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Abstract

The peak intensity of the electron spin resonance signal due to silicon-dangling bonds in
a-Si:H has been measured at room temperature as a function of time during 6.5 x 103 days
after the intense pulsed illumination was turned off. The decay curve is fitted by an expo-
nential function with a decay constant of 393 days and reaches a steady-state value smaller
than the value taken before illumination. Such a long-term metastability of light-induced
dangling bonds is interpreted in term of reconstruction of the amorphous network occurring
through hydrogen motion.

Keywords: Amorphous silicon; Defects; ESR; Intense pulsed illumination; Long-term

metastability of light-induced defects

1 Introduction

In a previous paper [1], we reported experimental results of ESR (electron spin resonance) peak
intensity (the peak to peak height of the derivative of the ESR absorption signal) of the silicon-
dangling bonds created by an intense pulsed illumination, measured at room temperature as a
function of time until 3400 days after an intense pulsed illumination was turned off. We extend

this measurement until 6.5 x 103 days after an intense pulsed illumination. The result is reported
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in this paper and is interpreted in terms of photo-structural change in the amorphous network.

2 Experimental details

The a-Si:H samples were prepared at 120°C on substrates of fused silica, using a plasma-
enhanced chemical vapour deposition reactor with a mixture of SiHy (10 volume %) and Hsy (90
volume %) gases. Two films were used for the purpose of this study, in which one of them is called
15y15 and the other called 15y15-1 and 15y15-2, i.e. two samples were used by cutting the film
with two pieces for different pulsed illumination [1].

In our experiments, intense pulsed illumination was performed at 10K, using a YAG optical
parametric oscillator laser system, in which a pulse has a width of 10 ns, a repetition frequency of
11 Hz and a power density of 100 mJ/cm?
500nm) [2]. The a-Si:H films were illuminated for 30 min.

Electron spin resonance (ESR) measurements were carried out at room temperature using a

JES-FA100 spectrometer (JEOL) operating at 9.4 GHz.

, operating at a photon energy of 2.48 eV (wavelength

3 Results and Discussion

First, we summarize the experimental results reported in a previous paper [1] and the interpre-
tation on them, as follows:

(1) After an intense pulsed illumination, the ESR peak intensity (the peak to peak height of the
derivative of the ESR absorption signal measured at room temperature) of the silicon-dangling
bond increased twice as large as before the intense pulsed illumination. This means that silicon-
dangling bonds are created by an intense pulsed illumination on the surface of the sample with
the penetration depth of intense pulsed illumination [3].

(2) After an intense pulsed illumination, the decay of the ESR peak intensity, I(¢), is measured
during 3400 days and the decay is found to follow the following equation,

I =1Ix+ I exp(—t/ty), (1)
Iy = I(OO), (2)

where T4 = 23, I = 104, and ¢; = 393 days. Before illumination (in the dark), we obtain I = 59.
For t = oo, we obtain I = 23. This means that after illumination, the peak intensity tends to
saturate at 23, that is, the pulsed illumination results in a partial annealing of dangling bonds
with 61% of the dangling bond density in the dark, keeping the sample at room temperature after
illumination.

(3) It is known that two types of silicon-dangling bonds, that is, the normal dangling bond and
the hydrogen-related dangling bond, that is, a hydrogen atom is associated with a silicon atom
having a dangling bond [4,5]. According to an analysis of the ESR signal shape [6], we conclude
that the dangling bond created by an intense pulsed illumination is the normal dangling bond.

As shown above, the ESR peak intensity at ¢t = co, I4, becomes lower than that before intense
pulsed illumination. This result can be explained as follows: The intense pulsed illumination cre-

ates free hydrogen atoms, so that they terminate some silicon-dangling bonds. As a result, after
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the intense pulsed illumination, the number of the silicon-dangling bonds decreases from that of
silicon-dangling bonds before intense pulsed illumination (in the dark). We conclude that intense
pulsed illumination gives rise to photo-structural change in the amorphous network of a-Si:H.

In this study, we measure the ESR peak intensity in the same sample of a-Si:H as that used in
our previous paper until £ = 6.5 x 10% days.

Figure 1 shows the decay of ESR peak intensity as a function of time, ¢, after the intense pulsed
illumination is turned off. The first two experimental points obtained for samples 15y15-1 and
15y15-2 in Figure 1 at t = 8 days and 107 days are plotted, with the illumination intensity and the
illuminated area being corrected for comparison with other experimental points for sample 15y15,
because samples 15y15-1 and 15y15-2 were prepared under the same condition as that for sample
15y15. As shown in Section 1, experimental points are fitted with a curve a (eq. (1)). Two points
at t = 6.3 x 10% days and 6.5 x 103 days are new ones measured in this study. These two points
are also fitted to the curve a within experimental errors. This shows a long-term metastability of

light-induced defects (silicon-dangling bonds).
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Fig.1 The decay of ESR peak intensity as a function of time, ¢, after intense pulsed illumination is
turned off. The two experimental points (diamond symbols) are those taken at t = 8 days and 107
days for a-Si:H samples 15y15-1 and 15y15-2, respectively (see the text). Other points (circular
symbols) correspond to those taken for a-Si:H sample 15y15. The square symbol at ¢ = 0 cor-
responds to the peak intensity taken before intense pulsed illumination (in the dark). The solid
curve (a) is the one fitted to the experimental points and given by eq. (1) with Ix = 23, I, = 104,
and t; = 393 days (see the text). The solid curve (b) is the one corresponding to the second term
of eq. (1). The Solid line (c) is the constant one, I, corresponding to the first term of eq. (1).

In Figure 2, an observed ESR signal (violet colour) at ¢ = 6.3 x 10® days is shown along with that
(black colour) taken at t = 306 days. The red curve shows the calculated one due to normal dan-
gling bonds with the following values of ESR parameters fitted to the observed one: g, = 2.0058,
gL =2.0061, 0y = 1.6G, and o = 5.5G, in which g, and g, are the g-values parallel and per-
pendicular to the principal axis with axial symmetry, respectively and o and o are the standard
deviations of the Gaussian spin packet for directions parallel and perpendicular to the principal
axis, respectively. A spectrum observed at ¢ = 6.3 x 10% days has noises, but it is almost similar

to that observed at 306 days within experimental errors.
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Fig.2 The ESR spectra (violet colour and black colour) for a-Si:H sample 15y15 taken at t = 6.3 x 10?

days and at t = 306 days after intense pulsed illumination is turned off, respectively. The solid
curve (red colour) is the calculated one due to normal dangling bonds with the following values
of ESR parameters fitted to the observed one: g, = 2.0058, g1 = 2.0061, 0, = 1.6G, and
01 = 5.5G. See the text for the notations of g/, g1, 0/, and 0.

4 Conclusion

In a previous paper, we conclude that reconstruction of amorphous network occurring through

hydrogen motion may be responsible for such a long-term metastability of light-induced dangling

bonds in a-Si:H. The results shown in this paper support this conclusion. In particular, the mo-

tion of free hydrogen atoms plays an important role in the photo-structural change in a-Si:H under

intense pulsed illumination.
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Abstract

The mass hierarchy problem and the octant problem are long-standing problems in neu-
trino physics. On the other hand, independent of these problems, it is known that the TM1
neutrino mass matrix is consistent with observation. Furthermore, it has been suggested that
the neutrino mass matrix may satisfy some of the properties of the magic square. In this
study, we show that the normal mass hierarchy and the lower octant are favorable when the
TM1 neutrino mass matrix approximately obeys the nature of a magic square.

Keywords: Neutrinos mass hierarchy, Octant of neutrino mixing angle, Magic texture
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b—c= —e¥my + Homy e~ sin 26 (18)
V6
LHEEEED.

B EZOERA O LT A—F ¢ = J—FU/%%#%h%hé 2—NY NG X —=F b
T, ShoERPEHETES,. 200l Za— M) RERES IR D R 7 2R -
Bl -49H (PMNS) BE175[19-22]

Uar Uez Ues C12€13 512€13 s1ze” "

U= U/Ll Uuz Up.3 = —812€23 — 012523813€i5 C12€23 — 5125235136“S 523C13

Ui Uz Usps 512523 — 612623513€i6 —C12523 — 5120235136“s C23C13
(19)

T%éhé:&i’*”ﬁﬁﬁé :.:.'/C, Cij :COSGij, Sij :sinﬂij (1]11,2,3) VC%ZJ
$72 R (19) #AVE I EICE TR (17) EABHC, —Mo=2— b ERITHIE KO & 105
FTIENTES.

M = U*diag(my, mae®®, mge*P)UT (20)

EHI, BAEITIE=a—P) /8T A=Y TRTLEUTOMBRRZH/L I LHTE S,

2 ‘Ue2|2 2 |UM3| 9
S12 = 1 |Uns 523 = FESTiANER s2s = |Uesl?,
2 |Ues|? 2 U5/
T ITULE BT I ULR 21
P UsP’ P 1 - |Uesl? (21)
F72, CP OWNORETH LY IVA T AL (23],
J = Im(Ueer*ZU::lUu?) = 512523813012623633 sin (22)

o,

A (10) & (19) BT HE T4 T v 7 CPAMAHIIZ0DE IR L0 Lite\w, 72205, BHRM
OB FIHMEEEDDH Y, YVAIIALEREE AL LT, BRETFIOHFICETND Z P
N5 6§ %iHilisT 52 EATES.

K (10), (21), (22) L WREA s7; 717 v 7 CP ki 6 13

2

2 =1-— 23
o1 3—sin20’ (23)
9 /6 sin 26 cos ¢
—_— 24
523 = 2( * 3 —sin?0 ’ (24)
1
51y = 3 sin? 6, (25)
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XTI T AF =IOV ) ) OEEREEB LU 2-3 IRAAD octant (ZBT HFTE

5 + cos 260

— 2t 2
tan § T3 500520 tan ¢, (26)
LEIFD. Fo st x VT
1—3s?
2 13
- 2
S12 3(1 . 8%3)’ ( 7)
1 6+/25%5 (1 — s25) cos ¢
I s ( 13 9
%287 9 < 3(1— s2y) (28)
1-—
tand = 813 tan ¢, (29)

1-— 5513

EEXEEL. INOLOMBRRNEHNT, HEEA O EMMHNSTA—F g2 =a— ) JEEILLELN
H=a— N INGA—=FPLEHTE .

3 FEETHOLNATWSE=2a— MY I NF X — ¥ OFF7EHM

KT, EBASHEONTE=a— k) /3T X — 8 OFFEIBEE L0 5.
Za— M) OEERELE LTNO ZE L&l =2 — b)) JIREYFERD O BN H 2 F
7 Ami; =m? —m3 LIREMIE
1, = 0.30370013  (0.270 ~ 0.341),
s33 = 045110012 (0.408 ~ 0.603),
s1g = 002225700002 (0.02052 ~ 0.02398),
§/°=232%30 (144 ~ 350),

A 2
10,?(;12 = 741702 (6,82 ~ 8.03),
A, +0.026
ToBevz — 12507 0027 (+2.427 ~ 42.590), (30)

TH5[17. ZIT, £k lo TOREHIAOMEARLTHY, DT 30 TORFEHPAOMEER
LTwa, [ fklc=2— 1)/ OEEREL L TIO 20 L72%a1d

51, =0.30370 015 (0.270 ~ 0.341),

s33 = 056970057 (0.412 ~ 0.613),

s13 = 0.0222310:00028  (0.02048 ~ 0.02416),

§/° =276135 (194 ~ 344),

Am2
[y = TALTGS (682~ 8.09),
Amzy +0.025

L% 2 [17].
Zofblz, FHYA 2 SR (CMB) [24,25] OBlAS, —a— b ) BERANCH LT

Sm; < 0.12 — 0.69 eV (32)
L HIRAES TR D

I, =a2—-FY /LA Eﬁﬂﬂ ROEBREFNS, —a— ) JEBITHO 14T 15 (22—



FRBCE, TR, ok

N LVAZE BHEOAM =2 — ) JEBLEXIENTBEY, M, L ELEND) OKEEITHL
T, ROBIEAHE ST S [26].

|M..| < 0.036 — 0.156 eV (33)

4 HEFEFMEE octant

REITE, My 77 AT v =BT 077 AF v — bl bl &, $4bb, & MRd/h
S BB LEDZa— M) I NT A=Y OEEBEFFETRDO D, £z, ROZAERD L B m B E
& octant FEIZDOWTEET 5.

BEEHE CH W 2 ERg 0 o, X (25) 2 HWT s13 @ 30 OFFRBEEIZHZ23T L) 1CEL
7o, Fio, AT X =% ¢ OFiPHIL, K (28) ZHWVT s3; D 30 O AT L) ITTE L7,

—a— MY EEME Ym; <012V & L7z, T2 7 70— L dw bk L4 T CMB
Fe H B 72 IO NL =2 — Y RO LA 0,126V 7255 Th 5 [25].

HOBFEVW=2— ) OERE (NO OHAEIE my, 10 OE1E ms) OHPHIE, CMB ORI
L7200 —01eV & L7 Zofio=a— ) 2 0EeEHIE, Ee 2 FBEOEIED 30 DA
WAz T L) RE LT

FRLL-HPT/NT X — 8 O 2L & T 100 8 ) TERIEFHE AT o 7248, Mmn 727 AF v —
BRORI V7T I AF ¥ —IZEDW L&D 2 Of (2 OF/ME) 1%

(0.00002716 eV2, —0.0019 eV, —0.0048 ¢V)  (NO)
(0.00004765 €V2, 0.0036 eV, 0.0059 V) (10)

(€2a €Re> 6Im)min = { (34)

Tholz, TOLEp=_a— M) 8w, —=2— M) JREA, CPNH, AR==— ) /EHEIZ

( (0.0302 ¢V, 0.0314 ¢V, 0.0578 ¢V) (NO) 55)
mi,maz,m3) =
(0.0512 ¢V, 0.0519 ¢V, 0.0168 ¢V) (IO)
( ) (0.319,0.02066,0.445)  (NO) 50)
S12,513,523) =
(0.319,0.02052,0.501)  (I0)
6.0 (284.5°, 178.19°, 182.20°)  (NO) )
a, =
(89.7°, 344.35°, 195.44°)  (I0)
L 0.031 eV (NO) 5s)
0.049 &V (10)
ThHo7-.
£72 R (35) b ma— U HED 2 OV Sm2/3 A AT
sm2 | 0.00174628 v?  (NO) )
3 0.00186576 V2 (IO)



XTI T AF =IOV ) ) OEEREEB LU 2-3 IRAAD octant (ZBT HFTE

L7 h. 3 (34) £ (35) A RIS & e, e 1 mr, ma,ms O 10% 13 EOKE S THD I LADA
5. 8612 (34) X (39) AT L 2 ldma— MY VHED 2FEOFHMED 1% 1FEDOKRE S
THLIENbDDL, ZOZERS Eldoa— M) JEEEREL TN WEEZILS.

K38 &V, AHM=a2—P) VHEHEIEINO L IO DEELOHAELFERTHOLN TV LHIRE 71
TLTWAEZ EWbas, T/, HEREL octant IZB L TROMRVHESNSD.

e HEMEEHME X (34) LV, =2— M) VOHEREISNO THLLEDHENFIO THLEX LD

b OFR/MED/NE V., XoT, Za— N JOEERBIINO ICARLIEDNHRIELEEZOND.
* Octant F#E X (36) &V, =2— 1) VOEEMESINO DL ED 23,1305 L )/hE, I0DE &
1305 LD KEw. Thbl, NO DAL 23 A28 lower-octant 127 1), 10 D354 13 upper-octant
7% 5.

INED 20D eReTdE, Za— M) PRGMEBBL VLG EICIE=a— ) HER

B NO THV, 23 Al lower-octant THDH EF 2 5N 5.
%R, BRELNL I I THONERIIBMO THRZETH L. T THoLAREEE ) FEOEK

AT 572002, M1 (102) 12 NOIO) DED=a— ) /87 A—5 b 2 Okt E R L7z
0.341 0.02398
.
e ®
D D
N N
C C
7] K7
NO
0.27 0.02052
0.0000271 0.0003600 0.0000271 0.0003600
€2[eV?]
0.1
=
20,05
£
NO
0
0.0000271 0.0003600
£2[eV?]
0.1 0.1
= =
20,05 20.05
£ £
- NO NO
0 0
0.0000271 0.0003600 0.0000271 0.0003600
£2[eV?] £2[eV?]

K1 BEEEBANOODLEO=a2— 1) 285 X—4% L & ki,

13 —



B}, IRgRioR, debkiEsE

0.341 0.02398
| —
o ©
D D
N N
C C
K7 7]
I0
0.27 0.02052
0.0000476 0.0002090 0.0000476 0.0002090
€2[eV?]
0.1
=
L9,05 [ —
£
10
0
0.0000476 0.0002090
£2[eV?]
0.1 0.1
S S
'%P 05 T — ,%0 05
£ S
°
0 0
0.0000476 0.0002090 0.0000476 0.0002090
€2[eV?] €2[eV?]

K2 HEREIRI0ODLED=a2—11) /85X =%k 2 IKENHE.

X1, 2 Oz Z T @ ORRfE L i/ MEOEEFHME L7z, 72, HEMOMIL 57, D 30 Of
FHTE TS, SHITHEEA m; O L ZIIEMEFAHMTHS 0—-0.1eV TLoTW5. ZHORRKE
DL E DVHRMEDO L ZEDHETH .

M1,2%0), Z2—h) /X5 x=5E & EOMMBNFIZIZENI EXDN5L.

ThbbX 1, 20k 2% & BRAMEER LD L) REOMNETH 70y MIKERIFEATET
Wb ZOZERS, E ORMEFETLE=2— M) JXT A= DA REEZINL Z LD D 5.
DD, EDBMEDPSENITNETT, TEFAVDRSTFEEINLZa— 1) /85 X —F OfEN
KECEALTLEY. COZEEREEERBLY:. CORREROHFEIETYY vy 7 lld=2— M)
J EEATHIOHEESTHE L TEZICL W ERRL TS,

EHEAE, EDTTA T - FIZE o TRONIMHTH T, —a— M) 2 YHEDK
fRILIRECH H HEMEIME L octant MEICE R TEZ LIZIIERDEH L L E 2 TWD.

5 Ft®

Harrison & Scott 12L& > TC=a— M) VEHETHNYI v 777 AF v — L BE L TWw B eSS
BRINTVWD, RFETIE, EBEROBEEL LW Moy 77 AF Y =NV 777 AF v —



XTI T AF =IOV ) ) OEEREEB LU 2-3 IRAAD octant (ZBT HFTE

BT BB EEDZ2— ) I 8T A—=F Zkdtz. COME, K (34) £ Moy 77 AF ¥ —
WOV 7T AF ¥ =IO DIFEEEEANO O L ETZED L 2D 23 fiit lower-octant T
HHIEbhrotz, F, K(1),02) &0 Moy 77 AF =0T v 777 AF ¥ —1Ciwbii &
L& OFN EPRMERL DL EIZE T TA v Fa -V IPRETHLEIE LR

BRI Myyy, 727 AF v —DREOWMREEICOWTI A Y P LTB &7\, Mo 727 AF ¥ — 132
TOEHZ Zy ZWD L ETHRETH S

ST Mrai S1 = M (40)
o7,
) -1 2 2
Si=3| 2 2 -1 (41)
2 -1 2
S? = diag(1,1,1) (42)

Tdh b, AWFETIE Mrvn = Mmagic + AM 09 3EZAT 72705, ZORBOITTY

ST My S1 = ST (Mmagic + AM)S,
= 51 MinagicS1 + ST AM S,
= Mumagic + AM
= Mrwm1 (43)

DL LTS, ZO®, Mpagic £ AM (& My EFRBRIZ Zo JFEEZE S 219 TH . Zy XHE
PGB R E O i Clie b HAT R R FETH 2 [27). 51 Zy IFEE =2 — M)/ OB mA A
HZALNIOVTHIERDPENT VD [28). Mmyy 77 AF ¥ =13~V v 777 AF v —2bik, ¥
TIPS, DTy TNl Zo RBEZHIET 2 L) R L pidFs kv, RFETid=2— b
) DEBITNNRY v 777 AF X = o ITNLEMIIMbEP o7 TAIZID Zy WFRMEICER
FTAHIET, TNABEZWSNPICTELDOTERVWNEEZ TV,
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Abstract
To analyze the crystal structure of ice in aqueous polymer solutions, X-ray diffraction mea-
surements of aqueous poly (vinyl pyrrolidone) (PVP) solutions with PVP concentration up

to 55 wt. % were performed at —70°C. The cooling rate was varied from 0.8 to 76.8°C/min.
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X-ray diffraction patterns obtained for aqueous PVP solutions with various PVP concentra-
tion and cooling rate were classified into three. One is the diffraction pattern of hexagonal
ice (I), another is that of ice containing cubic sequences interlaced with hexagonal sequence
termed stacking-disorder ice (Isq), and other is a pattern with no peak of ice because the
aqueous PVP solution dose not crystallized (Liquid). An X-ray diffraction pattern map was
created on the concentration and cooling rate plane. At the lower PVP concentration and
lower cooling rate on the map is the ice I}, area, and higher PVP concentration and higher
cooling rate is the Liquid area. Igq area is observed in between the I}, area and the Liquid
area.

Keywords: X-ray diffraction; poly (vinyl pyrrolidone); concentration-cooling rate map; ice

structure; polymer

1 # &

KEE T TlE, KOREEDS hexagonal Ice Ok I,), cubic Ice Ok 1), stacking disorder Ice Ok Iq),
KXD AT HEIND. 1 2HIL, ANHEHOKI, THY, AAEIHAEL CEATHS, @ ED
KETZPZHEH LB SN IKOBEITTXOKL, THDH. ZOZ enrb, WEKEIHFEETLHKD
%Ik, THDH. 220HIE, MAHROKL ThHL. K, 3#EHELAHEOREL, 1 BEICAAHE
DEFEOESTNIKTHS [1]. KL lkE MgDy 2T, BEFTAEZ TAL— kg KL—
FEMEEL, 100K T15EICHEL2#E, BALZESART S ETRHEINZ2. 20K X
250K TK I, WEBT 2 2 LA HESNTV[2. 3oHE, K1, Lk OWENT > ¥ LI HKE
L7-REREAEAEDK g THAH. Kaolinite % & Lo /KER DMK % VT, Ko stacking disorder DFE
B g b L72WgE2Th 7z (3] 0% % 30K/ min THHIL, 4 RIRETRER I N/2ko X
BT 8y — %W L7z, ZORE, KPBILSINDEEIZ L o THA/Y — U PELL, BL £
200K P THE L72b DIk Igqg D3 — > 2R L, T LD bmim T, s o LA & Lk
L, D788 — D7z [3]. kD, KL, K g EBROMEIFRFLL, KFEOMEILERLT Td
b, —F, KXUIBEOMEIIKT, LFEUETH LD, KEOMNEDLBRFLLIMHTH L. KWIFETIE
IKXUZ DWW TR L 72\,

LA, &S (Broadband Dielectric Spectroscopy) (BDS) & Fivy, JKkifE L 724 4 7 KIS H
KOFERNNCE T L0507, Iy Faaf VIRoEST, €952, FMETVT IV E2E
He L THWIREBR YA 707 Ve Bl L7z@maFhVKIZaE L 72R T, SMREHORZLRS 4250
IKOFEADBI S 72 [4-9]. 4 D DOIKDOFERMOFFRUIFE L < RS N7z AVKIEHH OIK DR 135
NHEN TV,

poly (vinyl pyrrolidone) (PVP) &7 ¥ A a4 WIROKEEDEBHREE 5T TH Y, FESE
B2 X o TPVP REHTOKE PVP 055 FEBICHET 5% < O TN TE 72, 0°C LUFTK
K L7 PVP KB CKOFREEMEZBI L 7-& 25, HEOKOBHABIM S 17z 5], ZOHE¥ED
IKROFEH L IROEE DR Z ST 5720, 20-40wt. % PVP KB % ZEih0 S —173°C 128G
L, X#EHTHEIC L) KEE 272 [10]. S OKBRIZFESELIT T, KEHERMEICE DIRME I N
TR EET 5. XAREITHE TR & 25, PVPIBEOHINE & H12, PVP KEEF DK
EIOK T, BRI &b 2 ENWLNIT R o7, TOMBIH L, PVP KEHET O PVP O
KA TRRIREO SR PVP KIEETH ), ZORFADIKE L72KIIK L, & 5ITER K1 D
LY EIK I, DM ESND LR L7z, £72K 1, P8l S 7z 20wt. % PVP K & —160°C (2505
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X HREHTR BN & 2 @555 F /R R O KA S E O IR — i I~ v 7

L, ZOR®BIREZE 412 T —160~-20°C OfE T X MRHHE T-o728 25, —50°0C LUT i3k
L, —20°C TIIK I, OFESERL L o7z, AE ST AE RS FRKEROKOFEERNE T 50
% [4-9] TRFEHRME L 25°C 55 —155°C OHFT 5°CHEIZIRE L TIFRA 5T TWah, BRI
121, 5°CIREZ TIFADIZ50 50F, Z0#% 20 mHiRE L —EIRkE, 251230 52 CHFE
TREEITo 72, TNHOFENEROTEHHHEZ 0.05°C/min TH o7z, 2 OFIGHHHEE L,
X AR BT [10] IS BT 2 5RO RS & B L CIFFEINSWwEEZ O D20, X REHTEE
TE S N7REE I IF B EOBRIE Uk e e b LEZ O6ND. D70k L 72KERT
DIKDFBIEA L KEREDOBRZ S 22T 57201218, X BEFHREIC BV TR 4 280 T T
HIHEE % AR S, WL EOKEEDOBIRE AL 22T 2 LENDH 5.

LRI PVP KO X MREHHIGE [10] TiE, PVP KE#Z )V — 78 0.3mm, IV — 7 OkHERE
20pm DR~ ¥ V= IS SR, TCHEBERE T AXIRE O T PVP KEREHE L 7.
ZD7zOMEEHICHEORN—ETIZRWI L L, PVP KBEBOKNEREL COLHE D L L% 2
SN7z[10). F7z, V=TI HE L MELRAROREZENT L L8 TERVD, DEOHET
R L7 B DR (Taample) Tl 7% IR EEHE AT A XNVN O RN ZIRIE (Tey) Td 72 [10].
X ETISE 12 B\ CE B TR 2 I IR (X820 7 A OWEEEE (|dTsy/dt]) TH Y, #HEo
SHIEPE (|dTsample/dt]) TlEZVy. Tpy 1& X MREHTREE OB R AR E AT 2 DV SEkiH» S 7 AV
#22mm O BEOEFEA ABREAFMLTND. 20720 Toample ¥ MEL, [dTsample/dt| % HEFE
LWED DD,

FEIEICB T B REROKEEZ ST B 720121F, X AREHTHEIC BT 2 Lo ME Z fik
FTAHELBHIT, KBTS TIRE SSHEEOEELWO 2T 2LENH L. RFZETIE X
WEITEEIC BV TR EZ V- I E SR L0 TIEIRL, BHERIAIFFYESTJIZANLZ &
TR OB BT 72, T/, EMERAEHGEIERE X R 5720, RAEFE T ARE & EHRE ORI
1572012 F v €T )RR L VIR ORE & BB 2 H A LERBHRE A WE Lz £72, PVP
IRTEL D UERE & G HIHE % AR IS 2 S8 C XAREATHE 2 17V, e PVP B, #edh % i Hm
X L2 PH BT~y TRER LK Z S 22 L7z,

2 Bk

SEHI MK BTSSR E TS B Simplicity UV (AL 7 BRaHE) T - B ALEL 2 i L 72 L3k HT
18.2MQ-cm DK, Sigma-Aldrich #:# o & & F¥ 5 F& 10,000 g/mol ® PVP % VT, 30~
55 wt. %P VP /KiEi % L L7z,

X AT 58 12 I A X BT & T 5 XtaLAB PRO P200 (#k&4ty #2) 2w
otz ZO®BER% Fig. 1 1RT. HHIE CuKa (1.54187A), B4 5 X S F colii
50mm, ZFREE 1A (E37f4 20 = 100deg), FEIEHERIZ 300 HTH 5. WE1L.0mm, £ 7.0mm
DOFR)A I FE v 5 KNOI-STI0-T (7 1 & v 7 ZA¥kA&H) 12 5.0 x 1073 mL @ PVP KiFili %
iz, INE T NR—ZADEmIZIED, HEOEELH 0L, R A3 FFvE¥T) o ik
BRHEIGM THENE,. 208 10°C OER T AP L2 OMEMITFOENTVWET=F AT —JI2T=F
N—=2%+tv L7 PVPKERE 1~100°C/min OEEHEAOKE 4 2 WAFI T &R 7 AGHIEE T
HL7z0b, @RI ARMEE —70°C T X MEITHEZ T 72, B 5 Nzm35EA S CryAlisPro (B
RS H 7)) LAY — v 257 RAEOREHREILX NI 4 BRERFT AR L > THIE L
TWh7-ORTE LR, F72, K& L72KIIKKET 2 LR DA O KkO ¥ — 27 Bl S D 2 & 3R
END. LaL, KL T WwiBRREOKBE TEORBIIBllIE N TRV, 20720, ¥y Y
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X-ray generator

X-ray Gas nozzle

spectrometer /

detector

|

Sample

Fig. 1 X EEIrflEICH 72 XtaLab PRO P200 D&

Capillary

K Thermocouple

Gonio base

Fig. 2 X MEATHEIC BT 55O FEMBEDOIRE Taample W2 D& O FEHT I DR,

VA IFBEI BT AT S L7

Tiample PEEROUER % Fig. 2 17T, %Ly N2 T4 N—212 K BEH (= 2tk &
) #1AREEL, KBENLHOMESM O X SETTHETHV 2 b0 LAERY 4 3 F
EI) el KA I FFyET) ORI L%\ bdwt. % PVP KGR A A, 1% shiRkEl
EHMTECE. Tiample PFH dch 7V 5 VIRET =y v — (r = AR &HE, 8% 1 C520) &M
Wz BEITAZERE (Tsy) % 10 225 —70°C £ TELZ ¥ 5 MIC 1~100°C/min O#HFHADOR 4~ 7%
|dTsy /dt| 1285 L Teample % &HHI L 72

3 RIRLEH

Fig. 3 12 b4wt. % PVP KB % |dTsv/dt] = 100, 50, 1°C/min THHI L 72D Tyy, Tey,
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Fig. 3 X MRITHEEEDORERE Tsv % 10°C 5 —70°C O#F T |dTsv/dt| = 100, 50, 1°C/min TZ
(LERLHED Tey, WMHERFT A/ ANVHAOEFT ZMNERE Tey, FEHRE Tyample DRFRIZA S
270y b RRBOERIE Tev 250°C 25 —70°C IZBAL L 72EERIZ BT 5 Taample DITPEAR. (a)
(b) (¢) FZNZN |dTsv/dt| = 100°C/min, 50°C/min, 1°C/min.

Tiample PRERENIR T 22 LA R T, REEASHIERE (s), #E#2RE (C) TH A, Fig. 3(a) IR L7z
|dTsv /dt| = 100°C/min O EHHEE Tl Tample V& Tov ISBVORT, Ty 25 —70°C IZFEH D
FRRPIZTADHET T D, BB OERDOGHHEE 2 RET 2720 Tey 28 0°C 5 —70°C 1I221LT %
EEH DHEPH T Tample 128 L GEMEMR 2GS, WHOHHEE, |dTample/dt] K72, Fig. 3(b)
(& |dTsv/dt| = 50°C/min, Fig. 3(c) & |dTsv/dt| = 1°C/min TH 5. HHBEEI/NE {2 DI2ON,
Taample & Tsy % Tpy (¥ <, [dTsy/dt] & |dTsample/dt] DFEAVNE W Fig. 4 12 |dTsy /dt] 12k
T % |dTsample/dt| @78 v bERT. BOFEBIE Tample (ST 2HBEMRTH Y, SR OEHHIHE
|dT sample/dt| % & OEBEHEA SR D7z, ZORMEMERK (1) ITRT.

| AT sample/dt| = 0.67|dTsy /dt| (1)

Fig. 5 123CHk [11] @ Figure 1 ORI S N72MKO X BN — 2 BH L2 0% RT.
ChE 20 =22° OO REVXBEHTE -7 DE S 2 mKRKE—2 Ip £ LCTI/I 7R L7z Fig. 5(a)
ZE =259 DB SN EK T, © XMEH /NS — > ThD. Fig. 5(b) 13K 1. O X /85 — T
HhH. K OXMEP/IF =2 TIE, K, DIDDODE—=27DHH 20 7% 24.26°, 40.09°, 47.41° @
3O =7 DAEAPBMENL. KL O XMHH/SY =12, KL, TBHSD L) bEED/NS
720 = 22.82° D=7 H b 5725 DA Igq O X AP /S5 — > TH % [11]. Fig. 6, 7 \2fk4 %
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100
90 |
80

70 |
60 [
50 I
40 |
30 I

ATy mmpi/de] (°C/min)

0 10 20 30 40 50 60 70 80 90 100
|d7,/dt| (°C/min)
Fig.4 X SUEHIGELC 55132 SRS HIF O Bt 5 |dTsy /dt) 2R 5 SURMEMA HIFEIE |d Thample/dt].
PO |[dTample/dt| = |dTsv/dt| D¥E xR L, BBROFERIE |dTwampe/dt| TH 5.

1 k@lIceln 1 + (b)Icele
0.8 0.8
) )
s 3
.§O.6 "%0.6 3
S04 204 |
02 | h 02 |
0 P Y I .A‘k 0 T M .
10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50
26[deg] 26[deg]

Fig.5 HERAICH S NzHRO X ARIEHT XY — >0 Sk [11] @ Figure 1 @ 20 = 22° O b K& 7% X #lalT
E—2DRE% Ip L LTHMERT/I) 2R L7 (a) 13Kk, (b) 13K L.

HHEE CHEI L 72 45wt. % (Fig. 6) B L O 50wt. % (Fig. 7) PVP K&ERD X BEH/88 — > & 7R
3. —H, Fig. 6 BL U TIIRLA—EHOmEH/$Y — 2 id Fig. 5(a) DK, Db LFPOL DL H 5
WS, KT, EIdERL LKy OREFINT = DL DL B S, Fik ], K Lyq TEREI S L5 KEAE O
Py — v REBEMDH L. 20720 Fig. 6, TR L2EI/Y — v %, ZORBIZIE L TK
DEIHELTz. Klgg TSN E— 27132 OKT, TBIllE N LB Y =2 & H—oEdr
f20 TRIIIE NG, —77, KT, TEBI SN 09K g TEBIlISN2WE—2 B b0, Thb
GBIV ZEDIRETH B, 272, E— ZBEOHMKHEIZFEAHI T 25 X RO b T 2%
BACOFE ZZ T, WETE IV OPZIELTLE D). 20720, K, &K Ig O TERIll St
BIARRIE DK E WA 20 = 40° O V¥ — 7 %32 L7z, —JF, B 34° 12BN A ¥ —21d, Ky
WIIFATEET, KD, TENSING., BRISERSEHI12, To¥—2 LEHffA 40° O ¥ — 7 O,
MK OWE CTIIIERFHBES L . o502 & s, FHif 40° O ¥ — 7 BRI (140) & 34° ORI
(I34) DIE AV, Fig. 6, 7T OEET/SY — 2 %K1, $72130K Lq 2 & 05N, K, &K1 OWS % H



X AREHTR BN & B 550 F AR P O oKk SRS DR FE — Il ~ v 7

50

TT T T TTTT

50

TTTTTTTT

50

TT T T T TTT

50

TT T T TTTT

Intensity

100 Ice I, 6.0

50

TTTTTTTTI[TITT

;

Ice I,

b
N

100
50

TTTTTTTTT[TTT

i

Ice I,

@
~

100
50

TTTTTTTTT[TITT

100
50

._
le]
a
—

:

=

- =

NTTITETTI TN | TR I

TTTTTITTTT[TTT

—
(=]
N
(=]
w !
S
N
S
W
(=]

2 0 [deg]
Fig. 6 Fk4 W THAIL 72 45wt. % PVP KB O X #EH/8F — > Z3 R VE BIkotE (4

HHEIARIZR), G Lo FEESHEE [dTample/dt|. B35 — O ®IZ5H L 7ok %
AL, #f o Ice Iyg, Hf iIcely, #%ft :Icel, and Ice Iyg TH 5.

BDREFEGLSEM, KA O Y — 7 DB & N IkES L T R WIRIRIRRE D KB OS5 L 72,
Fig. 8 |24k % 10°C 7* 6 —70°C F T 125°C/min THEAIL, —70°C THEI%E L7z X MR/
y— YR, KO XAREHHIEE 10 BT o 72858, Is4/I 13 0.62 & 0.94 OMOEEZRL, FHME
(3 0.79, HEHE(F 0.13 TH D, Fig. 813 Isg/Iy0 = 0.84 TH D I34/I40 DT IRAED X HREIHT /S5 —
YTHDH. MKEGHLIEED Fig. 8 ORFT/8% — 2% Fig. 5(a) 1258 L2 HGmICHE SN 72K I
Db O LE R AIEU L@ ERO ¥ — 7 Bl 7z, F72 Fig. 8 DHIKD T34/ 140 (R
o7z Fig. 5(a) DKL, DL bE%ED 2 VCIZENICKRERMETH 5720, MAKEEHL 7254,
KIIKL, OAREELEEZONL. —TF, Klg @ PVP KERORIT/SE — 1 I34/110 =0 £ 7 5.
KTy &K g OWH % ELHE, TOEEIGUT I34/I40 120 & 0.79 DR OMEERT. Fig. 6, 7
IZBWT, BREZEO ORI, PHREICHLEEZOND T34/l 502 L EOYE, Tee Iy R L,
I34/140 75 0.04 LT O¥&E 1 Tee Iyg LR L7z, I3q/I40 750.04 LY KEL 0.2 LW /hSWE, %4<
K Iq TKI, bEPEATVD EE X Tee I, and Tee Iyg LR L7z, F72 I34/140 #80.04 £ KEL
0.2 L W/NE WS, [\ 24° OIREE Iy DMED 20 LT OME, b IhhK Iy &&T & &% L Liquid
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T T

50l Liquid 67.0°C/min
0 e TN i .
sol Liquid 33.5 ]
0 L et T N T . ]
50 [ Liquid and Ice I 4 134 i
0 L N\ : i
s S0 Liquid 6.7 ]
S L _
§ ]
&S L
0 1 I I
50} Liquid and Ice I 4 5.4

T R T N B

N

T T T T T T

T T T T T T

(=]
TN TN N TN TN T | A TN T TR S S 1

10 20 30 40
2 0 [deg]

W
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Fig. 7 #4 W THHIL 72 50 wt. % PVP K& O X #EH/88 — >0 &3 RVE RIkoE (4
HITEEAZR), G OB HIEE |dTample/dt]. EIHT/ 85 — > OfIE5H L 7ok %
AL, 7~ Liquid, %5t : Liquid and Ice Iyq, #Ef Ice g TH 5.

and Tee Tg &7 L7z, Fig. 61257 L7= 45 wt. % PVP K&HEO X AT/ S — 2 3 HEE O &
K L EAMRAHIEE DR AK T, Th 72, Fig. 71558 L7 50wt. % PVP KiEHED X EH /<5 —
i, BEHEE CIIOKEE THMAIRETH o 728, RGHBE Tk g &R o 7.

SO L IE L7 PVP KD X BIE S5 — ¥ AR 4 e & G HFEIE T E D £ 1B S
Fe g R 7202 Fig, 9 \SHBIATIEE, HEBATE O BT AT ampte/dt| © PVP AW O
ORI v TR, TAOK T, DML HAUK Ly OB, ARG AU TR
D TH D, LK EOEIIL, FEEOERTHS. - O Fig. 6, 7 DEI/ Y — > Tik
W7 TN L7270y MR HGE L7z, Fig. 9 &9, PVP AGHFOKIE PVP s
(6w &K T, O, L) PVP MEEATE Lok Ty OHEE 7 5. X 512 PVP AT &k L7
W BRSNS, 70 PVP IR 41~45 wt. % O PVP AR T, [ UMEET b G IR X -
CTRMEDTLAR Y, SRR CK L, SR TK Ly L% 5. 2517 50 wt. %PVP K& T,
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Fig.9 PVP KAERD X MEH/8Y — V128 o T L 7Kg oW EEE - g~y 7. 7uy Fofidsy
L 7kMEE T, o Ice In, fkf - Ice I and Ice Iyq, #ifh @K Iq, Z&f : Liquid and Ice Iyq, 7%
f  Liquid THh 5. #gE7oy bE2milesii L, H8 lceln, #E:Ice g, 7~ : Liquid, #k
fo - Bfo D REEETH L.

B EEL DY 6K g TH 1) S EEE D5 & 3K IIKDET/ 85 — Y IZEH S v,

4 DOIKOFEF DB S 75BN E O HIHE [4-9] 12, X AREHTHIE B 2 5 EEE 1 E IR
IR & W72, X MEEETHE TEREENE I SR HRIRE;MR 2 b L EA b N L. LT, k2%
%% T Kaolinite % #8272 /KEHH O/ & %% 2 G HIE L 30 K /min THEIL T4 Zid i TR S
N72KO X EHTREDA T DT (3], ZORR, KPS NDIREES & o THHT/ S — AL L,
BIZ 20K DT THMEL72D DITK g DXF — Y ZIRTH, 2N L) bEETIE, HARED LA
AR, ONF = P IED W2 [3]. F72, A AV M) 7 AR L2 E VT, ok I ORE
PR RRZAFETIE, 0°C LUF TRDTER S N L 556, MEEIREIC X o> OK I, &K g OEEIIZS
BH, Ky LK Igq DT OKDPBI S 7z [12]. 263 K THURS L72kiZIZI2K I, TH 525, 243K,
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238K, 233K, 228K & #fEREIMEL 2B 12oh, K1, OBEIE 72%, 59%, 47%. 53% LA L
K Isq DEIEE 28%, 41%, 53%, 47% L¥NT 22 ehdiEans (12, kg 27 =—)VT 5%

LB E L DK, OATEEIS D 20 A726°, 33°, 44° O ¥ — 7 IZ&THEDS EA L, Kig 25
K Iy WCELT 2 2 EAHOPICEN[12. SNHOHEE ST 25 &, KR TEIN L 72 PVP A%
BT, LVRETHERLAKIZE DS DEETK LG BEEINTVEEZELILNE. S5ICERE
PVP KB TIIK Tgq 2L SN D &, B HIERE CTlaoK L 29K Iy ICZALT 5720 O 155 2 Re A
520N, Ky PBHISNE EE2 505, Fig. 9 OEEOFIEAK Iy 2T 5 HHmE, 2
JETEIRCH B . RIS CTORKNDEEAE L 67.0°C/min TH 505, HHHEEL S SI2HTLHE, 2
OFEA OISR RNL AT, SEITREE DS KRR S 2 b LT E 5. HOOHPH
DFEEEE PVP KBHIIE DT 2% 0720, K1, AR ENLEMG 251, Kig kb ez
TWh, F2Y— U PR IN Lo 72BETIE, Ky 2Bl S 2EEORE LD b PVP &)
B, KDL ALEETH B, B2 VIIHHHEDH N 720, KAMES v F FRIRISEL 72
LEZLNS.

AWFZE TUERL L 72 Fig. 9 O — S HEE < v TOK T, oK Igq OEEHIZ, K I 2% 100% 23T &
CAHTHT 2720, K ERLUZFEBICIE, K OADPFET L0 TR %L, K, Ky RS>
ZRELEEN TS, S, ZOFBUIGE L 72L& THHIL 72 PVP KBROK T, LK Iy OFE&
RRRDUENRD L. KFEOWERETH L —70°C £ ) EBWIRE T —EBR S 72K I 29K I,
IZEALT 2 VI HMERDH D0, FARIRETT ==V LR X BETHEZIT) 2 & T, Kk
Lsg 75K Iy ~OZEACIZ 57 % R0 2 W & 222§ 5 L ED D 5.

4 &

30~55wt. % @ PVP Kz 10 205 —70°C O EHPH T 0.7~67.0°C/min OBk 4 7 g6
HHEETHA L7206 X HEIHDE 21T o 72, Bl S 74 2 X RTS8 — > % PVP K& D
IKIEE DR IE - HHEE ~ » FNR L7z PVP KR O KM EDRE - wHEE~ v 780, KRk
FITIK I, RED R 2 512N TK L, BARIREEDIKEE L 2 Wil 2. & 512 PVP K
D PVP % 41~45wt. % Tld, mimHEEOREK Iy, RGHELEDOREKT, Lol £72,
PVP i 50 wt. % Tl mim EEE KK, RS AR Iq & 2o 72,

PVP KB CTIIK I, 7215 T K Igqg 28BNz, @5T 2% GO miRE PVP KBRS EA
W72, K FAIK I, M 2 RS AR 2 025 R SN FITImISEL, Kg PRI NG EFE
AHND. TOZOANFETHEN L7z PVP KEHIZ, L VIRR T L 72KIZE  OEIETK Iyg
EENDLEEZOND. ZOZOEREMNTK g PEM S N5 & EEHHEE TEK Iy 29K I 12221E
TR REEMAGZ 5T, Ky PEHSIh2EERZOND.

W
KWfZED—#Ix, JSPS FHif#: 22K03559, 23K13075 OB & 21 CTHEAT S 7z, BIFREALICHRR
5.
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Abstract

Marine bioluminescent bacterium, Vibrio fischeri, is currently used for determining the
toxicity of environmental contaminants. Heavy metal ions, such as Co?t, Zn?* and Cu?*,
in aquatic samples have been known to inhibit the bacterial bioluminescence, whilst we pre-
viously found the inhibition (INH) was reduced by the formation of octahedral Werner-type
metal complexes with bidentate ligands, ethylenediamine and glycine. Though we thought
this phenomenon was influenced not only by the complex structure but also by bioavailability,
it was not fully explained. In this study, we aimed to explain this nature focusing on the
redox potential (ORP) and ion valency of each complex solution. The ORP was measured for
each complex solution and total ion valency was calculated for glycine complexes. The results
showed a good linearity was found for ethylenediamine complexes between ORP and INH,
with significant coefficients of determination (>0.9). No clear relationship between ORP and
INH was found for glycine complexes, whilst the INH tended to increase with an increase
in total ion valency of glycine complexes from zero to +2 which relates to bioavailability of
such metal ions by Vibrio fischeri.

Keywords: Metal complex; Bioluminescent bacteria; Vibrio fischeri; Redox potential; Ton

valency

1 # =5

HWEEENESSE N2 7)) 7 Vibrio fischeri (LUF V. fischeri) &, fAZEE OBV quorum sensing
GRS AT &) DSFERESN, Vv 72) r- V727 —EBROBHKOIZ LY #EE 490nm
DEWFIART [1-3]. LeLads, ELEA 4 v SO/ L oM X o TR GE O #IH]
REREEDOMHEPEL S &, V. fischeri OEWFECIIAE SN, FECHREIIHAT 5. ZOMWHEIZEE
DX, fLEWED V. fischeri \ZR$ 5 AWFICHERE (Bioluminescence Inhibition, LT INH) %,
LI E O EWOIRIE L 22 0, FOGHH R FE ~ bW E 2 & OB Biatel (OR&, 138, ik,
TIAT 2 ONLET v E S A411), %7 EREAE(CER (1S0) |2k ) 2tk
FBIERBE L LTHERILE TS [12].

EF DITBATIRICBVT, FLEEA 4~ & LT Co?t, Zn?t BL U Cut /RIS EERAL T
ELTIFLYYT73IY (MUTen) BLUOZ) Yy (UTF, BT &L Tidgly, 1bFWERE LT
X Gly i) % 5B & 8T Werner BUEEEZ AR L, $SEDENMHELEADY V. fischeri DEFGTREIRIT
FTRBEWME L. TORE, CNSEEEA T O INH BEEORMEEICL VEMESnsZ &%
AL72[13]. COBRIITHEREED AL ST, V. fischeri \2 X 2 EWFIRAEDES 35 LEZz 5Nz
A, FCEHAT 5 2 LR EETH - 7.

V. fischeri DAMFECIREL B 2 5- 2 5 WEULFRIER & LT, FI, BRIGEITEMS X RE
JESSHIS TS [14]. AWIZEO HIZ, V. fischeri DIEICTREC KAZ T BIESHE DO BAEE O L8
HoE2ITHZETHY, MILEITEN (Redox potential, LLF ORP) 123 B L, &84 4 VRO
ORP t INH OBRIZOWTHET L7z, —77, en $EEIZMRAEAZELL TH A 4 UMilllEHIC +2 TH
B, Gly SRS X > THR2ATOA & AMiilL 0 205 +2 FTEILT . A 4 Millild V. fischeri
WX B EMFIHEICERT 5 L ER b, KEERERDO A A+ Mlik INH OBREZMRE L7z, T OfEE,
SIEEHAD INH |21Z ORP 72134 4 AMilinsBtR 5 Z LSS I 0 72O THE T 5.
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2 Bk

2.1 &msitkoiRR

SIRSERILIES [13] & FRICHEL L 72, B sV b (1) BRKAI B X OFRBRTS: (1) LA,
BElEsA (1) FKFIIEE L7 1 )V ARDGHMESE RS R & AV, B A & & SSHRZE K TR - A
L T 0.010 M-CoSOy4 K, 0.010 M-ZnSO, KB L U 0.010 M-CuSO, /KIFTH A N ZNFH# L
7z, Frzen BLUGly 1E, BL7 4V ARG EGIRL E IV, IR A & > SSHRBEGK THESF -
AL T 0.010 M-en /KA B £ O° 0.010 M-Gly KiE# % 2 2NFHB L7z, SEENO 0.010 M-4
JE&A 4 ¥ i 1.0mL 12 0.010 M-BAL T /K& # % 0, 0.5, 1.0, 1.5. 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, B L
50mL ZNFIRML, WE A 4 v LHRBHAKCTLES 10mL 2% 25 X ICER L. &4+ 0
FEVIRE O 1SS BERATFOENGEE CL O CL/Cy (X 0~5.0 &7 5. i, V. fischeri \IZk$ 5
FE/AT Y ORBOMSEEBL, Co?t #ifizo o FMAL, Zn?t BL O Cu?t #F1x 10pM
AR L CHEER L 72,

2.2 t#EXEN (ORP) B XU pH ofilse
HEIBEEREI D ORP 1&~< Y& ORP & (7 X7 Y% ORP70) ZMH\WC#EvEL 3 L 722
F72pH Za /%7 k pH A—% — LAQUA twin (HPORIBA # pH-11B) Z F\V>C# DR L 3 [l

EL7.

2.3 A F Ui

Gly ##RI22 W\ TiE, B TORMEBIZE > T, A4 lias -1, +0, +1, +2 12813 5. —K4,
AL 72 Gly $ERERIE, BNBORL ZEEOREM TH LI Ehn, BPTOA F AMilizHEe L
72 B O 1~3 BALOSBEAROFIEEIAI, B [13] IR L7z & ) ICBREEEER[17] 55
HEEL, THCEEEROAF UMlixF L, ZNOORME R2TOAF Aiik L7z, Table 1124 Gly
SERDOZENILTOREEE, Rrdof 4 AAlizRL7:.

24 EWMFCHEE (INH) oW
HRIEBEERD V. fischeri \Zxt$ % INH OfEIGEEH [13] XV 5IH L7z, BFLEEA 4 v OEN
MBI O /Cy \2x$ % INH OZE{b% Appendix (2787

3 WRBIOZE

31 =FLUIYTI UK

ERBEEHRT O en L EBA A X DEVIL Copn /Cn (T 2 EHER D ORP D%t % Fig. 1 1R
¥. ORP I n=3 OFMETH 2. Co’t-en $5ETld, EIVI Cop/Coo DHMIZIEV ORP HYHHHE 12
WAL, EVIAT 3.0 O CHE KT AR SN, EOMOATIEE VOB ORP
DETITER 2 TH o 72,

HENOAEYFNHIERE ORP & INH OBR% Fig. 2 IR T. WINo&EHERICOWTY,
ORP 73819 % & INH HSHEMENHEINT 2 @A RSNz, 22T, & A1+ v EIci/h i
L2 EMAFER %KD 72, Table 2 ISR ERT. RERE 72 1£0.86~0.90 &2 ), WFNhoOLE A
F OV THEELRERBEBRER L. V. fischeri 3456 % MINLIEFE I O W0 85 <14 2 H sk 7
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Table1 Estimated coordination structure and total valence of glycine complexes.

Abundance of {C[M(gly™);(H20)s_2]>""} Estimated total ion
Cm Cgly_ /Cwm - - - -
i=0 i=1 i=2 i=3 valency of complexes
0 1.0 0 0 0 2.0
0.5 0.65 0.33 0.023 0.000053 1.6
1.0 0.40 0.51 0.09 0.00049 1.3
1.5 0.22 0.57 0.20 0.0023 1.0
G2t 2.0 0.14 0.55 0.30 0.0052 0.83
1.0 mM 2.5 0.10 0.51 0.38 0.0091 0.70
3.0 0.062 0.46 0.46 0.015 0.57
3.5 0.045 0.41 0.52 0.021 0.48
4.0 0.033 0.37 0.57 0.028 0.41
4.5 0.025 0.33 0.61 0.036 0.35
5.0 0.019 0.30 0.64 0.044 0.29
0 1.0 0 0 0 2.0
0.5 0.72 0.27 0.0044 0.0000031 1.7
1.0 0.51 0.47 0.018 0.000031 1.5
1.5 0.36 0.60 0.043 0.00013 1.3
e 2.0 0.28 0.65 0.065 0.00028 1.2
10 M 2.5 0.21 0.69 0.10 0.0006 1.1
3.0 0.17 0.70 0.12 0.0010 1.0
3.5 0.14 0.71 0.15 0.0014 1.0
4.0 0.12 0.70 0.17 0.0019 0.94
4.5 0.10 0.70 0.20 0.0025 0.90
5.0 0.090 0.68 0.22 0.0032 0.86
0 1.0 0 0 2.0
0.5 0.53 0.45 0.018 1.5
1.0 0.15 0.70 0.15 1.0
1.5 0.018 0.45 0.53 0.5
2t 2.0 0.00067 0.11 0.89 0.1
10 M 2.5 0.000034 0.026 1.0 0.03
3.0 0.0000086 0.013 1.0 0.01
3.5 0.0000039 0.0091 1.0 0.01
4.0 0.0000022 0.0068 1.0 0.01
4.5 0.0000014 0.0055 1.0 0.01
5.0 0.0000010 0.0045 1.0 0.00

Do e ARk 2@ 2 = IC D R BRA T 2 BT S [16]. RIFZEIC 81T 25 RS
HEWEECOMERIE, FEEA 2 OSBRI K 2RI OWMAPRRTH S LEZ NS, AIFEMRD
B & 1% Cot-en $fk & Znt-en K13 ZFN2110.39 & 0.42 LIEHEICEVVEZ R L7225, Cut-en £
K12 0.23 EMERWEZ R L2, Zhid Co?t, Zn?T 12T Cu?t oY —> - 75 =3RS HEETH
RO IE N AEEDOEAIER T S L E 2 515 [15).

B, SUENAM O pH IZ, Cot il TIE 6.2~9.7, Zn?t ATt 6.1~7.1, Cut BiiX 6.2~7.1 T
Hotz. V. fischeri & V72 AR T, BRI F 721338 M C1d 7z AEC—EOEMEIC L ) 5
FHEDSE T L2 E0s, REHABROEM pH & LT 6.0~8.5 2R ENT WA, Co?t-en $ikICH
WTENL 40 L ETIE pHAS85 L2 ), pHISERT 2 HEHENE 2 b N72h, HERIVICIE
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Fig.1 Changes in ORP and pH of metal ion solutions with the formation of ethylenediamine complexes

as a function of molar concentration ratio of ethylenediamine and bivalent metal ions, Cen/Cwm.

ORP OREPENMIZENT b D EEZEZHNL.

3.2 VY UEME

Gly 373 /% (NHy) 7 0VEFTH (COOH) #ATH7 I /WHThs. FAEHEIL pH 12
Ko TELL, $EEEET 256, FEHO 597 U ETEA T Ve bh v E#RE TR L 2\,
Fig. 3R T L)1, 3 XNTOHEKTERLIL LD pH DX R L TwAH I Lhs, T L LTGly
IIHEREL TV B EEZ NS, T72 V. fischeri DM pH OFEFHMNICA>TnD I L 2R L. &
EIRFERFEBH O Gly ERBA F X DTNV Cgyy- /Oy 12K 2FFHER O ORP OZAL%E Fig. 3 12
RY. ORPEn=3DOFHETHL. WIFNo Gly #E12o0nTH, BT 2L 2 WA 2N
T, DIDIZ ORP DLEANPRONLDOATH Y, en $hA L I1TRL ) BHFE LIRSk o7z,
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Fig.2 Relationships between ORP and INH for each ethylenediamine complex solutions.
The values of INH were cited from ref. [13].

Table 2 Linear regression analysis for ORP and INH of ethylenediamine complexes.

slope intercept 12

Co?t  0.39 —-90  0.90
Zn?t  0.42 —100  0.90
Cu®t 023 -30 0.86

FHAEHEW D ORP 0ZALE INH OZALOBRE Fig. 4 (R T. WH ICIEHMBRIE RS>

Gly 5k D%56, ORP I V. fischeri DEMFENHEFEIIR§ 2 FELPERTTIEEWEEZONL.
Fig. 5 1ZH2F Eo Gly kD 1 & AMfilck 52 INH OZAbE R L7z, Co?t OENIL 4.0 55 5.0
&, Ao F AliodEinctEy, INH 3 28 mas i o he, M oMk, hk
fHEOKEE P TIE, MBEREICELL TR0 FOnIVRF I VER) VERIE: EDHEEL TR
HWELTWLIEFHMONTEY (18], Gly $EEDOR2 T DA+ Ml K& { % %13 EMlusEl & Gly
HEARBOF M &, V. fischeri IMEAI LR T R b EEZONE. Co?T-Gly $ADE VI 4.0~5.0
DH, BPFOA F Az b b 5§, INH S iizm L7ZERKRE LT, Co?t 2Mbo 48 A
F Y EHART1.0mM & 100 fiEv7zo, Gly iRELEHWI EAER LML, Gly (377 AR
WHLRTER S SN TEB Y [19,20], Gly 2WBEIAFET S L, Mol Ex T2 X7TF K7 %
YOREMEIZT 7= ORbVIZGly B AEN, ERT LT R D OMBEPAEEICR
D [21], ARELY A NEEVEIVIE 4.0~5.0 D Co?T-Gly $5A DMLY A ENF L otzizd b &
Abhb,
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Fig.3 Changes in ORP and pH of metal ion solutions with the formation of glycine complexes as a

function of molar concentration ratio of glycine and bivalent metal ions, Cyj,— /Ch.

1% @

Co?t, Zn?t BLX U Cu?t 2#H.L&BAF ~, en BL O Gly ZEfLT & 3% Werner BI$EKTIZ,
AL F ORAEDOBEINAE S, V. fischeri (SR $ A EWFEGHEI BN SN L ETS RN, ZoH
2 BET L7245, en S5O AT EBEMABTO ORP 78, Gly $MROBE IR TOA + L lidss
B L2 edbirol, BERTIIESEA 4 VI3  REMT LA L TERER L TwLEEZS
N, EEEA T OREHEW LT 256, CORMERELZETLLENH 5.
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Fig.4 Relationships between ORP and INH for each glycine complexes solution. The values of INH

were cited from ref. [13].
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Appendix
Changes in the bioluminescence inhibition (INH) of metal ion solutions with the formation of
ethylenediamine and glycine complexes as a function of molar concentration ratio of ligand and

bivalent metal ions, CL,/Cn. The values of INH were cited from ref. [13].

Cr/Cm Co-en Zn-en Cu-en Co-gly™ Zn-gly” Cu-gly”

0 33 42 46 33 42 46
0.5 5.8 —-93 36 13 2 29
1 -4 =10 34 10 11 33
1.5 -12 -13 27 7 28
2 —-25 16 20 7 30
2.5 -36 =31 16 3 14
3 —41 —25 16 6 11 20
3.5 —-55  —36 17 4 23
4 —68  —36 13 24 6 17
4.5 —67 =32 8.9 25 2 14
5 —65  —45 2.4 18 -2 20
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