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RELAXATION TECHNIQUES FOR THE STUDY OF FAST REACTION
IN SOLUTION

by
C. 4. DELANEY (Urbana, Illinois, U.S.A.) and E. CORDOS

The study of fast reaction in solution is an area of increasing importance to
the analytical chemist, specially for those concerned with the kinetic methods of
analysis. The primary purpose of reaction kinetics is the elucidation of reaction
mechanismus. By gaining such insight on the chemical system he utilizes, the
analvtical chemist is better prepared to explain and, ideally, to define optimum
conditions to cope with, non-stoichiometry and the role of interferences. Frequently
differences in reaction rate provides the analytical chemist with a “kinetic handle”
for separations of interferent from constituent. Direct quantitative information
is often obtained from reaction rate studies and the application of fast techniques
perhaps will allow the investigation and analysis of additional substituents in a
chemical reaction. The techniques of fast reactions should be of interest, for many
of the recactions the analyst now uses are ‘“fast reactions’.

By the term ‘‘fast reaction”, one cominonly refers to a reaction which is fast
relative to the time required for mixing and observation by conventional methods
[1, 2, 3]. More quantitatively, conventional methods are limited to reactions with
halftimes on the order of 10 seconds, while fast reaction tehniques may be applied
to measure half-times as low as 10-? seconds [4].

In the figure 1 the first-order and second-order rate constants accessible by
conventional and fast reaction techniques are summarized. Thus, the range of
first order rate constants

accessﬂ)le b}' ordlnary me- Conventional methods Fast-reaction methods

thods is about 1077 tol sec. 71, >

and for second-order rate

constants it is about 1077 L A S S
to1l 1/mole-sec. These ranges First-order rate constent sec’! (logarithmic scale)

are shorter by several powers
of ten than the ranges covered
by fast reaction tehuniques Corventional methods Fast-reaction_methods
[5, 6, 71.

The problem of extend-
ing the “‘classical” kinetic " ! ; A
method to shorter half-time Second-order rate constant, (mole™® sec'! (logarithmic scate)
reactions is two-fold. First,
is the more serious problem Fig. 1.

©¢€ \9"" 108 1o st ot B 08 0™




6 C. J. DELANEY, E. CORDOS

of mixing, the reactants must be brought into intimate contact in a time consi-
derably less than the reaction half-time. Secondly the reaction must be
monitored by an analytical technique which requires less time than the reaction
half-time.

In the case of relaxation methods, a radically different approach is taken tc
avoid the mixing problem. Here, the investigator rapidly initiates a small pertur
bation of an equilibrium mixture of reactants by varying some external parametes
upon which the equilibrium constant depends. While the system approaches the
new position of equilibrium, there is a finite time-lag which can be related to the
rate constants of the forward and back reactions [8—11].

The relaxation methods to be discussed can be divided into two categories:
first are the techniques which use a sudden single displacement or a stepped distur-
bance of the external parameter with subsequent monitoring of the reaction. These
include Temperature-jump, Pressure-jump and Electric-impulse methods [12].
Second are the techniques which utilize a periodic disturbance created by ultra-
sonic waves, or by a high-frequency alternating-field with subsequent measurement
of the power absorbed by reason of the timelag [13].

The interpretation of the measured time lag or ,,relaxation time’ in a chemical
system requires a rather elaborate mathematical analysis which takes into account
the nature of the perturbation [14]. Let us consider the relatively elementary
case of a stepfunction perturbation of a single-step reaction, keeping in mind however,
that multi-step chemical problems may be trated in an analogous fashion,

Consider the equilibrium :

ky
4==C
k4

If one define: a and ¢ as the concentration of A4 and € at any time £
a=1[4] cc=][C]

a, and ¢, as the initial equilibrium concentration,
g — [LA jinit. equil. (‘n = '(4 :iuit. equil.
@ and ¢ as the equilibrium concentrations after the perturbation

=t

a = i_‘l Jnew equil. € 7 ;Cfntw equil.

then an expression for the relaxation time may be derived in terms of the two rate
constants, %4, and %£_,. At time ¢ from the disturbance, the actual concentratious,
a and ¢, differ from the equilibrium value by an amount x such that:

XxX=a —d=°0C—¢ (m

if the shift is to the right (i.e. production of more C and less A). Imposing the
restriction that x, the deviation from equilibrium, is small, we may write a linear
differential equation for the net forward rate at time 1:

A 2)
dt
When the final equilibrium is established we may write:
kd —k_c=0 (3)
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If we rearange the above equations to obtain expresions for a and ¢ in term of
a, ¢, and #x, and substitute into the above ecuation, the net forward rate can be

expressed in terms of x:

a=d4d-+x, c=¢— X%

L k(@ + %) — kI, — %)

dt
and since:
kd = k_jc
then :
_%: B 4+ kg — kyd + k_yx
thus:

dx
- (fy + k_y) %

Defining the “relaxation time’’,
T (b Ry
we may rewrite the final equation above:
ez
a
Upon integration of rate expression we have:

X = xgelT

4)

(5)

8)

©)

where x, is the initial value of x at the perturbation. The figure 2 illustrates a rela-
xation after a single displacement. One can see that when f{ =1, x/x° = l1/e.

Thus is the time in which x drops to
1/e of its initial value, and thisis how Yo
it is measured experimentally.

An extension of the treatment of x
relaxation time is required for the de- -
termination of the rate constant by
means of periodic displacements [15].
Now, we must consider what occurs when -
the equilibrium concentration values

themselves vary with time. o2
_ .For' example, considering the equi- x /e -
librium :

Ry

A4+ BZ=C -

-1
Again it is convenient to define a, b, ¢
as the concentrations of 4, B, C at any % : S ‘,g
time 7: 72

a=[A], b=[B], ¢=I[C]
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to take as reference values the initial equilibrium values a¥*, b*, c*:
a* = [Aliit. equit., 0* = [Blinit. equit.
c* = [C Jinit. equir.
and to define 4, &, ¢ as the equilibrium concentration after perturbation:

[A ]new equil. » 5 = [B]new equil.
[C}new equil.

a

I

c

The difference at time ¢ of the actual concentrations from the reference values is
given by y:

y=a—a*=86—0% =¢* —¢

The difference at time ¢ of the equilibrium concentrations from the reference values
is given by y:

y=d—a*=5b—b*=c*—¢

Then again imposing the restriction that the displacements are small we may write
an expresion for the net forward rate at time ¢:

ay
Y — bkab — 10
~ @b — k_c (10)
Again, when the final equilibrium is established we may write:
kyab — k218 =0 (11)

Rearranging the above equations and substituing we have:

hly + a%)(y + 8%) — k_y(e* —y) = 0 (12)
and
—Z = (y — Dllala* + %) + k] (13)

The final expression, (13) for the net forward rate was obtained making the appro-
ximation that all y% terms are negligible. This is valid as we impose the restriction
that the perturbation is small and hence the shift of the equilibrium is small.
Defining the relaxation time < :

£l = Ey(a* + b%) 4+ B_, (14)
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CHANGE IN
REACTION
PARAMETER

Fig. 3.

We may rewrite the above equation as follows:
5=
y=s—+y (15)

The expression (15) is the fundamental equation for periodic displacements and
determines the response of the concentration variable, v, to variations in the equi-
librium value, 7, due to changes in some external parameter. The solution to this
general differential equation depends upon the way in which ¥ is made to vary
with time. The figure 3 serves to clarify the experimental approach which is taken.
If the equilibrium is established rapidly, the change in reaction parameter follows
very closely the variations of external parameter (represented by the solid line)
and alters in phase with it [16]. If the equilibrium is established relatively slowly
(r> period of oscillation) then the reaction parameter is little affected and remains
at practically its initial value and would be a line superimposed on zero axis.
However, the case which is of interest is that which occurs when the = of equi-
librium is comparable with the periodic time of the external parameter change.
Here the reaction parameter lags behind the external parameter, is out of phase,
and has a smaller amplitude. This phase difference leads to dissipation of energy
and therefore absorbtion of power from the external parameter. As the frequency
of the changing external parameter is increased, the lag at first increases and hence
the net absorbtion per cycle; then the effect of the decreasing amplitude domi-
nates and the absorbtion decreases. Thus the absorbtion of energy is maximum
at a certain frequency which can be related to the relaxation time of the system.
Matehmatically it can be shown [17] that the maximum absorbtion occurs at:

Tt = ljw, = 1/2=nf, (16}

Experimentally, then, one plots a function of the energy absorbed vs. a function
of the frequency.

The relationships between relaxation time and rate constants for several one-
step reactions are summarized in the Table 1. The analytical expression for
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Table 1
System 31
2
1 A—C E, + B,
koa
ky _
2 24— 4, Ak -k,
k1
ky
3 N A -+ C:B 4+ C ' (B, + k_l)z
by
(C = Catalyst: x, = 0)
B C _
4 4+ B2 kb -k
k_y
(B = Buifered: xp = 0)
k - =
5 A4 B==C R(@ By -k,
ks
ke o
6 A—=C+D B+ E_a(C 4 d)
By
Ry o ~
7 A+Bz==C+D I )
ks
By L _
8 A+ B+ C2D k(ab+ ac + be) + k.,
k_y

always contains the contributions from the forward and backward reactions addi-
tively, that is, close to equilibrium, both processes compete and 1 is independent
of the sign of perturbation. The concentration of a catalyst or a buffered compound
(provided the buffer equilibrium is established rapidly enough) appears as a con-
stant factor only in combination with the rate constant. This is in contrast to
the béhavior of an ordinary reaction partuer. In the case of high-order reactions,
for example reaction S in the Table 1, the experimental approach is to determine
7 at a series of concentrations and plot vs. (4 -+ &). The slope gives %k, and the
intercept yields %&_;.

The study of multi-step equilibria requires the treatment of a system of rate
equations resulting in a spectrum of relaxation times. The mathematical treatment.
which in general involves linear combinations of all of the various rate constants,
is considerably more complex [18—22].

A. Temperature jump. The principle of the temperature jump method is
to suddenly change the temperature of a chemical system at equilibrium. The
shift depends upon the enthalpy change for the reaction according to the Van't
Hoff equation:

Gan: A’H (17)
or RT®
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If AH is too small, the reaction of

interest may be combined with some A ‘B‘r“:{] ”“ :

fast equilibrium of greater AH [23,24]. 8 PRI E S—

In the Figure 4 is a block diagram [A "“/‘C/‘ = ‘JL"'*

of the aparatus of Czerlinski and F
FEigen ([25]. The high voltage G Ot B e R R
generator, H, charges the capacitor I ”f S AN SRR L
0,1 uF) to the voltage at which 3 £ PHOTOMULT|PLICRS,
the spark gap, G, breaks down £ Osciccgscore T
(30 kV). The capacitor then dis- H + 5 AN P ace
charges across & and through the

sample cell which contains an aqu- Fig 4.

eous 0,1 M ionic strength solution to

ground. It is not necessary that the reaction involves ions, but only that
someions be present to carry current. The sample cell is usually a 30-ml
plexiglass cell surrounded by a thermostatted jacket containing two platinum
electrodes spaced 1 cm apart and immersed in the solution. The sudden
serge in current through the cell raises the temperature of the small volume
of solution between the electrodes by about 10°C in a few microseconds.
The higher temperature persists in the small volume of solution for a long
time relative to the chemical relaxation times being measured. When fast
photometric techniques are used to measure the relaxations, a continous light
source is used at A, a monochromator at B, a half surfaced mirror at C, to split
to the monochromatic beam, and the photomultipliers at E. It is common practice
measure the transmittance of the sample cell relative to air [26, 27]. Initially the
two light beams are balanced by a bridge network and the spark discharge triggers
the oscilloscope sweep (at F).

Ertl and Gerischer [28, 29] have developed a technique for increasing
the temperature solution in a capillary tube by applying 15 kW to a magnetron
for a few microseconds thus producing a pulse of microwaves. Their method has
the advantage that is applicable to non-conducting solutions and one need not
have the relatively high concentration of ions present in the cell.

The time range most accessible to measurement by temperature jump method
is 1 to 10-% sec [30, 31]. This technique has a wide range of application and
has been used for investigating electron-transfer [32, 33], hydrolysis [34, 35],
metal complex [36—44] and proton transfer reactions [45—48]. It has become one
of the most promising techniques to biochemists for elucidating enzime mechanisms,
since, to investigate enzime reaction intermediates, high enzime concentrations
generally must be used [49]. Under these conditions, enzime processes occur so
rapidly that conventional techniques can not be used.

One subject of conventional investigations has been the action of the enzime,
bovine pancreatic ribonuclease, on ribonucleic acid (RNA). Prior to a temperature
jump investigation by Cathou and Hammes [50], no direct information
concerning the number and nature of intermediates involved in the conversion of
RNA to a 2/,3'-cyclic phosphate with subsequent conversion to the 3-phosphate
was given. Assuming that a lock-and-key mechanism was in effect, the interaction
of ribonuclease and cytidine-3’-phosphate was studied as a first step in elucidating
the overall mechanismus.

Two different relaxation processes with characteristic relaxaiono times ranging
from about 1 msec to less than 20 psec were observed. One process was concen-



12 C. J. DELANEY, E. CORDOS

tration dependent and observed at all pH’s in the range 5.0 to 7.5.7 This effect
was attributed to the formation of the enzime-substance complex, after the simple
mechanism :

kl
E - S-=ES
key
The relationship of the reciprocal relaxation time, v~ to the rate constants
ky and k_, is:

Ijry = kl(E + §) + k_y (18)

Thus, a plot of 7 vs (E -+ S) will have slope of £, and intercept of %_;. The rather
dramatic Change in relaxation time with pH indicates that the rather simple
mechanism first proposed is not sufficient. The approach which one usually takes
is to propose a more involved mechanism which appears to better fit the experi-
mental observations, derive the appropriate expressions for the rate constants
and perform the calculations to see how well the data fit the new mechanism
[51—54]. Below is shown the mecanism proposed to explain the pH dependence
of &, and % ; for the enzyme-substrate binding process. Here it is proposed that
only the singly protonated form of

k12
SH, EH—’—EHSH
Ht 1 kg 1
SH -H* ' ’H+
H* A ‘ Fas |
S —= ESH
k43

the substrate, SH, interacts with the enzyme. This implies two assumptions. First,
all protolytic reactions are assumed to have relaxation times much shorter than
that characteristic of complex formation. In this investigation indicators were used
to follow the reactions spectrophotometrically and enzyme-indicator and substrate-
indicator relaxation data show this assumption to be valid. Secondly, it is assumed
that the protein acid-base groups sufficiently buffer the hydrogen ion so that the
deviation of the [H+] from its equilibrium value is approximately zero. This
is a reasonable assumption for the relaxation effects observed here are relatively
small compared to non-protein systems which indicates a large portion of the
change in [H+] is being buffered. The second relaxation process was observed only
when the enzime was essentially in the form of the enzyme-substrate complex
[55—61]. The relaxation time was concentration independent, suggesting an intra-
molecular reaction and not the binding of a second mole of substrate. This effect
is much greater than would be expected for participation of a single ionizing group.
It was concluded that several groups were involved in a co-operative effect. The
rate of this reaction in D,0 at lower pD values was approximately 1/7 that of
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the H,O studies (figure 5). This infor-
mation indicates that a proton-tran-
sfer is involved. The proton tran-
sfer could directly involve substrate
-protein side chains and/or protein
side chain-side chain reaction. The
only way found in model systems
for such a large increase in proton
transfer rate is if a highly organi-
zed water bridge mediates the pro-
ton transfer as FEigen noted for
cysteine amine [62, 63]. Thus it
seems possible that the proton tran-
sfer rate could be accelerated by
the protein folding around the
substrate creating a short orga-
nized water bridge [64].

B. Pressure jump. The second
relaxation technique, the pressure

jump method, involves the same general principle as the temperature

13
T T T
—~ 4.00 ~1
S 3.60 -
a
» 3.20t+ -1
-
>
o 2.80f D,0 =
o
- 2.401 -
1 1 [ H 1 1 1
50 55 60 65 70 75 80
pH OR pD
Fig. 5.
jump

method [65, 66]. The sensitivity of an equilibrium to presure depends upon
the change in volume, V, associated with the reaction, according to} the

realionship :

dmK AV

JaP

RT

The figure 6 illustrates the commonly used apparatus of Strehlow and
Wendt [73] who used conductivity measurements to follow the reaction. The
thermostatted autoclave consists of two parts: in the reaction chamber one con-

ductivity cell is filled with the
reaction solution while the refe-
rence cell si filled with a solution
of a non-reacting electrolyte such
as KCl in the same solvent so
that both cells have initially the
same resistance. Thus a resistance
change due to physical effects
only, rather than by reason of
reaction, largely cancels. The
rest of the chamber is filled with
an inert liquid non-miscible with
water (e.g. kerosene) and is
closed off with a polyethylene
membrane. A pressure of about
50 atm is established by means of
compressed air in the pressuring
chamber above which is closed off
by a thin metal rupture disk. The
pressures reduced to one atmosphere

Steel needle

to trigger

magnetic releose

e—muffler

capillary

O

<—thermostating coiis

Outoclave

to brigge
Fig. 6.
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within about 107% sec by punctu-
I oV ring the metal disk with a blow
l N from a needle. The two conducti-
J vity cells form two arms of a
Wheatstone bridge and for the
remaining two equal arms, small
resistors are chosen to minimize
effects of bridge capacitances to
: . ground at the relatively high fre-
RCG M y7 :——_‘> /:;j» #" 1 quencies which are mnecessary for
0kers Nn - following the rapid conductivity
< changes. An impedance transfor-
mer (figure 7) is necessary to match
the oscillator output, RCG, to the
bridge. Since the balancing also
depends upon frequency, a filter,
F, is inserted between the bridge
and untuned preamplifier, P, to
reject any pickup of high fres
quency noise. From the instant the
needle touches the rupture disk a finite time (= 0.5 msec) elapses before the
disk breaks. For very fast reactions, the delay sweep of the scope is utilized to
delay the tnqgerm(r of its time- b&SL Thus the change in bridge balance due to
the dmn% in conductivity of the reaction cell is dﬁplawd on the oscilloscope vs.
time and the response 1s usually photographed,

The range of time accesible to this method is about 50 sec to 50 usec. To
expand this time range on the lower end, to about 10 % sec, several workers have
investigated the use of shock waves to produce pressure changes on the order
of = 10* atm, however, the main disadvantage is that the equilibrium displacement
is ussualy so great that the linearized treatment of the rate equations is no longer
allowed and this situation may lead to difficulties in the interpretation of the
data obtained. Another approach which is used to expand the apphuulon of
the instrumentation of Strehlow and Wendt to reaction between non-ionic
species is to couple the 1‘eaction of interest with a faster one having conductivity
changes. The hydration of pyruvic acid has been studied in this way [707. The
most serious drawback of this approach was a decrease in sensitivity accompanying
the addition of the non-reacting electrolytes. The technique has been applied most
stccesfully to studies of hidration of acids [67—69] and formation of metal com-
plexes [71—75].

Fig. 7.

C. Electric impulse. The electric impulse method is applicable to studies of
the kinetics of weak electrolyte solutions and involves the application of a strong
electric field [76—78]. This induces the second Wien effect [79, 807 or as it is
frequently called, the “dissociation field effect’”, which is a marked non-ohmic
increase in the electrical conductance of a solution of a weak electrolyte due
to the displacement of the equilibrium :

Molecules = Ion Pairs = Free Ions

to the right by pulling apart some of the ion pairs. In the range of 40 —100 kcV/m,
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the increase in conductance will be proportional to the
field intensity. This effect is quatitatively given by the
equation [81—847:

do

(1 — o
a Al 19
dE (2 — a) (19)

where o is the degree of dissociation in a field strength, E,
and b is a known function of ion mobilities, ion charge,
solvent dielectric constant, and temperature.

In practice either a rectangular impulse or a damped
harmonic is applied. In the case of the rectangular impul-
se, conductivity-time curves are obtained which are simi-
lar to those obtained in the temperature jump method
and the values of relaxation time may be obtained di-
rectly. The impulse is produced by charging a condenser
to 20 kV ard discharging it through the electrodes with a
spark-gap in parallel. This method is suitable only for very
dilute solutions or pure solvents due to the requirement
that the RC product must be kept high to maintain a
constant field of strength for a given time interval. The
range of relaxation times which can be measured is app-
roximately 1076 to 1074 seconds.

For damped harmonic impulses the range of relaxation times accessible is
1077 to 107 ® seconds. The instrumentation of Eigen and Schoen illustrated in the
figure 8 was used by Eigen and Lyring for a study of aqueous mercuric chloride
solution [86—927. The high voltage critically damped harmonic oscillation is
applied across a balanced symmetrical bridge. The sample and reference cells are
identical. A dilute aqueous solution of HCl is placed in the reference cell to
cancel the first Wien effect in the sample cell. The remaining two arms of the
bridge are cells with much greater electrode distances containing aqueous NaCl,
the field intensity of which never exceeds a few kV/cm. The bridge and grounding
circuit are damping resistance in an RILC resonant circuit. Half-wave, high voltage
pulses of increasing voltage are applied to the bridge which is balanged oscillo-
graphically. Here the condud;lvlty which is a measure of the degree of dissociation
and is proportional to the energy absorbed is plotted as a function of frequency
and the relaxation time is determined as previously described.

This technique has been extensively applied to the study of reactions of hydro-
gen and hydroxyl ions. The Table 2 summarizes the second-order rate constants
obtained by several workers utilizing the electric-impulse technique.

D. Ultrasonic absorbtion. The ultrasonic absorbtion technique represents ano-
ther example of a periodic displacement of an equilibrium. The temperature or
pressure of a solution is varied periodically by meauns of ultrasonic waves and a
reaction whose equilibrium is sensitive to either of these parameters will be seen
to lag behind the ultrasonic vibrations, and energy will be absorbed [93—107]. In the
Table 3 the various ultrasonic methods are presented. The pulse technique, that
1s the method adapted to the shortest times, provide the most accurate mesurement
of &, the coefficient of absorbtion per centimeter, and requires the smallest volume
of solutions.
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Table 2
Reagents T?élp M-t ksec-l Ref.
H+ OH™ 25 1.3 x 10m 78
SH— 25 7.5 x 10t 88
F- 25 1.0 x 10 87
HOCO™ 4.7 x 1010 39
CH,CO™ 20 5.1 x 100 86
C,H COO0~ 4.3 x 101 39
Benzoate 25 3.7 x 101 85
o-Aminobenzoate 25 5.8 x 101 85
m-Aminobenzoate 25 4.6 x 10 85
p-Aminobenzoate 25 3.7 x 1010 85
N,N-dimethyl-o-aminobenzoate 25 2.5 x 101 85
N-methyl-o-aminobenzoate 25 5.0 x 10 85
m-Nitrophenolate 25 4.2 x 1010 88
p-Nitrophenolate 25 3.6 x 101 88
OH~ NH*+ 20 3. x 10 89
CH,;NH,+ 3.7 x 101 39
(CH,),NH,*+ 3.1 x 101 39
(CH,)NH+ 2.1 x 1010 39
Glycine 1.4 x 10 39
Sarcosine 1.1 x 1010 39
Imidazole 25 2.3 x 1010 87
Table 3
Ultrasonic-absorbtion techniques
Method Frequency range (approx.) Error Ref
¢/sec in «
Pulse 2 x 10 to 1.5 x 10 2—59%, |108—111
Optical 1 x 10 to 1.5 x 10 59, 112113
Streaming 2 x 10 to 1.5 x 108 5—-109% |114—115
Reverberation 1 X 10 to 5.0 x 102 159, 116
Resonant sphere 1 x 10 to 5.0 x 10% 5% 117—-119

The pulse technique apparatus of Andreae and Joyce is shown in the Figure 9,
A piezo-electric trasducer is subjected to a train of radiofrequency pulses (2.108—
—1,5.10% cps) generated by an oscillator whose frequency can be controled and
measured. The resulting ultrasonic pulses pass through the liquid under investi-
gation to the detector, another transducer. A piston attenuator is located between
the oscillator and transducer to maintain the transmitted signal constant while
the path length is changed at a steady rate by means of silica delay rods. Thus,
the electrical disturbance radiated directly by the oscillator to the detector may
be separated from the signal received through the transducers. The movement
of the piston automatically traces a linear plot corresponding to the logarithm
of the amplitude vs path length. The slope of this plot gives the absorbtion coef-
ficient. The relationship of absorbtion coefficient, or more precisely, the absorbtion
of energy per cycle to relaxation time is given by the equation:

Y
w 1 4 wit?
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where B is a constant, o is the angular frequ-
ancy and 7 is the relaxation time. Relaxation Oscillator
time in the range of 107* to 107? sec are
accessibile by this method.
Eigen [120, 121] and his co-workers @ “““
applied this technique to the study of com- Piston |
plexes formed from various divalent metals srtencator |

and anions. When they measured absorbtion
roefficients for several electrolytes over a @,___
wide range of frequencies, they observed a

-ather interesting phenomenon in the case of ggf’;;‘rggys(tﬁie%")"
he 2: 2 electrolytes. Two distinct maxima

were observed, indicating two relaxation pro- Liquid

resses were occuring. The frequency range of

104—3.108 Hertz used excluded the possibility guartz ngstat and)
»f solvent-solvent, ion-solvent and intra- delay rod (movable
nolecular relaxation. After evaluation of \"™/ /) 7777~

the absorbtion coefficients and relaxation Monitor
times (107%—10-%), Eigen and workers ex- Amplifier @
zluded long-range coulombic interactions and
ittributed both maxima to specific interac- -
:ions which occur after the ions have appro- Fig. 9.
iched close enough by a diffusion process,
‘he latter having a rate constant on the order of 10*® to 10 1/mole-sec and
‘herefore corresponding to a relaxation time too short to observe by this
:echnique.

The ultrasonic absorbtion has a wide area of application which, beside ion-pair
ormation and disolvation of ions, includes metal complex [122—126], molecular

ssociation [127—131], proton transfer [132—134] and rotational isomerism
eaction [135—140].

oscilloscope

E. High-frequency alternating-fields methods. In the high-frequency alternating-
ield methods the general principle is to cause the dissociation field effect to occur
reriodically by application of a weak high-frequency alternating-field to an electro-
yte solution [141—145]. The relaxation time can be obtained by determining absorb-
ion as a function of frequency and finding the value for maximum absorbtion,
»,, according to the equation:

o, = 1t

n practice however, the power absorbed is small and neither measurement of con-
uctance nor the dielectric loss has been succesfully applied to a practical system.

However, measurements in the microwave region, of dielectric absorbtion,
or non-electrolytes have provided relaxation times on the order of 1071 to 10-12;
or non-electrolytes have provided relaxation times on the order of 1071° to
0722 sec which are attributed to rotation of a molecule as a whole or to rotation
f a group in the molecule. This technique has been applied to studies of H,O and
2,0 [141], OH-compounds, such as alcohols and phenols in benzen [143, 144]

— Chemia 11/1969
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and amino acids in aqueous media [145—151] systems. Also it has been proposec
to apply the method to dimerization reactions of polar molecules with v = 10~
to 10-8, [146].
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2.
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TEHNICI DE RELAXARE PENTRU STUDIEREA REACTIILOR RAPIDE IN SOLUTII

(Rezumat)

Se face o trecere in revistd a tehnicilor de relaxare folosite in studiul reactiilor rapide in soluiii.
Tehnicile de relaxare devin tot mai mult un instrument practic in mina chimistilor in scopul pitrunderii
si cunoasterii aminuntite a reactiilor cu care lucreazi. In marea lor majoritate aceste reactii sint reactii
rapide. Tehnicile de relaxare se utilizeazd la studierea acelor reactii care prin metodele obisnuite nu
pot fi initiate intr-un timp care si fie neglijabil in comparatie cu timpul de injumitatire a reactiilor
respective. Sint expuse doud mari categorii de tehnici de relaxare: unele bazate pe o singurd depla-
sare a echilibrului reacfiei (salt de temperaturd, salt de presiune gi impuls electric) si altele care utili-
zeazd o perturbare periodicd (absorbtia de ultrasumete si cimpuri alternative de inaltd frecvents).

PEJTAKCAUMOHHDBIE TEXHUKH 151 U3YUEHHS CKOPOCTHBIX PEAKUHMI B PACTBOPAX

(Peswowme)

ABTOpBl ZenaT 0630p PENAKCAUMOHHBIX TEXHHK, HCIONb30BAHHLIX NPH HCCJIEIOBAHHH CKOPOCTHBIX
peakuuit B pactBopax. PenakcauHoHHble TeXHHKH BcE OGOnblile CTAHOBSITCS NPAKTHYECKHM OpY/IHeM B
PYKax XHMHKOB B Ie/sIX JeTaJbHOro MO3HAHHS peakIlii, ¢ KOTopuiMi OHH pabGoraioT. B mozasaswoulem
HX OOJBUIMHCTBE 3TH PeaKLHH SBJAIOTCS CKOPOCTHbIMH. Pedakcanuonnble TeXHHKH HCNONB3YIOTCA NpH
H3YUEeHUH TeX DedaKUHH, KOTopble OOLIUHBIMH METO1aMH He MOrYT ObiTh HHHIHMHMPOBAHLI BO BpeMs, KOTopoe
ABNAJI0CH Obl HE3HAUNTEILHBIM 110 CPABHEHMIO CO BpeMelieM Pa3BOeHHs] COOTBeTCTBYIOHINX peakuuit. Mano-
XKeHpl Be COJblIHE KaTeropHH PeaaKCalHOHHBIX TeXHHK! TeXHHKH, OCHOBaHHLIE Ha OJIHOM CMelleHHH
pPaBHOBECHS DeakUMH (CKAYOK TeMIepaTypbl, CKAUOK /1aBJEeBHS H IJEKTPHUECKHH HMAYJBC) U TEXHIKH,
HCHOJAB3YIOUIHE NepPHOJHYECKYI0 NepTyplauHio (noraouleHne VJAbTPA3BYKOB H  BbICOKOYACTOTHBIE [epe-
MeHHble NOoJs).






COMPORTAREA SOLUTIILOR DE MOLIBDAT DE SODIU S$I AMONIU
SUB ACTIUNEA ACIDULUI NITRILOTRIACETIC (I)

Studiu cromatografic si electroradiocromatografic

de
GHEORGHE MARCU si MINERVA TOMUS

Rezultatele obtinute prin metoda cromatografiei si electroradiocromatografiei
pe hirtie, cu privire la acfiunea diferifilor acizi organici asupra wolframatului de
sodiu gi a unor heteropolianioni [I, 2] indicd posibilitatea aplicdrii cu succes a
metodei si la studiul altor sisteme.

Se constatd c¢d in majoritatea cazurilor formele simple migreazi cu frontul
solventului in timp ce formele condensate ramin la punctul de incircare sau in

aproplerea acestuia [3]. Mai mult chiar, unii acizi pot si indeplineasca functfia
dubld de agenti complexanti si condensan‘,cl

In literatura de specialitate sint relativ putine lucrdri cu privire la actiunea
complexonilor asupra Mo(VI). Se cunosc lucrarile efectuate cu complexon I11
asupra Mo(VI) [4-6] si actiunea acidului iminodiacetic [7] si nitrilotriacetic asupra
Mo(VI) realizate prin spectre R.E.S.

in lucrarea de fati, experienjele intreprinse asupra comportirii solufiilor de
wolframat de sodiu sub actiunea acidului nitrilotriacetic [8] au fost extinse asupra
molibdatului de sodiu $i a paramolibdatului de amoniu.

Modul de Tucru. Comportarea la cromatografia pe hirtie a compusilor corespunzitori diferitelor
rapoarte de combinare Mo(VI):H X (unde H X = acidul nitrilotriacetic) s-a urmirit prin metoda
cromatografiei ascendente, folosind ca agent de irigare o solutie apoasi saturati de NaCl. In acest
scop s-au depus pe cromatograme solutii 4:1072 M in care raportul Mo(VI) :H,X a fost 1:1, 1:2, 1:3
si 1:4, far molibdenul a fost marcat cu izotopul radioactiv 99. Repartizarea componentilor pe croma-
tograme s-a wrmirit radiochimic cu ajutorul unui contor Geiger-Miiller conectat la o instalatie de
numarare.

Solutia ce contine compusul in raport de 1:1, s-a acidulat cu HCl pind la pH ~ 1 si s-a urmdrit
comportarea compusului la cromatografiere. Experientele au fost executate in acelagi mod gi pentru
paramolibdatul de amoniun. In toate cazurile s-a folosit hirtie Whatman nr. 1.

Paralel s-a urmirit migrarea compusilor corespunzétori aceloragi rapoarte, pe hirtie Whatman
ur. 1, in mediu de NaCl, la o diferentd de potential de 650 V si 1,5 mA.

Interpretarea rezultatelor. Pe baza rezultatelor objinute la radiocromatografia
pe hirtie (fig. 1) se constatd cd in cazul solutiilor pure de molibdat de sodiu (pH ~7)
tot molibdenul migreazd in apropierea frontului, comportare asemidnitoare cu a
wolframatului de sodiu.

In cazul in care s-a cromatografiat molibdatul de sodiu in prezentd de acid
nitrilotriacetic in raport de 1: 1, molibdenul migreazd de asemenea aldturi cu frontul
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in solutii concentrate de electroliti in ciuda faptului cd de astd datd pH-ul a scdzui
la valoarea ~ 3. Aceastid comportare persistd chiar la acidulare cu HCl pina la
pH ~ 1, cind molibdenul nu se gédseste decit 409, in forma condensata (fig. 2).
Acest fapt reaminteste comportarea wolframatului de sodiu sub actiunea agen-
tilor complexanti si el atestd existenfa unui compus de Mo(VI): H,X = 1:1 care
migreazd in apropierea frontului.

O dovada in plus o constituie faptul cd repetind experinfele cu solutii de
Mo(VI): HX in raport de 1:2 (pH ~2), 1:3 (pH ~1,5) si 1:4 (pH ~ 1,25)
tot molibdenul ramine in apropierea frontului, nefiind posibild condensarea luj
nici la pH ~ 1,25 corespunzitor raportului 1: 4.

Se poate deci presupune cd in aceste condifii molibdenul se giseste angajat
sub forma unui compus complex cu acidul nitrilotriacetic care in solutii concen-
trate de electrolifi migreazd in apropierea frontului, asa cum se petrece in genere
cu to}i complecsii simpli, necondensati, de Mo(VI) si W(VI).

Repetind experientele cu paramolibdatul de amoniu, se constatd ci si de asti
datd acidul nitrilotriacetic are o actiune complexantd. Astfel, dacd la cromato-
grafierea solutiilor pure de paramolibdat de amoniu (pH ~ 5) in solutii saturate
de electrolifi majoritatea molibdenului rdmine la punctul de incdrcare, in pre-
zenfa de acid nitrilotriacetic pentru rapoartele 1:1 (pH ~ 1,5), 1:2 (pH ~ 1,5),
1:3 (pH ~1,25)si 1:4 (pH ~ 1) el se localizeazd in apropierea frontului cromato-
gramei (fig. 3).

Toate determinarile efectuate prin electrocromatografie pe hirtie in media
de NaCl solutie saturati, confirma pe deplin rezultatele obtinute prin metoda radio-
cromatograficd. Asa cum se vede din fig. 4 existd diferente nete intre mobilitatile
ionului de MoOj}~ si ale ionului de molibdat in prezentd de acid nitrilotriacetic
pentru rapoartele Mo(VI) : H,X = 1:1, 1:2, 1:3 si 1:4.

Faptul cid la electroforeza pe hirtie au fost identificati idivizi cu mobilitdti
diferite i cu valori din ce In ce mai scdzute o datd cu cregterea cantitidfii de acid
nitrilotriacetic trideaza fie existenta in solutie de compusi complecsi intre Mo(VI) si
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HX pentru rapoartele 1:1, 1:2, 1:3 si 1: 4, fie formarea treptatd de supracom-
plecsi. Ultimul fenomen de formare de supracomplecsi este mai plauzibil si el a
mai fost identificat [9] la studiul altor heteropolianioni. Probabil c& dupd formarea
complexului Mo(VI): HyX = 1:1 acesta incepe si reactioneze cu micile cantitafi
de produsi de condensare ce au tendinja si se formeze prin addugarea de exces
de acid nitrilotriacetic si astfel si ia nagtere supracomplecsi de molibden.
O altd observatie interesanti ce ne-o furnizeazd electrocromatografia pe hirtie
este aceea cd din sensul de migrare se poate afirma ci tofi compusii separafi au
sarcind mnegativa. ' ) )
Coneluzii. In lucrarea de fafi s-a urmirit actiunea acidului nitrilotriacetic
asupra molibdatului de sodiu si amoniu prin metoda radiocromatografiei si electro-
cromatografiei pe hirtie. R
Experientele indicd existenta in solutie a unor compusi Mo(VI): HyX in
raport de 1:1 cu sarcinid negativd si comportiri net diferite de ale produsilor de
condensare si ale acidului molibdenic. .
Totodatd, la electrocromatografia pe hirtie s-a pus in evidentd posibilitatea
formérii unor supracomplecsi de molibden.

(Intrat in redactic la 8 aprilie 1969)
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MOBENEHHE PACTBOPOB MOJIMBJIATA HATPUSA M AMMOHUS TIOA HNEFCTBUEM
HUTPUIOTPUY KCYCHOM KUCJIOTHI (1)

Xpomamozpagpuseckoe u 9rexmpopaduoxpomamozpagudeckoe uccredosarue
(PeswomMme)

B paGote uccnefioBasnock JefiCTBHe HHTPHIOTPUYKCYCHON KHCJIOTH Ha MOJHGNAT HATPHS H AMMOHHS
¢ NOMOIBIO MeTOAa paiHoXpomartorpadHH H 3/eKTpopajHoxpoMartorpaduu Ha Gymare.

Ha ocHoBe nonydeHHbIX pe3yJIbTATOB BHISIBHJIOCH HaJIHYHe B PAcTBOPe HEKOTOPHIX cOelHHeHHI Mo
(VI): HyX B orHowenun 1:1, ¢ OTpHUATENBHBHM 3aDSIIOM H C MOBEJEHHEM, YETKO PA3THYAIOLIMMCS OT MOBe-
JeHHs1 MOJHGIEeHOBOMl KHCJIOTH H NMPOAYKTOB KOHIEHCAUHH.

OnHoBpeMeHHO, NIPH 3JeKTpoxpoMaTorpadvi Ha GyMare BbISIBHJIACh BO3MOXKHOCTL 00pa3oBaHus
HEKOTOPBIX CBEPXKOMIUIEKCOB MOJHGAeHa.

THE BEHAVIOUR OF SODIUM AND AMONIUM MOLYBDATE SOLUTIONS UNDER THE
ACTION OF NITRILOTRIACETIC ACID. (I)

Chyomatopraphic and Electrovadiochromatographic Study

(Summary)

In the paper it was studied the action of nitrilotriacetic acid on sodium and ammonium molyb-
date by means of paper radiochromatographic and electroradiochromatographic methods.

On the basis of the results obtained it was concluded that in solution there are some negatively
charged Mo(VI) :H;X compounds (1:1 combination ratio). These complexes have a completely diffe-
rent behaviour from that of molybdic acid and of its condensation products.

At the same time, by paper electrochromatography it was evidenced the possibility of forming
some molybdenum supercomplexes,



COMPORTAREA SOLUTIILOR DE WOLFRAMAT DE SODIU SUB ACTIUNEA
ACIDULUI NITRILOTRIACETIC (II)

Studiu cinetic al compusilor formati in solutie

de
Aead. RALUCA RIPAN si MINERVA TOMUS

Intr-o lucrare anterioari [1] s-a urmirit, prin metoda cromatografiei si
electroradiocromatografiei pe hirtie, comportarea solugiilor de wolframat de sodiu
sub actiunea acidului nitrilotriacetic, constatindu-se ci acidul poate indeplini
dubla funcfie de agent complexant si condensant.

Este cunoscut faptul cd diversii acizi organici pot si formeze cu wolframatul
de sodiu compusi complecsi In care raportul de combinare W(VI): acid organic
poate fi, 1:1, 1:2, 2:1 etc. Astfel, cu acidul tartric [2—5] se semnaleazi exis-
tenfa unui monowolframato-tartrat, diwolframato-tartrat si wolframato-ditartrat.
La fel cu acidul malic [4, 6] se cunosc diwolframato-malati, ca si wolframato-
dimalati. Actiunea acidului oxalic asupra wolframatului de sodiu a fost studiata
in solutie pe cale conductometricd si potentiometricd [7, 8], evidentiindu-se for-
marea unui compus in raport de 1:1 si 1:2. S-a putut de asemenea izola sarea
de sodiu si de potasiu a wolframato-oxalatului [9].

Pentru a obtine informatii asupra compusilor ce se formeazd in solutie, s-a
urmdrit variatia conductibilitatii i a pH-ului la tratarea unei solufii de wolframat
de sodiu cu acid nitrilotriacetic.

Partea experimentald. Determindrile conductometrice au fost efectuate cu ajutorul unui montaj
Wheatstone, alimentat de la un generator de frecventd hertian#, avind ca instrument de nul un ampli-
ficator cu ochiul magic.

Misuritorile de pH s-au fident cu un pH-metru electronic de tip MV-11, cu ansamblu de elec-
trode de sticld gi calomel. Concentratia solutiilor a fost cuprinsd intre 1073 gi 2-10—3 M.

Interpretarea rezultatelor. La titrarea conductometricd a unei solutii 1073 M
de wolframat de sodiu cu acid nitrilotriacetic se constatd o modificare a conduc-
tibilitdtii corespunzdtor raportului molar W(VI): H,X = 1:1 (unde H,X = acidul
nitrilotriacetic). In aceleasi condifii pH-ul scade de la 7,03 pini la 2,56 punctul de
inflexiune corespunzind aceluiasi raport molar. Rezultatele experimentale sint
prezentate in fig. 1 si 2.

Urmarirea in continuare a variatiei conductibilititii si pH-lui pentru o serie
de solutii izomolare ne-a permis sesizarea formirii in solufie a aceluiasi complex,
minimul de conductibilitate ca si saltul de pH corespunzind raportului molar
1:1, ceea ce este In concordantd cu experientele anterioare. Fig. 3 si 4 reprezintd
rezultatele obtinute pentru solutiile 2.10-3 M.
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Pentru a obiine informatii cu privire la tipul complexului format in solutie,
corespunzitor raportului molar 1:1, solutiile au fost titrate conductometric cu
NaOH si KOH. In ambele cazuri se sesizeazi un cot net corespunzitor unui echi-
valent de bazi si un al doilea pentru 3 echivalen{i de bazi la un mol de complex
(fig. 5 si 6).
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/ In cazul in care solutiile au fost
__,g.__‘r ! in prealabil trecute peste schimbitorul
100-a | J de ioni Dowex-50 in forma H si pe urma
14 f\ / titrate NaOH si KOH, se constats
‘\ /' un minim de conductibilitate corespun-
» ! zdtor unui consum de trei echivalenti
2r \‘ / de baza pentru un mol de compus
" / Pe baza rezultatelor prenzetate in
® Y y lucrare se presupune formarea in solu-
\, / tie a unui compus 1 W(VI): 1 H,X
\ 7 foarte probabil de tipul [WO,X] —3

08 | ‘\ [ conform reactiei:
0sf ‘\ jl Na,WO, -+ HyX = Na,H[WO,X ]+ H,O
\7 Coneluzii. Studiindu-se  variatia
conductibilitdtii si a pH-lui la tratarea
0% PE—— ™ 56 ek W unei solutii de wolframat de sodiu cu

acid nitrilotriacetic s-a constatat for-
Fig. 7 marea in solufie a unui compus
W(VI1): HyX in raport de 1:1.

Titrarea conductometricd a solutiilor de W(VI): HyX = 1:1 cu NaOH si

KOH, fnainte de trecere peste schimbitor de ioni Dowex-30 in forma H si dupi
trecere, indicid bazicitatea trei.

Pe baza acestor rezultate este foarte probabil ca in solufie si se formeze un
compus de forma: [WO,X ]2,

(Intrat in redactie la 15 mai 1969)
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NOBEAEHHE PACTBOPOB BOJIbOPAMATA HATPHS TIOA AEUCTBHEM HUTPH-
JOTPUY KCYCHOIM KUCJOTH (11)
Kunemuvecxoe uccaedosanue coedurenutl, o0pasosasuuxcs 6 pacmeope

(Peswome)

B pa6ore 1cc/e10Banoch KOHAYKTOMETPHYECKHM H  NOTEHIHOMETPHUECKHM MeTOJaMH MNOBejieHHe
BOAb$PaMaTa HAaTPHA B PAcTBOpe MO JellCTBHEM HHTPHJIOTPHYKCYCHOH KHCJOTHL.

Ha ocHoBe moJiyueRHBIX Pe3yJibTATOB BbisiBHJIOCH 06pa3oBatke B pacTBope Kommuekea W(VI): HyX =
= 1:1 (rpe HyX = HuUTpUJOTPHYKCYCHAsi KHC/AOTa).
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Turpopanue pacrsopoB W(VI): HyX = I:l ¢ nomomsio NaOH un KOH, no npoxoxpenus uepes
HoHOOOMeHHHKH Dowex-50 B popme H H nocsie npoxox AeHHS, yKa3biBaeT Ha OCHOBHOCTS 3. TH Pe3yabTaTht
YKAa3hIBAIOT Ha BepositHOe 06pasoBanue coelunenus Bujaa [WO,X]—s.

COMPORTEMENT DES SOLUTIONS DE WOLFRAMATE DE SODIUM $OUS I’ACTION DE
L’ACIDE NITRYLOTRIACETIQUE (II)

Etude cinétique des composés formés dans la solution

(Résumé)

Les auteurs ont étudié, par la vole conductométrique et potentiométrique, le comportement en
solution du wolframate de sodinm sous l'action de l'acide nitrylotriacétique.

Les résultats obtenus ont permis de mettre en évidence la formation dans la solution d'un com-
plexe W(VI) :H;X = 1:1 (ou H,X = acide nitrylotriacétique}.

Le titrage des solutions de W(VI): H,X == 1:1 par NaOH et KOH, avant le passage par les
échangeurs d’ions Dowex-50 & la forme H et apres le passage, indique la basicité 3. Ces résultats plai-
dent pour la formation dans la solution, trés probablement, d’un composé de la forme: WO,X ™%,






UNTERSUCHUNG DER GLEICHRICHTUNGSEIGENSCHAFTEN
DER HETEROGENEN MEMBRANEN (III)

Das Verhalten Membranpaares Celluloid : Anionit—OH-Celluloid : Aktivkohle +
-+-HCl gegeniiber Wechselstrom von 50 hz Frequenz und bei Direktspannungen

GHEORGHE RADULESCU, CANDIN LITEANU und ECATERINA MARINESCU

Auf Grund der von Reiss [1] und Fuller [2] verwendeten Analogie
inerseits zwischen dem Uberschuss oder dem Mangel der Elektronen in Si und
>e, die fiir die Halbleiter vom Typ # und p entsprechenden Verunreinigungen ent-
walten, und andererseits zwischen dem Protoneniiberschuss und — mangel der
auren und basischen ILosungen, zeigte erstmals L ovrecek, Despic und
3ockris [3] auf experimentellem Wege die Méglichkeit der Gleichrichtung des
Vechselstromes mit Hilfe der elektrolytischen p — # Ubergénge.

Bei idealen Bedingungen wird ein elektrolytischer p — n Ubergang mit Hilfe
iner Vorrichtung mit zwei Abteilungen hergestellt. Eine Abteilung enthilt ein
ilektrolyt mit einem unbeweglichen Anion, und mit leicht beweglichen Protonen
eine Polysiure oder eine kationitische Membran in R—H Form), in der anderen
\bteilung des Systems befindet sich ein FElektrolyt mit unbeweglichem Kation
ind mit leicht beweglichen Hydroxilionen. (Eine Polybase oder eine anionitische
fembran in R—OH Form.)

Im Prinzip soll so ein elektrolytischer p — # Ubergang in eciner Abteilung ein
ilektrolyt mit sehr leicht beweglichen positiven und unbeweglichen negativen
onen und in Kontakt mit dieser eine andere Abteilung die einen anderen Elektrolyt
nit schwerbeweglichen positiven und leicht beweglichen negativen Ionen enthilt,
nthalteri.

Die Gleichrichtungswirkung steigt mit dem Unterschied zwischen den Ionen-
aobilitdten der Elektrolyte in den bheiden verbundenen Abteilungen.

Wenn die beiden Abteilungen flitssige Phasen sind, spielt die Art des Kontaktes,
er sie dennoch trennt, nach B. Schreiber [4] eine wichtige Rolle im Hind-
lick aui die (ludnldltunoscwenschai‘c( 1,

In letzter Zeit wurden eine Rexhe von Arbeiten iiber die Gleichrichtungseigen-
chaften der doppelbipolaren Membranen [5—14] das heisst der durch die Anlage-
ung einer anionitischen und einer kationitischen Membran antstehenden Systeme,
er6ffentlicht.

Das Interesse [iir dieses Problem ist dadurch erklirt, dass eine Analogie zwischen
en kiinstlichen und bhiologischen Menibranen, als auch zwischen den bipolaren
Iembranen und den Halbleiterdioden besteht [15].

— Chemia 11/1969
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Abb 1.« — Anionitmembran ADDb. 2 a4 — Anjonitmembran, b — Kationitmembran, ¢ Pla-
b —Kationitmembran, ¢ Pla- tinelektroden, C — Doppelschalter, A — Ampermeter, V - Volt-
tinelektroden, d-- ‘Triger aus meter, K — Schalter, R — Potentiometer,

Kunststoff (Plexiglas).

Auf Grund der Auffassung, dass der Mechanismus der Gleichrichtung im Zusam:
menhang mit der Diffusion und der Leitfahigkeit steht, wurde in dieser Arbei
cin mit Wasser angefeuchtetes Membransystem bestehend je aus einer Membras
die Anionenaustauscher Dowex — I in R—OH TForm (Dicke 0,15—0,30 mm’
hzw. mit Salzsiure behandelte Aktivkolile (Dicke 0,15—0,30 mm) enthalten, als
Triger wurde Celluloid bLeniitzt,

Dic Membranen wurden nach einer in eincr fritheren Arbeit beschrichener
Methode [16] erhalten. Die Aktivkohle wurde fein zerkleinert, dann durch e
sieb von 0,10 mm gesiebt und in einer 2n Salzsiurelosung stehengelassen. Nact
4+ Stunden wird sie mit destilliertem Wasser zweimal gewaschen und an der Luf
cetrocknet.

Der Gleichrichtungseffekt wurde im Doppelsystent von heterogenen Membranes
it folgender Zusammensetzung untersucht: Dowex—1 in R—OH Form 64 bzw
mit 2 Salzsdure behandelter Aktivkohle 71,3%,. Der 20°,-ige Tfeuchtigkeitsgehal
wurde durch Paraffinnieren des ganzen Membranhaltersystems [9] das in Abb.
vezeigt wird, konstant gehalten.

s wurden Platinelektroden mit einer Oberflache von 1 cm® verwendet. Da
clektrische Schema fiir die Aufnahme der Spannung-Stromstdrkekurve wird b
Abb. 2 und das Verbindungschema des Kathodenstrahloszillographen in Abb.
wiedergegeben.

Die Diagramme aus den Abb. 4 und 5 stellen die gleichgerichteten Kurve:
im Vergleich mit dem verwendeten sinusoidalen Signal von 9 V bzw. 11,6 V be
ciner Frequenz von 50 Hz dar.

In Abb. 6ist die Stromspannungskurve bei Gleichstrom fiir dasselbe Mcmbran
paar unter Verwendung der Vorrichtung aus Abb. 2 dargestellt. Die Stromwert
wurden nach der Stabilisierung der Intensitdt (etwa 1 Min.) abgelesen. Mit Hilf
dieser Diagramme wurde der innere direkte Widerstand des Systems bei 8 7
Spannung berechnet, wobei man R, = 1,4.10% Q/em?® und fir den Widerstan
in umgekehrter Stromrichtung R; == 2.10¢ Q/cm?® erhilt.
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ADDb. 3. 0O — Oszliograph, K — Schalter, R — Wi- ADDbo 4 Die gleichuerichicte Kurve
derstand (10 kQ), V — Voltmeter, a - Apionitmembran, auf dem Oscilleg in Ver-
b — Kationitmembran, ¢ -- Platinelektroden. gieich mit dem sir soidalen Signal
bei 9V Spannung. fir das mit 2 n
1T behandelte  Aktiviehle enthal-

tende Membransystem.
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A Db, 5. Die gleichgerichtete Kurve auf dem A b bos, Die Stromspannungskurve i Gleichstrom
Oszillographensehirm  im Vergleich mit dem tiir das Doppelmembranystem, das mit 2 n HCI
sinusoidalen Signal bei 11,6 V fiir das Mem- behandelte Aktivkohle enthilt.

bransystem, das mit 2n HCl behandelte
Aktivkohle enthilt.

Das Gleichrichtungsverhiltnis fir den héchsten verwendeten Spannungswert
von 8 V wurde mit Hilfe der charakteristischen Kurven nach der Gleichung

o= 2= 137

berechnet. Die nach der Formel [16]

R, —Te= 1 g (1)
1y
berechneten Glelchnchtung<ausbeuten fir den verwendeten Spannungsbereich als
auch die ¢-Werte sind in Abb. 7 dargestellt.
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A Die gleichgerichteten Kurven vom Oszillogra-
4 ) phenschirm in Vergleich mit dem verwendeten sinuso-
» idalen Signal bei 9 V bzw. 12 V bei einer Frequenz
von 50 Hz fiir das Membransystem, bei dem die
Aktivkohle mit gasformigem Chlorwasserstoff behan-
16 | 80 delt wurde, sind in Abb. 8 und Abb. 9 wiedergegeben.
Das untersuchte System hat folgende Zusammenset-
zung : Aktivkohle 689, Anionenaustauscher Dowex—1
75%,, 289, Feuchtigkeitsgehalt.

Mit Hilfe der Abb. 10 welche die Stromspan-
nungskurve fiir dasselbe System darstellt, wurden die
Widerstandswerte fiir die grésste verwendete Span-
nung von 11 V berechnet, und es wurden die Werte
R;=4,4-105 Qjem? und R;=7,1-10° Q/cm? gefunden.

In diesem Fall ist @:é = 16,6. In Abb. 11 sind die

a
Gleichrichtungsverhiltnisse ¢ wund die Gleichri-
chtungsausbeuten R, fiir dasselbe System in Ab-
hingigkeit von der verwendeten Spannung abgebil-
R R ] EW) det. . . . .

i Wie bekannt, gilt sowoh!l fiir das direkte, als
Abh. 7. Die Verdnderung des  auch fiir das umgekehrte Bereich
Gleichrichtun  gsverhiltnisses o
und der (3}cicllricilt11ngs:msbcute 7 = ’io(CXP ‘j_K o 1) (2)
R in Funktion der Spannung fiir v T
das Membronsystem das mit 20 00 g0 (Gesamtstrom durch den Ubergang, #, die

HC1 behandelte Aktivkohle enthilt. | Y ” .

Summe der beiden Feldstréme, e die elementare elek-
trische  Ladung (e = 1,602-1071® C) und % — die Boltzmannsche Konstante
(k=1 '%8 10-% Joule. Grd.”?!) bedeuten.

1*111« < 0,026 V' (bei Zimmertemperatur), kann man die Finheit in der

Klammm der Gleichung (2) vernachlissigen. Auf diese Art erhélt man

y

. . &
Loy exXp —
Bl

Abb. & Die mit dem Quzillographen erhaltene AbbL. 9. Die mit dem Oszillographen erhaltene

Gleichriehteneskurve fm Vergleleh mit sinn Gleichrichtungskurve im Vergleich wit dem  sinu-

soidalem Hivual von 9V fiir das Membransys- soidalen Nignal ven 12V fiir das Membransystem,

tem, das wit  gasformigem Chlorwasserstoff das mit gasformigen Chlorwasserstoff behandelte
behandelte Aktivkohle cnthiilt. Aktivkohle enthiilt.
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Abb. 10. Die Stromspannungskurve im Gleichstrom fiir das Me%n-
bransystem, das mit gasférmigem Chlorwasserstoff behandelte Aktiv-
kohle enthilt.

Die experimentelle Charakteristik wird mit Hilfe der Gleichung

S eV 4
i =1, exp e 4)
ausgedriickt. Vergleicht man Gleichung (3) mit (4), kann man die Abweichung
von den theoretischen Werten feststellen, weil die Abweichung des Koeffizienten
% von der Einheit die Abweichung der ex- B
perimentellen Charakteristik von der theore- !
tischen Gleichrichungscha rakteristik zeigt.

Stellt man In 7 = f(V) bzw.

20t 100

1 .:1 . e 'V el
ni nzo»}-nkT 5)

fiir das untersuchte Membransystem gra-
phisch dar, kann man den Wert von v er-
halten. Die graphische .1 arstellung von
In¢ = f(V) nach der Gleichung (5) im ersten
Falle (mit 2z HCl behandelte Aktivkohle)
wobei n == 96, wird in Abb. 12 wiedergegeben.

Man sieht, dass im Gegensatz zu dem
einheitlichen Membransystem : Kationit-H -+
Anionit—OH [16] bzw. dem Doppelmem-
bransystem : Kationit—H -+ Anionit—OH [7],
das System Membran: Aktivkohle—HCI -
Membran : Anionit—OH denselben Wert im e £V
ganzen Strombereich von 0—8 V besitzt. 2 4 6 8 w0 e

Dasselbe stellt man auch im Falle des tAbb- 1}1-"1?{6 Verﬁnderl&ngddes gllei_Cﬁﬂ.ct*

. ; _ ungsverhiltnisses ¢ un er eichrich-

gySte.nii Memg) ragﬁ‘%k%‘,kogle. —(;—Hj(ii(j_ l\lfellﬁ tungsausbeute R fiir das Membransystem das
ran: Amnonii— esi, wober die IVRODIE it gasformigem Chlorwasserstoff behandel-

mit gasformigen Chlorwasserstoff behandelt te Aktivkohle enthilt.
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Abb. 12. Die Verdnderung von Abb. 18. Die Verdnderung von
Ini=£(V) fiir das Membransystem, Ini=£(V) fiir das Membransystem, das
das mit 2 n HCl behandelte mit gasférmigem Chlorwasserstoff
Aktivkohle enthalt. behandelte Aktivkohle enthilt.
wurde. Dies wird durch Abb. 13 veranschaulicht, wo In ¢ = = f(V) dargestellt

wurde, und zwar erhdlt man den Wert 7 = 110.

Diese Ergebnisse bestitigen, dass im Falle der Membranen, die mit Chlor-
wasserstoff behandelte Aktivkohle enthalten, das Wasserstoffion das bewegliche
Ton ist und deshalb funktioniert die so vorbereitete Kohle vom Standpunkte der
Gleichrichtung aus gesehen, wie ein Kationenaustauscher in R—H Form.

(Eingegangen am 17. Februar 1969)
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STUDIUL PROPRIETATILOR DE REDRESARE ALE MEMBRANELOR HETEROGENE (III).
Comportarea peveckii de membrane celuloid : awnionit — OH - celuloid : cdrbune activ - HCl la frec-
venia cuventului alternativ 50 Hz si la tensiuni divecte

(Rezumat)

Considerind analogia dintre semiconductorii cu jonctiune p-n  si contactul dintre doud mem-
brane ionitice cu ioni mobili de sarcini opuse s-au studiat proprietitile de redresare pentru un nou tip
de membrani dubly, formatd dintr-o membrand ce contine rigina anionitici sub forma R—OH si o altd
membrand in care in locul cationitului a fost introdus cdrbune activ tratat cu HCl solutie sau gaz.
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WCCNENOBAHVME BbUIMMPIMUTEJBHBIX CBOMCTB TETEPOTEHHBIX MEMBPAH (1)
Mosederue napot memOpan uyeaayaoud: anuonum-OH -+ yeaaysoud: axmuensii yzore + HCl
npu dacmome nepemernozo moxa 50 2y u npu NP AMLLY HANP ANCEHUSLX

(PezwomMme)

YyHTHIBas] aHAJIOTHIO MEKJY MOJYNPOBOJHHKAMH C NMEPEXOJOM THIA p—%n H KOHTAKTOM MeXAy ABY-
Ms{ HOHHTOBBIMH MeMOpaHaMH C IOJABHMHHIMH HOHaMH C IPOTHBOMOJIOXKHBIME 3apSlaMH, ABTODH HCCJAEN0-
BaJIH BHINDSIMUTEJIbHbE CBOfCTBA AJIS HOBOrO THNA ABOfIHON MeMOpaHbl, COCTaBJIEHHONR H3 MeMOpaHH, Cofep-
KaieH aHHOHUTOBYIO cMosy B Bue R—OH, H H3 Apyrofi MeMGPaHH, B KOTOPYIO BMECTO KaTHOHHTA Obl1 BBE-
A8H aKTHBHHEIL yroas, of6paboranuniii HCI B Buge pacrBopa Hau rasa.






ELECTROOXIDAREA METANOLULUI (II)
Oxidarea pe anod de Pd—Cu in mediu alcalin

de

L. ONICIU, A. SO0, E. SCHMIDT si I. LIEBERMANN

Lucrarea continuid cercetdrile asupra oxidirii anodice a metanolului. Scopul

urmarit, aga cum mentfionam anterior [1] constd in gisirea de electrozi adecvati
in pilele de combustie alimentate cu metanol. De astid datd s-au studiat electrozi
porosi obtinuti prin presarea unor amestecuri de pulberi de Pd si Cu de aceeasi
granulatie.
B 1. Conditii de luecru. Misurdtorile s-au efectuat intr-un vas cilindric de sticld avind peretii dubli,
intre care circuld apa de la un ultratermostat. Electrozii pe care s-a urmirit oxidarea anodici a meta-
nolului se introduceau In solutia alcalind de metanol continutd in vasul cilindric. Acestia s-au con-
fectionat prin presarea la aproximativ 2000 kgf/em? a unor amestecuri de pulberi de Pd si Cu avind
diametrul mai mic decit 0,063 min si compozitia de 90, 75, 50 si respectiv 259} paladiu. Modificarea
polarizirii electrodului s-a realizat intr-un circuit de electrolizd, folosind o sursi de curent continuu
si un fir de platini drept electrod auxiliar, iar misurarea potentialului electrodului s-a ficut intr-un
circuit potentiometric, utilizind ca referin{i un electrod de calomel saturat (ECS). Valorile potentia-
lelor () s-au raportat la electrodul de hidrogen normal (EHN). In toate determinirile electroliza
s-a efectuat izoterm, in regim constant de agitare, spatiul din jurul electrodului de studiat (anod)
fiind ferit de contactul direct cu spatiul catodic cu ajutorul unui tub de sticld concentric cu catodul.
Contactul electrolitic dintre electrodul de studiat gi ECS s-a realizat prin intermediul unei capilare
Luggin.

2. Rezultate experimentale. Diseutii. Principalele caracteristici ale electro-
zilor porosi avind forma de pastild, luati in studiu, sint redate in tabelul 1.

Tabel T
Caraecteristicile electrozilor Pd — Cu
Compozitia (% Pd) 90 75 50 25
Suprafata {cm?) 0,7 0,7 0,7 0,7
Masa pastilei (g) 0,885 1,0233 1,1133 0,8617
Grosimea pastilei (cm) 0,22 0,22 0,28 0,21
Porozitatea (%) variazi intre 35 si 45
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Tabel 2
Varlatia potentialului stationar ¢, (mV) in funetic de eompozitia electrozilor
si temperaturi
Compozitia
electrodulut
(o PA 90 75 50 25
t°C
25 —418 —~428 —428 —385
35 —426 — 427 — 435 407
45 —436 —430 — 436 —401
55 —441 —438 — 446 —413

Porozitatea s-a calculat prin raportarea masei pastilei la masa compacti (calculatd
pe baza regulii amestecurilor) si scdderea din unitate a fractiei astfel obtinute.

In tabelul 2 figureazi potentialele stationare @, la I = 0, misurate la cej
patru electrozi, la temperaturile de 25, 35, 45 si 55°C. Tinem si precizim cd valorile
stationare se obtin relativ lent, fiind necesare 60—90 de minute pentru atingerea
lor. Acelasi lucru se mentioneazd si in legiturd cu atingerea potentialelor dinamice,
corespunzatoare intensitatilor mici de curent (cifiva mA). Din datele tabelului 2
se observd o variatie micd a potengialului cu temperatura si compozifia; refine
insd atentia electrodul care contine 509, paladiu, pentru care ¢, are valorile miniine,
Comparind insd ¢, al electrozilor de Pd—Cu cu acelasi parametru de la electrozii
de Pd sau Pt [1—3], aici se constatd valori mai pozitive cu citeva sute de mV.

In fig. 1—4 s-au trasat curbele de polarizare la oxidarea anodici a meta-
nolului pe cei patru electrozi gi la cele patru temperaturi mentionate. Din analiza
curbelor rezultd scaderea supratensiunii cu temperatura (i), gruparea potentialelor
de oxidare intre aceleasi limite (— 150 si aproximativ — 100 mV), independent de
compozitia electrodului (ii) $i o sciidere a intensitdtii de curent limitd cu micsorarea
concentratiei de paladiu din electrod (iii). Cea dintii constatare este scontata,
iar urmdatoarele doud ne conduc la concluzia probabilei ineficiente electrocatali-
tice a pulberii de cupru aldturi de pulberea de paladiu la electrozii cercetati si
in conditiile date. Numai astfel se explicd invariabilitatea potenfialului de oxidare
(centrele active apartin aceleiasi specii) si sciderea curentului limiti o datd cu
micgorarea concentratiei de paladiu din electrozi (suprafata activd pentru reactie
scade si ea, fig. 5).

Variatia cu temperatura a curbelor de polarizare a servit la exprimarea ener-
giel de activare aparente AHZ, a procesului global de electrooxidare. Tabelul 3 con-

tine valorile AH7,1a 5 polariziri ¢ ale electrodului studiat.

Analiza datelor conginute in tabelul 3 conduce la concluzia ci procesul global
de oxidare este controlat de etapa de adsorbtie la electrozii care contin 90, 75 si
respectiv. 259, Pd; pe electrodul care contine 509, Pd limitarea s-ar datora in
principal fenomenului de difuzie.

Ne-a preocupat si mecanismul electrooxiddrii metanolului la intensititi de
curent mici. In acest scop s-a ales electrodul care contine 909, Pd, s-a urmirit
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compozitia solutiei KOH 6 M si CH,OH
2,5 M in timpul electrolizei si dupi intre-
ruperea ei si s-au determinat coeficientii
stoechiometrici vemom $1 von- [4] ai reac-
tantilor, lucrindu-se la 25°C. In solutie
s-au determinat concentratia KXOH inainte
si dupd electrolizd si s-au analizat acidul
formic, aldehida formicd si ionul COj3 .
Rezultatele analizelor sint urmdtoarele:
indiferent de intensitatea de curent (mici:
~10 mA sau mai mare: ~80 mA) alde-
hida formica s-a decelat numai in concen-
trafii foarte mici. Acidul formic este pre-
zent In proportie mult mai mare, cores-
punzitoare unui randament de oxidare de
~78% (I = 10 mA) sau ~86% (I = 80
mA). Ionul CO;” nu se pune in evidentd
decit la polarizdri net pozitive (¢ > 400
mV), corespunzatoare celui de al doilea
salt de curent pe curhele de polarizare
(evidente pe curbele din fig. 3). Explicim
prezenta in concentratii neglijabile a aldei
hidei formice, chiar si la densitdti mic-
de curent, prin reactia de dismutare Can-
nizzaro pe care o suferd aldehida in solu-

tia puternic alcalind (KOH 6 M). In solutiile avind concentragia in KOH mai mica
(2 M) acumularea aldehidei la electrod e posibili si oxidarea in trepte a meta-
nolului (intii la aldehidd si apoi la acid formic) se evidentiazd pe curbele de pola-
rizare (fig. 7). Pe curbele de polarizare ale electrozilor ce contin 50 si 759, Pd
se sesizeaza si un al doilea salt de potential, datorat oxidirii la CO¥™ a acidului
formic (fig. 2 si 3) cu paralela degajare de oxigen molecular.

Tabel 3
Valoarea entalpiei de activare aparente AH;; Lkeal/mol la diverse polariziiri

Compozitia
electrodului

(/o Pd) 90 75 50 25

? (mV)

- 275 16,8 19,74 5,29 —
- 250 13,4 12,15 6,72 11,12
—200 13,1 9,8 4,51 11,06
—175 12,76 12,15 4,34 12,15
— 150 10,62 12,88 4.6 12,32
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Pentru determinarea coeficientilor stoechiometrici s-au trasat curbele de polari-
zare izoterme, la oxidarea metanolului pe electrod cu 909 Pd in solutii in care
s-a modificat concentratia de metanol Ccmon , concentratia de KOH, Con- con-
stantd (fig. 6) si apoi In solutii in care s-a modificat Cog-, la concentratie de me-
tanol constanta (fig. 7).

In trucit
dlog I . dlogI
—_— = VcH,or $1 ‘-——*— = VoH™—
0 log Cen,om o Con— 0 log Corn— /% Ccu,0m

din curbele fig. 6 s-au ales intensitdtile de curent (< 40 mA) corespunzitoare
la polarizarea constantd de —150 mV, s-au logaritmat si s-au reprezentat in functie
de logaritmul concentratiei de metanol (O 5; 1,0; 1,5 si 2,5 M). Coeficientul unghiu-
lar este sensibil egal cu 1 (0,965) numar ce reprezmta coeficientul stoechiometric
al metanolului in reactia de electrod. i

Prelucrarea in mod analog a intensititilor de curent corespunzatoare ace-
leiasi polarizdri din fig. 7, conduce la un coeficient unghiular apropiat de 2 (1,8),
cifrd egald cu coeficientul stoechiometric al OH™ in reactia de electrod.

Pe baza acestor rezultate, in domeniul intensitdtilor de curent mici (I <<
< 40 mA si ¢ ~ — 150 mV), electrooxidarea metanolului s-ar desfisura dupd

reactia :
CH;0H -+ 20H™ ~» H,CO + H,O -+ 2e-

& I(mA)

300

o T S

\\‘\{“‘\Cﬂ‘\

o CH,0H05M
t=25°C

T R R R/ R (T S
eimy) — B v

Tig. 6.
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Aldehida rezultata se disproporfioneazd 1in acid formic si alcool metilic, in
etapi subsecventd. Dacd se depdseste potentialul de ~400 mV, acidul formic
este oxidat final In carbonat cu paralela degajare de oxigen (se observd degaja-
rea de hule}.

3. Conecluzii. Cercetarile intreprinse asupra oxidirii anodice a metanolulu;
pe electrozi porosi de Pd—Cu in electrolit alcalin au condus la urmitoarele rezul-
tate principale:

Oxidarca metanolului este numai parfiald (la acid formic) si are loc la un
potential de ~ —150 mV. Oxidarca totala (la CO§~) nu are loc decit la +4-400
mV.

Viteza reactiel de oxidare depinde de concentratia paladiului in electrozi.

- Rtructura poroasid obtinutd prin presarea pulberilor de Cu si Pd nu pare
s fie potrivitd pentru efecte clectrocatalitice deosebite.

— Cinetica  globald a reactici pare a fi controlati de etapa de adsorbtie
pe electrozii continind 25, 75 si 909 Pd si de transportul de masd pe electrodul
carc coutine nuwmai 50%, Pd.

Intrevedem posibilitatea Imbundtatirii performangelor clectrozilor de Cu-Pd
prin meodificarea unor parametri fizico-structurali, ccea ce cste in intentia viitoa-
relor noastre cercetiri.

Intral in redactie la 7 wmai [969)
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SHEKTPOOKMCIEHME METAHOTA (1D
Oxucaerniie na PO—Cu anode 6 weaounuvi ¢pede

(Perone)

ABTORB HOCACI0BAAN ORHCICHHE METAHCIa HA HOPHCTHIX 3ekTpoiax 43 Pd—Cu B wetounoy pacr-
pope. OKHCJeHie SBASETCS HaCTHUHBIM (Y MYPaBbIHOI KUHCIOTH) B 06J1aCTH NoreHuHasa ~ —130 MB u
HOAHDM — TOJALRO TIPYU noTenunagax > - 400 wp. OO0mas KHHEeTHKA KAYKeTOs orpatitiertol a,wopiiioy-
HBIM HTANOM V AITEKTDOAOB. cotepxkdmux 25, 75 1 90% Pd, n nepenocoa Macce v 3.1€KTD0OJa, CO1epKamero

500, Pa.

ELLCTRO-OXIDATION OF METITANOI, (II)
Oxidation on Pd—Cu Anode in Alkaline Mediwm

(Summary)

The oxidation of methanol on Pd--Cu porous electrodes in alkaline solution was studied. The
oxidation is partial (to give formic acid) in the range of ~ — 1530 mV potential and complete only
at Tn -+ 400 mYV potentials. The overall kinetics seems to be determined by the absorbtion stage at
electrodes containing 25,75 and 90°) Pd and by the mass transfer at the electrode containing 509, Pd.



ELECTROOXIDAREA METANOLULUI (11I)

Oxidarea metanolului pe electrozi de Ni—Raney cu diverse suporturi

de

LIVIU ONICIU si ANDBREI BANDI

Cercetdrile de pind acum dovedese ¢d platina este cel mai bun catalizor al
reactiei de oxidare anodicd a metanolului 117, Rezultate bune se obtin cu Pd,
Pt—Pd, platind paladiatd si alte amestecuri de metale platinice [1—6]. Scepul
lucriirii prezente a constat in gisirea unor electrocatalizori pentru oxidarea nie-
tanolului, mai ieftini decit materiolele amintite ¢i adecvati folosirii in pile de
combustie alimentate cu metanol.

In literatura de specialitate sint descrisi electrozi de hidrogen si metanol
de tip DSK (Doppel Skelet Katalvsator) pe baza de Ni—Raney 7). Cercetirile
noastre s-au efectuat de asemenea cu acest gen de catalizor, urmarind comportarea
lui pe diferite superturi. S-au preparat douil serii de clectrozi prin doud procedee
diferite si anume dupd Winsel si Justi (8 si dupd Dousck sialfit 90
Discutia rezultatelor se face scparat peutru cele doud seril.

Conditii de Tuern. xperientele s-an efectuat intr-un vas cu pereti dubli pentru asigurarea termo-
statiirif. S-au trasat curbele de polarizare densitate de curent ¢ — potential o, la diverse temperaturi
(25, 35 si 55°C). Llectrolitul utilizat a fost o solutic apoasi de KOII 6 M, ce continea metanolul
in concentratie de 2,5 AL

Montajul folosit (fig. 1) cuprindea un circnit de polarizare si unul de misurare a fortei electro-
motoare.

Potentialele s-an milsurat in raport cu elec-

trodul de calomel saturat (ECS), valorile expri-

mindu-se fatd de electrodul de hidrogen normal

(EIIN). Ca electrod auxiliar s-a folosit un elec- }—‘_{
trod lucios de platind. Toate masuritorile s-au

efectuat in conditii izoterme sub agitare unifor- a

mi. Coentactul dintre electrodul de studint si / 2 =
electrodul de referintd s-a realizat printr-o ca- /
pilari Luggin. In timpul cit electrozii nu funeti- {
onan au fost pastrati in solutii apoase slal alealine. , 2, & ,
i L
. aw « . 1 T
Rezultate, discutii. 1. Prima seric \-A,p’ ma octrod o stdiat
de clectrozi s-a preparat din Ni—Raney g B eitrod cunlior
nepiroforic  obtinut in urma extractici " E‘:—e{ectr‘od de colomel
aluminiului cu KOH 6 M dintr-un aliaj e

de Ni—-Al cu un confinut de 429, Ni. Fig. 1
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~ <o Ca suport s-a folosit carbonilul de nichel si
2 c lberi de Cu si Fe. (Pri bonil d
3 0B pulberi de Cu si Fe. (Prin carbonil de
&~ 388 o o @ nichel se infelege nichelul rimas in urma
o |— 23 % descompunerii tetracarbonilului de nichel
: R ] si se va nota prin Ni—C). Granulatia
| catalizorului, precum si a Pt{lberllgr meta-
2 lice a fost aceeasi (Enal micd decit 0,963
mm). Amestecarea in scopul omogenizirii
o ~ A - .o
o s-a fdcut, manual, In mojar. Electrozii
N - aveau formid de pastile obtinute prin pre-
280 o o % sarea pulberilor la o presiune de 3520
&L —— . .
L = a2ey kgf/cm?, cu raza de 0,475 cm si grosimea
o - intre 1 ¢1 3 mm. Sinterizarea s-a ficut
. = X y :
J intre 650—700°C in atmosferd de hidrogen,
A timp de 30 minute. S-a calculat porozita-
£ o o o5 o tea §i suprafata aparentd. Porozitatea s-a
= ~ | L+ & EE& exprimat prin r'apovrtarea mase1 reale ‘lq
7 z A 3 masa compacta si sciderea din 1 a {ractiei
e objinute ; inmultirea cu 100 conduce la va-
Z o 2 loarea procentuald din tabel. Masa compac-
= [ .o® td s-a obtinut prin aplicarea regulii ames-
2 ER8 g tecului. L ti serie de electrozi
E FRE o = & eculul. La aceastd serie de electrozi po-
= © - S ' 9w rozitatea varia intre 41 s1 389 (v. tab. 1).
- + S - . 4 70N
Z o i Urmarind curbele de polarizare pen-
S Zl tru dlversve compozitii la ZSTC (fig. 2),
£ se constatd gruparea curbelor in doud do-
& ) menii de potential. Pe electrozii 3, 4, 5,6
5 (IJBQ% si 7 (v. tab. 1) oxidarea metanolului are
5 po o g loc cu supratensiuni mai mari, iar densita-
b AhEm o g AR L ', ..
= w i 28 3o tea de curent limitd are valori mici de ~
- + of oo g ~5 mAfem? cu excepiia electrodutui 7. In
e - - -
= “‘ cadrul acestei grupe se remarcad faptul ci
2 i electrozii 3 ¢1 4, care contin ca suport nu-
£ - - mai Ni—C, prezinti supratensiunea cea
= = (o 8 o mal mare $1 valoare minima pentru cu-
g BAS3& & rentul limita. Electrozii 5516 in care Ni—C
- din suport a fost inlocuit in proportie de
~ U, w0 509% cu pulbere de Fe, se situeazd la va-
- @ / . . A .
N U nEa lor1 ceva mai negative (supratensiuni mai
< AT 0 = T g micd). Rezultd deed od din acest grup elee-
— g trodul 7, in care Ni—C a fost total inlocuit
£ :T cu pulbere de Cu, se comportd cel mai bine.
— 3 o e Curbele de polarizare ale electrozilor 8
5 g TR 9 din fig. 2, cn continutul partml de Cu
z ERNC AR S - iu schelet (\' tab, 1), se situeazd la potenti-
” e D= Eog = ale mai negative cu cca. 200 mV ; curentul
- Ros oo i e > . PR f . -
2z, 3 ggeos /l limitd este cn aproximativ 30 mA/om* mai
[ R N A -
EY =% § 2 * mare. Alura in trepte a curbelor sugereazi
° = &5 8 0o i .
o @A A K existenta a doud procese ce au loc la su-
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pratensiuni diferite. Prima treaptd a curbei corespunde oxiddrii metanolului la
aldehida formicd, iar a doua oxidirii aldehidei formice la formiat. Aldehida for-
micd s-a pus in evidentd cu ajutorul floroglucinei, iar CO42~ nu s-a decelat in
solutie.

Curbele de polarizare ale acelorasi electrozi trasate la 55°C (fig. 3) nu mai
pastreaza gruparea de la 25°C. Curbele 3,4 si 6 isi mentin pozitiile relative, pe cind
5 s5i 7 se indeparteazd de ele. Interes prezintd si in acest caz electrozii cu continut
de Cu (fig. 3 curbele 7, 8 si 9). Oxidarea metanolului in doud trepte . cesive in
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functie de densitatea de curent (respectiv potentialul la care e polarizat electrodul)
apare aicli mai evidenta.

S4 urmirim acum curbele de polarizare pentru aceiasi electrozi la diverse
temperaturi. Aceste curbe s-au trasat numai pentru electrozii care ar putea pre
zenta interes practic, adicd 7, 851 9 (fig. 4, 5§ §1 6). Se constatd o micgorare aprecia-
bild a polarizarii trecind de la temperatun ]oase la temperaturi mai ridicate.

Potentialele stationare ¢, (7 = 0), variazd de asemenea cu temperatura (v
tab. 2). La ambele temperaturi electrozii cu continut de Cu (7,8 si 9) au valorile
cele mai mari. In cazul electrodului 8 modificarea nu este sensibild, dar la electrozi
7 1 9 ea se cifreazd la citeva sute de mV. Densitatea de curent limitd se méreste

Tabel :
Potentiale stationare la electrozii preparati dupid Dousek si Winsel
Nr. electrod 3 4 5 6 ' 7 { 8 . 9
9o (mV) 25°C — 250 - 266 - 276 --321 — 199 —420 —391
o, (MmV) 55°C —496 406 -- 381 - 364 —474 —432 —722
|

cu temperatura, iar curbele sc deplaseazd spre valori mai negative ale potentialu-
lui. Pentru aceeasi valoare a supratensiunii densitatea de cureut creste foarte
mult cu ridicarea temperaturii {se micgoreazd bariercle energetice din calea reactiei)
Ridicarea temperaturii peste 55°C este riscantd din cauza volatilizdrili metanolu
Tui.

Pentru a afla care este etapa limitativd in procesul de electrod, s-au calculat
energiile de activare aparente pentru electrozii 7, 8 1 9 la diverse potentiale (tab. 3)
Energiile de activare mici pentru supratensiuni mari ar pleda pentru o limitarc
datoratii difuziei; la supratensiuni relativ mici s-ar pidrea cd adsorbfia cste eta-
pa limitativa, eventual suprapunerea celor douid limitdri.

Tabel &

Energii de activare aparente la electrozii preparati dupit Dousek si altii

o (mV) A HaT) (kcal/mol) )
7 8 9
= 50 3,66 3,38 48
—150 5,04 3,98 6.2
- 175 5,48 1,07 6,5
—200 5,57 5,14 6,68
—250 10,08 5,43 6.8
—300 9,42 6,1 4,34
—350 14,98 9,5 13,8
—400 — 13,0 10.5
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in fig. 7 s-au reprezentat curbele |
7 = f(log 1), unde 7(= ¢ 4,) este supra- ) a5
tensiunea, 1ar o potenfialul actual. Modi-
ficarea pantel Tafel cu n intdreste presu-
punerea cd in cazul electrozilor 8 51 9 oxi-
darea metanolului are loc in doud trepte.
Citind valorile log ¢ pentru o supraten-
siune datd (100 m'V), se vede cd electrozii
cucontinut de Cu (851 9) prezintd valorile
cele mai mari ¢i prin urmare manifestd
efect electrocatalitic maxim in raport
cu ceilalti.

In concluzie, din aceastd serie de Fig. 7.
electrozi cei in care suportul de Ni—C
a fost partial sau total inlocuit cu Cu sau Fe ¢i Cu, au caracteristicile cele mai bune,
in special electrodul 9 continind ca suport 509, Fe si 509, Cu.

2. Electrozii din seria a doua au fost preparati din pulbere de aliaj Ni—Al
continind 429, Ni si material de suport din pulberi de Ni—C, Cu i Fe. Dupd pre-
sare sl sinterizare electrozii s-uu activat in KOH 6 M, la temperatura de 35°C
pind nu s-a obrervat degajare de hidrogen. Condi‘giilc de lucru au fost cele de la
prima serie de clectrozi, cu exceptia presiunii la care s-an presat pastilele : 2800,
3520 vi respectiv 3800 kgfjem?® (tab. 4).

Flectrozii 10, 11, 12, 15, 16, 17, 23, 25, 26 care contin catalizor Ni—Raney
st ca suport Ni—C 1009, au proprietdfi clectrocatalitice foarte slabe i 1n discutiile
carc urmecazd vom avea in vedere numai electrozii ce contin Cu in suport,

Urmarind curbele 7= f (¢) la 25°C pentru diverse compozitii la acecasi presiune
de presare (3520 kgf/em?, fig. 8), constatim o imbundtitfire fatd de electrozii cu
acceast compozifie din prima serie. Potentialul de oxidare se situeazd lu valori
mai negative cu cca. 80 mV, iar curentul limitd cste aproape de doud orl mai
mare. Curbele de polarizare

ale acelorasi electrozi presati R :

insd la 3800 kgffem?, pre- R )
zintd valorl mai mici ale cu- i e e
rentilor limitd (fig. 9) din Neo i

cauza micsordrii suprafetei

active (se reduce porozita- 3 e

tea electrozilor). A 1
Din ambele grafice reiese

¢d gi la acesti electrozi oxida- » B / .

rea metanolului se face in doud
trepte © prima treaptd pind la
aldehida, a doua pina la for-
miat. (Si aici s-a identificat
aldehida formicd ¢i nu s-a
decelat CO,7?%). Densitatea de
curent la care apare a doua
treaptd de reactie depinde de
presiunea la care au fost pre-
sati electrozii (deci de poro-

&

S~ T,

) -~
¥

I

—s) SSX -4 -0
i\q

Fig. 9.

- ¢




Date asupra electrozilor preparafi dupd Justi si Winsel

Tabel 4

ehj\c';'od 10 1 12 15 16 17 23 25 26 28
Ni—Al | Ni—Al | Ni—Al | Ni—Al | Ni—Al | Ni—Al Ni—C Ni—C Ni—-C | Ni-Al
+ 4 + + 4+ | Ni—AlL4|509 Ni— Al +|509, Ni—Al +| 500, +
Compo- Ni—C Ni—C Ni-¢ Ni—C Ni—C Ni-C Fe 509, Fe 509, Fe509, Cu
zitie 1:2 1:2 1:2 1:3 1:3 1:2,5 1:3 1:3 1:2
Presiune
(kgf/cm?) 2800 3520 3800 3520 3800 3520 3520 2800 3800 3520
Suprafata
aparenti
{cm?) 2,470 2,459 2,281 1,953 1,953 2,346 3,05 2,668 2,281 2,012
Masa
reald (g) 0,8519 0,9991 0,8614 0,5496 0,5714 0,9467 0,5986 1,1618 0,9060 0,5232
Masa
compacti
(g) 2,748 2,665 2.268 1,323 1,755 2,440 1,519 3,125 1,991 1,435
Porozitate
(%) 69 62,8 62,0 58,5 56,9 61,2 61,2 62,8 54,5 64,3
Tabel 4 (continuare)
eleg:l;o a 29 30 32 33 34 36 37
Ni-Al Nt—-C Ni—C Ni—C Ni—-C Cu 509, Cu 509,
+ Ni—Al+{50 o, Ni-—Al-t+ {50% Ni—Al-+ |50 ¢ Ni—Al+ {50 9, Ni—Al4 [ Ni— Al
Compo- Cn Cu 50, Cu 509, Cu 509, Cu 509, Fe 509, Fe 509,
zitie 1:2 1:3 1:2 1:2 1:3 1:2 1:2
Presiune
(kgfjem?) | 3800 2800 3520 3800 3520 3520 3800
Suprafata
aparentd
{cm?) 2,072 1,983 2,131 2,281 2,281 2,174 1,905
Masa
reald (g) | 0,6860 0,5190 0,6987 0,8897 0,9590 0,7235 0,4774
Masa
compacti
() 1,705 1,281 1,865 2,195 2,26 1,875 1,194
Porozitate
(%) 59,7 59,5 62,6 59,5 57,6 61,4 60,0
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zitatea lor), si de temperaturd (fig. 10 si 11). Fig. 10 reprezintd curbele cu-
rent-potential pentru un electrod avind aceeasi compozitie (Ni— Raney pe
suport de Ni-— C -+ Cu, in proporfie de 1:2), dar la trei presiuni diferite.
Se observi ca activitatea catalitici e cu atit mai buni cu cit porozitatea elec-
trodului e mai mare (presiunea de comprimare mai micd; v. fig. 10 si tab. 4,
col. 30, 32, 33). Fig. 11 reprezinti curbele de polarizare pentru electrodul 36 la
25, 35 si 55°C; cum e de asteptat, densitatea curentului-limiti corespunzitoare
oxidarii metanolului la aldebidd formicd e cu atit mai mare cu cit temperatura
este mai ridicatd. Asemenea reprezentdri au servit la calcularea energiilor de acti-

vare aparente AH7, . Calculul acestora (tab. 5) dovedeste cele constatate Ia prima
serie  de electrozi si anume: la supratensiuni mari si  mijlocii  difu-

Tabel 5
Energii de activare aparente la electrozii preparati dupd Justi si Winsel
+
AHap (kcal/mol)
o (mv)
28 l 29 1 30 ‘ 32 l 33 ! 34 ! 36 [ 37
— 50 3,15 2,79 0,63 2,9 3,43 1,13 1,35 1,63
—200 2,03 0,55 0,43 2,07 0,04 1,82 1,41 3,58
—400 4,9 5.15 8,05 14,7 ( 18,7 8,68 0,98 6,65
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Tabel 6
Potentiale stationare la electrozii preparati dupa Justi i Winsel
I 28 1 29 ‘ 30 32 : 33 ' 34 ' 36 1 37
G (MV) 25°C —441 — 435 - 433 -~ 413 — 404 -~ 426 I —~494 --428
g (V) 553°C -459 — 472 - 451 464 - 436 4531 | —500 —431

, zia este etapa determinanti de

- TR ! e
) vitezd, iar la supratensiuni mici
250 . 2
600 ‘ ~3% adsorbtfia sau transferul de sarcini.
50 Tabelul 6 reprezinti wvalorile
w p‘ot_ellglalelor stationare la 25
si 55°C.

s i : « -
n fig. 12 s-au reprezentat
-0 curbele v = f({log 7). Se observd si
ol aici cd procesul de oxidare nu
L logs decurge Intr-o singurd ctapd ;
* curbele permit selectionarea catali-

zorilor cu cele mai bune perfor-
mante.

Coneluzii. Se constatd cd prezenfa Ni—C in scheletul electrozilor are efect
negativ asupra proprietitilor electrocatalitice la oxidarea metanolului. Inlocuirea
lui partiald sau totald cu alte metale, de exemplu pulberi de Cu sau Cu si Fe, duce
la rezultate mai bune. Cei mai buni dintre electrozii incercati s-au dovedit electrozii
28 si 36 avind ca suport Cu sau amestec de Cu si Fe. Potentialele stationare pen-
tru acesti electrozi au valorile —440 mV si —490 mV, iar densitatile de curent
limita de 55 si respectiv 60 mAfcm? {toate valorile exprimate la 25°C).

Faptul cd la ambele serii de electrozi intr-un domeniu larg de supratensiuni
transportul de masi este etapa determinantd de viteza, ne face si credem ci
structura poroasd clasicd nu este cea mai potrivitd pentru a facilita desfisurarea
procesului de oxidare la interfatd, eliminarea produsilor de reactie ingreunind
aportul de substanti reactivid. Ne propunem continuarea cercetirilor in directia
imbunitatirii capacititii electrocatalitice a electrozilor de Ni-—Raney prin modifi-
carea unor parametri fizico-structurali i schimbarea materialului folosit ca suport.

(Intrat in redactie la 7 mai 1969)
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ANEKTPOOKUCJIEHUE METAHO/JIA (II)
Okucaenue Memanoaa Ha saexmpodax Ni— Raney ¢ pasiusubimy cyanopmam

(Pesmome)

ABTODH YCTAHOBUJIM, 4TO NPHCYTCTBHE HHKeJIEBOro KapGOHMJA B cKejere ajeKTpoiosB Ni—Raney
MMEEeT OTpHUATENbHBIH 3PheKT Ha 3JeKTPOKATAJHTHUECKHe CBOMCTBA NPH OKHC/IEHHH MeTaHoJa B Iuesoy-
uoM pacrsope. YactHyHast WM NMONHAS €TO 3aMeHa MeJHBIMH MOPOUIKAMH HJIH CMeCHIO XKejle3a H MeJH NpPH-
BOIHT K yJydulenuio pe3ynpratoB. OKHCIeHHe METaHOJMA Ha 3THX 3JeKTPOJaX NPOHCXOAHT B ABYX CTYy-
feHsIX, TaK, KaK 9TO 3aMeqaercst Ha MOJASPH3aLHOHHEIX KPHBHIX.

ELECTRO-OXIDATION OF METHANOL (III)
Oxidation of Methanol on Ni— Raney Electvodes with Various Supports

(Summary)

It has been found that the presence of mickel carbonyl in the skeleton of Ni—Raney electrodes
has a negative effect upon the electrocatalytic properties during oxidation of methanol in alkaline
solution. Its partial or total replacement with copper powder or iron and copper mixture leads to
improved performances. The methanol oxidation on these electrodes occurs in two stages as follows
form the polarization curves.






DETERMINAREA CINETICA A FIERULUI(III) CU BROMAT SI AMIDOL

de
AL. SUTEU, 1. AL. CRISAN si ZSUZSANNA KISS

La determinarea cinetici a Fe®+ s-au folosit mai multe reactii in care Fe3+
joacd un rol de catalizator. Astfel Jatimirski si Karaceva [1]au aritat
cd Fe®+ poate fi determinat pe baza actiunii catalitice pe care o exerciti asupra
reactiei de oxidare a iodurii cu H,O,. Goto §i Suzuki [2] au utilizat pentru
dozarea Fe®+t actiunea cataliticd a acestuia asupra oxidirii p-fenilen diaminei cu
H,0,. Szebellédy si Ajtai [3, 4] au ardtat cid acfiunea catalitici a Fe*
in reactia de oxidare a p-fenetidinei cu H,O, este maritd prin complexarea fierului
cu ao’-dipiridil sau sub formd de [Fe(CN),]*~. Krause [5] a determinat Fe®+
pe baza actiunii catalitice a acestuia asupra descompunerii apei oxigenate.

Principiul metodei. KBrO; oxideazi amidolul (2, 4 diaminofenolul) in anu-
mite condifii de aciditate si de concentratie la un compus colorat in rosu. Din in-
cercdrile noastre preliminare a reiesit cd jonul Fe®+ joacd un rol de catalizator
in aceastd reactie. Pornind de la aceastd constatare, in lucrarea de fatd s-a cdutat
sd se determine condifiile practice necesare pentru ca acest efect catalitic sd poatd
fi utilizat in scopul dozirii cantitative a Fedt

Viteza reactiei dintre KBrO, si amidol chiar si in prezenta Fe®t depinde foarte
mult de pH-ul solutiei. Experientele prealabile au aradtat cid la pH < 3 reactia
este extrem de lentd. La pH < 2 s-a constatat cd reactia este practic instantanee,
neputind astfel servi pentru dozarea Fe3+. In acest domeniu s-a mai observat
aparitia culorii (corespunzitoare amidolului oxidat) si in proba martor care nu con-
tine catalizator. S-a stabilit cd viteza acestei reactii se afld in dependentd lineard
de concentratie de Fe3+ la pH = 2,5.

Viteza acestei reactii depinde si de concentratia de KBrO;. Experientele au
aritat ci concentratia optimi de KBrO,; este 0.02 M. La aceastd concentratie
KBrO, oxideazd amidolul cu o vitezd mdisurabild numai in prezenta Fe3+, pro-
ba oarbi care confine numai KBrO; si amidol in aceleasi conditii de concentratie
si pH, colorindu-se foarte putin.

KBrO, oxideazi amidolul la un compus de culoare rogie avind un maxim de
absorbtie la 510 nm si un coeficient de absorbtivitate molard e;_si mm =881,9 cm?.
-mol-1, Curba de absorbtie este redati in fig. 1.

Pe baza studiului preliminar redat mai sus, se constatd cd existd posibilitatea
de a determina Fe®+ printr-o metodd cineticad de analizd. Se cunoaste [6, 7] faptul
cd la baza metodelor cinetice de analizi std urmdrirea variafiei unui parametru
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al sistemului in functie de
timp si de concentrafia unei
substante cu actiunea catali-
zatoare. Toate variantele
practice ale metodelor cine-
tice de analizd au la bazd o
relatie generalda de tipul:
WP ke 4b (1)
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unde P este parametrul ur-
marit (de ex. absorbanta), ¢
este timpul, x este concen-
tratia catalizatorului, iar a
si b sint constante care includ
toti parametrii constanti ai
unui sistem concret dat.
Reprezentind grafic va-
riatia absorbantei £ in functie
de ¢ pentru probe cu con-
centratii  [Fe?*] = x va-

riabile, mentinind constante concentratia’ bromatului ¢i amidolului la acelasi pH,
s-au obtinut dreptele din fig. 2.

potrivit relatiilor generale:

Fig. 2. Dependenta absorbantei in functie de
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Fig 8. Dependenta tg « in func-
tie de cantitatea de Fed*t.
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in cazul in care se urmireste un parametru ce depinde de concentratia unui produs
le reactie) sau:

—tg « =a'x + & (3)

in cazul in care se urmdreste un parametru ce depinde de concentratia unui reac-
:ant), se obtine o curba etalon tipicd. In cazul nostru, egalitatea (2) are forma
roncretd din fig. 3.

Se observi ci existd o variatie lineard a tangentel in functie de concentratia
je Fe3+ intre limitele de concentratii 1,91-10-2 — 13,3 p. g Fe3+4/25 cm?® de solutie.
Misuriatorile au fost efectuate cu un electrofotocolorimetru sovietic FEK—M.

Modul de lueru. La solutia care contine 1,91.10~2 — 13,3-10~% p Fe®* se adaugi 5 cm® solutie
le KBrO, M/10, 5 cm® amidol 0,1%, se aduce la pH = 2,5 cu ajutorul a § cm?® solutie tampon de
itrat de potasiu si H,S0, apoi se completeazd cu api la un volum final de 25 cm?® si se citeste
,bsorban‘ga cu ajutorul unui fotocolorimetrn la A = 510 nm, trasindu-se curba E = f{). Se calculeazi
g o si interpolindu-se aceasta pe curba etalon tg a = f (conc) se afli cantitatea necunoscuti.

Deoarece solutia de amidol nu este stabild, amidolul fiind ugor oxidat de aer, se recomandd ca
olutia si fic proaspit preparatd. Reactia este catalizati i de V5%, Cust, Mof* si Cu™ care inter-
‘ereazii denaturind rezultatele.

(Intrat in redaciie ia 22 februasic 1969)
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KHHETHYECKOE OIMPENEJIEHME JKEJIE3A (1II) BPOMATOM
U AMUIIOJIOM

(Pesome)

B paGore onxceiBaeTCs HOBBIA MeToJ onpefeienns Fedt, ocHoBaHHBIN Ha ero KarajgHTHUeCKOM JeficT-
3MH Ha DeaKUHIO OKMCJAEHHS aMijioaa ¢ noMouipio KBrO,. [Tokaszano, urto KatanuTiueckuil s¢pdexr spaser-
sl onTHManbHeiM npH pH=2,5, KBrO, 0,02 m, amugon 1.61. 1073 M u urto cyuecrByer /MnHefinasi 3aBH-
TMMOCTb Mex 1y KosinuectsoM Fed+ (1,91 —13,37.1072 ur/25 cm®) u tge npsMeix E = (BpeMms), NoJyYeHHbIX
3 3THX VCJIOBHSX.

DETERMINATION CINETIQUE DU FER (III) PAR LE BROMATE ET L'AMIDOL

(Résumé)

Les auteurs exposent une nouvelle méthode de détermination de Fe?™ utilisant son action cataly-
tique sur la réaction d’oxydation de I"'amidol par KBrO,. Ils montrent que leffet catalytique est opti-
mal pour pH = 2,5, KBrO, 0,02 M, amidol 1,61-107% M et qu'il existe une dépendance linéaire entre
a quantité de Te¥t (1,91—13,37-1072 pg(25 cm®) et tg « des droites E = f (temps) obtenues dans
zes conditions.






COMPLECSI AI METALELOR TRIVALENTE CU HIIDROXIACIZII
ORGANICI (XXXIII)

Cercetdri spectrofotometrice asupra ferilactatilor

de
ZENO ANDREI si ADRIANA BARTES

Cu privire la complecsii ferilactici se cunosc trei studii spectrofotometrice
1—3] si unul polarografic [4]. Cele trei cercetiri spectrofotometrice, efectuate
n domeniul de pH: 1,5 — 5,0, au condus fiecare la o altd concluzie. Astfel, P i-
nenta si SilvaCarmo [1]gédsesclapH 2,00 — 2,05 un singur complex 1:1,
rifonov si Vitanov [2] pun in evidenia trei complecsi avind rapoartele
le combinare H,L :Fe (unde H,I, = acid lactic) de 1:1, 2:1 si 3:1, iar dupd
Bahore si Bhardwaj [3]intre pH-ul 3,0 si 5,0 s-ar forma un singur complex
-u raportul de 2H,L:1 Fe.

Lucrarea de fa{d completeaza seria cercetdrilor spectrofotometrice, intreprinse
le colectivul nostru [5—8], asupra complecsilor ionului Fe (III) cu hidroxiacizii
organici, formati in mediu puternic acid (pH:0,2 — 1,3).

Compozitia complexului ferilactic si valoarea constantei sale de echilibru s-au
leterminat prin metodele lui Job [9], Edmonds si Birnbaum [10],
Heller si Schwarzenbach [11], utilizate in Iucrdrile noastre anterioare
unde sint descrise procedeele de aplicare [6, 7].

Partea experimentald. S-au trasat curbele de absorbtie ale solutiilor 0,02 m de Fe(ClO,),, de acid
actic si ale amestecurilor lor in raporturile de 7:3, 1:1 si 3H,L: 7Fe, intre 300 si 460 nm (fig. 1).
‘oate solutiile mai contineau acid percloric 0,1 m, care asigura o valoare constanti atit pentru con-
entratia ionilor H*, cit i pentru forta ionici a solutiilor, o dati cu suprimarea practic totali a hidro-
zei jonilor ferici.

Misuritorile s-au efectnat cu un spectrofotometru Zeiss VSU—1 folosind cuve de cuarg avind
rosimile cuprinse intre 0,1 si 3 cm, astfel alese incit valorile extinctiilor citite si se situeze in dome-
iul lor optim de misurare. Pentru comparatie s-a utilizat o solutie apoasid 0,1 m de acid percloric.
‘n curbele de absorbtie din fig. 1 sint date valorile astfel m3surate ale extinctiilor, raportate insi la
rrosimea d = 0,5 cm a stratului de solutie, pentru ca diagrama si fie suficient de clari.

In fig. 1 mai este redati si curba de absorbiie a amestecului ferilactic cu un mare exces de acid
actic (perclorat feric 1.10% m gi acid lactic 2,0 m), in comparatie cu o solutie avind aceeasi concen-
ratie in acid lactic. Pentru o reprezentare adecvati extinctiile acestui amestec au fost raportate la
"= 1,0 cm.

Pentru determinarea raportului de combinare in complex s-au trasat curbele abaterilor de la
iditivitate AE ale amestecurilor izomolare ferilactice, avind concentratiile globale in sare ferici si acid
actic, a -4 b, cuprinse intre 0,01 si 0,10 m (fig. 2). Amestecurile mai contineau acid azotic 0,1 m,
lin aceleasi motive aritate mai sus. S-a lucrat la lungimea de undi X = 405 nm, unde absorbtia solu-
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I"ig. 1. Curbele de absorbtie ale solutiilor de acid lactic 0,02 m  Fig. 2. Curbele abaterilor de |
{a), perclorat feric 0,02 m (e) si ale amestecurilor lor in ra-  aditivitate a extinctiilor pentru ame
porturile de 7:3; 1:1 ¢i 3:7 (b, ¢, d). Toate solutiile mai  stecurile izomo are d» acid lactic -
contineau HCIO,; 0,1 m. Extinctiile sint raportate la grosimea -+ Fe(NO,),: a) 0,10 m; b) 0,06 m
stratului d == 0,5 cm, in comparatie ecn HCIO, 0,1 m. Curba f ¢) 0,04 m; ) 0,02 m si ¢) 0.0ln
corespunde acidului lactic 2,0 m + Fe(ClOy); 11078 m =01 m; %= 405 nm; g = 1,00
- HCIO; 0,1 m in comparatie cu acid lactic 2,0 m + HCIO, d == 3f(a -+ b)-10% cm.

0,1 m (@ = 1,0 ecm).

tiflor se datoreste practic doar complexului studiat (fig. 1). In fig. 2 curbele au fost trasate in funct
de compozitia amestecurilor, exprimati prin proportia relativd a aciduluilactic Xu,1,. Valorile extincti
lor, mdsurate in cuve de dimensiuni astfel alese incit misuritorile si aibd precizia maximi, au fo
raportate la grosimi d date de condifia d = 3/(a + 5)10% pentru ca toate curbele si fie redate convi
nabil in diagrami. Totodatd in acest fel se scoate mai bine in evidentii efectul dilutiei asupra stab
litdtii complexului. Datele experimentale astfel ob{inute au fost utilizate §i la determinarea constant
de echilibru a reactiei, conform relatiei (4).

Pentru aplicarea celorlalte metode de calcul s-au determinat extinctiile a sase serii de amestecu
de azotat feric i acid lactic la gase concentratii de acid azotic cuprinse intre % = 0,05 si 0,60 n
Compozifiile amestecurilor §i valorile extinctiilor ma3surate sint date in tabelul 1. Extinctiile au fos
misurate in  cuve avind grosimile cuprinse intre 0,5 si 3,0 c¢m; pentru uniformitate in tabelul
valorile lor au fost raportate la d == 1 cin. I'orta ionicid a amestecurilor p = 1,00 s-a pistrat constant
cu azotat de sodiu.
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Tabel 7
Valorile extinetiilor misurate in amestecurile ferilactice la diferite acidititi /
(b ==510"% m; g = 1,005 %= 405 am; T = 25°C; 4 := 1,0 em)
Valorile extinctiilor la concentratia /1 cgala cu
a —

0,05 0,10 0,15 0,25 0,40 0,60
0,050 0,519 0,172 0,094 0,044 0,025 0,015
0,066 0,628 0,237 0,118 0,054 0,030 0,018
0,100 0,731 0,294 0,158 0,076 (1,040 0,026
0,200 0,876 0,395 0,248 0,128 0,070 0,046
0,350 0,894 0,489 0,331 0,181 0,105 0,069
0,500 — 0,502 0,358 0,214 0,129 0,097

Interpretarea rezultatelor experimentale. Curbele abaterilor de la aditivitate
ale amestecurilor izomolare ferilactice (fig. 2) prezintd toate un maxim net la ra-
portul de 1:1, indiferent de conditiile experimentale (fig. 1). La » << 300 nm ex-
tinctiile amestecului cu raportul de 3H,I,:7 Fe sint mai mari decit cele ale rapor-
tului de 1HLI. :1T%, deoarece intervine anhsorbtia puternicd a ionilor Fe(III) liberi
in exces. Deoarece curbele de absorbtie din fig. 1 isi pdstreazd alura cu cresterea
excesului de acid lactic (curba f), rezulta ca in conditiile studiate existd un singur
complex ferilactic avind raportul de combinare de 1:1.

Prin analogie cu actiunea ionului Fe(I1T) asupra altor hidroacizi organici (gli-
colic [8], tartric [6], citric [7], mandelic [8] ) se poate considera cd reactia acestui
ion cu acidul lactic la pH apropiat de 1 este

H,I, + Fe?+ = (I'eH,_;L)*~/ + jH* (1)
avind constanta de echilibru

O A (1)

[ P Y )

uude ; este numdrul de protoni dislocati din molecula acidului lactic de citre ionul
¥e(I11), & este concentrafia de echilibru a ionilor H+, x este concentratia de echi-
libru a complexului format, iar @ $i b sint concentratiile initiale in acid lactic si
sare fericd din amestecuri. Deoarece acidul Tactic are doi hidrogeni ionizabili Inseam-
nd cd j poate avea doar valorile j = 1 sau j = 2.

Dupi Edmonds si Brinbaum constanta de echilibru (1) depinde
de extinctiile solutiilor (E) si de concentratiile acidului lactic, aflat in exces, conform
relatiei

(7 ay — Eyap) « B
b= e Daly) 2
i aa (I, — ) ( )
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Fig. 3. Determinarea grafici pe baza ecua- Fig. 4. Determinarea grafici pe baza ecuatie
tiel (3) a lui 5 i %j. (4) a lui &,.

ce poate fi adusd sub forma lineard

a,2,(E, — Ey)

Esa, — Esay

log =4 log h — log &; 3)

careia, In cazul valorilor experimentale din tabelul 1, ii corespunde dreapta din
fig. 3. Prelucrind aceste date prin metoda celor mai mici pitrate s-a gisit j =
= 1,11, adicid prin formarea complexului ferilactic se pune in libertate un ion H+,
dislocat din molecula acidului lactic dupd reactia chimica

H,L -+ Fe*+ < FeHIL? + + H+ (I1

pentru care £, = 0,558 la p = 1,00,

Expresia matematicd a constantei &, (1) mai poate fi adusi sub forma lineari[6]

a - a i
b +b, b (4)

unde ¢ este coeficientul de extincfie al complexului. Aplicind ecuatia (4) datelor
furnizate de amestecurile izomolare (fig. 2) se obfine dreapta din fig. 4, pentru
care k, = 1,362 la forfa ionicd p = 0,30 4 0,10,
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Dupa Heller si Schwarz-
enbach expresia constantei &;(1)
ia forma lineard

ki

b 1 1

=Tt o O

D € 3 (a — EJ¢)

unde E/e( = x) reprezintd corectia
pentru concentrajia de echilibru
a acidului lactic. Deoarece in con-
ditiile amestecurilor cu exces in acid
lactic (tabelul 1) a» E/e si relatia
(5) devine

W1 )

ki-e a

b
E

~ 1y

formi la care se mai poate ajunge
plecind de la ecuatia (4) unde va-
loarea lul b se neglijeazd fatd de
a (deoarece a » b).

Aplicind ecuatia (6) datelor
experimentale din tabelul 1 s-au
obtinut, prin extrapolare, dreptele
redate in fig. 5, din a céror pantd
si ordonatd la origine s-au gisit
valorile constantelor %, si &, date
in tabelul 2. Se remarcd faptul ca
valorile lui %k, rdmin constante, in
timp ce cele ale lui £, cresc o data
cu aciditdtile,

Se poate deci conchide ci, spre

30~

20 ]

ﬂ,"a, —ts

Fig. 5. Determinarea grafici pe baza ecuatiei (6) a

lui &, si k, la diferite acidititi. a) 4 = 0,60 m; b) & =

=040 m; ¢) A =025 m; d) 2 =015 m; ¢ 5 =010
m gi f) A= 0,05 m.

deosebire de comportarea celorlalfi hidroxiacizi studiati de noi — glicolic, tartric,
citric si mandelic — din a cdror molecule sint deplasai 2 ioni H¥, la formarea

Tabel 2

Valorile econstantelor de echilibru %, si 2, ealenlate pe baza datelor din tabelul 1 eu ajutorul relatiei (6)
Ia %= 403 nmj p=1,00; T =25°C si d = 1,0 em

R By ky
0,05 0,667 0,0334
0,10 0,667 0,0667
0,15 0,614 0,0921
0,25 0,619 0,155
0,40 0,633 0,253
0,60 0,605 0,363

5 — Chemia 11/1969
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complexului ferilactic se elimind un singur ion H+, conform reactiei (II), a cire
constantd de echilibru are valoarea medie %, = 0,596 4 0,038, la p = 1,00 s
T = 25°C.

(Intrat in redactie la 12 martie 1966
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KOMIWVIEKCH! TPEXBAJIEHTHBIX METAJIJIOB C OPTAHUUYECKMMHM THOPOKCHU-
KHCJIOTAMHM (XX XIID)

Cnesmpogpormomempudecroe uccredosarue peppuiaxmamos

(Pesiowme)

Hcnoapsyst crexTpodoTorMeTpHUECKHe MeTO b, ABTOPHE yeTaHOBHIH, yto npr pH < 1,3 nou Fe (111
00pasyeT ¢ MOJOUHON KHCIOTOIl KOMIJIEKC NMYTEéM BBUIENCHHS BOJOPOAHONO HOHA. PaBHOBeCHAs! KOHCTAHT:
Peakunl HMeeT cpefHee sHadende A, = 0,5964:0,038 npy p = 1,00 u TeMn-pa = 25°C.

COMPLEXES DES METAUX TRIVALENTS AVEC LES HYDROXVYACIDES ORGANIQUE!
(XXXIID)
Rechevches spectrophotométrigues swur les fervilactaies
(Résumé)
En employant des méthodes spectrophotométriques, les autenrs ont trouvé qu'avec le pIl « 1,

l'ion ¥e(I1I) forme avec Vacide lactique un complexe par élimination d'un ion d’hydrogéne. La con
stante d’équilibre de la réaction a pour valeur moyenne £, = 0,596 £ 0,038 &4 u = 1,00 et T == 25°C



L’ACIDE H[SiMo,,V,0,,] UN NOUVEI, INDICATEUR REDOX
REVERSIBLE DANS LE TITRAGE BROMATOMETRIQUE DU Sb3+

par
A. SUTEU et JULTANA LEB

Dans un ouvrage antérieur [1] nous avons démoutré que I'acide phosphomolyb-
dovanadique se cemporte comme un indicatenr redex réversible dans le titrage
bromatométrique du Sb*+. En continuant 1'¢tude de Ia possibilité d’utilisation des
hétéropolycombinaisons comme indicateurs, daus le présent travail on a étu-
dié la possibilité de I'emploi de 'acide Hq [SiMo,,V,0,0] en qualité d'indicateur re-
dox dans le titrage bromatomeétri ique du ShPt

Sbet+ réduit tres vite lacide silicon:ol }bdox anad1que 4 un composé intensé-
ment coloré en bleu avee un coefficient molaire d’absorption e = 10.000 cm*mol 1
(% = 660 mm). Ce compesé n'est oxydé par KrBrO; qu’apres oxydation de toute
la quantité de Sh?+. Des ce moment la forme réduite colorée en bleu de 'hétéropolya-~
cide est trausformée trés vite, passant a la forme oxydée colorée en jaune orange
(g2 = 5.500 emPmol™!, % = 420 nm).

Ce comportement permet l'utilisation de l'acide ciliconﬁolvbdovanadique en
qualité d’'indicateur dans le titrage bromatométrique de Sh3+

Kokorine {21 a propoesé Iemy loi de cet acide comme réactif pour le dosage
photocolerimétrique du Sb?+ dans les alliages de typographie. Kokorine a démontré
qu'on obtient une intensité maximum de la coloration dans la réaction de réduc-
tion de 'hétéropolyvacide avec Sb¥+ pour un domaine de concentration de 1—-2 n
H,S0,.Dans le milieu de HCl Vintensité est maximum 24 la concentration de 0,4 n;
c’est poutrquoi le titrage du Sb3+ en présence de Vacide silicomolybdovanadique
a été exécuté en solution de H,80, 2 N.

Comme dans le cas précédent [1], pour vérifier la méthode on a comparé par
la statistique, premiérement les résultats obtenus par titrage bromatométrique du
Sh3+ en utilisant Tacide silicomolybdovanadique comme indicateur, et les résul-
tats obtenus par titrage en présence du méthoylorange. Ensuite on a comparé ces
deux groupes de rézultats avec ceux obtenus par le titrage potentiométrique.

Dans le tableau n® 1 sent donnés les résultats obtenus pour le titrage de 20 ml
SbCl; &~ 0,1 n avec tne solution de KBrO, 0,1 n, F = 1, 0018 en u‘mhsant comme
indicateur Vacide Hg[SiMo,, V04 ] et dans le tal; lmu n® 2, les titrages effectués
en utilisant le méthylorange

Dans la figure 1 est représentée la courbe du titrage potentiométrique de 20 ml
Sh*+ 0,1 n, F = 1,0018. Pour trouver le point d’équivalence par le titrage
potentiométrique, on a employé la méthode de calcul proposée par Hostetter
et Roberts [3].
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Tableau
La titration Sh3™ 4 KBrO,. indicateur 'acide silicomolybdovanadique

No. ml KBrOQ, g Sb Observations

1 22,50 1,3750

2 22,51 1,3728 X = 1,3722

3 22,60 1,3783

4 22,42 1,3651 st = 3,52.10—%

5 22,52 1,3734

6 22,50 1,3722 Sz == 1,98-1073

7 22,45 1,3680

8 22,55 1,3750

9 22,46 1,3691

Tableau

No. ml KEBrO, ¢ Sb Observations

1 22,56 1,3760

2 22,60 1,378 X = 1,3753 g Sb

3 22,54 1,3746

4 22,60 1,.3780 s2 = 1,5.10"3

5 22,54 1,3746

6 22,51 1,3728 Sz == 1,2.1073

7 22,60 1,3780

8 22,54 1,3746

9 22,60 1,3780

On a effectué trois titrages potentiométriques; les résultats obtenus pour le

point d’¢quivalence dans ce titrage sont: 22,51 ; 22,52 et 22,53 ml ; la valeur moyenne
est V; == 22,52 ml, qui correspond a une quantité de 1,3710 g Sb.

On est passé ensuite a la comparaison des dispersions (critérium 7).

En comparant la dispersion de sélection s, obtenue par le titrage en présence
de T'acide silicomolybdovanadique, avee la dispersion de sélection s? obtenue pai
le titrage en présence de méthylorange, on obtient

. 3.52.10-¢ = oz
et — = 2385 (o0 = 0,95 &, = k, = 8).
1,50.10~¢
Puisque 2,35 < 3,44, valeur de la variable I correspondant a %k, = k, = §
et o = 095, il résulte que la différence qui existe entre ces deux dispersions est
insignifiante, c’est-a-dire que ces deux dispersions donnent comme estimation la
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méme dispersion génerale ¢% autrement
dit les deux méthodes ont des précisions
égales.

Pour établir ensuite s’il y a une
différence essentielle ou due au hasard
entre les moyennes obtenues par ces deux i
méthodes — avec l'acide silicomolybdo-
vanadique et le méthylorange comme
indicateur—on a appliqué le critérium t.

On a calculé la valeur de la variable ¢
a laide de la formule

Emy

t= —2— = 1,955 dans laquelle E B
52 1 k8a0; Ofn
Fig 1. La titration potentiométrique du 20 ml
2 2 EbCL, A~ 0,1 N avee KBrO,; 0,1 n I = 1,0018.
§ = kyst -k sy
Ry -k

Puisque 1,955 < 2,12 la valeur tabellaire de la variable t correspond a4 &, -+ &, =
= 16 et « = 0,95, donc il résulte comme davs les cas précédents que les deux résul-
tats sont identiques au point de vue statistique, une différence jntervenant seule-
ment par hasard.

Pour établir s'il y a une différence sigpificative entre les moyennes obtenues
par ces deux méthodes de titrage — avec Pacide silicomolybdovanadique et le méthyl-

orange comme indicateurs — et le résultat obtenu par titrage potentiométrique,
considéré comme valeur réelle — on a calculé la valeur de la variable ¢ a laide

de la formule:

Dans le cas du titrage en présence de l'acide silicomolybdovanadique
y

13722 — 11,3710
1,98-1072

t == 0,76 < 2,6 = {, pour

k=8 et o =095 Cest-a-dire que les deux résultats sont identiques au point
de vue statistique, une différence intervenant seulement par hasard. Dans le cas
du titrage en présence du méthylorange.

;. 13752 — 18710

= 2,16 < 2,3 = ¢, pour k=8 et « = 0,95.
1,98 - 103

Par conséquent, semblablement au cas précédent, les résultats obtenus confor-
mément a la méthode utilisant comme indicateur le méthylorange ne présentent
pas de différences significatives par rapport a la méthode potentiométrique.

Ensuite on a calculé, sur la base des données du titrage potentiométrique,
le potentiel correspondant au point d’inflexion, en utilisant la méthode de calcul
proposée par Hahn [4]; la valeur obtenue est £, = 768,1 mV.

ILe potentiel de virage de l'acide silicomolybdovanadique déterminé expéri-
mentalement en mesurant le potentiel correspondant au changement de couleur
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del'indicateur, dans le titrage bromatométrique du Sb3+, est égal & E,, sicasonr = 770 mV
On peu constater, en comparant ces deux données, que l'indicateur présente un vi
rage au voisinage du point d’équivalence.

Méthode de travail. On a ajouté a ’essai contenant Sh3+, 20 ml H,SO, (1:1)
que lon a dilué dans un volume final d’environ 100 ml, en y ajoutant 5 ml de so
lution de P'acide Hg [SiMo,,V,04] m/100, et on a titré avec du KBrO; 0,1 n jusqu’at
virage de la couleur bleu au jaune orangé.

La quantité prise de l'acide silicomolybdovanadique n’influence pas le résul
tat, parce que lindicateur fonctionne sans consommation de réactif, présentan:
a la fin du titrage comme & son commencement un état d’oxydation identique

Les tentatives faites pour déterminer la composition de la forme réduite de
I'hétéropolyacide n'ont douné, dans ce cas non plus, aucun résuitat satisfaisant

Conelusions. De l'exposé ci-dessus ressort que acide silicomolybdovanadique
peut étre utilisé avec succes comme indicateur redox réversible dansle titrage broma-
tométrique du Sb?+. On a établi a I'aide de la méthode statistique que la méthode
proposée, comparée 4 la miéthode potentiométrique ainsi qu'a la méthode utilisant
comme indicateur le méthylorange, n’est pas affectée par des erreurs systémati-
ques.

(Manuscrit vegu le 12 mars 1969,

BIBLIOGRAPHIE

1. C. Liiteanu et A Suteun, Zhur. analit. Khim., 23, 445 (1968).

2.A. I Kokorin et N. A, Polotebnoya, Trudy Komisii Anal. Khim. dkad. Nauk.
SSSR. Inst. Geokimi. Anal. Khim. 7, 203 (1956).

3.1. ¢. Hostetter e¢ N. G. Roberts, J. Amer. Chem. Soc., 41, 1341 (1919).

4. F. Haln, Z. analyt. Chem., 87, 263 (1931).

ACIDUL Hy[SiMo,, V.0, UN NOU INDICATOR REDOX REVERSIBIL IN TITRAREA
BROMATOMETRICA A Sh¥T

(Rezumat)

In lucrare se arati ci acidul Hy[SiMo,,V,0,,] poate fi utilizat cu succes ca indicator redox rever-
sibil in titrarea bromatometrici a Sh3%. Compararea statisticd (criterinl T si criteriul t) a rezultatelor
obtinute la titrare in prezenta acidului silicomolibdovanadic cu rezultatele obtinute la titrarea in pre-
zentd de metilorange si cele obtinute prin titrare potentiometricdi, a ardtat cit rezultatele obtinute in
prezenfa noulni indicator nu sint afectate de o eroare sistematicd.

KHCTIOTA Hg [SiMoyVaOs) — HOBBIIT OBPATHMBII PEJIOKCHBIF HHIIMKATOP
B BPOMATOMETPHYECKOM THTPOBAHMHU Sho+

(Peswome)

B paGore noxazsiBaercs, uro kuciaota He [SiMo, V,0y) MoOXKeT yeneuHo HCIoAb30BaTBCS B KAYECTBE
0o6paTHMOro PelOKCHOTO HHIHKATePa B GPOMATOMETDHUECKOM THTPOBAHIH Sh3+. CTaTHCTHUEC KO CpaBHeHHE
(xkputepuii F u KpuTepuil t) pe3yJbTaToB, NMOJIYYEHHBIX NPH THTPOBAHMH B NDHCYTCTBHH CHJHKOMOJIHO-
JOBaHAA¥EBOI KHCIOTHI, € Pe3y/JbTATAMH, I1OJYYeHHBIMH TIDH THTPOBAHHH B IIDHCYTCTBHH METHJAODAH KA,
H C pe3y bTaTaMH, TOJYUYeHHBIMH [TOTEHIHOMETPHYECKHM THTPOBAHHEM, I10KA3aJ0, YTO Pe3yJbTaThl, MOay-
4eHHble B NPHCYTCTBUH HOBOTO HHAHKATOpA, He 3aTPOHYTH CHCTEMATHYECKOH OWHOKOH.



TETRADENTAT-KOBALT(III)-CHELATE MIT
ATHVYILENDIIMINO-BIS-ACETYLACETON (IV)*

€SABA VARHELYI, COSTA STANISAV und ERICA HAMBURG

Die Schiffsche Base: Athylendnmlno-bm acetylaceton (C,H,,N,0,), welche
durch Kondensierung von 1 Mol Athylendiamin mit 2 Mol Acetylaceton entsteht
[1], bildet mit Ubergangsmetallen Tetradentat-Chelate. Morgan und Smith
[2, 3] haben ein Nichtelektrolyt-Chelat des zweiwertigen Kobalt: [Co{ec)(H,O),]
dargestellt.

In fritheren Arbeiten [4—6] wurden einige Kobalt (I11)-Chelate aus dem erw#hn-
ten Nichtelektrolyt durch Oxydation mit Perhydrol in Gegenwart von heterocycli-
schen Aminen und Aminchlorhydraten (Pyridin, Picolin) erhalten.

2[Cofec) (H,0),] + 4Py + H,0, + 2H+ = 2[Co(ec) (Py)e]* + 6H,0
(,,ec” = der koordinierte Chelatbildner: C;;H,;zN,0,)

Die Synthese der Diaquoverbindung [Co(ec)(H,0),] fithrt nur zu schlechten
Ausbeuten. Aus dieser Ausgangssubstanz konnten wir keine [Co(ec)(Amin),]X-
Derivate mit aliphatischen und aromatischen Aminen darstellen.

Wir konnten feststellen, dass die [Co(ec)(Amin),]X-Chelate sehr leicht aus
den Komponenten durch Luftoxydation in wisserigen-alkoholischen L&sungen
mit guter Ausbeute entstehen.

2Co*t+ 4 2 ec-H, + 4 Amin -+ 1/20, = 2[Co(ec)(Amin}),}* 4+ H,0 - 2H+ -

Die obenerwiahnte Schiffsche Base ist ein vierzdhniger Chelatbildner und die
damit entstehenden Kobalt(III)-Verbindungen konnen in fiinf stereoisomeren
Formen (zwei Paare von optischen Antipoden und eine inaktive, trans- Modifikation)
auftreten [5, 6]. Wir nehmen an, dass bei der Synthese nur die inaktive Form,
welche vom energetischem Standpunkt die bestindigste Modifikation ist, entsteht.

In dieser Arbeit haben wir die Luftoxydation der Kobalt(II)-Salze in Gegen-
wart von Athylendiimino-bis-acetylaceton und aromatischen Aminen untersucht
und drei neue Komplexkatione der Diacido-tetramin-Reihe: [Cofec)(Anilin),]+,
[Co(ec)(m-Toluidin), ]+ und [Co(ec)(p-Toluidin),* erhalten und charakterisiert.

Die Zusammensetzung der Tetradentat-kobalt(IlI)-Chelaten wurde durch
doppelte Umsetzungsreaktionen bestitigt. Es wurden 23 neue Xomplexsalze be-
schrieben. Die [Cofec)(Amin),]X-Salze mit farblosen Anionen sind braune, kris-
tallinische Substanzen.

* III. Mitt. R. Ripan, Cs. Varhelyi und A. Nyes§, Z. anorg. Chem., 341, 103 (1965),
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Zur XKldrung einiger Strukturfragen wurden auch spektrophotometrische
Untersuchungen im UV-und IR-Bereich durchgefiihrt.

EXPERIMENTELLER TEIL. [Co(ec)(Anilin),]-acetat und [Co(ec}(Toluidin),]-acetat-LSsungen
7,5 g (30 mMol) Co(CH;—COO), - 4 H,0 werden in 50 ml Wasser aufgel8st und mit einer Mischung
von 6.75 g Athylendiimino-bis-acetylaceton (ec. H,) (30 mMol) und 60 mMol Amin (5,65 g Anilin, odex
6,5 g meta-, bzw. para-Toluidin) in 125 ml Athanol versetzt. Die so entstandene braune Fliissigkeit
wird mit einem starken Luftsstrom 3—4 Stunden lang oxydiert, dann von den Oxydationsnebenpro-
dukten abfiltriert und mit 50 proz. Athanol aunf 200 ml Volumen aufgefiillt. 50—50 m! von diesen
S-ammlésungen enthalten 7,5 mMol [Co(ec)(Amin),]-acetat. Aus den so hergestellten StammlSsungen
crhalt man die tibrigen Salze durch doppelte Umsetzung.
™ Bromide. 25 ml der Stammlbsung werden mit 5 g NaBr in 15 ml Wasser vereinigt. Nach 3 bis
mtiindigem Stehenlassen werden die gebildeten Kristalle abfiltriert.

Jodide werden aus 25 ml Stammlésung mit 5 g KJ in 15 ml Wasser erhalten.

Peychlovate werden aus 25 ml Stammldsung mit 3 g NaClO, in 10 ml Wasser erhalten,

Picyate. Fiir die doppelte Umsetzung verwendet man 150 ml 1 proz. Picrinsiure und 25 ml
Stammlésung.

Tetvanitro-diammin-kobaltiake. 1,5 g Erdmann-Salz: NH,[Co(NO,),(NH,),].11,0 werden in 100 ml
(L-Ps-“i)xoz‘ Essigsdure geldst und mit 25 ml Stamml8sung behandelt.
™™ Reineckate. 1,25 g Reinecke-Salz: NH,[Cr(NCS),(NH,),]-H,0 werden in 200 ml Wasser gel8st
und mit 25 ml Stammldsung behandelt.

Rhodanylate. 1,4 g NH,[Cr(NCS),(Anilin),]-H,0 werden in 25 ml Athanol gelést, mit Wasser auf
100 m! Volumen aufgefiillt und mit 25 ml Stammlésung versetzt.

Tabelle 1
Neue Komplexsalze vom Typ [Co(ee)(Anilin),]X
Analyse
No. x Mol Gew. A‘QS‘)" Charakteristik
er. (% Ber. Ge.
1 Br 547,1 32 Hexagonale, Co 10,77 10,48
braune Platten N 10,24 10,10
2 J 594,1 23 Braune Nadeln Co 9,92 10,10
N 9,43 9,25
3 Cl104-H,0 584,6 20 Rhomboedrische, Co 10,08 10,13
braune Prismen
4 Picrat 695,2 46 Rotbraune Nadeln| Co 8,46 8,26
N 11,20 11,06
5 [Co{NH,),(NO,),] 744,1 43 Unregelmissige, Co 15,84 15,73
gelbbraune Pris-
men N 19,08 18,86
Cog0, + 1/2 Cr,04
6 1/3[Cr(NCS8),] 1801,5 75 Gelbbraune mikro- 17,56 17,84
krist. Masse N 13,98 14,10
7 | [Cr(NCS),(Anilin),] 937.4 63 | Gelbbraune mikro-| 1/3 Coy0, + 1/2 Cr,0,
krist. Masse 16,57 16,33
N 14,94 14,60
8 [Cr(NCS),(NH,),] 785,2 42 Gelbbraune mikro- { 1/3 Co,04 + 1/2 Cr,O,
krist. Masse 19,90 20,03
N 17,84 17,70
9 [Cr(NCS),4(p-Toluidin),] 965,42 70 Geibbraune mikro- | 1/3 Co,04 -+ 1/2 Cr,0,
krist. Masse 16,19 16,30
14,51 14,40
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Tabelle 2
Neue Komplexsalze vom Typ [Co(ec)(m-Toluidin),] X
Analyse
No. X Mol].} Gew. “\Sfb’ Charakteristik
ex. (90) Ber. Gef.
10 Br 574,1 16 Braune, thombo- Co 10,25 10,04
edrische Platten N 9,76 9,60
11 J 621,8 25 Braune Nadeln Co 9,49 9,42
N 9,00 8,80
12| [Co(NH,),(NO,),] 772.2 42 | Gelbbraune Co 15,27 15,09
Dendryte N 18,13 17,99
1/3 Co 0, + 1/2 CryO4
13 [Cr{NCS8)(NH,),] 813,2 57 Gelbbraune mikro- 19,22 19,08
krist, Masse N 17,21 17,33
1/3 Co;0, + 1/2 Cr,0,
14 [Cr(NCS),(Anilin),] 965,5 47 Gelbbraune mikro- 16,19 16,20
krist. Masse N 14,50 14,36
15 [Cr{NCS),(p-Toluidin), ! 993,6 50 Gelbbraune mikro- | N 14,10 14,038
kirst. Masse
16 13 [Cr(NCS) 4] 1885,7 75 Hellbraune mikro- | CoyO, + 1/2 Cr, Oy
krist., Masse 16,80 16,84
Tabelle 3
Neue Komplexsalze vom Typ [Co(ec)(p-Toluidin),]X
Analyse
No. X MOI]'% Gew. A%‘?h' Charakteristik
eI (%) Ber. Gef.
17 Br 574,1 36 Braune, rhombo- Co 10,25 10,01
edrisclie Prismen N 9,74 9,59
18 Picrat 733,2 44 Gelbbraune mikro- | Co 8,04 7,84
krist. AMasse N 13,36 13,20
19 [Co(NH,),(NO,),] 772,2 58 | Unregelmiissige, Co 15,27 15,11
gelbbraune Tafeln N 18,13 18,07
20 [Cr{NCS),(NH,),] 813,2 60 Gelbbraune mikro-| Co,0, + 1/2 Cr,0,
krist. Masse 19,22 19,11
N 17,21 17,09
21 [Cr(NCS),{Anilin),] 965,5 46 Gelbbraune mikro- | 1/3 Co30, + 1/2 Cr,0,
krist. MMasse 16,19 16,26
N 14,50 14,41
22 [Cr(NCS),{p-Toluidin),} 993,6 55 Gelbbraune mikro-
krist. Masse N 14,10 14,18
23 1/3{Cr(NCS)¢] 1885,7 80 Hellbraune mikro- | Co,0,4 -+ 1/2 Cr,0,
krist. Masse 16,80 16,65
N 13,36 13,22
,ec” == CH N0,

Tetrathiocyanato-di-p-Toluidin-chromiate. Analoge Darstellungsmethode mit 1,5 g p-Toluidin.
H [Cr{NCS),(p-Toluidin),] in 100 ml 50 proz. Athanol.

Hexathiocyanato-chvomiate, 1,0 g K, [Cr(NC8)¢]-4 H,0 werden in 200 ml Wasser gel6ést und mit
25 ml StammlGsung versetzt.

Alle Thiocyanato-chromiate fallen sich sofort als mikrokristalline Substanzen aus.
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W
S 3]

50 50
40 40
Y] 30
600 20200 300 400 500 600
200 300 400 500)‘ nm A nm
A bb. 1. Absorptionspektrum von : — [Co(ec) A bb. 2. Absorptionsspektrum von: [Co(ec
{Anilin), }Br;....[Co(ec) (p-Toluidin), ] Br. (m-Toluidin), ] Br.

~ Die obenerwihnten Thiocyanato-Komplexen sind schwer Loslich in Wasser und lésen sich leicht
in Aceton, Dimethylformamid und Pyridin.

Spektroskopische Untersuchungen. Die Lichtabsorption von [Co(ec)(Amin),]Br wurde im Wasser
gemessen. Die Spektren der obenerwihnten Chelate sind dem des [Co(ec)(B-Pic),] J [6] sehr dhnlich und
zeigen 4 wenig ausgeprigte Maxima. Die erste Absorptionsbande ist von der Natur der Aminkompo-
nenten beeinflusst.

Die Ultrarotspektra von [Cofec)(Amin), Br wurden in KBr gepresst untersucht.

Nach Ueno und Martell [7, 8] ist die im Spektrogramm des freien, nichtkoordinierten ,,ec. H,”
bei 1350 cm™?! auftretende Bande der YC = N-Valenzschwingungsfrequenz zuzuordnen. Diese Bande
ist bei den Ni-, Pd- und Cu-Chelaten nach 1520--1530 cm™1! verschoben. Diese Valenzschwingung ist
bei den [Co(ec)(Amin),]Br-Chelaten um 1521 —1522 cmm~! erkennbar. Die bei der freien ,,ec. Hy” um
1143 cm™?! auftretende Bande entspricht den YC—O-Valenzschwingungsfrequenzen. Diese Frequenzen
treten bei Cu(II) und Ni(IT)-Derivaten um 1113, bzw. 1122 c¢cm~! auf. Diese Frequenzen erscheinen
bei den obenerwihten Kobalt(IIT)-Chelaten um 1121, bzw. 1119 cm™1

Diese Erscheinung ist ein direkter Beweis fiir den kovalenten Charakter der Co— XN (Schiffsche
Base) und Co— O-Bindung.

Tabelle 4
UV — Spektraldaten von [Co(ee)(Amin)y]X — Komplexe
s A I X A
Verbindung mix loge; | & | loge, nx; loge, am loge,
[Co(ec)(B-Picolin), ] J[6] 435 2,87 — 335 | 3,88 255 4,40
[Co(ec)(Anilin), | Br 420430 3,27 | 385; | 3,55 335 | 4,26 280; 4,26
[Cofec)(m-Toluidin), | Br 420435 3,30 | 385; | 3,55 332 | 4,25 270—280; | 4,30
[Co{ec)(p-Toluidin), |Br 430450 3,30 | 385; | 3,50 333 | 4,21 280 4,15

i, = wenig ausgedriickte Inflexionspunkte
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In diesen Spektrogrammen liegen die YN-— H-Valenzschwingungsfrequenzen bei 3270—80 und
3170—80 cin~! (die Verschiebung gegen die freien Amine um 100—150 ecm™—?!). Die Co—XN (Amin)-
Bindung hat also kovalenten Charakter.
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(Eingegangen am 12, Mdry 1969)
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CHELATI TETRADENTATI COBALTICI CU ETILENDIIMINO-BIS-ACETILACETONA (1V)

(Rezumat)

S-a claborat o metodd directd pentru obf{inerea chelatilor tetradentati cobaltici cu Bis-baza Schiff :
etilendiimino-bis-acetilacetond (“ec. H, == C,,H,(N,0,). Chelatii mai sus mentionati se formeazi ungor
prin oxidarea cu aer a unui amestec format din sirurile cobaltoase, amine aromatice cu valori de
pK == 9--12 si generatorul de chelat tetradentat, in solutii apoase alcoolice.

2 Co?* - 2ec, H, -+ 4 Amin -+ 1/2 O, = 2[Co(ec)(Amin),]* -+ H,0 -+ 2 HT
S-au deseris  urmdétorii cationi nol de tipul diacido-tetramin-cobaltic: [Co{ec){Anilin), ™+,
[Colec) (m-Toluidin), 7 si [Co(ec)(p-Toluidin),]*. Compozitia chelatilor s-a determinat pe cale prepara-
tivi obtinindu-se 23 sidruri noi complexe (vezi tab. 1-—3). Tnele probleme structurale s-au discutat
pe baza misuritorilor spectroscopice in UV si IR.

KOBAIBTOBDIE TETPAJACHTATHBIE XEJATBI C STWIEHIMMMHHO-BUC-ALETUJ-
ALIETOHOM (Iv)

(Pesome)

Paspadotan npamoll MeTod A5 Noayuenust Ko0aabToBBIX TETPAACHTATHBIX XeIaToB ¢ OHC-OCHOBaHHEeM
Wludba:  sruqeniuuvuno-Onc-augeruna-ateron  (ec. Hy, = CpHyNO,). BouneynoMsuyTele  xelaTwi  JieTko
o6pasyloTea nVTENM OKHCJTeHHS BO3JLYXOM CMECH, COCTaBJenHOi 13 cogell koGansra (1), aposmaruueckix
aMupop o sHavenuaMi pK = 9—I12 u 13 TeTpaleHTATHOrO JHIAHIA B CHHPTHO-BOIHBIX DACTBOPAX.

2 Co?+ + 2ec. Hy -+ 4 Avun -+ 1/2 0, = 2 [Colec) (AMuu)y;t + HO + 2H+
Onucantt Cielyioue HOBEe KaTHOHBL ZHaui lo-terpavun-kobaistosoro tina [Co {ec) (annaun)y)+
[Colec) (v-roayimn)] ™ 1 [Co (ec) (n-toayuann),]¥. CoctaB xeqatoB Obl1 ONpeleséH nperapaTHBHLIM

NYTEM, TPHUEM GBITH OTyUeHs! 23 KoMIeKcHbIe cosH (M. Tabanipt ! —3). Hexoropsie CTpyKTYpHBIE BONPOCH
ObIn PACCMOTPEHB! Ha OCHOBaHMH crextpockonngeckux Hasepeuidi B Y@ u MK obnacrax.



THE REACTION BETWEEN CHROMATE AND THIOSULFATE (III)
The effect of physical factors on the thiosulfatochromate formation

by
I10AN BALDEA

Introduetion. The condensation tendency of chromic acid with various acids
to form compounds of the dichromate type [1—3] has importance in some redox
reactions. The oxidation of alcohols occurs by intermediate formation of chromic
esters [4, 5]. Analogous condensation compounds were found by kinetic methods
to have a role in the reactions of oxidation of arsenite [6] and sulfite [7.

The formation of a yellow-organge coloured intermediate during the reaction
between chromate and thiosulfate was investigated in a previous paper [87 and the
formation constant for the rapid equilibrium

HS,0; + HCro; = Cr$,03~ + H,0 (1)

was found to be K = 1.24 » 10* at 20°C and p = 0.11.
The tiosulfatochromate formed during the mixing plays an important kinetic role
in the redox reaction [9].

Is was necessary to study the influence of several physical factors on this equi-
librium because in the kinetic study of the reaction these factors have been chan-
ged. The purpose of this paper is to search the change of the stability constant of
thiosulfatochromate with the changes of temperature and ionic strength.

Since the redox reaction under consideration has a half-time of 10 — 50 sec.
in acidic media as used and in the range of reagent concentration of 10-¢ — 103
M, it was required to record kinetic curves during the reaction and extrapolate the
absorbance values at zero time. These extrapolated values were used to calculate
the quilibrium constant.

Experimental seetion. Analytical grade chemicals were used without further purification. The
NaClO, used to control the ionic strength was prepared by neutralisation to pIH =: 7.00 £ 0.12 of a
2 M HClO, solution with a NaOH solution free of CO,.

Stock solutions were prepared in twice distilled water and the required concentrations for each
experiment were obtained by measuring various aliquots. All solutions were purged with purified
natural methane gas. In order to stirr the solution the bubbling of the gas through the reaction mix-
ture was maintained during the kinetic measurement.

Kinetic experiments were carriedd out by the spectrophotometrical technique using a spectrophoto-
meter VSU —1 Zeiss Jena wich was modified in order to allow recording. One variant of our device
was described in the mentioned previous paper [8]. Another one — improved to assure a better tem-
perature constance hy using themperated burettes [10] — consists of a monochromator model VSU-—1,
a photometer cell surrounded by a temperature jacket, a photocell MOGS Zeiss Jena connected to a
compensating recorder G—1 B—1 Zeiss Jena. This device was able to record the transmitted light
on the recording paper shifted with constant velocity.
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Fig. 1. Temperature control-
led injecting device.

S — syringe, R — rea-
gent reservoir, B — bubbling
tube, J — temperature jacket.

I. BALDEA

The reaction was started by injecting 1 ml of the solution contain-
ing HCrO, and HCIO, by means of an injecting device with tem-
perature jacket shown in the Figure 1, into 4 mlsolution of Na,S,0,
and NaClO, contained in the photometer cell. The syringe was cali-
brated by weighing distilled water at 20°C. Temperature was con-
trolled at the end of each runm. The experiments were carried out at
420 my in the cell of 1 cm. path length, the spectral slit width
was 1—1.2 mg. The records were used to calculate the absorbance
at zero time.

Results and  diseussion. Some series of measure-
ments were made at different periods, using the two
devices and chemicals of different sources. The results
are in satisfactory agreement.

In order to find the equilibrium constant K of the
reaction (1), the rapid acidic dissociation equilibrium
HS,0; = H+ + S,0*~ K, (2)
was taken into account. The constant K was calculated
according to the equation (3):
K (€r8,057)

(HS,05) (HCrO;")
_ {(CrS, 017 MK, + (H+)}
{(HCrO7)q — (CrS,037){{(8:037), — (CrS;03)H(H )

where the subscript a indicates analytical concetrations.
The concentrations of thiosulfatochromate were calcula-
ted by using the measured absorbance at zero time

A == (Cr8,087) + e {(HCrO]), — (CrS0:7)y  (4)

where ¢ = 1040 cm ™! X M~1is the molar absorptivity of
the intermediate at 420 my and ¢, = 228 cm~! x 21
the molar absorptivity of HCrO at the same wave
length.

The values of the dissociation constant K, of the

thiosulfuric acid were obtained from the experiemental
data of Page [11] given for p = 0.094 and 25°C by

means of a Davies formula in order to take in account the different ionic strength.
A dissociation heat of —2 Kcal/mo! was admitted by analogy with the dissociation
of HSO; and H;PO, for the temperature influence.

The change of the formation constant of thiosulfatochromate with tempera-
ture was investigated at the ionic strength 0.1 between 12 and 35°C and at the
ionic streugth 0.11 between 10 and 35°C. The mean K values of 3—6 individual

measurements as well as K, are shown in Table 1.

The attempts to calculate molar absorptivity from these constants led to va-
lues close to 1040 cm~1 x M-t This shows that higher approximations to obtain
more exact formation constants are usless. The error limits were derived from
the standard deviations of the mean values.
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Table 1
The effect of temperature on the formation equilibrium of thiosulfatochromate
2— — 2 2

" (HF) x10? (S;?Og) (HEOD) | temp. °c e B O R S (e

0.1 1.00 0.8 0.8 12.0 6.50 0,523 4.18 2.2 +0.25

15.1 6.40 0.520 4.14 2.03-+0.1

20.1 6.00 0.510 4.02 1.78+0.3

24.8 5.73 0.508 4.00 1.66--0.22

2.0 0.4 25.0 0.342 3.13 1.4340.25

1.5 0.4 25.0 0.326 2.92 1.52--0.23

1.0 0.4 25.0 0.296 2.55 1.60+0.26

0.8 0.8 25.0 0.501 3.90 1.5440.22

29.8 5.46 0.526 5.04 1.6740.3

34.5 5.16 0.486 3.77 1.3047.2

0.11 0.98 3.0 0.8 10.2 6.80 0.749 6.98 2.464+0.55

15.4 6.35 0.750 7.00 229405

3.0 0.4 15.5 6.35 0.376 3.50 2.204+0.25

20.0 6.00 0.374 3.48 1.80+0.5

24.9 5.78 0.378 3.52 1.90--0.35

29.9 5.41 0.373 3.46 1.59+0.34

34.5 5.17 0.367 3.39 1.30--0.4

The equilibrium constants K obtained in this paper are somewhat larger
than those given in the previous one [8] but the error limits are overlapped.

A formation enthalpy of — 3.8 4~ 1.2 Kcal/mol and a formation entropy of
6.5 - 4. e.u. were found at p = 0.1 and —4.3 + 1 Kcal/mol and 5 + 3.5 e.u. res-
pectively at p. = 0.11. In this range of ionic strength the difference of the formation
constant between the two series of experimental data for the same temperature
are within the limits of the experimental errors. Therefore it means to be justified
to take as mostly probable the mean values of these thermodynamic parameters:
—4 + 1.4 Kcal/mol and 5.7 4- 4 e.u. These valucs give AG = —35.8 -+ 2.5 Kcal/mol
at 25°C.

Table 2 compares various condensation equilibria involoving HCrOp. Unfor-
tunately, the values given in this table are not at the same ionic strength. It
should be mentioned that the formation constant of thiosulfatocromate is much
higher than the similar condensation constants for compounds in which a Cr — O

Table 2
Thermodynamie data for condensation reaction of HCrOy at 25°C
. nr— AG AH .

Acid v KA Kcal/mol Kceal/mol A5 eu Liter.
HC1 1.0 17.0 —1.7 3
HSOY 3.0 4.1 - 0,85 0.0 2.7 3
H,PO, 0.25 9.4 —1.95 1
H,PO,; 0.25 2.9 —0.6 1
HS,0, 0.1 1.5 x 104 —58:+1.5 —4--1.4 5744 this paper
HCrO 1.0 98.0 —21 12
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bond insted of a Cr— S bond is involoved. But it could be compared with the value
K = 1.11 x 105 M-?! determined by Cohen and Westheimer [2] for the formation
of CICrO; in 86.59%, acetic acid. The AG for the reaction under consideration is of
the same order of magnitude as the values for the other reactions and lower than
for the dichromate formation. The results of this study may be compared with
those of Haight [3] for the sulfatochromate formation. The entropies of the reac-
tions are of the same order but while AH is close to zero for the sulfatochromate
formation, the reaction between HCrO; and HS,0; is exothermic.

The effect of ionic strength on the equilibrium constant was investigated at
25°C in the range of 0.01 to 0.11. The results given in Table 3 show clearly the

Table 3

The effect of ionic strength on formation equilibrium of thiosulfatochromate.
(HCrOq) = (S,0%7) = 8 x 1074, (H+) = 1072 ¢ = 25-0 4+ 0-1

W K, x 108 A, (CrS;,08=) x 104 K x 10—4
0.01 4.12 0.535 4.32 1.64 &+ 0.14
0.03 4.70 0.521 4.16 1.61 & 0.17
0.05 5.15 0.513 4.06 1.60 &+ 0.18
0.07 5.38 0.509 4.00 1.59 &+ 0.10
0.10 5.73 0.502 3.90 1.53 &+ 0.30
0.11 5.78 0.501 3.90 1.53 £ 0.23

small changes in initial absorbance and formation constant. In this range of concen-
trations the activity factors obey a Davies relation, and it is possible that the
lowering of the constant by the second term compensates the increase of the
constant by the first term of the Davies formula. It could be concluded that
the change of ionic strength during the reaction does not influence the reaction
rate by a secondary salt effect.

The author wishes to express his gratitude to Gavril Niac, Associate Professor at the Department
of Chemistry, University of Cluj, for advice on problems associated with this work.

( Received March, 13, 1969)
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REACTIA DINTRE CROMAT $I TIOSULFAT (III)
! Influenta factovilor fizici asupra formdvii tiosulfatocromatului
(Rezumat)
Influenta temperaturii si a fortei iomice asupra constantei de formare a tiosulfatocromatului a
fost urmiriti spectrofotometric la 420 mu. S-an determinat valorile AG = — 5,8 + 2,5 Kcal/mol la
25°C AH = — 4 4 1,4 Kcal/mol si AS = 5,7 - 4 u.e. §i s-au comparat cu parametri similari pentru

alte reactii de condemsare ale cromatului. Forta iomici nu influenteazi constanta in domeniul de la
0,01 1a 0,11,

PEAKUIMS MEXX Y XPOMATOM 1 TUOCVYJIbPATOM (I11)
Bauanue pusuyeckux haxmopos na 06pasosanue muocyaspamoxpomama
(Peziome)

Bansigne Temnepartypsl H HOHHOH CHJIbl HA KOHCTAaHTY 0Gpa3oBaHHSA THOCYJb()ATOXPOMATA H3y4eHO
criekTpodoToMeTpHuecKH npH 420 M uw. ABTOpH onpejenuan 3Havenus AG = —5,8 4+ 2,5 kxaxa/monb
npx 25°C AH = —4 4 1,4 kkaa/moab 1 AS = 5,7 4+ 4 3.e. ¥ CPaBHHJIN HX C MOJOOHBIMH NapameTpaMu
IS pYTHX peakuMii KOHJeHcauun xpomata. VonHas cuia He BausleT Ha KoHCTaHTy B ofsacru 0,01—
—0,11.

»
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THE REACTION BETWEEN CHROMATE AND THIOCYANATE (I)
The formation of thiocyanatochromate

by
GAVRIL NIAC, JOAN BALDEA and MIHAI LUNGU

Introduetion. In acidic solutions of Cr(VI) the ions are involved in a set of
equilibria from which the most important are the dimerisation [1]:

2HCrO; = H,0 + Cr,0% K =98
and the acidic dissociation of HCrOy] [2]:
HCOf = H+ 4+ Cr0}f” K =32 x 1077
In the presence of other anions A~ equilibria of the form
HCrOf + HA = H,0 + ACtO5

have been observed and studied, particularly for A~ being SO}~ [3], H,POy
[4], CH,COO~ [5], C1-[3]. Table 1 contains some of these equilibria as well as
the equilibrium constants. Broadly speaking these constants are smaller than
the formation constant of the dichromate ion.

If the anion undergoes a subsequent redox reaction the heterodiacid ACrO7
ion may act as an active intermediate. G. P. Haight et al [6] brought kinetic
evidence for the formation of a sulfitochromate ion during the oxidation of sulfite
by chromate in acidic solutions:

HCrO; + HSO; = H,0 + CrS03~ K = 36

I. Baldea and G. Niac [7] brought spectrophotometric evidence for the inter-
mediate formation of the thiosulfatochromate as a first step of the thiosulfate
oxidation by chromate:

HCrO; + HS,0; = H,0 + Cr$,03~ K = 1.2 x 108

The heterodiacid ions mentioned above are similar to the esters formed as in-
termediates in the oxidation of the alcohols by chromate, esters whose existence
supposed by Westheimer [8] was proved spectrophotometrically and by extrac-
tion with nonaqueous solvents:
H+
HCrO; 4+ R—OH = H,0 -+ R—0—-CrO7
The purpose of the present work is to find out whether such an intermediate

is formed as a first step of the tiocyanate oxidation by Cr(VI) and to learn about
its spectrum and stability.
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Table 1
The equilibria involoving HCrOT
Equilibrinm KM-! Liter.
HCrOf - HCrO7 = H,0 + Cr,01 98 1
HCrOg +4 HSOg = H,0 - Cr80i~ 41 3
HCrO7 - H,PO, = ILO ' H,rPO7 9.4 4
HCrO7 + HY - ¢~ & H,0 -+ CIKr0F 15,3 3
HCrOY - CH,COO0H = H,O | CH;CO0CrO3 4.5 5
HCrOf 4 HSO3 = H,0 4+ Cr80~ 36 6
HCrOg 4 HS,03 = H,0 - Cr8,0%~ 1.24 » 104 7

Experimental part. Stock solutions were prepared {rom analytical reagent grade substances and
twice distilled water. Twice distilled water was used also to dilute the stock solutions to the proper
concentration requested by the working conditions. K,Cr,0, (Kahlbaum), KSCN (Kahlbaum), HCIO,
(Carlo Erba) and NaOH (Chemapol, free of CO,) were used without further purification. Ionic strength
was kept constant by an exces ol NaClO,, obtained by neutralising HCIO, by NaOH to pH 7.00+0.12,

For the redox reaction a set of kinetic runs, recorded by a Beckman model DB spectrophoto-
meter showed a halftime of about 25 seconds at (SCN™) = 7 x 1072, (HCrO;) = 2 x 10~* and (HCIO,) =
= 10~1 At lower thiocyanate concentrations the reaction is much slower and the absorbance decreases
with less than 89 in 3 minutes. This alloved to record the absorbtion spectrum of a mixture of
HCrOy (2 x 1074M), HCIO (5 x 1072 M) and SCN—(4 x 1072 M) since during the recording the change
of the spectrum was small. The absorbtion spectrum between 500 and 250 nm was recorded in 5 por-
tions. Fach time the recording was started at different wavelength with fresh mixtures, which were
obtained by injecting 1 ml of a solution containing the Cr (VI and the HCIO,, in 2 ml of a SN~
solution in u spectrophotometer cell with 1 cm pathlength.

The 5 records were superimposed to get the spectrium shown in figure 1. Along with this spectrum
figure 1 showes the spectra of HCrO7 and SCN™ at the same acidity.
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Fig. 1. Transmitted light intensity
SCN™ - HICrOF
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versus wavelength.
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The largest difference between the absorbance of HCrO;  and that of the mixture is at 200 nm.
Therefore the absorbance at this particular wavelength was chosen to calculate the stability constant.
The measurements for this purpose were made with a Zeiss Jena V.S.U.--1 spectrophotometer (having
a § time higher precision in absorbance measurements than the Beckman DB) and a Zeiss G—1 B—1
recorder. Again photometer cells with 1 cm. pathlength were used. 1 ml of a Cr(VI) solution was
injected in 4 ml of a solution containing SCN=—, HCIO, and NaClO, and the kinetic curves were recor-
ded. The free acidity and the ionic strength were kept constant at 8 x 10~2M and 0.146 M respec-
tively. The absorbance for each kinetic run was extrapolated to zero time in order to find the absor-
bance A at the begining of the redox reaction. Thesce values for several thiocyanate concentrations
are recorded in table 2. Each value is the mean of 3--5 measurements which do not differ among
them larger than 49.

The temperature was also kept constant at 25 4 0.1°C.

Table 2

Initial absorbances for different mixtures of SCN—, HCrOY and HCIO, at 25 -+ 0.1°C and . = 0.146.
(HCrO7) = 2 % 16=4; (H1) = 8§ x 102

Nr (SCN™) x 102 (HCIOy) x 102 (EISCN) > 102 A

1 1.00 8.36 0.36 0.325
2 1.50 8.54 0.54 0.351
3 2.00 8.72 0.72 0.379
1 2.50 £8.90 0.90 0.401
5 3.00 9.08 ) 1.08 0.430
6 3.50 9.26 : 1.26 0.465
7 4.00 O.44 1.44 0.490
8 4.50 9.62 1.62 0.514
9 5.00 9.80 1.80 0.539
10 5.50 9.97 1.97 0.560
11 6.00 10.15 2.15 0.589
12 6.50 10.33 2.33 0.630
13 7.00 10.51 2.51 0.641
14 7.50 10.69 2.70 0.665
15 8.00 10.87 2.87 (.690
16 8.50 11.05 3.05 0.710
17 8.75 11.14 3.14 0.730
18 9.25 11.52 3.32 0.741
19 9.75 11.50 3.50 0.750
20 10.00 11.60 3.60 0.764

Results and diseussion. The change of the hydrogen chromate spectrum in the
presence of SCN~ is an evidence for the formation of an intermediate which is
supposed to be the thiocyanatochromate, according to the equilibrium

HCrO; + HSCN = SCNCrO7 + H,0
The data of the table 2 were used to calculate the formation constant of SCNCrO7.
The dissociation of HSCN [9]:

HSCN = H+ + SCN- K, = 0.141
has been take n into account in order to find the HSCN concentration

N (e oy )
(HSCN) = (SCN)

(1)

The formation constant of the thiccyanatochromate is given by the formula:
o A — (HCrOF )4z, (2)
 (HSCNWHCrOT g e, — A}

where ¢, and ¢, = 1300 cm~IM-? are the molar absorptivities of SCNCrO; and

HCrO,; respectively, and the subscript a indicates analytical concentrations.
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In a first approximation the assumption was made that at higher SCN-
concentrations Cr(IV) was converted completely into SCNCrOj, therefore the
absorption was entirely due to the last one. With the value of ¢, calculated in
this way at lower SCN~- concentrations a value of the constant K was
found by wusing the formula (2). This value of the counstant was used to corect
the value of ¢ and so forth until two or three successive values of K were the
same and a limit for K was attained. The values of K and ¢; are given in table 3

Table 3

Experimental values of formation constant X and molar absorptivity at 290 mm
w o= 0,146 ¢ = 25 4 0.1°C

Pair of runs K M1 2, cmTI AT
7,20 9.35 11250
9; 20 8.65 11800
11; 20 9.45 11200
13; 20 10.30 11150
7; 18 8.85 11910
9; 18 9.05 11720
11; 18 8.30 12350
3; 18 9.80 11000
Mean: 917 - 0.8 Mean : 11540 4- 1100

for several pairs of absorbance values. The numbers in the first column are the

line numbers of table 2, showing the pair of data used to compute K.
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The mean value of the constant
9.17 was used to find the most pro-
bable value of g; at the wavelength
290 nm and further to draw the
absorbtion spectrum of the inter-
mediate by means of the curves
given in figure 1. The absorbtion
spectrum (g, versus 171) is given
in figure 2 along with the spec-
trum of HCrO~.

The charge transfer band HO —»
- Cr is at 28750 cm~! in the
HCrOf spectrum according to Sy-
nions [5]. In the SCNCrO7 spec-
trum this band is shifted to smal-
ler numbers as one could
expect since the substitution of
the OH by another ligand shows
such a shift in other cases too, c.g.
in the spectrum of CICrO7 and
CrS,08~ [7], whereas in the case
of Hy,CrPO7 and CrSO;~ there is
no shift to be observed. Thus the

wave
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band at 26300 cm~! of the SCNCrO7 ion is interpreted in terms of a

charge transfer from the = electron system of the SCN-ligand to the chromium
central ion.

(Received March 13, 1969)
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REACTIA DINTRE TIOCIANURA SI CROMAT ()
Formarea tiocianocyomatului

(Rezumat)

Reactia dintre tiocianuri si cromat in medin acid decurge prin formarea intermediard a unui
heterodiacid nestabil, tiocianocromatul. Formarea tiocianocromatului a fost urmariti spectrofotometric
la 290 nm. S-a determinat constanta de stabilitate la 25°C si fortd ionica 0,146 ca fiind 9,17 + 0,8 M3,
de aceeagi mirime cu alte constante de condensare a acidului cromic. S-a determinat spectrul in vizibil
gi ultraviolet. Banda de absorbtie situati la 26300 cm™! s-a atribuit transferului de sarcind de la
sisternul de electroni = ai gruparii SCN™ la crom.

PEAKUUWA MEXIY THOUUAHWIOM U XPOMATOM (I)

O6paszosanue muoyuaroxpomama
(Pes3ome)

Peaknus Mexly THONMAHUJAOM M XPOMATOM B KHCJOTHOH cpefie HMeeT MECTO NyTEM IPOMEXYTOUHOrOo
06pa30BaHHsl  HEYCTOHUHBOA reTepOIHKHCOTH — THOUHMaHOXpomaTta. (OOpasoBaHHe THOLMAHOXPOMATa
Spto uecaegoBano crnekrpodoroverpiyeckd npu 290 HM. ABTODH ONpPENEJHIH KOHCTAHTY YCTOHUMBOCTH
nipu 25°C u npH nouHoi cuate 0,146 1 yeranoBuau, uto eé 3navexue pasno 9,17 & 0,8 M~ [lanuas xowue-
TAHTA UMEET TY XKe BeNHYHHY, UTO M JpyrHe KOHCTAHTHl KOHIEeHCAlHH XpoMoBofi kuciaore. Onpejeaunics
CMeKTp B BHAMMOM H yabrTpaduoseroBoil obiactsx. AGcopOuuonHas rojoca, pactonoxersas B 26 300
cM™!, Bujia MPHIIMCAHA NMEPEHOCY 3apsjia OT CHCTeMbl 3JEKTPOHOB ® IpynnuapoBki SCN™ K Xpomy.






KOBALT (IIT)—AMIN—DERIVATE DER REINECKESALZ—ANALOGA
MIT PYRIDIN UND 8 (y) — PICOLIN

10N GAXNESCU., CSABA VARHELYI und ALEXANDRU POPESCU

Vorgetragen am 18. Mai 1968 anlisslich der Refevatensitzung dev Chemischen Fakulidt der
Universitat von Craiova

Ripanund Mitarbeiter[l,2], Boda und Mitarbeiter[3]haben
beobachtet, dass die Thiocyanato-chrom-(III})-Komplexsduren, wie H;[Cr(NCS),],
H{Cr(NCS),(NH,),], und HI[Cr(NCS),(Anilin),] eine Reihe gut Kkristallisierende
Salze mit Kobalt-(I1I)-amin-Kationen wie Hexamine, Monoacidopentamine
und Diacidotetramine bilden. Die I é6slichkeit dieser Verbindungen im Wasser ist
im allgemeinen sehr gering.

In einer fritheren Arbeit (4] haben wir Substitutionsreaktionen mit entwisser-
tem K, [Cr(NCS)4] und mit heterocyclischen Aminen, wie Pyridin, B-Picolin und
y-Picolin ohne Verwendung von Lésungsmitteln durchgefithrt und drei reinecke-
salz-analoge Verbindungen :

Py-H[Cr(NCS),(Py),], B-Pic.H[Cr(NCS),(8-Pic),] und v-Pic.H[Cr(NCS),(y-Pic),]

dargestellt und charakterisiert. Ihre Zusammensetzung wurde durch eine Reihe
von doppelten Umsetzungsreaktionen mit den Chlorhydraten einiger heterocycli-
schen Aminen festgestellt.

Die energetischen Faktoren (Ionpotentialwert, thermochemische Ionradien)
des Reineckeat-Tons und seiner Analoga begiinstigen die Bildung von schwer 16sli-
chen Komplexsalzen vom AB und AB,—Typ, insbesondere mit Metall (II, III)
—amin—Ka‘cioAnen ohne hydrophilen Liganden und thermochemischen Ionradien:
24— 28

Auf dieser Grundlage haben wir systematisch eine Reihe doppelte Umsetzun-
gsraktionen mit Kobalt (I1I)-amin-Kationen und mit Py-H[Cr(NCS),(Py),], bzw.
Pic. H[Cr(NCS),]Pic),] in Wasser-Athanol-Dimethlyformamid-Mischungen durchge-
fithrt und 27 neue Derivate der obenerwidhnten Thiocyanato-chrom-(11I)-sédu-
ren dargestellt und charakterisiert. Die dargestellten Komplexsalze sind in unpola-
ren Losungsmitteln unléslich, 16sen sich jedoch leicht in einigen polaren organischen
Losungsmitteln, wie Aceton, Methyl-dthylketon, Acetylaceton, Dimethylforma-
mid und Pyridin. Diese Verbindungen sind bis 150—200°C bestdndig und zerset-
zen sich bei hoheren Temperaturen stufenweise unter Abgabe von fliichtigen orga-
nischen Ligaunden. Das Endprodukt der Pyrolyse bei den Diacido-tetramin-Deri-
vaten ist ein stochiometrisches Gemisch von 1/3 Co,0, + 1/2Cr,0;.
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Wegen der Koordination des stellungsisomeren f#-und vy-Picolin sowie andere:
Amin-Liganden treten bei dieser Verbindungen einige Isomerieerscheinungen auf
und zwar:

a) Stellungsisomere Komplexsalze vom Typ:
Kation. [Cr(CNS),(B-Picolin),] und Xation.[Cr{NCS),(y-Picolin), ]
b) Koordinationsisomere vom Typ:

[Co(DH),(p-Picolin), ] [Cr(NCS),(y-Picolin),] und
[Co(DH),(y-Picolin), ] [Cr(INCS),4(B-Picolin), ]

Diese stellungs- bzw. koordinationsisomeren Verbindungen unterscheiden sich
voneinander in einigen Fillen in Kristallform, Farbe, Loslichkeit sowie in den papier-
chromatographischen Ry — Werten. Die Unterschiede zwischen den Rg-Werten
sind hier viel kleiner als bei den geometrischen (cis-trans) Isomeren [S].

E XPERIMENTELLER TEIL. Py -H[Cr(NCS),(Py);] und Pic. H[Cr(NCS)(Pic),] wurden aus
entwissertem K [Cr(NCS),] und Pyridin. bzw. Picolin im Schmelzzustand erhalten [4].

Salze vom Diacido-tetramin-kobalt-(I11I) Typ.

1. trans-[Co(en), Cl1[Cr(NCS) (Pyridin),)-H,0

2. trans-[Co(en)yCly ] [Cr(NCS) (B-Picolin),}-2H,0

3. trans-[Co(en),Cl, [CH{NCS)[Cr(NCS),(-Picolin},}-3H,0

1,45 g trans — {Co(en),CLICL [6] (5§ mMol) werden in 200 ml Wasser gelést und mit 2 mMol Amin.

-H[Cr(NCS),(Amin),] in 20 ml Dimethylformamid behandelt. Man erhélt in allen Fillen weisse, mikro-
kristalline Massen: Ausbeuten: 709,, 749, und 719,.

1. (Mol. Gew. 710,5) Co 4 Cr Ber. 15,62 Gef. 15,50

S Ber. 17,93 Gef. 18,00
2. (Mol. Gew. 756,5) Co -+ Cr Ber. 14,67 Gef. 14,55
S Ber. 16,92  Gef. 16,95

3. (Mol. Gew. 774,5) Co 4 Cr 14,33 14.33 Gef. 14,09
S Ber. 16,56 Gef. 16,60

427 [Co(DH)o(Amin), ] [CH{NCS)(Amin),]

Diese Verbindungen wurden aus 5 mMol {[Co(DH),(Amin),] acetat in 200 ml 70 proz. Athano
und 2 mMol der obenerwihnten Reineckesalz-analoga in 20 m! Dimethylformamid erhalten (s, Tabelle 1).

Der Thiocyangehalt der Proben wurde gravimetrisch als BaSO, und der Metallgehalt (Co 4- Cr)
gravimetrisch als Co,0, + Cr,0y bel 920°C Dbestimmt.

Papierchromatographische Untersuchung. Die Komplexverbindungen wurden in Methanol gelést.
Volumen der untersuchenden Loésung : 0,062 ml. Laufmittel : eine Mischung von Methanol und n-Buthanol
in einem Volumverhiltnisse von 8:2. Versuchstemperatur: 24°C. Papiersorte: ,,Schleicher und Schiill
Nr. 2043/b”. Die eigemen Beweglichkeitsangaben der Komplexe wurden nach dem aufsteigenden Ver-
fahren bestimmt. Fir die Entwicklung der chro matographischen Flecken wurde Ammoniakgaz und
Schwefelwasserstoff verwendet. Die Versuchsercebnisse sind in Tabelle 2 zusammengestellt.

Wie aus der Tabelle 1 ersichtlich ist, weisen von den stellungsisomeren Salzen das4, 5, 6, 7 und
10, bzw. 9 und 11 auch Koordinationsisomerie auf.



KOBALT(I1I)-AMIN-DERIVATE 91
Neue binare Komplexsalze von Typ [Co(DH),(Amin),][Cr(NCS), (Amin),] Tabelle 1
Mol Analyse
. . Ausb. s
Nr. Verbindung Gew. (%) Charakteristik
Ber. ° Ber. Gef.
4 [Co(DH),4(Pyridin),] - 889,7 81 |Gelbbraune mikrokrist. Masse { Co + o
12,48 | 12,62
+ [Cr(NCS) (Pyridin), ] S 14 42 14,38
5 [Co(DH),(Pyridin),]- 917,7 79 Gelbbraune mikrokrist. Mas e Co + Cr
« [Cr(NCS)4(B-Pic),] - 12,10 | 12,18
S 13,98 |14,08
s,
6 [Co(DH),(Pyridin),]- 917,7 83 Gelbbraune, unregelmaissige “Co + Cr
- [Cr(NCS) ((y-Pic), ] P.atten 12,10 | 12,06
S 13,98 |14,10
7 [Co(D )2(3 Pic),]- 917,7 77 Gelbbraune mikrokrist. Masse | Co 4+ Cr
- [Cr(NCS) (Pyridin), ] 12,10 11,99
S 13,98 | 13,84
8 [CO(DH) (B-Pic),] 945,7 79 Gelbbraune mikrokrist. Masse Co 4+ Cr
- [Cr(NCS),(B- PIC) 11,74 | 11,80
S 13,57 | 13,62
9 [Co(DH),(8-Pic),] 945,7 82 Kleine, gelbbraune Prismen Co + Cr
[Cr(NCS),(v-Pic),] 11,74 | 11,78
S 13,57 | 13,61
10 [Co(DH),(y-Pic),]- 917,7 83 Gelbbraune mikrokrist. Masse Co + Cr
- [Cr(NC8),(Pyridin), ] 12,10 (12,14
S 13,98 13,82
11 [Co(DH),(y-Pic),]- 945,7 85 Gelbbraune mikrokrist. Masse Co + Cr
* [Cr(NCS),4(p-Pic), ] 11,74 | 11,68
S 13,57 13,60
12 [Co(D ) (y-Pic),] 945,7 86 Gelbbraune mikrokrist. Masse | Co 4 Cr
- [Cr(NCS) 4(y-Pic),] 11,74 (11,71
S 13,57 | 13,66
13 [Co(DH),(o-Toluidin),] - 945,7 78 Rechtangulédre, gelbbraune Co - Cr
- [Cr(NCS),(Pyridin),] Prismen 11,74 11,61
S 13,57 |138,31
14 [Co(DH),(0-Toluidin),]- 973,7 83 Gelbbraune Nadeln Co + Cr
+ [Cr(NC8)(B-Pic),] 11,40 |11,35
S 13,15 {1311
15 [Co(DH)z(o Tolmdm) 1 973,7 88 Gelbbraune, lange Prismen Co 4+ Cr
- [Cr(NCS8)(v-Pic), ] 11,40 | 11,24
S 13,15 {1310
16 [Co(DH),(p-Toluidin),j- 945,7 86 Rechtangulire gelbbraune Co + Cr
- [Cr(NCS),(Pyridin), ] Prismen 11,74 111,53
S 13,57 | 13,66
17 [Co(DH),(p-Toluidin),]- 973,7 81 Viereckige, gelbbraune Co + Cr
- [Cr{NCS),{p-Pic), ] Platten 11,40 |11,51
S 138,15 113,20
18 [Co(DH),(p-Toluidin},]- 973.7 80 Rechtanguldre braune Co + Cr
- [Cr(NCS8),(v-Pic),] Platten 11,40 | 11,29
S 13,15 [13,22
19 [Co(DH),(«-Naphtyla- 1017,7 92 Dunkelbraune mikrokrist. Co + Cr
min), ]+ Masse 10,91 | 10,94
- [Cr{NCS)(Pyridin),] S 12,60 12,71
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Tabelle 1 (Fortsetzung,
Mol. Analyse
. Aush. s
Nr. Verbindung Gew, (%) Charakteristik
Ber. ° Ber, Gef.
20 [Co(DH),(«-Naphtyl-
amin),]- 1045,8 89 Braune Dendryte Co + Cr
- [Cr(NCS) 4(B-Pic),] 10,61 10,53
S 12,27 |12,21
21 [Co(DH},-(«-Naphtyl-
amin),]- Gelbbraune Dendryte Co + Cr
- ICr(NCS),(y-Pic),] 1045,8 93 10,61 | 10,66
S 12,27 12,19
22 (Co{DH),(p-Naphtyl-
amin),]- 1017,7 95 Gelbbraune hexagonale Prismen| Co -4 Cr
- [Cr(NCS),(Pyridin), ] 10,91 | 10,77
S 12,60 12,49
23 [Co{DH),(B-Napthyl-
smm);J 1045,8 90 Kleine rhomboedrische Prismen| Co 4+ Cr
- [{Cr(NCB)4(B-Pic),] 10,61 | 10,58
S 12,27 112,30
24 [Co(DH),(B-Napthyl-
amin), ] 1045,8 91 Gelbbraune mikrokrist. Masse Co + Cr
< [Cr{NC8),(y-Pic),] 10,61 |10,73
S 12,27 12,32
25 [Co(DH),{0-Anisidin),]- 977,7 66 Unregelmaissige, diinne, Co -+ Cr
< [Cr(NCS),(Pyridin), ] gelbbraune Platten 11,36 [ 11,22
S 13,12 {13,00
26 [Co(DH),(0-Anisidin),]- 1605,7 78 Braune, hexagonale Platten Co + Cr
- [Cr{NCS)(B-Picolin), ] 11,04 |11,02
S 12,75 12,70
27 [Co(DH),{o-Anisidin), ]- 1005,7 79 Gelbbraune, rhomboedrische
- ICr(NC8),(y-Picolin), Tafeln Co + Cr
11,04 11,14
S 12,73 12,62
Tabelle 2
Papierchromatographische Rg -Werte einiger stellungsizomeren
[CoDH) ,(Amin),][Cr(NCS),(Amin),] — Verbindungen
No Verbindung Ry -Wert
4 1 [Co(DH),(Py),] [Cr(NCS),(Py),] 0,80
5 | [Co(DH)y(Py),][Cr(NCS),(g-Pic),) 0,78
7 | [Co(DI)y(B-Pic),] [Cr(NCS),(Py),] 0,79
8 [Co(DH),(B-Pic), ] [Cr(NCS),(y-Pic),] 0,78
9 | [Co(DH),(y-Pic),][Cr(NCH),(B-Pic), ] 0,77

Konz. der untersuchten Substanzen: 0,400 g/Lit in Mecthanol.
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Die <tRyp -Werte der untersuchten Verbindungen erreichen nur sehr kleine Werte, und zwar:
0,01 —0,03 (Unterschied von den geometrischen cis- trans- Isomeren, bei welchen auch ARp-Werte von
0,2—0,3 gemessen wurden).

(Eingegangen am 13, Mdrz 7969)
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Do 10
SROFR

DERIVATI COBALT(ILI)-AMINICI Al UNOR ANALOGI SARII LUI REINECKE CU PIRIDINA
SI CU B(y)-PICOLINA

(Rezumat)

S-au obtinut 27 s3ruri noi complexe ale analogilor sirii Reinecke: tetratiocianato-dipiridin-cro-
miat : [Cr{NCB8), (piridind)e] ™ tetratiocianato-diB-picolin-cromiat : [Cr{NCS) (B-picolind), ™ si [Cr{NCS},
(y-picolini), )™ cu cobalt(IIl)-amine de tipul diacido-tetraminic.

Sirurile obfinute printr-o serie de reactii de dubln schimb sint insolubile in solventi apolari
si foarte greu solubile in apd. Solventii cei mai adecvati pentru aceste substante sint dimetilformamida,
acetona. S-au pus in evidentd noi cazuri de izomerie de pozitie si de coordinare. In mai mnulte cazuri
s-au observat abateri in proprietitile fizico-chimice ale izomerilor, ca de exemplu forma cristalini,
solubilitatea, nuanta de culoare, valorile Ry, etc. Aceste abateri insd sint mai neinsemnate fatd de
izomerii geometrici.

KOBAJIBT (II)-AMMHHBIE TIPOM3BOOHBIE HEKOTOPBIX AHAJIOTOB COJiM PEWHEKE
C IHPHUJIMHOM H 8 (v)-TTHKO/THHOM

(Peswone)

Apropu noayunu 27 HOBHIX KOMIIJIEKCHHX codlefl anasioros coan PefiHexe: TeTpaTHolilanaTo- IHITHPH-
AHH-XpoMuaT: [Cr(NCS), (NHPHAHH),] ~, TETPATHOUHAHATO-11-B-MHKOAHH-xpoMHaT: | Cr(NCS), (B-nHKOANH),|
u [Cr(NCS), (y-nmukonaun),)™ ¢ kobanpr(lll)-aMAHaM# AHALMAO-TETPAMHHHOIO THIA.

Coay, nosyvenHbie psiIoM PeakUHH ofMeHa, HEDACTBOPHMBEL B aNOJSIPHBIX DACTBOPHTENSIX M OdeHb
TPYAHO pacTBOpHMHI B BoJe. HanGosee ajekBAaTHBIMH DACTBODHTE/ISIMH JJISL 3THX BEIUIECTB SIBASIOTCH AM-
MeTUIGOPMAMHA H aueToH. BHABHANHCE HOBBIE Cylyuay H3OMEPHH TMOJAOXKEHHS H KOOp AMHALHH.B HeCKOIbKHX
CYYasX OTMETHJHCh OTKJAOHEHHsS! B (H3HKO-XHMHUECKHX CBOHCTBAX H30OMEPOB, KaK, Haflp., KPHCTaLIH-
yeckasi fopMa, pacTBOPHMOCTb, OTTEHOK LBeTd, 3HauenHd Rp # T. . OJHAKO 3TH OTK.I0HEHHA Gojee He3na-
YHTEJBHLI, YEM Y TeOMEeTPHYECKHX H3OMEpOoB.






CONSTANT CURRENT BIPOTENTIOMETRIC INDICATION USING
PRETREATED PLATINUM ELECTRODES

by
L. KEKEDY and F. MAKKAY

Introduction. The effect of the surface state of the platinum indicator electro-
des in many electroanalytical techniques now is well recognized [1]. In potentio-
metry it was observed by K elley [2] as early as 1914 and later by others [1, 37.
The potential drift commonly observed in potentiometry when platinum indicator
electrodes are used in strong oxidizing media is also attributed to progressive sur-
face oxidation of the electrodes and appearance of inconstant mixed potentials
[4.5]. The surface state of the electrodes affects the value of the exchange current
and thus the rate of establishment of electrode potentials, their equilibrium value
being left unaffected. Several pretreatment procedures were suggested with the
aim to assure rapid establishment of the reversible redox potentials of different
redox systems [6]. The pretreatment procedures applied to electrodes used mainly
in the potentiometric determination of uranium were reviewed by Le Duigon
[7].

Recently a new potentiometric technique, called zero current bipotentiometry,
has been developed by the present authors [8], being based on the determination
of the potential differences setting in during titration between two identical but
differently pretreated platinum indicator electrodes.

Pretreatment effects on platinum electrodes in constant current bipotentio-
metry (nomenclature acording to [8]) have been observed by Kolthoff and
Nightingale [9]. The purpose of this paper is to contribute to the study
of the influence of the pretreatment of platinum indicator electrodes on the titra-
tion curves in constant current bipotentiometry.

¥  Experimental. Conventional bipotentiometric assembly was used consisting of two identical rect-
angular smooth platinum electrodes with an apparent geometric area of 0.93 cm?® each. These electro-
des, together with a saturated calomel electrode, were fixed in a tall beaker of 50 ml. Before use the
electrodes were subjected to the pretreatment procedures indicated in our previous papers {1,10].
Reduced surfaces were prepared either by cathodization at —300 mV (vs. S.C.E.) or by soaking the elec-
trode in an acidified ferrous sulphate solution. Bare electrodes were obtained by dissolving the oxide
layer either with KI, or with HCL In the first case the surface obtained is poisoned with strongly
adsorbed I~ ioms. The constant polarization current (1.42 pA) was supplied from a heavily ballas-
ted constant current source. A Radiometer Type TTT 1 pH-meter served as a potential mesauring device,
The titration of V3 with Fe?* was followed, being titrated 28 ml of 2.14x 10-% N ammonium metavana-
date solution in 7N H,SO, with 10~2 N ferrous sulphate solution in 2N H,80,. Throughout analytical
reagent grade chemicals and double distilled water were used. During the titration the solution was
stirred electromagnetically. No special provision was taken for the temperature control. After each



96 L. KEKEDY, F. MAKKAY

; increment of titrant added th
i potential differences between th
platinum electrodes were deter
mined. For an easier understan
ding of the phenomena obser
ved the potential changes of bot!
of the indicator electrodes (vs
a S.C.E.) were also recorde«
during titration.

Results and Discussi
on. Somie representative
titration curves are given it
Fig. 1.

According to their ge
neral shape, the titratior
curves obtained can be di
vided in the following cate-
gories [11]. Curves 1,2 anc
3 correspond to the case
when the system present
before the e.p. is slow, that
present after the e.p. is ¢
fast one. Curve 5 corres
05 70 F j5 ponds to the case wher
’ both systems present befo-
Iig. 1. Constant current bipotentiometric titration curves. Ti- e or after the e.p. are fasi
tration of 2.14 X 1073 N ammonium m.eta?:anndate with 1()'.‘2N ones. In the case of curve 4
ferrous sulphate. Pretreated platinum indicator electrodes: 1.
reduced or soaked with aqua regia; 2. oxidized with HNO; conc. the SySt?nl present afte
or bare (with HCIl); 3. anodized at + 1435 mV (vs. S.C.E) or the e.p. is a slow one as
oxidized with KMnO, or with H,CrO, respectively; 4. bare (vith  wellasin the case of curvel

KI); 5. ignited. 7 = 1.42 pA. It is evident that the

pretreatment of the elec

trodes greatly affects the reversibility of the redox systems involved and conse:

quently the shape of the titration curves obtained. The corresponding potentia

changes of the separate indicator electrodes during the titration are representec
in Figs. 2 and 3.

The indicator electrodes being traversed by a small constant current, the poten
tial values observed, respectively the titration curves obtained, can be interpre
ted in terms the 1—FE curves of the redox systems involved (Fig. 4).

Since the reduction of oxygen on Pt in 1 N H,S0O, occurs at about +0.4 volts de
pending on surface condition [12] or at considerably more negative potentials ir
the presence of electrolytes [13], its presence need not be considered. Therefore
the meaningful redox systems involved are those represented in TFig. 4. For at
easier orientation on the potential axis, the normal redox potentials of the
corresponding redox systems are indicated. The true electrode potential:
observed during the titration are indicated by the points at the intersectior
of the respective ¢—FE curves with the straight lines representing the constant
(cathodic and anodic) current applied (points 1, 2, 3, 4, 5, Fig. 4). The potentia
differences, AE determined in this way, correspond to the relative distances bet
ween points 1 and 3 (before titration, f = 0) ; points 2 and 3 (before the e.p. f < 1.
and points 4 and 5 (after the e.p. f > 1) respectively. The position of these point:

- ;
:”,/\\ E //,/ 'L/O/fﬁ
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Fig 2. Variation of the potential of the anode (vs. S.C.E.) du-
ring constant current bipotentiometric titration of V5* with
Fe?T, Explications see in legend of Fig. 1.

vs. the potential axis depend on the reversbility of the systems, that is, on the
pretreatment applied. Tables 1,2 and 3 summarize the potential values determined
experimentally corresponding to these significant points.

The corresponding variations of the potential of the anode and the cathode
respectively are given in tables 2 and 3. In the last lines of the tables are indica-
ted the potential determining electrode reactions at the given stage of the titra-
tion.

From the experimental data the following conclusions can be drawn concer-
ning the influence of the electrode pretreatment on the reversibility of the electro-

7 —- Chemia 11/1969
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Tig. 3. Variation of the potential of the cathode (vs. S.C.E.) du-
ring constant current bipotentiometric titration of Vi* with Fet*.
Fxplications see in legend of Fig. 1.
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Fig 4. i—F curves of the redox systems involved in the titration
of V3* with Fet' (schematic). Explanation in text,
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Table 1

Dependence of AE values on electrode pretrectment at differcn! stages of the titration,
f fraction of equivalent titrant added. In parantheses are indicated the numers of points on Fig. 4
whose relative distanees (in millivolts) determine the AFE values observed

F( =k, — I} midivolts
! (Juantity of oxide on the
Pretreatimment F=00 ] 705 |f-10]7=153 electrode s(t;rfzxcze 107 in
1=3) | @2-3 | @3 | @-5 uCem
| |
Oxidation :
at -+ 1435 mV 440 306 416 4 781
with KMnO;, 322 188 301 8 95
with I1,0r0, 167 117 289 6 512
with HNQ, 175 208 420 13 201
with aqua regia 156 198 403 + 1587
bare with KI 90 47 408 122
bare with HCI 130 143 376 5 |
ignited 50 3 115 2 159
Reduction : |
with FeSO, 150 2200 de 29
at 0.0 V 143 208 442 38
at —300 mVv 118 183 393 | 47

Table 2

Dependence of the anode potential on eleetrode pretreatment at different stages of the titration.
In parantheses are indicated the numbers of points in Fig. 4 whese pctential values correspond to the
given data

2, millivolts
Pretreatment £ 0.0 [ 05 Fe 1,0 fe- 15
(1 @ @ 5)

Oxidantion :
at + 1435 mV 1290 1118 1073 481
with KMnO, 1220 1036 985 486
with I,CrO, 1085 981 937 481
with HNO, 1058 1040 1020 488
with aqua regia 1041 1035 1017 482
bare with KI 1059 937 876 543
bare with HCl 1040 595 971 483
ignited 1075 930 715 476
Reduction :
with eSO, 1015 1031 1627 506
at 0.0V 996 1011 1011 514
at — 300 mV 938 953 950 518
The potential determining
electrode reaction H,0 -0, Vit s vtk Fe?+ —» Fedt
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Table 3

Dependence of the cathode potential on electrode petreatment in different stages of the titration.
In parantheses are indicated the numbers of points in Fig. 4 whose potential values correspond to the
given data

E, millivolts
Pretreatment f=100 f=05 f=10 f=15

3) (3) (3) 4)
Oxidation :
at - 1435mV 850 812 657 477
with KMnO, 898 849 684 478
with H,(rO, 918 864 648 475
with HNO, 883 832 600 457
with aqua regia 885 837 614 478
bare with KI 969 890 470 421
bare with HCI 910 852 595 478
ignited 1025 922 600 474
Reduction :
with FeS&0, 865 811 601 477
at 0.0 Vv 8353 803 569 476
at — 300 my 817 770 557 471
The potential determining
electrode reaction Vot ey Vih Fed+ — et

chemical reactions, as well as on the shape of constant current bipotentiometric
titration curves.

a) The oxidation of water is not favoured by oxidized surfaces, it occurs
more rapidly on electrochemically reduced electrodes {positions of points 1 on
potential axis).

b) The reversibility of the V'3+/T+ system is the greatest on ignited or bare
surfaces. It is greater on oxidized electrodes than on reduced ones (positions
of points 2 and 8 on potential axis).

¢) The Fed+/Fert system generally behaves more reversible on oxidized sur-
faces than on reduced ones, being less reversible on bare (with KIj electrode
(positions of points 4 and 3).

d) The AE peak wvalues on the titration curves seemes to be determined by
the potential differences between points 2 and 3 (and not 4). This means that
last traces of VOo+ are still present when the potential jump occurs. This is in
agreement with the fact that all peak-potentials observed correspond to 5.80 ml
FeSO,, whereas the equivalence value by ustal zere current potentiometric titration
was found to be 5.82 ml. The difference is not significant being less than the
volume of a drop delivered by the macro-burette used.

Unequally pretreated electrode pairs were also experimented. The titration
curves obtained were similar to those represented on Fig. 1. Unequal pretreat-
ment in this case presents no significant advantages.
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Conelusions. The electrode pretreatment has significant influence on the rate
of the electrochemical reactions involved in the constant current bipotentimetric
titration of V3+ with Fe?+, Consequently the shape of the titration curves obtained
depends on the pretreatment of the platinum indicator electrodes used. Both
electrodes were pretreated in the same way, dissimilar pretreatments offered no
special advantages in this case.

In all cases the peak potentials correspond to the same equivalence volume
of the titrant. Nevertheless for automation purposes curves 4 and 5 fit the best.

Quantitatively, the results are in good agreement with those obtained by
usual zero current potentiometry.

Several qualitative statements have been drawn concerning the reversibility
of the redox systems involved on different pretreated platinum surfaces.

A quantitative study concerning of the phenomena observed is in progress.

{ Received Murck 17, 1969)
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INDICARE BIPOTENTIOMETRICA IN CURENT CONSTANT FOLOSIND ELECTROZI DE
PLATINA PRETRATATI

(Rezumat)

S-a studiat efectul pretratamentului electrozilor de platind asupra formei curbelor de titrare
hipotentiometricd in curent constant la titrarea V7 cu Fe?7. Din datele experimentale s-au tras urmi-
toarele concluzii privind influenta pretratamentului asupra reversibilitdtii sistemelor electrochimice pre-
zente: 1. Oxidarea apei nu este favorizati de suprafete oxidate, ea are loc cu o vitezd mai mare pe
suprafete reduse. 2. Sistemul V57 V31T prezintd reversibilitate maximii pe electrodul calcinat sau gol.
3. Oxidarea electrozilor mireste reversibilitatea sistemului Ted™ /Fe?™ .

In consecinti pretratamentul are influenti semmificativi asupra formei curbelor de titrare. in
toate cazurile studiate potentialele de virf corespund aceluiagi volum de echivalentd. Sub aspect can-
titativ rezultatele sint in concordanti cu cele obtinute prin potentiometrie la curent zero, obignuit.
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BUTMOTEHUMOMETPHUYECKOE YKA3AHME B NOCTOSHHOM TOKE, HUCIIOJIb3Y$ TIPE]-
BAPHUTEJIbHO OBPABOTAHHBIE IMJIATUHOBBIE
2NIEKTPOIBI

(Peswowme)

AvTOpul HCCEAOBATH 3(QEKT NipefBApHTEAbHON O0PaGOTKH NAATHHOBHIX 3J€KTPOAOB Ha ¢opMy
KPHBHIX OHIOTEHIHOMETPHUYECKOrO THTPOBAHHS B NMOCTOSTHHOM TOKe IPH THTPOBaHHH V31 ¢ nomoulsio Fett,
M3 3KCriepHMeHTANbHLIX ABHHBIX CAENdHBl CE1YiOuiKe BHBOL OTHOCHTENBHO BAMAHHS TpeiBapHTe bHOMH
06paboTKkH Ha 0GPaTHMOCTH MPHCYTCTBYIOIHX 3JeKTpoXHMHUeckux cHcTem: . OxHC/eHHsle NOBEPXHOCTH
He GaronpUATCTBYIOT OKHC/IEHHIO BOABl, 3TO OKHCJIEHHE [POHCXOAHT ¢ GoJblieil CKOPOCTHIO HA BOCCTAHOB-
JIeHHbIX 110BepxHocTaX. 2. Cucrema V3Vt uymeeT MakcHManbHylo o0paTHMOCTL HAa NIPOKAJEHHOM WM TyCe
TOM aaektpofe. 3. OKHCAeHHe 37eKTPOJOB INOBHILAET OGPATHMOCTb CHCTeMbl Fed+/Fe?t.

CrnenosaTenbuo, npeiBapuTesbuast o0pabOTKA OKA3LIBAET 3HAYNTE/ILHOE BJIHAHME HA (POPMY KPHUBBIX
THTPOBaHHs. Bo Bcex H3YUeHHBLIX CyYasix MMHKOBoie NMOTEHLHAJb COOTBETCTBYIOT TOMY X€ 06bEMY IKBHBA-
JieHTHOCTH. KOMUYeCTBEBHO pesy IbTaThl HAXOASTCS B XOPOUIeM CONIACHH C TOJYYEHHHIMH NMYTEM TIOTEH-
LUHOMETPHI 1pil OOBIKHOBEHHOM HYJIEBOM TOKe.



UNELE CONSIDERATII PRIVIND ELIMINAREA VALORILOR DUBIOASE
DE LA CALCULUL PARAMETRILOR DREPTEI DE ETALONARE SI A
CURBELOR LINIARE DE TITRARE FIZICO-CHIMICA

de
C. LITEANU si S. GOCAN

Metodele fizico-chimice de analizd se impart in doud grupe. Metode directe
si metode indirecte. La metodele indirecte este necesar ca in prealabil sid se sta-
bileascd o relafie functionald P = f(C) intre concentratia C §i un parametru
fizic P al sistemului in care se géseste substanta de determinat, obtinindu-se ceea
ce se numeste o curbd de etalonare.

Se lucreazd foarte usor cind relatia P = f(C) este liniard adicd de forma:

P =4, + A,C, respectiv y = A, -+ A;x (1)

Cind relatia dintre P si C nu este liniard, se cautd ca printr-un procedeu mate-
matic adecvat si se ajunga in final tot la o relatie liniard, mai ales printr-o schim-
bare potrivitd de variabila,

O problemd similard este si aceea a convertirii curbelor de titrare (potentio-
metricd, etc.) In curbele de titrare liniare cdrora li se calculeazd astfel mai usor
si mai precis punctul de echivalentd.

Relatia liniard dintre valoarea parametrului P si concentratia solutiei C,
se poate valorifica fie dupd construirea graficului corespunzitor, fie dupa calculul
parametrilor 4, si 4, din relatia (1). Calculul parametrilor 4, si 4, se face prin
metoda celor mal mici patrate din cele n puncte de coordonate (x;, ¥;).

¥  Existd insid posibilitatea ca valoarea parametrului y pentru una sau mai
multe valori ale variabilel x s fie afectatd de o eroare grosoland. Se pune agsadar
problema verificdrii ipotezei dacd unul sau mai multe din punctele (x;, y,) ce urmeaza
a fi folosite pentru calculul parametrilor 4, si 4, din ecuatia de etalonare (1),
sint sau nu afectate de erori grosolane.

Eliminarea nejustificatd a unui asemenea punct are drept rezultat renun-
tarea inutild la o parte din efortul depus in experiment, o datd cu scdderea pre-
ciziei rezultatelor. Includerea in calculul coeficienfilor dreptei de etalonare s§i
punctelor afectate de erori grosolane duce in final la o ,,impurificare” a tuturor
rezultatelor obfinute pe probe cu confinut necunoscut prin utilizarea curbei de
etalonare.
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Aceastd eliminare nu poate fi facutd in baza unor aprecieri subiective, cilir
baza anumitor criterii ce au la bazid principii statistice.

S4 presupunem cd, curba de etalonare teoretici este o linie dreaptd avin¢
forma :

y= o+ px (2

Parametrii « $i B nu se cunosc, ci se determind pe baza unei cercetiri experimen-
tale, mai exact se calculeazii estimatiile lor 4, si A;, adicd dreapta teoretica (2)
se estimeazd cu ajutorul dreptei empirice (1).

Asa dupd cum este bine cunoscut din statistica liniel drepte parametrii A,
si A, se calculeazd dupa metoda celor mai mici patrate cu ajutorul relatiilor :

k k k 3
2 N\ - [
EN Vi — Ay Yy
= < 4 -

Ao = 1:1 1=; txr: (3)
k fo — (2 X
. 3=1 =1
k %
k 2 XiYi — 2 xi EW
/11 - ¢~lk 1/:; 1:21 (4)
}c;x? — (; ,v,)

B
In continuare, se vor expune doud procedee de eliminare a valorilor dubioase
de la calculul parametrilor A,) si 4.

Primul procedeu constd in a calcula limitele de incredere care limiteazd cu
o anumita probqblhtate P9, banda de dispersiec a dreptei din ecuafia (1) asa
dupd cum se vede in fig. 1. Pentru aceasta se calculeazd parametrii A, si A
fard punctele presupuse dubioase, cu
7 ajutorul relatiilor (3) ¢i (4). Pe urma
se calculeazd [1] ordonatele la origine
ale dreptelor care mérginesc banda
de dispersie cu relatiile: A§ = A, -

+ds 51 A§Y = A, — Is, unde:

k
— 2
Z <ycalc yexp)
i=1

S == P o
k
Z ((dy + Ayx) — y,]g
= 1= 5
PN y ( )

iar valoarea variabilei ¢ se ia din ta-
: bel [2] pentru f=k — 2 grade de
0 libertate st o probabilitate P = 959,
X sau 999, Valorile variabilei ¢ (Stu-

Tig. 1. dent) se gdsesc in tabelul anexd I.
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Dacd unul din punctele dubioase se afld in interiorul bandei de dispersie, atunci
nu avem nici un temei de a-lI presupune dubios si va trebui introdus la recalcu-
larea parametrilor 44, A;, 4¢ st A}*. Se poate Intimpla si cazul invers, cu unul
din punctele care au luat parte la calculul parametrilor amintiji mai sus si se afle
in afara benzii de dispersie; atunci acesta se va elimina $i vom calcula din nou
parametrii A4, si A,

Al doilea procedeu constd in a calcula diferenta 3 intre valoarca Iui y experi-
mentald si valoarea calculatd cu relatia (1), aceste diferente se vor lua in valoarea
absolutd 3 = |3,p — Yea.|- Se presupune i sirul valorilor acestor diferenfe §
se distribuie normal si prin urmare se pot supune criteriilor statistice de eliminare
a valorilor dubioase dintr-un sir de determiniri, agsa cum s-a ardtat in lucrarea [3].

Dupd eliminarea unuia sau mai multora din valorile sirului de diferente 3,
se vor calcula din nou parametrii 4, §i A, din punctele rdmase, procedindu-se
apol in continuare cu noul sir de diferente § pind cind pentru probabilitatea
PO, aleasid nu se mai elimind nici una din ele.

Feuatia v = A, 4+ 4;x ai cirel parametrii A, si 4, au fost calculai cu aju-
torul formulelor (3) si (4), dupd climinarea punctelor dubioase, se foloseste ca
ecuatie de etalonare, nemaifiind astfel necesar folosirea graficului corespunzitor
de etalonare.

In cazul curbelor de titrare liniare sau dupa liniarizare, cele doud drepte
(V<tooy, = Ao + A2 §1 (V) w100y, = Ay + Ajx, In care coeficientii 4,, A, A, si
A7 au fost calculai dupd eliminarea punctelor dubioase. Aceste ecuatii vor fi folo-
site la calculul punctului de echivalentd si a altor mirimi care caracterizeazi aceste
titrdri fizico-chimice [1, 4—9].

Pentru a ilustra primul procedeu de eliminare a valorilor dubioase aritat mai
sus vom considera urmitoarele exemple:

1. €urhi de ctalonare polarograiicia. Datele experimentale cuprinse in tabelul 1,
coloanele 1 si 3, au fost luate din lucrarea [10].

Tabel T

Modul de calcul al parametrilor 1, si A,

Nr CNaClO, b
det. (mmol) (mm) xy x?
x ¥
1 2 3 4 5 6
1 12,25 48000 588000 150,0625
2 6,13 25188+* — — Lx)? = 393,943
3 3,10 11975 37122,5 9,6100
4 2,01 7750 15577,5 14,0401 Ay = —+47
5 1,28 49000 6272,0 1,6384 A, = 3920
6 0,64 2538 1624,32 0,4096
7 0.318 1200 381,60 0,1011
8 0,165 615 101,48 0,0272
9 0,085 360 30,60 0,0072
19,848 77338 649110 165,8961

* Valoare dubioasi
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x(hinmm)
soo00t B
40000 }

y=155+3920x
30000} 7
A= -2 +3920

b ) =i
10000

0 i 2 4 6 8 10 12x(m-mal C10)

itig. 2

In tabelul 1 este redat modul de calcul al parametrilor 4, si A4,, fird punctul
corespunzitor determindrii cu numaérul de ordine 2, care a fost presupusd dubioasi.

in continuare s-au calculat dreptele care marginesc banda de dispersie, precum
si dreapta de etalonare, rezultatele sint redate in tabelul 2 si fig. 2.

Asa dupd cum se vede din tabelul 2, coloanele 3, 7 si 8, si fig. 2, punctul cores-
punzitor determinarii nr. 2 se gaseste in afara benzii de dispersie pentru probabi-
litatea P = 95%, si deci el va fi eliminat de la calculul parametrilor A, si A4,.

Tabel 2
Modul de ealeul al limitelor benzii de dispersie
Nr. 8=y — N
det. ¥ ¥ y cale. -y lcj;.lc] h Yeale — 18 Yeale + 8
1 12,25 48000 47973 27 729 47771 48175
2 6,13 25188* 23983 1205 — 23781 24185
3 3,10 11975 12105 130 16900 11903 12307
4 2,01 7750 7832 82 6724 7630 8030
5 1,28 4900 4971 71 5041 4769 5137
6 0,64 2538 2462 76 5776 2260 2664
7 0,318 1200 1200 0 0 998 1402
8 0,165 615 602 13 169 400 804
9 0,085 360 286 74 5476 84 488
40815 s =824 959 fup =245

ts = 201,88 ~ 202

* Valoare dubioasi.
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2. Curbil de etalonare fotocolorimetrici. Pentru exemplificare s-au prelucrat

1

07

datele luate din lucrarea [11] (tabelul 15), si sint redate in tabelul 3, coloanele

2 si 3. Tot in tabelul 3 este redat modul de calcul a parametrilor 4, si 4,, fird

determinarea cu numdrul de ordine 2.

Tabel 3
Modul de ecaleul al parametrilor 4, si A,
Nr. m::)irﬁli " X 2
det. Y
x ¥
1 2 3 4 5 6
1 1,0000 1,265 1,2650 1,0000 (Z)% = 5,2900
2 0,8000 1,019* — -
3 0,6000 0,758 0,4548 0,3600 Ag == —0,0007
4 0,4000 0,507 0,2028 0,1600 Ay == 1,2639
5 0,2000 0,254 0,0508 0,0400
6 0,1000 0,124 0,0124 0,0100
2,3000 ! 2,908 ] 1,9858 ; 1,5700 1

* Valoare dubioasi

In tabelul 4 si fig. 3 sint redate rezultatele privind dreapta de etalonare (coloana

2 s1 3) precum si limitele benzii de dispersie (coloanele 7 si 8).

Examinind tabelul 4 si fig. 3
se constatd cd intr-adevidr punctul
corespunzitor determinirii nr. 2 se
elimind de la calcuiul parametrilor
ireptel de etalonare pentru o pro-
babilitate P == 959.

3. Curba de titrare eonducto-
metrieid. Rezultatele unei titridri
ronductometrice sint redate in tabe-
ul 5.

In tabelul 6 sint redate rezul-
tatele privind calculul parametrilor
4y si A, plnd la punctul de echi-
valenta. La calculul acestor para-
metri au fost eliminate punctele
rorespunzitoare determindrilor nr. 1
i 4 ca fiind presupuse dubioase.

Rezultatele privind calculul
curbet de titrare si a benzii de dis-
sersic sint redate in tabelul 7 si
ig. 4.

Din analiza datelor din tabe-
ul 7 sc constatd cd in afara celor
loud puncte corespunzitoare de-
lermindrilor nr. 1 si 4 se mai eli-
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Tabel
Modul de caleul al limitelor benzii de dispersie

Nr. §— Se : P

det. X ¥ Yeale =¥ =Ycalcl 0 Yeale ™ &5 Yeale + #8
1 1,0000 1,265 1,265 0,000 0,000000 1,260 1,270
2 0,8000 1,019* 1,012 0,007 — 1,007 1,017
3 0,6000 0,758 0,759 0,001 0,000001 0,754 0,764
4 0,4000 0,507 0,506 0,001 0,000001 0,501 0,511
5 0,2000 0,254 0,253 0,001 0,000001 0,248 0,258
6 0,1000 0,124 0,126 0,002 0,000004 0,121 0,131

0,000007 s = 1,527-1073, fy0;, r, = 3,1
£s = 0,0049 2~ 0,005

* Valoare dubioasit

Tabel .
Titrarea conductometricii cu coreclie de dilutie
20 ml CH;,—SO,H 0,1 N - 20 ml Na,$0, 0,1 N + XaOH
(Maria Mioseu, comunicare personali)

S x 1000 — 1 p - v 160 — i

3‘; NaOH — v y— 00—t wit

: ml ! V4 / v;
1 0 1,288 1 1,288
2 1 1,232 1,025 1,263
3 2 1,181 1,050 1,240
4 3 1,101 1,075 1,184
5 4 1,058 1,100 1,164
6 5 1,008 1,125 1,134
7 6 0,957 1,150 1,100
8 7 0,901 1,175 1,059
9 8 0,848 1,200 1,018
10 9 0,799 1,225 0,979
11 9,5 0,775 1,237 0,959
12 10 0,752 1,250 0,940
13 10,5 0,733 1,262 0,925
14 11 0,746 1,275 0,951
15 11,5 0,767 1,287 0,987
16 12 0,789 1,300 1,026
17 12,5 0,808 1,312 1,060
18 13 0,828 1,325 1,097
19 14 0,867 1,350 1,170
20 15 0,906 1,375 1,246
2 16 0,943 1,400 1,320
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Tabel 6
Modul de ealeul al parametrilor 4, si 4,
Nr. NaOH ml .
det x ¥ *y d
1 2 3 4 5 6
1 0 1,288% — -
2 1 1,263 1,263 1,00 (Ea)? == 5184
3 2 1,240 2,480 4,00
4 3 1,184* — —
5 4 1,164 4,656 16,00 Ay = 1,3105
6 5 1,134 5,670 25,00 A, = —0,0366
7 6 1,100 6,600 36,00 2
8 7 1,059 7.413 49,00
9 8 1,018 8,144 64,00
10 9 0,979 8,811 81,00
11 9,5 0,959 9,111 90,25
12 10 0,940 9,400 100,00
13 10,5 0,925 9,713 110,25
72 11,781 73,261 575,60
* Valori dubioase
Tabel 7
Modul de caleul al limitelor benzii de dispersie
Nr.
det ¥ ¥ Yeale. 8= 1ymycalp.[ 10¢ 3 Yeale. — ts Yeate. + s
1 0 1,288* 1,311 0,023 - 1,299 1,323
2 1 1,263 1,274 0,011 121 1,262 1,286
3 2 1,240 1,237 0,003 9 1,225 1,249
4 3 1,184* 1,201 0.015 — 1.189 1,213
5 4 1,164 1,164 0,000 0 1,152 1,176
6 5 1,134 1,128 0,006 36 1,116 1,140
7 6 1,100 1,091 0,009 81 1,089 1,103
8 7 1,059 1,054 0,005 25 1,042 1,066
9 8 1,018 1,018 0,000 0 1,006 1,030
10 9 0,979 0,981 0,002 4 0,979 1,993
11 9,5 0,959 0,963 0,004 16 0,951 0,975
12 10 0,940 0,945 0,005 25 0,933 0,957
13 10,5 0,925 0,926 0,001 1 0,914 0.938
318 s = 5,42-10~3,
ts = 0,012 tgs%,f—9_2'26

* Valori dubioase

mind si punctul corespunzitor determindrii nr. 2 pentru probabilitatea P = 959%,.
Astfel cd in acest caz trebuie recalculati parametrii 4, si 4,. Rezultatele acestor
calcule sint redate in tabelul 8. Se calculeazd din nou curba de titrare precum si li-

mitele benzii de dispersie. Rezultatele sint redate in tabelul 9 pentru probabili-
tatea P = 959,.
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Tabel ¢
Modul de caleul al parametrilor A4, si A4,
Nr. . i .
det. - y Ay ¥
1 2 3 4 5 6
1 0 1,288* — -
2 1 1,263* — - (Ex)2 = 5041
3 2 1,240 2,480 4,00 Mg = 13183
4 3 1,184* - —
5 4 1,164 4,656 16,00 A, = —0,0375
6 5 1,134 5,670 25,00
7 6 1,100 6,600 36,00
8 7 1,059 7.413 49,00
9 8 1,018 8,144 64,00
10 9 0,979 8,811 81,00
11 9,5 0,959 9,111 90,235
12 10 0,940 9,400 100,00
13 10,5 0,925 9,713 110,25
l 71 | 10513 | 7198 | s7550 |

* Valori dubiocase

Din analiza datelor din tabelul 9 si fig. 4 se constati cd restul punétel()r se
afla in interiorul benzii de dispersie pentru probabilitatea P = 959.

Tabel 9
Modul de calcul al limitelor benzii de dispersie

N
gert * y Veale. 8219 ~ ¥ cate | 10 & Yeate, ™ ¥ Yeare, 1S
1 0 1,288* 1,318 0,030 - 1,309 1,327
2 1 1,263* 1,281 0,018 - 1,272 1,290
3 2 1,240 1,243 0,003 9 1,234 1,252
4 3 1,184* 1,206 0,022 — 1,197 1,215
5 4 1,164 1,168 0,004 16 1,159 1,177
6 5 1,134 1,131 0,003 9 1,222 1,140
7 6 1,100 1,093 0,007 49 1,084 1,102
8 7 1,059 1,056 0,003 9 1,047 1,065
9 8 1,018 1,018 0,000 0 1,009 1,027
10 9 0,979 0,981 0,002 4 0,972 0,990
11 9,5 0,959 0,962 0,003 9 0,953 0,971
12 10 0,940 0,943 0,003 9 0,934 0,952
13 10,5 0,925 0,926 0,001 1 0,917 0,935

115 s = 3,957-10—3, t%%.f:BzZ,Bl
is = 0,009

* Valori dubioase

Rezultatele privind calculul parametrilor A4q si A; dupd punctul de echi-
valentd sint redate in tabelul 10. Punctul corespunzitor determindrii nr. 20 nu
a fost utilizat la calculul lor deoarece se presupune a fi dubios.

Modul de calcul al curbei de titrare dupd punctul de echivalentd si al benzii
de dispersie pentru probabilitatea P = 959, este redat in tabelul 11, iar re-
prezentarea graficd este redatd in figura 4.



ELIMINAREA VALORILOR DUBIOASE LA TITRARI FIZICO-CHIMICE 111
y(maz%l_ I +V)
l v
13K y=13183-00375x f
y=01403+00737
\ _y=13273-00375x
by y=01443+00737 x |
\Q
12
11
y=13093-00375x | y=01363+00737x
10t ’
0'90 2 4 6 8 0 R G L 8.0 /]
weole ke 2 Vil NaOH)
Fig 4
Tabel 10
Modul de ealeul al parametrilor 47 si 1]
Nr. det. x ¥ xy x?

1 2 3 4 5 6
14 11 0,951 10,461 121,00 (Zx)? = 8100
15 11,5 0,987 11,351 132,25
16 12 1,026 12 312 144,00 Af = 0,1403
17 12,5 1,060 13,250 156,25 A{ = 0,0737
18 13 1,097 14,261 169,00
19 14 1,170 16,380 196,00
20 15 1246% - —

21 16 1,320 21,120 256,00
90 7.611 99,135 1174,50

* Valoare dubioasi
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Tabel 11
Modul de ealcul al limitelor henzii de dispersie

Nr.

det. ¥ y Y catc. 8=1Y ¥ cqel 108 3 Yeale. — ¥ Yeate, *+ 8
14 11 0,951 0,951 0,000 10 0,947 0,955
15 11,5 0,987 0,988 0,001 1 0,984 0,992
16 12 1,026 1,025 0,001 1 1,021 1,029
17 12,5 1,060 1,062 0,002 4 1,058 1,066
18 13 1,097 1,098 0,001 1 1,094 1,102
19 14 1,170 1,172 0,002 4 1,168 1,176
20 15 1,226* 1,246 0,200 — 1,241 1,250
21 16 1,320 1,320 0,000 0 1,316 1,324

s = 1481073, g0 - (=2,45
ts = 0,0036 ~ 0,004

* Valoare dubioasi

Examinind tabelul 11 si fig. 4 se constatd intr-adevdr ci punctul corespun-
zator determinarii nr. 20 se afld In afara benzii de dispersie pentru probabilitatea
P = 959 si deci, el nu se foloseste la calculul parametrilor 4g si A]. -4

Pentru a exemplifica cel de al doilea procedeu de eliminare a valorﬂor dubioase
de la calculul parametrilor curbei de etalonare vom considera sirurile de diferente
3 din tabelele 2, 4, 7 si 11. Acestor siruri de diferente 3 le vom aplica numai
criteriul () de eliminare, deoarece este destul de sensibil gi necesita cele mai putine
calcule comparativ cu celelalte criterii.

Dupd cum se stie pentru folosirea acestui criteriu este necesar ca sirul de
valori sa se aseze in ordine cmscatoam In cazul nortru se va lua sirul valorilor
8 = | Yeate. — yexp_[ = (4, + A,x) — y|. Se va calcula marimea:

. NS . . .
Q _ 3dubios — dimediat vecin, nedubios

Smaxim — Sminim

Dacd Qe << Qrabetar pentru numairul de determindri nedubioase plus unu si o

probabilitate P9, punctul corespunzitor valorii lui 8 dubios se va elimina. In

caz contrar coeficientii A, si A, se vor calcula incluzind si acest punct.
Rezultatul prelucrdrii diferentelor § din tabelul 2 este trecut in tabelul 12.

Tabel 12
Modul de ealeul al Jui O
Nr. . = l .
det. 7 8 1 5 9 6 4 1 3 2
5 \ 0 s 13 } 27 ‘ 71 ﬁ 74 \ 76 5 82 % 130 % 1205

1205 — 130
Q e = 0,895 > 0,468 - (yap.
1205 — 0



ELIMINAREA VALORILOR DUBIOASE LA TITRARI FIZICO-CHIMICE 113

Rezultd cd punctul care corespunde determindrii nr. 2 (8§ = 1205) se elimini
si de data aceasta deoarece, Qe = 0,859 > Quup. = 0,468 (P = 959(). Valorile
variabilel Q (criteriul Dixon [12]) sint trecute in tabelul anexd II.

Rezultatul prelucrdrii diferentelor § din tabelul 4 este trecut in tabelul 13.

Tabel 13
Modul de caleul al lui Q
o I 1 3 4 l 5 ’ 6 2
3 ’ 0,000 0,001 0,00,1 $ 0,001 \ 0,002 0,007
0,007 — 0,002

- = 0,701> 0,560 = ( tab.
0,007 — 0,000

Se constata ca punctul corespunzitor determindrii nr. 2 (8 = 0,007) se elimina
si data aceasta, deoarece Qcac. = 0,701 > Qb = 0,560 (P = 959%,).
Rezultatele prelucrdrii diferentelor § din tabelul 7 sint trecute in tabelul 14.

Tabel 14
Modul de ealeul al lui Q
Nr.
det. 5 9 13 10 3 11 8
) 0,000 0,000 0,001 0,002 0,003 0,004 0,005
Nr.
det. 12 6 7 2 4 1
3 0,005 0,006 0,009 0,011 0,015 0,023
_ 2023 — 0,009 0,609 > 0,392 = Q..
0,023 — 0,000
_ 2018 = 0009 _ 100 0,392 = Q..
0,015 — 0,000
Q= QO =099 _ 073 < 0,302 — Otab-
0,011 — 0,000

Se constatd cd punctele corespunzitoare determinirilor nr. 1 si 4 se elimind
si de data aceasta, in timp ce punctul corespunzitor determindrii nr. 2 nu se
elimind pentru P = 959%,.

Rezultatul prelucrdrii diferentelor din tabelul 11 este trecut in tabelul 15.

8 — Chemia 11/1969
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Tabel 1!
Modul de ecaleul al loi Q
Nr. 14 21 15 16 18 17 19 20
determ.
3 ! 0,000 0,000 ’ 0,001 0,001 1 0,001 I 0,002 0,002 0,020

“

0,020 — 0,002
0,020 — 0,000

= 0,900 > 0,468 = O,

Se constatd cd punctul corespunzdtor determindrii nr. 20 se elimind si d

data aceast pentru P = 959%,.

(Inirat in vedactie la 25 viartie 1969

Tabel

Valorile ¢ pentru diferite probabilititi 1 — g =1 — P(|¢] < 4,) si grade de libertate f

Nr. grad. de Probabilitatea 1 — ¢ in Y
lib.
/ 909, 959, 980, 999/ $9,99,
1 6,31 12,71 31,82 63,66 636,62
2 2,92 4,30 6,97 9,93 51,60
3 2,35 3,18 1,54 5,84 12,94
4 2,13 2,78 3,75 4,60 8,61
5 2,02 2,57 3,37 4,03 6,86
G 1,94 2,45 3,14 3,71 5,96
7 1,90 2,37 3,00 3,50 5,41
8 1,86 2.3 2,90 3,36 504
9 1,83 2,26 2,82 3,25 478
10 1,81 2,23 2,76 3,17 4,59
11 1,80 2,20 2,72 3,11 4,44
12 1,78 2,18 2,68 3,06 1,32
13 1,77 2,16 2,65 3,01 4,20
14 1,76 2,15 2,62 2,98 414
15 1,75 2,15 2,60 2,95 4,07
16 1,75 2,12 2,58 2,92 4.02
17 1,74 2,11 2,57 2,90 3,97
18 1,73 2,10 2,55 2,88 3,92
19 1,73 2,09 2,54 2,86 2,88
20 1,73 2,09 2,53 2,85 3,85
21 1,72 2,08 2,52 2,83 3,82
22 1,72 2,07 2,51 2,82 379
23 1,71 2,07 2,50 2,81 3,77
24 1,71 2,06 2,49 2,80 3,75
25 1.71 2,06 2,48 2,79 3,73
26 1,71 2,06 2,48 2,78 3,71
27 1,70 2,05 2,47 2,77 3,69
28 1,70 2,05 2,47 2,76 3,67
29 1,70 2,04 2,46 2,76 3,66
30 1,70 2,04 2,46 2,75 3,65
40 1,68 2,02 2,42 2,70 3,55
60 1,67 2,00 2,39 2,66 3,46
120 1,66 1,98 2,36 2,62 3,37
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Tabel T

Valorile eritice ale lui () in funetie de » si P

Probabilitatea /79
Nr. det.
2 ‘
” | 959, 98, 99% 99,5%
! ) | N
3 ! 0,941 G,976 0,988 i 0,894
4 0,765 G848 0,889 4,926
5 0,642 1,729 0,780 0,821
6 0,560 0,644 0,608 0,740
7 ! 0,507 (3,586 0,637 0,680
8 0,168 : 0,545 4,590 0,63
9 0,437 0,555 0,598
10 0,412 0,527 0,568
11 0,392 : (0,502 0,542
12 04,576 ‘ ,482 0,522
13 0,561 i 0,165 0,563
14 (1,349 : 0,450 0,488
15 ; 1,338 0,438 0,473
@ { 4,324 0,426 ; 0,463
18 ! 0,312 0,407 | 0,442
20 , 0,300 0,391 &, 423
25 : 0,277 : 0,362 303
20 ‘ 0,260 (G.509 | 0,341 ; 070
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HEKOTOPHIE COOBPAMXKEHWY OB YCTPAHENMIT COMHMTEIBHBIX 3HAUEHUM [IPKU
BBIYWCIEHWK [MAPAMETPODR TPSIMOU STAJJOHUPCOBAHWSG M KPHBBIX ®H3MKO —
XHMHUYECKOTO THTPOBAHII

(Pesone)

B pafore npubouastest ABa cnocoa YCTPARCHIIT COMPNTEABNLIN 3HATEHHIT NpH BbIUHCIEHN HapaMe-
TPOB NPAMOIT 3TAJTOHUDPOBAHKA 1 JHHe{IHBIX KPHBBIX (DH2ITKO-XHMIUECKOro THTPOBAHMS.
Tlepraiil ciocob coCTOMT B FBIYHCJACHHM 1T@PaMeTpOB NpssblX, TPAHHYAHX ¢ JHCNepcHoit nosjocot
3HaueHH y BOKPYT HauGosee BEPOSTHOH IPAMOI, 8 TOUKH, KOTOpble GylyT HAXO/MTCS BHe eé, GyAyT yc-
TpaHeHbl NpH BBILHCJIGHHH Tapay.eTpoB ypaBHeHHsi 1-ofl crenewis.
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BTopoit cnoco6 COCTOHT B TOM, HTO CHAUANA BRIMHCSETCH N0C e 10BATeIBHOCTE DasHocTell 3=y,
— Yonuuen [ K KOTOpPOil MNpHMeHfieTcs 3arey Mg H30paHHo{d BepostHocTH P9% oauH H3 cnoco6oB

YCTPaHEHHSI COMHHTE]BHBIX 3Hauenuil. Touka, COOTBEICTBYNWAS YCTPAHEHHOH PASHOCTH, OUYEBHAHO HE
Oyler yuacTBOBaTh B BHIYHC/IEHMH [ApaveTpoB KpPHBOI 3TaJIOHHPOBAHHSI H COOTBETCTBEHHO, JIHHEHHON
KpHBOJ THTPOBaHHUS.

CONSIDERATIONS SUR L'ELIMINATION DES VALEURS DOUTEUSES DU CALCUL DES
PARAMETRES DE LA DROITE D'ITALONNAGE ET DES COURBES LINEAIRES DE TITRAGE
PHYSICO-CHIMIQUL

(R¢ sumé)

Dans leur d¢tude les auteurs présentent deux procédés d’élimination de ces valeurs douteuses.

Le premier procédé consiste a calculer les paramétres des droites qui bordent la bande de disper-
sion des valeurs v antour de la droite la plus probable; les points qui se trouveront en dehors de celle-
ci seront ¢liminés du calcul des paramétres de 'équation du 187 degré.

Le second procédé consiste a caleuler d’abord la série des différences § = |Yexp—Yealcl. 2 laquelle
on applique cusuite, pour la probabilité choisie P9, I'un des procédés d’¢limination des valeurs douteu-
ses. Le point correspondant & la différence ¢éliminée n'interviendra pas, évidemment, dans le caleul
des parametres respectifs de la droite d'étalonnage ou de la courbe linéaire de titrage.



KINETICS AND MECHANISM OF SUBSTITUTION REACTIONS
OF COMPLEXES (XVII).
Thermal decomposition of the chlorides and bromides cof some bis-diphenylgly-
oximate-diamitc-cobaltous (I1I)-complexes

by
10AN ZSAKO, ELISABETA KEKEDY :nd (SABA VARBELYI

In cur previous papers [1—5] the theimal decomposition of some bis-dimethyl-
glyoximato- and bis-1,2-cyclohexanediondioximato-diamine-cobaltous (111} com-
plexes has been studied by means of Horowitz and Metzger's method [G]. A tho-
rough analysis of this method [7] showed its principial inaccuracy and in this
paper we continued our kinetic study of thermogravimetric processes, by using
the medified Doyle method [7].

A great number of complexes of the [Co(Diph.H),Am,]X type have been
synthesized, by using the earlier described methed [8—107]. In the above formula
Diph.H, stands for a diphenylglyoxime molecule, Am for various aromatic and
heterocycelic amines and X for Cl-, Br-,

Concerning the structure of the complexe cation, taking in account the IR
evidence of hydrogen bridges, a trans position of the amine molecules can be assum-
ed [8—107. Thus, the ion must be a distortcd octahedron and the equatorial
plane of this cctahedron must be of the {ollowing structure:

CH, O-—H...O CeH,
AN | /
C=N N=¢C
N
Co
AN
C:N/ N =

' R
¢H, O...H-0 C,H,

The behaviour of these complexes in the conditions of thermogravimetric
analysis has been studied. Thermogravimetric curves have been recorded by using
a thermobalance, worked out on the basis of literature data [11]. The heating
rate was ¢ = 10°C/min. As in the case of the dimethylglyoximato- and 1,2-cyclo-
hexanediondioximato complexes, three types of thermogravimetric curves could
be observed. The salts of oxidizing anions (NOj, ClO;) decompose quickly,
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sometimes  explosively. The salts of complex anions ([Co(DH),(NCS),]-,
[Cr(NCS),(amine),]7) show a slow pyrolysis, even slower than the carlier studied ana-
logous complexes, without the formation of well defined intermediates. In the
case of the chlorides and bromides, one can observe on the thermogravimetric
curves a weight loss stop, corresponding to the loss of one molecule of aromatic
or heterocyclic amine (Fig. 1—2).

On the analogy with dimethylglvoximato-complexes, where we have shown
that the first stage of the thermal decomposition is a substitution reaction 1],
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we can suppose that the first weight loss stop corresponds to the formation of a
nonelectrolytic intermediate, accordingly to the equation:

[Co(Diph.H),Am, |+ 4+ X~ = [Co(Diph.H),Am X] + Am (1{2

At higher temperatures, the relatively stable intermediate decomposes too
The final product of the pyrolysis was CozO, in all the cases (see also Table 1).
On the thermogravimetric curves (Fig. 1—2) the theoretical position of the non-
electrolytic intermediate [Co(Diph.H), Am X is marked.

Table 1
Stoichiometrie data on the thermal decomposition of complexes of the type
[Co(Diph.H),Am,] X
J

Weight Nonelectrolyte mg Co,0, (9309)
X Am of the cale found Temp.

samgle Weigl;t weight °Q) 1 tound

(mg) (mg) (mg) cale. o

Cl ammonia 100.6 97.7 97.4 150 13.3 13.8
C1 aniline 100.6 88.1 87.9 222 10.6 10.7
Cl o-toluidine 100.0 86.3 87.0 225 10.2 11.4
Br o-toluidine 100.8 87.8 87.6 226 9.73 10.3
Cl m-toluidine 100.3 86.5 86.8 230 10.3 10.8
Br m-toluidine 101.8 88.7 90.5 240 9.9 9.3
Cl p-toluidine 100.5 86.8 — 10.2 9.3
Br p-toluidine 100.1 87.2 86.6 240 9.6 9.5
Cl o-ethylaniline 100.6 85.6 83.6 230 10.0 11.0
Br o-ethylaniline 100.2 86.1 88.0 220 9.4 10.2
Cl o-anisidine 100.2 85.1 83.4 230 9.9 10.4
3t o-anisidine 100.7 86.3 86.5 250 9.4 10.1
Cl p-anisidine 100.6 85.5 85.0 236 10.2 10.9
31 p-anisicine 101.4 86.9 90.3 250 9.5 9.8
Cl o-phenetidine 99.6 83.4 81.3 224 9.5 10.5
Br o-phenetidine 100.8 85.3 85.7 227 9.1 9.0
Cl p-phenetidine 100.0 83.8 87.8 230 9.5 9.3
Br p-phenetidine 100.4 84.9 88.0 246 9.0 8.3
Cl m-xylidine 100.3 85.4 85.7 240 9.9 10.5
Br m-xylidine 100.0 86.0 85.0 230 9.4 10.3
Cl p-Cl-aniline 100.2 84.7 81.0 220 9.7 9.0
Br p-Cl-aniline 100.8 86.0 87.0 247 9.4 9.9
Cl p-Br-aniline 100.2 81.2 80.5 245 - -

Since the reaction leads to the formation of a single solid intermediate and of
a gaseous product, the kinetics of the process can be studied by using the obtained
thermogravimetric data.
© The kinetic analysis of the thermogravimetric data was carried out by means
of the modified Doyle method. The equation of the thermogravimetric curves,
given by Doyle [12], is
ZE,

8l =22 p(x) )

Where g{«) stands for the integral function
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In this expression « means the degree of decomposition, i.e. the fraction of
the transformed complex. The function f(«) gives the dependence of reaction rate
in isothermal conditions upon the decomposition degree o, accordingly to

< — kf(«) (4)

d:

where & stands for the rate constant.

Turther, in equation (2) Z and E, stand for the pre-exponential factor in Arrhe-
nius’ ecquation and for the activation energy of the process, respectively. R is the
general gas constant and ¢ the heating rate. The function p(x) stands for the
integral

plx) = — S ‘:dx, where x = ;—j (5)

Taking the logarithm of eq. (2), the following expression is obtained

lgZ> —1g g(«) — 1z p(x) = B (6)

q

The magnitude B depends only upon the nature of pyrolysis process, but not
upon the temperature. Thus it may have a constant value for a given thermogravi-
metric curve. The modified Doyle method is based on the constancy of the expres-
sion (6).

We have listed the numerical values of — lg p(x) in function of both E, and
T values, which enables us to seek for the E, value ensuring the best agreement
with experimental data, assuming a definite form for the function f(«) (7]. To
find this E, value easily we gave a statistical criterion. With the help of the integral
tables the B values are calculated for each experimental point of the thermogravi-
metric curve (noted by B,). For this the cerresponding g(«) value must be known.
This can be calculated from experimental data by assuming a definite form for
the function f(e). The arithmetical mean of the B, values (B) is calculated, and
the standard deviation of individual B; values from this arithmetical mean. This
standard deviation, defined as

5 \/E(B,- iy ™)

where 7 stands for the number of experimental points, gives a quantitative charac-
terization of the constancy of B. The standard deviation is calculated for various
E, values and its minimum indicates the best E, value, the most consistent with
the presumed f(«). By repeating this trial- and error proceeding for other functions
f(a), too, the obtained minimum § values can be compared, which gives the best
function f(a«), from the used ones, indicated by the minimum of these minimum
3 values.
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These calculations were carried out for six functions of the type f(a) = (1—o)".
The functions g(«) for these six apparent reaction orders » are the following [7]:

n="0; glo) =«

n=1/3; gla) =321 — Y1 — 7]

n=1/2; gla) =21 — VI — o (8)
n=32; gla) =271 — YT = a]

#no=1; glo) = —In (1l — 2)

no=2; g(oc)zlju

In the case of each thermogravimetric curve six g(e) values are calculated
for each experimental point, by using the formulae (8). The fraction of the initial
compound reacted caun be given as the ratio of the actual weight loss to the total
weight loss during the considered reaction, i.e.

g o= W 9)
W,y — Wy
where W, Wy and W, staud for the actual, initial and final weight of the sample,
respectively. As an example we give in Table 2 the lg g(«) values calculated
from experimental data, for the complex [Co(Diph.H),(o-phenetidine),|Br, by
means of formulae (8) and (9).

The further calculations have been carried out by means of an electronic com-
puter DACIC C—1. In this computer the numerical values of — lg p(x) have been
introduced for different £, and 7T values and also the six columns of Ig g(=), given

in Table 2. The calculation of individual B, values, of arithmetical means B, and
of sums X(B; — B)* has been programmed. These sums have been calculated for

E, =10, 12, 14 ... 60 kcal/mole and after that, in the vicinity of the minimum
of these sums a linear interpolation has heen made, in steps of 0.1 kcal/mole.
To illustrate our proceeding, we give in Table 3 the sums Z(B; — B)? calcu-

lated by the computer for the above discussed thermogravimetric curve
of [Co(Diph.H),(o-phenetidine),] Br. In this table are given only data concerning
the minimum value of the above mentioned sums, and the two neighbouring values.

Table 2
lg g(«) values caleulated for the thermogravimetrie curve of
{Co(Diph.H) ; (o-phenetidine) ., Br
lg g (o)

t°C o

n =0 n == 1/3 n = 1/2 n = 2[3 n =1 3 o= 2
180 0.9679 —1.494 —1.490 —1.490 —1.488 —1.487 —1.480
190 0.9231 —1.113 —1.108 —1.105 —1.101 —1.096 —1.079
200 0.7949 —0.688 —0.672 - (.664 —0.655 —0.640 —0.588
210 0.5385 —0.335 —0.295 —0.273 —0.251 —0.208 —0.065
215 0.4423 —0.263 —0.201 —0.174 —0.146 —0.089 +0.101
220 0.2756 —0.145 —0.068 —0.023 --0.014 +0.110 +-0.419
225 0.0897 —0.041 +0.079 +0.148 -+0.219 +0.381 +1.005
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Table 3

The sums £ (B; — ﬁ)z caleulated for the thermogravimetric curve of [Co(Diph.H),(o-phenetidine),]Br
in the vicinity of their minimum value, presuming difierent apparent reaction orders, together with the
ecorresponding E, values

i K, X (B; — B) n oy T (B — By n E, S (B; — By
32.1 0.02308 34.3 0.01217 35.8 0.00858
0 32.2 0.02303 1/3 34.4 0.01206 1/2 35.9 0.00853
32.3 0.02307 34.5 0.01215 36.0 0.00859
37.1 0.00671 40.2 0.00785 51.4 0.12731
2/3 37.2 (.00663 1 40.3 0.00780 2 51.5 0.12724
37.3 0.00671 40.4 0.00786 51.6 0.12745

As seen from these data, the considered sums have a minimum value for each
reaction order #. Thus, for » = 0 this minimum appears at £, = 32.2, for n = 1/3

that they vary systematically with #. A well defined minimum of these minimum
values can be observed for # = 2/3. This means, that from the considered kinetic
equations flo) = (1 — «)*® is the most consistent with our experimental data. For
this apparent reaction order # == 2/3 we obtain, accordingly to table 3, the acti-
vation euergy F, = 37.2 kcal/mole. The agreement between the experimental
data and the above given kinetic parameters can be characterized by means of
the standard deviation, defined by equation (7). Since we obtain for #» = 2/3 and
£, == 37.2 keal/mole, by using seven experimental points of the thermogravimetric
curve, the sum X(B; — B)? = 0.00663, the standard deviation, calculated by means
of the formula (7), will be § == 0.031.

The pre-exponential factor Z can be calculated easily with the help of equation
(6). From this equation:

IgZ =B -+1gRg —1g L, (10)

Since g = 10%/min = 1/6 degree/s, and the aritinetical mean of B; values for
#n = 2{3 and E_, = 37.2 kcal/mole, calculated by the computer, is B = 19.718,
by wusing the relation (10) we obtain lg Z = 14.667 ~ 14.7.

These calculations have been carried out for 29 studied complexes. Final results,
reaction orders x, the most consistent with experimental data, the corresponding
E,, lg Z values and standard deviations are given in Table 4.

From the obtained data only very few conclusions can be drawn. Apparent
reaction order varies between 0 and 1, the most frequent belng #n = 0. E, vaties
between 10 and 40 kcal/mole. Generally, the activation energy of analogous com-
plexes is less for the bromides as for the chlorides. A single exception was obscrved
in this respect, the o-phenetidine derivative. We could not find a systematic varia-
tion of the activation energy in function of the nature of Am molecule, though,
if Am is an aniline derivative, one can observe a slight tendency of decrease of
E, with decreasing basic character of the amine, especially in the case of chiorides.

It is interesting that lg Z varies parallelly with E,. Thus it is very difficult
to give a physical significance to the obtained kinetic parameters. They obviously
characterize the whole pyrolysis process, and not only the chemical reaction. Con-
cerning the reproducibility of the results, it is worth to mention, that the working
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Table 4
Kinetie parameters of the pyrolysis process (1)
X=0a4a X = Br
Am
n E, lg Z 3 n E g Z 3
ammonia 1 10.2 2.5 0.036 — — — —
aniline 0 18.6 6.0 0.044 — — . —
o-toluidine 1 21.2 7.3 0.035 1 20.5 7.0 0.075
m-toluidine 0 20.6 6.7 0.113 0 10.0 1.5 0.061
p-toluidine 2/3 36.4 14.2 0.143 0 16.8 4.9 0.027
o-ethyl-
aniline 1 23.8 8.5 0.207 1 17.8 5.7 0.048
o-anisidine 0 16.0 4.3 0.021 0 15.8 4.0 0.049
p-anisidine ] 16.2 4.6 0.183 1/3 11.2 2.2 0.071
o-phenectidine 2/3 23.2 7.9 0.034 2/3 37.2 14.7 0.031
p-phenctidine 2/3 37.3 14.2 0.080 0 33.7 11.8 0.087
o-Cl-aniline - — — — 1 12.1 3.2 0.044
m-Cl-aniline 1 12.0 2.9 0.069 e — — —
p-Cl-aniline 0 33.7 13.2 0.123 0 26.0 8.5 0.081
m-Br-aniline — — — — 1 18.1 6.2 0.092
p-Br-aniline 1 4.0 3.9 0.050 — — — —
4-amino-
m-xvlene 0 12.0 2.5 0.054 0 11.0 2.4 0.033
1.2,4-toluilene-
diamine - — — — 0 24.5 5.1 0.200
B-picoline — — - - 0 15.0 3.4 0.062
~-picoline 0 40.4 14.5 0.115 — — — —

conditions have quite a considerable influence. By recording thermogravimetric
curves for samples of the same weight (100 4 0.3 mg in our experiments) and by
using the same crucible, a rather good reproducibility can be reached. The obtained
activation energy values do not differ, generally, more than with 1—2 kcal/mole.

We thank to Mrs. Carmen Darie for the programming and effectuation of the calculations, by
means of the electronic computer DACICC—1 in the Calculation Institute of the Academy of the
Socialist Republic Romania, Cluj.

( Recesved March, 21 1969)
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CINETICA SI MECANISMUL REACTIILOR DE SUBSTITUTIE A COMPLECSILOR (XVII)
Descompunerea termicd a unor cloruri si bromuri
bis-difenilglioximato-diamin-cobaltici

(Rezumat)

S-a studiat cinetica de pirolizd a unui numér de 29 complecsi de tipul [Co(Dif. H},Am, | X cu
N = Cl sau Br. Din curbele termogravimetrice s-a calculat gradul de transformare si s-a folosit metod:
Iui Dovle modificatd pentru calculul parametrilor cinetici. S-au incercat reactiile corespunzitoare I¢
ordinele aparente de reactie 2 == 0, 1/3, 1j2, 2/3, 1 si 2. Calculele an fost efectuate cu ajutorul unuw
calculator clectronic. $-a gasit cii ordinul de reactie cel mai frecvent este 2 == 0, energiile de activare
variazdi paralel cu factorul preexpomential. T.a complecsii analogi energiile de activare sint mai joase
la bromuri decit la cloruri. Din datele obtinute se trage concluzia cd parametrii obtinuti nu caracte-
rizeazdt procesul chimic propriu zis, ci procesul de pirolizi in ansamblu.

KHHETUKA M MEXAHM3M PEAKUI 3AMEIIEHIIST KOMIWIEKCOB (XVII)
Tepittueckoe puas.i0xenue HeKomopstx OuC-OUQEHIIZAUOKCUMAMOOUANUH-KOBQA bIOEsLY
xaopudos i 6poMucos

(Pezwoae)

Hayuena wusernxa nupoansa 29 kommrexcos tuna {Co (Dif. H), Am, X], rae X = Cl nau Br. Uz
TEPMOIPABHMETPHUECKIIX KPUBBIX BBIUHC/INIACH cTelleHb 11peoipasoBantst H HCIOJb30BAJACA HAMeHEHHBI
meto Jlofias s BblUHC/AeHHsL KHHCTHHECKHY TapaMetpos. Henwiranuer peaxiiii, COOTBETCTBYIOMIME
KA K YILHAMCs HopsiaKaM peaknun # - 0, 1/3, 1/2, 2/3, 1 i 2. BerulicaeHHst 1pod3BOAMINCE ¢ MOMOIIBIO JIeK-
TPOIHOI BRIUICIHTENBHON MaltHULL ABTOPL YCTAHOBUIH, YTO HaHBOMee UACTO BCTPEUAIGUIHMCS NOPSAKON
peakuuu sipasercst # = 0. JHeprii aKTHBALI H3MEHSIOTCS NADAIJISIBHO € TPEI3KCIOHEHIHATBHLIM
haKkTOpOM. Y AHAJOTIIYHBIX KOMILTEKCOB 9HEPril aKTHBALHH GoJee NOHMKeRbl Y OPOMILAOB, YeM V XT0OpHAOB.
M3 noayuenupix JanHbIX aBTOPbL CAGJMATH BLIBOL O TOM, YTO NOJAYYeHHLIe MapavMeTpel He XapaKTepH3ylol
cobCTBeHHO XHMIUECKH{T ITpoiece, & NPoLece upoansa B LEeI0M.



DISPLACEMENT OF THE EQUILIBRIA OF THE ADDITION AND
SUBSTITUTION REACTIONS UNDER THE ACTION OF EXCESS PARTNERS

IOAN AL. CRISAN and MIHAELA NOVEANU

The paper was presented at the Festive Scicutific Mceting ovganized on 150tk anniversary of the
first enginceving courses in Romanian in Bucharest, November 15— 374, 1968.

In a previous work there has been discussed the connexion of the equilibria
of complex reactions of addition and substitution when all the partners of the
studied reaction were in stoechiometric concentrations [1]. It has been shown
that for a general reaction of the type:

mD,E, + nF G, + pI;J, + qL + ¥R = sD,E.L; 4 sD,Fé +- tD,I, +
+ tDyRs + uEG, + il G I J, + vL, R + wE + 2] (1)
the total constant of the stoechiometric equilibria has the form:

- 1p

K= 12 e
where I, and II; are the products of all the stoechiometric stability constants of
the partially dissociated partners from the right side and from the left side res-
pectively, each of them raised to the power of its own stoechiometric factor.

In many cases that appear during the chemical analyses, reactions in which
some of the reactants or reaction products are in excess are also used if the stoe-
chiometric proportions of the fundamental reaction taking place are considered.
In the following lines we present the general case of the reactions with excessing
partners.

In order to define more accurately the way in which the reactions and notions
in the work are used we consider that the reactants and the reaction products
which exist in concentrations exactly corresponding to the stoechiometric propor-
tions of the reaction are not in excess with one another. The equilibrium settled
when having a reaction in which the reaction partners exist in quantities corres-
ponding to the stoechiometric proportions is a stoechiometric equilibvium. The total
equilibrium constant of such a reaction is the constant of the stoechiometric equili-
brium of the reaction.

Unlike the above reactions, in all the cases when the reactants and the pro-
ducts of a reaction are in quantities differing from those corresponding to the stoe-
chiometric proportion of the reactions, nonstoechiometric equilibria are established
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in the solution, i.d.e. displaced equilibria. The constant reflecting the position o
such an equilibrium is the nonstoechiometric equilibrium constant of the reactior
and it was called conditional equilibrium constant [2] or apparent equilibriun
constant [3].

The equilibrium constants being much used in practice, and because it i
necessary to know which equilibrium constant is spoken about in each particula
case we propose that the terin of “normal equilibrium constant’” noted K,, be accep-
ted for the constant refering to the stoechiometric cthbrmm The concrete con
ditions (molar concentrations, temperature, pressure, ionic strength etc.) in whick
it should be experimentally determined could be ev entually fxxed after a discussior
in the special committee of 1 U P A C. At the same time we propose that the term
of Vequilibrium constant”’, noted K, refer to the noustoechiometric equilibrivm of
the reaction and beside its concrete values the conditions in which it was caleu-
lated or experimentally determined should be given too.

Knowing that any equxhbuum constant shm\s in fact the real poesition in
which the wbpcgtlvo equilibrium is settled, it is nec cessary that the chemical reac-
tions Dbe written in such a way as to reflect the real situation in the solution.
To put it in other words it is essential to write all the reactions in their principal
sense of development. The constants K, and K will be used in this work only
for the principal sense of the reactions they are refering to. Because in many che-
mical books and papers some reactions are very f*wwnﬂv written in their opposite
sense {e.g. dissociation reactions of some wealk (]c‘chohtes, hyvdrolysis reactions
of some colte yealded by the vevtrelisation of the weak acids or weak beses with
strong bases or strong acids ete.) for the equilibrium coustants reflecting the sense
in which the reactions take place to a smaller extent we propose that the following
notations be used k& and k.

In order to better understand the situation appearing when some partners
of the reaction are in excess, e.g. for a correct a})p}xk’ltl()l] of the rule given by
Guldberg and Waage [4] it is necessary to tale into consideration the basic rules
of chemistry and the rule (1ot always respected) indicating that writing the mathe-
matic relations of some chemical phencmena it is necessary to strictly respect the
concordance between the mathematic apparatus and the sense of the rcactions
atd the chemical parameters. First of all we must take into consideration the
rule of the definite proportions, which shows that the stoechiomeiry of a gives reac-
lion s a constant one, in well defined conditions when the reaction partners are in
any cuantity. In the second place considering any reaction with partners in excess
it is obvious that the equilibrium of the reaction is displaced in one or another
sense when comparing with its position corresponding to the stoechiometric equi-
librium. The displacement extent of the equilibrium depends on the excess of the
respective reaction partners e.g. the displacement is preportional with the respec-
tive excess,

Ixemining attentively the way in which the excess of one or another reaction
partner acts we find that the quantity in excess of the reaction partners do not
step in the reaction having just the role of a displacement force of the equilibrium.
So, the position of the displaced equilibrium reflected by the concrete value of the
constant K is also a stoechiometric equilibrium position but differing from the
“normal equilibrium position””. In order to find the real value of the constant
K of the displaced equilibriumi and in order to express mathematically the role
onn the excess of the reaction partner it is necessary to take into account the
initial formulation given by Guldberg and Waage [4] and the common
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experience issued from the application into practice of the mass action law. So,
all the scientists who calculated the concentration of some chemical species, in
the presence of an excess of other chemical species unanimously admitted that
the ratio between the product of the total equilibrium concentrations of the sub-
stances resulting from the reaction (each raised to the pewer of the respective
stoechiometric factor) and the product of the total equilibriam concentration of
the substances entering the reaction (each raised to the power of the respective
stoechiometric factor) is always constant and equal with the normel stoechiometric
equilibrium constant of the given reaction, the excess of some or other of the reaction
partners having no influence.

With the above mentioned explanations we can approach the coucrete study
of the influence of the concentration excess of the partners in a reaction. So, if
we consider a general reaction, for example of the type (1) and we admit that the
reaction partners can be in any proportion so that a certain displaced equilibrium
might be produced the mass action law has the form:

K o (Dl 1 R ID T DR T G ¥ (1 Gy L Jp 18 [LoR o
0 o S AhrT -
(D, " (¥ G, " [ Jg P T [RY

(el T

(3)

The right side of the equality contains in itself the expression of the constant K
of the displaced equilibrium and at the same time the expression of the cxcess
concentrations, because the molar concentrations represented by the square brackets
are in fact the total equilibrium molar concentrations of the reaction partuers. In
order to separate the two expressions it is necessary to distinguish between the
total molar concentrations of equilibrinm in which the excess of the respective part-
ners and the molar concentrations of thie reaction partners correspending to the
new position of the equilibrium are summed up, supposing that this position could
be produced without the influence of the excess of the reaction partners. Between
the total molar concentrations of equilibrium and those corresponding to the new
position of equilibrium not taking into consideration the cencentration excess
the following relation could be written :

r 1 a1 ] — n Tranctior matties] .
[reaction partner]y,,y = ¢ [reactivr partner]giiaced (4)

© being a proportionality factor which could be called “excess concentration coe-
ficlent” or simply "'excess coeficient” and which conventionally will have values:

¢>1 (3)

the respective reaction partuer is in a stoechiometfric concentration and so:

we can see that for:

Treaction partneria == [reaction partner lgspiaced (7)

The concrete values of ¢ factors belonging to the different partners of the reaction
will be calculated starting from the councentration of that partner that is in the
lest quantity, which may be considered as its stoechiometric concentration, for
which we will have ¢ = 1. These values will be generally calculated by means
of the following relation:

- .
[reaction partner]total
o= (8)

[reaction partner]displaced
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The values of the total molar concentration will be obtained by summing up
[reaction partner Jioa == [reaction partner]escess -- [reaction partnerigipacea (9
but the approximation:
[reaction partner]im == [reaction partner]excess (10)
may also be accepted, because:
[reaction partner]escess » [reaction partner Jaispiacea (11)

On the other hand the concentration of the reaction partners at a displaced equi”
librium can usually be obtained by replacing the equilibrium concentration from
the expression of the normal equilibrium constant with the total molar concentra-
tions of equilibrinm. The concentration sought is easily explained knowing the parti-
cular value of K, and the stoechiometry of the reaction.

By replacing the total molar concentrations of equilibrium from the equality
(8) with their corresponding values according to equality (4) the terms being ordered
and the result generalized we obtain:

Ky=K O (12)
where :
I
O = D (13)

and H% and Hq,L are the products of all excess coeficients from the right side, and

from the left side respectively, each raised to the power of its stoechiometric factor.
For the reaction (1):

il (14)

[ — .o Lot cof .o% el .ol Lol ot :
op = Po,eL; " Por; Pp1, ooy PE G, PR G T, PLor PETY .
and:

I (15)

o =955, P, Oy, L
Replacing the K, and @ expressions from (2) and (13) in (12) we can express
the constant of the displaced equilibrium in the following way :

II
K =0 °L (16)
M, g,

The formulae (12) and (16) are in fact new and generalized expressions of the
mass actions law. These formulae permit us to specify the way in which the con-
centration excess of any reaction partner acts, but at the same time they permit
us to understand exactly the situation when there exist some more reaction part-
ners in excess. Beside these the new formulae permit us to do a clear quanti-
tative distinction between the normal stoechiometric equilibria and those displa-
ced. So, we can see that geuerally:

K, K (17)

and only for the special case:

® =1 (18)
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the equilibrium constant is just the normal equilibrium constant, when:
K, =K (19)

Thus we can see, that when all the excess coeficients are equal with the unit
and also when:

Iy, = I, (20)

the total displaced equilibrium constant K is equal with the total stoechiometric
equilibrium constant K,. So, we can reach the total stoechiometric equilibrium
position in two ways: first when we work with reactants which are in stoechio-
metric concentrations and second when the shifting action of the equilibrium
caused for example by some reactants in excess is annihilated by the shifting
action of the equilibrium in the other sense caused by some reaction products
in excess.

From the expression (12) we can see that the equilibrium displacement of
the reaction depends directly on the value of the @ factor which is a number
without dimensions having the significance of a constant depending on the excess
concentrations of the reaction partners acording to the ratio (13). That is why
the @ factor could be called “excess constant of the equilibrium’ or simply
“excess constant’’. We can see that for:

O <1 2n
that is for:

I, <, (22)

the total equilibrium of the reaction is displaced to the right, when compared to
the stoechiometric equilibrium of the same reaction. The extent to which the equi-
librium is displaced to the right is given by the concrete value of the excess
constant @, that is: the smaller the ® factor the more will the equilibrium be
displaced to the right. In all these cases:

K > K, (23)

and the K values depend on the concrete values of the displacement constant for
a given reaction. In the same time we can see that when:

D> 1 (24)

That is:
H"D = H‘PL (25)

follows :
K < K, (26

and so the total equilibrium of the reaction is displaced to the left, when compared
to the stoechiometric equilibrium of the same reaction. In this case too, the
extent of the equilibrium displacement to the left is given by the concrete
value of the excess constant @, that is the bigger will ® be the more will
the equilibrium be displaced to the left. The values of the total constant K of tke
displaced equilibrium depend, this time too, on the concrete values of the excess
constant @ for a given reaction (that is for a given K,).

9 -— Chemia 11/1969
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Form the (12) relation the value fo the excess constant could be expressed
O = (27

Studying attentively the equality (27) we may conclude some things of a grea
importance for the chemical practice and theory generally and for analytical che
mistry and chemical analyse especially. So, if we consider the case of some equili
brium reactions taking place in different solutions, in which the excess conceutra
tions of the reaction partners satisfy all of them the condition:

O, = D, = ... = ©, = constant (28
we can write
Ko Ko, K,
o 2= = —F == constant (29
K, e K, ‘

To say it in a different way, in the case of all cquilibrium reactions taking plac
in different solutions in which the excess concentrations of the reaction partnern
are in such proportions that the concrete wvalues of the excess constants d
are identical we see that the ratio between the total constants of the stoechiometric
equilibrium and the total constants of the displaced cquilibrium have the samc
value for all the equilibrium reactions from the respective solutions. This rule coulc
he called the displacement rule of the chemical equilibriim under the action of the
excess of concentration. This rule can be stated shortly as follows: in solution:
with equal  excess  constant  ®, all the equilibria  are moving equally, that i
in different solutions in which different equilibrinm reactions take place anc
where  the excess constants @  are identical, the equilibria of all reaction:
are shifting to the same extent. This rule, theoreticaly deduced and in accordance
with the experimental facts found is similar to the empiric rule of T,ewis anc
Randall [5] reffering to the constancy of the activity factors in solutions o
‘dentical ionic strength mathematically expressed by Debyve and Hitckel [6]

From the equilibrium displacement rule results that, in all the cases in whick
different equilibrium reactions have the same total stoechiometric equilibriun
constant if in the respective solutions there are excess concentrations, so that the
oxcess  constants  be identical, the displaced equilibria of these reactions
will be characterised by identical constants. 1t is important to note that the con-
crete value of the excess constant will have values depending on the type
and equilibrium stoechiometry to which it refers, so the excess of a certain sub-
stance can have different results upon some equilibria because it can lead tc
different values of the excess constant depending on the particular case.

Expressions (12) and (16) have different forms and approximately simple
ones depending on the cases when they appear in practice. In order to apply in
a correct way the general formulae we specify that in all the cases, when in a
zolution there is only one substance solved, well defined from a chemical point
of view, and which is partially dissociated as for example:

aD L bE = D,E, (30)
or ;]

hD + (E + jL = D,EL; (31)
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ve consider that in the respective solution there is an elementary equilibrium (an
1dditional one or ome of dissociation deppending on the direction in which the
:quilibrium is written) between the undissociated part of the given substance and
1is individual components resulting from the dissociated part. In all the cases
vhen in the solution there are more substances able to react or to influence one
inother in the solution there is a conected equilibrium reflected by the total equi-
ibrium constant (stoechiometric or displaced) of the reaction.

The additional or dissociation constants of stability reflecting the elementary
:quilibria would be better called “’normal constants of stability”, “normal products
f stability”, 'normal constants of dissociation”’. At the same time it would be
jecessary to calculate and to determine the values of these normal constants of
‘he elementary equilibria for well defined conditions. At present the values of
‘he constants of elementary equilibria are given depending more on the tempera-
ure hut for a rigurous calculus it is necessary to kuow beside other parameters
specially the concentrations at which they were determined. It would be useful
Jat all the constants of the elementary equilibriz be determined for the molar
walvtical concentrations of the respective chemical species and at proper iomnic
strength .

The most simrple cases of displacement of the chemical equilibria are the {ol-
owing :

1. Displacement of elementary equilibria. a) Displacenren: of the additional equilibrivin {dissoci-
ttion) of o weak ocid. In this case we may write:

n H+ - A" = H,A (32)

ml in practice we have only the problem of the slacement of this equilibrium to the right either
v introducing in the weak acid solution ¥i,A of ¢n cxcess of II7 fons resulting from an 1 ore
lissocinted than IH,A or by adding an excess of A®~ anjons resulting from a certain salt totally dis-
ociated. so, wien we add an excess of strong acid to the initial solution of the H,A acid, the expres-
ion (16} becomes:

KH 4 = K, s o (33)
n H. 4 gt

ipplyving the formula (33) to the displacement of the additional equilibrium of the acetic acid of
1 20 concentration for which the normal constant of stability is [7]: 10467 under the action of an
xcess of I fons produced by hydrochloric acid of 0,01 M concentration, we get the following value
f the additional displaced equilibrivm :

FeH,CO0H = 10476 10176 - 166.52 (34)

eCAUse |

(35)

oyt

nd the concentration of the H™ jons dissociated Ly the acetic acid when the hydrochloric acid is
resent has been calculated froin the stability constant of the acetic acid:

TH+) CH,CO0™ ] [CH,CO0H] 107 10-3,76 (36)
JHT icH,c00H = . 7 = — - — 10-3, :
' e DT 04T H ot 10476107

“he approximation (10) has been admitted which in this case has the form:
[H+Jotal &~ [H*Juc (37}

‘or rogurous calculus relation (9) will be used.
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The displacement of the additional equilibrium of the same concentration acetic acid under th
action of an excess of CH,;COO— ions resulting from the total dissociation of the sodium acetat
2 M concentration may be calculated :

K -= 104,76 106,36 = 1011,12 (3¢
because :
100,3
Per,co0— = m (3¢

10~6,06 being the approximate concentration of the CH,COO™ ijons dissociated by acetic acid the sodiur
acetate being present and were calculated similar to [H+ lc,coorm (see above). We can see that i
both cases the stability of the acetic acid is greately enlarged, proportionally to the used excess.

b) Displacement of the forming equilibriwm of the complexe combination, for example:
Fert 4 6 CN— = [Fe(CNj 3t (4(

for which Koipeen i has the value [8] : 1024, If we consider a solution 107% M of hexacyar
Nlg

ferrate (1) in which there is an cxcess of two mols potassium cyanide the comnstant of the displace

equilibrinm becomes :

= 10)2110163,98 . [()187,98 (41

. ”‘6
Doy =

. .
I‘[Iﬁe(cx\,gr—— NI EON gl = R
because :
2
© e ————— = 107733 (4%
i 10—27,08

and the concentration of cvanide (= 1072793 dissociated by hexacyanferrate(IT) an excess of cyanid
being present, there has been calculated in an ordinary way.

¢) Displacement of the complexonat forming equilibviwm. If we consider the formation of alum:
nium ethylendiaminetetraacetate (shortly noted AIY—):

AR+ L Y1 = AlY T (43

whose normal stability constant is [9]: 101813 may be written :

Kary— = Kogpy— * 2y (44
Adiniting that in a AIY™ 107 M solution there are 1072 mols Na,¥ too, we get:
KAIY‘_ == (18,131 ()14,13 ... 1030,26 (45
because :
102
L et LU (4¢€
' 10--16,13
and :
. (ALY 102 B ;
AP = joemyg—e = 10718 {47

" Koy 1Y)

and in this case, [AB*+] dissociated by AIY™ an excess of Y4~ being present, is equal to T¥*~] dis
sociated by AIY™ an excess of Y4~ being present.

From the above mentioned examples we see that, by adding to the solution of a certain substanc
a chemical species common with an fon dissociated by the respective substance, if no reaction occur:
a stabilization, sometimes an advanced one, of the initial solved substance is taking place as we knor
from chemical practice. The general formulae mentioned above have the advantage of permitting
quantitative treatment and the unitary interpretation of the process of stability of a chemical specie
partially dissociated in solution under the action of its common ions. Beside this, they are clear, simpl
and ecasy to apply.
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When to the solution of the substance characterised by a given elementary equilibrium, we add
| reactant capable to interact with one of the dissociated species of the imitial substance, we always
1ave in the solution a reaction equilibrium which in most cases leads to the decomposition of the
itudied chemical species, as in the example discussed above.

2. Displacement of the reaction -equilibria a) The displacement of a complexonate undev the
wtion of a strong acid. E.g:

AIV™ 4 4H+ = AB+ & H,Y (48)

[f in a AlY™ 1072 M solution there is also a strong acid in a concentration of 4 1072 M = 1071149, the
stoechiometric equilibrium constant of the descomposition reaction taking place is [11:

KOH v 1()21,09
K, = b s e o 10496 (49)

LM - 1040,13

hrere K,,H‘Y = 1021,%? i3 the stability constant [10] of the ethylendiaminetetraacetic acid. In the analytical

practice sometimes it is necessary to assure a total descomposition of AIY™ and in such cases we
1dd an excess of HT ioms. If in the above solution there is [HT] = 1 the ALY~ concentration undes-
somposed in the presence of H™ ions excess could be:

- [APH] [HY] 1070 0
[atv—l= K, [+ 7 e S (50)

and the H+ ions concentration which did not react from the stoechicmetric necessary quantity in the
presence of the H* ions excess would be:

[H‘:“:remaiued =4 - [AF{M} = 10783 (51)
50

1
g T e 1099 (52)

10836

Consequently, the value of the displaced equilibrinm constant of the descomposition reaction (48) in
such conditions will be:

K48 j— KO“ . q}%{+ = 109 . 1(8%44 .. ](i38,40 (53)

b) The displacement of a weak acid by a strong acid.
CH,COONa + HCl = CH*COOH - Na(Cl (54)
This reaction mav also be written:
CH,CO0™ -+ I+ = CH,COOH (55)

If we consider a sodium acetate solution 0,1 M in which there is also 0,1 mol hydrochloric acid, we
get the stoechiometric equilibrium of the reaction number (55) whose constant is equal to the stabi-
lity constant of the acetic acid, that is K, = 10%%. When in the sodium acetate solution there is
a Ht jons excess, for example 0,11 HCl mols, the displaced equilibrium constant of the reaction (55)
will he:

Kgg = Ko« gyt = 10976 . 10088 — 10890 (56)
So, we see that when we add stoechiometric quantities of hydrochleric acid in a sodium acetate solu-
tion the acetic acid is mostly displaced but with a hydrochloric acid excess the acetic acid is in
fact totally displaced and the II;, value shows the exact measure of this displacement. At the same
time when comparing the (34) and (56) equalities, we immediately see that there isn’t any essential
difference between the displacement of the equilibrium forming a weak acid under the action of a
strong acid added to the respective weak acid solution and the displacement of the same equilibrium
under the action of the same acid but added to a solution formed with a salt of the respective acid
and a strong base. This fact is easy to be explained because the strong acid added until we get the
equivalence of the (54) reaction only forms the respective weak acid and the acid excess alone acts
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in the direction of displacing the equilibrium, as we know it from practice, but this fact has no
been quantitatively treated from a unitary point of view.

¢) Displacement of a weak base by a strong one. Let us have the displacement of ammoniun
hydroxide from ammoniumn chloride under the action of the sodium hydroxide.

NH,Cl ++ NaOH == NH,0OH - Na(Cl (57

respectively
NH;* + OH™ = NH,0H (58
1{ in an ammonium chloride solution with 0,1 M concentration there is an equivalent guantity of sodiunm
hydroxide the stoechiometric equilibrium of (57) reaction settles, whose normal constant is the very
formation constant of ammonium hydroxide. Its value is [11]: 10%75. If in the initial ammoniun

chloride solution an excess of sodium hydroxide, for example 1 mole, had been added, the value o
the displaced equilibrium constant of (57) reaction would be:

Ky, = K057'0H’” — 1057 . 10875 — (10,50 (59

We can sce that ,in this case too, under the action of sodium hydroxide in excess the reaction is ir
fact a total one. A simple reaction (57), has been admited in order to show the applicability of the
general formulae, but the reaction is a more commplex one when the ammonia was displaced from its
salts.

The discussion of the above simple cases shows that the general formulae deduced in this worl
have an applicability tot all the cases which are to be found in practice and at the same time permit
the treatiient of any problems of a chemical equilibritun displacement even in more complicated cases
In order to obtain correct results it is always necessary to write the chemical reactions according tc
the real situation that takes place in the studied chemical system to write first of all the chemica
reactions in their principal sense of producing. As it results from the above lines, the difference which
must be made between the elementary equilibria of the substances from the solution and the con-
nection of these equilibria in the case of a given chemical reaction, is very important. From this point
of view, we may say that a reaction with partially dissociated partners takes place only shen in the
solution there are at least two elementary equilibria capable of making a chemical connection.

It can be noted that Schwarzenbach [3] has already given a relation
between the normal equilibrium constant and the constant of the displaced equi-
librium, starting from the study of the equilibria of some MZ complexonates for
which the equality :

Ky = 222 (60)

GH
is valid, where oy has the role of a repartition coeficient of Z anions between a
solution of MZ complexonate without H+ ions and another one with H™ ious.
So, the (60) formulae belonging to Schwarzenbach is just a particular case of
the more general (12) and (16) expressions, as it will be shown in another note,

The way in which the fundamental problems discussed in this work were app-
roached also permits the general treatment of the chemical equilibria displacement
under the action of other parameters such as: pressure, volume etc. and the
obtained results might afford a way to the elaboration of a unitary theory of the
chemical equilibria as it will be shown in the following notes.

( Received March 31, 1969)
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DEPLASAREA ECHILIBRELOR REACTIILOR DE ADITIE SI SUBSTITUTIE SUB ACTIUNEA
PARTENERILOR IN EXCES

(Rezumat)

In luerare se discutd conexiunea echilibrelor si regula deplasirii lor sub actiunea unor parteneri
in exces. Se introduc doi parametri noi: coeficientul de exces o si constanta de exces @, cu
ajutorul ciirora se aratd cfi intre constanta globald de echilibru A a unei reactii cu parteneri in exces
si constanta globald de echilibru A, a aceleiasi reactii, dar cu parteneri de reactie aflati in concentratii
stoechiometrice, existd relatia: Ky = K - ®. Pe aceastd bazi, se formuleazi regula cantitativd a depla-
siarii echilibrelor chimice sub actiunea concentratiilor 1 in solutii cu constantd de exces identicd,
toate cchilibrele se deplaseazit in acecasi misurd.

CMEIUEHHWE PABHOBECHMIM PEAKIIMI NMPHCOEIWHEHMS W 3AMELIEHMS T10 JEWC-
TBHUEM M3DBBLITOUHBLIX TAPTHLPOB

(Pesione)

3 paGore paccmarpuBaercst CBsI3b PaBHOBeCHIl H NpaBHJO HX CMelleHHs 1noJ AeficTBuev 130blTou-
ueix napTtépos. Bpoadrcs ABa HOBBIX napamerpa: H30LITOYHON KOIMGMHIIEHT ¢ H NOCTOSHHAS CMEIUEeHHA
@, ¢ MOMOULIO KOTOPBIX [TOKA3BIBAETCS, UTO Me 1y ofieil paBnosectofi nocroguuoll K peaxkuun ¢ n3dpitTou-
HBIMH NAPTHEPAMI K 06iell paBHOBecHoil nocTosimioll K, Toif e peakiny, HO ¢ peakLHOHHBIMH NapTHEPAMH®
HAXO IS IIMUCH B CTEXHOMETPHUYECKIX KOHUCHTPALIAN, cyulecTByeT coorromenne Ky== K. @. Ha stoii octiore
QOPMYIRPYETCST KOAHUSCTBEHIOR TIPABHJAO CMeLeHHA XHMHYECKHX PaBHOBeCH nmol lelicTBHeM KOHIEH-
TPaWil: B PACTBOPAX ¢ HIEHTHYHOII MOCTOSIMRO CMEIIEHHST BCe DABHOBECH S CMELLAIOTCS B PABHON CTETIEHH
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Synthese einiger Abkommlinge des C-Phenylglycins**

von

A. BALOG, E. VARGHA, V., VOINESCU, M. ITERMAN, E. RAMONTIAN und L. MORARU

Das C-Phenylglycin wurde als Baustein einiger Peptid-Antibiotika wie Staphy-
lomicin S [1] und Vernamicin B [2] entdeckt. Diese Aminosiure besitzt auch eine
hervorragende Bedeutung in der Synthese des a-Amino-benzylpenicillins [3, 4].

Da relativ wenige Mitteilungen fiber die Synthese der C-Phenylglycin-Peptide
[4—5] erschienen sind, haben wir die Aktivierung der Carboxyl-Gruppe des N-ge-
schiitzten C-Phenylglycins und die Peptidverkniipfung in Modell-Reaktionen einem
ausfithrlichen Studium unterworfen.

~ Aus Benzyloxycarbonyl-C-Phenylglycin wurden die gemischten Anhydride mit
Athylchloroformiat {6, 71, Isobutyryl-{6, 8], Pivaloyl- [9], Benzoyl- {10], Methan-
sulfonyl- und p-Toluolsulfonylchlorid [11, 12] hergestellt. Die Anhydride wurden
i sitw mit Glycin-dthyl-und-methylester, sowie mit Aminoacetonitril umgesetzt
und eine Anzahl von Benzyloxycarbonyl-Peptidester und Peptidnitrile synthe-
tisiert, die in der Tabelle 1. aufgefithrt sind. Wir erhielten in allen Fillen naheste-
hende Werte betreffs der Ausbeuten und der optische Reinheit der dargestellten
Dipeptidester I—IV, bzw. des Dipeptidnitrils V:

7—Phg—NH—CH,COOR AC—Phg—NH—CH,—CO,C,H,
I:R = H v
I1:R = CH, Z—Phz NH-CH,—CN

IIT:R = C,H, v

s ist bemerkenswert, dass auch dic in den Peptidsyuthesen selten gebrauchten
gemischten Anhydride der N-geschiittzten Aminosdurcen mit p-Toluolsulfonsiure
11, 12] und Methansulfonsidure [12], sehr gute Ausbeuten liefern und somit
die von Albertson [11] mitgeteilten Trgebuisse bekraftigen.

Das aus dem Z-C-Phenvlglycin und 2,6-Dimethoxybenzoyichlorid gebildete
cemischte Anhydrid liefert bei Umsctzung mit Glyeinidthylester in Tetrahvrofuran
mit  7h-proz. Ausbeute das N-26-Dimcthoxvbenzovl-glyvein-dthyvlester (VIII),
identisch mit der Verbindung, dic wir aus Glycin-dthylester-ivdrochlorid, Tridthyl-

* VI, Mitteilung: B. Vargha, Stud. Univ. Babeg-Bolyvel, Chem., 13(2), 31 (19€8). .
** Ahkitrzungen : Phg == C-Thenylglyevl-; Gly = Glyeyl-; Z == Benzyvloxyearbonyl; AC = Atho-
xvearhonyl; Ts = p-toluolsulfonyl; DCC = N,N’-Dicyclohexyicarbodiimid; THI - Tetrahvdrofuran,
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amin und 2,6-Dimethoxybenzoylchlorid in Benzol erhalten haben. Das Z-C-Phenyl-
glycin wurde in 95 proz. Ausbeute zuriickgewonnen,

Diese ungewShnte Acylierungs-Reaktion kann aufgrund der Feststellungen
von Emery und Gold [13] auf die Heterolyse der gemischten Anhydride
zuriickgefithrt werden, welche der Acylierung vorausgeht, wenn man ein polares
Losungsmittel gebraucht,

In der zweiten Stufe reagiert der 2,6-Dimethoxybenzoyl-Kation, dessen Bildung
durch das Vorhandensein der zwei Elektronen abstossenden (4 M)-Gruppen begiin-
stigt wird, mit dem Glycinester durch einen auf die Amino-Gruppe gerichteten
elektrophilen Angriff:

. .
C(SII& (\(/ I‘S /C)(J}I3 CGHS
| />“""\\ /’“i\ !
Z-NHCHCO.0.cO-Z 5 =7 S¢o 4 7- NHCHCOO-
Z-NHCHC0.0.€0-Z_ =7 €O 4 7- NHCHCOO
/ N
OCH, OCH,
OCH, OCH,
7 /
7N CO - HLNCH,COCH, =7 N CO—NHCH,CO,CH. = H*
\\;,,// - T \~:// ) ’
\\
OCH, OCH,

T V1L

Vir untersuchten in der Peptidsynthese auch die Anwendbarkeit der akti-
vierten ster. Mit der Hilfe der p-Nitrophenylester des Z-C-Phenylglycins, welcher
nach der Carbediimid-Methode [147 crhalten wurde, wurde der DI-Dipeptidester 11
und der D(-)Dipeptid T mit 86,59, baw. 549 —iger Ausbeute dargestellt,

Bei Umsetzung von Glyeinidthyiester mit Z-D)C-Phenviglvein wach  der
Pivalovlanhydrid-Methode (9} wurde das Dipeptidester 111 mit 78-proz. Ausbeute,
(0D - 1187 (¢ =1, in Atbanoly orhalten. Dics ist dor hochste spezifische
Drehung den wir fiir die aol verschicdenen Wegen erhaltenen Produkte (I1D)
messent konnten. Die in der Literatur (18] angegebenen Methoden zum Nachweds
moglicher Racemisierung konnten nicht ausgefithrt werden.

Da nach Y oung-s Angaben 1167 die Cyanmethiyvlester-Methode einen sehr
kleinen Racemisierungs-Grad aufwies, haben wir dic Z- und AC-C-Phenylgiyein-
cvanmethylester, entsprechend dem Schema:

Z—Phg—OH-1Ts ~OCH,CN =2, 7 Phg- - OCH,CN

dargestcllt [17] und in Modell-Dipeptidsynthesen verwendet,

Das AC-D-C-Phenylglyevl-glycinidthvlester (IV) wurde durch die Pivaloylan-
hydrid-Methode in 83-proz., durch die Cyanmethylester-Methode in 90-proz. Aus-
beute gewonnen. Die optische Reinheit war im letzten Falle in Einklang mit
Young-s Angaben [1687 hLidher (s. Tabelle 1).

Die Umsetzung des Z-C-Phenylglvemeyanmethylesters mit Glyveinithylester
wurde nach dret Vananten durchgetithrt : @) das Glycinathvlester wurde im Reak-
tionsgemisch mit Tridthylamin aus Hydrochlorid freigesetzt; 8) es wurde destil-
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liertes Glycinathylester in 10-proz. Uberschuss verwendet ; ¢) es wurde Cyanmethyl-
ester in demselben Uberschuss verwendet.

Bei @) und 0) fand eine vollige Racemisierung statt; bei ¢) war die optische
Reinheit nach dem Drehungswert etwa 609,. Diese Ergebnisse sind im Einklang
mit Anderson-s Bestitigungen [18]; in unserem Falle kann angenommen
werden, dass das Glycindthylester die Rolle einer Base spielt.

Zum Konstitutionsbeweis des N-geschiitzten Dipeptidnitrils D(-)V, wurde
dieses auf bekannter Weise [19] in den Imidsdureester-hydrochlorid VI iberfiithrt
und dieser lieferte nach der Hydrolyse den Dipeptidester D(-) III, identisch mit
demjenigen, den wir auf anderem Weg erhielten.

o \H o1~
C;HOH+HCI—)Z_Phg_NH#CHO C/ 2}

Z—Phg—NH—-CH,—CN
# : AN

0OC,H,
AY VI
4+ HOH /O +H,0
_NHC NH-—CH, (“\ — Z—Phg—NH—-CH, —~COOH
’ OC,H, °%7)
111 I

Die basische Hydrolyse in Dioxan [20] des Dipeptidesters ITI fiihrt mit hoher
Ausbeute zum Dipeptid I.

Beschreibung der Versuehe. Die Schmelzpunkte sind nicht korrigiert. Die Drehungen wurden
im Kreispolarimeter , Metra” Type 400/a.b.-Praha gemessen. Zur Amnalyse wurden die Substanzen
3—4 Stunden bei 60° und 14—20 Torr getrocknet. Die Mikroanalysen wurden im mikroanalytischen
Laboratorium des Chemisch-Pharmazeutischen Forschungs-Instituts durchgefithrt.

A. AUSGANGSTOFYE. 1. N-Benzyloxy-C-Phenylglycin wurde nach Doyle und Mitarbeiter
[3] in 85909 -ger Ausbeute dargestellt.

D(—) - Form: Schmp. 130—131°; [«]5: — 1193° (¢ =4, in Athanol)

DL - Form: Schmp. 133—134,5°.

2. N—A'thoxycaybonyl—D(—)»C-P/wn;‘/_lglycm‘ Darstellung in Analogie zu dem Voranstehenden. Aus-
beute 80%,. Schmp. 146—147° (aus Athanol-Wasser); [«]]): — 165,5° (c = 4, in Athanol).

¢ LHNO, (223,2) Ber. C 59,19 T 587 N 6,28
Gef. ¢ 59,00 H 6,30 X 6,50

B, METHODE DIER AKTIVIERTEN ESTER. 1. a) N-Bensvioxvearbonol-DI-C-Phenvigivein-
poniivepleavlester (VIT). Za einer TLosung von 5,7 ¢ (20 mMol) Benzyloxyearbony Z-D1-C-Phenvlglvein
und o (20 mlol) p-Nitrephenol in 0 ml Athylacetat wurde eine Lésung aus 4,12 g (20 milol)
DCC in 25 ml Athvlacetat unter Rithren bei 07 zugetropft. Nach 2 stdg. Rithren bei Raumtemperatur
wird der ausgefallene NN'- I)1cw‘()ht\slhamstoff zﬂ)gcszmgt, das Tiltrat im Vak. eingeengt und der
svrup. Ritekstand nach Verreiben mit Ather, aus Athanol umkristallisiert. Ausheute 5.7 o (700, Schmp.
107 - 1087,

CooH g NLO( (406,4) Ber. N 6.89 Gef. N 6.72

b N- l))mr*!(,uruymzv’ DL-C-Phenviglycyl-glycindthylester (ITIY***. Zu einer Losung von 2 g
(5 mlol) Z-DI-C-Phenylglyein-p- mtmphcnyl(stn (VII) in 10 ml Chloroform wird eine Losung von
Glycindthylester, bercitet aus 0.8 ¢ Glycinithylester-hydrochlorid und 6.8 ml 'l‘riiithylzunin in 10 ml
Chiloroform zugefiigt und nach 24 stdg. Bewshren bei Raumtemperatur im Vak, eingedampft. Der Riick-
stand wird in 20 ml Athylacetat aufgenommen, mit je 10 ml Wasser, verd. Natrinmhyvdrogencarbonat-
Losung, n Salzsidure und Wasser gewaschen, iiber Na,50,; getrocknet und im Vak. cm;,nd unpft. Aus-
beute 1,6 g.

B

x4k Analysenwerte und physikalische Kounstanten sind in der Tabelle 1 augegeben.
b 3 8eg



Dipeptidderivate des N-geschiitzten C-phenylglyeins

Tabelle 1

Opti- . <. Summenfor- Analyse
Nr. Dipeptidderivat sche tﬁie({ Aus{})/eute bd(&)\é\p. Umkryst aus [a]3 mel
Form € 0 ’ (Mol. Gew.) ¢ H N
1 2 3 4 5 6 7 8 9 10
Ber. 63.15 5.30 8.18
I | Z-Phg-Gly-OH D NP 54 135—138 MeOH - PA — Gef. — - 8.3
D Hydr.| 92 138141 MeOH —95 C o H g N,Op | Gef. — — 8.05
a) (c=1, AtOH) (342.4)
DL, Hydr. 90 183 —155 MeOH Gef 6280 540 8.34
b)
Ber. 64.03 5,66 7.86
II | Z-Phg-Gly-OMe D Bz 94 138 — 141 AtoH —64.9 CioHy N0, | Gef. 63.57 590 8.09
. (c=0,8 AtOH) (356.4)
DL | AC 84 143 AtOH 4 H,O - Gef.  — - 790
DI, B 87 145 AtOH -+ H,0O — Gef. 63.85 6.08 7.92
Ber. 6485 599 7.56
111 Z-Phg-Gly-OAt Ms 90 154—156 | AtOH —92 CpoH,u N, 04 | Gef. — —  7.58
(c=1, MeOH) (370.4)
Hydr.| 80 154—155 | AtOH —87.4 Gef.  — — 740
c) (c=1, AtOT)
D PIV 78 155156 AtOH —118 - — —
(e=1, McOH)
DL Ts 33 138 —140 AtOH + H,O — Gef. 65.30 612 7.82
DL NP 86.5 140 — 141 AtOH + H,0 — Gef. 65.01 6.15 —
Ber. 58.43 6.54 9.08
IV | AC-Phg-GlyOAt M 90 126—127 Ess 4- PA — 108 CisHogNLO; | Gef. 5852 7.00 8.52
(c=0,4, MeOIT) (308.3)
PIV 85 126 — 127 Ess 4- PA - 93 Gef. — —  8.70
(c=1, MeOH)
" Ber. 66.86 5.30 12.99
v Z-Phg-HNCH,CN D Ms 79 179 180 AtOH — 98 C, 11y N;0,
(c==1, AtOH) (323.4)
D Ts 92 179180 | AtOH Gef. 66.67 5.68 1291
DL, I8 74 151152 AtOTIL Gef. 67.13 585 1275

Abkitrzungen: NP = p-Nitrophenylester —,

/1 CM = Cyanomethylester-Methode ; Bz = Benzoyl-—, B
= Methansulfonil-gemischte Anhydride; AtOH = Athanol, MeOH = Methanol, PA = Petroldther, Ess = Essigester; OMe = Methylester OAt = Athylester;

IB = Isobutyryl — , PIV = Pivaloyl — ,

Ts = p-Toluolsulfonyl —, Ms =

bonyl. a) Durch Hydrolyse aus D(—)-IIL b) Durch Hydrolyse aus DL —II. ¢) Durch hydrolytische Spaltung des Imidsdure-idthylester-hydroch lorids

AcC

Athoxycar-
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¢) N-Benzyloxycarbonyl-D(-)-C-Phenylglycyl-glycin (I). 0,4 g (1 mMol) VII in 3 m! Dioxan und
1 ml Wasser wird am Wasserbad 5 Min. mit einer Mischung von 0.075 g Glycin, 0,14 ml Tridthylamin
in 6 ml Dioxan und 2 ml Wasser erhitzt. Man verdiinnt mit 20 ml.Wasser, kiihlt unter -+10° und
fallt mit » Salzsdure aus., Der gelatindse Niederschlag wird in (3 proz.) Natriumhydrogen-carbonat-
ILosung aufgenommen und mit Salzsidure gefdllt. Ausbeute 0.2 g.

2. N-Benzyloxycarbonyl-D-C- Phenylglycin-Cyanmethylester (IX). Eine Losung von 2,85 g (10 mMol)
Z-D-Phg-OH in 50 ml Aceton wurde mit 1,4 ml Tridthylamin und danach mit 2 g Tosyl-cyan-
methylester [17] versetzt. Nach drei stg. Bewahren bei Raumtemperatur wurde die Losung in 750 ml
Wasser gegossen und die ausgeschiedenen isolierte Kristalle ans Athanol umkristallisiert. Ausbeute 2,3 g.
(71%). Schmp. 109—111°; [«]2: —68,6° (c== 1,7 in Methanol).

C,4H,.N,0, (324,3) Ber. C 66,66 H 4,97 N 8,64
Gef. C 66,35 H 5,29 N 847

L(+)-Form: Schmp. 108—109°; [«(F: - 68,2 (¢ = 3.2 in Methanol)

3. N-Benzyloxycarbonyl-DL-C-Phenylglycyl-glycinathylester (I11). a) Eine Lésung von Glycindthyl-
ester, bereitet aus 0,256 g Hydrochlorid mit 0.25 ml Tridthylamin in 15 ml Essigester, wurde nach
Abfiltrieren des ausgeschiedenen Tridthylamin-hydrochlorids mit 0,5 g Z-D-Phg-OCM (IX) und
einem Tropfen Fssigsiiure behandelt. Nach 14 stdg. Bewahren bei Raumtemperatur werden die ausge-
schicdenen Kristalle abfiltriert. Ausb. 559,. Schmp. 142143, ohne Schmp.-Depression mit IIT; {«]12: 0"

b) 0,71 g (2,2 mMol) Z-D-Phg-OCM (IX) wurde mit 0,35 ml (509, Uberschuss) frisch destil-
lertem Glycindthylester in 8 ml Essigester versetzt. Nach Aunfarbeiten wie bei a) woerden 0,6 g (759)
Dipeptidester III, mit Schmp. 142—143° und {«]%:0° isoliert.

¢) 1 g (6% Uberschuss) Z-D-Phg-OCM wurde mit 0,3 ml frisch destilliertem Glycinithylester
wie bei a) behandelt. Ausb. 0,5 g (469;); Schmp. 155—156°; [«lF: — 63,7° (c = 1, in Methanol}.

4, Athoxycarbonyl-D(-)-C- Phenylglycyl-glycindthylester (IV). Zu 2,4 g (10 mdol) AC-D(-}-C-Phenyl-
glycin in 25 ml wasserfrelem Aceton wurden 1,4 ml (10 mMol} Tridthylamin und 2 g p-Tosyl-cyanr
methylester [17] zugefiigt. Nach 2 stiindigem Bewahren bei Raumtemperatur wird mit 100 ml Wasse-
verdiinnt und mit Athylacetat ausgeschiittelt. Die organische Schicht wird mit verdiinnter Natrinm,
hydrogencarbonat-Losung, dann mit verdiimnter Salzsidure und Wasser gewaschen und itber Na,80-
getrocknet. Nach Abdampfen des Losungsmittels im Vak., werden 2,6 g syrupdser Cyanmethylester
erhalten. Dieser wird in 20 ml Athylacetat gelost und mit 1 mil frisch destilliertem Glycinathylester
und einem Tropfen Essigsdure als Kathalysator versetzt. Nach 4 stdg. Stehen bei Raumtemperatur
und spontaner Verdampfung des Lésungsmittels, wird der kristalline Riickstand mit Wasser aufgenommen
und abgesaugt. Ausbeute 2,7 g.

C. METHODE DER GEMISCHTEN ANHYDRIDE. ALLGEMEINES VERFAHREN ZUR
HERSTELLUNG GEMISCHTER ANHYDRIDE. 2,85 g (10 mMol) Z-C-Phenylglycin werden mit
1,4 ml (10 mMol) Triithylamin in 25 ml wasserfreiem organischen Losungsmittel gelost und bei —§°
unter guter Rithrung mit 10 mMol Siurechlorid (izobutyryl-, benzoyl-chlorid etc.) in 10 ml wasserfreiem
organischen Lésungsmittel versetzt. Nach vollendeter Reaktion werden die gemischten Anhydride
ohne Isolierung zur Bildung der Peptidverbindungen verwendet.

1. Bemnzyloxycarbonyl-C-Phenylglyevi-glycinmethylester  (11). DL-Form. a) 10 mMol gemischter
Isobutyryl-Anhydrid, nach bevorstehender Vorschrift in Dichlormethan bereitet, wird bei 0° mit 0,9 ¢
(10 mMol) Glycinmethylester versetzt. Nach 12 stiindigem Aufbewahren bei 0° wird das Reaktions-
gemisch mit §-proz. Natriumhydrogencarbonat-Loésung, dann mit Wasser gewaschen, itber Na, 80, getrock-
net und das Losungsmittel abgedampft. Ausbeute 3 g.

b) 10 mMol gemischter Athoxycarbonyl-Anhydrid in Dichlormethan wird bei —5° mit einer
Mischung von 1,25 g (10 mMol) Glycinmethylester-hydrochlorid und 1,4 ml Tridthylamin in 20 ml

Dichlormethan versetzt. Nach 12 stdg. Stehen wird das Reaktionsgemisch wie bei 1/a aufgearbeitet.
Aush. 2,6 g.

D(-)-Form. Das gemischte Anhydrid, das wir aus 10 mMol Z-D-(-)-C-Phenvlglycin und 10 mMol
Benzoylchiorid in THEF erhalten haben, wurde nach 2 stiindigem Stehen bei —5° mit 1,25 g (10 mMol)
Glycinmethylester —hydrochlorid und 1,4 m!l Tridthylamin in 10 ml Athylacetat versetzt. Nach
24 stdg. Aufbewahren bei Raumtemperatur wird wie bei 1/a aufgearbeitet. Ausb. 8,3 g.

2. Benzyloxycarbonyl -C- Phenylglycyl-glycindthylester (IIT). DIL-Form. Das gemischte p-Toluol-
sulfonsdureanhydrid (10 mMol) wird nach dem allgemeinen Verfahrem in THF erhalten, und bei—5° mit
einer Lésung von 1 g (10 mMol) Glycinithylester in 20 ml Chloroform versetzt. Nach 12 stdg. Stehen
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bei Raumtemperatur wurde gemiiss 1/a aufgearbeitet. Das Rohprodukt wirderst aus Benzol-Petrolither
und danach aus Athanol-Wasser umkristallisiert. Ausbeute 1,2 g,

D(-)-Forn. Das gemischte Methansulfonsdureanhydrid (10 mMol) wurde in wasserfreien Aceton
gebildet. Nuch vollendeter Reaktion wurde dieser Losung eine Mischung von 1,4 g (10 mdiol) Glycin-
ithylester-hydrochlorid, 4,2 ml Trifithylamin und 15 m! Dichlormetan /ugdugt Iis wird 2 Stdn. bei
0 gehalten und danach gemiss 1/a aufgearbeitet. Ausbeute 3,3 g.

3. N(2,6-Dimethoxybenzovl)-glyeindthylestey (VITI). Das ans 10 mMol Z-C-Phenylglycin und 10 mdol
2,6-Dimethoxybenzoylehlorid in THI crhaltene gemischte Anhydrid wurde bei 07 mit einer Mischung
von 10 mMol Glycindthylester-iydrochilorid, 1,4 ml Tridthylamin und 20 ml Chloroform versetzt und
2 Stdn. bei 0° weiter geriihrt. Nach 24 stdg. Dewahren Dbel Raumtemperatur wird das Reaktions-
cvemisch mit Natrinmhydrogencarbonat-Tdsung extrahiert. Durch \nxj'nmn der wisserigen Losung wird
mit 959 -iger Ausbeute das Z-C-Phenylglvein ansgefdllt (Schmp. 128 —1309). Durch Iinengen der orga-
nischen Phase und Umkristallisieren des Ritckstandes aus wiisserigen Athanol wird mit 739 -iger Aus-
beute der 2,68-Dimethoxybenzovi-glycinithylester erbalten. Schmyp, 1121137, identisch mit jcnem den
wir durclt direkte Syathese aus 1,03 ¢ Glveinidthylester-hvdrochlorid in 30 ml Benzol, 2 ¢ 2,6-Dimetho-
xybenzoviehlorid vnd 1.5 mi Tridthyvlamin hergestedlt haben.

CuH N0, (267,3) Ber. C 5842 I 6,41 N 5,24
Gef. C 38,60 H 6,51 N 5,26

booN-H wvearbonyl-D(-y-C-Phenylglyeyi-glyeindthylester (117). Das gemischte Anhydrid  wird
aus 10 nliol Il»JmI(hlmui in TIIL, dem all%numnn Verfohren gemiss, bereitet. Bei 07 vud unter
stindigen Rihren wurde eine Mischung vou 14 ¢ (10 mdMol Glycinithvlester-hivdrochiorid uwnd 1,4 ml
Tridthylumin in 25 ml THY zugesetzt. Nuch ciner Stunde wind dic Losung mit verdunnter Natrium-
hyvdrogenesrhonat-Losung  und Wasser gewasclien. Die organiseche Schicht wurde eingeengt und der
Riickstand mit N ml 5 proz. \atrmmh\drown\urbonat Losung versetzt. Nach 24 ‘\tdn wurden die
selicldeten Kristalle abgesaugt und mit Wasser gewaschen. Ausbeute 2,55 g.

; yearbonyl-C-Phenylelyvevi-airinoacotonityil (VY. DL-Forin: Das gemischte Isobutyryl-
Anhydrid (10 nidMoly wird inDich lormethan hergestellt, und bei 0° mit ciner Mischung von 0,93 g {10 mMol)
Aninoacctonitril-hiydrochlorid und 2,4 ml Tridthylamin in 20 ml Dichlonnethan versetzt. Aufarbeitung
cenmiss /o Ausbeute 2,4 g

D-)-Form: a) Is wird aus den gemischten Methansulfonsiure-Anhydrid in wasserfreiem Aceton
gemdiss der bevorstehender Vorschrift erhalten und nach 5 stdg. Bewaliren bei Raumtemperatur, auf-
gearbeitet. Ausheute 2,55 g,

L) In gleicher Weise wird es auch von den gemischiten p-Toluolsulionsiure-Anhydrid in THIE-
Chforoforms erhalten. Ausbeute 3 g.

D, UMWANDLUNGEN DES DIPEPTIDNITRILS (V). 1. N-Bensyloxyearbonyl-D(-)-C-Phenyl-
glyeyl-amiinoacciimidsdure-dathylestey-hydrochlorid (VI). Eine Losung von 0,8 g Dipeptidnitril V in 30 ml
trockenem Chloroform wad 0,2 mi abs. Athanol wurde mit trockenem Chlorwasserstoff bei 0° gesittigt.
Nach 3 stdg. Stehen bei derselben Temperatur wurde der gebildete Niedersclilag abgesaugt und mit
abs. Ather gewaschen. Hygroskopische Kristalle.

CaoH,,CIN,O, (405,9) Ber. N 10,35 C1 8,74
Gef. N 10,60 C1 8,70

2. Verseifung des Imidsdureesters VI, 0,5 ¢ VI wurden in 20 ml Wasser 1 Stunde stehen gelassen,
der Niederschlag abgesaugt und aus Ath’mol umknstalhqert Ausbeute 909, Schmp. 1537, ldontlsch
mit dem Schmp. der bu C/2 erhaltenen Z-D-Phg-Gly-OC,H; (I1I). Der Misch-Schmp. erwies keine
Depression.

L. VERSEIFUNG DER DIPEPTIDESTER 1L UND II. 1. N-Bensviovycarbonyl-D(-)-C- Phenyl-
glveyl-glyeln (I, 2 mMol IIT bzw. 1T wurden mit 8 ml Dioxan und 2 ml » NaOH versetzt und nach
1 Std. mit n Salzsdure neutralisiert. Nach Einengen im Vak, wurde der 6lhaltige Riickstand mit \Wasser
verrichen, abgesaugt und aus Methanol mnl\rlstalhsmrt Ausbeute 92°,. Schmp. 138--141°. Misch-Schmp.
mit einer Ve rlnn(lunrr dargestellt mach der p-Nitrophenylester-Methode gemiss B.l.c erwies keine
Depression.

(Eingegangen am 5. April 1969)
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DERIVATI PHEPTIDICT (VID)
Sinteza unor devieeti ai C-fewildicined

(Rezumat)

Anhidridele mixte obtinnte in s/t din Z-fenilglicing ¢i cloroformiat de etil, cloruri de pivaloil;

benzoil, metansulfonil si p-toluensulfonil s-au cuplat in prezentd de trietilaming, cu glicinat de metil
sau etil, respectiv cu aminoacetonitril. Derivatii dipeptidici obtinuti (I—V) prezintd valori apropiate
in privinta randamentului (80 —90%,). Punctele de topire si rotatiile specifice sint trecute in tabelul 1.

in citeva cazuri pentru formarea legiturii peptidice s-a recurs la metoda esterulni p-nitrofenolic

si a esterului cianometilic (peptidele I si III, respectiv III si TV).

TMEMNTUAHDLIE NMTPOIBBOAHBIE  (VII)
Cunmes rexomopelx npouszsoduux C-therutacauyuna
(Pesware)

CMemansple aHrdApPHIBL, IOJYUEHHbE i# sifie ¥3 Z-QeHUITIHIHHA W 3THIOBOFO XJopdopmuara,

XJIOPHCTOrO NHBAJAOUIA, GEH30MIA, METAHCYAb(OIIA H I-TOMYOJICYIb(OHKIIA, COEIHIHIACE B IDHCYTCTBHK
TPHSTHIAMHHA C METHJIOBBIM HJIH STHJIOBLIM 3(bHpaMH TIHIHHA, COOTBETCTBEHHO ¢ aMHHOAIETOHATPIIOM.
Tonyyennpte AunenTH 1Hbie npoussofusle (I-—V) uMelor 6a13KHe 3HaYeHHd B OTHOWeH N Buixoaa (80-—30%).
Toukd maaBjends W crelypHYecKHe BpalUeHHs npuseieinl B Taba. 1.

B OTAeJBHBIX C¢ayuasax, A 06pa3orsa}m5{ TIeNTHAHON CBSA3H ABTOPBI npnGerm{ K MeTOAy M-HUTPO-

(GEHUJIOBOTO H IHAHOMETHIIOBOrO c/0KHLX s¢upon (nentujnt I u 111, coorsercrsenso III u IV).






UBER «-DIOXIMIN-KOMPLEXE DER UBERGANGSMETALLE (XXVII)
Struktur und Sdure-Base Eigenschaften einiger Wasserstoff-diacido-bis-dimethyl-
glyoximato-kobaltiate

T0AN ZSAKO, ZOLTAN FINTA und CSABA VARHELYI

Finige Komplexsduren des Typs H[Co(DH),X,] in freiem, festem Zustand
sind seit lange bekannt {1—57 (DH, bedeutet in dieser Formel ein Molekiil Dime-
thylglyoxim und X ein monovalentes Anion). Tilektrische Leitfahigkeitsmessungen
und die Wanderung der gefdrbten Komplexionen zur Anode sind ein Beweis dass
diese Verbindungen in wisseriger Lisung aus Wasserstoffionen und [Co(DH),X,]~
Komplexionen bestehen [6]. Auf Grund von UR-Spektren, zog Nakahara [7]
Schliisse iiber die Struktur dieser Komplexionen. Da, das UR Spektrum der bis-
-Dimethylglyoximato-kobaltiate, die der intramolekularen Wasserstoffbriicke cha-
rakteristischen schwachen Absorptionsbande enthilt, nimmt Nakahara an, dass
die Liganden X sich in trans-Stellung befinden. Demnach muss die Gruppierung
Co(DH), folgende ebene Struktur haben:

Was die Stidrke dieser Sduren anbelangt, O—-H...0
nahmen Babko und Korotun [6] auf Grund |

einiger pH-Messungen der Sdure H[Co(DH),(l,], HLC-C=N N = C-CH,
in  wisserigen Lésungen eine vollstdndige | \‘Co<
Dissoziation an. Es ist {iberraschend, dass H,C—C = N/ N=C-CH,
die von diesen Autoren erhaltenen Wasser- { 1
stoffionenkonzentrationen grésser als die der O . H-0

vollstdndigen Dissoziation entsprechenden, sind.

In einer fritheren Arbeit haben wir die vollstindige Dissoziation einiger Kom-
plexsiduren des Typs Hy[MeX,] bewiesen [8]. Da in festem Zustand die Wasser-
stoffionen nicht an den Komplexion gebunden sein kénnen, ist die Existenz die-
ser Komplexsduren in festem Zustand nur in Form einiger Hydroxoniumsalze
moglich. Die in festem Zustand bekannte Sduren dieses Typs enthalten wirklich
mehrere Wassermolekiile,

Da, die von uns untersuchten Komplexsiuren auch in festem Zustand exis-
tieren, kann die Frage gestellt werden, ob sie in diesen Bedingungen Hydroxonium-
salze sind, oder ob das Wasserstoffatom an das Komplexanion kovalent gebun-
den ist. Bei der Dinitrosiiure des untersuchten I'yps zeigen die sorgfdltigen Analy-
sedaten die Gegenwart von Kristallwasser, bel den anderen ist aber die Gegenwart
von Wassermolekiilen mit den Analysedaten nicht in Ubereinstimmung. Um die
Natur dieser Wassermolekiile zu erkliren, haben wir einige Thermogramme dieser

10 — Cliemia 1171989
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Kurven einiger

Sduren aufgenommen. Einige thermo-
gravimetrische Kurven sind in Abb. 1
wiedergegeben.

Wie aus diesen Kurven ersichtlich
ist, fangt die Zersetzung der wasser-
freien Komplexe nur bei héheren Tempe-
raturen an. Die Abspaltung des Kristall-
wassers aus der Dinitrosdure findet
aber zwischen 80 und 110°C statt, was
darauf hinweist, dass dieses Wasser als
gewdhnliches Kristallwasser betrachtet
werden muss und folglich nicht in Form
von Hydroxoniumionen vorhanden sein
kann. Die thermische Stabilitdt der
untersuchten Komplexe wichst in der
Reihe NO, < NCS < Cl < Br < J.
In den ersten zwei Pallen ist vielleicht
die thermische Instabilitat der koordi-
nierten  Anionen fiir die Zersetzung
verantwortlich. ¥iar die Halogene ist
diese Reihenfolge identisch mit  derje-
nigen der Polarisabilitit und folglich
auch der Stabilitit der Co — Halogen
Bindung. In der ersten, schnellen
Phase der Pyrolyse findet sich vielleicht
auch die teilweise  Zersetzung der
Co(DH), — Gruppe statt. Die weitere
Zersetzung fithrt nicht zur Bildung von
cinwandfreien Zwischenprodukten. Das
Endprodukt der Pyrolyseist Co,0,, wie
das aus den in Tabelle 1 gegebenen
thermogravimetrischen Daten  ersicht-
lich 1st.

Auf Grund dieser thermogravimetrischen Daten kaun man annehmen, dass

das Wasserstoffatom  an
1st.

die koordinierten Dimethylglvoximmolekiile gebunden

Tabelle 1
Thermogravimetrische Daten einiger Komplexsiiuren
N Gew. der Riickstand bei Entwisserung
Verbindung Zersetz, Probe 920°C (Coy04) H{Co(DH),X,] {mg)
Tewp.
(ng)
Ber. Gef. Ber. | ef. i Temp.
. . . PN (explodiert) i
H [Co(DH),(NO,) - H,0 151°C 101,8 97,2 110°C
HiCo(DH), (\’C\‘)g.‘ 172°¢ 101,1 — -— — —
H[Co(DH),C 210°C 100.9 22,43 22,60
H{Co(DH), I»r,‘ 2287¢ 102,0 18,20 17,90
H{[Co(DI),J,! 263°C 101,7 15,01 15,00
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Da die pH-werte von Babko und Korotun nicht wiederspruchslos sind, haben
wir das pH von sieben, zur Hilfte mit NaGH neutralisierten Komplexsiuren in
wisseriger Losung gemessen. Die FErgebnisse sind in Tabelle 2 wiedergegeben.

Tabelle 2
pi-Werte hei 25° von einigen Pulferlosungen die Komplexsiure HA und NaOIl enthalten

Verbindung FA - 108 [Na(rH - HO¥ pH i K, - 10°
!

H{ColDH),Cl, ] 5 2,5 ! 2,82 6.8
HCo(1M1),Br, ! 5 2.5 2,80 R0
H{Co(DH),T,] 5 2.5 2,88 45
HICo{DH),{NCY),; 5 2.5 2,87 4,8
H “CU(I)II)(,(\'C\XL) 5 2,5 2,97 2.7
H Co(DH)LINO,), 5 2,5 3,00 2,3
H [Co(DH),(CN), 5 2,5 2,80 8,0

20 10 ! 2,30 163

In allen Fillen sind die pH-Werte grosser als jene, die einer starken, vollstan-
dig jonisierten Sidure entsprichen. Aus den gemessenen pH-Werten kann man
die Sduredissoziationskonstante berechnen. Diese Konstanten K, sind ebenso
in der Tabelle 2 gegeben. Aus diesenn Werten ist ersichtlicl, dass die untersuchten
Verbindungen nur mittelstarke Siuren sind und dass in wilsserigen Iosungen ein
protolvtisches Gleichgewicht zwischen deit nichtionisierten Sauremolekiilen and
Komplexanionen stattfindet. Da die crhaltenen K, — Werte von der Konzen-
tration abhingig sind, sind sie nur scheinbare Konsta ‘nten. Das weist auf kowpli-
ziettere pmtol\ tische Gleic hgewichte hin.

Dm oben gegebene Struktur des Kowplexions Co(DH),X, ™ berticksichti-
gend, kann man folgende Moglichkeiten annehmen :

1) Die obenerwidhnten Ionen haben einen sauren Charakter, da sie ein oder
zwel Protonen abgeben konnen, ndhmlich die der —N-—OH — Gruppen. Dieser
Vorgang war ‘catsachhch in stark basischen Iosmwcn beobachtet worden LJJ

2 Glezchxutig mitssen diese Tonen aucli etnemn basischen Charakter haben,
da die Anlagerung von ein oder zwel Protonen an das Sawerstoffatom der —N—O
— Gruppen wmdglich zu sein scheint.

In alle diesenr Fallen fithren die protelytischen Gleichgewichte zur Spaltung
der Wasserstelfbriicken, was einige UR Absorptionsbande beeinflussen wird.

UR— Spektren der Sdure HICo(DH),(NCSe),] bzw. des Salzes
NH,[Co(DH),(NCSe},] wurden aufgenommen,

Die schwache Bande bhei ungefahr 1710 cm™!, welche nach Angaben von
Nakahara [7] beziglich anderen analogen Verbinduugew, wie z. 3. H(Co(f H).CL ],
der Valenzschwingung YO—H der infr nwﬂduhre W%ser&toftbmdumr 7uztord-
nen ist, muss man aufl Grunde neucrer Angaben von Bline nad Hadzi 710, 117
der Deformationschwingung 30—H derseiben  Wasserstoffbindung /,a.:«ahrcibcn.
Diese Bande ist im Spektrum der S&ure noch viel sch wacher Die zwel deutlich

ausgeprigten Banden bei 1080 und 1240 ¢cm™!? geh('jrcn zu "N--O — Valenzschwin-
gungen, von denen die erste der Nichtionislerten N —OH — Gruppe, die andere

der ionisierten N—O—Gruppe entsprechen diirfte. Da die kovalente Bindung
zwischen den O und H Atomen die Elcktronendichte zwischen N und O vermin-
dert, ist es logisch dass bei der Protonenanlagerung die Wellenzahl abnimmt. Ver-
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gleicht man die Intensitdt dieser Banden im

: Falle der Sdure und des Ammoniumsalzes, so
= kann man sehen,'dass die "N —OH —Valenzsch-
= wingungsbande im Spektrum der Sidure viel

e stdrker als im Spektrum des Salzes ist.
TQ; Diese Spektraldaten sprechen fiir die Anla-
é gerung der Protonen an das Sauerstoffatom der
N-—O— Gruppe und fiir die gleichzeitige Spaltung
weilenzahi (cm™) einer der W assers‘ceftbmdungen, wie diese

Abb. 2. Die "N—O (Oxym) Valenzsch-  schon oben angenommen wurde.

wingungshbanden im LR Spektriun der: Das oben Gesacte beriicksichtiger et o
a) H[Co (IDH),(NCSe),1b) NH, Co(DH), b 7 s ) ge 1(1’ st es

(NCSe,) - *  vielleicht angebrachter anstatt der Formel
i H[Co(DH),X,] die Iormel [Co(DH,)(DH)X,]
zu beniitzen, welche die reale Struktur des Molekiils besser ausdriickt. Diese
Struktur kann man nicht nur in festem Zustande annehmen, sondern auch in
sauren wisserigen Losungen. In stark sauren Losungen scheint auch die Existenz
der Kationen [Co(DH,),X, + wahrscheinlich zu scin. Die Anlagerung ecines
zweiten Protons konnte auch die bei Babko und Korotun beobachtete anormale
hohe Aciditdt der H[Co(DH),Cl,] — ILosungen erkldren. Die Bildung der Katio-
nen [Co(DH, )OXQJ‘rL()llIlto zur Erhichung der Loslichkeit dieser I&omple\sculrgn
in konzentrierten Mineralsiuren fithren. \Vlr nehmen an, dass in neutralen I.6sun-
gen (ohue Zusatz von Mineralsdure) der grosste Teil der Molekiile als Anionen
[Co(DH),X, ! vorliegen. Mit FErhshung der Wasserstoffionenkonzetration ver-
schicht sich das Iomsatmnsok]chue\\lcht in die Richtung der neutralen Molekiile
[Co(DH),(DH)X,], was die Vcrmm\lmung der Ioslichkeit verursacht. Da die
weitere Frhohung der Wasserstoffionenkonzentration, nach unserem vorausgesetzten
Schema zur Zunahme der ILoslichkeit faihrt, muss die I.0slichkeit durch ein
Minimum gehen.

Um die Gualtigkeit des obigen Schemas zu priiffen, haben wir die Ioslichkeit
der Komplexsduren H{Co(DH),(CN),1 und H{Co(DH),(NCS),] in Perchlorsiiu-
relésungen gemessen. Die Frgebnisse sind in Tabelle 3 gegeben. Die Léslichkeit
dieser Komplexe zeigt wirklich ein ausgepragtes Minimum in 3—4 molare Ter-
chlorsédurelosungen.

Tabelle 3
Lislichkeit der Komplexsiuren H'Co(DH),(CN),] (1) und H Co(DH).(NCS),? (II)
in Perchlorsiurelosungen hei 0°C

Loslichkeit (L)
HC10, Mol/Lit Verly. T. Verb. II.
1. 102 Molfl 1. 10% Molft
0,1 14.60 —
0,5 5,80 7.0
1,0 4.25 4.0
2,0 2,75 3.0
3,0 1,80 2.4
4,0 1,50 3,2
5,0 1,65 3.8
6,0 1,90 4.4
7,0 2,60 4,8
8,0 3,30 5,2
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Auf Grund der Literaturangaben [9] und unseren experimentellen Daten
kann man die Existenz von fiinf Komplexpartikeln annehmen. Diese Komplex-
partikeln nehmen an folgenden protolvtischen Gleichgewichten teil:

u+ +

[Co(D);X, B~ 2 [Co(DH)(D)X,]2~ = [Co(DH),X,]~ =

2 [Co(DHL)(DH)X, ] = [Co(DH,),X,]*

Das Komplexanion [Co(DH),X,]~ hat folglich einen amphoteren Charakter.
In Abhingigkeit von gegebenen Bedingungen kann sich dieses Anion als mono-
oder bivalente Saure, bzw. als Mono- oder bivalente Base betragen.

EXPERIMENTELLER TEIL. Synthese der Komplexsiiuren: H[Co(DH),Cl,] und H[Co(DH),Br,
wurden nach der Methode von Nakahara [12] durch Luftoxydation einer Mischung von CoCl,-6 H,0
und Dimethylglyoxim, bzw. von CoBr, 6 H,0 und Dimethylglyoxim (Molarverhiiltnis: 1: 2) in 60°,-igem
Athanol erhalten. Aus der alkoholischen Lésung wurden die Komplexsiuren mit konz. Chlorwasser-
stoffsdure, bzw. Bormwasserstoffsdure ausgefallt.

H{Co(DH),J,1 und H{Co(DH),(NCS),] wurden auch durch Luftoxydation unter Verwendung
von Cof{acetat),-4 H,O und KJ, bzw. KCNS (M.v. 1:3) fiir die obige Synthese erhalten. Die schwer-
I6sliche Komplexsdnren wurden aus der alkoholischen Lésung it konz. Salzsiure gefillt. [3, 137,
Analoge Darstellungsmethoden wurden auch fiur die H[Co(DH),(NCSe),] und H{Co(DH),(CN),]- H,0O
verwendet. Die letzte, leicht I6sliche Siure fillt nur mit einem grossen Uberschuss von Salzsiure aus [147,

H[Co(DH),(NO,),] - H,0 erhilt man aus Na,[Co(NO,)4] durch eine Substitutionsreaktion mit Dimethyl-
glyoxim nach der Methode von Chugaev [15].

Der Reinheitsgrad der obenerwihnten Komplexsiiuren wurde durch Bestimmung des Kobalt — und
Stickstoff, — bzw. Halogengehaltes gepriift.

Thermogravimetrische Messungen. Die Thermogramme wurden mit Hilfe einer auf Grunde der
Literaturangaben [16] konstruierten Thermowaage aufgenommen. FErhitzungsgeschwindigkeit: 10
C/Min. Gewicht der Proben: 100 + 2 mg.

Spekiraluntersuchungen. Die TUR-Spektra wurden mit Hilfe eines ,, Perkin-Elmer-Spektrophoto-
meters” in Nujol aufgenommen.

pH-Messungen. Das pH der untersuchten Pufferlosungen wurde mit Hilfe einer Glaselektrode
gemessen. Die Fichkurve wurde mit Hilfe einiger Salzsdurelosungen erhalten. Temperatur: 25°C.
Siuredissotiationskonstanten wurden mit Hilfe der Formel:

[H+] + [NaOH!
[HA] — [NaOH! — [HT]

Ka = fitaH+

WO fi der durchschnittliche Aktivitiatskoeffizient, gt Aktivitdt der Wasserstoffionen, [H+7], [HA]
und [NaOH] die entsprechenden analytischen Konzentrationen sind {17], ausgerechnet.

Loslichkeitshestimmungen. Perchlorsiurelosungen von verschiedenen Konzentrationen wurden bei
0°C mit der zu untersuchenden Komplexsidure gesiittigt. Die Sittigungskonzentration wurde durch
potentiometrische Titrierung mit 1072 M Silbernitratlésung bestimmt., (Ag{Co(DH),(CN),1, bzw.
Ag[Co(DH),(NCS), ).

(Eingegangen am 7. April 1960}
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DESPRE «-DIONIMATII METALELOR TRANZITIONALE (XXVII)
Stractuva gi proprietatile acido-bazice ale unor diacido-bis-dimctilglioximato-cobaltiate de hidrogen

(Rezumat)

Pe baza analizelor chimice gi a analizel termogravimetrice se aratil faptal oft in stare solidid hidro-
gennl din combinatiile H[Co(DH),X,; este legat de anionu! complex §i combinatiile nu sint siruri
de hidroxoniu. Mésuritorile de pH in solutii apoase indicd o lonizare incompletd, combinatiile studiate
filnd acizi de tirle mijlocie. Variatia constantei de aciditate cu concentratia indicd existenta si a altor
eehilibre protolitice. Pe baza spectrelor TR se aratd faptul cd hidrogenul se leagi de oxigenul din
grupa N--0O oximicd, acest proces im}li(‘im. desfacerea unei legiituri de hidrogen. Din solubilitatea
substantelor studiate in mlutu de acid perclorie de diferite concentratii se trage concluzia ci molecula
H rL()(])H) WX,1 are si proprxet i Dbazice, pmml accepta ined un proton. Astfel jonul complex
{Co(DH),X,7™ are un caracter amfoter, fiind in funciie de conditil acid mono- sau bivalent, respectiv
bazd mono sau bivalentd.

0 «-TMOKCHUMATAX MEPEXOAHBLIX METAJJIOB (XXVII)
Kbe Coolicmea HeKomopbtx Ouayudo-Guc-Jumemnuaeauo-

Corpysiiypa it KECAOMINO-0CHC
1W0-rofa1 bmuamos sodopeda

KCILY,

(PezwoMe)

Ha ocxoBe XUMUYeCKHX aHAJTH30B M TePMOrPABHMETPHYECKOIO aHaTN3a NOKAa3hIBAETCS, UTO b TBEp-
Jon eocTtosui Bojopoa 03 coeunenuit H [Co(DH)X,] eBsisan ¢ KOMDJIEKCHBIM aHHOHOM H 3TH COCIHHE-
s HE SIBASIOTCA COMAMH TiApokconns. Mayepenns pH b nolubix pacTBopax yKasblBalOT Ha HeHNOIHYIO
HORMAAINND, APHUEM H3YUEHVHE COETMHEHIR SnimoTes KucaoTamy cpeanefi cuawt. Masenenne woucrantnl
KHCJIOTHOCTE ¢ KOHIEHTPANHell YKasplBaeT Ha NPHCYTCTBIE U ADYIHX  NPOTOTHUTHYECKHN PaBHOBECHIL.
Ha ocizope 11K crieKTpoB MOKa3eIBAETCs, YTO BOIOPOLCBAZRBAETC ¢ KHCI0POA0M N-O OKCHMOBOI FPYNNH,
HPHUEM STOT FPOLECE CONPOBOKAACTCS PACIUEINIEHHEM 0RO BOOPOLHON CBASY. PactBop#MCCTh BELECTB,
H3YUEHHBX B pacTBOPax xmpuoi‘l KHCIOTRL DASHBIX KOHUEHTPaiil NPHBOAUT @BTOPOB K BRIBOAY O TOM,
4T0 Mogexyaa M [Co (DH), X,] myeer 1 oCcrioBHbie CBOHCTBA, TAK KAaK OHA MOMKeT NPHHHMATL eilé OMHH
nperon. Taxing o6pason, xommaexcnplt 1oH [Co (DH),X,] ™ nveer amdorepniil xapakrtep. B 3aBucuMocTts
GT YCAOBHE OH MOXKET GbITh OJHOBANCHTHON HIAN LBYXBadeHTHOH KHCAOTO!l, COOTBETCTBEHHO OALOBAJICHT-
HBIM MAH ABYXBQJIEHTHEIM OCHOBAaHHEM.
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Ha XIV rogy n3gaHusa (1969) Studia Univers'tatis Babes-Bolyai BbIXOAWT crefyoLmmm
cepusmu
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géologie — géographie (2 fascicules) ;

biologie (2 fascicules) ;

philosophie ;

sciences économiques ;

psychologie —pédagogie ;

sciences juridiques ;

histoire (2 fascicules) ;

linguistique-littérature (2 fascicules).
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