3M phthalaldehyde in methanol in the absence (curve 1) and in the presence of
103 M CHsCOOH (curve 2). Supporting electrolyte 0,1 M LiCl.

| —
3 pA

-0,8 -1,2 ~1,6 -2,0
E/Vsce
FIG. 2. Polarographic curves of 10-3 M phithalaldehyde in methanol in the presence of varying amounts of
CH;COOH: /) Without CHCOOH, 2) 5./10-*+ M, 3) 7.5.10-4 M, 4) [0 M, 5) 210 M
CH,COOH. Supporting electrolyte 0.1 M LiCl.

attributed to the formation of the non reducible acetal.

Comparing the polarographic curves of phthalaldehyde in the presence of
acids with the polarographic curves obtained when phthalaldehyde is absent. we
observe that the discontinuous increase of current takes place at the potential where
the current of the hydrogen ions reduction wave approaches its limiting value. This
is not evident in the case of CH;COOH or C4H;COOH, because these acids do not
form well defined hydrogen waves in methanol(?); it becomes. however. obvious
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FIG. 3. Polarographic curves of 103 M phthalaldehyde in methanol in the presence of different carboxylic
acids: 1) Without any.acid. 2) 10 M CH,CICOOH, 3) /0-* M CH,CICH,COOH, 4 10 M
CH;COOH, 5) 10-* M CH,;CH.COOH. Supporting electrolyte 0,1 M LiCl.

with stronger acids (CH,CICOOH, CHCI,COOH, salicylic acid), which form well
defined hydrogen ions reduction waves (Fig. 4). Therefore. we infer that the
potential of discontinuity must be related to the hydrogen ions reduction of the
acids . used.

3 pa

I

e

Est -G8 \ 03 v

L

FIG. 4. Polarograms of 10 3 M phthalaldehyde in methanol in the absence (curve 1) and in the presence of
10 3 M CH,CICOOH (curve 2). Curve 3 presents the corresponding hydrogen wave of 103 M
CH,CICOOH. Supporting electrolyte 0.1 M LiCl.
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3. The same conclusion can be drawn from the influence of substances which
lower the hydrogen overvoltage. N;.N-dimethyl-p-phenylendiamine(®,'%) has been
used for this purpose. It is evident from Fig. 5 that the discontinuity completely
disappears and the wave acquires the usual exponential form. when a small
quantity of catalyst is added to .the solution. In the presence of catalyst the
reduction potential of hydrogen ions is displaced to more positive values. The
resulting catalytic hydrogen wave is also given in Fig. 5.

3 uA

FIG. 5. Polarograms of 10-* M phthalaldehyde in methanol in the presence of 103 M CH;COOH.
1) Without catalyst, 2) with 2.10~4 M N,N—dimethyl—p—phenylendiamine. Curves 3 and 4 present the
corresponding hydrogen waves of 10~ M CH,COOH without catalyst (curve 3) and with 2,10~ M N.N-
dimethyl-p-phenylendiamine (curve 4). Supporting electrolyte 0,1 M LiC’ ~

4. The presence of oxygen. The potential of discontinuity is displaced to
positive values when successive streams of oxygen are passed through a solution,
which has been previously deaerated by a nitrogen stream. This can be explained by
the assumption that the OH- - ions formed during the preceding reduction of
oxygen neutralize the acid molecules in the vicinity of the dropping mercury -
electrode. '

In order to gain additional experimental data about this behavior of
phthalaldehyde. the method of cyclic voltammetry at a H.M.D.E. was also
employed. The cyclic voltammetric behavior of phthalaldehyde m the absence as
well as in the presence of benzoic acid is shown in Fig. 6. As it can be seen, in the
presence of benzoic acid the double wave of phthalaldehyde disappears from the
cyclic voltammogram. However, this wave appears again when the vicinity of the
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electrodeis sufficiently depleted of acid molecules. after holding the electrode at
potential 2.0 Volt. where the hydrogen evolution takes place. This behavior is
found to be in agreement with the aspect that the discontinuity and hysteresis
effects appearing in the polarographic curves of phthalaldehyde are associated with
the hydrogen ions reduction of the acids -used.

E/ vscr’ :

FIG. 6. Cyclic voltammograms of 10 M phlllalaldeh)dc tethanol in: Ilu' absence (curve 1) and 1 in the
presence of 103 M C.H,COOH (curves 2 and 3). Curve 3 wa reumlclf a/lu\ /m!qu the (’[((II()(/( at,
potential —2.0 Volt for 30 sec. Supporting electrolyte 0.1 M LiC I Scan: mI( v=2()()mV/ \u

Although the regular influence of weak acids (CH,COOH, C;H;COOH) on
the polarographic behavior of substituted benzaldehydes is manifested through the
shift of the polarographic waves towards positive potentials(!,2). in the case of
phthalaldehyde discontinuity and hysteresis effects are observed. It is worth enough
to point out that phthalaldehyde in methanol forms hemiacetals. while in aqueous
solutions it gives rise to the corresponding hydrates(!!,12) to a considerable extent in
both cases. The hemiacetalic forms are monohemiacetal (1). its cyclic form (I1) and
probable dihemiacetal (111). The last two forms are polarographically inactive. The
case of acetal formation must be rejected. smcexacetals are formed only in the
presence of strong acids(!-4).

Our interpretation is based upon the assumption that it is the existence of these

“forms itself, which is responsible for the discontinuity and hysteresis effects in the
overall polarographic behavior of phthalaldehyde. In pure methanol the reducible

~OH

A CHO . cg;on . CB oy,
‘@ II ‘O 111
AL 0H 7 (ID oon (D

CHoep, CH-OCH; CHL ey,
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form of monohemiacetal predominates. while in the presence of weak acids we
assume that the equilibrium is displaced to the non reducible forms. Concequently.
the addition of acids causes the decrease or even the elimination of the reduction
waves of phthalaldehyde. At the potential where the hydrogen discharge takes
place. one would expect local changes in acid concentration on electrode surface.
The vicinity of the dropping mercury electrode is depteted of acid molecules and the
equilibrium is shifted towards the reducible form of monohemiacetal. which at this
potential attains its limiting current. After the current has taken its limiting value.
the acid molecules reaching the electrode surface do not give hydrogen discharge
current. but act as proton donors for the reduction of phthalaldehyde. Therefore. it
is the change of the electrochemical process itself. which is responsible for the
appearance of the discontinuity in the polarographic curves obtained.

The polarographic behavior of phthalaldehyde in aqueous buffered solutions
("', 12) indicates also that changes in pH affect the equilibrium between the
corresponding hydrated forms. The non reducible forms predominate at pH 3-5
where the heights of the polarographic waves are very small. This behavior is in
agreement with our assumption that phthalaldehyde in methanol in the presence of
weak acids mainly exists in its non reducible hemiacetalic forms.

One could expect that phthalaldehyde presents an analogous behavior in
aqueous non buffered solutions in the presence of weak acids (i.e. CH;COOH,
C.H;COOH). However, discontinuity and hysteresis effects do not appear in the
polarographic curves of this aldehyde in such a system. This is attributed to the fact
that in aqueous solutions the hydrogen discharge takes place at a potential very
close to that where the current of phthalaldehyde attains its limiting value.

Another interpretation of the discontinuity and hysteresis effects based on the
assumption that a non reducible monohemiacetal-acid complex (IV) is formed - in
a way similar to that of carboxylic acid dimers(!3) - seems to be reasonable, since at
the potential of hydrogen discharge. free monohemiacatal is obtained on electrode
surface. But it must be pointed out that there are certain reasons for which the

~-H
S0---H-0
_ c:H,O--H---O"
B \OCH3

above mechanism fails to discribe the appearance of the discontinuity. It is unlike
to believe that such a complex is polarographically inactive. The reduction of
monohemiacetal would precede the hydrogen discharge. as far as it is reduced at
more positive potentials. Such a mechanism could justify the appearance of a
kinetic current and not a discontinuity of the polarographic wave. However, the
main argument against this interpretation .is the fact that discontinuity and
hysteresis effects appear also in the presence of non carboxylic acids, as we
observed with chlorophenols.
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Hepiinyy

Holapoypagixs Zourepipopd xai °Aavvéyera tév Kaunviwv 'Hlexrpbavdywyiig
tiic POalaldebons oé MeBavolixd Aialvuara.

Katé v avayoyn thc ¢0alardetdne péoa oé pebavoin tapovoia dcdevidv
kapfolvdikdv OEéwv mapatnpeitoan pid dovvéysia xoi pie dotépnon otd
Aappavépeva tolapoypogikd kopata. Td goivépeva avtd cuvdéovtol dueca pé
16 yeyovog St 1) GASetdN adt péca otd pebavorikd Sradvpcra cynuatifel of
onuavtiky Ektaon fNuiaketdres. “H petaPolrn tfic ovykevipdoewg tod 6&€og
otiv TEPLOYT] TOD oTayovikoD NAektpodiov, 1) Omoie mpokakeitar Gmé THV
anéBeom 0B HSpoydvou, Exer odv_Gmoréleopa TV Amétopun GAhayh tiig
AAextpoynuikiic Spdocwc. £° adty miv &rnéroun GArayr drodidovrar 1
dovvéyela xai 1§ Votépnon otd AapPavépeva moAapoypa@ikd kvpara THG
¢Barardstidne.
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MEAETH THEX YAPOAYZEQE AAOTONO-Y-ITOKATEZTHMENQN
YAPAZIAIQN TOY BENZO'T'KOY OZEOX

AHMHTPIOZ A. XAPIZTOZ, AEANAPOZ K. TZABEAAAZ kai TEQPI'TOX E. MANOYZIAKHE.
"Epyactipio Avépyavne Xnuciac @uaicopalnuatixiic Zyolfic, *ApiototeAciov Havemiotnuion
Ocaagaloviknce. .

(Received January 10, 1980)

Iepiinyn

Meietdtal QaQOUATOPMTOUETPIK@DS 1] 08pdAvon TdV dAoyovolmokatesTnuévaV
vdpalidiov Tod Bevioikod (?)&éo"g@)—CONHNH2 (6mov X = F, Cl, Br xai I of o-, u- xai n-
0éon) of dikaiikd mepifdrrov kai of meployr Bepuoxpacidv 40-60 °C.

*YroAoyilovtal ol Tipég 1@V otabepdv THg Tayvtntag Tdv dvnidpdoswv évolomolri-
o (k,) xai OVdporvoewg (k,) mov eivar Gvriotoiywg Tii¢ Tafewg 1073 sec™ wai 1079
mol ~L lit.sec"! ’

*Ané v Enekepyacia 1@V drotedeoudtov npokdnTel 11 1 KivnTik tfig Evolomor-
otwg EAdylota innpedletal ano v Beppokpacia kai tév drokatactdtn vd dlamctove-
Ta1 onuoavtiky énidpaon tfig Oeppokpaciag kabog kai Tfig Bacawg kai tiig @boewg Tod
UMOKOTAGTATY GTHY KLVTIKY) L3pOALCENG.

Lvvrmjesig: HBAH = 08palidio Bevioikob dEéoc. XBAH = royovobrokaTESTNREVO GTOV TUpTive
03palidio Pevloikod 6Eéoc. BAC: = dhkalikiy UIPOALON kaTd Tév Spoplaké UNYAVICHS.

‘Oporoyia: Kivnriki, tayitnta, té&n xal pnyaviopéc avnidpeoene dAoyovodroXatesTévo GTOV
nupriva U8palidio Bevloikob d&fog, dikarikr LSpSIuoT.

Eicaymyi

Zmiv Epyacio adT peletdtar 7 Emidpaom 1o Lmokatactdtn Emi TG
b8policewe Tdv 08palidinv Tod Bevioikol 6&éog kai yevikdtepa 1j diepedvnon
10d pnyavicpod tfic bdporicedg Toug, bnd Tiv Enidpacn tob Enaywyikob kai 10D
ouluylakod @aivopévou! nov sicdyerar &nd 16 drhoydvo. “H perétn avtrh tév
Bpalidiov kpibnke Gvaykaia npokeipévou va ypnoiponoinfodv odv dvaywykd
ot Gvnidpdosic petopopldc Rhekipoviov koi 6 cuvBioelg OpyavOUeTOAAIKGDV
gvoocnv. Eidikotepa otiv nopackevr dibsiokapPopidikdv napaydyoev (Eve-
cewv) Ta 6moia Bpiokovrat OIS pekétn. 16 keipevo, td VOpalidia dvapipovral
ouvvtopoypagikd odv XBAH 6nov X 6 Omokataotdtng otév muprva.

*Afloonpeioteg Epyaoieg £ni tfig bOporioeng TdV V3palidimy Eyvav and Tév
A.P. Grekov??  koi tovg cuvepydteg Tov, ol 6moiot pedétnoav v S&vn kai
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Bacikn V3poivon Tdv V3palidiwv, (RCONHNHS,), dpiopévev dreipatikdv kai
apopatikdv 6&émv. Metafd adTt@dv meptiapPavovral td H3palidia Tob Pevioikod
kai 100 p-yAowpo-fevioikod 6Efog, ToU Omoiov perétnoav pévo v SEivn
0époruoT.

Z1d gaopata UV tdv 03palidiov yid opiopéveg tipég pH gpgpaviovian dbo
Ldveg amoppogricewct (oxfipa 1). Mid otiv mepoyr 225—260 nm mov
amodidetar otiv Sityepon m—n* kai mé otiv mepoyr 270—290 nm woo
anodidetar otiv difyepon n—n* ‘H Evtaon tii¢ {dvng 270—290 nm, Smwg
Samotd®bnke koi melpapatikd (oyfipa 2) avédveror pé v abénon tijg Tipfic To
pH xai dgeireton otiv alénon tfic ovykevipdoewg Tiic dvohikfic popefic.
*Eniong andé 1rv obvykpion tdv ¢@ocpdtev UV tob n-ClI-BAH «xai n-Cl-
CH,COOH o¢aivetar yuati éneléyn otjv meproyr] 270-290 nm 16 .dvarvtikéd
piikog kbpatog.

aef

TRV A

o
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.
—

. Y e/Q/ )
N |
a2
. \ . ‘e .
0.0 o oo “%‘a»»“_. -

200 250 300 225 250 275 300

Mom — A om

- IXHMA 1. Eédptnon tijc éntikijc nukvétntac dnd td ufjkoc kbuarog t@v dralvudrwv tod n-Cl-BAH (=
4x1075 M) otijy Oeppokpacia tisv 40 °C oé 0,1 M HCI (1), 6§ obdétepo nepiffdAdov (2) kai 6é 0,1 M KOH
(3).

YXXHMA 2. Eédptnon tijc ontikijc mokvétytac dnd 16 pijko¢ kbuaroc t@v dtalvudtwy tod n-CIl-BAH (1),
xai tov n-Cl-C . H-COOH (2), oiykevipdoewy 4x10°5 M 6é 1,0 M KOH «ai Ocpuoxpacia 40 °C.

Iewpapatikéd pépog
*Avtidpaartipia kai dpyava.

Ta 03palidia mov ypnowonouibnkav mapackevdoTnKAy COMQOVA pé
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péBodo, mod dvagépetal o€ Tponyovpevn dpyacia.s Ta Staddpata tdv HSpalidiov
napackevdotnkav pé Sidlvon akpipdc {vyiopévng moodtntag péca of Sig
dneotaypévo vepd. INd vd drogiyovpe v 6¢c1datikty dpdon tob dTpoc@aipt-
kob 6Evydvov mdve otd Odpalidia, Td SwAdpata dmacpdbnkav pé cuvveyn
SwaPipaocn apyod meprexktikédnrag oé Ar > 99,995 %.

Té doehvpata tod H,SO, xai tod KOH mob ypnoiponotidnkay napackevd-
obnkav ané dvadvtikiig kabapétnrag dvridpactripa tob oikov Merck xai
Tithodotibnkav. pé draidpara Titrisol  HCI kai KOH tob id10v oikov. I'd td
dradvpata adtd ypnoponoibnke Eniong dig dneotaypévo vepd draspmpévo pé
apyo.

Oi perprioeig napbnkav pé pacpatopotépstpo Karl Zeiss PMQ II 16
6moio elye ovotnpa Bsppoctatricenc tdv koyeridov. “H Geppootatnon tdv
Gpyikdv dodvpdrov Eywve of aveEdptntn mapdAAnin Sidtaén kai otic 8o
MEPINTAOCELG Y pNoiponotidnkav Beppootdteg poiig vepod TomoL Gebriider
Haake K.G. Typ. Fe. ’Axpipeia Beppoctaticsog 0,2 °C.

Oi drartodpeveg mocdtnteg TV Sradvpdtov dvapryvioviay mpiv and tiv
AMyn tdv psrpncs(ov pé mpocbrikn 10d sto 1 100 KOH o616 didhvpa tod
vépalidiov.

*H perémn tijg Vdporvoewg Tdv Ddpalidiov Eyive o Beppokpacisg 40 Ewg 60
OC xai ovykevipdoeig 6Eéog kai Pdoewg péypt 2,0 N. Td S&wa kabdg kai 16
ovdétepa Srardpata tdv Bdpalidiov Edeitav dEloonueintn otadepdtnra g
ontikfig mukvétntog of cvvaptnomn pé 16 ypbévo oé in v Extacn tob.
edopatog. MetaPoréc mapatmpidnxav pévo oé drkariké mepipdirov xai
cvykekpipéva of tipég pH > 10. :

Oi perpriceig Tipudv tod pH Eywvav pé neyduetpo 10b oikov L. Pusl Amt
112 mo¥ elye frextpodia ddAov kai karopéravog. Oi petpriocelg tob pH tdV
dwadvpatov Eywvav of otabeptry Oeppokpacio. .

Kaﬂopla/ufg TV mpoidvtwy Tig dvTidpdoews.

‘O kaBopiopdg 1@V mpoidvtov Tiic dviidpdocwg Eytve of mukvéTEpo
dahvpate pé ovykevipdoeig Hpalidiov mepinov dekamidocieg tdv ypnoipo-
moindévrov.

Meta mjv o&ivion 1dv dradvpdtov 0dpalidiov—idpoéeidiov 100 Kariov
gpgpavicOnke Aevkd gteped. “An6 16 onueio ti&ewg xai and 16 edopa LR. tfig
ovoiag anodeixbnke 611 elvar 16 avridtoryo dpwpatikd 650 tod Vdpalidiov.

Metad v drnopdkpovon 1od dpepatikod 6EEog pé dtrjdnon, npoctédnke 616
duinpo KBrO, of mepicoeia yid 16V mpocdiopiopd tiig Odpalivng. Metd
dexamevtaientn mapapovy Tpootédnke 616 didhvpa dptopévn rocdtnta KI kai
16. I, mo¥ dnerevfepdbnke, dykopetpribnke pé mpétumo didivpa Na,S,0,46.

*Anotedéopata xai Zvltnen

‘O kabBopiopdg tfic TaEewg T dvridpdoeng Eywve yYpagikdg ané 16
Sudypappa g petaPolrfic thic Tpfic thic mopactdocwg  log(D-Doo) - o
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ovvaptnon pé tév xpévo’ s (oxfipa 3). Ta Vo evbdypappa Turqpata mov
bdmapyovv of k@bs kaumOAn 6dnyolv otiv Omébeon 1t ocuvpPaivovv Sdo
Sradoyikég avridpdosig?,io . "

-030+
Q%~@
~@,
ooy, 0.10 M, KOH
At O
oL
-040 o,
“G@%
O~ o o 025m
®ou T
o~ i N
©. n@@ G\G\ @\0 o 50 M 0\0
T R —
= B (o}
'_B‘ ~os .&e'eﬂ\o\ \Q\QMG\
a %@E o "\e\~e 1.0 @
| 0. ~ —o — om
o" S, . s-....a\e\ —
= oo, o~ _o150M
o TO—s —_—
TT—e
s T ___200m
0.60 i
(0} 10 20 30 40

t min —

XXHMA 3. Eldptnon tob log (Dt-D, ) dné 16 ypove yid orablepri ovyxévipwon n-Br-BAH (C=8x10"5 M)
kai yid didgopec ovykevipdoeic KCH, (=50 °C, Aar=280nm).

TtV Gpy1, TPAKTIKE, yiveTor pévo 1 tayltepn Gvtidpaon &vd petd td 30
min ovveyiletar 1 Ppadeia. ‘Enopévog 1 éntikn nukvotnta tod npoidviog tfig
npdTNg avridpdceng (Dog) Bswpeitor Ot elvoan 1) omtiky mukvétnte Tod
avtidpdvrog cuotatikod Tiic Sevtepng dvidpdoswg (Dy,) of xpdvo undév yia v
oevtEpPN Gvtidpac.

“H Do droroyiletor pé Bdaon t oyéon

2
Dp = Dy = Dyp

2D, = (D, + Dyq)

Dml =
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dmov Dy, eivat 1) Tyun g 6nTikfig mukvéTNnTag TOU dpYitkoD CLCTATIKOD Gf ¥ pOvo
undév, Di eival §) Tipy g OMTIKTG TUKVOTNTAG G Y pbvo t, KOTA THV TPATN
avridpaom kai Dy eivat f) Tipy tiic dntikiig mukvétnTag Thg id10g avridpdoewg of
dimhdoio ypovo. , '

‘H otabepd toyVtntag tfic npdtng avtidpdoewc k; dmoroyiletal and v
KivnTikn é€icoon tdv avTidpdoeny TpATNG TAEEwc.

log (Di-D ) = log (Dy-D ) — — . 2
2,303

otfv 6moia 6 ypdvoc t hapBdvetar £ni 1o mpdTov £VOVYpappOL TUaTOG TOD
oynfuarog 3. '
"H k. imolroyiletar and tiv kivntiky é€icwon tdv Sradoyik®dv dvtidpdoewv.

B = |Al0 KL ety '
k,-k, (3)

6nov |Al, eivatl /) dpyixn ovykévipoon tod U8palidiov, |B| eival 1) ovykévipwon
100 MPoidVTOC THC TPOTNC GvTIdpdcenc oé ypdvot. “H |B| hrnoroyiletar o¢ EEfic:

Y& ypovo katd tov 6moio 1 mpdtn dvTidpacn Bewpeital 811 Exel Tererdoel 84
ioyvel 1 oyéon:

|B| +|T1 = XBAH] ' (4)
Smov |I] elvat 1j ouykévtpoon tod Tehikod npoidvroc kai | XBAH| eivar 1) Gpytkr

ovykévipoon tov bdpalidiov.
Ao v oyéon (4) mpokLNTEL

Di(B) . Dl(r)

€p eI’

= IXBAH| , (5)

6mov Dus) kai Dy givat ol dntikég mukvoTnTeg TV ovotatik®v B kai I' 6 xpdvo
t xai € kai &r ol poplokoi ouvteAeoTtéc anoofécews TOV ovoTatik®v B kai I 016
AVAALTIKG PTjKOG KVUHATOG. '

216 avaivtikd pfikog kOpaTog 1) OnTIKH TukvéTnTa Tob Tpoidvog I', dnhadn
100 Gpopatikod offog. slvan aueAntéa, EMOopEveg O NOPLOKOE CUVTEAEGTIIC
arocPéoewg ep diverar and v oyéon:
ef = Dex, = Do2 (6)

I XBAH]| |XBAH,)

Mé¢ tiv.mapanave mapadoyr xai pE cvvdvacpud tdv oyéceov S kai 6
broAoyiletar ) Dusy 4né 1jv 6moia propel vd dmoroytobel 1) ouykévipwon tod
cvotatikod B of ypdévo t, 4ndé v oyxéon es/ |B| = Dus) (7)



168 A.A. XAPITTOZ, AK. TZABEAAAE xui I.E. MANOYEZAKHE.

IMa ypovo t > 2500 sec 1 T Tijg TOPACTACENG e i Tii¢ ¢€10moswg 3
yivetal mold puikpdtepn &né v e X2 Evavi tiig Omolag unopel vd naparerpbel.

‘Enopévog N kivntiky &€icwon tdv Sadoyikdv Gvtidpdoemv jropel vd
gpapuocBei pé v poper T '

~ak2

e — P ry=0 A - ®)

2% 4 Bk, + (1) = 0 (9)

émov a elval 6 ypdévog oé sec, 3=[l—%’_ . _]"__] wal ¥ ='LLA+
(] 1 o

*H ¢nilvon tfig ¢Eiom@oeng 9 Siver d0o tipég tig k, dnd tig 6moieg pid pévov
EmainBedel 16 meipoapa,

I"d 1év kaBopioud Tob punyovicuod tiig dvtidpaoewg peretdtal i) Enidpaon
Tfi¢ ovykevtpoocews Tob KOH &ni tiic taydtntag T dvridpdoeng o€ ctabepry
fovikr} ioyd 2M, pé KCL TI'd 16 okomd adté petpribnkav ol OnTikéG TUKVOTNTES
G ouvdptnom pé Tov Y poévo, darvpdtev V3palidinv drapdpwv CLYKEVIPHOCEWV
kai ofé didpopes ovykevipdoelg KOH. Ol Tipuég tdv ocuykevipdosov adtdv
Kvpaivovtayv yid té ¥3polidia anoé 0,8x10 4 M Ewg 1,0x10 4 kai 16 KOH éné 0,1
£m¢ 2,0M. Tumkd droteréopata T HEAETNG adTRi¢ Yid TV nepinTwon 10D n-Br-
BAH 3idovtar otdv mivoka L.

IMMINAKAZX I. Tiuéc t@v k, kai k, y1d otafepri ovyxévipwon n-Br-BAH (C=1,0x10 * M) kai Sidpopec
ovykevipioeic KOH ot ©=50 °C kai otabcph iovikii ioxi 2,0 M.

[KOH | |OH* K x103 k.10
mol.lit ! mol.lit ! sec ! mol lit.sec !
0,10 0,069 2,0 1.3
0,25 0.174 2.2 1,5

0,50 0,347 24 2,6
0,75 0,550 2,7 5,1

1,00 0,775 2,1 6.6

1.25 . 2,5 6,4

1,50 . 2,2 6,2
2,00 2,6 5.6

* Ol ovykevipdoelg T@v idviov OH™ droroyiloviar énd tic Tpég ot pH.
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* Ané 16 dnoteléopata tfic KivnTikiig peréTng Tiig dporvoeng kai TdV ro-
roinev Hdpalidiov, rpoxdntet 611 1 k, elvar dveEdptnTn tfic GuYKEVTPOGEMC TOD
KOH, 1id miv neproyti ovykevipdoeov KOH 0,1 2ag 2M, (oyifjpa 4) &vd 1 k,
adEdvetal péypr nepinov Tiv cvykévipeon 1,0 M KOH (oyiipa 5). Katémyv kai
uéypt 1 ovykévipoon 2,0 M KOH 1 k, teivel vd Ehattodel. " Avdroyn Enidpaon
1fic ovykevipdoene OV idviov OH™ mupotnpifnke xai otiv xivnuixng
v3porboewg Tod 0-bdpoEviapivo-covipovikod dEEog!2.

50

~1
. 88C

3

k,.10
N
< ]
10}

(o]
o]
5

0.0 10 - 20

IXHMA 4. Zvoyétion t@v tiudv tic k; ué Ty ovykévipwon tob KOH yid 16 n-Br- -BAH 6€ ©=50°C, (Cn-
Br-BAH= 1,0 x 1074 M).

10 +

N
/

(]
,se¢c
L

]

k.10

0 1.0 z.'o
[koH], M —

EXHMA 5. Eldptnon tijc k, dnd ufv auyxévrpwan tod KOH did 16 n-Br-BAH oé 6=50°C, (Cn-Br-
BAH=1,0x107"% M).
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‘H tayotnto t‘ﬂ_gi SAng avudpaocwc pmopel v dnodobel ané v oyxton:
v = k, | XBAH| + k, | XBAH| |[OH"| _ (10)

' 1 dmoia HETE Gnd mepinov 30 min pnopsi ué peydAn mpocéyyion, va. ypagei ¢
EEfic:

v =k, [ XBAH| |OH™| (1)
1 émoia dvadlvtikd divetar pé v popei
v ={ks/HK| + kv |HE[}JOH "} (12)

6mov k. elvar 1) otabepd tayitrog 03pordoemg Tiig ketovikfic popeiic HK, ks
elvar 1 otabepd TayvTnTag 08poriceng tijg Evolkiic popeiic HE, |HK| elvou
ovykévipoon tiig ketovikiic popefic xai |HE| elvar 1) cuykévipoon tiic évolikiic
nopoiic.

Elvar @avepé 6t | XBAH|epyw = |HK| + |HE. *Eneidr} Spog dmdpyer 1

icopporia |HK| + |[OH™| — |HH (13)
Telikd maipvoupe 1) oyéon
|HK| |OH™ | # K|HE| (149)

Mé cuvdvacué v EEichosov (12) kai (14) mpoxdntel 1) oxéon
v=kK+k |OH™| |HE (15
émovkaK +koJOH™ = k, (16)

Ol tipéc kaK pmopoiv vé tmoroyic0obv &né 16 Sidypappa tiic petafolrfig tiig
k, ot cuvaptnon pé 1 ovykévipwon tdv iévtev OH™ yd otobepry
ovykévipoon 03palidiov. Ztiv mapovoa pedétn ol Tipég adtéc elvar tii¢ Tdteng
10 -8 yd Tjv Geppoxkpacia taév 50 °C.

“H w1 tiic k, 71d 11jv neproy} Beppokpacidv 40-60 °C. ékaxtm:a énnpt—:aCswt
Gné tiv Oeppoxpacia. T6 w1 Omoxatectnuévo Udpalidio Eugavifer v
peyarotepn tun tiic k,=(3,4 + 0,4).1073 sec”! &vd 1| eicayoyr} Tob dloyévov
npokoAel EAdrtoon tiig otabepdc TayvTnTag T dvridpdoswg. “Etol yid ¢ m-
broxateotnuéva bdpalidia Aappdvetar Tipn k,=(2,0 + 0,6).1073sec”! xai yid td p-
dmokateotnuéva 1 Tl k, = (1,3 + 0,3).1073 sec”!. Td o-Onokateotiuéva, TAfv
oV 0-F-BAH &pgavifovv d&roonueiotn otabepétnta tiig omTikiic mukvoTnTag
oé ouvdptnon pé 16 ypovo, Eni dpketéc dpeg. I'd 16 o-F-BAH Exe Bpebel 1) Turg

=(1,8+0,2).1073sec”t. Oi vnokothopsvsg tpé tig Evépyerag Evspyomoriceng
xupawovtat yevikd éné 0,5 Eog 2,0 kcal.mol !. _

Zto0¢ mivakeg IT xai IIT Sivovrar oi droroyicbeioes Tipée tiig k, xai tiig
tvepyerag Evepyonouicewg Ea SAov tdv b3palidiov mob peieribnkav.
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IMINAKAZ 1. Twéc tijc k, kai Ea dnd ufy xnnuisip peAity s topoiiaoy 1ot HBAH.

® k,. 105 Ea

oC, mol !litsec™ kcal.mol™!
60 : 8.5

50 3.0 244

40 0.8

I'a v nmpdtn avtidpaon yivetat dekté 811 ovpuPaivel évoronoinon tob L-

dpalidiov katd 16 oyfjpa
o o

R -C-NHNH, + KOH=2R - ¢ = NNH, + K" +H,0  (17)

‘H dvtidpaon 17 o¢ mepicoeia KOH cival mocotikr. T'id ovykevipdoeig
6pwg KOH dné 0,1 M €wg 2.0 M eivar npatne tafemg xai avedptntn Tfg
ovyxevipooenc o0 KOH!3, Té i6v vdpoydvou mpoépyetal dnd thv inivoopdda
yati 16 U8poyévo TR ipivoopddag eivar mé SEvo amé td VSpoyOVa THC
apivoopddag. Avté O@eileTal OTHV TAON GYNUOTIGHOD GLOTHUATOC SITAGV
deoudV d1d Thi¢ HETATOTIOEWG THV PopTiov 4nd 16 dlwTo Tg dpivoopddag Tpog
TG dtopa tob dvOpaka kai tol OGEuydvould,

‘H dnéonacn 10b idvrog Upoydvou oé cvvduoopd pé TV dnpioupyio sp?
upp1diopod o1é dtopo tob GLdTOL EYEL GGV ANOTELEGHD THV EUPAVION TPLHY P
ATopIK®Y TpoyLakd®yV, Evég and kabe dtopo O, C kai N. Td p dtopikd tpoytokd
umo v Enidpaocn TdV idviov OH™ Ueictavrat ioyvpr néhworn. "H ndéiwon
abTn propel va 6dnyrion oé nupnvéeiin tpocforn) npdg oynuaticud (Evéiapé-
oov) ovotatikod 1L ’

Ro k3 9 kq
R-CENu, +H0 == [R-C N-m
ks | o
49) H
(11)
i %
R~ g{+ NHNHZ ~——R - g-'l' HZNNH2 | (18)
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MINAKAZ 1. Tiyeés tys ks kai tijs Ea dné vjy Koogtinig pezéong s dinaiikijs Hpoivarens tov Hopali-
Oieav, -

oplio pera napa

“Ydpalgidio o C k. 108 Ea Ky 108 Ea k.. 103 .~ Ea
mok.lit.sed keal.mol . mol# fit.sec®!.  kcal.mol. mol-Llitsec®!  keal.mol.

F-BAH 60 6.2 20.2 2.8
: .50 37 1.8 14.2 7.9 22 42

40 2.0 9.4 1.7

CI-BAH 60 — 10.2 1.6
: 50 — 56 136 6.7 13.3

40 - 2.7 32

Br-BAH 60— 15.7 9.5
50 = 6.8 16.5 6.6 1.5

40 - 32 46

1-BAH 60 — 17.0 7.1
50 - 8.1 149 59 < 54

40 — 40 4.2

Té Bpadd otddio 16 6moio xabopilel v Ohiky TaydTnTa dvtidpacewe
VépoAvoEmG gival TO 6TGd10 petatponiic Tod cvotatikod II mpdg 16 dvrictoryo
o6&y III kai v 0dpalivn 11,1213,

Katd tov mpoteivopevo unyaviopd 1 otabepd taxvtntag Tig OAng
avtidpdaocewg npokVuNTel Aapfdvovtag O’ Syn 6T 1) TayvTNTA CYNHATICHOD TOD
ovotatikod II eivar ion pé tiv taydtmra petatpomiic Tol (steady state
approximation)’, dnAadin

alozf _ - -
=k 1] [k_3 + k4]|II| =0 19)
xai f Tn k, (EEicwon 16), divetar and tiv oyéon
k.k ' -
k= 34 (23)
k__3+k‘1

Mé ouv&vagué OV EE1odoewv 15 Kai 20 TpokvRTEl BTL Y14 GUYKEVTPOOELC
KOH 0.1 — 1.0 ioyver ©| oyéon

k
el lon| |EE| (21)

v= kK + —ar
a k_3+k4
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Tupnepdopara

216 ovotnpa 08palidiov —KOH yivovtan Siadoyikéc avtidpaoeic tavto-
pepeldoeng kai véporicewe. “H tayvinta Tavtouspeldceng yid v neploxy
ovyxevipdoeov KOH 0.1 — 2.0 M eivar dvetdptnn 1fic ovykevipooews tod
KOH. ‘

‘H cicoyoyn tobd droydvov mpokarel EAdttoon g TaxvIntag T
AvTIdpdoews TavTopEpELdoEDS Kai pdiiota /) EAdttoon avty Paivel daviibeta
nmpoc TV ad&non Tii¢ ikavétntag ioviopod tod Udpalidiov. Té —I Enayoyikd
pavopevo 16 6moio eicdyel 16 @royovo mapepnodilel Triv peTatémon poptiov
npo¢ TV kapPovuriky opdda kai kdvel Aiydtepo frextpapvnTikd 16 Kappovo-
AMK6 6Evuydvo. ‘

‘H 08pdrvon yivetar katd 16v unyaviopé Bace. “H taydmmrta vdpoliceng
avtdaverar pé v eiocaymyrq tob &hoydvov xai N évépyela Evepyomoiricewg
voiotatal onpavtikr peioon. Mpdypatt 1 eicayoyy 100 +R @aivopévou edvoel
v abénon 1t Hrextpovikiic mukvotntag tob kapPovviikod decpod xai
npoxarel 2tacBévnon tod Guidikob Sdeocuod. Tobto mpokarel EAdttoon tiig
gvépyeiac &vepyonoriceng 10D cuoTHpaTog Kol KaAvtepn «takTomoinon» 1ol
popiov otiv Kardotacn tob petafoatikot crtadiov. )

*Epoavitetal Eniong onpaviikd dpho-parvépevo £E7 aitiag tod Omoiov 6Ev
SramioT®OnKe VdpSALeN pé Tig CLVOTIKEC CLYKEVTPDOCEWV Kai Bepuokpacidv 1o
RELPANOTOC, Yid Td Hdpalidia tob o-Cl, 0-Br xai o-I Pevioikod dEéog.

Abstract

Study of the hydrolysis of halogen substituted benzoic acid hydrazides

The kinetics of the hydrolysis of halogen ring substituted benzoic acid
hydrznzidcs@-CONHNH3 (where X = F. Cl. Brand I in o-. m- and p- position) is
studied spectrophotometrically. in alkaline solutions. at a temperature range of 40-
60 “C. -

There take place the successive reactions of enolization and hydrolysis. The
corresponding rate constant valucs arc of the order of 10 ° sec ' and 10 °
mol 'lit.scc . respectively. ‘

The kinetics of the enolization is little affected by the temperature and the
substituent. On the other side the temperature as well as the position and the nature
of the substituent has a signigicant influence on the reaction rate of the hydrolysis.
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- KINETIC STUDY OF THE OXIDATION OF BENZOIC ACID
HYDRAZIDE BY COPPER(II) CHLORIDE.
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Summary

The kinetics of the oxidation of benzoic acid hydrazide (HBAH) by copper (II) chloride
is studied at different temperatures, in different acid consentrations and in several ionic
strength values in the absence of oxygen.

The reaction rate is first order for each reactant and decreases linearly with the increase
of the acid consentration at the pH range 4.4-5.6. R

There is also a small dependence on the ionic strength showing a partly ionic character
due to the reaction between the polar structure of the HBAH and the Cu(Il) ion.

The mechanism of the main reaction is that of one electron’s. The electron is transferred
‘from the C-N bond to the Cu(1l) by the n* antibonding orbital of the C-O bond.

~ Key words: benzoic acid hydrazide, copper(IT) chloride, oxidation, reduction, optical density, ionic
strength, reaction rate, order and mechanism of reaction.

Abbreviations: HBAH: benzoic acid hydrazide.

Introduction

This paper deals with the redox system of benzoic acid hydrazide-copper (I1)
chloride and especially refers to the stoichiometry, the order and the mechanism-of
the reaction. .

The oxidation of hydrazides in the presence of copper (II) salts is already
known',®. These oxidations were first observed during the preparations of several
‘hydrazide-copper (I1) complexes. In these cases various oxidation products were
determined while part of the copper (II) ions could possibly have undergone
reduction to the monovalent state. .
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Experimental

Reagents and instruments

The benzoic acid hydrazide (abbreviated as HBAH) was prepared by adding
hydrazine hydrate in benzoic acid ethylester®. ‘

The HBAH standard solutions were prepared by dissolving accurately:
weighted amounts of it in triple distilled water deairated by continuous bubbling of
argon. The used CuCl, 2H,O was recrystallized from water. The stock solutions
were checked iodometrically. A ;

The buffer solutions (pH range 3.8 to 5.6) were prepared'® by mixing the
appropriate quantity of CH;COOH and KOH solutions. The CH,COOH became
free of reductive ‘agents by distillation in the presence of KMnO,. The pH
measurements were carried out in a Beckmann Research pH-meter.

The constant ionic strength was achieved with analytical grade KCI, The rate
of the reaction was followed.with a Carl Zeiss RMQ II spectrophotometer equipped
with a temperature standardizing system.

The measurements of optical density vs time at constant wave lengths were
scanned between 260 and 240 nm which is the f—n* excitation state!!-'? of the sy-
stem (fig. 1). '

1.0 .

os| 4 i}\

o\ \.\o O, g
O\o\ ‘\e
N %‘JO—O—O_ON 9;; )
0.0 200 250 300
A/nm —

FIG. 1. Opfical density plots vs A at T=6" C, pH=4.80%0.02 and l=l.2:$.-"l,0-3 M for the solutions : ()
HBAH (C=8:10° M), (2) mixture of HBAH (C=38, 10-*M) and CuCl, (C=4.10-*M) before the reaction (3) the
same mixture after the reaction and (4) CuCl, (C=4.10~* M).
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Measurements - were also carried out using the stopped flow spectrophoto-
meter, equipped with a Durrum’ logarithmic amplifier Model D 131.

The idendification and the determination of the reaction products were carried
out in solutions of the following. initial concentrations; |[CuCl=1.10 > = 1.10 * M
and |[HBAH|=1.10 *-1.10 * M. A gas burret equipped with a temperature
standardized system was used to measure nitrogen. Ammonia was detected with
Nessler reagent in the distillation products.

The Cu(I) was calculated by determining iodometrically the non reacted Cu(II)
after the end of the reaction, in solutions containing an excess of CuCl..

The determination of the reaction rate was followed by several methods'*-!* at
constant ionic strength. The concentrations of the solutions were held constant
either for the HBAH or for the CuCl, while the concentration of the other reagent
was changed. The standard solutions of the HBAH were practically unchanged
under the conditions of the experiment. This has been checked from the kinetic
study of the HBAH hydrolysis'®-'7, '

Results and discussion

The results of the determination of the reaction products between HBAH and
CuCl, are given in the tables I and II. In these tables are also given the calculated
values of the reaction products according to the equation:

C,H,CONHNH, + CuCl, + H,0 — C,H,COOH + 1/2N, + NH,CI + CuCl (1)

.TABLE I: Quantities of N, and NH, as resulted from the reaction between HBAH (C=1. [0-* M) and CuCl,
(C=1.10-> M) in solutions of various initial stoichiomefric ratio.

Stoichiometric
ratio N./cm? NH,/mmol
of HBAH and CuCl, :

Calcd. Found % Diff. Calcd. Found % Diff.

0.40:0.20 (2:1) 224 2.32 +3.6 0.200 0.180 . —10.0

. 0,15:0.10 (1.5:1) 1.12 1.16 +3.6 0.100 0.086 —14.0
0.15:0.15 (1:1) 1.68 1.73 +3.0 0.150 0.135, —10.0
0.20:0.30 (0.67:1) 224 2.28 +1.8 0.200 0.188 — 6.0

0.10:0.20 (0.5:1) L2 - LIS +2.7 0.100 0.092 — 8.0
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TABLE 11: Quantities of Cu(l) as calculated from the reaction between HBAH (C=1.10-*M) and CuCl.
(C=1.10- M) in solutions of various initial stoichiometric ratio.

Stoichiometric - ‘ Cu(l)/mmol

ratio
of HBAH and CuCl,
. Calcd. Found . % Diff.
0.80:0.20 (4:1) 0.200 2.215 + 7.5
0.30:0.15 (2:1) 0.150 0.158 +53
0.16:0.10 (1.6:1) 0.100 0.112 +12.0

As concluded from tables I and Il the reaction is satisfactorily given by the
equation (1). Although a small part of the reaction seems to follow the four electron
reaction according to the equation:

C,H;CONHNH, + 4CuCl, + H,0 — C,H;COOH + N, + 4HCI + 4CuCl (2)

Nevertheless. the four electron’s reaction for the hydrazine was found to have taken
place in strong acidic solutions'®,!”, The quantitative conversion of the hydrazine
nitrogen of the hydrazides into elemental nitrogen was found to-have taken place
‘during oxidation in the presence of oxygen. This reaction is catalysed by Cu(Il) and
Cu(I) salts but no quantitative change of the Cu(Il) ion is reported®.

The study of the reaction between HBAH and CuCl, at higher temperatures
(80-100"C) proved an increase of the ratio N,:NH, in the products, and that Cu(l)
tends more towards the value as estimated from equation -(2).

The increase of the ratio N,:NH; with the temperature could be explained by

the following reactions™",!:

heatin
N,H, — ¥ 2N,H,

N, + 2NH, 2N, + 6HY + 6e

As it is shown in fig. 2 and 3 the reaction is one of first order either for the
HBAH or for the CuCl.. and the overall reaction was found to follow the kinetics
of the second order reaction.

As illustrated in fig. 3 there is a very good linear correlation (r=0. 994) between
the kons values and the CuCl, concentrations. The calculated k value is 16.4 mol '1
s '. On the other hand. for a constant concentration of CuCl, (4.10 * M) and
various concentrations of HBAH (0.32-1.28.10 * M) at pH = 5.16% 0.02. | =
1.25.10 * M and T = 50 "C, k value was 17.1 £ 0.8 mol ' I's '. These two values
coincide well. considering also the small difference in pH value.

Applying the data of fig. 4 to equation (3), which is a slightly modified form of
the second-order reactions integrated rate expression the calculated k value is 16.5



KINETICS OF THE BENZOYLHYDRAZINE OXIDATION.

179

15
100
)
078 [
10
o]

br—y

3 [ /

o)
g /
» os0 3 )
] : [}
a S~
] H /
$ 5 ° ;
T = /
0.25 /@
2]
7
,
’
o] 5 10

10°[cucty)/ M—

FIG. 2. First order plots at pH=5.10 +.0.02. I=1.25.10=> M, T=5(°C with initial |\HBAH|=8.10-* M and
|CuCly| are as follows: (D810 M, (2)7.10-* M, (3)6. 102 M. (4)5.10-* M and (5)4.10-* M.

FIG. 3. Dependence of kobs on |CuCly| at pH=5.10 + 0.02. I=1.25.10 M. T=5(" C with- constant
|HBAH|= 8.10+° M.

+ 1.3 mol-! 1471 .
In this equarion| HBAH]| and |CuCl,| are the initial concentrations, Do, Dt and

D < the optical densities of the system at the beginning of the reaction. at time t.
and at the end of the reaction. .

Q <

1

-D
K]HBAHI - IHBAHl(D° = )
x 1

1s

D~ D
|CuCly -IHBAHI(D"_ o )
o Yoo (3)

7

2.303 |CuCiy ol

: t(IHBan|-{cuCiyl) {HBAH|

Also, by applying the half life method, (under equal initial concentrations
from 0.80.10 * to 2.40.10 * M at pH values 4.75, 5.00 and 5.24) the resulting

average order of the reaction is 2.03.
Influence of acid concentration

In figure 4 is shown the effect of acidity on the oxidation rate of HBAH by
CuCl,, studied at constant ionic strength.
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400 °
60°C
300
%, 200
-';
£
-~
100
00 10 2.0 3.0
M/1o W] —
" FIG. 4. Plots of k as a Sunction of \H¥|=" ar differem temperatures uml I1=1.25.10° M for

|HBAH|=8.10 M and |CuCL|=4.10-* M.

The results showed that the rates decreased linearly with an increase of acid
concentration.

The order obtained from the slope of the plot of k vs|[H+| |, was -1. Generally.
at pH < 4.4 the reaction rate decreases quickly. At pH < 4.0 the k values are very
small and the corresponding deviations become large. For pH>5.4 the reaction rate
increases quickly but the k values also show large deviations. Under these
conditions the overall rate law becomes:

[HEak]

+
1+.LH_1_

Kion

Rate = k |cucl, | (4)

where: k = k’ + ka [H+| !

| HBAH|sw. is the total concentration of the hydradine and Kion is the ionization
constant of the protonated form of the hydrazide'?,*2. No evidence has been found
for an acid independent path.

The ka values are; ka = (31 0+£0.4).10 °s !at T=60"C, ka= (12 4+0.6).10 ¢
s 'at 50°C, ka=(5.2 £ 0.3).10 *s ! at 40° C and ka=(1.1 £0.1).10 *s 'at 25° C

The influence of the hydrogen ion could be explained as follows?*,>: the H+
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ion possibly attacks the carbonyl oxygen and thus prevent the donor ability of this
group in forming complex compound with the Cu(ll) ion.

Influence of ionic strength

The influence of ionic strength was studied in the range of 0.75.10 2 to
1.625.10 ' M with KCI*%,*". Reaction rate measurements were carried out at
temperatures of 25, 40, 50 and 60" C and a pH range of 4.75-5.25. As we can se¢ in
the plot of log ka vs ¥ 1/ (1 + 1'/?) (fig. 5) a partly ionic reaction takes place which
can be attributed to a reaction between nydrated Cu(II) ions and other possible ki-
netically aetive species of Cu(II) hydrolysis. on one side and the polar structure of
the hydrazide on the other.

The application on the Arrhenius equation® of the values of fig. 4 gives an
activation energy Ea of 79,9+1.,7 kJ mol .

-3.0¢}
C—— 62°C
O
. 0™0—p—
' O—p—0 50°C
-4, O 8 \G\e
l \9\0\0~
© o
\O\G%
o —o
J G\O\G\@
-4
=
—— o
-507 6 To~——p \2@2@\ .
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0.0 0.1 0.2 0.3
I‘/z
14+T%2

FIG. 5. Plois of log ka as a Sunction of 1'/* / (1+1'/*) at different tcmpcratulc.s and a pH range of 4.75-
5.25 for |HBAH|8. 10-* M and |CuCl.|=4.10-* M.

Reaction mechanism

After mixing of the reactants a complex coumpound is formed*’-**. In this
complex the carbonyl oxygen and the aminogroup nitrogen act as donors. More
tavorable is the oxygen-copper (II) bond*,*,

The presence of the Cu(II) in the form of the hydrated ion is mainly’expect'ed
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in this pH and concentration range. Possible forms in very small amounts are also
CuOH+. Cu(CH,COO)+ and CuCl+ #-*, In the light of the above experimental
observations. the following reaction scheme may be suggested:

©- 1 =0 + 0111—5——'., @'C,:'. O\mII k2
[ ——

—
NH-NH, kg NH-NE X,
I I
x
- C =0~y 3 - p= +
Osoa 2 O-5-ouut
NN, (-
111 v
ky +
Qe
+ cu
NENH,
v
+ 4+ _
Ot ro— Orio
I

1
2

The electron transfer step. is the rate determining slow step of the reaction.
The whole reaction takes place with a more complicated mechanism with a pessible
contribution of the species CuOH+. Cu(CH,COO)+ and CuCl+.

By application of the steady state approximation to the complex (111). the ka of
the equation (4) becomes:

k
K = i R B
Kotk
where =kﬁ
»

The electron may be transfered from the amide bond. by the n*-antibonding
orbital of the carbonyl. to the Cu(Il) ion. The square planar dsp* hybridization of
Cu(ll) is changed to the tetrahedral sp* in Cu(l).

This change in its stercochemistry causes the breaking off of the complex

beforc any rearrangement take place.
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Hepianyn

Kiwvnuikr pedéty tijc 6lerddoews tob 6dpalidiov tob Pevioinod 6¢éoc dné XAw-
probyo yaiko (I).

MeletiOnke pé 1 pébodo 11 pacpatopwrtopeTpiog 1 Kivntikt Tiic 6E€18d-
oewg 1o Udpalidiov Tod Bevioikod dEéog and yAwprovyo yarké (II).

‘H pehém Eywve of Sragopetikéc Beppokpasice, ovykeviphoeic dEEoc kai Ti-
pég lovikfic ioydog, amovoia 6&uydvov. Td mpoidvta tfic dvtidpdosng sival
Pevloixko 680, dlmto, dppovia kai yarkéc (I).

BpéOnke 811 7 avtidpaon givar Sipopraky kai npdtne téeng y1d 16 Kabéva
an6 1d évndpactiipia (HBAH xai CuCly). “H tayvtnta tfig dvridpdcsng
EhattdveTal ypoppikd pé tiv abEnon tfc cuykevipd@oeng 1ob dEEoc yid meproy
pH 4.4 £wg 5.6.

HMopatpidnke émiong oyemikd pmkpr &Edptmon tfic tayvntag tfic
avtidpdceng and v iovikr ioyd. “H &&dptnon adtr propsi vd drodobsi o
Gvtidpacn pepikdc iovikod yapaktripa petakd tiig molikfic popefic tod HBAH
kai tob i6vrog Cu(ll).

INd v kvpia avtidpaon mpoteivetar 6 pnyavicpds petapopdc £vog
NAektpoviov. Acvtepedovoa avtidpaocn AapBdver ydpav kotéd TV. pNYAVIGRS
HeETAQOPaS TECGApLY NAekTpoviov & émoiog kai edvositan and tiv aténon tfic
Beppokpaciac.

TS Arextpévio katd ndoa mbavétnta petagépetal and T6v audikd deoud
ot kevé tpoylakd tob yarkod (II) péow m* Gvrideopikod Tpoylakod Tiig
kapPovudikfic 6pddac 1 Omoia dpd ocdv yEgupa Y@ T petagopd TOb
niektpoviov.
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Summary

Phenyliodine ditrifluoroacetate reacts. with aryldiazomethanes and l-aryl-I-diazoe-
thanes in a complex manner. The main products are esters of trifluoroacetic acid, resulting
from an intermolecular hydrogen transfer of a novel type. Other products are benzylic
alcohols and carbonyl compounds. while the 4-nitrosubstituted diazocompounds afford also
4.4'-dinitrostilbene and 4-nitrostyrene.

Introduction

The action of polyvalent iodine compounds on diazocompounds has scarcely
been investigated. The only relevant studies which could be traced in the literature
are the reactions between phenyliodine dichloride (or phenyliodoso dichioride,
C.H:ICl,) and certain a-ketoc and a-carbalkoxydiazocompounds leading to 1.1-
dichloroderivatives',>.

In connection with our continuing study® on the reactivity of phenyliodine
ditrifluoroacetate* (PIT, 1) we have examined its action on three aryldiazome-
thanes, 2a-c, and three l-aryl-1- diazoethanes, 3a-c.

Results and Discussion

Most reactions were carried out in dichloromethane solution at 0 °C. Upon
mixing of equimolecular quantities of the diazocompounds 2 or 3 with PIT (1),
both in CH,Cl,, a steady evolution of gas was observed, which lasted for a few
minutes. After the end of the reaction the solvent was evaporated and the residue
was chromatographed in a silica gel column, using solvents of increasing polarity.
Besides iodobenzene, two or up to four products were obtained, as summarized in
Table I.
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TABLE I: Reaction Products from PIT and Dfazot'ompaum/.\",a

Diazocompound Ester b Alcohol Carbony! Compound Other Compounds
(Ir. vCO cm 'nmr, 8)
2 4-NOyCgH; CH,OCOCF5(25) 4-NOGHICH,0H(S) | 4-NOLHCHOUT) | (4-NOCHCH)(S)
(1782: 5.51s)
2 3-NO,C,HyCH,0COCF;20) 3-NOCHCH0H(2) | 3-NOCgH,CHO(20) —_
(1785; 5.555)
2% 2.6-diCIC,HyCH,0COCFy(20) | 2-6-diCIC(H{CH,OH(S) | 2.6-diCIC,H3CHO(15) _
{L787. 5.72s)
3a 4-BrCyH,CH(CH,)OCOCF,40 —_— 4-BrCH,COCH,(20) _—
(1782; 1.63d. 5.93q)
3b 4-NO,C, HyCH(CH;)OCOCF,(37) —_ 4-NO,C¢H,COCH,(24 | 4-NO,CgH,CH=CH,(8)
(1785; 1.72d. 6.19q)
e CHsCH(OCOCF,)CH,CHy(33) | CeH:CHOHCH,CH;10 | C,H.COCH,CyHs(12) (CgHsCH),(trace)
(1785; 3.07d. 3.19d. 5.951)

a The yields mentioned after the formulas are in-some cases approximate. since the effort was on ob-
taining pure products rather than achieving complete recovery of them.

b The first number in brackets is the carbonyl absorption of the ir spectrum. in cm ', for neat liquids:
the other number refers to ppm values (8) for the non-aromatic protons in the nmr spectra (s=singlet.
d=doublet, t=triplet. q=quartet). ’

The main product in all reactions was the trifluoroacetate ester of substituted
benzyl alcohol 4a-c or l-arylethanol 5a-c, while considerable quantities of
benzaldehyde 6a-c or acetophenone 7a-c were also formed, together with some
benzyl alcohol. ArCH,OH, in the case of aryldiazomethanes. An alcohol was also
obtained from 3c, while 2a gave in addition 4,4 -dinitrostilbene and 3b gave 4-
nitrostyrene. A considerable amount of polymeric material was always retained
inside the column; this could be eluted only with methanol and it was not possible
to be further characterised. The general course of the reaction may grossly be
formulated as follows:

CHZR

C6H51(0COCF3)2 + ArCHN2 (Ar‘CNz)
1 2a-c 3a-¢
CHZR
CF3COOCH2Ar (CF3COOCHAr) + ArCHO (ArCOCHzR)
4a-c ba-c ' 6a-c 7a-c

2,4,6a:Ar = 4-nitrophenyl : 3,5,7a:Ar = 4-bromophenyl,R=H
2,4,6b:Ar = 3-nitrophenyl * 3,5,7b:Ar = 4-nitrophenyl, R=H
2,4,6c:Ar = 2,6-dichloropheny]l 3,5,7c:Ar = phenyl, R=phenyl

The structure of these products. most of which are known compounds, was
established using nmr, ir and mass spectroscopy: in many cases a direct comparison
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with authentic samples was also possible.

The formation of the major products, i.e. the trifluoroacetate esters 4 and 5,
was rather unexpected. since some complex diazocompounds with phenyliodine
dichloride give 1.1-dichloroderivatives',” (RCHCI.), while lead tetraacetate, which
largely reacts similarly with PIT?, gives 1,1-diacetoxyderivatives® (R,C(OCOCH,)).

Initially it was thought that the presence of moisture or of some trifluoroacetic
acid from PIT. which is made by exchange of phenyliodine diacetate with
trifluoroacetic acid®®, were responsible for the formation of the esters. Therefore,
the reactions were carried out using carefully dried diazocompounds and solvents,
with acid~free PIT. No change was observed in the rate of the reaction as well as in
the percentage amounts of the products. Thus the possibility that water or
trifluoroacetic acid were responsible for the formation of the esters was ruled out;
the only alternative plausible explanation is that the esters are the products of an
intermolecular reaction, involving a hydrogen transfer from one molecule of 2or 3
(or more probably of an‘intermediate of them with PIT) to another molecule of 2 or
3. In order to confirm the above hypothesis and also to exclude the possibility that
hydrogen is provided by the solvent* (a process known to occur in some other
reactions of diazocompounds’) we have prepared 2.2.2-trideuterio-1(4’-nitro-
phenyl)-1-diazoethane and allowed it to react with PIT. Although we have
prepared 100% deuterated 4-nitroacetophenone, its diazoderivative was only 50%
deuterated. because of exchange during the preparation of the hydrazone, which
was subsequently oxidised to the diazocompound. The isolated 5b from the
reaction of partially deuterated 3b with PIT was examined by mass spectroscopy
and it was found that the ratio of D:H transfer was approximately 1:2, instead of
the expected 1:1. This apparent anomaly can be attributed to the isotope effect and
the uncertaintly about the actually deuterated species of 3b (see experimental for
details). Anyway, even this reduced but significant D transfer confirms the
intermolecular character of the reaction. Concerning its mechanism, several
possibilities have been considered. but we feel that our evidence is quite insufficient
to propose any meaningful mechanism. In the case of esters 4a-c, again an
intermolecular mechanism must take place, although ‘quite distinct from that
responsible for the formation of esters Sa-c.

The isolation of benzylalcohols without doubt is due to hydrolysis of the esters
during the chromatographic work-up. The lack of their characteristic peaks in the
nmr spectr (at 4.5 3) before the work-up and simiilar behaviour of other
trifluoroacetate esters® *c are considered as good evidence for their formation from
the esters. -

The aldehydes 6a-c and acetophenones 7a-c that are invariably isolated in
considerable quantities must also be secondary products, since they are not
detected by nmr among the initial reaction products. Their formation may be
attributed to hydrolysis of 1,I-ditrifluoroacetoxyaryl methanes and ethanes, which

* Several reactions were run in CDCI, and monitored by nmr, without any noticeable decrease of the
ester, which also rules out any participation of the solvent.
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are the expected products from the reaction of diazocompounds with PIT. Such
compounds have not been described in the literature, although their 1,1-acetoxy
analogues are well-known: it is reasonable to assume that once formed, they are
easily hydrolysed to the carbony! compounds during the work-up, because of the
lability of the -O-COCF, bond:

/C\ + H20 —— /C=0 + 2CF3C00H
0COC F3 ‘

It is worth mentioning that the methinic proton in the aldehyde derivatives,
ArCH(OCOCF,),, is not detected in the nmr spectra, because it has been estimated
to fall in the region of the aromatic protons. Indeed, the compound CF,CH-
(OCOCF,), has recently been found® to display a quartet for the methinic proton at
7.2 8.

Among the reaction products of 2a is also found 4.4 -dinitrostilbene, mainly
as the trans-isomer. Stilbenes are oxidation products of diazocompounds with
iodine®, ceric ammonium nitrate!® and tetrachloro-p-quinone''. Several mecha-
nisms may explain the formation of 4,4"-dinitrostilbene, including generation of 4-
nitrophenylcarbene, which is attacked by another molecule of 2a. An attempt was
made to trap this carbene by adding cyclohexene to the reaction mixture.
Unfortunately, cyclohexene reacts with PIT?, so that no addition product could be
detected.

- The formation of 4-n1trostyrene from 3b is also possible to proceed through a
carbene, since it is known that methylphenylcarbene, generated photochemically
from l-phenyl-1-diazoethane, isomerises to styrene'>. Another possibility, i.e. the
dehydration of 1-(4-nitrophenyl) ethanol, which is not found among the products,
seems unlikely under the experimental conditions used.

The catalytic role of PIT in the decomposition of the diazocompounds may be
attributed to its character as a Lewis acid, because of its dissociation to C H; It
OCOCF; and CF,COO™ . Attack of iodine from the carbanionic carbon of the
diazocompound would give a diazonium salt of the type C,H;I(OCOCF;)CH(Ar)
N,* CF,C00", decomposing to ArCH and N,, with regeneration of PIT. The
-acylals ArCH(OCOCF,). mentioned above, which are thought to hydrolyse to
carbonyl compounds, is possible to be formed from carbenes and PIT. A similar
proposal has been made by Hensel® for the formation of (C,H;).C(OCOCH;), from
diphenyldiazomethane and lead tetraacetate.

That an intermediate between PIT and diazocompounds is really formed has
been proved in its reaction with diazoacetic ethylester. In this case no gas is evolved
upon mixing of the reagents, but a downfield shift in the nmr spectrum of the
methinic proton of the ester is observed (from 4.78 to 4.83 3). The two diferent
signals coexist for some. time, until that of the diazoacetic ester disappears. This is
taken as a proof that the shift is not due to a solvent effect. When the reaction
mixture is passed through the chromatographic column, gas evolution is observed
and among the numerous products obtained only the aldehyde-ester, OHC-
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COOC,H,, has been detected with certainty.

Conclusion

The reaction between PIT and diazocompounds is a complex one and
apparently two at least main pathways are available to account for the products
isolated:

1. The first inolves reaction of the dlazocompounds with PIT and further reaction
of the resulting reactive intermediates with an intact molecule of diazocompound.
The main products are the esters. ‘

2. The second is probably a PIT catalysed decomposition of the diazocompounds
to carbenes, which react further mainly with PIT to the unstable acylals, while it is
also possible to give some stilbene or styrene.

Experimental

Measurements. Melting points have been obtained on a Kofler hot stage apparatus
and they are uncorrected. Ir spectra were obtained from neat liquids or nujol mulls
with a Perkin-Elr - Model 257 spectrophotometer.! H nmr spectra were recorded
on a Varian A-60A spectrometer in CDCI;, with TMS as an internal standard. The
mass spectra were obtained with a Hitachi-Perkin-Elmer Model RMU-6L
spectrometer with .ionisation energy 70 eV.

Materials. Phenyliodine ditrifluoroacetate (PIT) was prepared as previously
described*® The diazocompounds were prepared by oxidation of the hydrazones of
substituted bezaldehydes and acetophenones with activated MnQ,, according to the
method of Goh and Gian'?, which was found to be superior to older methods.
Their purification was based on repeated extraction with hexane; the combined
extracts were evaporated to a small volume until the diazocompounds crystallised.
Further purification may be effected by recrystallisation from acetone-water. The
purity of these compounds was always checked by tlc, ir and nmr just before use.
Compounds 2a, 2b and 3b were stable for a long time in the dark at -10°C.
Compounds 2¢ and 3a decomposed slightly after 2-3 days, while 3c decomposed
fairly quickly to stilbene. The diazocompounds had the following characterlstlcs
2a: Mp 79-80° C; ir 2050 cm '; nmr 5.16(s), 7.02(d). 8. 21(d) 8.Yield 12%. -
2b: Mp 77-78" C; ir 2055 cm * nmr 5.08(s), 7. 02-7 25(m) &IS 8. 25(m) 5. Yleld
45%.

2c: Mp 45-50° C; ir 2060 cm '; nmr 5. 34(s) 7 08 7. 20(:0):;5 Yleld 54%

3a: Mp 30° C; ir 2020 cm !; nmr 2.07(s), 6.76(d), :7:43(d) 3,Yield 40%. .
3b: Mp 83-85" C; ir 2035 cm '; nmr-2.25(s);=7.00(d); 8.23{d):d. Yleld 82%

3c: Liquid; ir 2030 cm '; nmr 3 73(s). 7.21(s). 7.24(s). 5. Yield, 35% .

General procedure. The diazocompound (0.08 mole) is dlssoIVed in. dry CI-LCL (20
ml) at 0°C, in an atmosphere of nitrogen, and 0.08 mole of PIT in CH,CI, (20 ml) is
added with stirring to the first solution  dropwise durmg 5-10 min, The dark
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coloured solution becomes progressively lighter in colour, while gas evolution is
observed. In the case of 3b the reaction was carried out at 15-20° C. When gas is no
longer evolved, the reaction mixture is condensed in a rotary evaporator and
applied into a chromatographic column packed with silica gel. The column is eluted
with mixtures of hexane-chloroform of increasing polarity. until pure chloroform is
used. The products appear in the following order: iodobenzene, ester, carbonyl
compound, alcohol. Styrené¢ or stilbene, if any, are eluted after iodobenzene, while
some unreacted PIT may be collected in some cases after the alcohol.
Products identification. All esters were liquids and they have been identified from
their ir, nmr and mass spectra. It is worth mentioning that the esters show in their
mass spectrum a prominent molecular ion, while the base peak corresponds to a M-
CF, COOH™ fragment; also a M-CF, coo* fragment of high relative abundance
is always observed, while esters 5a-c have also a falr]y abundant M- CHz
fragment. The ir and nmr spectra of the esters appear in the Table. In addition, the
esters were hydrolysed with alkali to the corresponding alcohols, which are solids
and known compounds. Some esters, notably 3b, were also independently prepared
from: the diazocompounds and trifluoroacetic acid; they were in all respects
identical to those isolated from the reaction products.

The alcohols, the carbonyl compounds, 4.4 -dinitrostilbene and 4-nitrostyrene
were all known compounds and they have been obtained crystalline; they were
identified from spectral data and their melting points.

Preparation and reaction of deuterated 3b. 4-Nitroacetophenone (3g) was refluxed
for 1 hr in a mixture of D,O (15 ml) and dioxane (10 ml) containing a catalytic
amount of NaOH. On cooling fully deuterated in the methyl group 4-
nitroacetophenone (shown by nmr) was obtained (2.45 g). The deuterated
compound (4-NO,C,H,COCD,, 2g) was refluxed for 2.5 hr in a mixture of aqueous
98% hydrazine (7 ml) and C,H;OD (15 ml). The deuterated ethanol was prepared
by an adaptation of the method of Swain et al.', used originally for the preparation
of CH,OD. On cooling and after the addition of a little D,O, the hydrazone
crystallised (1.8 g). The nmr spectrum of the hydrazone showed that a mixture of
partially deuterated species had been formed. This was oxidised to the
diazocompound 3b in the usual manner. The nmr spectrum of deuterated 3b showed
a ratio of aromatic to methylic protons 8:3, indicative of a 50% deuteration of the
methyl group. Statistically but not actually this means that 3b is a mixture of the
following composition: 25% ArCN.CH;, 25% ArCN.CH.D. 25% ArCN,CHD,

and 25% ArCN,CD,.

The isolated ester 5b from the reaction of 3b with PIT was examined by mass
spectrometry. Its molecular ion consisted of a cluster of five peaks ranging from
m/e 263 (non-deuterated) to 267 (fully deuterated). Since it was not easy to deduce
the abundance of the deuterated ester from the molecular ion, the fragment M-15¥
(M-CH,) was judged to represent better the extent of deuterium migration. Thus

" the ratio of fragments m/e ArCD-OCOCF_{* (249) to ArCH-OCOCF,* (248) was
found to be 9:21, which means that, allowing for the natural isotope content of the
non-deuterated fragment, approximately 25% of the ester was formed by D
transfer.
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Hepiinyn

‘H ’Avzidpaon Aditpipbopaxerolv-iwdofevioriov ué Malw-evaioes.

Zmiv épyacia adt EEerdleton 1) dyrtidpoaon pepikdv dpvrodralopebaviov
kai 1-&pvro-1-almmbaviov pé 16 nopdyeyo tod TpLobevoig imdiov ditprpbo-
paketobu-twdoPevioro, CCHI(OCOCE,),. T6 xbpro mpoiév mod oynpariletar
elvm oi TprpBopaxerobikoi Eotépeg tiig Gpvropedavoing 1 tiig 1-GpuvAo--
-aifavéing-1, tod tomov ArCH,0COCF, # ArCH(CH);OCOCF,;, #vd oé
onpavTikd Tocd dropovovovion kai drokateotnpéveg PevioAdevdeg 1 dxeto-
Qowvéves. “Alda mpoidvia elvar dpvlopedavérs; xai &né 1é 4-vitpovmoxa-
teotnuéve Safonapdyoyo 16 4,4"-8ivitpostiiPévio 1| 16 4-vitpostupéio.

Té mapandve mpoidvia mpémer vd mpoépyovier dné dbo tovkdyicto
Sopopenikég dvnidpdoeig. Katd triv npdtn mbavdtata oxnpatitetar dpyixd Eva
dpaoTiké Evdidueco mpoidv petakd Sralwevdceog xai SitprpBopaketotvindo-
Beviolriov, nod dvtidpd pé dvarrointn dufwévaon kai divel TEMKG TOV EOTEPA,

" ué Eva pnyoaviopé mod rapopéver dyvootog. Katd t1) devtepn ol Salwevooeg
draondvrol katarvtikd dné 16 Sitprpbopaketobvindofevidio, mbavétata npds
KapPévia, &nd té dnoio mpokdnToLV pécw T@V dotal@v 1,1-SitprpBopaxetotv-
napay@yev Toug oi Bevirdevideg 7j ol dketopatvéveg, kabbg kai T6 SwvitpooTid fé-
vio 1} 16 vitpostvuplito. O drkodreg elvan mpoidva b3porvosng THV éotépwv,
nod mpokvnToLY Katd TH Sadikacio Tfig &mopovdcEw pé -ypopatoypopia
oTiAngG.
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Summary

The electrochemical behavior of nitrobenzene, nitrosobenzene and phenylhydroxyla-
mine in methanol was investigated by employing cyclic voltammetry, d.c. polarography and
controlled potendial electrolysis. The oxidation-reduction couple peak due to the reversible
redox system CqH;NHOH - C,H.NOappears in the cyclic voltammogram of nitrobenzene.
Phenylhydroxylamine in the presence of CH,0" ions, both formed during the reduction of
nitrobenzene or nitrosobenzene. undergoes_oxidation at less positive potenials than
phenylhydroxylamine diffusing from the solution. The influence of added proton donors
upon the oxidation reduction couple peak appearing in the cyclic voltammograms of
nitrobenzene and nitrosobenzene was also examined. The solutions of nitrobenzene after
exhaustive electrolysis were found to exhibit the same electrochemical behavior with that of
solutions containing phenylhydroxylamine and CH;ONa.

Key words: Polarography, Cyclic voltametry, Control potentlal electrolysns Nitrosobenzene, Phe-
nylhydroxylamine.

Introduction

Phenylhydroxylamine is reported to be the electroreduction product of
nitrobenzene both in proticl-4 and aprotic5¢ solvents. The same compound is also
the product of the electroreduction of nitrobenzene in protic solvents’=10, while in
aprotic solvents azoxybenzene is obtained by coupling reaction of the intermediate
nitrosobenzene radical anion'"-'*. In alkaline protic solutions the reduction of
nitrosobenzene gives phenylhydroxylamine, which reacts with unreduced nitroso-
benzene yielding azoxybenzene’ ). The system of mtrosobenzene-phenylhydroxy-
lamine behaves resersibly and this reversibility was investigated over a large range
of pH both at the d.m.e.? and at the graphite electrode!o,

Since the reversible redox system of C,H;:NO-C,H,NHOH appears in the cyclic

- voltammogram of nitrobenzene at the h.m.d.e. in methanol'®, it was thought
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useful to study the behavior of all these compounds under similar conditions.
Cyclic voltammetric and potentiostatic experiments were carried out in pure
methanol in the absence and in the presnece of proton donors.

Experimental

Cyclic voltammetric i-E curves at a h.m.d.e. and d.c. polarographic curves
were obtained as described previously!'s, Controlled potendial electrolysis at a
mercury pool cathode was carried out using the same potentiostat of reference 16.
The quantity of electricity passed trhough the cell was determined either by
integration of the i-t curves or by a silver coulometer. The potential values were
taken in reference to the aqueous calomel electrode (SCE) saturated with NaCl.
The cxperiments were carried out at constant temperature 25%0.1°C.

The reagents methanol and lithium perchlorate were as reported previously'e.
The other substances were of high grades obtained commercially. except
phenylhydroxylamine and nitrosobenzene which were prepared following vogel '’
Phenylhydroxvlamine was recrystallized from benzene and nitrosobenzene from
ethanol. Their purity was established by thin layer chromatography. NMR and
infrared spectral data.

Results and Discussion
Cyclic Voltammetry

In the cyclic voltammogram of nitrobenzene in methanol at the h.m.d.e.
we observe the peak due to the reduction of nitro groupandtwo couples of peaks at
less negative and positive potendials respectively (Fig. 1A). The peaks at positive
potentials (IIla and Ill) were examined previously!S and found to describe the
polarization and depolarization of the mercury electrode by the CH;0O™ ions formed
during the non reversible reduction of nitro group. The second couple of pe‘aks (I1a
and Ily) is apparently due to the reversible redox couple of CCH,NHOH - C;H;NO.
Phenylhydroxyvlamine. the reduction product of nitrobenzene. is oxidized to give
nitrosobenzene, which in turn is reduced to yield again phenylhydroxylamine. A
similar oxidation-reduction couple peak was- found in the case of o- and m-
trifluoromethylnitrobenzene in N.N-dimethylformamide under voltammetric con-
ditions'®,

In order to make precise identification of this couple peak appearing in the
cyclic voltammogram of nitrobenzene. the cyclic voltammograms of authentic solu-
tions of phenylhvdroxylamine and nitrosobenzene were obtained under the same
conditions (Fig. 1C, B). As it can be seen the oxidation-reduction couple peak of
the reversible redox system C,H;NHOH - C,H;NO appears at different potentials
in the cyclic voltammograms of each compound. When nitrosobenzene and phenyl-
hydroxylamine are in the same solution. two oxidation-reduction couple peaks at
the same potentials are also obtained (Fig.-2). Besides. the oxidation-reduction
couple peak of CGHsNHOH - C,H;NO appearing in the cyclic voltammogram of
nitrobenzene is identified with that of nitrosobenzene and not with that of phenyl-
hvdroxylamine.
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FIG. 1 Cyclic voltammograms of 103 M nitrobenzene (A), 103 M nitrosobenzene (B) and 103 M
phenihydroxylamine (C) in methanol. Supporting electrolyte 0,1 M LiCIO .+ = 200 mV/sec.

FIG. 2. Cyclic voltammogram obtained from a methanolic solution containig 10-* M nitrosobenzene and
10-* M phenylhydroxylamine. Supporting electrolyte 0,1 M LiClO,.u = 200 mV/sec.

The above experimental data show that phenylhydroxylamine,which is formed
during the reduction of nitrosobenzene or nitrobenzene, is oxidized at less
positive potentials than phenylhydroxylamine diffusing from the solution towards
the electrode. On the contrary, nitrosobenzene formed during the oxidation of
phenylhydroxylamine is reduced at less negative potential than nitrosobenzene
diffusing from the solution. This behavior can be understood accepting that the
oxidation of phenylhydroxylamine in the presence of CH;O" ions, both formed
during the reduction of nitrosobenzene. occurs at the same negative potential, whe -
re the nitrosobenzene is reduced.

C¢H;NO + 2e- + 2CH;0H — CqH,NHOH + 2CH,0~ cathodic )
CsH;NHOH + 2CH,0" — C{H;NO + 2¢- + 2CH,;0H anodic
On the other hand, the reduction of nitrosobenzene in the presence of CH;OH,+
ions, both formed during the oxidation of phenylhydroxylamine, takes place at the
same positive potential, where the phenylhydroxylamine is oxidized.
C,H:NHOH + 2CH,0OH — C,H:NO + 2e- + 2CH,0OH,+ anodic (I1)
CHsNO + 2e- + 2CH,0H,+ — CqH,NHOH + 2CH,OH cathodic
" This can be confirmed by the fact that the reduction potential of
nitrosobenzene under polarographic conditions in the presence of strong acids
" (H,80,, p-CH;-C¢H,-SO;H) is identical with that of nitrosobenzene, formed
during the oxidation of phenylhydroxylamine under voltammetric conditions.
Similarly, the oxidation potential of phenylhydroxylamine in the presence of
CH,ONa is identical with that of phenylhydroxylamine, formed by the reduction
‘of nitrosobenzene. . :
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““The reduction of nitrobenzene implies the formation of a quatramolecular
amount of. CH;O~ ions. Since the moiety of these ions are ‘neutralized by the
protons released during the oxidation of phenylhydroxylamine, an excess of CH;0~
ions continues to exist on the electrode surface causing the anodic dissolution of the
mercury electrode!s (Fig. 1A). A quantity of phenylhydroxylamine, possibly
existing in the solution.. could be oxitized at the same potential with
phenylhydroxylamine formed by the reduction of nitro group in the presence of the
excess of the CH,O™ ions. In Fig. 3 the cyclic voltammograms of nitrobenzene in
the presence of varying amounts of phenylhydroxylamine are given.

It is apparent (Fig. 3) that increasing the concentration of phenylhydroxyla-
mine the height of current peak Ila increases until it approaches a maximum value,
which is twice higher than the initial height. On the other hand, the polarization
and depolarization peak of the mercury electrode completely disappears,.when the
concentration of the added phenylhydroxylamine becomes equal to that of
nitrobenzene. 1t is obvious that the oxidation of phenylhydroxylamine. which
diffuses towards the electrode. also occurs in the presence of CH;0- ions and as a
result neutralization of the excess of these ions is observed. In higher concetrations
of phenylhydroxylamine than that of nitrosobenzene, the excess of phenylhydroxy-
lamine undergoes oxidation at the same potential with that of phenylhydroxyla-
mine in the absence of CH,O ions. In this case the cyclic voltammogram shows the
corresponding oxidation-reduction couple peak at positive potentials (Fig. 3. curve
4).

Effect of proton donors. In the presence of proton donors the reduction -

cathodic

15 pa

0.0 ~-08 -16
0,0 -08 -16 E/VS(:E

E/Vace—
FIG. 3 Cyclic voltammograms of 10-3M nitrobenzene in the presence of varying amounts of
plwnylhy(/roxyk'imim; in methanol. 1) without C,HNHOH, 2) 5.10M. 3) 10-*M and 4) 2.10-3M
CH;NHOH. Supporting electrolyte 0.1 M LiClO,. v=200 mV/sec. '

4
1 . 1 2

FIG. 4 Cyclic voltammograms of 10-*M nitrosobenzene in the presence of 10-M CH, C OOH (A) and 10-:3M
nitrobenzene in the presence of 2.10M° CH,COOH (B) in methanol. Supporting”clectrolyte 0.1 M
LiClO . u=200 m}/scc.
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oxidation couple peak- of the reversible redox system C.H,NO - C.H.NHOH
appears at less negative potentials both in the cyclic voltammograms of
nitrosobenzene and nitrobenzene. Typical cyclic voltammograms of nitrosoben-
zene and nitrobenzene in the presence of CH;COOH are shown in Fig. 4.

‘When the molar ratio of C;HNO - CH,COOH is 1:l. two reduction -
oxidation couple peaks are observed. This happens because the half quantity of
nitrosobenzene undergoes reduction at less negatice potential and the formed
phenylhydroxylamine is oxidized in the presence of the less basic CH;COO™ ions at
the same potential.
cathodic
——y

172CHNO + le- + CH;COOH 1/2 C,N;,NHOH + CH,;COO (III)

anodic

Nitrobenzene exhibits similar cyclic voltammetric behavior concerning the
reversible redox couple of C;H,NO - C,HsNHOH, when the molar ratio of
C,H;NO, - CH,COOH is 1:2 When. however. potentials of scan reversal between
peaks la and Ib (Fig. 4B) - reduction of nitro group in the presence and in the
absence of CH;COOH - are taken. one can observe that only the oxidation -
reduction couple peak at less negative potentials appears. The same occurs.
.independelty  of the potential of scan reversal. when the molar ratio of CCH;NO,; -
CH,COOH is 1:4. In the case of nitrosobenzene analogous behavior occus. when
the molar ratio of C,H;NO - CH,COOH is I:2.

As far as it is concerned the shift of the potential of the reduction-oxidation
couple peak of CCH;NO - CCH,NHOH towards positive values has been found to
depend on the strength of the acids used Fer stronger acids. the reduction-oxidation
couple peak is shifted to more positive potentials. The interpretation must be
analogous to that concerning the influence of proton donors upon the reduction
potential of organic compounds in methanol?,!.

The following general conclusion can be drawn from the described
experimental data. The ions of the solvent molecules or ions of the acids used.
which are formed during the elecrochemical reduction of nitrosobenzene or
nitrobenzene. determine the oxidation potential of phenylhydroxylamine under
voltammetric conditions. These ions cause local changes in the pH on electrode
surface, due to the lack of buffer. As it will be shown the CH;0™ ions also influence
the chemical behavior of phenylhydroxylamine formed in methanol under
potentiostatic conditions. -

Controlled potential electrolysis

Controlled potential electrolysis of nitrobenzene in methanol was carried out
at a mercury pool clectrode at potentials corresponding to the plateau of the pola-
rographic wave. Polarograms were taken at intermediate stages during the reduction
in the same cell in order to avoid exposure of the solution to atmospheric oxygen.
Typical polarographic curves of nitrobenzen before and after reduction are presen-
ted in Fig. 5. ’

Two anodic waves appear after electrolysis of the nitrobenzene. The first wave



198 G. KOKKINIDIS. P, KARABINAS and D. JANNAKOUDAKIS

cathodic
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FI1G. § Polarograms of 10-*M nitrobenzene at ditferent stages during electrolysis in methanol. 1) Before
clectrolysis, 2) after electrolysis at 1,2V, 3) after exhaustive electrolysis at -1,2 V. Supporting electrolyte
0.1 M LiClO,. '

(&) corresponds to the oxidation of phenylhvdroxvlamine in the presence of CH,O-
ions. while the second wave (b} is due to the anodic dissolution of the mercury elec-
trode by the excess of the CH.O™ ions'). In all these experiments the number of clec-
trons consumed per molecule of nitrobenzene were found to be equal to 3.9 - 4.1,

Further confirmation that the product of controlled potential electrolysis of
nitrobenzene is phenylhydroxylamine can be concluded by comparison of the
polarographic behavior of a solution of nitrobenzene (1073 M) after exhaustive
electrolysis with that of a solution containing 10 M phenylhydroxylamine and
4.1033 M CH;ONa. In both cases. the solutions exhibit the same polarographic
behavior. In deaerated solutions the height of the reduction wave of phenylhydro-
xylamine decreases slowly over a period of hours and three new waves appear in the
polarogram (waves c, d. e in Fig. 6). From these waves the cathodic wave c is
obviously due to the reduction of the formed nitrosobenzene. Identification of the
other waves will appear below. Exposure of the solutions to the air {(oxygen) for a
few minutes and then oxygen removal by passing nitrogen through the cell gives
polarograms having the form of curve 4 (Fig. 6). In this curve the wave due to the
oxidation of phenylhydroxylamine is completely disappeared.

In deaerated basic solutions phenylhydroxylamine is slowly oxidized by traces
of oxygen to give nitrosobenzene!®, which reacts with residual phenylhydroxyla-
mine to from azoxybenzene. On the contrary, in aefated solutions the same
reaction leads to the formation of nitrosobenzene as a final product!?, The kinetics
of the autoxidation of phenylhydroxylamine to azoxybenzene® as well as the
kinetics and the mechanism of the condensation reaction between nitrosobenzene
and phenylhydroxylamine has been studied both in acidic2,22 and in basic 2324
media. The condensation reaction of nitrosobenzene with phenylhydroxylamine
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has also been studied electrochemically’4. In basic solutions this condensation
reaction proceeds via formation of the indermediate nitrosobenzene radical anion
(CcHNO™), which couples to give azoxybenzene?4 . The electroreduction of
nitrosobenzene to azoxybenzene in aprotlc solvents!2.13 also proceeds with the same
mechanism.

The oxidation of phenylhydroxylamine in aerated solutions (presence of
oxygen) gives nitrosobenzene as was mentioned above. However, the polarographic
behavior shows the formation of an other product except of nitrosobenzene (waves
d and e in eurve 4 in Fig. 6). In order to identify these waves cyclic voltammetry was
employed. The cyclic voltammogram corresponding to the polarographic curve 4
of Fig. 6 and the cyclic voltammogram presenting the reductlon of oxygen in
methanol are compared (Fig. 7).

-18

oL -08 15

FIG. 6 Polarograms obtained from a methanolic solution of 10-M nitrobenzene after exhaustive
electrolysis at -1,2 V. 1) immediately after electrolysis, 2,3) 40 and 80 min after the electrolysis, 4) after
exposure the solution to air for 10 min. Similar polarograms were obtained from a methanolic solution of

10-3M phenylhydroxylamine in the presence of 4.10-3M CH;0Na under the same conditions. Supporting
electrolyte 0,1 M LiClO,.

FIG. 7 A) Cyclic voltammogram obtained from a methanolic solution of 10-3M nirobenzene after exhaustive
electnolysiS at -1,2 V and exposure to air for 10 min. A similar cyclic voltammogram was also obtained from
a methanolic solution containing 10-3M phenylhydroxylamine and 4.10-*M CH;ONa after exposure to air
for 10 ?)nin. B) Cyclic voltammogram of oxygen in methanol. Supporting electrolyte 0,1 M LiClO,y=200
mV/sec.

Two peaks (I1a and IIb, Fig. 7A) appear in the region where the cathodic wave
e is formed in the corresponding polarographic curve. The fact that the potential of
peak Ila is identical with that of azoxybenzene proves that this small peak is due to
the reduction of a small amount of formed azoxybenzene. Peaks IIb and IIf are
identified to the peaks II and III (Fig. 7B) appearing in the cyclic voltammogram of
oxygen. The above peaks II and III correspond to the reduction and oxidation of
hydrogen peroxide formed during the first step of the reduction of oxygen. It is well
known?*-"), that the reduction of oxygen occurs in two steps: the first represents the
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reversible reduction of oxygen to hydrogen peroxide and the second the irreversible
reduction of hydrogen peroxide to water.

This comparison leads to the unambiguous conclusion that hydrogen peroxide
is formed, when phenylhydroxylamine is oxidized to nitrosobenzene (in methanol ,
in the presence of CH;0- ions and oxygen). Therefore, we are obliged to accept the
following stoichiometric equation:

C.H,NHOH + 0, ¢1:9 c.HNO + H,0, (IV)

No attempt was made to elucidate the mechanism of this reactions. This will
probably consist the objective of a further investigation.

Coulometric experiments of nitrosobenzene were carried out under the same
conditions. A wave due to the reduction of azoxybenzene appears in the
polarograms taken immediately after the electrolysis. The formed phenylhydroxy-
lamine reacts in the presence of CH;0- ions with unreduced nitrosobenzene to yield
azoxybenzene. The number of electrons cosmumed per molecule of nitrosobenzene
has been found less than the stoichiometric. value of 2. When, however, the
reduction of nitrosobenzene occurs in the presence of CH;COOH, the number of
electrons consumed is 2 and the wave due to the reduction of azoxybenzene does
not appear in the polarograms taken after the electrolysis.

Mepidnyn
g :flisxrpoxr//umi 2vunepipopd Nitpofeviodiov kai Zyetikidv “Evidoewv é Me-
avily.

‘H fAektpoynpuiky] cvpneprpopd tob vitpofevioriov, itpwdofevioriov kai
tfig arvorvdpobuvrapivng of kabopr peBavorn peretdtar pé 1 Porbern Tig
kukMkfig BoArtapetpiag, Tfig d.c. molapoypagiog koi Tiig frekTtporVoE®g O
otafepé Suvapkd. Katd triv fhextpoynuikn évayoy tob vitpoBevioriiov ot
pebavorn épgoaviletar gva (ebyog dvtiotpentod 6Esidoavaymyikolb peak mov
d¢eiretor 0t6 obotnua eavvrodpoéviapivn - vitpwdoBevioiio (Ty. 1A, peaks
Ma xai IIb). "H ¢@oivoivdpoévrapivn mapovsia iéviev CH,0-, 16 O6moia
oynpatifovrat katd v dvayeyrn Tob vitpo-1 vitpmdoPeviodriov, éngavilel 016
KukAk6 BoAtapoypdenpa kduo 6éelddoswg of Aydtepo BeTikd dvvapikd an’
6t dnovoia adt@v (Zy. 2 xai 3). MeAetdton Eniong 1) £nidpaomn dotdv npwtoviov
o716 6Eetdoavaymviké cvotnpa eaivorodpoburapivng - vitpodoBevioiiov (Ty.
4). MeBavolrikd Srodvpata vitpoBevioriov petd and Eaviintiky fiexTtpdivon
o€ fhextpddio Hg peyding medvelng ntapovoidalouvv v idia dkpiBdc cvpnept-
popd, pé éxkeivn dtaivpdtov earvorvdpobvrapivng kai CH,ONa ypappopopia-
kfig dvaroyiag 1:4 (Zy. S5, kapn. 3).
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GLYCERYL-ETHER OXIDIZING EXOENZYME FROM
T. PYRIFORMIS.

V.M. KAPOULAS. G.N. ATHANASIOU. C.A. DEMOPOULOS.

Department of Biochemistry, University of loarnina.
Department of Food Chemistry, University of Athens

Exoenzymes, released to their surroundings by protozoa and other unicellular
organisms, seem to be of significant importance for the nutrient procurement by
these organisms via extracellular digestion of large molecules. The interest of
biological research in the study of these exoenzymes was recently renewed for two
main reasons: First, phagocytotic organisms. like: Tetrahymena, possessing the
possibility to ingest particulate material from their surrounding, would not be
expected to depend on extracellular digestion for their nutrient procurement.
Second. the source of some of the exoenzymes excreted by certain flagellates is the
flagellar pocket (1) and not their lysosomes.

Tetrahymena pyriformis was reported to excrete, in 5 hours, 20% of its a-
glycosidase. B- glycosidase. B-N-acetylglucosaminidase and amylase intracellular
activities and 339 of its intracellular deoxyribonuclease and phposphatase activities
(2). Reported here are our findings on the release by Tetrahymena of another
exoenzyme. able to degrade glycerylethers.

In preliminary experiments we found that 5% of radioactive glyceryl ether is
degraded by the exoenzymes of Tetrahymena pyriformis according to the following
technique: Tetrahymena pyriformis. strain W, was grown as previously described
(3). The log-phase cells were harvested by centrifugation (3) and resuspended for 2h
in an equal volume of Wagner’s solution. Then. the cells were centrifuged off (500
g. 10 min) and 0.2 ml of the clear supernatant was tested as previously described (3)
except that the substrate concentration was 2y (plus 10° cpm) of tritiated batyl
alcohol per ml.

Further study of the exoenzyme was carried out on enriched enzyme
preparations isolated according to scheme 1. Assays of these enriched enzyme
préparations by the above test procedure yielded 13-17% degradation of the
substrate to degradation products identified as a-0-alkyldihydroxyacetone (12.5%)
and fatty acid (4.5%).

Optimization of conditions yielded the following results: Optimum time of
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CULTURE OF T. PYRIFORMIS (log-phase)
1. Harvesting (500 g, 10 min).
2. Washing with 0.008 phosphate bufier. pH 7.6
3. Centrifugation (500 g. 10 min).

PACKED CELLS
1. Resuspension in 0.5 vol. of Wagner's solution.
JZ. Two hours .
3. Centrifugation (500 g. 10 min).

SUPERNATANT
1. Addition of ammonium suilphate (659 saturation)
2. Centrifugation (7000 g. 20 min. 4")

PELLET
1. Suspension in Im} Wagner's solution

ENRICHED ENZYMF PREPARATION

Scheme 1: Isolation of glveeryl ether degrading exoenzyme from T. pyriformis.

highest concentration of excreted exo-etherase. 2h: optimum range of ammonium-
sulphate concentration for precipitating the enzyme. 65-75% of saturation:
optimum pH. 7.6-8.2. '

These findings. apart from their general biological interest (see above). support
our previous evidence that the biodegradation of glycerylether via 0-0-dihydro-
xyacetone is an alternative degradative pathway in protozoa (4).

Abstract

Tetrahymena pyriformis excretes an exoenzyme. able to-degrade glyceryl-ethers into o-
0-alkyldihydroxyacetone and fatty acid. Highest concentration of the enzyme is detected
after 2h in inorganic medium. It is precipitated by ammonium sulfate (65-75% of saturation)
and its pH optimum is in the range 7.6-8.2.

Iepidnyn

"Eéwévlvpo *Oleiddoewe Tlokepviabépov dnd T. pyriformis.

Té mpotélwo T. pyriformis éxxpiver 516 nepipdrlov tov Eva EEwévivpo,
ikavé va émoixodopel tovg yhvkepvraiBépeg mpde a-0-8i1ddpofuakerévn kai
limapa 8Eéa. Méyiotn ovykévipmon tod &v{vpov Ppicketar perd mapapovy 2
dpdv o€ avépyavo péoo avantuEng. T Evivpo kataPubiletar ué Be1ikd dpupdvio
(65-75% xopeopod) kai Exer péyiom dpactikdtnta of nepoyy pH 7,6-8,2.
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