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Abstract

Water is one of the most familiar materials to our lives. Unfortunately however,
the structure and the basic physico-chemical properties have not yet been fully
revealed. In human beings water occupies in 70 percents of the whole body. Thus
water is indispesable to our lives.

Recently trehalose has been recognized to be an interesting material as a wa-
ter substitute. Trehalose is distributed widely in nature, for example in yeasts,
seaweeds, Crustacea, and so on. It has been recognized that this disaccharide
protects proteins and cell membranes against physical stresses, such as waterless
and freezed environment. So trehalose has been studied vigorously in variety of
scientific fields, especially foods science and medical science.

In the previous work the dynamical structure of trehalose and related saccharides
in aqueous solutions were investigated by Raman spectroscopy. It has been found
that the Raman spectral intensities of two vibration modes in the C-C stretching
region (840 cm™! and 920 cm™") are much stronger than those of other saccharides.
Comparing a HyO solution with a D50 solution of trehalose, these two modes
reflect the peculiar hydration of trehalose. But it was impossible to explain this
peculiarity of trehalose clearly from only aqueous solutions.

In the present work, we have prepared single crystals of trehalose and tried to
find a some differences between single crystals and aqueous solutions by Raman
spectroscopic study. We intend to find some vibrational modes of trehalose itself
because a single crystal has much less water molecules around trehalose than aque-
ous solutions. However, the result was not expected one. The spectral profileds of
single crystals are merely sharpener than those of aqueous solutions. We cannot
find any characteristic differences between them.

Next we have prepared a deutrated single crystal of trehalose (a D-crystal of
trehalose) and tried to find some differences between a D-crystal and a H-crystal

of trehalose. Comparing Raman spectra of the D-crystal with the H-crystal, we
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have found that the 908 cm™! mode of D-crystal discussed in aqueous solutions is
drastically weakened than that of the H-crystal and that two vibration modes 518
cm™! and 540 cm™! in the H-crystal merge into one mode in the D-crystal.

According to the result of normal mode caliculations the mode of 908 cm™!
is assigned to the bending deformation of the C-O-C glycosidic angle and the
modes 518 cm™"' and 540 cm™! are assigned to the normal vibration in the skeletal
deformation region of pyranose rings.

The origin of these spectral change may be the complex vibrational interactions
due to the complexity of trehalose structure. But one possibility is that the hydro-
gen bond between trehalose molecules and hydrated water much strengthened in
deutration and prevent the bending-like vibration of two pyranose rings and gly-
cosidic bond. This surpresses the modulation of the polarizability under normal
vibraitions resulting the intensity decrease of the 908 ¢cm™" mode. At the same
time the hardening of the hydrogen bond between trehalose molecules and hy-
drated water decrease the flexibility of the vibration pattern between the pyranose
rings. This reflects that the two modes 518 em™ and 540 cm™' in the H-crystal
merge into one mode in the D-crystal.

Although we cannot conclude definitely that the present result is directly related
to the peculiar hydration of trehalose, we can suppose that the bending vibrations
of the two pyranose rings certainly participate in the hydration dynamics in tre-
halose.

We tried to parepare single crystals of maltose and glucose, but these saccharides
are difficult to crystallize and did not succeed to get sigle crystals. We also tried
to prepare D-crystals of maltose and glucose by the same way as trehalose’s, but
these crystals were never deutrated. We can prepare a single crystal only the
trehalose. From this fact we think that trehalose is more flexible in local structure
than other saccharides and easily crystallize.

We haven’t clarified the peculiar hydration of trehalose definitely, but the flex-
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ibility of trehalose and the vibrations of the pyranose rings can be a key to solve

the mechanism of the peculiar hydraton effect of trehalose .
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FMEZARYZ MIVOE— RBEELTWD (K3.10). ZOE— RIFIEMEEE FKICE
AThbELELanwZ L, REBEHENAS WS T, BT/ —AREFLOZESM
REITHBHEEZEND, YIVE—AE M LNO—ZATIIHREIBNE RS Z &n
5. BT —ABRMAELORKERRE KL TWDTREENH D155,

EIREIEEEI CIE. O — C 2AIREIE— ROFEHICH S 840cm ™! & 920cm~! D
2O0F— K&, FNO—ZKERD S O OFEKERIZHA, 5RENE L
<Hi</z>oTW5 (X3.11), 2D 2DODE—RiZ. MLNO—ZAEKBRIZBWN
TIREENE T LTS (M3.12), 2OZENS, 844em™ & 920cm™! D
DOE— RIE M LNO— R ICRHE#A KRS Z KL Thd EEbn s,
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Isotropic Raman Spectra (T = 295 K)

Trehalose (0.03)

Neotrehalose(0.025)

Maltose (0.03)

Reduced Raman Spectral Intensity

Glucose (0.03)

Water
| | | | | |
0 50 100 150 200 250 300

Raman Frequency (cm™)

3.10: b lNO—=A EMBEDKIERDOFIME S < > AT ML (EIRE )
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—— Trehalose
O Neotrehalose
00 Maltose
A Glucose

Intensity

800 1000 1200 . 1400 1600
Raman Fregency (cm )

3.11: PLNNO—ZAEMBEDOKBIRDO T > AT ML (EIEEE)

|844 cm-1 | |920 cm-1 | —— Trehalose in H ,0
— Trehalose in D ,O

Intensity

/
;’ﬁ
——

~iiva \\\Mﬁw

800 1000 1200 1400 1600
Raman Fregency [cm_ll

312 PLNAB—=ZKEREFEKBFRD T 2 AXRT MV (EIREEA)
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3.4 pPLNO—RERDIES

cMLNO—ZADfERIE, 2 KNP EIRETRERMEZED, 112y bbb
20 4535 ZERIRE P2,2:2) ORGFOMIEE LD ENOh>Thb,

Taga OV XERENT 2 HWT, ZIJKFP#ERAK 313 OX D afbmtEEE2 &5 2
EERLE. 3]

M LAO—Z5F ERERAKIE. O6) — Hype O(4) H— Ouas O(2)) — Hygs O(2)
H— Oy DD TAEREL TS,

iy

.
E - A S R
HE - KE=EES 5

4|

2
ll
30
3
5
4
6

B 3.13: b L\NO—Z KAk i ORI
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3.5 b~l//NO—RiEROEEREENR

B 3A B TRSI N b LNO— A KW & O RE MR 2 512, Dauchez 5
3. GFEZHWE b LNO— X KW O HRIEREIE R 217> 7. [5, 7] &F
HTI47F%Z 1 unit ELZcell ZETINICL TEIEIN TV S, BTV,
S FWIZ DN T mUBSFF (modified Urey Bradley Simanouchi Force Field) 2 -
7o RERMEICDWTOREEHEDT —F &K 313 1TRT,

a. by cldcel DEIEXRLTHO, a. 4 7 IZAEEEL TS,

N: number of atoms 51
IN-6 147
Space group P2,2,2,
Molecules per cell 4
Number of cells 125
a=(A) 12.230
b=(A) 17.890
c=(A) 7.596
a=() 90.00
B=() 90.00
v=() 90.00
intramolecular H bonds 4
intermolecular H bonds 8

% 3.13: bLNO—ZAOHREEREFHEICH W S N RSO T —4%
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FEREFEORER. b LNO—Z2 KWk OIRENE— RAYR 0 BARIYIZ
Kooz, REFH SR OBELZE 313 ITRT. ORI, FHHOKRE)
M <DODEE L TEHN S,

~100cm™!

C-C. C-O0 D D internal rotation EAEFHREID coupling
C(1)-0(1). C(17)-O(1) torsion

100~200cm™"

DTWKRFREE—R

C-C. C-O O @ internal rotation
C-C-C, C-C-0O angle bending

200~ 600cm™*

C-C-0. C-0-C, 0-C-0 skeletal deformation

C-0 rotation

600~800cm™"

IKFEAE R network @ angle deformation

BRAL C-O torsion

800~950cm™"

OH % ® rocking deformation
C(1)-O(1) stretching elongation
C(1)-O(1)-C(1") bending deformation

950~ 1200cm™*

C-C. (-0 valence deformation
C-C-H, H-C-O bending deformation

C-C, C-0 stretching elongation

1200~ 1500cm™"

H-C-H. C-O-H. H-C-O. C-C-H bending deformation
OH %D wagging & twisting

2850~ 3000cm™"

C-H stretching

3200~ 3700cm™"

O-H stretching

% 313 IREEEEBIC K 2 ER b LNO— A DIREI D7) FE
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4 REOHIE

4.1 F=#

4.1.1 RERICAWZEM

R TH - zibkHE R 4.1.1) 1TRLZ, FLNO—A, *F L NO—X,
RIVE—=Z, ZINaA—2AD 4 FEHEOEDKIER TH 5. 7)) 3— AL OBEIIH
JFAEMRIEPIZER D SRt L TW Wb 2R L., 7))L a— 23R ERE
AN SWBALZBOZMAL /2,

VRIS UCHEA U 72 Z888KI3, /KK ZfliFihEEE (YAMATO F—)V A F—
VWG —25) TAA ML, BELEHDZE I SICH LM ELEREE (mili —
QJr.) THELIEZBDOZH W, B, Aldrich#tnSBALLZSDZEMFHL /=,

Name Formula Molecular Weight | Molar ration range | Purity
Treharose 012H22011‘2H20 378.33 0—0.04 99.1
Maltose 012H22011'H20 360.32 0—0.03 99.0
Glucose CeH 5056 180.16 0 —0.052 98.0
4.1.2 BEROERTE

Bt f I3 powder IR OBE 2 fIFNIREBIZ /22 X TARBKEZISEKITHEMR S E, 1R

EORELZBATI~2HABEL THEMRSE 5, TRITKGNRL o7
5. OWREN A TWRWEHZEA ZHIDZ L, EAKRIIEZEZ S,
FETIE M LNO—ZD HyO B, D0 B#EFROBGS Nz, MOFEIDONT
LB RHERITIRSTRMN > T2D T, HBoNZAEHZ A THMNA< L. powder (£
fEE) L THWE,

ZD
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4.2 EEBREE

R L 727~ BELOEBRIEE L, B2 2720 OJER, B 5 D8l
SLEEEIET B 720 DFBHIBLER. BELEE AXRY MVIZHRET 572D D53k
#n. ARZ PVERET 20 0)titid, 7 — 5 WHRE EDERIT K DR
INTW5S,

(EIRENERSEL (-50~200cm ™)  HJFRITIT Art L —F—DEFMBD 488nm OFEHR
MERWZ, DHEBIFYTIE ) 7O A—F— (U1000) Z iz GRGkRE
o 20em™ T107M) . JEMINER ITITDEE THEMEE 2 A WOt 7EH 8L Taf
HIL, AT VRS,

SiRENENAELE (200 3800cm™!)  JEEICIT Art L —H— D HFAD 488nm DFEHR
WEHWZ, 2RI RNY TIVE S 70 A—%— (T64000) & iz R
PREZ 1 20em™! T 1071, JEMHERITIERIL T F v > F)VEID CCD(charge
coupled device) % W 2, CCD B ERIIHEAZE FRE OKRICL T,
BUES 25 L, REIREZRS L TARY MVERELZ., ZO®BTIE
W T~ O BELORNE BT o 72

powder |FBEM D A, B RITEEM E <~ 7 0 TENENHIE L 7,
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4.3 AEFRH

B 3ok 22N TNEVSNS a, by c ELT, HAHHNS T

HELZHIE L, X270 TOHIEDHETZX 4.112,

WUz,
EIRENEFALL (-50~200cm ")

e laser power : 200 mW
o HIERME : 0.2cm™

o THELFFM : 28

o TAEMEE: 1M

[ ] macro
S RENEFEEL (200~3800cm™!)

o laser power : 200 mW
o THEREIE : 2[H]

o TEEIF[ : 168

e grating : 1800

. triple

° macro or micro

23
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AEHEOED mE AL gL mE

fﬁfj\b {eb) a

b/’i;ﬁ “v{ a Lt
Ao iad i haL ko fhk T %'
C

AT a

b

4.1: HfEEOPEDOHT (7 1)

Mbt G of mt

Mg E AL m = ¥

fil . a (bb)-a
a (bald-a

ARaiEkAm tral A mEHm

b

4.2: HESEOWE O (B
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5 REEZR

5.1

~LNO— ZKEHR & H,O Bk

KBREBER, ZHEDSIIVANT MV

. HyO 248 (powder IR) DT < AR k

V251, 52, 53 1R, —KNPRERD T 2 AXRT FUIZ, KEEHRD AN
7 MIVERBUET 5 2 EIETELN, TN DENVTRE S Nmh - 7,

Intensity

—
4. P //‘/\
\\\
0
IIIIIlIIIIiIIII LI IIIllllllilllllllllilllllIIIIilllllllll
2600 2800 3200 3400 3600 3800

Raman fregency (cm ™)

5.1: ML NNO—ZAKEHKREHIER, RO IT~ AT Ml
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Intensity

| A I L1 1l
o 7J<7’“«§z
— HifE
Edoi
i //\
1 ﬂ WV\
| L LELELEN BLELELELEN B rprerrrrrrrprrrrprrrrprrrrprrerpreea
900 1000 1100 1200 1300 1400 1500
Raman fregency (cm ™)
B4 5.2: bLNO—ZKEKREBER, SOOI AR ML
. 1 | L1 1l Ll
_ 7J<¥”’{f“
V%DEIEI
2t
2
27
o
g
S
800 900

5.3:

500

600

700

Raman fregency (cm ™)

7t =

N LNO— ZAKEEHR & Hkh R, 265

DI

ANRT BV



5.2 HO#R&E DO EREDLE
5.2.1 K¥xENELFEE (0~300 cm™!)

HASEITHIE T 2 AMICK D E—IRENRR LD, ART MIOE—7 D
ME - E— OB RITHETERWD, E—JIREBEICOWTIIKR TS Z &
MTED, FHANSHEELIZAXRT MVDS B, H,0 Bifbfh & D,0 BfE&HED 5
AR MVE I DT O E541TRT,

0~200cm™! Y—Z7REFED/NY — 13 H,O BfsE, DO BERTIZFEAESE
{EL TR,

200~300cm~"' H,O BfiEIZHR, D0 BfiEO E— 7 IREE D /Y — 13
INTIE D 2 DMEIRENEII N 7 R L TW5,

CDORERIE, SfbfPCHR R Z SO N SHE L THRKOKRZ R,
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X' (w)

X' ()

X' (w)

a(bb)c 1 —— single crystal (H ,0)
— single crystal (D ,0)

50 100 150 200 250

Raman freqency (cm )

X 5.4: HEEFEOIT AT ML (0~300 em™!)
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5.2.2 SiRENEFEE (300~1500cm™!)

LUR D#ERIE, ZhbfCHE R 2 DTN 5HE L THRBROHR 21572,

300~850cm™" AXZ MLDOE—2 DINY — 1L DyO 5 AR E AN D
7L TWa, LU, ZOEEH D H,0 #5518, 540cm™" D 2 KD
E—2IM0., D0fERTIE1IARITE > TWAXIDITRA S, (K5.5)
¥z, KBFERTHEICE>72 2 KO E—27 D55, 844em ™ ITHIET 5 E—
7 (H,0 B TIE835em™!) 13, D,0 #&TIIMio E— 27 LFEERIC, (K
WEEMNCS 7 RL TS, (X5.6)

850~1350cm~! H,O f&f& DO fEDE—IMMEBAEMIGL THEH T,
BN T RLTWAESICHRZAS, BT, HO SR T1077em™! @
E—2713. DO fEEICIZENzW, (5.6, 5.7)

77, KIAEKR CRIEIZZE S 72 920em™ IZXInT 5 ¥ —72  (H,0 B & Tt
908cm™) IZDWTIL. DO FEFETIIE L <HENMEL /> T3S, (K5.6)

1350~1500cm~! A7 ML DE—27 D)NY — 1% D,O S SR Bz >
JRLTW3, (K5.8)
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Intensity

single crystal (H5O)
single crystal (D,0)

-1 -1
518cm / 540cm I

300 400

500 600
Raman freqgency (cm )

5.5: HEEMD I ART ML (250~750cm™!)
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single crystal (H,O)
single crystal (D,O)

1077cm |-

N — 908cm

835cm

Intensity

]
W

v

e

700 800 900 1000 1100
Raman fregency (cm )

5.6: HEEEDOITARYT ML (650~1150cm™1)
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single crystal (H,O)
single crystal (D,O)

| P— _I

Intensity

\ I

N PRS-

A\ WYYV I

1100 1200 1300 1400 1500
Raman freqgency (cm )

5.7 BRSO I ARY ML (1050~1550cm™)
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Intensity

single crystal (H,0O)
single crystal (D,O)

2500 3000 3500
Raman freqgency (cm )

5.8 HEERD I ANRYT ML (2000~3800cm ™)
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5.2.3 SiREIEMAE (2000~3800cm™")

it (powder IR) @ b LNO—Z H,O & DO FEFD T 2 ARY ML %
59189 HyO #5:T 3100~3700cm ™" OFEBIZH 2 E— 7 BN, D,0 fb
TIERE 7 7Y 2200~2650cm ™ OFEIRIZT 7 F L TW5,

L)L, 2850~3000cm™! OFEBLICH D E— 7 #ET H,0 i & D,0 T, &
SEDLONRIND Tz,

D0 FEERD 2200~2650cm ™! OFEBLD ¥ — 27 & & 3100cm~3700cm ™" DFEIR D
E— I BOBERIOIIZ. BLET:3TH5S,

1200 — 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
1000 - — powder(H ,0)
— powder(D ,0)
800
2
E
8 600
k=
400
200 i ’
O Ilillllillll LA T T g_

500 1000 1500 2000 2500 3000 3500

Raman fregency (cm™)

59: RLN\NO—ASEELZDT AT ML (200~3800cm ™)
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6 REREERDER

95 5.2.3 HIIZDWT. 2850~3000cm ™" DOFEILIZ. C-H stretching T— R DK
THU. 3200~3700cm ™' OFEIKIE. O-H stretching E— ROEK TH 5, #iFhHD
H LIRS M LNO—ZKBBRDOEEZE H,0 NS D0 WCEZ T Z EI2E-> T,
O-H stretching B— R OKREDMEIRENE AN ST b LT, C-H stretching E— R
MEELIRNT EMS. D0 BEERTIE, OITHE L H &/KFKO HId@E#: L
T, CITHEBLEHIFERL TWRWEEZ L EMTES (M6.1)., 7L
E—IUBES T RLTWRWE— OB REDLNS. BXE7EH O O-H
MO-DITERINZEEZ NS,

UMD Z Lzl Tikmd o

oD
DOH,

H

B 6.1: HAFELZBLNO—RZ D0 #EFOREER
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6.1 BEKkFICKDIREEHTH

NUNO—Z H,0 $E&E DO O E— V8% KIBEWRD AT MV E5E
RIS I/ THIET A, K62DEDITRoT. St (powder) 1EZ4E flF +
T, BEFIZARZ MVOBRPU TN S HORE TS B2, SE0[Emn &
LT 0~800cm ™" TIIREEKIT L TH D, 850~1000cm~" H7z D OFEEL TIZ
H,O &5 D DHREEN & <. 1100~1500cm™! &7z D OFEI T D0 K5FHDF
PREEDNE < 72> THRZ %,

1400

1200 O single crystal
® powder

‘21000

D,O crystal DE— RD M
rE R B R

[o]
o
o

D
o
o

D,O crystal peak fregency (¢

H,O crystal O&— KD AN
R R

N
o
o

N
o
o

o

0 200 400 600 800 1000 1200 1400

H,O crystal peak fregency (em™

X 6.2: H,O BifEih & D,O B RO Y — 7 IREE O g
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1000~1400cm ™" OFEBOIRENT, C DE D DEMAIRE & C-O-H ZAIREND cou-
pling L TW5%, BEARRELIZHES T, C-0-D EARMIREHENTNLDT, —H
[ U & 512 1000~1400cm ! fEBICEIHIE N TV AIREITH, 2o (REFE)
ZZELTWS 9],

HAKFEIZE > T, C-O-D ZARIDEIRENE M. 800~1000cm ™" DFEIBUT K
MO, MOIEE & coupling L. TN ERKFIZ, 1000~1400cm™ IZH 272 E— KD
coupling W72 <725, LWVWITEBEZIHD, T5H&, AAICE> TdEmEs
TEMEZ>7ZEDITHRZSE (K6.3),

72, 908cm™ DE— FOE—VHEN D,O M THF L <L Eo 2 KIZDn
Tl 908cm™ DIREND, HFKFRLIZK o TERIREEHI N 7 N L TE C-0-D
ZAPREN & couple L THEN ML TLESZAREEDE Z 515,

WEOIRENI S TV > TDEMB DT, EDIREMNEKRZLED EDIRE I~
JT 2 MTHR LI L 720 A%, 800~1000cm™! &, 1100~1400cm ™" THREE> 7
N~ OERANENZDIF. ZNZTNOFEBIC. C-0-D Z2AHRE) & C-0-H A REN
JET 22 THHIEMEZEASNDN, MEMNZI EIETE AN,

ZDZEZ, I EVMASIE LD, TG SNz D,0 #5 & O & ET
ATV, TIUTE DW= R MEIREEAT O R 2175 T, FIHEME & SEBREE R & g
THLIEMRETH S,

{EAREE (B~ 2 | a7 b 2
fre 2oy
{exa Ly 800 10p0 too 14?0
“ [ I T —*
C-0-C hending i ¥
£ B -
C-O-Dhending  C-0-H berding & COED @ herding
e =

X 6.3: FlNNO—ZADQEKFELICKDIREE S 7 bOFkT
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6.2 KIRENELFEE (0~300cm™)

%521 &0, fEROBEKELHEDO T ARY ML ZRE L -RSER, (KIEH)
HBEE, CI3EAKFLIC K D IREIT— RO/NNY — 2 DR ERZBLIZA S NBN S T,
ZOEEIL, HTFHIREIEBE TH 205, 2 FRIREIEEO /NS — 2 INRE<LE
fblznweEEZENS, £o T, MNO—ZAfEFHOEENEKZEICES>TH
FOEDLERBNEEZDZENTES (K6.4),

150~300cm ™! FHE DENIRENEL S 7 M2DWTIE, O T3 THKE
BET— ROFEEZIT TS0, FARICE > THFRAEREE TS D
DENZE LD EZEZTND,

b fﬂ DN

6.4: ZZ5N5 ML N\NO—Z DO fhEa DS
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6.3 SiREN%EEE (300~1500cm™")

9, KEKTHEIZ/R 572 844em ™! (H,0 #EfETIE 835ecm™) 1IZDW T, Z
DIREEDE— R, C5)H,OH ODFRDDEMDE—RTHD, TOHMND IZIE
BN ZEITKD ([CHH0DIZRD). ZOEDPDIRTNELSZLDT, IRE)
T FDVERBEMICS 7 L TWEEBEASDEIRZYTHS, LnL., TOk
BE— RN MLNO—ZXTRIZHRNENWD Z&E &, FLNO—ZADKMEEED
BEEMEIL, EAEBMAMICE D 2 &ITTERRN,

Al U < KIS CRIBEIZ 72 5 72 920em ™ (H,0 #5E T 908em ™) DIRBI & £+
DE— RPN, DO FEMTIFE L HENGES 25 RITDONTIE, BIE, ROLD
IZEZ TIN5,

908cm ™! DIRENT — RIFILERBIFHHOFERN S COMIEREI &, /D a3 RES
B (C,—0—-C) DEARI THS ERESNTNS 6], FLNO—ZAD D,0
& i DRSS XARRAT DR R SARIRENE S < > AR MVOFERKI D, M 6.4 &
FEALNDZNE, KRN DO ICBERS N EITED. T NOKEREE DR
<D, BT/ —ZBRMNSKFEFIINTITOIA > (K65 DFNVWTA ) &
KON < 72> TVNBEER D, £5FZDE, VU REGOEAIRS)
TdH 3 908m~" DIREE— ROBFI/NE <72DD T, D0 FEFTIIE — 58
MELSFHSBOTNDHDTIIRNWEADINEZEZ SN S,

EOEZDHE, HEMSRNOET ) —AROBKIRHE—REREIN TN
% H,0O f&55 @ 518cm™", 540cm™! D 2 ARKE—27 2%, D,0 f&HTIE 522em™" 1D
I ->TWwWAZ &S, ET ) —ZROMDG2EAIREND /NS — 2 2 2 fikE
HoTDM, LIROBEHMNS, BEKRFEMETIE I HEEL 2RSS 25720I1TE
THEHMATZHZEDHTED, ML NO—XFMMOREITHRT, ZUIaT R

HGLEZ2DO0DET ) —ABROEBEINE N [6], ZOEWN, MLNO—RIHH
ISKFEEEZ R L TV DD TIFZR NN EEZE Z TNWSA, EEBARRIRARILT R W,
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‘Z‘ z = i L
[~ YA
oA

i)
6 ¥y A
db/r «"

6.5: ML N\NO—Z D,O FEshDIREN DT
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7T FLO

RLNO—Z DB, SHEEEE T AR MVTHIE L., KIEE & DFEE
AT L&D ERAIN, KIERZBREHSBZET TR, I ART MVR
REULT H DA T, FICHN - B IIRA I NN o 72,

LML, DO BBETES 2 255 2 & T M LN\O— ZKER CREIC >
Z2D0E—=27 D55, 908cm™ ODE—21T, FrEBZBARNERD 5Nz D0
i Cy 908cm™! ODE—IMNEFELFHL B> TLE->TWD,

DyO WRIETHES 2. O-HREMEIR D E— ROKHH, K 1/V2 EOIR
BEGEIEICS 7 L TWAZENS, O-DICEBISN TS EEZ5NS,

908cm ™! DIREFDOE— RIZ. VU L REGOEAREZZLO T, HKFE
BIC & > T 7o 72 KEHREE A, b LNAO—ZAD flexibility Z2%cbt, REHT—
FRZELSHE<LBOTLES TS EDIZEA S,

FIERDBEZE NS, €T ) — ABREBIRFFEIHICE T2 2AK0E—S (518cm™
& 540em™) M D,0FEFHT IR OTNDH I EEHHATEHIEHTES,

ZDOZEMN, bLNO—ZDOKHEFEICBES L ThanE DN, BERHIZNS
ZEFTERWD, 2DDET ) —AROIRENN, KEESEDoTWAEZ EIT
HHITE S,

MNO—ZDQHEREERT 2. IV h—Z, 7 a—ZADHEFHBEX
D LA, BfERIIGEsNano 7z, £z, bLNO—RA DO &k & FEERD
FETHIED D0 #hEZER U2, HIE L2 2 ART ML, £o72<
HAZBERINBZNW ENGhoz, ZOEMNS RS E, FLNO— 23k
ME <. flexible 72t % &D Z EHEHITE 5,

X7z, HOEmTIE, 908cm™! DIRENE— FIRENTES 2RI DWIE, BHKE
BIZE>TC-O-HMC-0-D T/ D, HOHRENE couple T5Z EITXKD, FREN
ST B EVD R B BE TE /R0,

INSOWIFET. b LN\O— 2Dk R KFEM 2 BARICIRAT 2 Z &3 T
BINo7ein. RLNO—ZAEKDEADDENIZDONT, FLNO—ZD flexibility.
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FrICHEKFICEK D ET /) —ABROEAREB O, b L NO— X DKFIRE
TS 1 DDOFERINDITHRDEEEZTVS,
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C DWFRIEB R DKL T RFZRZGNRDUCHFER P E R A HEBAEFE I T b
ZbDTY, AFEZED HITHZ 0, KEHYITHEYE, Sl T<KEok
BARDKLTRENESACHTERIER TH 2 B R EHEEIITOLN S BB L XIS

72, BROKLTFRFAEFZHER T TH 2WRBES v, BAMFED
RPET S Ay REHT S Al HFREOS L IZIIMZEICET 22T TR, £
HHIZO 5. W znZE, 2HEME LIRS ETHERLLS
EZR<IEHBL KT,

Akt E L THWE LN =R, IV = (KR MEEM AR D4
HEICXOIRHEEINZDBOTY., ZJWWESEHOEZERL KT,
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