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Application of x? test to the problem of leading digits of a"

Shimaru, N, and Takashima, K.

Department of Applied Mathematics,
Faculty of Science
Okayama University of Science

1-1, Ridai-cho, kita-ku, Okayama 700-0005, Japan
(Received September 22, 2014; accepted November 6, 2014)

In this report, we discuss with the problem of leading digits of a”, where @ is a natural number, which
is not equal to any power of 10. We report that in case that the common logarithm of a, log; a, has single
isolated large partial quotient, graphs of x? tests of the goodness of fits between empirical distributions
of leading digit k’s and their limit distributions show very strange shapes and repetitions of 7hills” and
” Valleys” .

We give some explanations for these unusual phenomena by considering the continued fraction expan-
sions of log;oa and their approximations by ”rational numbers”, derived their continued fraction expan-
sions. We also report there are some different types of shapes of graphs, at least 3 types (cf. Fig.1, fig.2
and fig.3), with one "peak” (in case of a = 7), with "two peaks” (in case of a = 33), and another shape
(in case of a = 53).

Keywords: leading digit, irrational rotation, x2 test, continued fraction expansion
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A planarity condition of chord diagrams for graphs with bridges

Kiyokazu Suto, Takanori Yasuhara®

Department of Applied Mathmatics, Faculty of Science,
*Graduate School of Science,
Okayama University of Science
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

(Received September 29, 2014; accepted November 6, 2014)

Fleming and Mellor extended the notion of chord diagrams on circles to general graphs, and gave planarity
conditions of them in various cases. We found a flaw in the proof of the case where the base graphs are directed and
have bridges. We shall correct the proof, and give a similar condition in the non-directed case.

Keywords: graph; chord diagram; planarity.

Introduction

In [1], Fleming and Mellor extended the notion of chord diagrams on circles to general graphs, aiming to
provide a new tool for spatial graph theory. One of the main goals of the article, is to discuss about planarity of
chord diagrams for planar graphs. They gave some planarity conditions in various cases. We found a flaw in the
proof of the case where the base graphs are directed and have bridges. In this article, we shall correct the proof,
and show a condition for planarity of non-oriented chord diagrams for non directed graphs. Further we will
discuss about the computational quantity to examine our condition.

1. Chord diagrams for graphs
Let G = (E,V) be a graph with edge set E and vertex set V. In the definition below, we regard G as a one
dimensional complex with the set E of one dimensional simplexes and with the set ¥ of 0-dimentional simplexes.
A chord diagram D = (C,e) on G of degree n is a pair of n-elements set C = {c; ..., ¢y}, and a map £ of C

into 26V where, for each ¢ € C, the image &(c) is two elements subset of G \ V. We call an element ¢ € C a

chord of D, and the elements in &(c) the endpoints of ¢. We further require that, for any ¢,c’ € C, if ¢ # ¢’ then
it holds that £(c) N &(¢’) = @.

When G is a directed graph, an oriented chord diagram D is a triplet(C, £,0), where (C,¢) is the same as above,
and o is a map of U £(c) into the set {-1,1}. For ¢ € C, the two endpoints 4 and B of ¢ is said to have the
same orientation if o(4)=0(B), or the opposite orientation otherwise.

These definitions are slightly different from those in [1], but essentially the same. If we take a loop (ie. a

graph with just one edge and just one vertex) as G, we obtain an equivalent for a classical chord diagram on a
circle.

2. Intersection graphs of chord diagrams for graphs
Let G = (E,V) be a graph which may be directed, D be a chord diagram on G. For a chord ¢ of D, we denote
by P(c) the set of all non-directed paths in G which connect two endpoints of c.

Let ¢’ be an another chord of D. If any paths p € P(c) and p’ € P(c’) overlap, but none of them properly

This document is provided by JAXA.



10 Kiyokazu Suto and Takanori YASUHARA

included in the another, we say that ¢ and ¢’ intersect. If D is a classical chord diagram on a loop G drawn in
plane as line segments connecting points of a circle inside it, this definition indicates that ¢ and ¢’ geometrically
intersect.

We consider a simple graph [3(D), the vertex set of which is the set of chords of D. Vertices ¢ and ¢’ of
I;(D) are adjacent if and only if they intersect as chords of D. We call this graph the intersection graph of D.

3. Chord diagrams for planar graphs

From now on, we concentrate on chord diagrams for planar graphs.

Let G be a planar graph, D be a chord diagram for G, and f be an embedding of G into the plane R”.

For a chord ¢ of D with endpoints on edges e; and e, of G, we say that c respects f if the following
conditions are satisfied:

(1) The edges e; and e, lie on the boundary of a single region R of AG) (i.e. one of connected components

of R?\AG)).

(2) This condition is required only when G is directed, D is oriented, and none of e; or e, is a bridge. If the
above region R is on the same side of e; and e, with respect to the direction inherited from that of G,
then the endpoints of ¢ have opposite orientation. Otherwise the endpoints of ¢ have the same orientation.

When G is directed and the edges e; and e, lie on the boundary of two different regions, any of the regions
is always on the opposite side of each edge to the another region. So whether or not the condition (2) is satisfied,
is independent from the choice of a region satisfying the condition (1).

If all chords of D respect f, we say that D respects f.

We now define a graph I;(D;f) resembling I7(D) but the adjacency condition is somewhat relaxed by using
£ The vertex set of I5(D;f) is the set of chords of D. Vertices ¢ and ¢’ of I;(D;f) are adjacent if and only if, for
any path p connecting the endpoints of ¢ on the boundary of a single region of f{G) and any path p’ connecting
the endpoints of ¢’ on the boundary of a single region of AG), p and p’ overlap, but none of them included in the
another. We call I;(D;f) the intersection graph of G with respect to f.

If two chords are adjacent in I;(D), they are obviously adjacent in I;(D;f). Hence we can regard I5(D) as a
subgraph of I;(Dy/).

Let ¢ be an injective map ¢ from the set of chords of D onto a set of piecewise smooth curve segments in
the plane R2 We call ¢ embedding of D into the plane extending f, if ¢ satisfies the following three
conditions:

(1) For each chord ¢ of D, ¢(c) is a curve inside a region of AG) connecting the images of endpoints of ¢ by f.

(2) For two different chords c and ¢’ of D, @(c) N g(c’) = 0.

(3) When G is directed and D is oriented, for any chord c of D, edges e; and e, in /G) on which endpoints
of @(c) lie, and the region R inside which ¢(c) is, the endpoints of ¢ have the opposite orientation if R is
on the same side of e, and e, with respect to the directions inherited from G, or they have the same

orientation otherwise.

4. Planarity of chord diagrams for planar graphs without bridges
In the case of the graph without bridge, we have the following planarity condition[1, Proposition 3]

Theorem 4.1. Let G be a planar graph without bridges, f be an embedding of G into R?, and D be a chord

This document is provided by JAXA.



A planarity condition of chord diagrams for graphs with bridges 11

diagram for G. Then f extends to an embedding of D if and only if the following conditions are satisfied:

(1) D respects f
(2) The chords of D are labeled by regions of f(G) in such a way that:

«If a chord c of D is labeled by a region R of f(G), the images of endpoints of c by f are on the
boundary of R.

« For a region R of f{G), if two chords c and c’ of D are both labeled by R, then c and c’ are not
adjacent in I;(Df).

Note that, although the above condition is restricted to the case where G is directed and D is oriented in [1],
their proof is obviously applicative to the non-directed case.

5. Planarity of chord diagrams for planar graphs with bridges

As before, let G be a planar graph, f'be an embedding of G into R?, and D be a chord diagram for G.

For an edge e of G which is not a loop, by replacing e with two new edges e’ and ¢” connecting the same
endpoints as e, we obtain a new graph. We denote by G, the new graph, and call it the blowup of e in G. If G is
directed, we give the same direction to the new edges as e.

For a subset S of the edge set of G, we denote by G the graph obtained by blowing up all the edges in S. It is
obvious that fis naturally extended to an embedding of Gs into R?. Let ¢ be a chord of D, and k be the number
of endpoints of ¢ which lie on one of edges in S. If £ = 1, we copy such endpoints to the newly added edges in
Gs. We wish to add new chords to D connecting these new endpoints in the same manner as ¢. Though there are
2* combinations of new endpoints which the new chords can connect, because of the requirement that all
endpoints of chords must be different from each other, the combinations are divided to two groups, each of
which contain 2*¥~! pair of new possible endpoints. We choose one of the groups and replace ¢ with new chords
connecting the pairs of endpoints in the chosed group. When D is oriented, we give the same orientation to new
endpoints as the original endpoints. We denote by B(c) this chosed group when & > 1, and the pair of endpoints

of ¢ when k = 0. Repeating these choices for all chords, we obtain a new chord diagram. We denoted it by Df .
We consider a new graph I (Ds‘.g ;f) containing the intersection graph Iy, (D;8 ; f) as a spanning subgraph.

Two chords ¢ and ¢’ of Df are adjacent in I"Gs(Df ; ) if and only if they are adjacent in I};S(Df 3 f) or came

from the same chord of D.
Taking the set of all the bridges of G as S, we obtain the following criterion for planarity of D.

Theorem 5.1. Let G be a planar graph, f be an embedding of G into R?, B be the set of all the bridges of G,
D be a chord diagram for G, Ry be the union of the regions inside two edges came from blowups of the
elements in B, R, be the unbound region of f{Gg), and R,,..., R, (n = 2) be all the bounded regions of f{(Gg)
which are not included in Ry. Then f extends to an embedding of D if and only if the following conditions are
satisfied:

(1) D respects f.

(2) There exists an above mentioned choice B for B such that the chords of Dg are labeled by

Ry, Ry, ..., R, insuch a way that:

This document is provided by JAXA.



12 Kiyokazu Suto and Takanori YASUHARA

- Ifa chord ¢ of Dg is labeled by R;, the images of endpoints of c are on the boundary of R;.

* If two chords ¢ and ¢’ of Dg are both labeled by R, then c and ¢’ are not adjacent in Iy (Dg ; f).

= If two chords of Dg are came from one chord of D by blowing up of a bridge, one of them is labeled
by Ry, and the another is labeled by R,.

Proof. We first show the sufficiency. By removing all the chords labeled by R, from Dg , we obtain a chord

diagram for Gp satisfying all the conditions in Theorem 4.1. Hence f extends to a planar embedding of this
chord diagram. Chords in this diagram are in natural one-to-one correspondence with those in D, and further,
they are all drawn outside Ry in the embedding. So, collapsing R, to line segments, we naturally get a planar
embedding of D.

The proof of the necessity is essentially the same as that of [1,Proposition 5], noting that an embedding of D
automatically determines one choice . Q.E.D.

Note that the conditions in our theorem requires that Dg respect /- When G is directed and D is oriented,

this requirement uniquely determines the choice B. With this choice, Dg gives the reduced oriented chord

diagram for Gp, and hence our theorem gives [1, Proposition 5] as a special case.

In the proof of sufficiency of [1, Proposition 5], it is mentioned that f extends to a planar embedding of the
reduced oriented diagram. But there exist counter examples to this statement. One simplest example is single
chord connecting two consecutive line segments.

As mentioned in [1], if G is directed and D is oriented, this criterion is examined in polynomial time.

In the non-oriented case, we do not have any idea to determine effectively which choice B gives a planar
embedding. We must examine all the 2N choices with N the number of chords, one of whose endpoints lies on a
bridge.

References
1) T. Fleming and B. Mellor, Chord diagrams and Gauss codes for graphs, ArXiv
preprint,arXiv:math/0508269v2, 2006,
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FORF#EE, ZOERIIL<WE-> TS,
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HRRL TR TERN SRS SN S BRI E#IC
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DRV BIBEOI— N EELME] EHLED. E
IRXZFDOBOTHD, ZOWRODEREAED, 287
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BROTN—TPTHolz. TNT. BORERPHEHS
PRANTRNWZ &Moo, ZOFER. BNT
BEFFEAEEINTVERVERTH Y,
IDYIal—3aril&oT.BSADAY v 7 2K
BEERRLTVWDET I ) BEORDHIZETDSIZLD
ZOEEDHE. BSAT I A2 FOSDSIZL B FEERD
A 7 AEROBIRP. BSAEBSAT ST AL hAD
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ONRTBERRY RTF RAOREEEHOHEEH
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(three-state model) HH 5, UL, KFEL. F
HEZEELTH. 25— hONET—=)LODIZEDH >
TWRBWIETHD, FEEERICKDZY O NRIVED
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Structural Changes of Proteins by Surfactants

Kunio TAKEDA

Department of Applied Chemistry and Biotechnology, Faculty of Engineering,

Okayama University of Science
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

(Received September 1, 2014; accepted November 6, 2014)

The interaction of an ionic surfactant, sodium dodecyl sulfate (SDS), with proteins was reviewed. Bovine
serum albumin (BSA) was mainly selected as a counterpart of SDS. The SDS-induced secondary structural
changes of some proteins including BSA and homopolypeptides, poly(L-lysine) and poly(L-ornithine), were
quantitatively examined by the curve-fitting method of circular dichroism (CD) spectra. The structural change of
BSA molecule was discussed in detail on the basis of the investigation of the structural changes of BSA frag-
ments corresponding 1.5, 1, and 0.5 domains. The first kinetic studies of the structural changes of these proteins
and homopolypeptides caused by the surfactants were also made by applying CD stopped-flow method. The
proposed mechanism put forward an important question against the general understanding of the chemical equi-
librium of protein denaturation. Recent studies of the thermal denaturations of proteins up to 130 °C also showed
that the chemical equilibrium of N=D of each protein exists only in a restricted temperature range.

Keywords: surfactant; protein; Sodium dodecyl sulfate; Bovine serum albumin; circular dichroism; secondary

structure; protein structure.
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Capillary zone electrophoretic separation of carbon

microparticles
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Capillary zone electrophoretic separations of carbon particles in micrometer and submicrometer sizes were
achieved in an aqueous 10 mM sodium tetraborate solution containing 10%(w/v) polyethylene glycol 400 at pH 9.2 as
background electrolyte solution (BGE). Since migration time of the carbon particle increased with increasing its size,
it was shown that the larger size of the carbon particle had a more negatively electric charge. Electropherograms
corresponded to histograms of size distributions from images observed by scanning electron microscope (SEM) or a
digital microscope. The size distribution could be measured within 20 min by capillary electrophoresis (CE). This
means that the generally well-used SEM could be replaced by CE for measurements of size distributions for the
carbon particles in micrometer and submicrometer, because the CE measurement could be easier than SEM at a
shorter time. Also, a surface density of electric charge for a graphitic carbon microparticle of a 3.6 pm diameter was
obtained from electrophoretic mobility measured by CE. It was -1.1 x 10° C m™ at 30°C. Since this value would
depend on numbers of proton-dissociating carboxyl and phenol groups on the carbon microparticle in BGE, it could
be used as an index to estimate oxidized carbons on the surface of carbon microparticles.

Keywords: capillary electrophoresis; carbon microparticle; electrophoretic mobility; size distribution; surface density
of electric charge.

1. Introduction satisfactory peak resolution. CE has also been applied

A number of investigations for separation of

nano- and microparticles have recently been reviewed.

1% Size exclusion chromatography, field flow

fractionation (FFF), and capillary electrophoresis

(CE) have mainly been applied to these investigations.

Since these retention or migration times and peak
widths depend on these diameters and size
distribution, respectively, those values are useful for
characterization of sizes and concentrations of the
nano- or microparticles. Although these separations
have been achieved, these have not been obtained a

to the separation of nanoparticles, such as gold, silver,
metal oxides, quantum dots, colloids, polymers,
liposomes, and viruses."'®) These separations of the
nanoparticles have been achieved. On the other hand,
applications of CE to separations of a few kinds of
microparticles, which are microorganisms, such as
mitochondria, bacteria, and biological cells, and

aerosol 3),10),16)-22)

particles, have been reported,
although generally useful capillary tubes of inner
diameters from 50 to 100 pum are considered to be too

narrow for the separation of the microparticles. It is
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suggested that the microorganisms would migrate one
by one in the capillary tube. However, their
mechanism has not been obvious.
the electrophoretic behavior of the

separation
Therefore,
microparticles in the capillary tube is of interest.
Generally, sizes of 2 — 10 um of microparticles,
such as silica gel, octadecyl silica gel, synthetic
polymer, and graphitic carbon, have generally been
applied as packing materials of column in liquid
chromatography (LC). It is also very important for
those manufacturers to control a quality for these
sizes and shapes of the microparticles, because a
packing column using different sizes and shapes of
the microparticles often gives a poor separation for
analytes. The size and shape of packing materials
could be generally characterized from images of
scanning (SEM) and a
transmission electron microscope (TEM). It is needed
to acquire great skill for the SEM and TEM
measurements. Furthermore, those  sample
preparations are troublesome and spend a long time.

electron microscope

Therefore, it is required to observe a size distribution
of microparticles via an easy sample preparation and
a fast measurement. Since CE could relatively
conduct the faster measurement and the easier sample
preparation, it is interesting to investigate the CE
measurement for the size distribution of
microparticles.

Carbons have been used as industrial sources of
various carbon products, such as an activated carbon,
an electrode and a Also, many
carbon-based nanomaterials, fullerene,

carbon nanotube, graphene, and carbon dots, have

capacitor.
such as

recently been applied to a field in analytical
chemistry.”>*? Carbon microparticles have been used
as packing materials of LC known as a graphitic
carbon column. These carbon particles are generally
prepared from combustion of organic materials. The
combustion produces many alcohols, phenols, ethers,
ketones, aldehydes, and carboxyl groups oxidized
many carbons on surface of the carbon particles.
Especially, these phenols and carboxyl groups cause a
negatively electric charge of the carbon particles in
an aqueous solution. Therefore, the carbons inhibit
different chemical properties dependent on size,
shape, surface condition and impurity. For example,
although inhibit
fluorescence and are insoluble in water, carbon

carbons do not generally

nanoparticles of diameter of ca. 1 nm inhibit
fluorescence and are soluble in water.?*"33 This is
suggested by a reason why many hydrophilic
hydroxyl and carboxyl groups exist on surface of
these carbon particles. Accordingly, it is very
important for the manufactures to control those
qualities and to explore the surface conditions.

A separation of carbons is one method to control
the quality of carbon particles. In case of carbons in
nanometer size, their separations have been
investigated by CE, FFF, LC, and sedimentation. CE
generally produces a high resolution of analytes,
comparing to FFF, LC, and sedimentation. The CE
separations of graphene oxide and chemically
converted graphene,*”?®  chemically modified
fullerenes,’® single-walled carbon nanotubes,’” and
carbon nanoparticles’ have been reported. The peak
resolution and electrophoretic mobilities (u,) of the
various carbon nanomaterials of different surface
conditions, sizes, shapes and impurities are useful for
an evaluation to characterize these properties.
However, the carbon nanomaterials have shown a
broad peak and their CE separations have not been
obtained a satisfactory peak resolution. Therefore, a
further CE investigation would be needed to estimate
the surface conditions, sizes, and shapes of the
individual carbon nanomaterials.

In case of carbons in micrometer size, separation
of graphene oxide sheets has been reported by
sedimentation.’® A separation of carbon particles in
the micrometer size has not been applied to CE.
expected that the carbon
micromaterials might migrate one by one like

However, it s

microorganisms or that these populations in the
capillary tube might depend on the size distribution in
a sample. Therefore, the CE separation might be
useful for measurement of size distribution of carbon
microparticles. Furthermore, an electrophoretic
behavior of relatively large carbon microparticles in
ca. 100 pm i.d. capillary of limited space is interested.
Accordingly, the CE separation of the carbon
microparticles was investigated.

2. Experimental
2-1 Apparatus

CE measurements were carried out on a
CAPI-3200 instrument (Otsuka Electron., Osaka,
Japan), equipped with a UV-visible absorbance
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detector, and an autosampler in a thermostated room.
A 500 mm long (378 mm to detector cell), 75 um i.d.
fused silica capillary (GL Science, Tokyo) was used.
All measurements were performed at 30°C. Sample
injection was carried out in the hydrodynamic mode,
while keeping the capillary end at 25 mm height for
180 s, unless otherwise stated. The applied voltage
used was 20 kV, unless otherwise stated. Carbons
were monitored at 600 nm on side of cathode,
because any water-soluble impurities like aromatic
compounds in the carbons were not detected at this
wavelength.

Carbons were characterized by a SEM JSM-6490
(JEOL, Tokyo), a digital microscope VHX-1000
(Keyence, Osaka, Japan), or a TEM H8100 (Hitachi,
Tokyo).

The viscosity and density of background
electrolyte solution (BGE) at 30.0 £ 0.1°C were
measured using an Ostwald viscometer and a
Density/Specific Gravity Meter DA-110 (Kyoto
Electron., Kyoto, Japan), respectively.

2-2 Reagents and materials

The reagent grade sodium tetraborate was
purchased from Nacalai Tesque (Kyoto, Japan).
Polyethylene glycol (PEG) 200, 400, 1000, 2000, and
6000 were purchased from Wako (Osaka, Japan).
Porous graphitic carbon particles 3 (A), 5 (B), and 7
um (C) were pulled out from Hypercarb column
(Thermo Scientific, Waltham, MA), and grassy,
spherical carbon powder 2 — 12 pum (D) and
graphitized carbon black nanopowder <500 nm (E)
were purchased from Sigma-Aldrich (St. Louis, MO),
where the symbols A — E for these carbon particles
are used. Various non-spherically broken carbons of 3,
4, 6, 7, 11 and 15 pm were gifted from Kuraray
(Kurashiki, Japan). The symbol F for the
non-spherical broken carbon of 7 um is used.

Carbon submicroparticles were prepared by
heating 4 g of glucose (Wako) dissolved in 20 ml of
water in a Teflon crucible put on a lid at 180°C for 5
(G), 10 (H), 15 (I), and 20 h (J), where the symbols G
— J for these prepared carbon submicroparticles are
used, isolating carbon particles by centrifugation at
5000 rpm for 20 min, washing by water and ethanol,
and drying at 80°C for 8 h, according a published
preparation method.*®*"

All water was purified using a Milli-Q water

system (Millipore, Bedford, MA), after distillation
through a mixed ion-exchange resin column.

2-3 Procedure

The capillary was first conditioned with 1 M
NaOH for 3 min. It was automatically washed with
water for 3 min and rinsed with BGE for 3 min
between runs. The BGE, which was prepared from
PEG 400 and aqueous sodium tetraborate solution,
was filtrated through a 0.45 pm hydrophilic
polytetrafluoroethylene filter (Advantec, Tokyo),
before using. A small dip peak due to a small
difference of refractive indeces between sample and
BGE or acetophenone was used as an electroosmotic
flow (EOF) marker. The time of the dip peak
corresponded to migration time of acetophenone
well-used as the EOF marker. The sample solutions
were prepared as the 500 pg mL™' solution distributed
the carbons into BGE, unless otherwise stated. The
Hep values were calculated from an equation (1)

Hep = Lal(t"' — 17 )V! 0,

where I, I, t, £, and V are the capillary length to
detector, the total capillary length, the migration time
of carbon, the EOF time, and the applied voltage,
respectively.*?

3. Results and discussions
3-1 Characterization of carbons
Figure 1 shows typical SEM, digital microscope

(d) (e)
Figure 1.

SEM, digital microscope, or TEM images of
carbons. Carbon particles: A (a), B (b), D (¢), and E (d);
non-spherically broken carbons: F (e). The carbons of the
symbols (a), (c) and (e), (b), and (d) were measured by
SEM, digital microscope, and TEM, respectively.
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or TEM images of carbon particles A, B, D, E, and
non-spherically broken carbons F. Digital microscope

image of carbon particles C was nearly the same as B.

Almost all these carbon particles of A — E were
spherical. The non-spherically broken carbons F of 7
pum were various shapes and sizes. The SEM images
for the other non-spherical broken carbons of 3, 4, 6,
11, and 15 pum, which were measured as probably
medians by the manufacturer, were almost the similar
to those for F. These average diameters of the
non-spherical broken carbons measured from the
SEM images by a scale in this work were 6.1 + 2.8 (n
= 579), 5.0 + 2.6 (490), 4.2 + 2.5 (1095), 4.4 + 2.5
(1065), 6.3 + 4.3 (1190), and 7.8 + 5.6 pum (1492),
respectively, where » is number of the carbons
measured from the SEM images by a scale, error is
standard deviation, and the longest diameters of
non-spherically broken carbons were measured as
each of the diameters. Since the deviations of these
average diameters were large, F of 4.4 + 2.5 pm was
mainly used in CE measurements as the
representative non-spherically broken carbons. Figure
2 shows typical SEM images of prepared carbon
submicroparticles. Although these shapes were

spherical, many carbon submicroparticles were stuck
together.

(b)

©) (d)
Figure 2. SEM images of prepared

submicroparticles. Prepared carbon submicroparticles: G
(a), H (b), I (c), and J (d).

carbon

The average diameters of the carbons A — J
measured from the microscope images are
summarized in Table 1. The deviations of the average
diameters for the carbons A — C, G and H were

relatively small, compared to those of D — F, I and J.
The average diameters of the prepared carbon
submicroparticles increased with increasing the
heating time to prepare them.

Table 1

measured from microscope images

Average diameters of carbons

Carbon Average diameter / um" n?
A 32+08 232
B 5.6+0.7 133
C 5.7+0.7 100
D 39+1.2 292
E 0.044 £0.017 165
F 44+£25 1065
G 0.17+0.03 100
H 0.41 £0.06 100
I 0.53+0.18 100
J 0.75+0.27 100

" Error is standard deviation. ? n is number of
carbons measured from microscope images by a

scale.

Figure 3 shows typical histograms on size
distributions of these carbon particles A, B, D and E.
An obviously sharp mode (the largest population) of
3.6 um was found in the histogram of the carbon
microparticles A. On the other hands, the obviously
sharp mode was not found in the histograms of
carbon microparticles B, C and D. The wide range of
sizes was found in the histogram of carbon
nanoparticles E.

3-2 Dispersion medium of carbons

Some surfactants have generally been used as the
dispersion medium of nanoparticles, such as gold
nanoparticles.””) Halogenized solvents and heavy
metal salts have often been used as additives to
prepare a density of solution. Therefore, aqueous
solutions of some cationic, anionic, and neutral
surfactants, such as cetyltrimethylammonium
bromide (CTAB), sodium dodecylsulfate (SDS),
sodium n-dodecylbenzenesufonate (DBS), and Brij
58, of PEG 400, and of zinc sulfate, and
1-methyl-2-pyrolidone solutions containing
halogenized solvent, as the dispersion medium of
sample to prevent coagulations and precipitation of
the carbons, were investigated. The carbons of F in

micrometer dispersed in the dispersion media
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Figure 3. Histograms on size distributions of carbon
particles measured from microscope images. Carbon

particles: A (a), B (b), D (c), and E (d).

were stood in test tubes at room temperature. The
media dispersing the carbons F for above several
hours were as follows: aqueous solution of near
saturated 35%(w/v) zinc sulfate, 0.01 - 0.07 M
CTAB aqueous solution, 50 — 80%(w/v) PEG 400
aqueous  solution, and 1-methyl-2-pyrolidone
solutions of >90%(v/v) 1,3-dibromopropane. On the
other hands, the media occurred precipitations of the
carbons F were as follows: 0.01 — 0.1 M SDS
aqueous solution, 1.2 x 10° — 9.6 x 10° M DBS
aqueous solution, 7.8 x 10° - 0.01 M Brij 58 aqueous
solution, and mixed solutions of
1-methyl-2-pyrolidone with chloroform or carbon
tetrachloride. The anionic and neutral surfactants

could not succeed in the dispersion of the carbons in

micrometer. The high concentration of cationic
surfactant CTAB solution produced precipitants of
the carbons, because the carbons have negatively
electric charges in the aqueous solution. Since it is
considered that CTAB would form ionic associates
with the carbons even in the low concentration of
CTAB solution, it could not be used as the dispersion
medium. The 35%(w/v) zinc sulfate solution which
has a high ionic strength would cause to occur a large
joule heat during a measurement of CE. Also, the
high concentration of 1,3-dibromopropane in
1-methyl-2-pyrolidone solution could not produce
EOF to require for the measurement of CE, because it
has the very low relative permittivity. Therefore,
these were not also used as the dispersion medium.
Finally, the various PEG solutions were investigated
in detail. The larger molecular weight and the higher
concentration of PEG were, the longer dispersion life
time of the carbons in micrometer was observed.
Although the aqueous solutions of >20%(w/v) PEG
2000 and 6000 and of >60%(w/v) PEG 200 and 400
could disperse the carbons in micrometer for >24
hours, it was difficult to introduce these solutions into
a 75 um i.d. capillary for too high viscosity of these
solutions. When the aqueous sodium tetraborate
solutions with 40 — 50%(w/v) PEG 200 and 400 were
used as BGE for CE, EOF became very slow.
Therefore, it would spend a long time for the CE
measurement of the carbons. Resultantly, the aqueous
sodium tetraborate solution containing 10%(w/v)
PEG 400 observed the dispersion life time of the
carbons for several hours was used as the dispersion
medium for both of sample and BGE, because the
carbons in micrometer could be dispersed during the
CE measurements and the proper EOF was available.

3-3 CE separation of carbons

Some conditions of kinds of electrolyte (sodium
dihydrogen phosphate, disodium hydrogen phosphate,
trisodium phosphate, and sodium tetraborate) in BGE,
concentrations of the electrolyte (5 — 20 mM) and
PEG 400 (0 — 30%(w/v)), pH (pH 4.5 — 11.8), applied
voltage (10 — 25 kV), and sample injection time (30 —
180 s) for CE separation of carbon microparticles
were investigated. When an aqueous 10 mM sodium
teraborate solution containing 10%(w/v) PEG 400 at
pH 9.2 as BGE, 20 kV as the applied voltage, 180 s
as the sample injection time were used, good
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reproducibilities of electropherograms for the carbon
microparticles A — C were available. However, the
good reproducibility of electropherogram for the
non-spherically broken carbon F was not available. In
many cases of the CE measurements, the capillary
tube was clogged by F. These would be reasons why
these had the various shapes and a wide micrometer
range of size distributions, as the SEM image shown
in Fig. 1 (e). Also, these would be broken during the
CE measurements, because these physical strengths
were very weak. In cases of the other non-spherically
broken carbons, the results were the same as those of
F.

Figure 4 shows typical electropherograms of the
carbon microparticles A, B, and D, where the
electropherogram of the carbon microparticles C was
almost the similar to that of B, because the average
diameter of C was almost the same to that of B in
Table 1. A number of sharp peaks of the carbon
microparticles were observed on the
electropherograms of A — D in micrometer size. The
reproducibility of the electropherogram of E in
nanometer size was poor, because the carbon E
included various shapes with the spherical carbon
nanoparticles and had the relatively large nanometer
size distribution, as the image shown in Fig. 1 (d).
Sharp and narrow peaks were observed for the carbon
microparticles, although broad peaks have generally
been observed for nanoparticles, such as gold and
silver. In case of the particles in nanometer size,
when many nanoparticles of almost the similar sizes
could pass through a cell pass of 75 pm i.d. capillary,
these peaks would be broad according to a normal
distribution of the sizes. The nanoparticles of largely
different sizes could be separated from each other. In
case of the particles in micrometer size, only small
population of microparticles could pass it through.
For example, only the 15 microparticles as the largest
population can stand in line on the cell pass of 75 pm
i.d. for a 5 um particle. Therefore, the peaks of the
particles in the micrometer size were largely different
from those in the nanometer size according to the
normal distribution of the sizes. Each of the sharp
peaks would be due to the individual carbon
microparticles in the different micrometer sizes.

Generally, a migration time of an anionic solute
toward a cathode decreases with increasing its size
(hydrodynamic radius), because its ue, value is in

a)

L, 001 ¢ ‘ o ®
z 2 o.004}
£ 0.005} £
Z Z o002}
£ ¢

iR OO : §1 o b 2

0 3
0 s 10 0 p i <
Time / min Time / min
0.006
©)

2

2 o004 }

=

£

Z o002 f

<

ok~ - - BN N S
0 5 10 15 20
Time / min

Figure 4  Electropherograms of carbon microparticles.
Carbon microparticles: A (a), B (b) and D (c). Applied
voltage: 20 kV; sample injection: 25 mm and 180 s; BGE:
aqueous 10 mM sodium tetraborate solution containing
10%(w/v) PEG 400 at pH 9.2; sample: 500 pug mL™" in
BGE.

inverse proportion to its size (hydrodynamic
radius).*” However, the migration time of the larger
carbon particle was longer than that of the smaller
carbon particle in the micrometer size. Since the
hydration of the hydrophobic carbon microparticle
would be considered that the
hydrodynamic radius would be almost the similar to

weak, it is

the size of carbon microparticles without the
hydration. In other words, thickness of the hydration
would be negligible, compared to the very large size
of the carbon microparticle. Therefore, the negatively
electric charge of the carbon microparticle might
increase with increasing its size.

Each of the electropherograms in Fig. 4 was
almost the similar to each of the corresponding
histograms on size distribution of carbon particles in
micrometer size observed from microscopes in Fig. 3.
This means that the electropherogram could obtain
the size distribution of microparticles observed from
the microscopes. In other words, the size distribution
of microparticles could be observed by CE without
the microscopes. Figure 5 shows an electropherogram
and a histogram of mixture of carbon microparticles
A - C. The
corresponded to the histogram on size distribution.
The highest peak would correspond to that of a

electropherogram  completely
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where g, 7, and r are the electric charge of solute (the
apparent electric charge of carbon particle), the BGE
viscosity, and the solute (carbon particle) radius,
respectively.*” It has been reported that the equation
(2) could not apply to nanoparticles.*” In case of the
carbon microparticles, since it is considered that
thickness of hydration would be negligible, due to the
very large size of microparticie and a weak hydration
of hydrophobic carbon microparticles, it can be
assumed that the equation (2) can apply to the carbon
microparticles. Furthermore, since the radius of
carbon microparticle is very larger than water and
PEG molecules and ions in BGE, an increase of the
radius due to an ion association, the hydration, and an
adsorption between carbon microparticle and ions,
water or PEG molecules in BGE would be negligible.
Therefore, the half diameter of spherical carbon
microparticle observed from microscope image could
be used as the r value. The r value of the largest
population of carbon microparticle on histogram of
size distribution would correspond to the highest
peak on the corresponding electropherogram.
Therefore, the half diameter of the largest population
of the carbon microparticle A on histogram in Fig. 3
(a) was used. The r value was 1.8 um. Also, the u,
value was calculated from a migration time of the
highest peak in Fig. 4 (a) for the carbon microparticle
A by eqn (1). The u,, value was -1.07 x 10* cm?
V' 5. The density and viscosity of water at 30°C
used are 0.99565 g cm® and 0.7977 mPa s,
respectively.” The BGE density and viscosity
measured at 30.0 = 0.1°C were 1.0150 g cm™ and
1.202 mPa s, respectively. Therefore, an apparent
electric charge of the carbon microparticle A, which
was spherical in Fig. 1 (a), was calculated from eqn
(2). The apparent g value was -4.4 x 107'® C. As the
carbon microparticle A was spherical, the surface
density of electric charge of A was -1.1 x 10° C m™.
Since it is considered that the negative surface
density of electric charge would be related to
numbers of proton-dissociating phenols and carboxyl
groups existing on the surface of the carbon
microparticle in BGE, the surface density of electric
charge would depend on methods and source
materials to prepare the carbon microparticles, pH
of BGE with the
microparticles. However, the value could be used as

and interactions carbon

an index of surface conditions for the carbon

microparticle.

The yp values of carbon microparticle B prepared
by the same manufacturer were observed in range of
2.20 x 107 to -2.32 x 10* ecm? V"' s in Fig. 3 (b).
The average diameter of the carbon microparticle B
was 5.6 pm in Table 1. Therefore, the apparent g
values were approximately in range of -1.4 x 107" to
-1.5 x 10" C from eqn (2). The apparent g values of
the larger size of the carbon microparticle B were
obviously smaller than the carbon microparticle A.
Therefore, B was more negative than A. The apparent
q value became more negative with increasing the
size of carbon microparticle. The numbers of
dissociating phenols and carboxyl groups would
increase with increasing with the size of carbon
microparticle in BGE. In other words, the oxidized
surface area of carbons on carbon microparticle
would increase with increasing the size of the carbon
microparticle. Consequently, the larger size of carbon
microparticle migrated faster toward an anode (longer
migration time).

The surface density of electric charge of B was
approximately -1.5 x 10° C m™' from the apparent ¢
values. The surface density of electric charge of B
was near to A. Since both of A and B were prepared
as a graphitic carbon microparticle by the same
manufacturer, the surface conditions of the carbon
microparticles would be like each other. Therefore, it
is considered that the surface density of electric
charge could be used as a specific value for a
characterization of the carbon microparticles, such as
preparation method and oxidized conditions of
surface.

4. Conclusions

It was found that PEG 400 could be used as a
dispersive reagent of carbon microparticles in a CE
measurement. Carbon microparticles migrated faster
toward an anode (longer migration time) with
increasing its size. Many sharp peaks of the carbon
microparticles on electropherogram were observed.
The electropherogram of the sharp peaks
corresponded to a shape of histogram on size
distribution of the carbon microparticles. This shows
that CE could determine the size distribution of the
carbon microparticles at a short time without a
measurement of SEM. Furthermore, both of the
apparent electric charge g and the surface density of
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electric charge of carbon microparticle were available.
The apparent g value and the surface density of
electric charge at 30°C for a 3.6 um graphitic carbon
microparticle were -4.4 x 10"° C and -1.1 x 10° C
m, respectively. These values could be used as
indices to evaluate oxidized conditions of carbons on

a surface of the carbon microparticle.
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BEBLKRRES N - RAORKICET SR
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LR K3 SRR A 2
(20144F 9 H30H A4, 20144E11H 6 HZ )

1. %
KARBERITIRE, pH PCREEMICL TN, RECKAUNBETHEIRRBH D, TFE, RRERIC
Kb B~ AF L ¥ —F (POD) 2 L= & B OB T /AL F O ENEAIITDRD LY IL2 o7z,
RAOOWEIE, ZhE TEMEN, LFERNCOREELEZION TV FeaO: w7 X ¥ A MFJRLTF
(MNPs) R FIREEH POD D X 5 RAMEIEM 2O Z L % Gao ZVBFR L TUE, REOMBIEY & &
SFENEL BE PV END L Do, EEIEIEORBOCRIIBLECEEL ¥, HiEDF
IZPOD @ & 9 7o fibiiliE 2 DO MNPs BEENTNDDTIZ E WD B LR LB L2,
BEMEAKRBRIRICEEL LT 22-7P /- VR B-FARVSFTVYV6RNKB) PTF
=17 L (ATBS) K L HRIBEOM A EMZ 2 L FEEERA L ABTS OBMERIGZRET D Z L2 RWE
Lz, 72, HEEORDY ICERRICEETIHRIVCLRBOMBIERZT L, POD ##EH{ 5 Al
EMEAETDIZEBRVWELE, AFETIE, HATELHKEOCEAY, BRBARE IV a—-20KRH
S RIETHERSE, pH, @BELKREBE, BIOCREOEEBII OV TR LEOTHRET S,

il

2. BRLER
Fig.1 Bizenyaki and Iron corrosion show peroxidase-like activity. A; Bizenyaki, B; Iron corrosion,

C; Bizenyaki powder, D; Iron corrosion powder, E; Bizenyaki-ABTS-H,0,, F; Iron corrosion-ABTS-Glucose.

COXRBICER UERTE (A) LT B), £oftkE (O L (D)iZRLE (Figl), Figl @ (D)
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DOKSTRIBELZAETHILEZRLTNDS, BERLARBIRICEE L LT ABTS, #aEWELZINX
5LEARELE (B), BUBRINVI-ABWRICER I NVa—2FFLF—F (GOX) %ML, 70
A—REINAVBREBBRILKRICOB LIS, EE ABTS LSS EMATL EDRKAEL Figl @
(FYIZR LTc, Z DFERD DIRATEER I L $k S UM RREER POD DIER % T5Z &2 FR L, 2D POD
fERIE, HRTHERCEX S D MNPs 2SEIERICISEITH L, BT /B FOREICFEET S Fei' A 40t
EEIEKRE KB AF L Faxo T OV NICBESREL, DS PIANEBETHD ABTS %
B3 LHEESNS Y, WIRPICHSH L MNPs KX &2 DLS 434725 80nm & 130nm OMIF A7
FEL, Hasitl ICP HHh GAIK T OSKIREIL 0.5ppm BIEDIEHMR R O, F, I U0HETE
% 0.2M BEESIREIVAIR (pH3.5) LIBA L% 40 CTIHER T TR L 5%, NoSA A% (¢ 90mm)
ZRWAHB L, 20OAB L ABITHER L AP RABER POD ERAZRLI-Z &b, ERTHHEL
72 MPNs 2 POD fEf %+ 3 L #ETE 5, 7z, X BEEHT L FT-IR /455 1600cm™ & 3400cm™ {438
(= OH WRUR# & 580cm™ {13fIZ Fe-O RUNEAH b ©, k& HIZ o -FeOOH MBHEET S = & bho
o T MPNs @ POD {ERITIBIRAE L THBM DO DFRIZER &N TV 3 Fenton KIGIZHELI L= A
S ALATRILREPEZ S b0 LEbh3,

MNPs ® POD AR AIC RIETIBEM LK RIBE, pH, REOHBIZOVWTRIM L, ZDMEY Fig2
IR LT, pH IZ2W T pH3.S5, RE 40 °C, BEMLKRBEICOWVWTH, BEHRIITYRALT
vHBRERL, BELAKRRE 0.5mM 5 10mM £ THEMRE Rodz, T, HEEEERIT 60min TEMIZ
Bll, ZORR, BEMLKBOSTITHATELSSTR POD & LTIRATE S 2 ERbhot, KRIC
INha—2FFTF—¥ (GOX) & MNPs # W=/ va— ZDBHBIZHOWTHRMLE, SAra—20
RHIT 2 B RIS, B4, HEEIEE 35°C, pH6.8 DV VEEE AR T CEBE GOD Ik 3/ va— 2o
B TIBBRLKR D ERT 5, WICHEEIBE 40 °C, pH3.5 ® 2M EFEBEIRICIHATEE (8RS 0) L&
B L UTABTS 21 58 LI=fER, 0.5mM 225 1I0mM D7V a—REHFTE 5 Z & b o 7= (Fig
D (F). AFRMPD, FIITHATHEILE 3 OMRE, EEBRCEBIL/KEZMLT 8% POD fREIE
FICEEI LR RO Z LI L, Zh b0k S Ul AT M Tk, K, BESE,
NAA B Y —RRMEEZFIA LIEH LR - STEORRBIERATE D LHFSN 3,

Fig.2 The peroxidase-like activity of the Bizenyaki and iron corrosion is pH, temperature, H.0

concentration and incubation time.
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—11SDEy FEERLE,
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Peroxidase-like Activity of Bizenyaki and Iron Corrosion and
its Applications in H.0: and Glucose Detection

Takehiro Kojima
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1-1, Ridai-cho, Kita-ku, Okayama-shi, 700-0005, Japan
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The present paper demonstrate the proof of concept of using Bizenyaki and iron corrosion as an
effective peroxidase substrate 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS) in the presence of H:0: to produce a blue solution. I furher demonstrate successfully
Bizenyaki- or iron corrosion-based colorimetric assay to detect H.0: and glucose.

Keyword: Peroxidase mimetic; Bizenyaki; Iron Corrosion; Detction of H:O: and Glucose; ABTS.
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—aAFUBEES ORITHOBEREDRER

ol
WE BHE- B

BE A T - NI

BR

A - 1Bl B

BILEA R ERFRBEH AR BREMHFEHERK

¢ ] L L U ] LA 77 S M o AR

(20144F 8 26 H %A+, 20144111 6 H52H)

EL OEZHRICLVEBEL 5 OFIIBELRBEREDHD ZEBPBMEINTWEYN, =aF U BEN S SHRITE
WRIETESICOVWTIHERALZANE, SH, VA= aF 2850, BHEKKRRELZBWT O O%KRIT
BOMTETHILILV=aF e ) oRTH L OBREMT L, ==F &5, 2BMER2ERTE
WHTHRETEHEE, caF U e2RBELEBRER 72~V AOR TFINBD—EEO=aF U 228K ET 2
FEOZOZRAVWTRE Lz, v VAR=aF Uy 2R TERES L TH 5 ORITHICERERE(LIXR b h -
70, BEERV IV =aF 28592 L ) oOBRTEORTAR ONZ, —BRITHRRE LOEE - 28
TERBR T, ¥Fbobo=aF 5B Thary ha— L B L THERERERZA LR, HED
BRIV, maFrHEF—RTE. 2 - DETSICHEEES EX VWD, = aF U ORERZERS S o8k

TBEET T RS RR I,

1. #E

BE L S OWBBERBRICHD Z LT, HDE
EEICL VBRI TS, ERHERLLT, B
EEOI OFROAERFRBILHERLEZF LI bHEL
(Kendler et al,, 1993)& W I #MER, 5 DIROBEEDH
2 BEE BRIV EEE L b BB DK
DOFREMNEV (Breslau et al., 1998) &\ 5 #i8, FICEE
ZRAMET D & O DR EE LTV (Tsoh et al., 2000)
REDWENENTV B,

Ty brEAVWEERIZBWT=a2F >
mg/kg/day)x — H2[E 14 B BEEN 545 L B&KA
B 5-1% 18R 1% O MBI KK RER I 31T 5 RE R A F
BIZH Ui 8&5 03B B (Tizabi et al,, 2010), —F T,
=aF (1.28 mgkg/day)® — H20E15 B IR FHEA L
727 v b T E— A % OBEHIKKRBRIZE T 5 RE)
B OFERWEMNB R b, F721% sucrose preference
testiZEB VT H 9 DRITEIE R LIz WO BRELH D
(Iiiiguez et al., 2009), ZD X HiZ=aF &E5IZLY S
ORITHEFRTILVOIRELUET DLV OIRE
DEFRHY, =aF BER S SRTHIRIETTE
BIZOWTIIRARAB L,

SE, =aFrBEECLY ) ORITHIFEREIND
DEN, o, =aFUrEER-BITHBLOFEE -
ERTECEREEX2PHALNCTI I EICLE,

2. ERMHRUERA X

2—1 ZEREHY

FEBRIZIX, SEEOMIEICR~ T 2 & Hv iz, 8t
=Y RICA~6IL T o0 CLARIFAE Lz, B BiGe
B TREBE L, ke LTkEAEZEXZ,

2—-2 RYoO®EFE
- BT HESH
818 i DHEMEICR~ 7 R & AV v H 10:00 & 17:00423
mg/kg/day D 5 BIZ 72 5 X 5 Nicotine hydrogen tartrate
salt (Sigma-Aldrich JAPAN)% R T {4 (subcutaneous in-
jection)iZ &L W& &5 L1z,
CBEERST
8 DHEMEICR~ ¥ R % pentobarbital-Na (50 mg/kg i.
pPYRETIZCEHRBOERN o724, BOEELY -
TARYT v b&AEY | BBEER 7 (ALZET CANADA)
FEDIAL, Y nEBoTI—FIZLVEELE,
BEER T =aF R E R 48 mgkg/day & 72
DEIOPE L= aF U BFRETRE L,

2—3 ITERBRIC L 53ME
[—A%1T8h DA
Open-field test ; A—7 7 4 —/ KRB
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BREITHERLTLITH. BETEHR & O—ReT
AT 2 ETH D, AR LEOF—T 74—
N1 (575 cm, & &32 cm) 2V, KIZI9K
EIZIZFFEBEL RDEIOBRTHE 0, 2200 (ER
13.5cm, 35.5cm) ZEOFRIZEE ZDOFROMANS
18T 2 LD ITHEROBEFI V-, ZOMEE
Ylo7-E# % B #ITEHE (locomotor activity) & L7=,
FTANTORGIIEES KEERIZS cmOE LR LIZ
RBLIE LT, ZOF—FrT4—N RoRiz~
U2 EANIGEOTEERIE L,

RIEHEAB 1%, KE % #8) - 72 B4 (locomotor activity)
EILH BV EIE (BRFEITE), rearing) D20 BEL
o 2TOBMOITEIZIE T FICTHRE L., e

BERBICA Y —EANTITo T2,

[#5 SHTEN O]
Forced swim test; JR&IK k5

I ORITEIDRIIEL LTHo ¢ bFEAEINBFET
HBD, vV AE28°CHAK%E10 cmE TANIZI LE—2H
— (F&X15 cm, ERILS cm) 265 iF. 10%H»
DTN ESHHEBELE.BNDZ LR BEMPATY
LR (v U ARKDLHEEHTOISLERDT IR
BEELTVW2IERLET) 2 REMEME LTREL
7=

[#8 - LIRITBOFMIE]
Y-maze test; YR HAER
EHRROTEIMMETH S, vV REYFERHOE
BERNEBRBITLBIIRO N3 BRHORETE24E
RS (EREELDE) E UCHE L, YFEROERIX
BADOT 7 UABIZTHER Lz (1B15cm, BEDFE &15
cm, 7—ADRI45em) . ERYFRT — A0
FUADLDRREZESRVL I IZERADT 7 VLR
ERVWTHERE L, BIEEITIRNICYFOET — A
FWMROMUIZHRMEBE, vV ABRFMELHD L
2L, BIEIESHEIToMm, v AEYFEREOW
THhADPOT —LOMICEE, RENEZBBRICERS
. EALEZT —ARIRICERL, vV XAOTER L
L7z, £72, 3FMOT7 —AZEAT DIEFEZHE L]
EIERE L TR DT —A~EA LEKE ZEREER
f&& LTI L7,

2 — 4 BREFFRRRET

BoN=7 — T ELEHERZE (Mean =
SEM)TER L%, oK RIE. StudentDthR E
(Student's t-test)% AV CTHEFZHQREEITo =, W
NHLEBKRESWUTEREEH Y LHE LT,

3. #R

3 —1 Open-field test; &—7 > 7 4 —/)L FRE
=aFUREILL DU ADITEEILE RS-0,

Open-field testZ T o7, R TEH, BEER 72 &
2=aFrREICLY BRITHE, b ENVITEIC

FEREMEIR SN 25 5 7= (Fig. 1A, B, C, D),

A B

Open-field test : locomotor activty Open-field test : rearing

S H
H 18¢ g 4 —
] — 2.
§ 5 10 E
i £
i $
Control Nicotine Control Nicotine
[ D

Open-field test : locomotor activty Open-field test : rearing

£ i
g 1 I g 4 I
k- i
Control Nicotine Control Nicotine

Fig. 1 Effect of 2 weeks of nicotine treatment (A, B; 3
mg/kg/day subcutaneous injection, C, D; 48 mg/kg/day
osmotic pump) on locomotor activity (A) and rearing time
(B) in the open filed test. Nicotine were administered by
subcutaneous injection (A, B) or osmotic pump (C, D) for
15 days (n=3-9).

3 — 2 Forced swim test; &%l pk B
—aF U BEICL B ADTEELERL D,
Forced swim testZ 1T o7, B TFHEHIZ L Y 3 mg/kg/day
—aFrEERE LR TR ARSERICEE R E(LIER
biLieh o 7z(Fig. 2A), L2 L., BEERLFI2LY
48 mg/kg/day =aF &2 HBE LEHTIIEELRRS

B DK T A3 R & v 7= (Fig. 2B),

A B
Subcutaneous injection Osmotic pump
_ 20 _ % .
i 20 = §
E 18 E 200.
>
100 100
50
Control Nicotine Control Nicottne

Fig. 2 Effect of 2 weeks of nicotine treatment (A; 3
mg/kg/day subcutaneous injection, B; 48 mg/kg/day
osmotic pump) on immobility time during the forced swim
test. Nicotine were administered by subcutaneous injection
(A) or osmotic pump (B) for 15 days. *p<<0.05 (t-test)
(n=3-9).
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3 —3  Y-maze test; YFHIHK KRB

—aF gL s~y A0EMEBOTILELD
=%, YEREBRARELITo-, RTEHNR., BEER
VAL B aFrRETOEHRBOELIZWVTH
ZEWTH R LN H o 7= (Fig. 3A, B),

A B
Subcutaneous injection Osmotic pump
. B8 — 80:
) & b
g 60 g 60
H
g £
§ 2 E 20
Control Nicotine Control Nicotine

Fig. 3 Effect of 2 weeks of nicotine treatment (A; 3
mg/kg/day subcutaneous injection, B; 48 mg/kg/day
osmotic pump) on the working memory. Nicotine were
administered by subcutaneous injection (A) or osmotic
pump (B) for 15 days (n=3-9).

4. ER
8B iy D HEMEICR~ ¥ 2 & AV 10:00 & 17:0012 3
mg/kg/day D % & B2 72 5 £ 5 | Nicotine hydrogen

tartrate salt® 2 FIEHIC L V2BBEBRIFEESTHHEL,

—aF EEREN4I8 mgkg/day b B L OB L=
AFUBEIREBRBER Y FTICREL T U XTHEDIA
Lz & CLBMERRE T 20 FEERAN =aF
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Relationship between nicotine administration and depression-like

behavior
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(Received August 26, 2014; accepted November 6, 2014)

Many epidemiological studies have reported that there is a close relationship between smoking cessation and
depression-like behavior. However, effects of nicotine administration on depression-like behavior remains
unclear. In the present study, we have examined the influence of nicotine administration on mice depression-like
behavior. Nicotine were administered to the 8-week-old ICR mice by subcutaneous injection (3 mg/kg/day) of
two times in a day (AM 10:00 and PM 5:00) or by osmotic mini pump (48 mg/kg/day) for 15 days. Subcutane-
ous injection of nicotine did not affect depression-like behavior, but osmotic mini pump decreased immobility
time of the forced swim test. General behavior in the open-field test and learning memory behavior in the

Y-maze test did not change by nicotine administration (subcutaneous and osmotic mini pump) compared with
control mice. These results suggest that consecutive intake of nicotine decrease depression-like behavior.

Keywords: nicotine; depression-like behavior; smoking cessation; behavior test.
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Identification of red rice (Oryza sativa ' Akamai') cultivated in paddy
fields in Tsushima, Kyusyu, Japan
—Plant opal analysis of tubercle forms developed from upper epidermal cells of red

rice hulls—
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Department of Socio-Information, Faculty of Informatics,
Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

(Received September 5, 2014; accepted November 6, 2014)

Red rice, called “Akamai” in Japanese, has been studied for many years in the field of natural science and humanities in
Japan. In the present study, red rice (Oryza sativa ' Akamai') was identified by analyzing plant opals through the investigation
of tubercle forms in the upper epidermal cells of red rice hulls. There have been no reports of the identification of red rice
hulls by plant opal analysis. Plant opals of hulls were extracted from soil samples obtained from a paddy field where only red
rice was cultivated as dedication to a shrine whose name can be found in a Japanese document dating from the 10th century
AD. The result of the plant opal analysis suggests that red rice is a temperate japonica rice variety and not a tropical japonica
or indica rice variety. Plant opal analysis of hulls of Oryza sativa L. is thus helpful for identifying species of rice from the soil
samples at archeological sites. This study defined a morphological character of tubercles of red rice hulls, which will be a
useful marker for distinguishing japonica type red rice from other rice varieties of O. sativa L. by plant opal analysis.

Keywords: plant opal analysis; red rice; Tsushima; japorica.

1. Introduction

One of the methods for discriminating red rice between the japonica and indica type is the measurement of the grain
size (Arashi, 1974; Hamada, 1956). Recently, DNA analysis has been used for identifying red rice (Oryza sativa
'Akamai’) (Ishikawa et al., 1992; Okoshi et al.,, 2004). The purpose of the study is to determine whether plant opal
analysis can be used for the classification of red rice. The festival of red rice cultivation on these fields is designated as
National Important Intangible Folk-Cultural Properties. Tsushima is an island that lies between Kyusyu and Korea; it is
approximately 138 km from Hakata port in Fukuoka prefecture and 49.5 km from Pusan port in Korea. The island
measures 82 km from the north to the south and 18 km from the east to the west, with an area of approximately 708 km?.
Seven paddy fields of red rice are located at 34°7' N and 129°11'E in Tsutsu town, southern Tsushima, approximately 40
m above the sea level (Figs. 1 and 2). The harvested red rice is dedicated to a shrine called “Tagutsutama jinjya” in
Japanese. This shrine has been identified as one of the shrines described in a Japanese document, Engishiki, dating to
927 AD. However, the original age of these paddy fields is unknown. ~Seven soil samples for the plant opal analysis
were collected from the seven paddy fields, and one sample gained from the oldest paddy field, was used for the analysis
(Fig. 3).  In general, the older the paddy field, the more the plant opals of red rice will increase quantitatively.
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v Hitakatsu
 Itsuhara
Tsutsu {
o, y
Fig. 1 The rectangle indicates the location of Tsushima in Fig. 2 The star mark indicates the location of
western Japan. red rice paddy fields at Tsutsu town.

2. Plant opal extraction
(1) Soil samples were dried in an electric furnace at 110 °C for
72h.
(2) On an electronic precision balance with a precison
0f 0.001 g, 1 g of soil sample was weighed.
(3) The weighed sample was treated with 30 ml of 30 % H202
solution for rinsing, and it was heated until the liquid reduced

to 10 ml.
(4) Deionized water (50 ml) was added to this residue and
Fig. 3 The oldest paddy field of red rice viewed according to Stokes’ law, other impurities were repeatedly
from the southeast. removed from the residue.

(5) To separate any remaining mineral component, the plant opal

component of the resulting residue was extracted by gravimetric separation (3000 rpm/s for 13 min) using a
sodium polytungstate solution of density 2.30 g/ml.

(6) After extraction, 20 pl aliquots of liquid containing plant opal components were placed on slides using a
micropipette and dried in a desiccator for 3—4 h.

(7) Cover glasses were placed over dried samples with a mounting reagent, and they were observed under an optical
microscope at 200x and 400x magnifications. Hulls of Oryza sativa L. were counted and microphotographs
were obtained with a single-lens reflex digital camera mounted on the microscope.

3. Results and Discussion

Tubercles and their morphological characters have been classified by Takahashi et al. (2005) and reviewed by
Kobayashi (2013). The classification of tubercles in this study is based on these reports. Five hundred samples were
microscopically examined. This examination required 6 g of dried soil sample and 66 slides, and 131 frames of each
were examined. The examination revealed that all 500 tubercle samples were of type S. A marked struma was
observed at the lateral branch of the long cell and the papilla was observed to exit from this struma. In many cases,
strumae on adjacent long cells formed an intricate pattern (Fig. 4. 1-8). Types C and P were not found during the
examination. According to Takahashi (2010), the latter two types belong to tropical japonica or indica rice varieties,
whereas type S is observed only in temperate japonica varieties (Takahashi et al., 2005; Kobayashi 2008). Therefore, it
was concluded that the red rice grown here was the temperate japonica type. This result of the plant opal analysis
agreed with that of the DNA analysis of isozyme genes (Ishikawa et al., 1992). Recent studies (Takahashi 2008, 2010)
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Fig. 4 Microphotographs showing plant opals of the tubercles of upper epidermal cells of red rice hulls.

(approximately 500x)
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have shown that these three types already existed in the early Jomon period in Japan. A distinctive form of the tubercle
was observed in 28 samples (5.6% of the 500 samples). The strumae face each other and do not form an intricate
pattern in this tubercle. Moreover, each struma is slightly larger and appears round (Fig. 4. 9-16). Although its
frequency is not large, this shape can be used to identify red rice among rice varieties of type S by plant opal analysis. It
may be advisable to define a new type for this tubercle type.

5. Conclusion

The red rice grown in paddy fields in Tsushima is the temperate japonica type. Round strumae at the tubercles
developed from the upper epidermal cells of hulls, and they may contribute toward the identification of japonica type red
rice in O. sativa L. plant opals extracted from soil samples at archeological sites.
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Coseismic crustal movement in west Japan caused by the
2011 off Pacific coast of Tohoku Earthquake
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Graduate School of Informatics, Okayama University of Science
*Department of Biosphere-Geosphere Science, Faculty of Biosphere-Geosphere Science, Okayama
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1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

(Received September 26, 2014; accepted November 6, 2014)

Although significant coseismic crustal deformation over a wide area and central Japan,
Associated with the 2011 off the Pacific coast of Tohoku Earthquake, has been well studied by
many researchers, no attention has yet been paid to that in west Japan, from the Kinki dis-
trict to the Kyushu island. In this study, we examinated the characteristic features of the
crustal movement in west Japan by analyzing the daily coordinate values of GNSS-based
control stations (F3) provided by the Geo-spatial Information Authority of Japan (GSI).

As result, it has been clarified that the 2011 Earthquake induces an effect on the crustal
deformation in western Japan from the analyses of four datasets of horizontal change at GPS
stations and six datasets of base length among paired GPS stations in western Japan.
Longitudinal and shear strains in movement plains in western Japan indicate one
discontinuous step at eastern Kinki district. it is considered that the cause is
“Tsurugawan-Isewan tectonic line (TITL)”, proposed by Okayama (1956), because this step is
along TITL.

Keywords: the 2011 off the Pacific coast of Tohoku Earthquake; crustal movement; GPS
stations; PAT-ME; Tsurugawan-Isewan tectonic line (TITL).
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Estimation and Application of Low-cost

Pressure Control Type Quasi-servo Valve

So SHIMOOKA, Shujiro DOHTA*, Tetsuya AKAGI* and Yoshinori MORIWAKE**

Master’s Program in Intelligent Mechanical Engineering, Graduate School of Engineering,
* Department of Intelligent Mechanical Engineering, Faculty of Engineering,
** Doctoral Program in System Science, Graduate School of Engineering,
Okayama University of Science,
1-1, Ridai-cho, Kita-ku, Okayama 700-0005, Japan
(Received September 30, 2014; accepted November 6, 2014)

Today, the care and welfare pneumatic equipment to support a nursing care and a
self-reliance of the elderly and the disabled are actively researched and developed by many
researchers. These wearable devices require many servo valves for multi degrees of freedom and
precise control performance of the wearable actuator. The total weight load of the wearable
devices increases according to the degree of freedom. In our previous study, a small-sized and
light-weight pressure control type quasi-servo valve was developed to reduce the burden of the
user in a power-assisted system. The valve consists of inexpensive on/off control valves and
embedded controller. The valve consists of two on/off type control valves whose both output ports
are connected each other. One valve is used as a switching valve to supply or exhaust, and the
other is used as a PWM (Pulse Width Modulation) control valve that can adjust output flow rate
like a variable fluid resistance. In this study, the pressure control performances using four kinds
of control scheme were investigated and compared by experiment. The frequencies up to 5 Hz
were applied to the tested pressure control system. As a result, PID controller gave the good
performance in low frequency of 0.1 to 1 Hz. In the higher frequency of 2 to 5 Hz, PD controller
gave the good performance. As an application of pressure control type Quasi-servo valve, we
tested position control for Mukkiben artificial muscle. The position control performance of
Mckibben artificial muscle was investigated and compared by experiment. The pressure control
using quasi-servo valve was operated by PD and Sliding mode control schemes. And the position
control of an artificial muscle was operated by P and PI control. As a results, it can be confirmed
that the sliding mode control for quasi-servo valve and the PI control for artificial muscle give a
good control performance.

Keywords: quasi-servo valve; small-sized control valve; Mckibben artificial muscle; embedded
controller.
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Improvement of Static Characteristics
of Low-cost Servo Valve Using Buckled Tube

Ayumu ONO, Tetsuya AKAGI*, Shujiro DOHTA* and Abdul NASIR**

Master’s Program in Intelligent Mechanical Engineering, Graduate School of Engineering,
* Department of Intelligent Mechanical Engineering, Faculty of Engineering,
** Doctoral Program in System Science, Graduate School of Engineering,
Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

(Received September 30, 2014; accepted November 6, 2014)

The typical electromagnetic solenoid valve drives its spool using a solenoid to open the flow
passage. This complex configuration prevents to fabricate a low-cost valve. Therefore, the cost for
valve occupies most of the total cost in a penumatic control system. The purpose of our study is to
develop a low-cost and small-sized control valve. In our previous study, a low-cost wearable servo
valve that can control the output flow rate by changing the twisted angle of the buckled tube in
the valve was proposed and tested. The pressure control type valve using the buckled tube was
also developed so as to improve its hysteresis characteristics. In this paper, the improved valve
using the buckled tube without being twisted was redesigned and tested. The relation between
the motor angle and the output flow rate of the valve was investigated. As a result, we confirmed
that the static characteristics had a linear relationship. The position control system of McKibben
rubber artificial muscle using both tested valves and embedded controller was also executed. As a
result, we also confimed that the positon cintrol performance of the muscle using the improved
valve was superior to the case using the previous valve.

Keywords: low-cost servo valve; buckled tube; hysteresis; embedded controller; static characteris-
tics.
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Development and Control of Portable Rehabilitation Device
Using Flexible Spherical Actuator

Yasuko Matsui, Tetsuya Akagi* and Shujiro Dohta*

Measter’s Program in Intelligent Mechanical Engineering, Graduate School of Engineering,
* Department of Intelligent Mechanical Engineering, Faculty of Engineering,
Okayama University of Science,

1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

(Received September 30, 2014; accepted November 6, 2014)

This study aims at developing a potable rehabilitation device which can be safe to use during
holding it. In our previous study, a novel flexible pneumatic cylinder that can be used even if it is
deformed by external force has been developed. In this paper, a portable rehabilitation device
using the flexible spherical actuator that consists of two ring-shaped flexible pneumatic cylinders
is proposed and tested. The low-cost control system using four small-sized quasi-servo valves and
an embedded controller is also developed. The spherical actuator is also improved so as to apply
to the portable rehabilitation device. In addition, the attitude measuring system for attitude
control of the device using an embedded controller and two accelerometers is constructed and
tested. The attitude control of the device using the measuring system is executed. As a result, the
portable rehabilitation device that can give the rehabilitation motions to patients with attitude
control can be realized.

Keywords: portable rehabilitation device; flexible pneumatic cylinder; flexible spherical actuator;
embedded controller; low cost.
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Development of Pneumatic Drive Flexible Robot Arm with
Backdrivability

Takafumi MORIMOTO, Tetsuya AKAGI*, Shujiro DOHTA*
and Mohd ALIFF**

Master’s Program in Intelligent Mechanical Engineering, Graduate School of Engineering,
* Department of Intelligent Mechanical Engineering, Faculty of Engineering,
** Doctoral Program in System Science, Graduate School of Engineering,
Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

(Received September 30, 2014; accepted November 6, 2014)

In the remote controlled rehabilitation device, physical therapists must recognize the situation
of the patient. The actuator in the device is also required to be flexible so as not to injure the body.
In our previous study, the flexible pneumatic cylinder was proposed and tested. The flexible robot
arm using the cylinders was also developed for human wrist rehabilitation. In the next step, it is
necessary to develop the master device for bilateral master-slave control. In this paper, the
flexible pneumatic cylinder with backdrivability is proposed and tested for bilateral control. The
master robot arm using the tested flexible cylinders is also tested and constructed. As a result,
the master robot arm with backdrivability which can be operated manually was realized.

Keywords: flexible pneumatic cylinder; backdrivability; flexible robot arm; rehabilitation device;
bilateral control;
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BENMOBER —BILR-o7 & Z AT, HEDREICR >EIKI0 meXEEL VEGELEST L 50
LD ZAMR EICHIGT 2, WKBRER TIZ, VA2BRLARD, AKERZ—EBB - LIcBEI
EVRE LI, —FHRBERTIL, EEONARE TKRB LEHIZ160 cmi2E O & 2 S>MIR KB % F R
SRk, VAOHRBEELEL, RERLARICAKBELERICIVRIELE,

ATE> VR, ARECHEMA L REFEABEIICMCOI0SRE L L, XER T, 225 A EE U, =
212 x 10 -2.13 x 10° m/s, IBET =303 318K, WMT 5BA TV 2 — L OB Crreonrron 0.025 — 0.1 Wi
DEEATITo /e, Eie, BT IHIVRAEBRNOBEEHTARLB L OCRIRAKBORE. 2 £
DERBE S 6,2 KD B ICHERIBYYE, BE) RBXTF X VBEH DMA4S00, BAL A ~A~FF
—tkRHh) |, KBy (EI#EKSERT PHYSICA MCR300, Paar Physica) , REBE N BIE LY, Z0OXM%
Table 2IZ7R9, FEBMEIL, RBREOHMZ LV RLPLRD LTHY, HICHEICE LTI, 20BBR kX
Vo LML, TLa—LVOBRMCE3EBEISEZELLALN,

Table 1 Characteristics of surfactant employed

Molecular mass CMC HLB
[kg/mol] [mol/m’] [-]

Sodium lauryl sulfate (SLS) Ci2H250803Na 0.288 8.00 40.0

Surfactant Molecular formula

Table 2 Physical properties of sodium lauryl sulfate aqueous solution

CMeOH+EIOH Temperature Density Viscosity Surface tension
[ wt% ] [K] [ kg/m® ] [Pa*s] [ mN/m ]

0.0 303 998.3 0.000965 35.5
308 996.7 0.000858 33.8

313 994.8 0.000733 33.2

318 992.8 0.000676 31.2

0.025 303 998.8 0.00103 36.5
308 997.1 0.000909 36.2

313 994.9 0.000833 36.2

318 993.1 0.000737 35.3

0.05 303 998.7 0.00109 36.3
308 997.1 0.000973 36.1

313 995.1 0.000870 36.1

318 995.1 0.000794 35.8

0.075 303 998.6 0.00102 36.3
308 996.8 0.000899 35.9

313 996.1 0.000819 35.7

318 993.1 0.000743 35.7

0.1 303 998.6 0.00101 35.9
308 997.0 0.000932 34.1

313 995.1 0.000860 334

318 993.0 0.000782 33.3
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GHRTIHRAREZZANTIOERFEFICRETH 720, AH> YL R, Miyaharaetal I LV REIhES
IR TER SN2 RBEOHEHIEHKARICHT 2HBERNE2AVWE, BN AEENSARITKBEST
Na—VOFRMBEBIREETRAEEICIZEALEEINT, 34mmBETho T,
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EBRVBERBIIAREICARY, RUZEHEN X EE TREVAKE
BERTEASEE SN, Zhix, #i8> YL Rk, KWERED L
Bl bROIBHEEOBIOEDEEX NS,

3-2 HEROBKRES

Figure 312, MILRKIGIKE ORABEROIRIKE®HORNELE, 7
NA—VOEMBEEZNRTA—F L LTERT, MLV, fAKEIT,
TNa—LORMBEDORIMIE LRVRREILRY, KB O
BEEMIZEL RS, ZIIKIERL TRV, IKREORMZLE b
ROEKBIIFRREILRY, RUEEN REE CTRIKRE O RER
MBEL R EANBREEINT, ZhiX, RIH> YL Rk, KEE
DEFITE B RIBHEDOBIDEDLEZONS,

3—-3 EREEX

R VL RIS, MBRRBEKEOREHEZELAT HBRBEE X
*##af34 57, Hartland and Barber35 & U'Barber and Hartland?
CEYVRBEBINMBRIBEKBHNOTKBERE KX 5E
FNEBER LT,

Hartland and Barber"33 . U'Barber and Hartland? I3, #MERIEHK
BROKEIX, —ESEEAROES _HAEKELTELEZLD
ThHY, Figure 4lZ77 X 5 ICHALRIBIKB AN OFImO R A & Y
J R & B Plateau border® & ., KIKMOPEAIE, HY%ZERD
DOELRARICEENTZBOMFHIEATH Y, Bk Sh-iKix
Plateau borderiZ A Y TR L 225 & L, BMEBE(LEE
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REFREPREOPEIREBETRIRATH S,

3—-4 EBRREEIOHEEE

BETNVIA—NEBFMLEBEEHBEML TR VEEOBERBEE S D (6, veomsron/d0) R, F¥ b
Z Y —%Ca T LTHRBE LIS DONFigure 6TH 5B, MEVHOEMNILY KXY, BEBIIREE L
BHZEDBIPBDND, CaDEIMI LD LOEITEEXY OB EHEEMLTVS, EEBET L a—
NOBEDOHEMZED TORBIIRED, BETVI—LVOBELZEESEL L TEETS L ROEERS
B3,

é'cMe;HafEmH =1+4.4x10° (Ca 0725 )ﬂ.sn »

c0

3—5 BEORRLOLE

AW TR LN HER L BEE D B TMeOH & EtOH% BN L 72 B4 DR RD & o Lk # Figure 71077, X
XY, TAa— VRO HEED TV 3 58 O fEIXMeOH-EtOHE BIE & TIX10°ETH Y . MeOH,
EtOHZ B CHRM L= BB IR0 HETH A Z L BRODNDB, T2 CHEEHOX ¥ ©°5 Y —$CaD I
MeOH, EtOH & MeOH L EtOHE BRIBESIBR CIIFA LERETH B, Mo TIDERITAI—NLOBEESRxTH S
LHEIND, ULEORERNBLMeOH L EIOHEBIBEAKEZFEM L84, BERTHREM LEES D 1/1008BED
BECRBEOKENROLND,

4. #5
B A Aot R E S HEAI(SLS) KBS ICMeOH & EIOHD S BIBA T A a— A2 BN L, IERAKBEORER

JUOHBERRBRICKB T I2REKBEEZAEL, UTOKELEL,

1. ARBREROEEEIL, BE, BIUSREATAV - ARMBEOBMC LY REEERD, -,
RAEERFC T D1akER O RERREI, BEBICRAT VI —AERMBEOHIMCEvEL 2, R
RE LD,

. BRBE I, BAT NV —ARMBEREMNTSIC o THEMT 3,

3. BETNVA—NVEBRMULEBEOBRAEES 2RO 5HBR2EB-,
FREBETNVI—NLEBRMUIES, MeOHE EtOHZ B THM L7548 O 1/100BE DR E CRBED
HEBIR OGN,

Notation

Ca = Capillary number = uU, /o [—1
Calcool = alcohol concentration [wi% ]
dy = bubble diameter [m]

F = force acting on liquid film [N]

g = gravitational acceleration [ m/s?]
HLB = hydrophile-lipophile-balance [—1

he = cellular foam height [m]
hg. = cellular foam height at the rupture of lamella [m]
ho = initial cellular foam height [m]

n = number of solid surface [-1]

R = radius of circular film having the same area as face of dodecahedron [m]

r = radius curvatur of walls of Plateau border [m]
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T = temperature [K]

t = time [s]

Ugc = superficial gas velocity [m/s]
x = mass fraction of alcohol [—1
AP, = capillaly pressure [Pa]

J = film thickness [m]

dc = critical film thickness [m]
Oco = critical film thickness in the absence of alcohol [m]
Ocalconol = critical film thickness in the presence of alcohol [m]

U = viscosity [Pa-s]}
I = disjoining pressure [Pa]

p = density [ kg/m’ ]
o = surface tension [N/m ]
(Subscripts)

Alcohol = MeOH, EtOH, MeOH+EtOH
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Effect of Addition of Mixed Alcohol on Stability

of Cellular Foam

Toshiro MIYAHARA, Naoki NAGATANI, Kumi MIHASHI and Kae FUJITA®

Department of Applied Chemistry and Biotechnology, Faculty of Engineering,
*Department of System Science, Graduate School of Engineering,
Okayama University of Science,

1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

(Received July 4, 2014; accepted November 6, 2014)

Previously, the stability of cellular foam generated from nonionic, anionic, cationic and amphoteric
surfactant aqueous solutions was studied for the purpose of foam breakage in chemical reactors and
bioreactors™ . It was found that the cellular foam formed from anionic surfactant aqueous solution was the
most stable one.

In the present study, the growth and collapse process of cellular foam formed on a perforated plate in a
standard bubble column was observed using sodium lauryl sulfate (anionic surfactant) aqueous solutions
under the addition of mixed alcohol (methanol+ethanol). As a result, the addition of mixed alcohol
decreased the stability of cellular foam. Of particular note is that the effect was observed under the
concentration of around 1/100 (0.025 — 0.1 wt%) compared with each alcohol.

Keywords: cellular foam; foam stability; anionic surfactant; critical film thickness; foam breakage;
mixed alcohol.
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