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Evaluation of transportable energy-dispersive X-ray fluorescence spectrometers as a
tool for screening soils for some heavy metals

Akira Okada ', Taro Nogami 2 Shintaro Komatani >, Hiroyuki Skai* and Shin-Ichiro Wada’

Abstract

We evaluated transportable energy dispersive X-ray fluorescence (EDXRF) spectrometers as a tool for screening
soils for toxic heavy metals including chromium, arsenic, selenium, cadmium, mercury and lead. Analytical results for
air-dried and finely ground soils that were loosely packed in plastic sample holders were close to the certified values
except for mercury at a low content of 1.3 mg kg'. There was no significant difference between the values obtained by
the calibration curve method and fundamental parameter approach. Analytical metals contents linearly decreased as the
water content increased. The relative decrements for arsenic, selenium, cadmium, mercury and lead were similar to each
other and the analytical contents corrected for water content were fairly close to the certified contents of the respective
heavy metals. The presence of coarse particles in a sample resulted in an increased dispersion of the analytical data but
the mean of the measured contents was not significantly different from the mean of the results from the finely ground
sample. All these results suggest that EDXRF can be used as an excellent tool for rapid on-site screening of soils for

some toxic heavy metals.
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Table 1. Analytical results for JSAC0402 by calibration curve method (first line) and
fundamental parameter approach (second line).

Type of spectrometer

AV SD Certifid value
A B C
mg/kg
119 91.7 87.7 99.4 17.0
Cr 90.5£6.9
84.5 140 -
47.5 52.1 38.7 46.1 6.8
As 41.6+3.2
46.0 47.3 -
16.0 20.0 13.9 16.6 3.1
Se 17.0£1.7
11.0 14.0 -
18.2 20.8 21.3 20.1 1.7
Cd 18.5+1.1
25.0 20.0 -
1.9 9.8 4.2 53 4.1
Hg 1.3+0.1
2.5 14.0 -
35.5 43.7 62.6 473 13.9
Pb 452+7.1
36.5 61.8 -

AV: Average, SD: Standard deviation

Table 2. Analytical results for JSAC0403 by calibration curve method (first line) and

fundamental parameter approach (second line).

Type of spectrometer Certified
AV SD
A B C value
mg/kg
289 262 260 270 16.2
Cr 257+9
263 337 -
182 243 208 211 30.6
As 199 £ 15
192 185 -
151 187 169 169 18.0
Se 169 + 13
133 142 -
298 191 194 228 60.9
Cd 183+ 7
298 186 -
9.5 11.9 10.9 10.8 1.2
Hg 11.1£1.0
8.0 16.7 -
232 239 257 243 12.9
Pb 224+ 13
207 222 -

L, JSACOH K7 A TIEFREHME & OEDNFNEFNFIZ0% B L U060% & LB R & Hro 7.
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Z2bND. TNOORRIZ, HIEEDS, BEGE LKLY -2 RE LTS ND 2 51E, 3k
BIICWBLLFET L7215 T, AT AL = FREMARL v MUELZZHEICILHT 2 K TOGMATEETH
HZLlERRLTVD,
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Table 3. Effect of water content on the measured heavy metal content.

| Content/ mg kg
Water content/kg kg’
As Se Cd Hg Pb
0.04 627 583 555 33 646
396 372 443 25 422
0.45
(574) (539) (642) (36) (611)
296 276 273 18 312
0092
(569) (530) (525) 35) (600)
Certified value 550+ 18 587+13 607.4+9.4 57.8+1.9 612.4+13.0

Values in the parentheses are calculated contents on the dry matter basis by correcting for water content.

COENPLWEDR LI, KOGGEEIEEMT 2 L I L7z, Ol TlEEEM IEFPED v
LNTEY, BERRED S T L2 AORER L, TITHRELSSEIGE SN TYE, KoEE
AT L, HEHAEEICED AN TFEEOHGIIETT 20T, FHIMEA/NS 75 2 LIS ROMERT
5. Fig. 2124, A LITRT 25HIMEICS T2 A2 EKIICHE LTy b L7z SEoFHIMEIEEKIT
WRIBILTIRTLTED, ZORTEHEITEMTRELED Do/, €T, I3 2 5HE
ZEKILTHIEL, #ETH) OEEELZFHE L CTTable 3OFHIMEDO TEIZHEIMO & TRLA. Thb
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BB XS 2 R0 D R BE & 725 R & Table 412713 . RELO O & D388, HEHR I THRO L O T
Holz. THOKFEILS-12mmTH o720 b ) —DIEIHH T TR0 1252mmOP 05k o7z, €D F &
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117 o7z, Table 4IZ7R$HUB LM E DO FIGME LOSBEFRATH L. WECPDVETH LD TREN L &
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Table 4. Effect of using coarse soil samples.

Measured metal content/ mg kg’1

Sample
Pb Zn

Contaminated soil

aggregated to diameters from 5 to 12 mm 226 + 65 126 + 12

ground to pass through 0.5 mm sieve 215+ 16 116 £ 8
Non contaminated soil

aggregated to diameters from 0.125 to 2 mm 10.6 £5.9

ground to pass through 0.125 mm sieve 11.8+2.0

Figures indicate average value + 95% confident range.

5-12mmD ¥ EE AT DK FHE T 54, HEN/N S WK T ABREIICE T T4 720, Xl ik
2mmOKF- DFEDHEFMATE 2L 1ZEZ LMLV, L2 LID L) BRE SRR TIE, BRI IC
Eoby b ETHIRTAZ ELARSTH L. T FNDHMTOESETHLEEIZIE, FNEEML
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In-situ Heating SEM/EBSD Analysis of Recrystallization Behavior in
Pure Aluminum Foils

Ken-ichi Ikeda', Naoki Takata?, Satoshi Hata' and Hideharu Nakashima
' Department of Engineering Sciences for Electronics and Materials, Faculty of Engineering
Sciences, Kyushu University,
2 Department of Metallurgy and Ceramics Science, Graduate School of Science and Engineering,
Tokyo Institute of Technology

Abstract

In order to clarify the fundamental mechanism of primary recrystallization in pure aluminum foils, grain boundary
mobility in preferential growth of cube oriented grain ({100}<001>) was evaluated by in-situ heating scanning electron
microscopy / electron back scattering diffraction (SEM/EBSD) analysis. We have carried out the continuous SEM/
EBSD analysis during recrystallization of the aluminum foils heated to various temperatures in the chamber of SEM.
We have succeeded in dynamic observation of the preferential growth of cube oriented grains by the in-situ heating
SEM/EBSD analysis. The in-situ heating SEM/EBSD analysis could reveal the migration rate of grain boundaries
surrounding the cube oriented grains. It was clarified that the proportional relation between migration rate and annealing
time was satisfied. The stored energy providing the driving force for the grain boundary migration during primary
recrystallization could be estimated from the misorientation within the deformed grains. The considerable difference in
the stored energy between cube oriented grains and other oriented grains could be recognized. It was considered that

the difference in the stored energy plays a role of the driving force for the preferential growth of cube oriented grains.
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Hot Rolled Sheet Cold Rolling

(thickness: 7mm) (thickness: 130um)
— : { 7 - 4
Partial Annealing [ Additional Light Rolling [ Final Annealing
(250°C) (thickness: 110pm) (500°C~550C)

Fig. 1. Production process of pure aluminum foils for electrolytic capacitors

2. SEM/EBSDi%IZ DWW T

SEM/EBSD{: (&, SEMNTHJ70° L 723 EHC B &2 gL, &
FHGELTE TR IC X 0 564 L 73tk (EBSD Y Y — ) 2 HOEA 7 V) —
AN DHLY AK, BGOSR OWE E AT HEETH 5o Fig. 212
EBSD/Y% — VS OR[N % 7R 9 SEM/EBSDE LB F-# ik D —4%
ETH LN, EREEEZETT ALV L b, G2 oNaEEEE
I AATEN Y — v OfER N ENET 22 LI2E ), B2
O AR FETHLEVZ b, Lz > T MG 2 R
HOBEHIIIHEH CTE LW L ICEEDILETH S, Fig. 2. Schematic illustration of

SEM/EBSDE Cld, k2 K& (HFI S 5720, B HROMAEEA the formation of EBSD pattern
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DVFI R EEATHRY =V ERDAG I ENTEL I ENS, I 7 0L EBORRL TR % HIER <
EHETHETE LMD D 5 F7o, LHEHBARERHINVOY Y E Y T =8 285N TELDT,
SER - FATIN B OMIRENT I T2 2 LA TH L, TNETOMIEIZED, 70° IR L 723
BHIE T2 A L7256, BT TCOBFROILD D ILRABRT 2 S 1y mPEEIC R ADS, il S N2 E
TAXZ OBREAME 728, EBSD/NY — L ZIEFG L AW LSRR > TWwb, L7225 T, EBSD/Y
y — VEHEFEIL. BRI 530~50nmFEE DR E TH 5 DT, SEM/EBSDE TR 5N A [HHIX. HEfE
DFEFRINERTH S Z L Bk L TB2 2T IUE % 5 2w,

EBSD/%% — ¥ 5455 N A 15T R O 72 T, SEM/EBSD#: D Z2[H] /3 fi# BE1X . SEMDE-T-# 7
O—T7ORIMKETHEEZ NS, LA >T, W74 7 X2 FSEMTIE. #100~200nm, FE-SEM T,
#35~15nm& 72 B0 % L ORGSR ABEREBUSET 5 2 & TRESRL & L TR %2720, SEM/EBSD#E: D 43 fig
(Ll H OSEMD 22 73 R & D) b AY10fE R E e fli L 7 5

SEM/EBSD: IR 2R g O 5 i 1G5 % FHETH 52 DT, HBEETHEIVEAT 2 5EEHE A 5830~
S50nmDFIHD 55 704K PEALTE L 72 B o SEM/EBSDIEAT O F & 72 2 iRt REIREL KL S D FHF & L
T YA T 5 2B L 2 MO AE, BYoMEICL2a 8 I4—2 a3 v BIUBRILEERESD
RIS L B RIEDEA L EDD Do Licno Ty MEREHIL@E ) 2 RIMLE 2 i 5 LESH 0 . &EH
BCIEEICEBFEDL L IZ, 20470V ) A1 L AMALEES S b, FEAMERET I vy
AMEHIBWTIE, 204 5V ) B X 2 WALEINE, ER A - AL B LT VT L5 A
T UWHEDH S LS,

Fig. 3 £ Fig. 412 € N NSEM/EBSDf##T > A 7 A DA EW T 4 F & 2 FSEMIZHLY 17 & L 72SEM/
EBSDf##T & A 7 4 % 7”3 SEM/EBSDIEHT > A 7 413, OWiHi#: (EEECCD ) A 55)  QE{§ALFRSE{E |
QSEMAMRHIEIEEE . OE{EINE S 27 48 X UGEBSD /Y% — VENT Y 7 b7 o 7 THEL & N5 o L 4E T,
M 71 2 5 OMERER F 7 & ONIZEBSD/S Y — U ENT O v ¥ o — & —OMRER L2 X ) . I0ERTD Y 27 4
EHARTHR0BEDOHE T T — F WEDTREEL 72> T\ b,

EBSD Electron

Pattern beam
) Phosphor screen

@ Camera | CCD Camera
Control Unit

@‘® y

| '
— 3 SEM Fig. 4. W filament type SEM
PC Control Unit equipped with SEM/EBSD system

Heater Control Unit [—

Fig. 3. Schematic illustration of SEM/EBSD system
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3. FEBII
RIFFETHWZBE T > 7 U HEMET VI =7 AEIEHE9.9% TH ) . EeA MMtk s L CFe:
16ppm. Si : 20ppm3B & U'Cu : 40ppmA3E TN TV 5, W OFEEE TAIE, BMEE (& Z7mm) =& H
JEIE (R S130um) =85 BEE 22 F L (250C-6h) =M MIMEEE (EE110um) =B EE 2 F L (500T
~550C) &% BA RWFETIE, oS E L Ci L7-3F

(PA: Partial AnnealediUEl) & A NAYEEEAE £ Tt L 7250FF (LR: Light Ceramic heater
Rolledilkl) % Hv: 720

R BT 12 L ) RE A SEAL LT L. 2 O INEASEM/
EBSDF#AT 12k L 720 3UKHEFig. 5T/RTSEMAINIER A 7 — VI % L.
FrEDIRE F CHIRE. WEREZ AT o 72, IRV 2 Bk
RS LTI L7z T O INEGEE S AENTIZ. 150 um
X300 4 mOD I & FE M 2.5 umD M TIT o720 B, 1 HOH
w7 BT 2 49 3 03 [ TAT V. BB IR DR SR O E & 4T o

The?md—bouple r.,_

7oo BONTAERI Y ARG OEAL, LI ETT AR O Fig. 5. The heating stage for in-situ
FIRRHEE B & OV AE SR D ERE O3 A LA ) F — OFFfi 217 - 72, observation by SEM

4. FEERIREEE

4.1 BB OREETTN oA OB HIAEZE L

Fig. 612PAZE}, Fig. 7ICLREVFF 2 2 121089280 & #9290°C T Z DN & 5 AT % 17 - 72k e %2 7R
T o KHOEAITIE, BB EERT O ST Z FHIORTIREZ 7T LA ZAE0 7 7 —F =120 &R
LTWb, KHIZWTIR L7z SRS R AR Cdd 5o & 2T R TR BEAE T 67 0 {1003 <001> 7
5157 LN TN %2 A 2 &k & LR TR & 23 L 720 Fig. 6 TR & 9 12, PABRUELCIE, K75
LR 720F T2 < ABH AL SRR L T Bk FABIE S /2. £72. Fig. TOLRAEHIOWTIE, L
Tk DB R SEE SRR S N7zo LREEHZ DO W TR, Z D% OBILELIC X 1) BIEEIS O 7 R T
HAEEDI00%IZFE L7z ZOMERIE. BRGNS EREYHT 5 HRESHRIER O 7201201,
MBRELESLECTH DL 2R L TBY . I FE TICHE L2 BBIsE RO R L2 il T & 72,

for 60 s for 180 s for 840 s for 1320 s for 2280 s

Fig. 6. Crystal orientation distribution maps of in-situ heated partial annealed pure aluminum foils
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for 360 s for 540 s for 720 s for 900 s for 1080 s

001 101
Fig. 7. Crystal orientation distribution maps of in-situ heated additionally light rolled pure aluminum foils

4.2 SIERITAOR DR EEE

Fig. 8ICLR#AF % 270T . 290TC B X U310 D & E T2 O InEks & 5 A fENT 2 17\ SR TR O R
BHEIZOWTHRE LR ER T, AWIZE T, WSS B 2 AR AR O E RS BULBREEH & &
BIZEDELIIIEALT 200 H Lze 28R, SRR OB & BIERERE RT 2
EDHL P o7z, THUL, RAL A RRBIOREN A, MNOEEOT AL AN F—ETESIND K
%%ﬂ@ﬁ&%éﬁuﬁmLfﬁb«%mLEi%mn&53& Kb EVH N ZRT I EWnhol,

300

O at270°C
| | A at200C
| O at310C

NS
=3
S

—_
W
(=)

3%x107 m/s 4%10% m/s

(at 310°C) (at 270°C)
R e e

A 1x107 m/s

(at 290°C)

0 1000 2000 3000 4000 5000
Annealing time, # /s

Diameter of cube grains / um
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Fig. 8. Relation between the isolated cube oriented grains and annealing time at various temperatures

4.3 FMOTAIIILF —OFHf

Fig. 913, LREAE OBULEIZ LS /N2 OB L2 7R LT\ B o A SR O AL 23R 2%
%waévfétﬁmﬁék%z%néo;®_ki\EL%:meﬁLﬂ%%LtﬁﬁmmﬁM%w
EVNERIICRP L TWAEZ b IR TE B, & 512 MHERITRR & 5k & DRI BN 25



JUNRSF RS » & —3HE 45265 (2008)

As-Rolled at 277°C at 290°C for 420 s at 290°C for 900 s at 290°C for 1.26 ks
— RD
50 um | 2~15° 15° ~ | @ - Cube oriented grains ({100}<001>)

Fig. 9. Misorientation distribution maps of additionally light rolled foils during in-situ heating

AOEDPELTVE I EDHRTEZ, Thbb, ZEMkIc L > TH
Who T T. HREMHNOFEHNZE O 226

FEOT A AT —IZENDPELT
EFROTAIANVTF—EZRNICL Y KRD, B, Fi5

FRLZENIE, RS TR AT RS S & 1 15 5 11 A Kernel Average Misorientation (KAM)Y % Fiv2 72, KAMIZ#E &
P IC X DRSNS ARERE D 12, B0 &) MERMOF N EZL P LD TH D, FRIZK
WEZE Tl AR AR 2 3L EIE IO W TIEBRA L. RN O B2 IR LTk 72,
1 2 200
E=—pGb~, N ——
27 P> bd
2Ty pIFEENERE, blIN—H— AT b, diZFESTNBT ORERE. GIZRMEER, o TR

IR T 2B TH B0 BILHHT OLRGEL O 7R Aokl & 3 7 [ IESE AR 73 T 5 . Brass /i fir
# ({110¥<112>). CopperF ikl ({112}<111>) B L USHAHKL ({123}<634>) DKAM, i EB L U'E
H LA )LV F — O & Table 1R o SRR Z 5 A4 & oD LR BEIZH R 02 R L TH D,
MZE ), EROTAZANT =P OEZRTERPHE LN, DEOERI ), LREAE DS
AR DBELERET 2 OE, MR EDEROTALANF—EPRE L, INEHEN) L LORET
L2 EDRRTH D EDLNE o720 —H PAREHI O W TR AR DR E L T 2 ehb,
BRHOTAIANF— OB TRV G 2 5N o EBRERNTH D E VR b,

Table 1. Kernel average misorientation, dislocation density and the stored energy in the grains with each texture
component in additionally light rolled foils before heating

Texture components {10§}u<t:)e01> {11?);:?1» {13}12)1631; {123}i634>
I;;:r;;egllAverage Misorientation, 1.04 2.04 211 1.89
E?giﬁfigmmn% 7.64 1494 | 1544 | 1385
155?2%51{]36%% 81.5 159.4 164.8 147.8
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HARCTEDOEDPEL, FROTAIANF—ZZHRB & LTRBEELTWS 2 E 2L L7,

2% Wk

() WHE—, dElisfe—as, SHAE, hEIG, PR, BEE, 51.(2001), pp. 119-124.
Q) mHME, MWMHEB—, HFHAE, RN, FELA, #E4EE, 53 (2003), pp. 218-223.
(3) N. Takata, K. Ikeda, F. Yoshida, H. Nakashima, H. Abe, Mater. Trans., 45 (2004), pp. 1687-1692.
(4) Y. Takayama and J. A. Szpunar, Mater. Trans., 45 (2004), pp. 2316-2353.



JUNREE I & —Hids 45265 (2008)
av -V Y by AR U 2RI K B SRR SOV ZeD A

W B S ERERD?
DIUNKRF RS TEmigelke ISR b= (BREE)
DINKRE RBfLFAEE Y — b AL—2 3+ ) —FEHM

Generation of an ultraviolet ultrashort pulse by means of light modulation
based on coherent molecular motions
Shin-ichi Zaitsu ", Totaro Imasaka " ?
Y Department of Applied Chemistry, Graduate School of Engineering, Kyushu University,

? Division of Translational Research, Center for Future Chemistry, Kyushu University

Abstract

We report a novel approach to generate an ultrashort pulse with a duration of less than 10 fs in the ultraviolet region.
This is based on lightwave modulation caused by coherently-excited molecular motions in a gaseous medium. Our novel
excited scheme using a polarization modulated beam effectively induced coherent molecular motions and subsequent
ultrafast modulation, greatly broadening a spectral width of an ultrashort pulse. Optimized compression using a pair
of chirped mirrors successfully generate a 10.5-fs pulse. This will be utilized as a revolutionary light source in laser

ionization mass spectroscopy for analytical applications.

1. IZC®IC

LR DOWEDRLET 2O NS, BHEICEINLHLMHEORTOA T L, EEWIZZD
R 2 fH S 50 2 0 &9 GERIFEO B ERILIZ AT BT 5 =20 MW BETH S ) [ L —
W— A F VALE =57 (Laser Tonization Mass Spectroscopy - LIMS) | &, 2D &9 ZER %= W23 7200
B RMEEE LT, INETELOGHHLFEDORKRE LD TE 72, TOFHETIE, HBEWHEAR I —
Ly MtEZ FAWT, R &R GCHEIER 2R L. ZOMRER LA 4 > 2 HEHr bHE
TH5ZET, MEINHAYELZELICRET A EDNTRETH L, ZOFEETIE, [HLEBHRL LT A
74 1tk (Resonance Enhancement Multi-Photon Ionization : REMPI) | & IFIEI 5, & O BEAERHKIZ BT
HYWEEA ORI RZFH L72A F 2L o T FHEOWHE IS 2 [ER 2] & [FHiEED
REEW 720 B ZFEIFECERTH I EDTE L, CNEEFHBREFOMDOTEICL L1 F b7 0L A1
FRWEETHY, 5612, LIFLIEA + AL ICHE L 2 2380 T OHE (75 742> Mb) &, I
IS 2 2 ENTE S, 1o T MOFHRIZHART, WEOMNE L ERCDPEHIITAL V) FIHLEH
LTwa,

SO XIS, BEEYE ORI LRI B W CRERN I % 78§ 2REMPUMSEE TdH 4 %, WFZED
RS BI22ONT, HLHEOREHI N L THEDRADGHFAET 52 EOWLDPITR->TE e 2L Y
HiZBWTlE, LB S &2 HREMOFMIHMD THL, Eath v F (ps: 10%) 26724 A v



JUNKRFER I~ % — i 452675 (2008)

R (fs 1 10°8)) R L 2 RIKEZHERTE 2V EAMONT WS, ZOWEIZIZ. REMPIORIE )
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AT HERALE) (LT 1EFIRINT 1 EIEIREAN ORI 21T 9 72012, 8540 5 RES Ok Fii
DB AN H L 770 —HEMICHBE OV Z961E . BRI OBIRIC X 1) . SERV O EERTO RIS
Tho £ITC, FAIZZONELEANE LB B Z A L. BRI LR L C
Who ZORR, ThETO—MET /8 (10°8) ORMIEO L —F—Tidf + MR ETH - 72
B LT A & LRI A REWICED 5 2 LI Lz, Fx ORET D Z0H L Tk @i 3,
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Wb,
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GBBND LR [ae—L 2y b~y 13, 8O TRIEO RVWIEIEEERAR L LT L <Bhimic
e iThbnT& 720 fEkiIE, MEMEHT 20 FOBEEZEHZOS O 2 BRTH7-0ICFHH I N TW
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ADHIE S NIED 720 53T O BERILE OBy & [ URE TR T 5, (it T, FdEErsae—1L > b
iR E NG L. 205 FEFIIZEHRNICIZ. H7o0b 20ESEEE CHERIEIEOLE T L8 &
AT IENTED, ZOL) RIREOBEIGHE AR S5 &, oMM L CEl sz [Z50 ]
AHTZ EAREL 7 B TERBID— MM 2 AR IS Cld. AN 25 E0E %2 BROLFAESICEHTT L, R
PRZFMICEB S5 2 & T, HEPEERT 2 6EOMMERZEHL Twb, —h, FTE8)C &
HAAHZETCTIL, o FEENI L 7 bu=7 ZORFAEZE,ICHEZ 2BEEE (THZLE) 2/ LTWw57:
O, TNETOLHREG TIIEBATERTD o 72 B EGHI T OEHEZ R, 100 fs% T 8] 2 B E O 88 FE
PNV AN T HMAMERPERTE L, 2O L) RFr Lot g [ TAHZH (Molecular Phase
Modulation) | & AL, ik x BEFICHET 22 LVFEL LT, EHEEDHRO TV D,

CDL) BT ERTNA ATIX, BMELERHEFRT 27200 T5ICKRE LG FER I — 1 v AR
TLUEDND D, 5T OEENEMIIK L COREEHEEH S S, TOEHOI—L Y A2FRS 5720
2. 20O I A NF -7 (Thbb. TOEBORWEE) (S LREROELEET S 2EEON
Wz MRIAEH S HEDPHCWON DL ZO%E . 0 FOEEIIZ D 2HEEDOERTEAN I NS [ %D ]
OFWEET, BRI ND LEZX DI LN TE D, 5 FOEBEPEHUIL—EI121~100 THZO FHIH I
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WMEINTWD, —J, AT FEEOEMZE L) SR ZAAT MUriid L 7z 7 Wil SV 26T
Fe L7 BIER R LT < LR AT A L ICL - T T 0ae—Ly NEBIEFRT LI LV
FERRELEY. o R EHFT A& %2Fig 11RT. Ib—L ¥ MrTE 0Bt e %4 5 8E5%
POVAE, FIREETIZ [ 20 ] %%

B 2720082 DWERT % & AT
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S 2 IS T EF ORI CER Y 2 Fig. 1. (Top) Schematic illustration of the excitation process of

JE—L YRS FES

o E R T RS [ AR a coher.ent molecular motion th.rough transient s.timulated Raman
scattering. (Bottom) Generation of Raman sidebands due to

S~ ~ % o o AN
WY R RSEESE D, TORR BE coherent Raman scattering. This is regarded as a result of phase
FHSNVADHES B b — 7 )OO JEUE BT modulation of ultrashort optical pulse.
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L7-00REGEE LT, 75 %77 AV L — W —FAEMIEL (Thales Lasertl: © Concerto) 725 DiLiRs4 8
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R IEOMEICIE, BERFZFHL 597747 ] | I
72 JE U B o3 R R 7 — b 2 (Self-Diffraction BERER oM |
Frequency Resolved Optical Gating : SD- ﬁé%;%mfﬁ%i :
-— IRt

FROG) % M\>7=, % Stk S 5 i L

) BTz, BOEPIEE 5 b=, YL ,
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AESHL 05, BlbEIC R L1 Fig. 2. Setup for the first experiment. DM: Dichroic mirror, SD-
GDDM /M7 5 K H 127 ) X Ak FR FROG: Self-Diffraction Frequency Resolved Optical Gating.
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Fig. 3. Measured spectra and temporal waveforms before (a), (b) and after (c),(d) molecular modulation and
subsequent pulse compression. Spectral and temporal phases are also shown in the figures.
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Fig. 4. Schematic of a time-dependent polarization modulated beam. Incident angle for birefringent crystal is

slightly adjusted for optimization of polarization distribution.
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Fig. 6. Spectrum (a) and temporal waveform (b) after compression of an
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Stability of helix conformation of melittin in methanol-water mixed solvents

Yoshinori Miura, Hirofumi Sakashita

Center for Advanced Instrumental Analysis, Kyushu University

Abstract

Temperature dependence of helix conformation of bee venom melittin in the methanol-water mixed solvents with
various methanol concentrations has been examined by using two-dimensional NMR, in order to elucidate conformation
stability and its change. Observed data (results obtained from COSY, NOESY and ROESY) are summarized as a phase
diagram of conformation as functions of temperature and methanol concentration. Melittin takes a partially helical
conformation under certain solution conditions, and a full helix-coil transition in melittin proceeds gradually via a

partially helical conformation.

1. BL®HIC
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DA F Y OHEIED LI IZH o> TVRDDN, N v 7 AIRETHIUITEDHRED X ¥ 7 — VIR F T
EHRHEFE SN TV DD 2D L) REERMPARIIED
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Ay = VIRKIEEEEFR X)) 7 OEEIZE T 5
Wiz ETH2/m%E (CD™) % 1 IRIENMRIC &
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e conformation is stabilized mainly by intra-molcular
LEZAVF YD an v 7 AREERT o a™ hydrogen bonds. The amino acid sequence of
) v 7 AT TRER DS & ZEfboE melittin is GIGAVLKVLTTGLPALISWIKRKRQQ.
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2. FEBHE

ANVF L EV < I VBALLZLD2Z0F TV, BEICIEHLY ZRERICHBE LAY ) — )L
PKIBEREAE L. TNHICA ) F ¥ % R THIwt.%. ONMREE AR 2 /BB L 72 (Table. 1)o 2O
REORETHIUIKBER T ThHo T 4=FIITEHR S N\, LT 7 b ONFBEEAREY B IZIZTSP ™ % f
HL7z

NMR#EE L 53 HT & > ¥ — % & D Unity Inova S00MHz NMR A X 2”7 h 1O X — % — (Varian) % fl\», 2D7' 1

Table 1. Summary of mixed solvents and sample temperatures in two dimensional (2D)'H-NMR

Solvent Concentration 2D NMR Temperature (*C)
100% CD;OH 0.93 wt.%. COSY -5,0,5, 10, 15, 20, 28, 35, 40, 45, 50, 55, 60
NOESY 25,30, 35, 40, 45, 50, 55, 60
ROESY 25, 30, 40, 50, 60
91.2%CD;0H/8.8%H,0 0.98 wt.%. COSY 10, 25, 40, 60
80.8%CD;0H/19.1%H,0 1.2 wt.%. COSY 10, 25, 40, 60
NOESY 25,40, 60
69.5%CD;0H/30.5%H,0 0.97 wt.%. COSY 10, 25, 40, 50, 55, 60
NOESY 25, 35, 40, 60
51%CD;0H/49%H,0 1.56 wt.%. COSY 10, 25, 40, 60
NOESY 25,40, 45, 50, 60
48.4%CD;0D/51.6%D,0 096 wt.%.  NOESY 30, 35, 40, 45, 50, 55, 60
ROESY 55, 60
35%CD;0H/65%H,0 0.98 wt.%. COSY 10, 25, 40, 60
NOESY 25,40, 50
35%CD;0D/65%D,0 0.9 wt.% NOESY 25,40, 50,60
ROESY 25, 40, 50, 60
25%CD;0H/75%H,0 0.91 wt.%. COSY 10, 25, 40, 60
NOESY 15, 25, 40, 60

25%CDs0D/75%D,0 0.88wt.% NOESY 25,40, 60
ROESY 40, 60
17%CDs0D/83%D,0 0.91 wt.% COSY 25, 30, 35, 40, 60

NOESY 25,40, 60
ROESY 40, 60
10%CD;0D/90%D,0 0.97 wt.%. COSY 25, 30, 35, 40, 60
NOESY 25,40, 60
ROESY 25, 40, 60

100%H,0 0.9 wt.%. COSY 25, 40, 60
NOESY 25,40, 60
100%D,0 0.92 wt.%. COSY 25

NOESY 25,40, 60
ROESY 25,40, 60
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Fig. 2. NH- a H cross peaks region of COSY spectra of melittin in methanol at 28 C (A) and 60 C (B). The
assignments of the peaks are represented as the one-letter amino acid symbol and the residue number. The number
of detectable NH- a H cross peaks, being twenty-one at 28°C, reduces to seven at 60°C owing to the following two
reasons ; one is a fast exchange between NH protons in melittin and OH protons in surrounding solvent molecules,
and the other is irradiation effect of solvent.
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Fig. 4. NH- a H cross peaks region of COSY spectra of melittin in 51%methanol/49%water (A) and 25%methanol/
75%water mixed solvent (B) at 25°C. The cross peaks are labeled with the one-letter amino acid symbol and the
residue number. The number of detectable peaks decreases with lowering methanol concentration in methanol-water
mixed solvent.
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Fig. 6. NOESY spectra of melittin dissolved in 100% methanol at 25C (A), and in 48.4%methanol/51.6%water
mixed solvent at 30C (B) and 60C (C). ROESY spectrum of melittin dissolved in 48.4%methanol/51.6%water
mixed solvent at 60 C (D). Black and blue contour lines represent positive and negative peaks, respectively.
NOE peaks enclosed with the dotted squares are cross peaks of a Hi- § Hiss indicative of a helix unit.
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Fig. 7. Temperature dependence of relative integrated intensity of a Hi- § Hixs NOE cross peaks observed for melittin in
100%methanol (A) and 48.4%methanol/51.6%water mixed solvent (B). Normalization of a Hi- f Hizs NOE cross peaks
are performed relative to integrated intensity of diagonal NOE peak of C4H proton of Trp19. All the intensity of a Hi-
B Hiss NOE cross peaks decreases gradually with increasing temperature. Some peaks disappear below 60 .
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Fig. 8. Summary of a Hi- f Hiss NOE peaks observed for melittin in 100% methanol (A) and 48.4%methanol/
51.6%water mixed solvent (B) at 30 C and 60 C. The chains of 26 circles and the number labeled in the circles
represent a melittin molecule and residue numbers, respectively. The solid curves which connect i-th and i+3-th
circles indicate that a Hi- f Hixs NOE peaks can be observed in NOESY spectra. The dotted curves indicate that
a Hi- f Hix3s NOE peaks are not clearly observed owing to overlap between other cross peaks.
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Fig. 9. The phase diagram of melittin as functions of temperature and methanol concentration. In the
diagram, helix (coil) indicates full a -helix (random coil) conformation, and partial helix partially uncoiled
one. Melittin is brought into helix, partial helix and coil phases by changing either temperature or methanol

concentration.
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5. ¥ & ®

2DNMRIZ & D (1) AV F DG FWNREHEITFHOLGIT T L ICHRENR RS, (2) HREMHICE
DEHHINIANY v 7 2D ET - PN B EIRESFAET S, ZHOPICLTAY F v OEREN %
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® Abbreviations : CD, circular dichroism; TSP, 3-trimethylsilyl-propionate, FID, free induction decay; COSY,
correlated spectroscopy; NOESY, nuclear Overhauser effect spectroscopy; ROESY, rotating-frame

Overhauser effect spectroscopy; Wet, water suppression enhanced through T1 effect.
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Formation of gold nanoparticles by coprecipitation with manganese(Il) hydroxide
and dissolution of the gold nanoparticles by hydrochloric acid.
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Satoshi UTSUNOMIYA***_ Yoshihiro OKAUE***  Akira IMAT*,
Koichiro WATANABE* and Takushi YOKOYAMA *#%*
* Department of Earth Resources Engineering, Faculty of Engineering, Kyushu University, 744
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Abstract

Coprecipitation of gold(IIT) ions with manganese(II) hydroxide was was investigated. Based on the XPS and TEM
analyses for gold coprecipitated with Mn(OH)2, the valence state of gold was determined to be Au(0) (elemental
gold) and the gold was present as particles with 10-20 nm in size. In contrast to the bulk gold, the gold nanoparticles
coprecipitated with Mn(OH): can be dissolved by diluted hydrochloric acid (1M) to form [AuCls] . The dissolution of
gold nanosized particle by HCI enable us to develop a new extraction procedure of precious metals (Au, Pt, Pd) through

separation of gold from platinum group metals.
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Fig. 1. XPS spectra of Mn 2p region for (a) Initial Au concentration: 100mg dm™. Initial Mn
coprecipitates containing gold. Initial Mn concentration: 0.005mol dm™. Initial Au/Mn atomic
concentration: 0.005mol dm™. Initial Au ratio: 1/10. Reaction time: 24h.

concentration: 100mg dm?. Reaction time: 24h.; (b)
MnO: powder supplied from Chuo Denki Kogyo
Co., Ltd.; (c) Mn(OH); precipitated at pH 9
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Fig. 4. The variation of gold and manganese
concentrations in filtrate liberated from
manganese(Il) hydroxide coprecipitating gold as a

— () T1IT] function of time. Initial Au concentration: 100mg
dm™. Initial Mn concentration: 0.005mol dm™. Initial
Fig. 3. A HAADEF-STEM image of aggregates of Au/Mn atomic ratio: 1/10. Reaction time: up to 24h.

gold nanoparticles in coprecipitate: Initial Au/Mn
atomic ratio: 1/4.
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High acceleration field combined with pulse laser ablation for the fabrication of
functionally graded material thin film

Takashi Nishiyama, Sachi Morinaga and Kunihito Nagayama

Department of Aeronautics and Astronautics, Faculty of Engineering, Kyushu University

Abstract

This paper describes a novel way to fabricate thin film deposited on an appropriate substrate with continuously
gradient material composition. Composition gradient is realized by the combination of pulsed laser ablation (PLA) of
target materials with a strong acceleration field generated on a moving disk rotating at very high speed. The purpose of
the use of PLA process is to produce cloud of high-energy particles of the target material which fall onto the substrate
on the rotating disk. Produced high-energy particles will touch down and diffuse at the surface of the thin film in a
strong acceleration field. High-energy of the particles, diffusion at the surface in high vacuum environment helps realize
macroscopic composition distribution in the thin film.

We have constructed an experimental apparatus consisting of a vacuum chamber within which a circular disk made of
titanium is driven by an inductive high-frequency motor. Acceleration field of up to 10,000G can be generated by this
apparatus. Functionally graded material (FGM) thin films of FeSi2 with continuous concentration gradient have been

successfully fabricated by using the present method under 5,400G.
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Fig. 1. Schematic of the concept of pulse laser ablation in high-
gravity environment
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Table 1. Specification of the high-gravity assisted PLA system

Ratating disk ;

mataal e Mtassan

stz andl mas 300 mm eameter, £ o thickmess, 1300 g
AN P At m e 4 L

Crravify amd rofation :

max graviy < 20HA g
disk rotation 3 0000 ] 20000
U CoEnechon magretic fhed seal wnit

{dErect comnection of disk amd mobor axis)

Vacwnm chambsr -

vohene 15 0060 oo

wedows for laser swcidence Futed slica, I poats

VBCLLNN prrnp TMP and rotary pump up 1o 10~ Pa

Abarions laser sysiemsm ©
Laser spec W YAG bager, 1064 n,
4 s, 20 He, < 200 ml pole

Subsirates :
material mnd size sapphere, | Oemem= ] Deen =0, S
location on dalk 4 places i svmmetrical posisions

(o}

Fig. 3. Photograph of the high-
gravity assisted PLA system

Fig. 2. Schematic illustration of the designed apparatus: (a)
overall view, (b) geometrical positions of the substrate plates on
the disk, and (c) block diagram of the experimental system
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