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The polarographic behavior of p-xylose in several buffer solutions was investigated. The rate constants, &,,

ky k_p

kg, k_y1, and k_,, of the mutarotation of a-p-xylose, assumed as « —— y === B, were calculated by the use of

Wiesner’s method, but with a modified equation for the polarographic current.

koq I
The overall mutarotation rate

constant, k,, which is defined by k.= (kk_,+k_1k,)/(k_1+k_,), was also determined. The rate constants, &,

k;, and k,, were analyzed as a linear function of the buffer concentration.

It was revealed that the catalytic

effects of the buffer salts were mainly due to their basic components for all the buffer salts investigated. The
Bronsted plots of £, and &, for all the basic components gave straight lines with the same slope of 0.42. The
rate constants for several amines deviated from the slope; this deviation was ascribed to the steric hindrance

caused by their large molecular sizes.

The mutarotation of reducing sugar in an aqueous
solution is catalyzed by the use of acids and bases.2~%
The measurements of the mutarotation velocity are
usually made by polarimetry, NMR and other such
methods, but the results are in most cases interpreted
in terms of the mutarotation rate constant, k,, defined
by k,=k«+ks, where the reaction mechanism is as-
sumed to be as in Eq. (1):

ka
o-pyranose k‘:\ p-pyranose (1)
8
Los, Simpson, and Wiesner®) have shown that, by the
use of the polarographic method, four individual rate
constants, ky, ks, k_; and k_,, of the mutarotation as-
sumed as in Eq. (2):
k ko,
a-pyranose —= p-form kﬁ B-pyranose (2)
-1 2
can be determined; here, the intermediate y-form is
assumed to be an electroactive free aldehyde form,
and the polarographic current produced by a mono-
saccharide, such as b-glucose, is controlled by the
kinetics of the formation of the y-form from «- and
f-pyranose. Experimental study of the isotope ex-
change of p-glucose C-1-'80 also supports the idea
that the formation of the aldehydrol form is negligible
in mutarotation kinetics.?

In this study, the individual rate constants of the
base-catalyzed mutarotation of «-p-xylose are deter-
mined by the polarographic method; this method is
based on Wiesner’s assumption, but with a modified
equation for the polarographic current. The results
are discussed in view of the base-catalyzed reac-
tion.

Expression for The Polarographic Current of D-Xylose.
According to Los, Simpson, and Wiesner, the polaro-
graphic kinetic current, 7, of monosaccharide when

1) Presented at 17th. Ann. Symp. Polarography, Fukuoka,
Oct. 16—18, 1971.

2) W. Pigman and H. S. Isbell, “Advances in Carbohydrate
Chemistry,” Vol. 23, ed. by M. L. Wolfrom, and R. S. Tipson,
Academic Press. London (1968), p. 11.

3) H. S. Isbell and W. Pigman, “Advances in Carbohydrate
Chemistry and Biochemistry,” Vol. 24, ed. by M. L. Wolfrom,
and R. S. Tipson, Academic Press. London. (1969), p. 13,

4) B. Capon, Chem, Rev., 69, 407 (1969).

it is present in two forms, e. g., «- and f-pyranose at
the concentrations of C. and Cj, is given by:

Iy = nFq(D/[(k_y+k_,))V?(k,C, +k,C5) 3)

where n denotes the number of electrons consumed in
the electrolysis per molecule; F, the Faraday; §, the
mean clectrode surface area, and D, the diffusion co-
efficient of the monosaccharide. Eq. (3) was first
derived by assuming a reaction layer on the electrode
surface, the thickness of which was given by:

u = (D](k—y+k )"/ *)

We ourselves have previously shown® that Eq. (3)
can be derived by a rigorous mathematical procedure
on the following assumption:

T(k-yHhy) > 1 T(k-2tky) > 1, ()
7 being the drop time, and
K, =k, /k>1 Ky=k_,[k;>1, (6)

while £;/k, is not extremely different from unity.
This is actually the case with p-glucose.® A similar
argument has also been advanced by Paldus and
Koutecky.”

As will be demonstrated later in this study, however,
the rate constants for p-xylose are not so large as Eq.
(5) predicts. Accordingly, a modified equation has
to be used in analyzing the polarograpnic current of
D-xylose.

By a close investigation of the rigorous mathematical
solution for the polarographic kinetic current re-
ported by Koutecky and Brdicka,® and by assum-
ing the reaction layer given by Eq. (4), we may derive
a modified equation of the polarographic current:

i = Ik + Teorr (7)
with:
p _ Iq 1—exp(—7t(k_y+k_5))
i haE )
| 1.13

XTI+ (el 1) ®

5) J. M. Los, L. B. Simpson, and K. Wiesner, J. Amer. Chem.
Soc., 78, 1564 (1956).

6) M. Senda, Rev. Polarogr. (Kyoto), 6, 95 (1958).

7) J. Paldus and J. Koutecky, Collect. Czech. Chem. Commun.,
23, 376 (1958).

8) J. Koutecky and R. Brdicka, ibid., 12, 337 (1947).
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and:
iq = £(C,+Cy)
under the following conditions:
(T(h-1+£-9))V?/ (K. + K5) <1 (10)

£: Ilkovic constant, 9)

and:
K. »1, Kz>1 (11)

In these equations, i, is defined by Eq. (3), i,
is the correction term, and 7, is the diffusion current
given by the Ilkovic equation, with the total bulk
concentration of monosaccharide, being C.+Cps. Some
details of the derivation of Eq. (7) are given in the
Appendix.

As the mutarotation takes place in the bulk of the
solution, the concentrations of a- and g-pyranose, C.,
and C, change with the time. For example, if we
dissolve a-D-xylose in a solution at time (=0, C. de-
creases with the time, whereas (s increases with the
time, in accordance with the following equation:%

Co = (C.)emsen(1+ Kexp(—kot)) (12)

Cs = (Cp)emroe(1—€xp(—kot)) (13)
where:

ko = (kvkoy+k_sky)[(ky+Eop), (14)

K = (Cp/Ga)tnee = (Cpltnos/(Ca)tme = Kp/Ksy  (15)
and:
Ca + Gﬁ = Ctotal = (Ga)t=0’ (16)

where the concentration of the intermediate y-form
is assumed to be negligibly small. That is, the polaro-
graphic current, which is given by Eq. (7) or Eq. (3),
changes with the time. The combination of Egs.
(12) to (16) with Eq. (7) to analyze the polarographic
current, that was recorded as a function of the time,
makes it possible to compute the four rate constants,

ki, k_s, k_y, and k,, in Eq. (2).

Experimental

Materials. The a-D-xylose was recrystallized from an
aqueous solution;? [«]¥=+496, mp 146 °C, mutarotation
rate const. k,=1.30x10-3s~1 in water at 25+4-0.5°C. All
the other chemicals used were of a reagent grade. The
solutions were prepared with bidistilled water. The buffer
components were NaH,PO,~Na,HPO,, NH;-NH,Cl, Trys-
(hydroxymethyl)amino methane (TRIS), Tris(thydroxy-
methyl)methyl glycine (TRICINE), and N,N-bis(2-hydroxy-
ethyl)glycine (BICINE). Potassium chloride was used to
adjust the ionic strength to the desired values (usually 0.5).

Equipment. A Yanagimoto polaro-recorder type PA-
103 was used for all the polarographic measurements. A
Yanagimoto controlled-potential electrolyzer, type VE-3,
was used for controlled-potential electrolysis, while the po-

9) Recently Nishihara and Matsuda have carried out more
rigorous mathematical analysis of the problem by use of an elec-
tronic computer (Presented at 17th. Ann. Symp. Polarography,
Fukuoka, Oct. 16—18, 1971). Preliminary examination showed
that the errors resulted by use of Egs. (7) to (9) did not exceed
89% for (kr)1/2<2, under the condition (10) and (11).

10) K. Anno and N. Seno, “Jikken Kagaku Koza”, Vol. 23, ed.
by S. Akabori and S, Funahashi, (in Japanese) Maruzen, Tokyo,
(1957), p. 336.
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larimetric measurements were carried out with a Yanagimoto
polarimeter, type OR-20. The pH values were measured
with a Hitachi Horiba M-5 pH meter.

An electrolysis cell (20 ml in capacity) was used; it was
connected with a saturated calomel electrode (SCE) by
means of an agar-gelatin bridge containing potassium chlo-
ride. All the experiments were carried out in a water ther-
mostat controlled at 25:+0.05 °C.

Method. A supporting electrolyte solution (15 ml)
of the desired composition was freed of oxygen by passing
a nitrogen stream through the solution. First, the residual
current was recorded by means of the polarograph. Second,
after the potential of the dropping mercury electrode has
been set at —1.75V vs. SCE, a weighed amount of «-p-
xylose was dissolved in the deoxygenated electrolyte solu-
tion; the passing of the nitrogen stream through the solution
was continued for about 30 seconds to complete the dissolu-
tion of the a-D-xylose. Then, the current intensity at —1.75
V uvs. SCE was recorded as a function of the time. The
recording of the current was continued until the current
intensity reached a constant value. The nitrogen stream
was passed over the solution during the measurement. Fi-
nally, after the mutarotation eqilibrium had been reached,
a whole polarographic wave of the p-xylose was recorded.
The current intensity was corrected for the residual current.

Results

General Polarographic Behavior of D-Xplose. The
polarographic behavior of an equilibrated mixture of
D-xylose was studied. At pH values lower than 9.5,
no appreciable change in the polarogram of equilibrated
solution of p-xylose was observed, at least not within
two hours, at 25 °C. No appreciable change in specific
rotation was observed, either. These results suggest
that no hydrolysis, carbonyl amino reaction, or any
complicated reaction of D-xylose occurs under the
conditions used in the present experiment.

A few examples of the experimental results on the
dependence of the limiting current, 7, on the height
of the mercury reservior, h, are shown in Table 1.
The limiting current was inclined to increase slightly
with an increase in the height of the mercury reservior.
An analysis of the current-time (i-f) curve for single
drop has shown that the slope of the log 7 us. log ¢
plot is 1.8/3, which is slightly smaller than the theore-
tical value, 2/3, which is expected for a purely kinetic
current defined by Eq. (3). These results support

TaBrLe 1. DEPENDENCE OF THE LIMITING CURRENT )
ON THE HFEIGHT OF MERCURY RESERVIOR £
The concentration of p-xylose 0.066 M, Temp. 25 °C

il (Cm)“’
h Phosphate buff. TRIS buff.  TRIS buff
(cm) 0.05 M, 0.05 M, 0.20 M,
pH 6.99 pH 8.04 pH 8.04
62.4 2.3, 4.4, 4.8,
72.4 2.4, 4.5, 5.0,
82.4 2.4, 4.6, 5.0,
c. f-
WP 2.96x10-3  5.67x10-3  6.28x10-°

a) Current sens. 0.4 yA/cm.
b) iq: Hypothetical diffusion current of p-xylose,
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Fig. 1. Relationships between limiting current and the con-

centration of D-xylose. 25°C, A: Ammonia buff. 0.100 M
pH 8.79, B: TRIS buff. 0.020 M, pH 8.25, C: Phosphate
buff. 0.005M, pH 6.99, D: Phosphate buff. 0.070 M, pH
6.12.

the idea that the correction term, i, in Eq. (7)
should not be neglected in interpreting the kinetic
current produced by D-xylose.

The limiting current is proportional to the p-xylose
concentration in various supporting electrolyte so-
lutions, as is shown by Curves A, B, and D in Fig. 1,
but at a very low concentration of the buffer com-
ponent a deviation from the linearity was observed,
as is exemplified by Curve C in Fig. 1. Table 2 and
Fig. 2 show the effects of the buffer concentration
and the pH on the limiting current. In a basic solu-
tion, the limiting current increased exponentially with
the pH. In an ammonia buffer solution with a pH
of about 9, the limiting current decreased with a
decrease in the concentration of the buffer component.
On the contrary, in the phosphate buffer solution,
the limiting current first decreased with a decrease
in the concentration of the buffer component, but at
a lower concentration (0.005 M) it began to increase
and finally reached an unusually large value in an
unbuffered solution. This last result might be ex-
plained by the autocatalytic effect of the hydroxy anion
produced in company with the electro-reduction of
p-xylose at the electrode surface. A simlar pheno-
menon has been reported by Brdicka and his cowork-
erl1-13) for the electro-reduction of formaldehyde at
the dropping mercury electrode in an unbuffered so-
lution.

A controlled potential electrolysis of D-xylose was
carried out at the mercury-pool cathode in an am-
monia buffer solution with a pH of 9.5. After about
nine hours of electrolysis at —1.8 V wvs. SCE, the ki-
netic wave of D-xylose disappeared almost completely
(Fig. 3). During the electrolysis, the generation of

11) R. Brdi¢ka, Collect. Czech. Chem. Commun., 20, 387 (1955).
12) R. Brdi¢ka, Z. Electrochem., 59, 787 (1955).

13) R. Brdicka and L. NEmec, Rev, Polarogr. (Kyoto), 11, 5
(1963).
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TABLE 2. THE LIMITING CURRENT WITH VARIOUS
BUFFER CONCENTRATIONS

Ammonia buff.

Phosphate buff.

pH 9.40 L pH 6.99
p-Xyl. 0.040M  “Y  pxyl 0.06M  (#A)
0.533 M 4.01 0.100 M 1.06
0.268 3.44 0.050 0.92
0.133 3.03 0.010 0.68
0.067 2.78 0.005 0.67
0.033 2.68 0.001 1.22
none 9.68

<
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Fig. 2. The dependence of the limiting current on pH.
p-xylose: 0.04 M, Ammonia buff.;: 0.50 M, 25 °C.
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Fig. 3. Controlled potential electrolysis of p-xylose at mer-
cury cathode —1.8V us. SCE. Ammonia buff.: 1.0M,
pH 9.5, 25°C. A: 0.05 M p-xylose, B: After about nine
hours of electrolysis.

bubbles was observed on the mercury-cathode surface.
This may be attributed to the evolution of hydrogen,
which occurs parallel with the reduction of p-xylose.
The electrolyzed solution was paper-chromatograph-
ed,’® and the spot of p-xylitol was identified on the
chromatogram. Provided that the number of elec-
trons consumed per molecule of p-xylose is 2, cal-
culation showed that about two thirds of the total
electricity was consumed by the reduction of the b-
xylose and one third, by the reduction of the hydrogen

14) Ref, 10) p. 392,
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TaABLE 3. BUFFER SOLUTIONS
The concentration of p-xylose 0.132—0.066 M
Temp. 25 °C, Ionic strength 0.5

Buffer Base Component pPKa Con((;gﬁ{;;tlon pH
Phosphate HPO,2- 7.2 0.03—0.10 6.12—6.99
TRICINE (CH,0OH);-CNH 8.1 0.02—0.20 7.88—8.42

-O0CCH,
TRIS (CH,OH),;-CNH, 8.2 0.02—0.20 8.04—8.42
BICINE (C,H,OH),-N 8.3 0.02—0.15 8.10—8.92
-~O0OCCH,
Ammonia NH, 9.2 0.05—0.50 8.16—8.59

TABLE 4. THE OVERALL AND INDIVIDUAL RATE CONSTANTS IN VARIOUS BUFFER SOLUTIONS

Phosphate TRICINE TRIS BICINE Ammonia
0.05 M 0.10 M 0.10 M 0.10 M 0.10M
pH 6.99 pH 8.22 pH 8.27 pH 8.29 pH 8.59
ko st 9.1x10-3 5.3x10-3 6.5x10-3 3.4x10-3 8.7x10-3
ky st 16.2x10-3 8.1x10-3 9.9x10-3 4.5x10-3 15.9x10-3
ky s 5.0x10-2 3.2x10-3 3.8x10-3 2.2x10-3 4.7x10-3
ko st 15.2 0.9 1.3 0.4 2.1
kg st 8.6 0.7 0.9 0.4 1.1
K, +K; 2.7x108 3.3x102 3.7x102 2.7x10? 3.7x10?

ion, in the controlled-potential electrolysis on the
mercury-pool electrode at —1.8V.

Determination of Mutarotation Rate-Constants of a-p-Xylose.
The composition and pH’s of the buffer solution in
which the mutarotation rate-constants were deter-
mined are summarized in Table 3. These conditions
have been selected to avoid complexities arising from
too high a basisity or too low a buffer concentration,
as has been described above. Too high a concen-
tration of buffer components resulted in an increase
in the final ascending of the base current and made
accurate measurement of the limiting current difficult.

The experimental results were analyzed by the use
of the theoretical equations given above, and the in-
dividual rate constants, k;, k,, £_;, and k_,, were com-
puted. In applying Egs. (7), (8) and (4), a suc-
cessive approximation method was employed. The
computation was carried out by the use of an electronic
computer, FACOM 230—60 (Kyoto University). The
diffusion coefficient, D, was assumed to be 6.58 x 10—6
cm?s713%9 and the equilibrium constant, K (defined
by Eq. (15)), to be 1.873.2

Examples of the four individual rate constants,
ky, kg k_;, and k_,, and the overall rate-constant,
k., defined by Egs. (2) and (14), are shown in Table 4.
In general, the backword or ring-closing rate constants,
k_y and k_,, could be determined with only a poor
precision. Accordingly, a detailed analysis of the
rate constants was made with the forward or ring-
opening rate constants, k; and k,, and the overall
rate constant, k.

15) L. Friedman and P. G. Carpenter, J. Amer. Chem. Soc.,
61, 1745 (1939).

ko (s71)

ky (s7Y)

ky (s71)

10 y447

Cphosph. (M)
Fig. 4. The rate constants as a function of the concentra-

tion of phosphate buffer, Cynospn. 25°C, 1: pH 6.99,

2: pH 6.59, 3: pH 6.12.

At a constant pH, the rate constants, £, £;, and
k,, increased linearly to the buffer concentration.
Some representative results are shown in Fig. 4 and
Fig. 5.

Generally, the rate constant of a catalyzed reaction
can be expressed as follows:®)
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X10°

ko (571

ky (s71)

kg (s-1)

Crris (M)

Fig. 5. The rate constants as a function of the concentra-

tion of TRIS buffer, Crgis-
8.27, 3: pH 8.04.

25°C, 1: pH 8.42, 2: pH

ki = ki,w + ki,OH(OH_) —+ ki'A(A) -+ kj,B(B) (17)

1=0, 1 and 2

where £, , represents the catalytic constant of the
solvent molecule (water in our case), where £ gg,
ki ., and £, ,, represent the catalytic coefficients of
the catalysts indicated by the subscripts, and where
the symbols in brackets represent the concentrations
(activities) of the catalysts, OH-, 4, and B, being the
hydroxyl ion, acid, and the base of buffer components.
In this expression, the concentration of the hydrogen
ion is neglected because the measurements were made
in neutral or basic solutions. The contribution of the
D-xylose anion is also neglected. The significance
of this approximation will be discussed later.

When the rate constant is plotted against the sum
of the concentrations of the buffer components, Gy .=
(4)4+(B), at a given pH, a straight line is obtained;
the slope of this line is (K, M-tk ) /(1 +M), M
being (4)/(B), and the intercept on the k;-axis is
ki wt+kion (OH™). A plot of this intercept against
(OH-) will give a straight line, from which £ oy
(slope) and &, , (intercept) can be obtained. Fig. 4
shows a plot of £; vs. G, for phosphate buffer solutions
of pH 6.12, 6.59, and 6.99. Three straight lines with
different slopes are obtained, but their intercepts on
the k;-axis coincide within the limits of experimental
error. These results suggest that £, ,z(OH™) is neg-
ligible in comparison with £; , in such neutral
solutions. Fig. 5 shows the same plot for the TRIS
buffer; straight lines with different slopes and different
intercepts on the £;-axis are given for each solution
at a given pH. Similar results were obtained for
all the other basic buffers. The intercept values thus
obtained from the £; vs. G, curves are plotted against
(OH-) in Fig. 6. In accordance with theoretical
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Fig. 6. Thegplot of ki w—ki on(OH™) against the concent-
ration of hydroxy ion, (OH~).

O: NH;, @©: TRIS, (»: TRICINE, &: BICINE
x163 G,
8§ =0
[. —
— 2 -
B
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i i=
9 10 |—
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-~
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| |
0 0,05 010
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Fig. 7. The plot of k;— (ki,w+ki,ou(OH™)) against the con-
centration of the base conponent of TRIS buffer. (TRIS).
O: M=1, (J: M=4/6, ©: M=6/4.

considerations, all the data are distributed along the
regression line, from which £, , and £, .y for overall
as well as individual reaction rates are determined.
The £, ,, value obtained in this way is in good agreement
with those obtained from the intercepts in Fig. 4
(e. g. ko w=1.3x10"35"1 from Fig. 6 and £, ,=1.4x
10-3s~1 from Fig. 4).

Figure 7 shows a plot of k—(k, .+, 0u(OH"))
against (B) for the TRIS buffer. A straight line with
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a slope of £, ;+ M x K, , can be expected from each for
a given M. As may be seen from the figure, however,
all the points lie on a single straight line, irrespective
of the M values. This suggests that k; ;> M Xk, ,
i. e, that k, , is negligibly small compared with £, ,
for the buffer components examined. Similar results
were obtained for all the other basic buffers examined.

Discussion

The values of the catalytic rate coefficients are
summarized in Table 5. The coefficients, £; g’s, for
B=TRIS, TRICINE, and BICINE are those for
the base components of the amine buffers. The
water molecule is both an acid and a base, but for
the mutarotation of D-glucose in a neutral solution,
the basic catalytic function is supposed to predominate
over the acid one.? For the mutarotation of p-xylose,
the same argument is justified on the basis of the Brénst-
ed plot (Fig. 8). The HPO,?~ and H,PO,™ ions are
also bifunctional, but in a neutral buffer solution the
former ion functions as a base, and the latter, as an
acid. Accordingly, their catalytic activities, as ob-
served in a neutral solution, should in the first place
be basic for HPO,*~ and acidic for H,PO,~. It may
be seen in Table 5 that, except for the rate coefficients
for H,PO,~, the rate coeflicients, k; 5, for the a—y
reaction are always larger than the £, for f—y,
where B is a base catalyst. In Fig. 8, log k., and
log k, 5 are plotted against the pK, value of the base

TABLE 5. THE OVERALL AND THE FORWARD RATE
COEFFICIENTS OF THE MUTAROTATION OF D-XYLOSE
(Temp. 25 °C)

i

o 1 2
kiw (s71) 1.4x10-%2 2.4x10-% 1.0x10-3
Fimrpo,~ (s-'lmol-l) 0.2x10-2  0.3x10-2 1.7x10-2
Kimpost~ (s-11mol-l) 2.1x10-1  4.1x10-! 1.0x10-1
Fimniomns (s-11mol-1) 4.2x10-2  7.7x10-2 2.4x10-2
kimms (-'lmol-1)  6.7x10-2  1.1x10-1 4.2x10-2
K siome (s-11mol-l) 1.0x10-2  2.0x10-% 7.5x10-2
Kixg (-'lmol)  4.7x10-1  7.6x10-1 2.5x10-
Fiow (s-11mol-l)  8.0x102 1.2x108  4.0x10?

a) 1.3x1073s71 was obtained by polarimetry.

Slope = 042

pKa
Fig. 8. Bronsted plot for the mutarotation of p-xylose.
D: ki, O: kyy 1t H,O, 2: HPO2~ 3: OH-, 4: NH,,
5: TRICINE, 6: TRIS, 7: BICINE.
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catalyst, B. The rate coefficients for the water mole-
cule, assumed to be a base catalyst, were calculated
by means of £, ,/55.6 M and plotted against pK,=
—log 55.6.% The rate coefficients for H,0, HPO,2-,
NH; and OH~ are on a straight line with a slope of
0.42. The value of this slope seems reasonable in
view of the value, 0.40 or 0.34, observed for the overall
mutarotation rate constants of p-glucose.® The rate
coefficients for the base components of TRIS, TRI-
CINE, and BICINE are smaller than the theoretical
values expected from the Bronsted plot and their
pK’s, and become smaller with an increase in their
molecular size. These results should be attributed
to the steric hindrance effect in the catalytic mutarota-
tion reaction.’®1?)  Smith!®) and Los and Simpson1?%20)
have pointed out that the catalytic effect caused by
sugar anion can generally not be neglected. Ac-
cording to these authors, the rate coefficient for (OH-)
in Eq. (17) should be rewritten as:
ki,on = K'ion + ki, xy1(xy]) Kxy1/ Ky

where £’y and £, ., are the true rate coefficients for
OH-~ and the xylosate anion respectively, where (xyl)
is the concentration of p-xylose where K, (=10-123)21)
is the dissosiation constant of the Xylose=Xylosate
Anion--H* reaction, and where K, is the ionic product
of water. Appling the Bronsted rule (Fig. 8) to b-
xylose, we obtain £, . ,,~30s~1/mol. In our experi-
ments, (xyl) was 0.06 M, so thatk; _, (xyl) K /K ~
90 s~ 1/mol, which is approximately 8%, or less of &; p.
Accordingly, the effect by the xylosate anion may be
considered to be of secondary significance in our case.
In reality, no appreciable experimental indication was
given of the significant contribution of the xylosate
anion to catalysis, such as a nonlinear dependence
of the polarographic current on (xyl).

The equilibrium constants of the y-form to the o-
and f-pyranose forms, K.-+K;, are given in Table 4.
These values were found to change slightly with the
change in the buffer concentration; for example,
K.+-K; for the TRIS buffer changed 4.5 x 102 to 2.5 %
10?2 with the change in the buffer concentration from
0.20 to 0.02 M, while K.+ K; for the phosphate buffer
changed from 4.2x10% to 2.1 x10% with the change
in the buffer concentration from 0.10 to 0.03 M. A
similar downward trend of K.+ K; with a decrease in
the buffer concentration was also reported by previous
authors.® The relatively large difference between
the K.+ K; values obtained from the phosphate buffer
and the amine buffers should also be noted. These
results suggest a further complicated structure of the
intermediate form in the reaction mechanism of the
mutarotation of monosaccharide. Further studies on
the mechanism of mutarotation for monosaccharide
are now in progress in this laboratory and will be

16) P. P. Rony, J. Amer. Chem. Soc., 91, 4244 (1969).

17) H. Huang, Adrian N. H. Yeo, and L. H. L. Chiba, J. Chem.
Soc., B 1969, 836.

18) G. F. Smith, ibid., 1936, 1824.

19) L. M. Los and L. B. Simpson, Rec. Trav. Chim. Pays-Bas.,
73, 941 (1954).

20) J. M. Los and L. B. Simpson, ibid., 75, 267 (1956).

21) J. J. Christensen, J. H. Rytting, and R. M. Izett, J. Chem.
Soc., B 1970, 1646.
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presented in another paper.??
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Appendix

The expression for the instantaneous limiting current,
i(t), of an electrode reaction with a preceding chemical
reaction;

k; ne
A — Ox — Red, (1)
kb

(chem) (el.)
at a stantionary plane electrode has been given by:®

i(2) DViC* [ Kexp(—lt)—1  K>(mko)'/?

nFqg  m/A(KP—1)| i/ (K=1)i/2

o4 o))
—e((24)] o

where n indicates the number of electrons involved in the
electrode reaction; ¢, the electrode surface area; D, the
diffusion coefficient of the depolarizer; C*, the sum of the
concentrations of A and Ox; K=ky/k;, and I=k;+ky,.

When K»1 and when [t is in the order of unity or less,
so that (kit/K)Y/2~(It)Y/2/K, Kexp(-lt)>1, erfc((lt)1/?/K)~
1, and exp(l{/K?)~1, Eq. (2’) may be reduced in a good
approximation to:

ity DvCrp DyC* P
nFqg K K(nt)1/? X exp (—1) X
X {1 — (nlt)Y2exp(It)exfc((lt)V/?)} (3)

Accordingly, the mean limiting current, 7;, at the dropping
mercury electrode is given by:

1 [~ D1/2c*¥[1/2 1 (- DY/2C¥
N F 1 DRGT
3] 7 fo n q—-————dK t + rﬁ nFqK(nt)1/2 X

X exp(—It) {1 — (rlt)V2exp(It)erfc((It)/2) }ds 4"

22) In course of preparation.
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The second term on the right-hand side of Eq. (4') could
be given in the first approximation for a smaller value of

It by:

l—exp(—=lr)[1 [~ Dy2C*
&) = ———|7J, " t

It T TRy
- 120
—i‘[ nFqng—ll/zcxp(lt)erfc((lt)llz)dtil (5
7 Jo

Furthermore, according to Matsuda® or Koutecky,?® the
second term in the brackets on the right-hand side of Eq.
(5’) should be replaced by (#3/K)/(14-1.13(lr)~1/2) for the
case of the dropping mercury electrode. In conclusion,
the mean limiting current, 7;, at the dropping mercury elec-
trode may be given by:

(lr)v2 Z 1—exp(—It)
K *Tkx”* It

x (\ i) ®)

where i, is the diffusion current given by the Ilkovic equa-
tion with the total bulk concentration, C¥*,

If we proceed with the reaction scheme (2), K,+ Kz and
k_y+k_, should be substituted for K and [ respectively.®
we thus obtain Eq. (7'):

(T(k-y +k-p))/2 P I

7 = 0.81

7; = 0.81 K. +K; 1la K.+ K
« 1 —exp(—1(k-y+£-))
T(ky+h-s)
SYCHSRN — y
1+ 1.13(2(k_y + k_g)) /2 (7)

The first term on the right-hand side of Eq. (7’) corresponds
to 7x in Eq. (7), and the second term, to 7., It can easily
be seen that 7; is reduced to i when (k_;+k_,)>1,
whereas 7, is reduced to 73/(K,+K;z) when v(k_+k_;) be-
comes zero.?

23) H. Matsuda and Y. Ayabe, This Bulletin, 28, 422 (1955).
24) J. Weber and J. Koutecky, Collect. Czech. Chem. Commun.,
20, 980 (1955).






