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IONS IN ACID MEDIUM
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The oxidation of glycine by permanganate ions was studied in a buffered solution at pH 2.
autocatalytic reaction was observed, autocatalyzed by a soluble form of Mn(IV). Auto
lytic S-shaped kinetic curves were obtained by the spectrophotometric method and character
the timet; vs concentration in the inflection point.
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Several works“indicate that the oxidation of glycine by permanganate ions in ne:
agueous solutions is autocatalytic. The product emerging from this oxidation has
identified as a soluble form of colloidal manganese dioxide. The oxidation of gly
by permanganate ions has been studiec strongly acid medium (perchloric or su
furic acid). In a study of the reaction in a buffered acid me#liam autocatalytic effect
has been observed and attributed to*Mons formed during the reaction.

We have studied the permanganate oxidatiorrafnine in a buffered acid medidm
and suggested that the autocatalyst is a soluble Mn(IV) species. The aim of the y
work was to extend this study to the permanganate oxidation of glycine, to exe
whether this process is autocatalyzed as well, and seek what species is respons
the autocatalytic effect.

EXPERIMENTAL

The solvent used in all the experiments was thrice distilled water. The oxidant was potassiu
manganate (Merck), its concentrations ranged from 3 to 8*nidl dnT3. The reductant was glycine
(Merck) at concentrations of 3 to 7 .72Gmnol dnt3. A H,PO,~H,KPO, (Panreac) buffer (ionic
strength 0.05 mol dm) was used to keep the pH of medium constant at 2.2. Potassium chl
(Panreac) in 0.1 to 0.4 mol dAconcentrations was used to study the salt effect. The experim
were carried out at temperatures from 31 t°@6

Kinetic measurementsThe reaction was followed by monitoring the absorbance changes at
and 418 nm, using a Spectronic 1201 spectrophotometer (200-800 nm) provided with a therm
cell holder (pathlength 1 cm). The pH was checked with a Radiometer 51 instrument.
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The reaction rate is characterized by the negative derivative of the absorption at 525 nm w
spect to time. A simple procedure was applied to calculate the values at several moments.
consecutive time—absorption pairs of data, designed, 28, (t,, Ay) and ;, A3), are fitted by the
first three terms of the Taylor series expansior x + yt + z£, the rate value corresponding to th
middle point isv, = -y — 2zt,. By substituting the three pairs of values in the equation and taking
consideration the fact that the difference in time between two consecutive points is cdyistaumns,
easy to derive the approximate expressipn (A; — Ag)/2At for the reaction rate at tintg. The error
of the reaction rates so obtained never exceeded 5%.

Stoichiometry The reaction mixtures containing glycine and permanganate ions in different r
were prepared by mixing the components in the presence of buffer solutions adjusted to a ¢
ionic strength of 0.05 mol drd Estimation of the amount of the unreacted MrsBowed that 1 mol
of MnGOj; was consumed per 2450.1 mol of the amino acid. The presence of both acetaldehyde
ammonia was confirmed by a simple qualitative analysi$ the products. The corresponding sto
chiometric equation is

2 MnQj + 5 HIN*CHCOOH+ 6 HY —— 2MA +5CHO+5NH+5CO:+3HO0 . (A)

RESULTS AND DISCUSSION

The UV spectra of the mixtures (Figs 1 and 2) recorded during the oxidation sk
decrease of absorbance at 525 nm (henceforth denoteg-psvhich is characteristic
of the Mn(VII) species. Thég,5vs time curves (Fig. 3) were S-shaped, indicating t
the reaction is autocatalytft

The absorbance at 418 nm, however, increases first, falls later on, and finally
to become zero (Fig. 4, cun&. It is well known that absorbance at this waveleng
can be used to measure the concentration of the Mn(IV) species generated dur
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Fe. 1
Successive scans at 8-min intervals for the reduction of permanganate ion (4mol@ni?) by
glycine (0.05 mol di) at 40°C, pH 2.2 and at ionic strength 0.05 moldm
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reactioit®'2 the final reaction products do not interfere. In fact, the “ex situ” spectr
MnSQO, at 4.0 . 106 mol dnT3 give evidence that the Mn(ll) species (product of t
reaction) is completely transparent at 418 nm as well as 525 nm. In Fig. 1, the
ground at 680 nm (when the reaction is not finished) is due to the Mn(IV) sp
which is not completely transparent at that wavelength. On the other hand, pl
In Ay15Vs time orAg,3vs Ay gare not linear, which indicates that Mn(1V) is not an e
product.

For that reason we consider Mn(lV) to be an intermediate species which is forrm
measurable amounts during the reaction. The other intermediate species it
Mn(VI1) (ref.13) with maximum absorptions at 603 and 435 nm, Mn(V) {teft 670
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Fic. 2
Successive scans at the end of the reduction of the permanganate ion by glycine. Conditior
Fig. 1

1.0
Asos
0.5 :
Fic. 3
Absorbance at 525 nni{,5) vs timet (s) for the
oxidation of glycine (0.05 mol dff) by perman-
0.0 ganate ion (4 . Td mol dnT®) at 40°C, pH 2.2

and ionic strength 0.05 mol dfh

Collect. Czech. Chem. Commun. (Vol. 61) (1996)



Oxidation of Glycine 235

and 325 nm, and Mn(lll) (réf) at 470 nm. A number of findings bear out the prese
of Mn(1V) as an intermediate product. Stoichiometric considerations, on the other
indicate that an Mn(ll) species is the reaction product. Oxidation state changes
Mn(VIl) to Mn(ll) only are possible by one-electron or, alternatively, two-elect
steps. In the formulation of the non-catalyzed reaction, only one-electron stey
proposed, viz. the hydrolysis of the Mn(VI) species giving Mn(V) species. Howe
for the catalyzed process the postulated intermediates are in the sequence: Mn(
Mn(VI) - Mn(IV). In spite of the fact that the presence of Mn(VI), Mn(V) and Mn(l
species has not been actually detected because the conventional technique er
did not enable that, evidence exists indicating their participation in the reaction rt

First, two isosbestic points were identified at 478 and 582 nm. The existen
isosbestic points gives evidence that the system changes monotonously, which
sistent with the existence of a few intermediate species facilitating the changes
oxidation state of manganese from seven to two.

Furthermore, the occurrence of the first isosbestic point at 478 nm is consisten
the increase in both the absorbance of Mn(IV) at 418 nm and the concentration
Mn(lll) species (whose characteristic band lies at 470 nm) together with the decre
the absorbance of the Mn(VII) species at 525 nm. The latter also agrees with the
tion at 582 nm of the second isosbestic point because of an increase in absorb:
the Mn(VI) species at 603 nm.

On the other hand, it must be borne in mind that the existence and structur
number of inorganic compounds are deduced from mechanistic studies, in contl
organic compounds.

T T T
6.0 H0.14
r. 108
mol dm ™ s7? As1g
3.0 40.07
Fc. 4
Absorbance at 418 nndy,,5(2) and reaction
rate,r (2) vs time,t (s). [MnQ] = 4 . 10*
mol dn3, [glycine] = 0.05 mol dr, 40°C, 0.0 i : L 1o00
pH 2.2 and ionic strength 0.05 mol dm 0 3 6t 163 59
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As illustrated by Fig. 4, curvg, all the reaction rate vs time plots are bell-shap
which is consistent with the autocatalytic nature of the process. Qurv&ig. 4 indi-
cates that there exists an induction period, and clirdecuments that the absorbant
at 418 nm is constant during the induction period. The rate of oxidation increas
parallel to the absorban@g,g and then both drop.

Figure 5 indicates that the induction period is very sensitive to changes il
H,KPO,—H4PQ, buffer concentration. If the total phosphate concentration is incree
the induction period extends. This is a consequence of the role of phosphate con
ing the appearance of the Mn(IV) species. At a higher buffer concentration, the Mi
species appears later and its concentration is lower (as reflected by a decrease
sorbance at 418 nm). A similar effect has Hid6been observed at pH 6-8. In th
medium the Mn(lV) soluble species remains as the final product of the reaction. At pl
however, the Mn(IV) species is a transient intermediate which acts as a catalyst
reaction but is finally reduced to give the Mn(ll) species, the actual end product ¢
reaction.

At the maximum absorbance at 418 nm, the log absorbance vs log wavelength
linear with a slope near -4 (-3.89), as predicted by the Rayleigh law for coll
solutiong®1® This value differs from that found for the permanganic oxidation of ¢
cine” at pH 6-9 (—4.66) where colloid flocculation occurs. These facts are in agree
with the colloidal nature of the Mn(IV) species which transforms during the rea
into a transparent Mn(ll) species. Such a form of colloidal Mn(IV) has already
postulated®—2®as an intermediate. On the other hand, the reduction of Mn(1V) to Mt
is favoured by solvent acidR{ Therefore, the fact that the colloidal Mn(lV) speci
converts to Mn(ll) at pH 2.2 only implies that the reduction of Mn(1V) in this solv
is faster than its flocculation.
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FiG. 5

Absorbance at 418 nm vs time for the oxidation
glycine (0.05 mol diff) by permanganate ion (4 .10
mol dni®) at 40°C, pH 2.2. lonic strengthl
0.01 mol dr®, 2 0.05 mol dm®, 3 0.10 mol dm®

0.0
0.0
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In view of the existence of the induction period, an alternative treatment proposed by
et al. was use@3Cto analyze the kinetic data. Two parallel reaction pathways v
assumed, one of them autocatalytic. The time of the inflection poiimt,the absorbance
vs time plots (which evidently corresponds to the maximum reaction rate) is givel

_ p
5k + kMn(V)], @

wherek, (s}) andk, (mo* dm® s are the rates of the specific non-catalytic a
catalytic reactions, respectively, [Mn(I\§)k the initial catalyst concentration, apds
a parameter. From our datg/k, = 1.63 . 165

The inflection time is longer when a higher initial permanganate concentrati
used. A linear relation exists between tpgnd log [MnQ] (r,, = 0.9987), with a slope
of 0.48 (Eq. 2)):

logt; = 3.65+ 0.48 log [MnQ] . )]

With increasing glycine concentration, however, the inflection time decreses. |
tion (3) indicates that the slope of lagvs log [glycine] is —0.88r(, = 0.9997):

logt;=0.98-0.88 log [glycine] . 8

The salt effect in the oxidation of glycine by permanganate ions as reflecte
changes in the inflection time at ((Mg>= 4 . 16*mol dnT3; [glycine] = 0.05 mol drr;
pH 2.2; 40°C; ionic strength 0.05 + [KCI)) is as follows:

[KCI], mol dm™3 0.0 0.1 0.2 0.3 0.4
ti, min 111 127 140 154 169

These data show that thievalues increase with increasing potassium chloride c
centration. This is due to the well-known capacity of electrolytes for increasing the
of flocculation of colloidd. So, higher KCI concentrations bring about decrease in
effective value of [Mn(IV)}. The increase in thgvalues can be explained in terms |
Eq. Q).

Equation ) is a form of the Arrhenius relation,{ = 0.9998 E,= 68.46 kJ mot).

Int, = -22.69+ 8 757.43 T (4)
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MECHANISM

The experimental rate equation indicates that the oxidation of glycine involves
parallel reaction'$:2632 only one of which produces Mn(lV) that acts as the catal
Both mechanisms lead to a first-order rate dependence on glycine concentration.

In analogy to the permanganate oxidation-@lanin€, two parallel mechanisms ar
considered as interdependent, viz.

Kl

H N*CH,COH + H,N*CH,COH < D B)

D+ MN(VI) € MIVIIHN*CH,COH-COHCHHN® (©)
C

1
Reaction B) giving rise to the glycine dimer D is to be regarded as an Arrhe

pre-equilibrium condition (actually an pseudo-equilibrium in the mechanism cont
hence, the glycine dimer D is a transient compound rather than a genuine ch
compound.

The carboxylic group is a part of the molecule which is very rich in “electrc
(Tebonds, lone electron pairs). Hence, it is reasonable to expect ionic interactiot
tween the carboxylic group and the protonated amino group of two distinct molec
which accounts for the dimer structure.

It has been suggested that amino acids form a complex with the Mn(VIl) spec
The permanganate attack to the dimer (D) can be explained in terms of an ionic
action between the two molecules, which implies that Mn(VII) must be formulate
linked to the protonated amino group. Hence, the C-C bond is not broken i@)Eq.

The irreversible decomposition of this complex should lead to the reaction pro
through the following steps.

Non-Catalyzed Oxidation

K,

Mn(VII)HzN*CH,CO,H-CO,HCH,HN* + Mn(VIl) —— 2 BMn(VI)H,NCH,CG, (D)

K4

ks
H,Mn(VI)H,NCH,CO, ——  HMn(VI) + H,NCH;, + CO, (E)
slow
Ke

H,NCH, + Mn(VIl) —— CH=*NH, + Mn(VI) (3]
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k
CH,="NH, + H,0 ——  CHO+ NH} G)
ke
[H,MN(VI)] + H,O —  [HMN(V)OH] (H)
fast
fast
[HMN(V)] + HN' CH,COH > o e M) + ... ()
fast
MA(I) + HN'CH,COH o s ML) + ... )

The role of the Mn(VIl) species is essential for understanding readbipnEffec-
tively, the attack of the second Mn(VIl) molecule must be at the protonated a
group of the second glycine molecule which is linked to the carboxylic group o
first molecule in the dimer.

Hence, in view of the fact that there is no steric hindrance, the removal of an ele
from the carboxylic group appears to be more probable (one has to take into a
the fact that the carboxylic group is a part of the molecule which is very rich in
trons) than from the protonated amino group. This can explain the nature of prodt
reaction D).

This mechanism is borne out by the fact that carbon dioxide, aldehydes and amr
ion are known to be products of the permanganate oxidation of amind*atidBhese
compounds may be formed as indicated in st&pafd G).

According to the above considerations, the rate of the reaction s kg
[HoMn(VI)H,NCH,CG;]. On the other hand, this assumption also indicateskthiat
smaller thank_,. Moreover, the existence of different isosbestic points warrants
assumption that the whole reaction proceeds uniformly in the steady-state cond
By applying this approximation to the JMn(VI)H,NCH,CGQ;] species, it was founc
that its corresponding concentration is the square rod,f )[C,][Mn(VII)].

Moreover, from the application of the steady-state approximation to ileorG-
pound it was found that:

[C4] =kgK; [HNTCH,CO,H]? [Mn(VII)] . (5)
Hence, the theoretical rate equation for the non-catalyzed mechanismns is

ks(ksK,/K_g)Y? [H3N*CH,COH][Mn(VI)] Y2, in agreement with the experiment:
values of the kinetic orders.
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Catalyzed Oxidation

[HMN(VI)] + HN*CH,COH ——  HN*CH,[H,Mn(IV)]CO, (K)

HoN*CHHMN(IV)]CO, + H,O —— ... —— MIIV) +... (L)

Two important features of the catalyzed reaction are noteworthy. First, the ree
rate shows a first-order dependence on the Mn(IV) concentration, and second, thi
tion order with respect to glycine and the Mn(VII) species is the same as that f
non-catalyzed reaction.

In order to define the reaction rate corresponding to the catalyzed process,
things must be clarified. First, it is necessary to specify whether permanganate, g
or both are adsorbed on the colloidal Mn(IV) particles. From literature dealing witl
adsorption of ions on oxy-hydrates of Mn(lV) it can be deduced that the protol
species ¢has a higher tendency to adsorption than the Mn(VII) species. Moreove
solution bulk contains the former species in a great excess over the latter. So, it is |
able to assume that the majority of active sites on the surface of the colloid beads
occupied by the Cspecies. In view of the fact that the Mn(IV) species is a str
oxidant, it is necessary to decide whether thspg@cies, once adsorbed, is oxidized
Mn(VII) or by Mn(1V). In this respect, the slow rate of thgHy/MnO, reactiori’ gives
indirect evidence that the oxidation by the Mn(IV) species is irrelevant. Hence
suggest that the process includes a heterogeneous reaction involving shec@s
adsorbed on the colloid beads and Mn(VIl), which comes from the bulk solution.

To determine the adsorbate concentration, the adsorption of;tkpeCies on the
colloidal Mn(1V) was assuméélto obey the Freundlich isotherm (E&))

[adsorbate} M [Mn(IV)] a[C]® , 6)

whereM is the mean molar weight of the colloidal adsorbent under the experim
conditions anda andb (whose values are 1) are parameters.

The rate of the catalyzed reaction exhibits the same dependences on the glyc
permanganate concentrations as that for the non-catalyzed oxidation. Therefore.
be concluded that once the adsorbate formation is complete, the catalyzed oxi
involves a similar sequence of steps as the homogeneous process.
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