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where t = D¢/8%; D = diffusion coefficient of ionic
species, em.? sec.™; ¢ = time after current interruption,
sec.; 8 = effective boundary layer thickness (cm.);
C, = initial concentration of ionic species (involved
in the electrode reaction) at the electrode-electrolyte
junction (x = 0) ; C = concentration of ionic species
at z = 0, ¢t > 0; Cp = bulk concentration of ionic
species in electrolyte. )
Equations 1 and 2 are re-arranged forms of solutions
to related problems in heat conduction!l. Equation 2
may be rendered in an alternative form which is
useful for computation when = is small, namely :
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For very small 1, equation (1) may be approximated
as:

C—Cp _y _ 2 o 4)
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Similarly, equation 3 may be reduced in form for
small v since all terms become zero for n > 0. The
result is identical with equation 4. Thus, for small -,
the time behaviour of concentration at z = 0 is
essentially independent of conditions at the outermost
part of the boundary layer, that is, irrespective of the
presence or absence of stirring.

Because of the equality of the solutions given by
equations 1 and 2, 3 for small =, it is suggested
that this result may be utilized for the evaluation of
boundary layer effective thickness in electrolytic sys-
tems. This may be accomplished by analysis of the
decay of concentration polarization upon current
interruption. By the Nernst relation:

C—Cy _ oxp[ZFyfRT] — 1 %)

Co—~Cp»  exp[ZFy/RT] —1
where 7, = concentration polarization at time zero;
n = remaining polarization at ¢ > 0; F = Faraday
constant; B = gag constant; 7 = °K; Z = number
of electrons in the electrode reaction. The approxi-
mation to equation 1 given in equation 4 is valid
provided:

erf ~ 1 ander v 0

it
Arbitrarily choosing erf 1/2t42 = 0-99 yields an
upper limit of T = 0-075, whereas e-1/47 = 0-01 sets
a limit of © = 0-054. Taking a limit of © = 0-05
together with D = 10-® cm.?/sec., it may readily be
seen that for the very thin boundary layers encoun-
tered in stirred systems (3 ~ 10-® cm.), the over-
voltage measuring device should be able to resolve
time to better than 5 msec., suggesting an oscillo-
scopic technique. For thicknesses of about 0-5 mm.,
encountered in natural convexion systems, time
resolution need only be better than about 10 sec.,
which is well within the range of chart recorders.

In the dimensionless time t = 0-05, the concen-
tration (activity) fraction has dropped from unity to
about 0-75. The fractional decay of polarization
depends on the initial value before current interrup-
tion, according to equation 5. At 25°C. and forz = 2,
an initial polarization of 30 mV. will have decayed to
about 14-6 mV. in the interval 0 < v < 0-05. From the
relationship of equation 5 with equations 1-4, it is clear
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that for any hydrodynamic conditions, such as stirring
or its absence, all anode concentration polarization
data can be normalized according to equation 5 and
fitted to a master curve (equation 4) provided the
real time-scale (in sec.) is multiplied by D/8%. Since
D is generally known, a graphical method may be
used to cause a plot of the funetion of %, 1, given in
equation 5 versus time to be superimposed on a
master plot the abscissa of which is rendered in
dimensionless time =, such as that given by equation
4 for 0<r< 0-05.

From equation 4, it may be seen that the time
required to attain a given fractional decay varies as
the square of the boundary layer thickness 3, indicat-
ing that the proposed graphical method will permit &
good resolution of the actual magnitude of 5. Equa-
tions 1-4 may also prove useful as a means for separat-
ing coneentration polarization from other types of
overvoltage.

Work is in progress to prepare analytical solutions
similar to equations 1 and 2 for a concentration
contour which is better than the linear approximation,
for actual systems. Functional tables for equations 1
and 2 over & wide range of T and tables of the general
term of equation 5 are in preparation.

This work was supported by the U.S. Office of
Naval Research.
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Pyrolytic Carbon Formation from Carbon
Suboxide

Armost all the extensive work done on the forma-
tion of pyrolytic carbon films has consisted of the
decomposition of a hydrocarbon on non-metallic
substrates like porcelain or artificial graphite. Work
is in progress in our laboratory investigating the
kinetics and mechanism of carbon film formation on
glazed porcelain from carbon suboxide (C,0,)!. In the
course of this work, it was of interest to look briefly,
initially, at the effect of some different, substrates on
the qualitative rate of carbon formation and more
particularly on the nature of the film formed.

Very pure C;0,, entrained in pre-purified helium,
was pyrolysed at 713° C. for about 3 hr. over porcelain,
electrolytic nickel and copper foils, and reagent grade
platinum foils. The concentration of C,0, at the
pyrolysis temperature was about 6 x 10-¢ mole/l.
Tenacious and hard carbon films were obtained, with
the rate of film formation on nickel being roughly
four times that on the other substrates.

The carbon films were separated from the metal
substrates by acid treatment prior to studying their
structure by transmission electron diffraction and

Table 1. SPACINGS OF (hkl) LINES OF FILM CARBON DEPOSITED FROM
C;0¢ ON TO A NICKEL SUBSTRATE AT 713° C.

Intensity of

(hkl) Graphite dg. A4 dfe, A experimental halos
108% g%g 8-370 broad medinm
. : road ring with very
101 2036 2:091 strong intensity
110 1-232 1-230 very strong
112 1-150 1-165 strong
200 1-063 1-080 medium
210 0-804 0:799 medium
310 0-709 0-704 medium
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Figs. 1 a and b.

transmission electron microscopy. 50-kV. electrons,
having a beam width of 10y, were used. Fig. 1 (a)
shows the diffraction pattern for the film carbon
resulting from deposition over a copper substrate.
Diffuse halos, corresponding to the (10) and (11)
reflexions of a polyerystalline, turbostratic carbon?,
are observed. The absence of a strong (002) reflexion
when the incident electron beam is normal to the film
surface is indicative of preferred orientation of the
basal planes parallel to this surface. Diffraction
patterns very similar to Fig. la were obtained from
the film carbon deposited on a porcelain or platinum
substrate.

On the other hand, the diffraction pattern (Fig. 1b)
of the film carbon deposited on the nickel substrate
is characteristic of a material of substantial crystallite
size, in which the crystallites have extensive three-
dimensional ordering. Table 1 compares the d-spacings
for the film carbon (ds.) with comparable spacings
calculated from the graphite lattice (dg). Similar

diffraction patterns for carbon films deposited on
porcelain, copper, or platinum are obtained only
when the separated films are ultimately heated in
excess of 2,000° C.

Fig. 2 is an electron micrograph of the carbon film
deposited on nickel.

Variations in the thickness of

Fig. 2. Transmission electron micrograph of film carbon deposited
from C;0; on to a nickel substrate at 713° C.  (x e. 4,700)
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Transmission electron diffraction patterns of film carbon deposited
from C;0,4 on to a substrate at 7138° C.; a, copper substrate; b, nickel substrate
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the films are evident. In addition,
the presence of small, white
circular spots is noted. It is
suggested that these spots were
formed by the removal by acid
treatment of inclusions of nickel
and/or nickel carbide which were
originally present, but this has
not been verified. From work on
the interaction of evaporated car-
bon films with a similar nickel
substrate on subsequent heat
treatment, it is known that sub-
stantiel inter-diffusion of nickel
and carbon occurs at 500° C. and

above (Banerjee, B. C., and
Walker, P. L., unpublished re-
sults).

These results clearly suggest
that more attention might be paid
to the effect of the substrate in work on the forma-
tion of pyrolytic carbon films. In particular, sub-
strates of nickel and iron are of interest. They
are highly active catalysts for the decomposition
of carbonaceous gases, apparently because of the
incomplete filling of their 3d bands. In addition, they
markedly increase the crystallinity of the carbon
formed as a decomposition product. The effect of
nickel ig clearly evident from this work. The effect of
iron, both on rate of formation and structure of
carbon, has been previously shown for carbon
monoxide decomposition3.
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Changes in Adenine Nucleotides in the
Muscles of Some Marine Invertebrates

Hiruerro it has been generally accepted that most
vertebrate muscles contain an enzyme specific for
the deamination of 5°-adenylic acid (AMP) which is
formed principally from adenosine triphosphate
(ATP). On the other hand, in the case of inverte-
brates the presence of such an enzyme has been
questioned?.

Recently we have studied the changes in adenine
nucleotides in the muscles of some marine inverte-
brates (prawn, squill, crab, squid, and some sea
shells), and observed that those of prawn, squill,
and crab contain certain amounts of 5’-inosinic acid
(IMP) in addition to AMP, while in others AMP alone
is accumulated.

Chopped muscles of each animal were stored in a
glass-covered dish at an ambient temperature of — 5°
C. in order to minimize bacterial effects. Two gm. of
muscle were ground by hand in a mortar in 20 ml. of
cold, 4 per cent perchloric acid solution. The extract
was filtered and 10 ml. of the filtrate were used for
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