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Decidability of Schrodinger’s cat states

Takasi ENDO

Abstract: Schrodinger’s cat paradox has been the hardest problem in quantum theory. A model of
measurement and decision of quantum states is introduced and review the paradox. When we can decide
that the states are definite (i.e. not superposed), it is impossible to decide that a state is superposed of the

definite states.
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Precious metal ions adsorption on unmodified chitin gels
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Katsutoshi Inoue

Abstract: Nontoxic and resourceful polysaccharide polymers were used to investigate for precious
metal adsorptive recovery. Both of chitins exhibited the adsorption ability for Pt (IV) and Pd (1)
compared with other polysaccharide polymers. The adsorption equilibrium was reached within 2 h.
The maximum loading capacities for Pt (11) and Pt (1) adsorption were 0.0865 mol kg and 0.058

mol kg? respectively.

Key words: Selectivity, Biomass adsorbents, Precious metal ions, Polysaccharide polymers

1. Introduction

Precious metals consisting of six platinum
group metals, together with gold and silver
have various applications in widespread fields,
such as catalyst, jewelry, currency etc.
However, since the shortage of resource
problem has happened gradually, the precious
metals has become the urgent demand.

Among hydrometallurgical technology,
main useful techniques are solvent extraction
and adsorption, which employ two different
phase states with reactive interfaces. For
extraction of precious metals, some organic
extractants exhibit remarkable ability of

recovery and  selectivity.(¥  However,
extraction requires to use toxic extractants and
flammable diluents which may bring
environmental pollution. On the contrary,
adsorption uses polymer particles,® resins®
and Fe3O4 nanoparticles®, which are less toxic
and safer. Compared with extractants and
biomass-adsorbents

synthetic  adsorbents,

satisfied the demand for economic and

Received May 31, 2018
Department of Chemistry and Applied Chemistry
©Faculty of Science and Engineering, Saga

University

environmental - friendly property on metal
recovery. Base on the abundant of resources,
there are kinds of adsorbents for precious metal
adsorption, such as protein-rich biomass-
adsorbents(,  persimmon  waste,® leaf
biomass. ©

Polysaccharides is a distinct class of
biopolymers, universally produced in living
organisms. 19 All of them have similar
structure unit and different functional groups
which attribute to the different properties, as
shown in Scheme 1. They independently
contain amount of hydroxyl, amido and amino
groups, and diverse materials can contribute to
adsorption with different mechanism, as ion-
exchange and chelation @9 for precious metal
adsorption.

In the present work, the ability of precious
metal adsorption on polysaccharides polymers
was investigated. Two types of chitins (EX, s)
were investigated for platinum (IV) and
palladium (I1), together with polysaccharides
polymers. Some papers reported the possibility
of metal adsorption on chitosan, 2 however
chitosan itself has aqueous solubility in acidic
media which would affect the adsorption. 3
For pH and time dependencies, platinum (V)



and  palladium  (II)
continuously studied.
2. Experimental

adsorption  were

2-1 Reagents

Gold (1), platinum (1V) and palladium (I1)
chloride solutions were prepared by the
hydrogen tetrachloroaurate (I11) tetrahydrate
(HAuCI4-4H,0), hydrogen hexachloro
platinate (IV)) hexahydrate (H2Pts-6H,0)
and palladium (I1) chloride (PdCl.) powder
respectively, purchased from Wako Pure
Chemical Industries, Ltd, Japan. Cellulose was
purchased from Merck KGaA, Germany.
Chitin-S produced from shrimp shells was
purchased from SIGMA, USA. Chitin-Ex was
from Funakoshi Co., Ltd, Japan. Chitosan was
from YAEGAKI Bio-industry Co. Ltd. These
polysaccharides were used as they were
without further purification. The crystallinity
degree and deacetylation degree of both chitin
materials may be different. However, such
information was not mentioned for both
commercially available materials.

HO HO

OH O ( OH

n

R: NH:2 (chitosan) OH (cellulose) NHCOCH?3 (chitin)
Scheme 1. Structures of polysaccharide polymers

employed in the present work

2-2 Preparation of the test solutions

Aqueous solutions were prepared by
dissolving each metal salt in 0.1 M (mol dm)
HCI, and 0.1 M HEPES (2- (4-(2-hydroxyethyl)
piperazin-1-yl) ethanesulfonic acid) buffer
solution contained 0.10M NaCl to maintain the
same chloride concentration for each sample.
All the solutions contained 0.10 mM metal
chloride. For the adsorption isotherms tests,

Keisuke OHTO - Dan Yu - Hidetaka KAWAKITA - Shintaro MORISADA - Katsutoshi INOUE

solution was adjusted by the mixture of 0.10-
10.0 mM metal chloride solutions in the 0.10 M
HCI media.

2-3 Adsorption tests

Twenty mg of sample powder was added
to 2.0 cm™ metal solution. The mixture was
shaken at 30.0 “C for 24 h. After filtration, the
metal concentration in the filtrated aqueous
phase was measured by inductively coupled
plasma atomic emission spectroscopy (ICP-
AES, Shimadzu ICPS-8100).

3. Results and discussion

3-1 Precious metal adsorption on various
polysaccharides

The adsorption of Au (lI11), Pt (IV) and Pd
(I1) was separately investigated using each
polysaccharide at same HCI media (0.10 M) for
24 h, shown in Fig. 1. The percentage
adsorption (%) was calculated by equation (1)

Ci - Ce
% Adsorption= C— x 100 (1)

where Ci and Ce represent the initial and
equilibrium concentrations of metal ions.

8o
60
40
. g
20 - A D
0 Au*

Cellulose

% Adsorption

Chitin-S  Chitin-EX Chitosan”

* : Dissolved into the acidic solution

Fig. 1 % adsorption of Au(lll), Pt(IV) and Pt(IV) on
polysaccharides tested in. 0.10 M HCI, at 30.0 °C

Compared with other polysaccharides, chitosan
has no adsorption ability of precious metal ions,
which is attributed to its high aqueous
solubility in low acidic media. Both of chitins
and cellulose are much less soluble in acidic
solution. However, both types of chitins
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exhibited relatively high adsorption ability to
Pt (IV) and Pd (I1). They were produced from
the shells of crustacea such as prawn and crabs
with highly crystalline nature. The formation of
complexes between carbonyl groups of chitins
and Pd (Il) may attribute to the superior
adsorption percentage. The hydrogen bond
between chlorine from anionic chloro-complex
of Pt (IV) and nitrogen-hydrogen of chitin may
attribute to high adsorption.

3-2 Effect of shaking time on Pt (V1) and Pd
(1) adsorption

The effect of shaking time on Pt (IV) and
Pd (1) adsorption in 0.10 M HCI media, is
shown in Fig. 2.

100 T
Pd (1)
= 80 1
=] ———— g —— g
£ 60{g0—0— o — "0
o)
% 40
<
= 20 —& Chitin-EX
=@~ Chitin-S
0 L i i i
0 10 20 30 40 50

Shaking time / h

Fig. 2a Effect of shaking time on adsorption of Pd (1)
in 0.10 M HCI media, at 30.0 C

100 T T T T
Pt (IV)
80 -
=
.2
=, 60} 4
—_
2
= 40F <
<<
o
= 20} —- Chitin-EX
—&— Chitin-S
0 -

10 20 30 40 50

Shaking time / h

Fig. 2b Effect of shaking time on adsorption of Pt (1V)
in 0.10 M HCl at 30.0 C.

The equilibrium for Pd (II) adsorption was
attained within 2 h, whereas, the adsorption of
Pt (1V) reached equilibrium after around 36 h.

The main reason is the different hydration
shells between Pd (I) and Pt (IV). The chitin-
EX exhibited slightly higher adsorption for Pd
(1) than chitin-S, which may be attributed to
particle size (number of adsorption sites) and
crystallinity.

3-3 Effect of pH on Pt (VI) and Pd (lI)
adsorption

The effect of pH on Pd (Il) adsorption is
shown in Fig. 3a. The value between initial pH
equilibrium pH was similar. At the constant of
chloride ion concentration, adsorption
percentage increased with increase of pH.
Different pH region attributed the variety of
choro-complexes species. Pd (II) mainly
existed as the PdCl4% anion at strong acidic
condition. As the proton decreased, amount of
Pd (Il) was transferred into cation species
gradually such as [PdCI(H.053)]*, Pd(OH)*and
Pd?* 14, The carboxyl groups on chitin site
would form complexes with Pd?*.

100 [ T T T T ]
Pd (II)
80} E
=
g
E 60} 4
—
2
Z o} 1
<§ —B- Chitin-EX
o~ 20f -@— Chitin-S 1
0 1 1 1 1
1 2 3 4 5 6

Equilibrium pH

Fig. 3a Effect of pH on Pd adsorption at 30.0 °G 24 h
100

Pt (V)

80 F

60t

40 F

% Adsorption

20k —B- Chitin-EX
-@— Chitin-S

1 2 3 4 5 6
Equilibrium pH

Fig. 3b Effect of pH on adsorption of Pt (1V) at30.0 °C,
24h
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The effect of pH on Pt (IV) adsorption is
shown in Fig. 3b. Pt (IV) adsorption percentage
is lower than that of Pd (1) adsorption. Most of
the Pt (IV) exist as anionic chloro-complex
(PtClg%) in 0.10 M HClI solution. @9

The reactional atom may be different.
Chlorine atom from complex choroanions of Pt
(IV) formed hydrogen bond with amido proton
from chitin which led to Pt (IV) adsorption.
Therefore, pH seemed to show weak effect on
adsorption percentage.

3-4 Adsorption isotherm of Pt (IV) and Pd (1)
The adsorption isotherm of Pd (1) and Pt

(IV) on Chitin-EX and Chitin-S is shown in Fig.

4, respectively. The figures were analyzed by
the Langmuir isotherm, which equations are
represented in the equations (2) and (3):

g = YEG—C) @),
m

Cc _1_ 1_

4. = q’b + q 3),

where ge is the amount of metal ion adsorbed
(mol kgt), Ce is concentration of equilibrium
(mol dm3), ¥ is the volume of Pt (IV) and Pd
(11) solution (dm) and m is the weight of the
adsorbents (kg).

q® is maximum adsorption capacity on
each chitin (mol kg?) and b (dm™ kg?) is the
adsorption equilibrium constant that relates to
the adsorption energy. The value of g’ and b
was calculated from the slope and intercept of
plot Ce/ge vs. Ce, so the reciprocal of slope
stands for ¢°.

In 0.10 M HCI media, Chitin-EX has
better adsorption percentage on Pt (IV) than
Chitin-S (shown at Fig. 3b). Hence loading
capacity of Pt (IV) was investigated using
chitin-EX. After calculation, the ° value which
illustrated the maximum of loading Pt (1V) was
estimated to be 0.0865 mol kg

Between two chitins, they have similar

adsorption percentage on Pd (I1) at 0.10 M HCI
media (shown in Fig. 3a). Hence only studied
the loading capacity of Pt (IV) adsorption on
chitin-S. The maximum of loading Pd (II) is
0.058 mol kg

0.15

o

£ o1
2

= 0.09
k=)

~ 0,06

o [

0.03

Pt (IV)
]
0.003 0,006 0000 0.012
C,/mol dm?

Fig.4a Adsorption isotherm of Pt (IV) on Chitin-EX,
0.10 M HCI media, 30.0 °C,24 h

0.18

e 0.15 :

5 T}

fdﬁ 0. IZE— 3

. 0.09 1

G 006 1

(},[}3; Pd ("}
0002 0004 0006 0008 0.0l
C,/ mol dm

Fig.4b Adsorption isotherm of Pd (I1) on Chitin-S,
0.10 M HCI media, 30.0 °C,24 h

Although the loading capacity is
remarkable, chitins as the raw and green
material, still has potential for the industrial use.

4. Conclusions

At this study, polysaccharide polymers
were investigated on precious metal adsorption
ion. At 0.10 M HCI media, two chitins
exhibited the superior ability of precious metal
adsorption. The time of reaching equilibrium
on Pd (I1) is shorter than that of Pt (IV). Caused
by the different hydration shell. Furthermore,
the adsorption percentage increased as the
increase of pH value on Pd (II) adsorption.
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Otherwise, Pt (IV) adsorption wasn’t changed
clearly by the change of pH. Chitin as the
cheaper, nontoxic and resourceful material has
significance of precious recovery, although the
capacity is not high.
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Ground source heat pump (GSHP) systems are widely
used in residential and commercial building for space
heating and cooling as an alternative of conventional air
source heat pump (ASHP) systems. GSHP systems
provide a higher efficiency than conventional ASHP
systems and environmentally friendliness. In GSHP
systems, thermal energy transfer between the ground soil
and circulating fluid occurs in an underground loop
called a ground heat exchanger (GHE), which is laid in
horizontal shallow trench or buried in vertical borehole.
Though the GSHP systems are energy efficient than
ASHP systems; however, initial installation costs are

higher due to the additional cost associated with the GHE.

The installation cost of GHE can be reduced by
intelligently designing of GHE with proper selecting
materials and size. Therefore, aiming to understand the
physical phenomena occurs between the GHE and
ground soil around GHE, studies are necessary.

In present study, the performance analyses of slinky
horizontal GHEs have been studied via both
experimental measurements and numerical simulation. In
addition, optimization of vertical double tube GHE has
been carried out by numerical simulation. In experiment,
two slinky horizontal GHEs such as reclined (loops are
placed parallel to ground surface) and standing (loops are
placed perpendicular to ground surface) were installed in
Saga University, Japan. All numerical simulations were
carried out by using a commercial computational fluid
dynamics (CFD) software package ANSYS FLUENT.

The thermal performances of reclined and standing
slinky horizontal GHEs were experimentally investigated
in different heating modes of continuous and intermittent
operations. A copper tube of which outer surface is
protected with a thin coating of low density polyethylene
(LDPE) was selected as tube material of GHE. The
thermal behavior of undisturbed ground and ambient
temperature were also measured. To suggest the
customary sizing of slinky GHEs for different ground
soil temperatures and operating conditions, the overall

heat transfer coefficient UA-values were also evaluated.
Within the 4-days average heat exchange rate, the
standing GHE shows 16.0% higher heat exchange rate
than the reclined GHE at a flow rate of 1 L/min. For the
mass flow rate 2 L/min, the average heat exchange rate
of the standing GHE is 19.1% higher than the reclined
GHE. With respect to excavation work, standing slinky
GHE is more cost effective than reclined slinky GHE.
The trench ground temperature degradation due to heat
extraction was stronger in leading loops than trailing
loops. This happened because of higher heat load in the
leading loops. Hence, the slinky horizontal GHEs can be
installed with a gradually sinking loop pitch from the
starting loop to the end loop. This will potentially reduce
the installation land area or may improve the thermal
performance. Furthermore, the effects of different
ground temperatures on GHE performance were
discussed. For mass flow rate of 1 L/min with inlet water
temperature 7 °C, the 4-days average heat extraction
rates increased 45.3% and 127.3%, respectively, when
the initial average ground temperatures at 1.5 m depth
around reclined horizontal GHE increased from 10.4 °C
to 11.7 °C and 10.4 °C to 13.7 °C. In the case of
intermittent operation, which boosted the thermal
performance, a short time interval of intermittent
operation is better than a long time interval of
intermittent operation. Furthermore, from the viewpoint
of power consumption by the circulating pump, the
intermittent operation is more efficient than continuous
operation.

Aiming to improve the thermal performance of slinky
horizontal GHESs, the uniform distribution of loops were
modified by a geometric sequence such that gradually
decreasing the loop pitch interval from starting loop to
end loop. The performances were investigated
numerically in cooling mode. The slinky horizontal GHE
loops were distributed by a geometric sequence such that
after obtaining the first loop pitch, the preceding next
loop pitch is obtained by multiplying the first loop pitch
by a constant called the common ratio (pitch reduction
factor). A comprehensive experimental investigation was
carried out to validate the present numerical model. In
numerical study with modified arrangements of loop
pitch, slinky loop diameter, number of loop and trench
length was fixed as 1 m, 7 and 7 m respectively. The
comparative temperature distribution around GHE also
being discussed to illustrate the heat exchange
improvement mechanisms. The operating water flow rate
was 4 L/min and entering water temperature was 27 °C.
The computational results indicate that, the modified
arrangement of slinky GHE loop is a promising for the
performance improvement. Under the present operating
conditions and geometric parameters considered, the
modified arrangement of slinky GHE loops offers
maximum 22.2% higher heat exchange compared to
uniform distribution of loops of slinky GHE within 7 day
continuous operation. In this study the slinky GHE
consists only 7 loops, which is may be suited for load
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demand of small building. For large building or
commercial purpose, the slinky GHE is consisted usually
large number of loops. It that situation, the total number
of loop can be distributed by sequentially decreasing the
loop pitch, or by subdividing the loops in step by step
group of loop pitch reduction factor. These types of
modified loop arrangement of slinky horizontal GHE
minimize the drawback of shallow GHE’s unstable
thermal performance due to ambient effect.

From previous study, it is seen that, the double tube
(coaxial) vertical GHE has higher thermal performance
than U-tube and multi-tube GHEs. Therefore, the double
tube vertical GHE has adopted to optimize the outer
(inlet) tube diameter and inner (outlet) tube diameter in
cooling mode. The purpose of this optimization is to
reduce the outer and inner tube diameter. A series of
two-dimensional axisymmetric numerical simulations
were carried out to test the performances considering
heat exchange rate and pressure drop. Effect of the
different materials on heat transfer and longtime
operation were also discussed. The results indicate that,
heat transfer rate can be enhanced by reducing the outlet
tube diameter for a fixed inlet tube diameter. The double
tube vertical GHEs are more effective in laminar flow
condition considering balance between heat transfer and
pressure drop. The pressure drop is not significantly high
in laminar flow condition; it is possible to reduce the
inlet and outlet diameter of double tube GHEs if double
tube GHEs operates in laminar flow condition. The heat
transfer rate decreased only 17% but diameter of the
outer tube can be reduced from 130 mm to 40 mm with
fixed inner tube diameter of 20 mm. High density
polyethylene is usually used in installation of GHE, the
present study suggests that in double tube GHE, inlet
(outer) tube with high density polyethylene and outlet
(inner) tube with polyvinyl chloride is more effective
than HDPE tubes use both in inlet and outlet. From the
temperature distribution of long time operation, multiple
double tube GHE can be installed at 2.0 m apart.
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Multiport minichannels and microfin tubes are
increasingly being used for the fabrication of compact
and  high  performance heat exchangers in
air-conditioning, refrigeration, automotive, heat pump
systems and some other industrial applications for a wide
variety of applications. The main target of using compact
heat exchanger is to improve the performance of the
system and reduce the charge amount of refrigerant. The
charge reduction is very important in recent
air-conditioning, refrigeration and heat pumping systems
because of the great impact of HCFC and HFC
refrigerants on the direct greenhouse effects. However,
the pressure drop and heat transfer characteristics in
multiport minichannels and small diameter microfin
tubes are questionably to be different from the
conventional tubes of diameter greater than 3.0 mm. The
behavior of the most important parameters such as
pressure drop and heat transfer characteristics in reduced
geometry is not clarified sufficiently yet for the design of
compact and high performance heat exchangers.
Although, several researchers extensively investigated
the pressure drop and heat transfer in multiport
minichannels and small diameter microfin tubes, but the
design engineer still facing problem for accurate
predictive tools for pressure drop and heat transfer
prediction in two-phase flow.

To investigate the effects of different parameters on
the pressure drop and heat transfer, a new experimental
apparatus to obtain explicit pressure drop and local
condensation heat transfer coefficient measurements over
a range of test conditions has been fabricated. Multiple
variables were recorded in order to calculate pressure
drop and local heat transfer coefficient in two-phase
adiabatic and condensing flow within multiport
minichannels and microfin tube, respectively. The effects
of mass flux, saturation temperature, vapor quality and
channel geometry on adiabatic frictional pressure drop
and condensation heat transfer coefficient were

investigated and clarified.

The experimental results discovered that the mass flux,
saturation temperature, vapor quality, and channel
geometry play an important role in increasing or
decreasing an adiabatic frictional pressure drop and
condensation heat transfer coefficient in both multiport
minichannels and microfin tubes. Some models
over-predicted the experimental frictional pressure drop
and condensation heat transfer data, some are
under-predicted and few models captured the trend
correctly within the limits of experimental error. Due to
the variety in operating condition consideration during
the models development and complex characteristics of
two-phase flow, most of the existing models were failed
to capture the experimental data with a high degree of
accuracy.

In addition, a new two-phase frictional pressure drop
correlation is developed for multiport minichannels to
predict the frictional pressure drop correctly.

The correlation has been developed using the
experimental data by considering the effects of inertia,
viscous force, fluid properties, channel geometry and
surface tension. A new condensation heat transfer
correlation was also proposed to improve the accuracy of
the condensation heat transfer coefficients prediction of
two-phase flow in horizontal rectangular multiport
minichannels.

Furthermore, the newly proposed correlations for
frictional pressure drop and condensation heat transfer
coefficients prediction has also been validated with the
available frictional pressure drop and heat transfer data
collected from the open literature. Both frictional
pressure drop and condensation heat transfer coefficient
correlations showed good agreement with the collected
data.
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Pyrene as a typical polycyclic aromatic hydrocarbon
(PAH) possesses unique optoelectronic properties and
features that can be readily modified, which have
allowed them to be extensively explored as fluorophores,
particularly in view of their additional favorable stability
and high fluorescence efficiency. Based on this excellent
extended  carbon-rich sp>-hybridized  scaffolds,
pyrene-based derivatives have been used in organic
electronic devices and organic semiconductors. In this
thesis, we investigated the emission properties of
pyrene-based fluorophores by constructing the different
type molecules, such as such as A—n—A, D—n—D, and
D—7n—A pyrene-based derivatives.

In chapter 1, a set of extended m-conjugated pyrene
derivatives were synthesized. Despite the presence of the
tert-butyl group located at the 7-position of pyrene, X-ray
crystallographic analyses show that the planarity of the
Y-shaped molecules still exhibits strong face-to-face n-n
stacking in the solid state; all the compounds exhibit blue
or green emission with high quantum yields (QYs) in

dichloromethane.

In chapter 2, a brief introduction focus on the

development of pyrene chemistry is presented at the
beginning, including the application as organic materials,
mechanism of luminescence, objects and motivation in
our present work.

In chapter 3, a facile strategy to tune the emission
color of pyrene-based chromophores has been established
by simple functional group modification at the para
position to the diphenylamino on the donor building
block. The results obtained could be explained by the
Hammett method and by density functional theory (DFT)
calculations. This positive correlation can be used to
develop a predictive method for these types of systems.

In chapter 4, a controllable regioselective approach to
achieve dipolar functionalization at the active sites and
K-region of pyrene is demonstrated. Further, by adjusting
the substituents at the 5,9-positions of pyrene, the
pyrene-based dipolar molecules exhibit wide tunable
emission from blue to orange-red, which opens up new
avenues to explore strategy to functionalize pyrene and to
greatly expand the scope for developing highly efficient
pyrene-based photoelectric materials.

In chapter 5, a rational design of pyrene-based
dipolar molecules with two-photon absorption (TPA)
properties is presented, and a series of 1,3-diphenyl-
6,8-diarylethynyl- pyrene compounds with wide-range
color tuning and large TPA cross-sections (up to 2.2 x
10° GM) are reported. These results indicate that they are
promising candidates for several applications in practical
photics and biological imaging applications.

In summary, several kinds of pyrene-based
fluorophores were investigated. Different strategies to
design and synthesize pyrene-based organic materials
with tunable emission properties were established. In this
work, we have presented a novel and significative result,
which can expand the new fundamental concepts,
synthetic ~ strategies, and application in organic

electronics.
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