mXANARE (Fa30)

TR4EEANY:  RERECRERE

BRI A PR AR ¥ %

“~

K 4 /N LS

wmoX B B EEICRIT 556 em AT ICEN D RIEREE T <~ U BELE—F
& 3T DEIESFLEGES) & DBEILR

WEOHELXERT 51k, AF 12 1 20ofEckRl, #TFHMEEFAICL>Th &S
SN2ENEELHOILEND 2, 7 TOEMEBHZBET 2 FEO—2I, KIREBEKT ~ v
BEL2H Y, HFHRE, 2 FEoERAZEOERESICER T 2 EKELZEBHE T3 28T
23, L»L, 1cn'UTOERIREBIEBERTIZ, WbWAIFRHNT~ v OMHBERENS 20,
HIECHEONZI VY AN Y FRMICERT 200 o& 0 LTk,

Z ZCARWERIE, BINO ERME— FORBRETH 3 EFS TFOmEN R EEILEES 2, 7~V
B OREIREEB(LFR)E— FICBWTHRLAXNIELZE—FTH 3002 EBRMICHL»ICT 5 C
CEEME Lz, KX CIRUTIRTLIZEDHER L koT W13,

1 BT, WERROSFEINCOWTHELL 7288, S TESNZ A FEL L TPEEDRICOWTIEN L, 2D
%, (KRBT ~ v EELICERE S A RES 25 L. A0 B ~7-,
2E T, AWHECTHW: 7~ varltik, FEEE RONRIGEE, X BElT, FEEHEER BL VR~
FADT 4 v T 4 v ORTICEE T AFREICOWTEER L 72,

3 ETIL, LFR — F2MFRREECH 2 2% BAL BT T B 7200C, AKX A F I 7 RICHEET 2 EELRERTH 5
IKEREAITER L, LFR £— F & OfFAEE D FNO/KBEEICTN S 2 RFHA 2L 2T, 2 ORER, KRS
P4 MELFRE— FO v — 7 {REHL & ORICERIRITRE iz, $72, FEKEREARDIET 1 b v HRHAL &
DA, —fli7 a—reFETE b AHREAECIE, STFEOAREVWIET T b U HEERIEAR DS HLFRE— I
DY — 7 IREH K VEERRENCIRN 2 —5C, DFEIFET v b HEHIAK X » /NS VAL Eo T v —n
ICBWTIE, LFRE— FO v —ZiREEHSE DIEEEICS 7 F L, X VB DTEEER T 2 & asbdolz, &
DFERDD, LFRE— F OFREEDOERFNCIIDFEOES DL T2 2 LIVNEE NG A, ZhLl ks
FEEV A MEDSEEIREICS 2 BRI ER W EAVRE N,

4B T, 3ECORHIIELFRE— F D 7 4 VIZROHEFERIC B W OBRBERE T A CTRElE L5 5 FIEX Y
HPL | HREIFE— NGRS AR ER L7z P Y 2F L v ') a—U(TEG)ICEE L., #Ble— FRFE DEEZE i
053 v — ZIREHS OB EB AT DI, T OREINITHRGT 4 VIAROEZRICOWT, AMRGEEERCE
FEREENE T A4 VIR DBHRICE DT R FHE L 72, Z OFEERS DTEGOLFRE— N3 ORI X 5
BN IEE IR T 2 E— FCH B Z LML Lotz X bic, TEGDIREZ(VICHE S LFRE— F OB
27 A4 VIR LIL, IKBEEE S v b T — 2 DIFERIC X BB~ DIREe — F DRI X > CH EFEZ T
BAREMEDSR D B\ T L ASRB X Tz,

SETIR, 4BV TURERIC X 2LFRE — FOREN R 7 4 vIBRE(S, KFBEEEY b7
— 7 (HBN)EEDEICHE X2 Z 1 T 3 AIREMESRE X L7z 2 & %% 1) ¢, HBNO AT 43
LFRE— VL5 2 282 RALT 272, HBNEESREZ(LIC X o CTHEEICEMTZ 3 b N
Twaifift=a ) v (ChCD) L AKDEARENR E L, BEKRFEOHE 21T 7%, ZOKE. ChCl-/K
BAZTIE, BEEChCIHAKICE VT, 0.1 cmICLFRE— F2AENZ Z L 2 FHAICHKR L, 2DE




K 4 /AR ALAS

— Fix, Ch*-H;O-Cl 0 Z2fE##iE & . Chr e CIRIORE & ICE %2 Z T L BRI EERIEES % KL Tw 3

L ERL T,

6E T, FIEE TOMR 6. LFRE— FA0-FHEMEEER, FIoKRESREZIRC RBLL 2
FREBTH L EATBREI N L 2EE X, LFRE— FARFENORBRCTH 5 HEEE— F
CERET 2D, 25 0IkIREIT— FICERT 20032 RETT27201c, ERWNAFIECTHLEKE
fbic X 2 EEEMICHE S LFRE— FO v — 7 IREBE(L 2 LB T 3 KB 2T o 72, Z DR, HEXR
RIck 2 —Z7IREE 7 F DRI BWIE, KBIVKRE7 oL VOERBRER,L S, HEEE—F0
EBIGENZ E B8R ENE, 2D LH 5, LFRE— FAEEEE— N2 KB L T 3 A B8R E W
TERTRRINT,

TETE, HIEBcH 5T 2YHEETH IEBEE— AV MCESSHERZ AR ) — A bl-2F 7
—LETOEMEE) TAI—LERNRIAT o7, DR, ATR-IRE X UXIRET 7 — X BT 2 5
HIELZFRBOBEHEE/ TALI AL ICEWTRKBEEAL T ARY T Y —0aFits b T /KEBHEAE
R 1 52TH Y, HEBEEPIZEALRILTHEZLBHLP LR o7, T HIC, KRBT ~
VEELIEIC LY, BT —X v F OBl o CLFRE— F2MERERK S 7 P 2R 2 L BBl X R,
LFRE— F2: b8 b N BMER e 0 FREE» OB L 28— 2 v b 0% b, BimEERhLHiks
R HBId 3 & SR I T,

8ETII I NE COETOHMORIESD S, LFRE — FREMMS T O W R sk EoEsh % Rk L <
WABAREHEICOWTE L B, SROMAOEE L FREIC OV T~ 7,




X ARE (330

TREEAY: KRR R ERE

MR LA PE R IR { l:”“/ T
K 4 /AR LA
mOX & H The relationship between the lowest frequency Raman scattering mode

which appears below 5 cm™', and the rotational diffusion of liquids molecules

In order to experimentally clarify the origin of the lowest frequency Raman scattering (LFR) mode,
depolarized Raman spectra measurements down to 0.025 cm™ was performed for liquids. The Raman
susceptibility was analyzed by fitting method with the relaxation functions and damped harmonic oscillators.
The relaxation function is based on the two-state jump processes, which includes the breakdown of the
overdamped limit and narrowing limit.

A comparison of the LFR modes of water, 2-propanol, 1,3-propanediol, triethylene glycol, 1,4-butanediol,
glycerol, propylene carbonate, and N, N-dimethylformamide showed that the slower the relaxation time in
the LFR mode, the greater the number of hydrogen bonding sites.

The spectral width of the lowest mode of triethylene glycol is narrower than the Debye function at low
temperatures. It was necessary to include the non-white effect in the relaxation function to reproduce the
spectra.

In the choline chloride-water system, non-white effect of the two-state jump processes was necessary to
reproduce the spectrum in the DES concentration region.

A comparison of the LFR modes of light water and deuterated water, and propylene carbonate and
deuterated propylene carbonate showed that the low frequency shift in peak frequency due to mass increase
was close to the ratio of the moment of inertia.

The relaxation time of the LFR mode of linear monoalcohols from methanol to 1-nonanol shifted to lower
frequencies with increasing carbon number.

These results indicate that LFR modes primarily reflect the collective rotational diffusion of molecular
ensembles. This study provides new insights into the analysis of molecular motion in liquids using Raman
spectroscopy and contributes to a deeper understanding of the origin of low-frequency modes.
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