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Codeposition of W Oxide with Zn-N1 Alloy Electrodeposited

from Sulfate Bath

RFe B AR ER RIS ek
MASHT — FA XL fhHEE
TUMNPEZERY: TR /IR

RFe A AR ER Bd%  InAZRE

1. Introduction

Zn coating by electrodeposition from an aqueous solution has good corrosion resistance, uniform film thickness, and enable to
plate at low temperature. Therefore, Zn coating has been utilized in the production of steel sheets. In order to improve the corrosion
resistance by Zn coating, Zn alloys electrodeposited with Al, Ni, Co and Mo have been researched and developed”.
Especially, the electrodeposited Zn-Ni alloy is used as automotive body panels to bring the excellent corrosion resistance.
On the other hand, W can not electrodeposit as a metal from a sole aqueous solution, but codeposit as a alloy with iron—group metals
(Fe, Ni, Co). Codeposition of W improves corrosion resistance because of formation of passive films on the surface and change from
crystal to amorphous films. In addition, tungstate has been researched as a chemical conversion coating material for an alternative
chromate coating?®.
For the purpose of improving the corrosion resistance of Zn-Ni alloy electrodepositon, we tried codeposition of W with Zn-Ni alloy
electrodeposited from sulfate bath. In this paper, we will report about the behavior of Zn-Ni-W electrodeposition and the analysis
results of the deposit.
2. Experimental

ZnS0, + TH,O (0.43 mol/L), NiSO, * 6H,0(0.10 mol/L), and Na, WO, * 2H,0O (0.02 mol/L) were used as the reagent for the
preparation of an aqueous electrolytic solution. (NH,);C¢HsO; (0.11 mol/L) was used as the complexing agent. The pH of the
electrolyte solution was adjusted to 4.00 with NaOH or H,SO,. Low carbon steel sheets with an exposed surface area of lem?® were
used as the cathode. Ti mesh deposited with Pt was used as the anode. The electrodeopsition was performed at 40°C with quiescent
bath under galvanostatic conditions (current density : 0.1-100 A/dm’, amount of charge : 600 C/dm?). The content of the deposit
was measured by inductively coupled plasma atomic emission spectrometer (ICP). Mapping analysis of cross section of the deposit
was performed using electron probe micro analyzer (EPMA). The surface of the deposit was analyzed by X-ray photoelectron

spectroscopy (XPS).

( [The 7th Asian Conference on Electrochemistryl, p. 212-213, 2010.5)
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X0 ITO R BICEA157-, R 2 ME~K.Li % F—77 354,
TRA KRR IZ K(NO3), Li(NO3)% Zn 125t LT 1/5,1/10 D<E /LI
TRA L, £/, BEIC Cu 7% vy 7= (CuPc) A 4
— 7 L— N BEAELFEERZ, CuPec % Zn (2% LT 1/500, 1/100
DENTREG LTz, BoizER Zn0 LA XRD, SEM,
TEM, CV, #E G EFHT K O FHE L7z,
3. fERB L OWET

Fig. 1 XA L2k ZnO L&D XRD /¥ —2Th D,
XRD REZ—rERL L YTl EREEE R D

00n) 77 v 7 RENRA BTz, £72, XRD OFEEMSLHEHL
TEREIEY 7 E b 32 Ak — L7z, Fig.2 I¥Li% F—7
L7= IR ZnO (LEH D 0.1 M K80, I TO CV JIEFRERTH
%o KERT 2T AW LTDREE T, B&K 1.6 mA/em® LI 0D YERE
WABIER SN, ZOEIE, F—=F L TRWER Zno L&Dl
LV HREVEL RS T,

LB XY RBFFECITEMA I L 0 /ER LIk Zn0 (LAY
ICBWTK,\Lix =7 &85 Z L THREBIMEOEMAN RSz,

( 12010 FEES

S,
=
2 d=32 A (©)
2
£
d=32 A (b)
d=32 A (a)
0 10 20 30 40 50 60
Degree [2 6]
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Preparation and Photoluminescence Properties of Inorganic-Organic

Hybrid Nanosheets by surface modifying method
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INTRODUCTION

Nanosheets is a very interesting material because it is said that it was almost composed only of the surface. So, their thickness is in
the molecular range. Thus, It might show the singular phenomenon very much, and an interesting report is done in various areas
though nanosheets is very sensitive. Therefore, it can be expected to show a very interesting character nanosheets if quite different
materials can be united.

In the present study, it reports that the material of an inorganic/organic hybrid type was able to be made by an easily surface
modifying method and an interesting characteristic was able to be confirmed from the viewpoint of photoluminescence.
EXPERIMENTAL

Starting materials Gd, sEuo¢Tiz0;-nanosheets were prepared as described Ida et al” . We approached modified nanosheets through
two methods. One was “Protein-modifying method” and the other, “Functional group-modifying method”. Both of them could be
easily-administered very much. Photoluminescence of these modified nanosheets was determined by using a
Spectrofluorophotometer FP-6500 (JASCO, Japan) with a 150-W Xe Lamp at room temperature. Another characterization was
analyzed by XRD, XPS, SEM, AFM, and ICP measurements.

RESULTS AND DISCUSSION

1: Protein-modifying method

This method could be easily-administered and could modified nanosheets a wide variety of protein. The condition of product
materials was turned into by type of protein and pH value of solution. In addition, these protein-modified nanosheets was indicative
of interesting reaction by interaction between DNA and excitation spectra shifted.
2: Functional group-modifying method

This method could build multiple functional groups into nanosheets, not intercalation but covalent attachment. We found that

photoluminescence intensity of nanosheets were affected by means of introduced into multiple functional groups and density.

REFERENCE

1) S. Ida, et al., “J. Am. Chem. Soc.” 2008, 130, 7052-7059.

[The 2010 International Chemical Congress of Pacific Basin Societies

(Pacifichem 2010) (2010 BRACTHFER L F45). No. 1208, 2010.12]



Photoelectrochemistry of Graphene Oxide Nanosheet
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Abstract

We report the photoelectrochemical properties of graphene oxide (GO) and reduced GO nanosheets. The photoelectrochemical
measurements show GO probably has a nature of n-type semiconductor by conducting electrochemical reduction. The bandgap
energy was estimated to be about 2.6 ¢V by means of action spectral and UV-vis measurement.
Introduction
Graphene has high electrical and thermal conductivity. These outstanding properties have strongly attracted their potential
applications for ultracapacitors, solar cells, and liquid crystals etc. Graphene oxide (GO), oxidized graphene, is also attractive
functional material, due to the high catalytic and electrocatalytic activities as well as high specific surface area. It may have a
possibility to be used as a photoelectrode material in solar cells and/or photocatalysts. Nevertheless, their fundamental
photoelectrochemical properties have not been reported yet. In this study, for the first time, we have challenged to reveal
photoelectrochemical properties involving bandgap, flatband potential, and the band energy positions of GO and electrochemically
reduced one.
Experimental

Graphene oxide (GO) was obtained by the modified Hummers method'. 60 mg of GO was added to 50 mL of distilled water. The
mixture was sonicated followed by ultracentrifuging for removing aggregated GO nanosheet. The electrode to measure the
photoelectrochemical properties of GO nanosheet was prepared by dropping the solution on ITO glass substrate (DGO) and
electrophoretic deposition technique (EGO), and then followed by drying in vacuum. In the case of EGO, the bias voltage was 5 V
under the electrode distance of 1 ¢cm in the solution 3 cycles as for 10 minutes, and the deposition occurred at the anode ITO. The
photoelectrochemical properties were measured using three electrode systems consisting of working (GO/ITO), counter (Pt), and
reference (Ag/AgCl) electrodes. 0.1 M K,SO, solution was used as electrolyte in a quartz cell. A high pressure 500 W Hg lamp was
used as the light source. The action spectral measurement and surface analysis of the GO nanosheet was made by monochromater
and X-ray photoelectron spectroscopy, respectively.
Results and Discussion

Figure 1A shows cyclic voltammogram (CV) of GO and reduced GO nanosheet electrodes under chopped light illumination. The
anodic photocurrent was generally larger than cathodic one. An anodic photocurrent was observed hardly in initial cycle from 0 to
0.8 V for DGO (a), while large anodic photocurrent was obtained during potential sweep from -0.8 V to 0.8 V after the initial sweep
(b). The anodic photocurrent was observed more clearly in 2nd and 3rd cycles (¢). EGO gives larger photocurrent even under initial
sweep than DGO (d), likely due to the partial reduction of GO in electrophoretic deposition process. The reaction is redox reaction
depended on functional groups existing GO surface. It is revealed by XPS measurements. The results show oxidation degree of GO
observed photocurrent (samples are (b), (c) and (d)) is lower than that GO of photocurrent hardly observed (sample is (a)). These
anodic photocurrents are based on the GO nanosheet, as ITO substrate shows no remarkable anodic photocurrent under the given
experiment condition. Figure 1B shows action spectrum measured at 0.8 V. The onset is about 450~500 nm, indicating that the
bandgap energy correspond to ca. 2.6 ¢V. The same value was also observed in the UV-vis absorption spectrum as shown in Figure
1C. From above the photoelectrochemical results, we concluded GO probably has a nature of n-type semiconductor by conducting
electrochemical reduction and the bandgap energy is about 2.6 eV.
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Figure 1 (A) CV curves are (a) initial cycle of DGO, (b) cycle after sweep from 0 to -0.8 V for DGO, (c) 3rd cycle of DGO, (d)
initial cycle of EGO. (B) Action spectrum is DGO (blue) and EGO (red) at 0.8 V. (C) UV-vis absorption spectrum is DGO (blue)
and EGO (red).

( [Tapan-Taiwan 4 Universities Joint Symposium in Material Science for Next Generation Energy and Nano Science
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Chromatographic separation of DNA from protein solution by

cellulose beads grafted with cationic polymer chains through ATRP
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As a novel DNA adsorbent, micro-porous
cellulose beads grafted with

H H
poly(dimethylaminopropylacrylamide) Q‘OMN/\_N —Br
(polyDAPA) have been prepared by surface ' ! S VANS
S . o OHH H O H N N
initiated atom transfer radical polymerization | N
(SI-ATRP).  In this paper, we report the O H

synthesis of the DNA adsorbent by SI-ATRP, and PolyDAPA-grafted cellulose beads

then provide a method for the chromatographic

separation of DNA from a protein solution using the beads-packed columns.

To synthesize the DNA adsorbent, at first, ethylenediamine was grafted onto chloromethyloxirane-activated
cellulose beads. Then 2-bromo-2methylpropionyl bromide (BMPB) was introduced into the aminated beads as
initiating sites for SI-ATRP." Cu(I)Br/phenanthrolin catalyst-ligand system was used for DAPA polymerization
in H,O at 100°C. The content of initiating sites and the degree of polymerization (amino-exchange capacity;
AEC) were adjusted by changing BMPB content of beads and polymerization time, respectively. The resulting
various cationic beads, which had diameters of 44 - 105 wm and matrix’s pore-sizes of 1x10°-2x10’ as molecular
mass exclusions (M;;,,), were used as adsorbents. We tried to separate DNA and bovine serum albumin (BSA)
using cationic polymer beads packed column by chromatographic separation. DNA concentration in a sample
solution was determined by fluorometric analysis using a Spectrofluorophotometer FP-6500 (JASCO, Japan)
with a fluorescent dye 4'.6-diamidino-2-phenylindole dihydrochloride hydrate. Protein concentration was
measured using the bicinchoninic acid protein assay at 562 nm.

Chromatographic separation of BSA and DNA (salmon spermary, Mw: 3x10°) was investigated using
various polyDAPA-grafted cellulose beads packed columns (polyDAPA-cell) (Tablel). It was proved that each
bead selectively adsorbed DNA from the BSA/DNA solution. The polyDAPA-cell-3, which has the largest
content of initiating sites (BMPB: 0.36 m-mol/g) and the largest DAPA-polymerization degree (AEC: 14.9
m-mol/g) showed the highest DNA-selectivity at pH 7.0 and ionic strength (u) 0.2: DNA recovery was <0.1 %
(<10 ng/mL) and BSA recovery was 94%. When each DNA-saturated column was then treated with the salt
gradient concentration, the purified DNA was eluted successfully (DNA recovery: 13-36%). The
polyDAPA-cell-1, which has the smallest content of initiating sites (BMPB: 0.21 m-mol/g) and the smallest

DAPA-polymerization degree (AEC: Table 1. Chromatographic separation of BSA and DNA

0.7 m-mol/g) showed the highest Content BSA elution buffer ~ DNA elution buffer
DNA-recovery under a salt gradient of BMPB  AEC Tonic strength u=0.2 0.2-2.0M NaCl aq.
condition (0.2-2.0 M). The results Cationic beads Recovery Recovery — Recovery Recovery

(m-mol/g) (m-mol/g) Of DNA of BSA'  of DNA of BSA

1n(1111c1ate tlilatd poll}llDAPA—graftEd % % % %
cetiose beads - ATOWS - SPECHC ponpapAcellt 021 07 <01 90 | 36 | 7
separation of DNA from proteins.

We assume that the remaining DNA, polyDAPA-cell-20.26 1.9 2 L 15 20
which was not eluted, was strongly polyDAPA-cell-3 0.36 14.9 <0.1 94 I 13 1.6
adsorbed onto the their polyDAPA ¢y 11 of BSA solution supplemented with DNA (BSA:1 mg /mL, DNA: 10 ug/mL.,
chain by hydrophobic binding and  pH 7.0, u=0.2) was passed through a 3.2 mL-column at 0.2 mL/min. The DNA-saturated

) column was washed with 60 mL buffer (pH 7.0, u = 0.2), and then treated with 60 mL of
multlp oint attachments. 0.2-2.0 M-NaCl solution (gradient condtion).

1)G. Morandi, L. Heath, and W. Thielemans,, Langmiur. 25, 8280 (2009).

( Abstract of 10"International Conference on Fundamentals of Adsorption, p. 397, 2010.5)



Novel endotoxin assay by adsorption method with polycation-
immobilized cellulose beads and limulus amoebocyte Lysate
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We developed a new endotoxin (lipopolysaccharide; LPS) assay using poly(e-lysine)-immobilized cellulose
beads (PL-Cellufine)” and Limulus amoebocyte lysate (LAL) reagent. In this study, we describe the optimal
conditions of LPS adsorption on the beads and the LAL reaction of the LPS adsorbed on the beads. We also
compare this adsorption method with a standard solution method for LPS assay.

First, LPS (Escherichia coli UKT-B, Wako) was selectively
adsorbed on the beads in a solution containing various
LAL-inhibiting or LAL-enhancing compounds (NaCl, amino acids,
EtOH, proteins) and the LPS adsorbed on the beads was separated
from the compounds by centrifugation. Second, the LPS adsorbed on
the beads directly reacted with the LAL reagent (Limulus II single
test Wako), and LPS concentration was determined by turbidimetric
time assay using Toxinometer ET-2000 (Wako).

The relationship between LPS concentration and LAL gelation
time was investigated by adsorption method using PL-Cellufine. As a
shown in Fig.l1, each calibration (n = 5) curve obtained between
0.0056 and 5.6 EU/mL was well correlated. Table 1 shows a
comparison of the adsorption method with the standard method. In
the adsorption method, the LPS concentration in a sample solution
showed more approximate values (apparent LPS recovery 88-120%)
to the original LPS concentration. By contrast, the apparent LPS
recovery by a common standard method was unsatisfactory (the
recovery 55-60%). This adsorption method could be used widely as a
means of assaying LPS in solutions containing LAL-inhibiting or
enhancing substances.

1) M. Todokoro, M. Sakata, et al., J. Lig. Chrom. & Rel. Technol,. 25, 601
(2002).
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Fig. 1. Standard curve of LPS by the
adsorption method using PL-Cellufine
described in the text. Purified LPS (E. coli
UKT-B) was added to LPS-free water. The
LPS solution (0.0056-5.6 EU/ml) was used
as a sample. Gelation times for LPS
adsorbed on PL-Cellufine are shown as the
total data of five measurements.

Table 1 Recovery of LPS from the compounds by the adsorption method and the standard method

Apparent recovery of

Sample LPS by LAL test

Compound Concentration  Adsorption  Standard

of LPS added method method
Name Condition * EU/mL % %
NaCl 0.2 M in H,O (u=0.2) 0.5 100 55
NaCl 0.4 M in H,0 (u=0.4) 0.5 105 40
Methionine 5 wt% in H,0 0.5 105 60
Phenylalanine 5 w9 in 0.02 M-PBS (pH 7, u=0.05)" 1 120 44

Vitamin K 1 mg/mL of 95 vol% EtOH agq. 02 88 No gelation

To LPS-free solutions containing various compounds, 0.2-1.0 EU/mL of E. coliUKT-B was added.
LPS concentration in the sample was assayed by the adsorption or standard method. Apparent recovery
of LPS was estimated from the standard curve (LPS in water).

( Abstract of 10"International Conference on Fundamentals of Adsorption, p. 275, 2010.5)



Selective removal of endotoxin from a DNA solution

by cross-linked cyclodextrin beads
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The removal of lipopolysaccharide (LPS) from a contaminated DNA solution was achieved using cross-linked

cyclodextrin (CyD polymer) beads as LPS adsorbents. The LPS-removing activity of the - and y-CyD polymer

beads was compared with that of common cationic LPS adsorbents. The y-CyD polymer beads selectively

removed LPS from a DNA solution (50 mg ml", pH 6, ionic strength w = 0.2) containing natural LPS (15 EU

ml™), without the adsorption of DNA. The adsorptions of LPS and DNA were 85% and <1%, respectively.

Table 1 Characteristics of polymer adsorbents

Pore size of

Name of beads Ligand Matrix * ! AECY/ SDY/
matrix/

Miim” meq g'1 wet-mL dry—g'1
B-CyD polymer B-CyD B-CyD/CMO=40/60° 1x 10 <0.1 5.5
v-CyD polymer y-CyD v-CyD/CMO=40/60 1x 10 <0.1 5.2
DEAE-Sepharose® ~ Dicthylamino- o ose CL-6B 3% 10* 0.1 21.5

ethanol

PL-Cellufine’ Poly(e-lysine) Cellufine-CPC"® 4% 10° 0.4 11.2

a. Spherical beads, diameter: 44-105 wm.

b. Value (molecular-mass exclusion) deduced from the molecular weight of the polysaccharide by size-exclusion

chromatography.

c. Anion-exchange capacity was quantified by pH titration and elemental analysis.

d. Swelling degree in water.
e. CMO ratio of 60 unit-mol% in the CyD/CMO suspension.
f. ETclean-L® (Chisso, Japan, comercial LPS adsorbent)

(Analytical Sciences, Vol. 27, pp.213-216, 2011.2)
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