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Summary

The study of enthalpy relaxation for amorphous styrene oligomers

This thesis describes the observation of the enthalpy relaxation phenomenon for amorphous
styrene oligomer by an adiabatic calorimeter and the result of the temperature dependence of
enthalpy relaxation times for styrene oligomer at around glass transition temperature (75)
observed from various measurement methods. It consists of 4 chapters.

Enthalpy relaxation of amorphous samples using the adiabatic calorimeter has been studied
for simple molecular structures like molecular glasses. However, there is no example directly
measuring enthalpy relaxation of oligomer and polymer in amorphous state by using the
adiabatic calorimeter. Therefore, I aim to clarify the universal characteristics of relaxation
phenomenon of amorphous state and the characteristic feature of amorphous polymer through
measuring the enthalpy relaxation of amorphous styrene oligomer and polystyrene. It is known
that molecules and/or clusters constituting the amorphous state cause a relaxation and diffusion
motion near 7. In order to understand the relaxed and diffusive motion in the amorphous state,
it is necessary to know the physical properties of the glass transition across a wide space and a
wide time scale, because there is little information available in the amorphous state.

In this thesis, the outline of the amorphous(glassy) state was explained in chapter 1. In
chapter 2, it was described for various measurement methods which are effective tool for
investigating the relaxation phenomenon near the glass transition region. In chapter 3, enthalpy
relaxation near 7, of amorphous styrene oligomers with different molecular weights was
directly measured using an adiabatic calorimeter, and the amount of enthalpy relaxation
depending on the molecular weight at the glass transition temperature (7;) was evaluated. In
chapter 4, the relaxation phenomenon near the glass transition of amorphous styrene oligomer
was measured from various measurements such as adiabatic  calorimetry,
temperature-modulated DSC (TMDSC), dynamic light scattering (DLS), dielectric relaxation
and viscoelastic measurement. | evaluated the temperature dependence the relaxation time of
enthalpy relaxation and compared the relaxation time with that of other measurement methods
and discussed the relevance to enthalpy relaxation.

Chapter 1 was an introduction and summarizes the research on the glass transition
phenomenon, and based on the results, it described the circumstances in the study of the

relaxation phenomenon of amorphous styrene oligomer and the purpose of this research.



In chapter 2, I explained the devices of the adiabatic calorimeter, temperature modulation
DSC (TMDSC), dynamic light scattering (DLS), dielectric measurement, viscoelastic
measurement, which were observed the relaxation phenomena at around 7. I also showed how
the relaxation time could be evaluated from each measurement method at around 7.

In chapter 3, with respect to amorphous styrene oligomers have different molecular weights,
the temperature drift rate was measured near 7 using an adiabatic calorimeter. From the results,
it was found that the enthalpy relaxation rate and the configurational enthalpy relaxation amount
calculated and evaluated. The enthalpy relaxation amount of amorphous styrene oligomer was
0.77kJ mol™, 3.5kJ mol™ and 1.6kJ mol" and it was revealed that it is a large configurational
enthalpy relaxation amount as compared with molecular glass. From the results obtained this
time, it was clarified that three amorphous styrene oligomers with different molecular weights
are not simple molecular weight dependence.

In chapter 4, relaxation phenomena around the glass transition temperature (7,) were
observed using an adiabatic calorimeter, temperature modulation (DSC), dynamic light
scattering (DLS), viscoelastic measurement and dielectric relaxation of amorphous styrene
oligomer. The results of the relaxation phenomena and mechanical measurements above the 7,
observed using adiabatic calorimeter, TMDSC, and dielectric relaxation measurement were
revealed to be due to a relaxation process directly related to glass transition. The relaxation
phenomena studied using DLS corresponded to simple diffusion. The relaxation phenomenon
observed using an adiabatic calorimeter below T7; is also attributed to the alpha relaxation
process, but it is measured in thermodynamic nonequilibrium and therefore shows temperature
dependence different from other o relaxation processes.

In summary, I evaluated the molecular weight dependence of the amount of enthalpy
relaxation for amorphous styrene oligomer using an adiabatic calorimeter at around the glass
transition temperature and compared the temperature dependence of relaxation time evaluated
from enthalpy relaxation with that of other various measurement method near the glass
transition temperature. From such a result, it becomes possible to control amorphous materials,

and is expected to be applied to measures for physical deterioration over a long period of time.
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log (viscosity in poise)
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LT BN E—iRME LU DLS THIH S VDR FNELS 2 35 AR Fn ., RGiM: TBl
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2.1. H T RREOEBFIIR K DR EFIE
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2.2 WrBAIEEFH

WAV B, RBERD A mEZEIC L, ok B e L A R CIREE I HI4E L
To B — L R CTHY BHTe 2 & TWrEIRRBIC L, WMEIR (4K~ 5K) > 5 400K F2 L
DIVREFRFHCTRIEN CTX 2EE TH D, TOFREE LTI, +0.02%D &t
FE. £0.1%D @i CRAEEOREN TE, £710%LL EOIEF TR WEERIRFH
BROBIG AT U AN E—FEME LTBIIT A2 ZERTEDL2AIHD, Y
WFFEEE TR S LT BV B R 3T D T 4 [X12- AR 97, & 2 TRt
FREELTHY, Z20ED Y 2 FAROWE L —/L R X O EROEH
—/L RTH 5 Z & CTHWrEREBAZ R> T 57,

PR BEOREFET AT T, U 2 MBS 2 AiiE OIRERIE 217780,
ZOREZETNAT AN —ZRTLICLY, BREEZHED, X2-21%, WrEl
TN G X 2 BE ERIEO FIEZ #9572 D12, MElhic s OIREE, #fth
ZHIEREZ & 52K TH D, K2-21RT X DI, R BVREE T ¢ &
DO bR CRBI AR OIRENEZIT Y, ZNEIRERY 7 FORIEL WD,
WA, INBVIWBIRRE Z PR o 72 F £ TIT 9, KRB /01X, B HE T L7121k
DIRE RV 7 hOMETHD, ZO=BEMOBIELI2=y N LT, HDHIEE
IZBTDAEEN—RICEE D, ROBEEIZET HEAKEITIIT E OKIRELD
SERIEIREE LT, 0%, MALKIREORE N 7 MIEZITS Z &Ik
DIkED, ZOXIICAREHEIZZ O ZEREOMKY KL TITH,

BRBEOBERNRHEIZLLTO X 512475, IREEDIRE AT L L, KIRED
WEZTCRT, WE Y7 MEZ, T&TaRRRE s & bICEBRIE T
LEMECH L, ZOTETEHFROBHE LT, —RAXTT7 v T 107 LT
T(t). () &2k D, ZNHORNE, IEAL T D H RO TOT. T
DED . Tltwe) Tltmd) ZHEH L, ZTOREEZATET D,

AT=T(tmid)—Ti(tmia) 2-1)

I Ty AT EIMBNCH W EX =R VX —AE ZH WD & BAREIL T (tmid)
& Tr(tmid) DEYJRIE Ty TOERKEL 2D KR D I HIcEDLT LN TE S,

Tov=Ti(tmid)—{ Tt(tmia)/2} (2-2)

C(Tav): AE/AT (2-3)
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X2-31%, H T AGBIRE (T,) AR CENIND = XL e —RfMsE DR
JEEbZ R LTS, WA CIL, mEIRFE FRFF TR o= 21
E—OREN R D DT, AT AEBIRE (T,) LTz ¥ —fRAEE
R L OZ TR WEDBH S5, RGN CIX, HAHKE & FIREECH
URREAZED EBEZHNDD T, T,LAFTOEBHRFBEIBINI ST, =¥
VAR XA T AR (Ty) (E TRROWBEEL 52 5, [X2-3
DBAND K DI, WrEVBIEVE G TR O WM AR EE &7 L 7= (B 36 H)) = >
)V B — KRR O SRR A BB 2 Z s TE D, BT OFHM S
B ClL, 20BN T 7 AEEBOFELZ R I RELE L THHIL TV D,

WrEVRIZVE S 2 Wl E OBE EREICB W TE, K22TRLIE L D1,
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FoT, BREZWET D, H T AEBEETIX, B0 BRI E1X
WA Z 5720, WiBVRIEE T CIE RY 7 FZ2IEL T DIZH 0 0b b,
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LREROMEE FRELITRERTE L TBASND,
RERDOBE B Cou=(dEAT) X, PIENEIT—EDORNTITONTNDH DT, =
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223 U NAE—BMEORHFE

RERY 7 MEEOREEOBENS, ZENORBHIEB T 5 KIRET
DT HVE—RMEEZ KD D Z LN TE D, K2-5ICRER T o 2L E—i%
FEOHEHIZ OV TORT,

[K2-51% = 2 Z B — BRI D AN D W T EARIIZHIIT 2 72010, it
IR (T) BRUNICHFH] () & & S 7eflTH 5, ATIHIX2-5ITR 9 K5 12,
B DIREE TR DI LB — % M2 TR EZ L 2AT & L, R OIET L
X—ZMATZREZECEAT, & H BT, TOATITINEL TV D H RO %
Atimia. AT THIEV L TV B H S ORI 2 Al L. FORMESALE LT, =
NERBEICBIT AT Z A —EME (AH) OBEHIZHNT,

At=Atmia—A trmid (2-7)

2T, FEROArE RV T MEE T/ B LXOBKENE THE LNk

EREE LA E T 2R E (Cpotal=dE/dT) Z T AbEDL Z LItk v, TRk
IRRBOFIEEIIBIT A 2L —EINE (AH,) #BEHTHZ 0T
éo

A H=(dT/d0))x(dE/dT) XAt (2-8)

X(2-8) LV, =X LE—EMEOHEIIZE W TIL, Ar ORFEIN TIEfERmE
FEIZEALD 2N 2 E B L ONAT OIREHFHFHN TRAREIZEN RN & 2 RE
LTV, ZOREIEX, FIRETLHREMEBEIZBNT, At BEOAT BFESy
(/NS URILE 72 1R, dTVde 38 Z OV dE/AT DALV 220 R Tl v
LI CRRALT 2, ABFZEDIRPLTIX, AtiE3.6X10%, ATIZ2K FEE L 725, Wik
B CRI S D REFIIERT & A (=3.6 X 103 TIFIER UL H W TH D, =D
T2 L7 B EIC DWW TIE, KBEIX 2 M~ 1 HT LUV Tixdh 08, Pl s
ENL BWEEN - B IR EARIRIEIC H 2 O A ERIIICARE G 5 2 &N T
5, FFVERBOEENRES 01X, BIRFROEFOIMD L 2 AT
FHE— L Vo TERWHIETH Y, HEITRL WV ETWni, ZORE»HIES
ICEHBEETH D EEZ TS,
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2.3. IREEZEHH DSC

YFERANDIT B L ST IRE A FDSC (Thermal Modulated Differential Scanning
Calorimeter:TMDSC) (., X2-60 & 5 \ZIRFE AR 72 ER 2 2 . BARICELIL
BRI E D DA K EMES L D LT HDSCO—FETH DY, ZOFE
(X R 72 I EE & 9 DSCHIIE BAROFRIZI X, AT O X5 7efeia 5> T
W5, E£7. BFEODSCHIE T, EHARFRFOBGRREICIEIT 52 & 2 FH
LCAKRBZRET D, UL, FEEEEZEPOICHEVETZ Lick b
WIS ZAT 208, WERE BB D RSN D Z LIC72 0 | IRE & B & DR
EOLNOARBRERET L ENTES, EEEZFHAT -0, BUTEON
— 2T A UPRFRIEIC L > T 222 (@ ODSCHIE TIXEMA T 2
W) BT W, KIZ, BE ODSCE AW AEEORE TIXERFRD D
VMERRIR S L BEIZ 2 D DI LT, —ERE £V OIREET 2 MU NMRIE & 3
AU, SENE CARBEERET DI LN TE D,

FESRME N E 72 o0 JE RO A FHEIZ 72 W TMDSCO R & LT, JAHIRISE I
T HBGREDISED K72 B, IEFMIRIE & L CEEAIR (FRIR) 12k
HEGRBEDOISE LRGN BB HIT oD, T78bb, IREZLFHDSC L
133 ODSCHE & SR TR E O T DEZR 2 E5bERHO>FIETH D,

JEAHAETEIC X O IRE SN DBAE BT - RICEINBE & L D, EIE
DOEALTZ T TR REL OB D ISE DRI E B 729 AT OBRELER & IE
DOEREZLTIIMHDO XL HE L5720, BINAFRIIRE S EMMHE L
BHEEERD, WERODSCHIETHHED Z LD TEXLERED X D 72F 72w
HE7Z T T BWMEORERRE 72 & OBIROIR 5 B\ O RS & SRS 2 15
LAET D, LF T, kI TEEIND B RIRELRR BV R EZHIICE - T,
HARW) 22 AT 07 1 % 7”9,

SR TSR A AT ORELEFTEE OB EE(LOIX, FEDB% L L
TUTONXTRTZENTE D,

T= T—}- T ei(wt +¢) (2-9)

(2-10)

Q = é+§ el(ot +0)
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ZITTUR) L O (8) 1, FRENEIRME &R, T(F LS —) |
0 (Fy hFAX—) 13, ZRENIREREL BFRIEEEZH L THY ., o217
TH O ARANEA TS (22T, PIXERAY) . 72, eB L0 E R,

NFRZE (NIAHD A L) alZ Q-1 E AN TeB LD ZESTRD D Z LN TE 5,

0=0—¢& (2-11)

INHOREL LT, BN RAL LT, BROENOEZAREC 13AE
Wekw, BPEOIRIERS L ONREOIRIEZ AW TKIEDO L HI2iE 5,

ICl=0/wT (2-12)

I E R AR EILCl e “= AC—IAC"TETZENTE, T4 T7—DRAKX
(e*=cosa-isina) ZHWAHZ LIZL OV IRAKD L HIITEFRTZ 5,

Ce™ = C(cosa) — iC(cosa) (2-13)

FFROK LY Cleosa)lTC(FEHR) DERFEAFK L, Clsina)lLC" (EE) OEGRR &

RIZENTED, CER) &C"(EHH) OIRBEREEDBAR % [X2-712 777,

TR AU 5 C7(FEER) DAF LA LN WA — S H D03, T T A7
E OB R BB E N T DA, IREN LRI oNAREN I EH L,
BRGNS ZATIIHE - EICR 2R EBBIH SN D, C70EHE) Ol ERK
T, BE EFICE L TRARENAE T LIEE T, C"UEH) O v —27 M8
WIND, BE— 7 EDIREIZIT DREMRFHS ©— 7 & 5 2 5 8 0wk
ELTELNDZ ENFMBNTND,
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C’(Real part)

C(T)=C"-iC"

(D

C’,(])
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2.4 BhRYYEELEL

BV LI IR B AL SN EORIETITE L, BRI
DV A I~ B LT 5 10, LRI DRI (L ORI & [E3UE
> PR B OB 5 X 2 T & | € 20 DRI 2 W T 5 =
EATE D, RHITHLT AR | BN RGBSR O > <X
SRR < 72 5.

BB ELIE DR A HRIZ SV TR B, BIEBALIEIC K > T B
BOELESRIED FRHIZIEMAN T 0 AR 28 127, = OFRIIAZIL
PSR REE B 1510, YU TERSNS B EREBEEE AT, (L
DRI to 123515 5 BGELESIER IEHE 2 L, £ D% OGBSIz S\ T DA%
"5,

(I(t+to)I(to))e
U™ e

(2-14)

22T, Ji3mEkHz], ¢ iMEREORRH s TH 5,

B CABBARAEL g2()1%. K(2-1DDLEDDHEA D373 2 DL, 43 FED
WYED2FTHDLID, T 1LV bREREL 2D, o, ¢ ZHRKIZTD
Fa &L I() & I(t+D) & DFITITFEENR 72 < 720 | SN FEHTE S L 912k
LHED, [()=1(t) 72 2)2D, g2@ODEIX1ITES<, K2-8% KXY
AT LT 57D, g20-1 DEAFEHT 5, X 2-8 OHELLIRE DRFF 22t
T — X & R(2-1DITHE» THLHE L T 7= B CHBEBIE g2(D-1 OFERKFED 7 F
7 %X 2-9 1T, X 2-9 TIHAR O RFF STV FHBAD R R & & b ITkEFn
LT LTV ERFAERS TN D,

PRI IRE ] DS LGP Tl R HIEB A D e EN GBI 5 2 & RT L
AERL 2D 1 TRENDHBNIRIZIN TS, FEERGE & & SISk 723 h
DOALE D HRBENT 572 OMBENER L, g2()-1 DERIED T 5, R&EIIZIE
FHEANR 72 < 72 B (0 F v . B Z WG T IBITAFAET DRI D3N 72 72 D) T8,
g2(D-1 DIEIX 012725, T OFEENREED BN KD F TITH D5 IREH]
ZRRFNIRERR] & W 9

I, B CAHBEBIE DRE RNl #R 2> & REFNRE#] & 55 3 2 B DWW TR
Do
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H CARBERE R DR FN AR I L TSR W T T v T 4 7952 8
T, AR t ZBBHT 52 LN TE D, 74 v T 4 ZITHW DB EITLL
To@EY TH D,

Q)(f) —1= _t
g9(?) leexp( T) (2-15)
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2.5. FEEMERE

R E L, BUBHCIFRIC L » T&L (BE) T2 EARIGNE 52T,
ZFHNWCE o TRETDIENETLIFERZRET HZ LICLD, RE O I1FA 7
HWEERET D HETHDH,

o FE T EMARERD D WITRERE B2 5 Z E LV, BRI E
STEENH - T, ﬁ’%ﬁﬂzé’) ENZIE UTlRIDEIZ72 0 . AT TWe in7e<
2h &, TEOBIZR D, WIRIZIFZRE TR, HEM25 NS LT
%%ﬁﬁ?%%b\ﬁ#ﬁ<ﬁék£ﬁ#¢i@\%@ﬁ@ﬁ_@éo

FEBPEIRTIE, NDEMA D ETIY Loz EDEOEIZENLRH D,
IIRR = 2D X9 7o ¥EBbE ERIL, BAEPINSIZHICRE > Tm—EDBIZ2 Y, 5
EEY ED L U#&ifmf@@#éom\%mﬂmﬁk@ﬁﬁimWT
BAKIINZIRIR D X H I —EHREDEFEICIZ /250, HERD £E5D k()\?“yf@*
%m%@%wiimﬁﬁb\%wi@@bﬁwo:mg@éﬁﬁﬁ%&%%@
MHAEDOEE LTHMET L ENTE S,

FERRPEIE & LT, — @) T CTOEEOIEDTEIRORE M IS 188,
—ETVEEORECLDMERE, WAWARBIENARETH D, KL T
FREEZ 2SR R2N 6, —EIi/ FCTHET 2 HEE1T-> T3 (X2-10),

METFEE LT, FCREAHAOEL A A —2— LEERHOMELERT 55
ENRD D, MRV A A —F — 32O MO IR E 2 8 F7 Z Blis LTk
B2t LICXVIRENZ2T O OTAENMZ 5, MO X OREO
JBEE&EE25Z 82k, MERoOEmOVREORELAETHDL, MERTO
HETIE, BIROTZ 4 VL% T T Tk B, R HEZESHSE THREOT 2%
Mz T, MGIHERTHNERET HHETH L, RamXORETIEA Y I~
—TH DRI NREE ZHEH L TS 720EEE L 4 A — % —CTOREZTT-
77
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2.6 BFHESER

KABLZIMGAE— A > N EFFOREHNIEIL ZHNT 5 & KABR NG
E— AL MRELOHFWICHIE O & T 57D FOREE ZFE T 5, B
AR S T2 0 OBLRIG-E— A v M EERIDWE RS, WEOFERT, X
2-11 IR T X9, BHEEXIEMOBERE LTHET S Z &Itk BGr e
NTED 12, KAEBRPMGAE— A b EFORBNCAZRESRE AL, Zh
2t L CISET HERENMN OIRIE & B & BERAMONMBEZREST HZ &1
LV, HEFEREZEL LN TE D, FEEME IR, FERPEBRBIK T
L. 27288202 ThHDH, BEIRFBEROBRBUKFIED Z & 2 35E /0
ETES, FHEBEMOBMICOVWT, K 2-12 (TR LI-EEFHEBEROEIREIKFED
77 7 b %, AL f O¥EINIE > THER D EX MR E S DAELIZIE
BETE <7257, FEE NI L, FEBRK N E—7 2R7, Z08
BINHEENTHD, e"OE—2 by T H2H5Z DI fu 05 1=1/2afn) DB
R AW TESIHRAE— A FORAFFFICAH Y 3 2 MEEH « 233k b1
Do XMEET DR, WEBEHEICL > T, SFIEREHEOBELIIG T — A
v N OBRMICER T 2FEEMPBH SN D, o0 i, A oD vic,
AIENE o (=27) OFEELTRTZLEHEZ,

PUTFICK 2-12 DBARICHONWT, EHICFEL L BRI F o B2k~ 2%, 4y
TATHRIED & DURIETIL, SMB L EBHEBHM S NIZRC, EOANG LR UK
FCEXIBATERSND, ZOBEBIDWIE, 51 OBFE—AL ) D25,
B HCELAT 5 Z L ICRKT 20T, EBHBPMZ LTHDLEDHREIZM
TeDIZiTd HRREFROEFED D05,

4 2-12 THEFEFEROFEIL, ARBEEK TIE—EDHEIZZ2 > TS, JA
WD T 2 EIRAITIR T L TWE, ZO®%RGBEEEKO LA & & bICiFEESR
ORI U, BfEmiciid 2 —EEIcR LT <,

ZDOFHEBROFEE, DEVFEERLVWODOITELLHMLEEEIZENLSD
WDOGRBBTER S ND DN ENWIRIETH 5, KEWREE T, RitES %N
X7 LTH, ELGEMATL LR UBREICERSMBERIND LD
ZEEBEHRLTWS, BROMOFKIITA RO N0, o< b &
L7=EBH OB THNIE, RE L > TBREL T\ &, EXO0MERIZIZEN
WAETZR, ZHBTEATE AL JRAWEEN L3> T & BRI MO KD
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b O WOBRENIZIE TEICHT ] EELNTRTT, Zlcmnzidiiduvniri<
2%, £ LTND ) BIZEIDMOIKNE B A LT T HENIIROFER N
ETCLEILD, BEROGWIEEND LT ORERICR > TN, wJE KT
X, b2 EALEELGOEMIIKIET A ENTEFIZ, 5 TORMICE 5%E
KOO EFELE T2 ko> TLE 9,

FHEROEE GFEHRL) X, LT LR ELG DD TR D 5310
ENOLAELLZBM RT3V F—OREEGER LI LD TH S, (KE R E
T, RO BRI EKB THOTWIT DT, ZhE EEEEIE L0,
TN ETERES R LT & T El~7z, THICHT) &AM
DEGPHITRNH - T, AEMES TSR, TECmT) Evohlofa
ANRETLED LIRRAEICR->TL D, £970o5TL D ERAICKRIRELIT
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HTL %, E—70EBIERLEALE LTOZRLXF—HENRRKELL D LA
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H3E WEBRABRIH CHEEIENZTELTI 7 RRF LU FY d=—0D
TV NVE—BRRICHT I TFEDORE

3.1. Fik

AR THEIZHNWZAF Lo F Y 2~ —L TOSOH fH#DOKRY 2F L
My=4.53x10(PSA-300), My=5.89x10(PSA-500), My=1.01x103(PSA-1000)T&H ¥ .
DFESMIL. TN Mu/My=1.17,1.14,1.16 TH -7 (F 3-1), K 3-1 [Z1FR
UAF L DyFhEa R LIz, SEMEH L TWD AR Y ZF L AT AREHIE
WIRNT BT F o 7@ tEERLTEY, 100%7 €17 7 A (H T R)IRKEE
R bDEMH L, ®iE LTUIRY AF LU EAFIRDONTWS 2N, H
EWCHAWEZREHL, £/ ~—H7ic LT 3~10 fHOoREICTH 7=, ZHERED
DrEORENT, BT EXBILTAY I~v—¢EMEEND 2 EHZ2 VDT, L
BB oL/ E LTAF LAY I — LR LT 5,

T XV E R E OWE L Ty (PSA-300 X 219K, PSA-500 (% 237K,
PSA-1000 % 270K) DHiit: 20~60K DFiFH TIT o 7=, KBt mALEE X 2mR
BT 3.0K/min, #RAFEFTH 0.1 K/min T o 72,

HEIESFREOVE LI L > THERI SN by T a—T 4 7R L 5%
BRI RV BVE G (X 2-1) W T, = XA E—EMOREZIT- 72, =
VA NVE—RRERORE TIE, BN RBEA BT 5 7 DI R WK &2 2T THl
ETOMEND D, ZDT, 1 DORELOREIZS AL > T 1 » AL R
Mo, Lonl, EARAEEE THEIAT 2 Z L O TERWEORUNR B
HADZEHTELAY v R H D,
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3.2, FER

321. TEN T 7 RARF LAY d<=—0D KU 7 FEE

DFEORRLE 3 ODODTENLT 7 ARAF LAY I — (PSA-300,
PSA-500, PSA-1000) (Z2OWCTOIRE RV 7 MIE (WrEkEE T C—E O R
b CRUBHA SR DIREERIE) 1Z Xk » TR SR E KU 7 Ml OB OIR
EAIT T DGR 2 X 3-2~ X 3-7 IZR- T,

PSA-300, PSA-500, PSA-1000 O Z N ZHDOFEHZ DWW T, [¥] 3-2,3-3,3-4 [L20E
(WAL T2FE (59 3.0K/min) OEE KU 7 MIIEDORERZR L, X 3-53-6,3-7
12> < VIHALTZEE (0.1 K/min) OFEFRZ 79, Xixfewhc KU 7 N
(dT/de) . BEECIRE (T) &2 &> TWd,

X 3-2,3-3,3-4 [ZRTEOIC, Bk THER LD T EORR L TELY
7 AAF LAY Tv—E, TNTURE LFICEW, T BFTIRE RY 7 M#
FEDS IFIE 0K/s DIED BIAR 2 IZIEOEIZHMN L TW& | T lifF CREL & -
oo TNNORHITHAD ZIZCDEDENSADE~E LM LT, ZHIUTRD
R R U 7 MERRED BRA R BB > T ERT BN G, BRI
BN > TRETTHBMICEI L TnD Z 2 EW®T 5,

FIFE2F22H T2 L 92, FU 7 MNEEOMEMNEE LA > TEDN
DAL T HERMEN 0 L7 BIRENT 7 AEBIRE(T)Th 5, HELD
PSA-300, PSA-500, PSA-1000 & T, i¥Z 14 219K, 237K, 270K Th -7z,
—J7, X1 3-5,3-6,3-7 ORGFEFCEIM S ZIRE R Y 7 MEEORE EA-TIE,
AWM LTEHEE LR T XToOREO FY 7 M#EITIREZIZ VL, ED
% & DT T I TRMICADHEEZ & o7, ZIUTREO BRI RN AE L
LB SN A KR TH 5,

DL, BFEOERRD 3 ODAFLUF Y Av—DahEE &gk
BHZ BT D1E U 7 Ml EOWREERAIEOR RIZ, Tk TITHrEVRIEVES
DHETHE SN TWDELDFEN T 2D R 7 MEEDIREZECDO T T 25k
B TR S 5 R BB XL OB DR RFIRR. IR kBl Sz, L
el o T, AEOWEBMBERHC L HHE Tl EN-/RRIL, AFLeFY
A~—DH 7 AEBBRZBAIL TWDH EEZILND,
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— (PSA-300,PSA-500,PSA-1000) D H T AEEFEIRIE (Ty) TETHO K'Y 7 Rl

(dT/de) 12 22.1.HHORK (2-4) i@ L CRDO 7= v XL E—FERIEE OIRE A
bTH D, itz 2 e —EAEE (dH/d) | BENZRE (1) &> Tnb,
T AL —FRERNEE OFE R, AURICHEI LI REE O ROV TR,

X 3-7,3-8,3-9 22H00 D K oIz, IREOBIMIEN, T _XToyTEO R
HTENT 7 AARAF LAY A —0DH T AEBIRE (Tt T Z /LB —
TRFNEREE (dH/d) VX, AAOME 8N O EOME (B ~L28kT5, =
DEIRIRDEENIA T AEBHGETHEBEBL TR LONLZLOTHD, ZDLX)
2, TENANT 7 AF Y Tv—IIBIT 5= Z e —kEFE (dH/d) OIREZEAL
T, WEITHE S 41T X 72 glycerol, Butyronitrile, 1-penten @ X 5 7257 F-VEH 7 A
THRONIMER DERC LD RFEREGLZENTE, N7 MEEDOIREE
bRk, =2 &V & —fR s DR E A O T AR 6F TR S L5 582
BLORBOFERIT, BWIE TIIA T AEBOGELE LTSI L TV 5,
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323. TENT 7 RARF L FY dv—D U ¥ )LV E—ERIE

AFHILD 222 HE LW 223 H Tl HIEL DV RD Tz XL B — DAl
B L O FEOERRD 3 DOTENLT 7 ARAF LAY 2<— (PSA-300,
PSA-500,PSA-1000) (Z31F % v Z L v —fEfmE DR EKRFEZ FhF X
3-11,3-12,3-13 127”7,

INHDOMIE, T AEBIRE (T, ) EICTOZ U Z LV E—FMETH 5, X
H O FRITEEREOR B LV E—DIREZ{LEZ TR LTEY . 20 2-5
BT Lz ET o 2V E— O i Th 5, T, TORBET S Z/LE—D
% 0k oz, AL I, B I UORE TR ULEZBERORITENZ
A1 PSA-300, PSA-500 & PSA-1000 DELE = Z /L E—fEMETH D, MR b
— X2 — LD FIR, HERPFIREICB T HEET S XL e —FMEICxS LT
W%, PSA-300, PSA-500 3 LN PSA-1000 OFEFIEDEFHIZILZE L 0.77k]
mol!, 3.5k mol' B LW 1.6kI mol! B -o7-, ZDOfEfEIX, BEICHEINTE
17257 M Z 2D glycerolV. Butyronitrile?1-penten® D& F1 & 0.8kJ mol', 0.1kJ
mol™, 0.2k mol' |ZHR_RTRKERT U X L E—EMETH - 7= (K 3-2),

L722L., PSA-300 & glycerol OFLE™= X /L E—fRFI&E L5 L 0.77k]
mol', 0.8kJ mol! EFRFIEIZH EVIEVR RO Tz, ZHUIE TR T %
23, PSA-300 £ PSA-500 <2 PSA-1000 (ZHE_ThHF-BMEL . B 5 HEdE
DEBHEXEN DTN T2D Th D EEZ DB 2D, EHERITIZH 553, glycerol
D XD WEIL S TREEIC 3 2D OH EMAFAEL SIRITTIZ R v b U —7 % 4E
STWBHEDIZ, D IYET T ZADOH TIIMXIICEY 9 DEEOENEL 725
EEZLND, ZOLEHIZ, AF LAY Iv—DOFTIEERERY 5 5EE
DRV 72< 72D PSA-300 & 53 FMEAT T ADOH TIIHIRAIELY 9 5 ElE O
%< 7% (glycerol b3 5 &, mE-ERMBIEVH AN RN -T2 L5
ZHb,

IIT. DT EORRD 3 ODTENALTFARAF LAY Av—0FET
H VB — R A T 5 72 O X 3-14 12X 3-11,3-12,3-13 & £ L DA R 2R
T, 3OL T HICH D | FENOIRE I ZNEND T T ZAEBIRE (T,) TH
b L, BliE= > Z e — DR RIET 7 AEBIRE CO/RE = > Z L e —fk
B H-oTUWAH,
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B4 4-18 £ 0| FHPIRRBIZ & 2 R IRORE T o Z L B —inh | FAalkn Y
N TBEENT-IEEERRREICH DO NEEMIZFHMECE 72, £/, BAET ¥
L E—OFEFIEIX, PSA-300, PSA-1000, PSA-500 DIEIZKE L Ieoiz, Z Dk
BENS, HFEORRD 3 OOTENLT 7 AAF L F Y Av—DfET X
BRI R RIS L, BB L TEINT 20 Tldieho 7otz Hifl

DT ERFEITR O o T,

A Al Wi BBV E G OWE T Sy THES T AU OBLE = 2 L E
— R BTN O TOWPETH D72, B0 EIEAEE R O h o TR
RIZOWTIIHR L TWHEETH D, £, BIIFMIEHREE T@i%ﬁ
DD T2, BT EINTWDEGRN 2L, Fi I EERIREOBRAE D 7=
BRAEHEEEZ DVLENRD D,

TENLT 7 AAF LAY Tv—DT LU XL E—RERENS TBEICL > TR
RAOFREREEBEZDIZHT>T, UTFTDOLIR2OOFEKNEEZEZTND
(EKX 1) S FE2WET 2R FOBNE A2 Z LI X DBEEEOHEM
(ER 2) B TEPEAHEEHPELS D)2 LI o TAEL 2 EHEB)DZE
MAPEAZHIBR XD 2 &2k D Bl S oD

BRI T HM S A O T T AT, PSA-300 X° PSA-500
DOEET X NVE—FBMENRKREN LICEEL TS, £7, fHERE2H
ELT, OTENPRELIRD, 2F0 | BTFICEENDIHTOENELL R DHIE

EXTREY D DEEOENEL DB LND, LIeBR> T, D TENK
XL RBDIFE, BV D50 FEHENSZL2DEVIZENERD, DD
PSA-300, PSA-500 & 43 FEHNN LT o Z L B —FBEF BN L TV & &
bbb,

K2 EEZEZHND I X, My=1.01x10° D438 % 1D PSA-1000 < 5T
mHE EHENPEIY EEOICEEOEN DD 2 ENEZLND,
DFED ., HFEDN 1.01x103 FBREI/RD L. %@@ﬁTL%Q%BLéﬁmT%
T, BHAEWICEDHENEZ L B2 6ND, T, O TEEGFENL B
23 1000 F2EE D> b I Qﬁﬁ%?é_kﬁﬂ6ﬂfk@~I/&Wt~ﬁﬁ§
23 PSA-500 (ZE, BVMEIZ R > T2 DI AR VI K D EREZ NS, F
ToREHMEDFE RS AEHAEWVR T E 1000 FRENGE - 5 Z E RN fEf ST
W5 Y ZOXITEBOBERIZE > THERIINIBETHD EEZXTY
Do
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PLEDOBBIZOWTIE, £HEE-& 0 & LTEMITN ENTE DT Hm DR
Thd, 5%, BEZZNLVE—FENEDOS FEIEFMEIC O TR, AT E
NT 7 AR AF L TEBIZT U 2L E—FEMAIEZITV., T EREEIC
DNWTHBICA TS BERZ DD, T IV LD TEOREIRTELT 7 A
RYAF L AZOWNTZ U XV E—ERRIEZITV, IR TENITEE X T
W5, ENnH, MOTENLT 7 AES T O FEKEEEZRAEL, = F v
VRO E LV IRDDIMNER DD EE DD,
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HI2EDFHTFT R FMEN T RADT U ZNE—BERED LB

BATFAIR SFEHTR

PSA-300 PSA-500  PSA-1000 glycerol® Butyronitrile¥ 1-penten'V

0.77kJ mol™! 1.6kJ mol!  0.8kJ mol™ 0.1kJ mol™! 0.2kJ mol™!
3.5kJ mol™!
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33 £¢®

ARETEIDTEORRDLITENT 7 ARF LA U I~ — (PSA-300,
PSA-500, PSA-1000) T2\ T, WrEVEVER 2 W T 7 REBIRE (T, &
FHFOWRE R 7 MHEOREZITo72, EORRNG, = XL —FEFEE
Bz 2V E—EIMEOR M EITV, T A OEE CRllc s =
HVE RO 5y T B X DB LRI LTz,

T BV E KRR DR BRI OWT, H T REEBIRE (T) TETA
W X ORERE CHIEZITo 72, BBt TCOZ Y XV E—EREE L, T,
AT BIREE ER IFETWHIZLEN-S T, FRLENORECHREG L%
AUCHE S WBVE B Uz, 7RG CIE 3 20ORE e & Ty LD BIRE S
ERSHETHICLER ST, Ty EfF CTRROERAZEBI L, A bi3RE
ICHESNTEL DT T ATHELNIEmERLTTHY, HTFHETF AT
‘oD L FEBRO T 2V E—EREE OREELE 3 DO D501 8%
bORAF L F) A —THLETNENGELIENTE, £, TEALT 7 X
AF LAY Av—DT L E—FEMEIL, PSA-300, PSA-500, PSA-1000 (Z
DWNTZEILZEI 0.77k) mol !, 3.5kJ mol! I3 XN 1.6kl mol! - 7=, 73 M7 A
® glycerol, Butyronitrile 1-penten MD5% F1 & 0.8kJ mol™!, 0.1kJ mol-!| 0.2kJ mol™! |Z tk
NRTC, REREEBZ VX NVE—FEMETH -T2, SEELNI/BERENS, H1
BORRD 3 ODAF LAY A< —IC oW THMZR S EEEEIT R 57
Mol HFEICK LT, =2V —fFMmaEid e LT 5o Tldz
<V FRE LTHFERINCLDEAEVOREREZ LND,
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HEA4E BrAOEBCHEISNETELTZ 7 RARF LAY d2—0
BN DR B M

4.1. HiE

METIZ, DFEODERRDLZODTENLT 7 AAF LAY I~ — %2 WrEVE
BB CHIET D EICE Y, TT REBRBIRE(T)r s T2 ¥ L & —fEF 0 8l
WMENHZEERLTE, BHIEDISHITHENTZL DI, T, IS EIE R
B EEE CREMBESNEBH S, S oREEE Iz oS ERH ST
WD D L LR 6, WiV ER CRBIl S o= X L e —fRfps, £
D ORNEIEE T STz T fFORMBIRE ED LS ITEEL TWA 00
X ELE S Tnian,

AREIZBWT, 7TEALT 7 AZAF LAY I<— (PSA-500) OH T AR
FE (Ty) IR DARFNIIERIC DT, & OFRFIRERH] & 15 O BIfR % B 2R 24
wal, IREEZFH DSC(TMDSC), #hftiEL(DLS) & 72 J17#kE fnds K OG5 AR
OFE A ORIE L V55N DR S W EH Tl Sz Z v
E—fRMD, 1 ZDORETH LN LEME ED LS RERICHLDNEND T
L&, EOLXOEinEERZERE L TWDHONEHLNITT 5,

AREED HAE, WBAVEE ST XL ONREZH DSC TR SN 7 AEBAT
DT ZVE—(ER, D% ) BHE CEBIN SN DEMBERN, H T RGBT
OO ITFETHE SN RE EOLIICEETINEZHLNITHZ LT
bHo, TOIT, WEVEEEE IREZH DSC. BifHEL(DLS), #FEH%
FME ., MM EZ2ZHWT, I ABBEMFITORAF L F Y dv—
(PSA-500) DFEFIELG 2 HIE L, *IST 2255 2 & T, 77 AEEBH
WA DRERMBLGIZOW T, FHEN S G SN AR OMREERFIEW D
D HEEFN~ > ) AR LIS & Rt 21T o 7,
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4.1.1. WrEAIEAEH

X 4-1 1%, H T AEBIRE TR TO PSA-500 OFLE T Z L v — DR BT
ThD, MPOETFTHSAE R TH ORI EERAEOR ET > X L E—0D
REZ(LZRLTEBY, 2N BGENREO LR TH D, T 7 AEBIRE
(T THOT U ZNE—ZBET 2V E— EMED 0 IZRDEIZE > TWD, B
BERodh# %, #fNA e —F —IC X2 FHiE, HERDFIREICKIT HRE T 4
VE—RBRRICKS LTV 5, PR 0 AANEEE o B R BT, A1
TREL O BRI ZENE NG LTS, 3 B ORLETELT 7 A
AF LAY 2<— (PSA-500) DELE T > X )L & —FRFEE EE DR E 21 (1X] 3-9)
B LK 4-1 © PSA-500 OFE T & )V B —fEMEORERFEZ W TUT
DX X VB 2 KD 7=,

dH(T,7)  H(T,?) (4-1)
dt T

I TAH F= 2 v —fEfngE, TIXRE, ITEMRR 2 ZnEh®Rko LT
W5, N@-DIE, = 2 — IR R > THRBBIERICEM L TV 5
ZEEMELTND, ZOMEF., FU 7 NOWRERFGO /)R OB
THEHRYTHL 2R LT, XEG-DDOLEMANIBHNIC K> TEONDIERE R
U7 Mg dT/dt EIROKUT K > TEE#E L T 5,

dH(T, t) _ dT (4-2)

d dr

Z 2T CEAEADIT BNV ZE VTSI OBKETH 5,
R@-D)E@D)FMBEDLED L, U XL E—EMOEMER c X T LD
IZ1ODXITEZHWZH I ENTE D,
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. _dH(T, 1)
dT (4-3)
C_
dt

X (4-3)%& AWV CHBVRIEESE L 0 & 5 - 2ums L ORG B ORIl 2 &
H L7,
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4.1.2. IBEZEF DSC

IR 255 DSC(TMDSC)DHIE 1L, NETZSCH ¥ DSC 3500-CK 25 Sirius
ZHAWTITo 7z, BUEHPSA-500)DE FiX 4.63+0.0lmg Toh > 7=, TMDSC D
ECIE, WEREOEHMEEZ —EICR D, 193-293K OIREHIFA T 10K Z & 12l
E LT, BT AWBAE CREZ BRREIRFFT 2 2 &0 L > TE L 29HN =
— U TP RERE R AT TR AR 721, IREARNEE ORI, Y
TN EYBE T — U U T ORBEN TRV E B TX 5 323K FTHIEL, &
DOt%, [ UHE CHIEIRE £ THAILZ, HIEEITHRNT. T DOIRE T 10 45H
B AR LT, FIRETHEZITORNS, 2O rEBEAZEVIRLTZ,

TMDSC W i, EERAE(D A —EIC LT, IREATOEBIP) & 5L R
(D% L7228 5 B R OIEIRO /14 —)F L O BERIRGEICLE 5 R 23
R & AR B O ZE () ERIE Lz, MBS TEONZERS ., £
JEH P %, 8 JEIIE 0=2 1 /P A LT 8IC . REAER C% C=0 /T OF
123 B 4 JE B o . B R DIRIR(O TV & —) 35 L ONRLEEIRIR(T) & Fl v C L
L7c, HERRREL ACe=AC-iIAC"DBRZE > T, (7 (a) % BV D FEE
(AC) & EEN(AC 2 EH AP LB L ONEREMAELIc L TRE LT, P =
30,100,200,300 FLGAICHB TS, BEEOFEMIL, T AEBOU < THEE
Wbz R L, BEHICE—27 DMFE LTz, O — 27 1EAC)IZHIRT 5
TR R (P & AR AR ¢ & LTz,

-77-



A C' (Real part)

2.5

1.5

05

05

O C(P=30s) e C"(P=30s) 3
O Ci(P=100s) m C"(P=100s)
& C(P=200s) ¢ C"(P=200s) % (
o C(P=300s)| a C"(P=300s . @ 8 25
8 o ° o
E)I O 2
A 2 0
0O O 1.5
** o o |
° . Tl o ¢
o
X 05
e e s tuam L g
ke A A ¢ *
E i ¢ 4 f
0
180 200 220 240 260 280 300
T/K

4-2 PSA-500 @ JE ] P= 30s,100s,200s,300s (28T 5

HFRBE B OIS AFE

-78-

(rred LremSenr) , ) v



4.1.3. EhHYEEEL

B B9 HCEL(DLS) D |l E 1%, ALV 8> ALV-5000 % HWTAT - 72,
JPSUniphase L85 /L 1145P @ He-Ne L —H—(A= 632.8nm)7)> 5> D AG &7 — A
%, BELE ISR L CREICRELE LA TH D, 20=90" OFGELMA THGELE D2
B (R By ZHELZ(Wbd D w llETH D), T DEELRY b
KE S g =(4nn/V)sin 0 [X, 0.022nm™' Th o7, HTFHHET AT 2% AW THEL
HOBEZRE L, 7V F VB U L —& —)(ALV-5000, Langen, FRQG)
Z W THEEL O TR | (RE) Aoy OFHEARS % 2 1572 DLS & 1%, (278K, 283K,
293K, 298K. 308K, 318K)D 6 DDIRE TIT -7,

HELA 90° THIE S 4172 PSA-500 DA @ H CAHEIBEIE ¢P(1) D PSA-500 %
4-3 (2T, KIRE CHER DEEMMEE TH D23, 0.1ms~10°ms O T g?(r)
DHE—OREEEZ B Uiz, BEERpfL, RED EA3 51220 TERWIRH & 72
ST, WEITHE—OEEBEK@-4)TEIIRR T,

gV ()= A exp(-t/ 1) (4-4)

T 2T A TR ORI, o 1EIRT— FOMBERH, ¢V@ITEELES O
—W A CHBEREETH Y . B gVIX gP@) & 4-5)RD L5 eBRRH D,

2
g (0=1+cg" 1) 9

ZIT, clFFe— L ARETH D, ERTR L HCHBEMEEREO0)- )%
K(4-HB L V@5 TRIFHTT 2 Z LIC K VREMRH ra 2155 Z &N TE T,
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4.1.4. REHEMEHIE

FBFHPSA-500) D B AL LR E L. X KRFVHE RO LA A — & —
(Bohlin Gemini II Rheometer; Malvern Co.)Z i ] L T1T o 7=, HIEIZITFATHR (B
£=20mm) ZEM LT, BB FATHRORBIIZ S 2, D BIE FHIZ BHW
(N AT R R T E MRS T, AT ZIR 2D L O RE# 2 X85 2
WX o TAHEU DRI 2RI L, 2 bHERE L L THiERE 572,
LEE ORBE P AT 1Hz 127240, 244~303K DO D 3K O E M CHIE 217
-7,

X 4-4 1%, 244~303K DIRFEIZISIT D PSA-500 OFRERDBEL(LTH D,
felh OREPE=R IR A &0 BRI OWETH D, BilhE AN EB1F
EENPRKREL 2D, HENMEFLTWSZ EEZRLTWD, KEVIBEDEKT
& & BITHEMESR n BB L T\ & | T AR FE(237K,1000/T = 4.2K )
F VUK 10K & R EE TREE ORIEFIPH 28 2 D Mtk R L 7p o 7,

Angell 12X THH# STV D X 5 ISR O#E R T o HlE TRl =i b
TRFIRF & 32 Z N TE 5 39, H T AMIRIKIZ OV TR BT
TWALEDICAT— /L E iR L 42 HiCigma T 9.
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log (7 / Pa-s)

3.2

3.3 3.4 3.5 3.6 3.7 3.8
(1000 / T) / K

4-4 PSA-500 O ¥EMEROIR R
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4.1.5. BHEEM

P ERFME L, Alpha A-Analyzer(Novocontrol, Montabaur, Germany)% >
T. 10mHz~10MHz O J&EEH P TIT > 72, T DOHED I, A 24mm
DHMER & AL 19mm OPNERER & 2443 2 [Ffh I fE % & VR E MR 2 5 L7z,
TR HJ4H1 % Quatro Cryosystem (Novocontrol) & VT 5K+0.01K O A7 v 7"C 223
~298K DHiPHTH %,

4] 4-5 1%, 223~298K DIREITISIT D PSA-500 D RO EH & EH D
BB EZ R LTV D, 293K Tid, &AM E — 27 SRR 300kHz TR 54U
5o 243K £T, ZOE—=ZTREMET T DI o0 TE YV IERWEEEIC> 7 b
T 5, ZORMIA T ZATCEWERAOfEME LTHLN TS o BfRETH
Do B =7 PRI S NIZIREIZR T D ER O B — 7 00z £ ORI
B DR ¢ & LT,
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4.2. R

¥ 4-6 1%, WrEWEIZ X D, TMDSC, DLS {IE, L UFEEREMAEEHWT
BonEME#OT L= 271y N Th D, PSA-500 OREET —Z & Lhilg
Di=bizr vy b Uiz, BRI L ORE D R r—uid, H 7 AR
DWW THEEBEICH#R SND Angell 711 S OFE - THE LT,

TN HIFHALDH PSA-500 OIEBN KT 2 FEFNRER « ORI,
BRI E DT — & & —F Uiz, ek & 0 R E ORE FIX T 7 R I H#E
B4 % a iEEZH DO L TVDH EEbI TS, T 7 AEBICEHEZEET 5
EWNbNTWG 8 —J5 T AEBIIHEOFEERMNBR S o MELZRLTE
D, ZHET, FEFEMBELPIE SNTZTXTON T AFEBIRIET, Ty LV
1 20°C F 721359 10% EDIRE T 104~108s OF5 &R OFEFIEREL N B S h
T& 7, PSA-500 DXEMEFROIRFEKAFME & 35 BEARFHIE 2> B 15 & i TR ks
DIRFERTNED—EE PSA-500 IZ DWW Th, o H T AEIKIKR LR L XL 972
EENDS, REEMERE EFEREM TSN TS 2R L TWnD, £
PSA-500 734 £ CTHIE SN TE 72 H 7 ARIKR & [ IZAZ FIRFH O 1R o
BUTKRET DIRAF D T L =0 R 22 (BB INR A TIE 72 <L FET L =D AR/
A2 79 2 L B RER L7 1013)

F 7B SRR ¢ ORERGFEIL. T L= 27 e v MBI SR
REWTZ L TWRNDOTT L= 2O TIER L, @0 T O Clri—kii
Vogel-Fulcher-Tanmann (VFT) DK (4-6)% VT, o BRI OIREMRAFYE % [0 )
ST LT,

B

T - T0 (4-6)

logr=log7_+

Z 2T Told Vogel RJE & MHEh, FEFBFRI SR 2IRE CTH D, BILEKT
5, BUFSHT OSSR, FHEFEFE L ORHEMERIED VFT IS T HEE L
T. 0= 1X10"5s, To=150K B LN B=-79.71K %1572, 1)t TAEFIRERE O =11E
[RTH D, 1083~101%s OFPAIC/R D Z ENbroTNDH I &, DT ix—icH
7 ARSI E (T D720 720 50 C~100°CIRVREIZ 72D L b TR Y | AR
DFERITZ DHPFANICA > TWDH Z &, B IIEH b=k X—IZHY T 5 &L
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WO RLETT 722, BEICITE L =R L F—TIE VO TiFgim I e nZ &
MR TH D, UEDOZ XD, TNHDT7 4 v T 4 73T A —XDfEIX
HERETH D LWL TV D 1,

WrEVRI R 3 2 W TS SNz T, K 0 LW E D = 7 )L v —5Ef O fE
KR © 38 KL OV TMDSC 72> 545 H VAR RN ¢ 1, [AER OB T2 R L,
T AU, WrEVRENE R OO = L & L B — IR 35 L ONEEEZE T DSC DFE
FIEEM2NF U R 2 E L TWDH Z 2R LTV 5D, WEVREE R O
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