The diffusion of solute through wood saturated
with water 1l

Effects of temperature on the diffusion of electrolytes

By MaNJIRO FukuyaMA* and TAKESI SADOH**

Summary  The effects of temperature on the diffusion of sodium pentachlorophenate (Na-
PCP) and potassium chloride (KC1) through water-saturated wood have been measured in
the three structural directions of Hinoki and Buna wood over a temperature range of 25-
70°C.

The apparatus used in these experiments was the same as that described in a previous
report? except for some modifications in the design of the diffusion cell and electric circuit.

The test specimens were disks the size of 4 cm in diameter, and 1 cm (for longitudinal
diffusion) or 0.15 cm (for transverse diffusion) in thickness.

The results obtained are as follows:
(1) The deviations of measured values in the diffusion curves at each steady state, i.e. the
coefficients of variation for regression coefficient in the amount of solute-transfer vs. time
curves were less than 2 per cent (Fig.2).
(2) A plot of log D (cm?/day x 10-3) against 1/T showed approximately linear relationship
except for the diffusion of Na-PCP in R-direction of Hinoki (Fig.3 and 4).
(3) There was no difference in the diffusion coefficients between T- and R-directions of
Hinoki, while the tangential diffusion coefficient of Buna was about twice as great as the
radial value. The longitudinal diffusion coefficients of both the species were approximately
5-36 times as great as the transverse values (Table 3).
(4) The diffusion rate of KCl was appreciably greater than that of Na-PCP in all cascs.
This tendency was especially more pronounced in the case of transverse diffusion(Table 4).
(5) The apparent activation energy and the mean temperature coefficient in the diffusion
process of Na-PCP were slightly greater than the corresponding values of KCl; further
those of transverse diffusion were generally greater than values in longitudinal diffusion. In
particular, these phenomena were remarkable in Hinoki (Table 5).
(6) It was assumed that the apparent activation energy and the mean temperature coeflicient
in the diffusion process of electrolytes might be dependent upon the dimensions of the indi-
vidual effective capillaries. Particularly they might be depend upon the mean free path of
the solute traversed per unit distance in the diffusion direction, and also the number of

capillaries whose radius was smaller than that of the mean free path.

Introduction

The exact nature of the diffusion behavior of an clectrolyte solution through or into
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wood has not as yet been fully understood, because it involves many complicated
problems such as the interaction between the wood capillary walls and the diffusing
molecules or ions, the relative diffusibilities of anions or cations and undissociated mole-
cules, and further the effects of temperature and of hydrogen ion concentration, etc.

In a series of experiments with respect to the diffusion of electrolytes through
water-saturated wood, an attempt has been made to investigate some of these behaviors.
In a previous report ' we discussed the application of an apparatus developed in this
laboratory to simplify the measurement of the diffusion coefficient of electrolytes through
water-saturated wood and still maintain a high degree of accuracy. From the experi-
mental results, it was recognized that the apparatus could be used for many electrolyte
solutions with the exception of some solutions of lower specific conductivity, such as
boric acid; further that the accuracy of the measurement was comparatively high
considering the variation of diffusion coefficients among the specimens.

On the basis of the results described above, the present paper deals with the effects
of temperature on the diffusion of sodium pentachlorophenate and potassium chloride
through wood saturated with water. These have been determined at various tempera-
tures ranging from 25 to 70°C.

With regard to the temperature coefficients of diffusion of the electrolytes through
wood, very few results have been reported up to present time. According to ToLLIDAY,
Woops and HArRTUNG  who have determined the temperature coefficients ot diffusion of
electrolytes through membranes of copper ferrocyanide, the apparent activation energies
in the diffusion process were values of 4-5 Kcal./mol., which are slightly greater than
the values for diffusion in solution. CHRISTENSEN® has investigated the temperature
cocflicients of sodium chloride through heartwood samples of some Australian species
over a range of temperatures from 20 to 50°C. He obtained results showing that the
temperature coefficients for transverse diffusion in the two hardwoods tested were con-
siderably greater than those for diffusion into solution. Furthermore, on the basis of the
activation concept of diffusion, he suggested that high temperature coefficients might be
indicative of the presence of narrow capillaries in the diffusion path.

This paper is concerned primarily with the effects of temperature on the diffusion
rate i connection with the direction of diffusion and then with the apparent activation
energy of the diffusion. The species used in these experiments were Hinoki wood
(Chamaecyparis obtusa Enpr.) and Buna wood (Fagus crenata BLuMe), and the measure-
ments were carried out in each of the three different structural directions of the test

specimens.

Experiments

(1) Specimens

The specimens were disks which were prepared from air-dried blocks of Hinoki
heartwood and Buna sapwood. They were 4 cm in diameter and two different thick-
nesses, namely 1 em for the longitudinal diffusion (L-direction) and 0.15 cm for the
transverse diffusions (T- and R-directions). All specimens were thus closely matched

and were submerged in distilled water until ready for use. The air-dried specific gravi-
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ties of Hinoki and Buna were 0.44 and 0.60 g/cm® on an average, respectively.
(2) Apparatus

The apparatus used for measurement of the diffusion rate was essentially the same
as that described in our previous report  except for some modifications in the design
of the diffusion cell and of the electric circuit for the resistance measurement.  The
principal modifications werc as follows :
(a) In the diffusion ccll, vitreous cells were used instead of the plastic ones used in
the previous study ¥, in order to prevent the changes of distance between the electrodes
due to the clamping of the specimen inserted between the cells, and the fluctuation of
temperature (see Fig. 1 in our previous report ). ‘
(b) The combinations of variable resistance and resistances in the electric circuit were
as shown in Table 1 (sec Fig. 2 in our previous report ), because it was difficult to

Table 1 Set of resistances measure resistance at above 250 K(2.

(¢) Measurements were made with a

Variable resistance | Resistanc . .
Set aria (fi{t(_)im ance | (129;1 « dial graduator capable of being read to
T ) ' P . - about 1/600 of full scale of the variable
a 0— 1 0.5
b 0— 3 ‘ 1 resistance, instead of the previous®.
| |
c 0— 5 | 3 (d) An ammeter with a range of 0-30
d 0— 10 % 5 1A was used to facilitate the detection of
o 0 30 5 null-point instead of the 0-100 s¢A amme-
f 0—100 50

: : B ter used in the previous study V.
(3) Experimental procedure and calculation of diffusion coefficient

The measurements of the diffusion rate were made in a manner similar to those
described in the previous report ’, i.¢. a water-saturated test specimen heated to the
desired temperature was inserted between the cells, clamped in the usual manner, and
the external surface of the specimen was then covered with a paraffin or a mixture of
tin oxide and linseed oil to prevent the loss of solution from the specimen and the cell.
Thereafter, in order to give a concentration gradient of the solute in the specimen, a
solution of constant temperature with a given concentration was poured in one side of
the diffusion cell (cell-A) and distilled water at the same temperature in the other
(cell-B). These diffusion cells were then enclosed in a thermostat controlled to within
0.5°C: of a desired temperature. All of the procedures described above were made as
fast as possible to avoid fluctuation of the temperature of the solution in the cells and
of the test specimen.

Using the electrical conductivity method at suitable time intervals, the transfer of
the solutes from cell-A to cell-B resulting from the concentration gradient was thus
determined by measuring the electric resistance of the solution in cell-B.  The solutions
used in these experiments were sodium pentachlorophenate (Na-PCP) and potassium
chloride (KCl) at a concentration of 3 per cent, and the diffusion rate was measured
at 15°C intervals in temperatures ranging from 25 to 70°C: for all disks. The diffusion
was allowed to continue at each temperature until five consecutive readings at a steady
state were obtained. In this case, the deviations of measured values in the diffusion
curves at each steady state, i.e. the coefficients of variation for regression coefficient in
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the amount of solute-transfer vs. time curves were less than 2 per cent.

Besides the diffusion measurements described above, a calibration curve (i.c. the
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Fig.1. An example of calibration curve for KC!
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steady-state condition,  Using the Fick’s Law as described in our previous report P, the
diffusion cocflicient (D) for the transfer of the solutes can hence be (%xprcsscd by the
following equation :

1 l dm
D= 1 Ci—C, gp T (1)

in which A is the effective area of the test specimen (em?), [ its thickness in the
direction of diffusion (cm), C, and C. the concentrations of the solutions in cell-A and
cell-B (g/cm?) respectively and dm/dt the rate of transfer of solutes passing through
the test specimen per unit time (g/sec).

Actually the concentration of solution in the diffusion cells changed because of the
transfer of solutes, but this change was negligible and within the limits of experimental
error due to the fact that only a small fraction (less than 2.5 per cent) of the total

solute dilffused during the course of measurements.

Results and discussion

(1) Diffusion coefficient
Table 2 shows the values of the diffusion coefficients of Na-PCP and KCl for both

Table 2 Diffusion coefficient (D) and standard deviation (o) for each species, direction of
diffusion, and temperature
(Unit; ecm#/s2¢~1077)

5 i ! Temperature (°C)
I l V 7 ”

Solute | Specics | Direction | 25 l 40 55 ‘ 70
i ‘ | O -—; e e e e e e s e e e I
| : D o | b . D e D T
| T | - | - 040 0.07 0.7 0200 170 0.35
Hinoki R ' 0.3 0.08° 0.60 0.15) 1.86 0.45
| L 12,3 | 4110 167 2,03 27.9 2.82  42.6 2.91
Na-PCP | ‘ ! : ‘ ‘ ,
‘ T | 140 0.39 190 0.22 3.06 0.26 \ 4.83 | 1.09
Buna R~ - LIl 028 18 016 397 0.5
L 24.4 6.92 349 851 49.7  10.14 | 82.1 | 21.4]
T .73 0301 3200 019 528 i 0.75 8.16  0.96
Hinoki R 1,73 0.28] 2.91 0.43 453 0.8 806 0.7
L 31.4 5.93 1 55.0 5.41 740 | 7.70 115.2  10.11
KCl k g | ‘ :
T 7.32  0.48 11.8 | 1.00 19.6 2.86  25.5 5.90
Buna R 2.83  0.58 4.74, 0.67 9.22 0.20 15.2 52
! L 46.9 5.80 63.5  7.83 87.9 5.82  121.0 8.60

(Each value of D is the mean of five test specimens.
the species in three dircctions of diffusion at various temperatures over a range of 25
70°C and the standard deviations. Each value of the diffusion coefficient is the mean
of values from at least five test specimens. Since the beginning of the steady-state
diffusion of Na-PCP in the T- and R-directions of Hinoki, and the R-direction of
Buna has appeared too slowly to do the diffusion measurement at 25°C, these values
are not shown in Table 2.

From the results shown in Table 2, it is seen that the variations of diffusion cocf-
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ficients among the test specimens are considerably greater and that the values of diffusion
coefficient of Na-PCP at 40°C for both of the species and in all directions of diffusion
are slightly smaller than the corresponding values in our previous report .

As the diffusion coefficient of KCl

(x1073)
into water in bulk is 185.7 x 10-7 cm? 1000}
/sec at a temperature of 25°C, the dif-
fusibility of KCI in the L-direction — 600F
decreases by the wood structure to -E 300l
about 1/6 in Hinoki and 1/4 in «%
Buna. The diffusion coefficients in L
R-direction decrease to about 1/107 “E 100}
in Hinoki and to about 1/66 in the A
case of Buna compared with the bulk :% 60
diffusion coefficient, and the tangential 3
diffusion coefficients decrease to about © 301
1/107 in Hinoki and to 1/25 in Buna. g
The rates of diffusion of the solutes g! ol
through wood, as mentioned above, e
are considerably smaller in comparison Q oF
with the bulk diffusion rates. These
phenomena are seen more clearly in 3t '

29 30 31 32 33 34

~l (x1073)
tudinal one for each species.  Re- 1/T(°K)

garding this fact, it is assumed that the Fig.3. Relationship between diffusion coefficient
and 1/T for Na-PCP

the transverse diffusion than the longi-

cause for these phenomena is probably

dependent upon the dimension and (x1073)
the number of effective capillaries 1000k
through which solute could diffuse, as ~
will be shown later in this report. 3 600y
On the other hand, although the bulk N\g 300}
diffusion coefficient of Na-PCP has not et
as yet been fully clarified, it may be ,‘é
expected from the results in Table 2 = 100k
that the diffusibility of Na-PCP into S
wood probably will show a tendency c 60r
similar to that of KClI. -g
Fig. 3 and 4 illustrate the plots ‘r:j 30
of the logarithm of the diffusion co- o
efficient (ecm?/day x 10-3) against the 10 ) . , , \
reciprocal of the absolute temperatures. 29 30 31 32 33 34
As shown in these figures, although 1/T(°K™") (X105
the values of diffusion coefficient and Fig.4. Relationship between diffusion coefficient

the angles of inclination of log D and 1/T for KCl
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against 1/T of Na-PCP differ from those of KCl, log D decreases almost linearly with
an increase in 1T in all cases. This has been found previously by many investigators,
and also the order of magnitude of the three structural directions is similar for both
solutes, i.e. Buna-L > Hinoki-L > Buna-T > Buna-R >Hinoki-T>Hinoki-R. The log
D-1/T curve for Na-PCP in the R-direction of Hinoki, however, exhibited some de-
parture from linearity in the range of temperatures tested.

In order to compare the

Table 3 Relative effects of diffusion in different

relative effects of the three L
structural directions

structural directions in each ... e

Temperature Na-PCP ! _ KCl

species the diffusion coefficient Species > -
in the T-direction was taken e T § R | L T R L
as unity in each case, and the N Y ' "';H T 106 ¥ 1 00 18. 2A
diffusion coefficients in the 40 1.00 | 0.92 | 41. 7 1.00 ’, 0.91  17.2
other directions were calculated Hinoki; 55 1.00 | 0.85 | 39. 5 /1.00 | 0.86 140
relative to this. These results :7 ?0_ ] 1‘90 1.10 | 25. 61 7'709 ‘\ 0 991{49
are given in Table 3. . Mean | 100 0.96  35. 6 1.00 0.94 16.1
With regard to Hinoki, | 25 | 1.00 VW_. 174 1.00 A0~387‘ 6.4
there is no difference between 1 40 1 1.00 | 0.58 18.0 | 1 1.00 \ 0.40 5.4
the diffusion rates in T- and Buna | 35 : 1.00 | 0.59 19.5 | 1.00 \ 0.47 | 45
R-directions in either Na-PCP ‘ 0 | 1.00,0.82 17.0 ‘\ 1.00 0. 58 l 4?
or KCL However, the longi- Mean | 1.00 | 0.66 | 17.9 | 1.00 [0.46 | 5.2

tudinal diffusion rates are 16

(KCD) to 36 (Na-PCP) times as great as the transverse values. In the case of Buna,
the diffusion rates in T-direction are approximately twice as great as those in R-direction.
There have not been enough data to explain the results in this stage. On the other
hand, the diffusion rates in L-direction are 5 (KCIl) and 18 (Na-PCP) times as great
as those in T-direction. The difference in the diffusion rates between the longitudinal

and the transverse directions is mainly
Table 4 Ratio of the diffusion coefficient of

due to the difference in the capillary KCL 1o that of Na-PCP
a=

structure of both directions, i.e. the dif- ——

. . . o ture (°C
fusion in L-direction is greatly facilitated, Species Direction - emperature ( >vJMean

by the coarse and effective capillaries .25 | 40 55 70
— |8.02]6.48 4.7916.43

— 18.007.51]4.32!6.61
2.71‘_3.29 265‘271‘284

such as vessels or tracheids which are

orientated in that direction. Hinoki
The ratios of the diffusion coefficient

of KCI to that of Na-PCP for each tem-

perature and structural direction are shown Buna

]r22 622 1 6.40 | 5.39 | 5.81
\

— ‘430 5.04 | 3.84 4.3
192 201‘1.77}1.47 1.79

T
R
L
T
R
L

in Table 4. Table 4 shows that the diffu- 1 =
sion of Na-PCP through or into wood

is extremely difficult compared with that of KCl.  "This is especially more conspicuous
in the case of the transverse diffusion than the longitudinal one. The values of

Dxo1/Dyga-pop 10 transverse directions of Hinoki increase gradually with a decrease in

temperature. These will be discussed later,



64

Sci. Rep. Kyoto Pref. Univ., Agr, No. 20

(2) Activation energy and temperature coe fficient in the diffusion process

In order to make clear the effects of temperature on the diffusion of electrolytes,
the apparent activation energy and the mean temperature coefficient of diffusion are
considered below. The apparent activation energy is the minimum kinetic energy (E)
that an ion or a molecule requires to diffuse from one position to the next, or in other
words, that, it requires to overcome the forces holding it in position and to pass any
energy barriers that may be present.

According to CnrISTENSEN ®, the relationship between the energy mentioned above
and the diffusion coefficient can be expressed by using the Maxwell-Boltzmann’s law
of velocity distribution and the kinetic theory of gas as follows :

D=By/T exp (—E/RT)oeeereininianninnn, (2)
in which B is a constant, R the gas constant, T the absolute temperature. Thercfore
the following formula is obtained.

lOg (D/1/T)=——E/RT+const. .................. (3)
Since linear relationships of log (D/3/T) vs. 1/T are obtained as shown in Fig. 5 and
6, it is possible to calculate the apparent activation energy in the diffusion process from
the slope of the straight line. On the other hand, the mean temperature coefficient is
evaluated by the ratio of the diffusion rates at temperature differences of 10°C in
accordance with the proposal of CurisTENSEN®. The relation between the apparent
activation cnergy (E) and the mean temperature coefficient (Q,,) are given by the
following equation, as was shown previously by him .

Quo=(Di+10)/Di=7/(T+10)/T exp CIOE/RT(T+10)J--scveveeeens (4)

In Fig. 5 and 6 log (D/4/T) vs. 1/T curves are plotted by using log D-1/T relations

1.60L
2.00¢ .
1.2 0
1.60F
— 080}
— ~
- = 1.20}
() -~
2 040
- - Z 080}
o S T vYna o
~ 000} ¥y, “wl_ 3
LN s h~e 040}
N 4 e ,
1 60' &K\/bo" ‘.“2
/'704_/'0 N i\\r - 0.00¢
~
f2of, A8
29 30 3T 3z 33 3% 80335
1/T 1/T
Tig.5. Relationship between log (D/3/T ) and Fig.6. Relationship between log (D/v/T) and
1/T for Na-PCP 1/T for KCI

presented in Fig. 3 and 4. Fig. 5 and 6 show that log (D/4/T)-1/T curves are linear

within variations of about 2 per cent in all cases except for the diffusion of Na-PCP in
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R-direction of Hinoki. Values of the apparent activation energics and the mean tem-

perature coefficients obtained from the diffusion measurements are shown in Table 5.

Table 5 Mean temperature coefficients (Q;) and apparent activation energies

(E: Kcal./mol.) in diffusion process

| T | R l I
Solute | Species Tem(efé’;zturc! e i L o
1 Q1o ‘ E } Q1o { E ‘ Q1o ‘ E
3040 | — — | = — L1320
4050 | 1.47 7.4 1.40 6.0 | 132 | 6.1
Hinoki 5060 | 1.62 9.9 | 174 120 | L399 67
60—70 | 1.79 12.8  2.05 159 |, L31 = 58
Mean | 1.63 100 | L73 | 1.4 | L31 | 52
Na-PCP | ot - A | S S ——
30—40 1.21 3.2 | — — | 1.2 ‘ 4.0
40—50 1.34 55 | L4l 6.6 Lig | 3.1
Buna 50—60 1.37 6.3 | 151 = 8.4 .30 | 5.3
60—70 1.39 7.2 | 170 1.7 © 132 @ 45
Mean | 1.33 ll 5.6 } 1.54 8.9 1.27 | 4.5
| 30—40 1.48 7.2 1.39 6.0 1.45 | 6.8
i 40—50 1.41 6.6 1.36 5.9 1.22 3.7
Hinoki 50—60 1.36 6.2 1.43 7.3 1.29 5.1
60-—70 1.33 6.1 1.42 7.6 | 1.33 6.2
Mean | 1.40 65 | 140 | 67 | 132 | 5.4
KCl ! . I i I ! e
| 30—40 1.37 5.6 1.47 7.0 1.24 3.9
| 4050 1.87 5.9 1.49 7.7 1.24 3.9
Buna 50—60 1.32 5.9 1.47 7.9 1.24 4.2
60—70 1.21 3.6 1.40 7.2 1.24 4.5
© Men | 132 | 53 | 147 7.5 124 | 4.2

(Apparent activation energy of bulk diffusion of KCI into water is 3.96 Kcal./mol.)

As was previously pointed out, since the variation of diffusion coefficient for each
specimen was about 2 per cent, the corresponding values of Q,, and E are 4-6 per cent.
From the results shown in Table 5, it is seen that the variances of the mean temper-
ature coefficients and the apparent activation energies between both the species and
among the three structural directions are considerably great. The variances in these
experiments are slightly greater than those of sodium chloride through some Australian
timbers by CrRrISTENSEN ¥ already described.

According to Table 5, the apparent activation energy and the mean temperature
coefficient in the case of the diffusion of Na-PCP are, with minor exceptions, slightly
greater than the corresponding values of KCl. In particular, this tendency is more
pronounced in Hinoki than Buna. Furthermore, Table 5 shows that the apparent
activation energies and the mean temperature coefficients in T- and R-directions of
both the species are generally greater than those in L-direction of the respective species.
This tendency is appreciably more evident on Hinoki than Buna which is as described
above, In addition, the apparent activation energy of KCl in L-direction of Buna is
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similar to that of bulk diffusion of KCI into water (apparent activation energy of the
diffusion of KCI into water in bulk is 3.96 Kcal./mol.). The apparent activation cnergy
of Na-PCP in the bulk state has not as yet been examined rigorously, but it may be
expected to behave somewhat similar to KCIL.

(3) Discussion

In wood the solute diffuses mainly through cell cavities and pit membranc openings,
and probably very little through transient capillaries developed in swollen cell walls.
Since the radius of the cell cavities, 10~* to 10~* cm, is much larger than that of the mean
free path of the solute under the diffusion conditions, the diffusion coefficient of the
solute in the cell cavities is identically the same as the bulk diffusion coefficient.

On the contrary, the diameter of the pit membrane openings is very small; the
average radius of these openings is known to be about 3x10-°cm. In such openings
the solute can no longer behave as a normal diffusion solute, for the capillary radius is
smaller than the mean free path of the diffusing molecule or ion, and the rate of diffu-
sion is influenced by very frequent collision with the walls. In addition, in such
narrow paths the diffusing molecules or ions need kinetic energy to overcome the po-
tential barriers which keep them bound to a particular site on the capillary wall at each
collision. Thus the apparent activation energy and the mean temperature coefficient
in the diffusion process might be dependent upon the dimension of the individual capil-
laries. In a certain capillary system the effect might be accentuated by increasing the
size of diffusing solute.

In comparing the longitudinal and transverse diffusions, solute has to pass more
frequently through the pit membrane openings during diffusion at a unit distance in
the transverse direction than in the longitudinal direction. Taking this viewpoint, the
experimental results will be discussed.

The results shown in Table 5 indicate that the apparent activation energy and the
mean temperature coefficient in the transverse directions are generally greater than
those in the longitudinal directions in all cases. This is probably due to a difference
in the number of pit membrane openings where the solute passed through. Furthermore,
the difference is, with minor exceptions, remarkable in the diffusion of Na-PCP. Perhaps
the phenomena can be explained by the difference in size between undissociated mole-
cules of KCI and Na-PCP, or ions dissociated from KCI and Na-PCP.

The effect of the size of molecule or ion on the diffusion appears in the result
shown in Table 4. If the electrolytes diffused only through free paths, the diffusion ratio,
Dxe1/Dya—rep, Would not vary depending on the diffusion directions. However, experi-
mental fact shows that the values of the diffusion ratio in the transverse directions arec
larger than those in the longitudinal direction. As mentioned above, in the transverse
diffusion the molecules or ions have to pass through very many narrow paths compared
with those in the longitudinal diffusion. Therefore, the influence of the hindrance on
the diffusion rate appears more strongly in Na-PCP than in KCI because of a difference
in their ion sizes. This leads to large Dkoi/Dyg,_pcp Tatios in the transverse directions.

The interaction between the wall of the capillaries in wood and the diffusing mole-

cules or ions, however, should be resolved by further study, since the more likely expla-
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nations actually may not apply.

E B OW®HRD ity kAR oREEEICK
ETHEE oY 2 BmoBRE (Na-PCP, KCI) % B
v, 25~70°C iR E#&EICHLY, 2 X B0
FH O 3RS oW THRENL .

MBI v 2B IR ONER K BT 5
ETOBRYRTRABY otht2<{HAETHY,
WRCILE 4om, E X lem (GRECH M EHES ™)
Lot 0.15cm (BRECH 102V E RS X OO ER) D
AR DR A & hal L 7.

BORERRAEHNTL2LROEYTHD.

(1) BEM—EMABHBRY 79 v LSS, EER
B b 1 5 MEMOEBNL2.0% L T Tdh » 1 (Fig. 2).

(2) log D-1/T % 7w » P L&, v/ xH
o R-Fc kit 2 Na-PCP o JK#cy B TR B
W HIARBA 2B B h e (Fig. 3, Fig.4).

B) v xprTiz T- 4@ s R o ksfREnc
ERRTL L RN oM, FFHoEEC T-F
HOEEEE Y R-FAOThof# 25 Th o7, %
to, Wk o L-pmoikioEg: T-5 X200 R-Fmo
Fho5~36fFTH -7 (Table 3),

(1) KCl ok Na-PCP o zh X b {2
kX<, et T- sk R-Fmolk
Bz s W CHE TH ok (Table 4),

(5) B D RANT O L= A1 ¥ -8 I OFHO
BERECOWTARD L, —fic Na-PCP iz KCl X
pd, ¥ T-kkot Reymorhir L-bmk b i

K<, Lo e 2 XHICTHETDH
- 1= (Table 5),

(6) Akt ek D IR O PRECR BV IRBOE B IS TR E T
HEYEETOEETRLEIORCKE SRS, ¥, K
o BT oEEAx 0 ¥ - 2PHOREREIRE
2 DFREE, LARSTFRA + ¥ 0 HBRKERERD
SEER, d X OV BRI BRECREEE T 5 B kiR
DU TOEEECRT D o LA,
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