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Investigation of Low-Temperature Thermal Properties of Liquid Water
and Benzene Confined within Silica-gel Nano-pores
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Thermal properties of water and benzene confined within silica-gel mesoporous materials MCM-41 and SBA-15
were investigated by adiabatic calorimetry. Confined water crystallized at low temperature while forming a boundary
water layer of an amorphous state. The layer buffered the water content which is located in internal part of the pore
from the effect of the pore wall, and kept it like bulk water. Confined benzene was affected by the presence of the pore
wall. The configuration entropy S..,s of confined benzene in a liquid state decreased with decreasing a pores size.
Crystallizations of both liquids were inhibited when they were confined within small pores of certain pore diameters,
respectively. Both liquids confined within such small pores became stabilized at low temperature in different ways,
respectively.
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Fig.1 C,s of water confined within pores of various pore
diameters; 2.1 nm (0), 2.3 nm (e), 2.8 nm (0), 4.2 nm (m). Solid
lines represent bulk water and its phase transition.
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Fig.2 Ty of water confined within pores of various pore
diameters against inverse of pore diameter ¢ ' (o) and against
inverse of effective pore diameter dei ' =(d—0.6 nm) ' (e).
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Fig.3 AgsS of confined water (o) and the value corrected by
multiplying by (d/(d—0.8 nm))* (e) against the Ty. Dashed line
represents Seoqr Of bulk liquid water. Fig.1
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Fig4 C,s of water confined within pores of various pore
diameters; 2.3 nm(o), 2.1 nm(e), 2.0 nm(c), 1.7 nm(m). Solid
lines represent bulk water and its phase transition.
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Fig.5 Tgss of confined ordinary water (©) and heavy water (®)
and TS of confined ordinary water (0) and heavy water (m)
against the inverse of pore diameter d ', respectively. Lines are
guides for eyes.

Netsu Sokutei 44 (1) 2017

FALNICEH A LB AKICOWTHRAET S &, R
241 K 3EIC C, DIRAR %7~ L7z, Fig51Z, BHAKD Ty %M
T, Toax @ TR LTy Taps ~DRILAZNRIT L 27 O FL
FCE, EE—ED4 K THDIDIZH L, Ty ~PRNLAE
HREFIBLESK THD, ZOZK EWIHHEIE, =<y
a VCBEBICHAR BN C, ORET O RN AEZE & [H
CIETH %, 17 LIz > T ORI 7 DKITRIE
RToC,RBE LR UERDOBRETH Y, FEEED/ L7 KD
C, & Ty LUFTHRESE LR AUE, 20 &5 ZfEeiniam
WMEER L TNDTHAH ZENTREIND, 20T,
VNN ZIANSSTYRSY VA X a0 S el = O L L 9N
MEBAELTWT, #b & OBRIERERSN TN,
FEMIE T CICBRESE Vol42, No2 I T L=, 1™

I CH =23, LN OIIE DK TIE 7 LR
X0 B2 RHERRFE S TV B, WML E V-
BB ER T, ML RE LTz & & & RERICIR
HTREANER SN TS Z ERbhsTn5, P oh
1%, REOKY, KX D RIENMEAMOKERER > b
D— 0 BT 50 ThD EBfEEND, ZOKDED
Ay FU— 7 HEEOMITEZE B KO AR &
HLTWAETHIND,

Tax DSHFLBEICIZ L U EIRAFL TORWT &1, ML
EROKOIRIRIREE & REAKOR &, EiRRE L fiEmKkE D
MO 2 SORMMEABHTRLF—DEN NSV LERLT
W5, Xy hU—27 ZfHATOHIRIRIREE?S T T2 < &R
RETH, TOMEIIREAERESBEL>TNDHI N
REEND, Tz, C,DINERA, FUEAKDIEHKIZIGET D
BB Thol-b Lz, ZOEBRERLRRY T T
BIETF L TREL BT D ERTRIND,

6. SUNTILHMARNLEODRERIL - BAEEY

Fig.6 (23U I ZAHIFLICE A LT8O BBV L
Bt HWTHE L ¢, offige—2 &amt, 'V _u¥
VTHRIERIZ d DIKTF & & BICRliE e — 7 pMEIRAAN >
F LT\ 5, ARFZECEIEZE S N7 HIFLAE 3.3 nm ORlfiE v —
7 OBRIET e — RTHY, B—271281F D C, DIEBHE,
L7235 T, DSC #IE CRlfiE v — 7 ODFFAEIZKST < DIER
HTHD, LoL, MIFLESE 3.9 nm TEE SN Ay = 1.69
kJ mol ' 1Tkt LFLES 3.3 nm TiE 1.40 kI mol ' TH ¥, ApH
ITHIALEE 3.3 nm & 39nm & THEVED SR,

Fig7 VP oD Ty d WS L7my FLI-b D%
RT . d BINEL el EERNSBRBT S, £, Al
—7O7ua— XX, d DIRT & EBITIAND, R
& 3.3 nm OFLE L — 7 1 ZAGIRM - ERM S Sl E—Y
DYRINIER > TWDDNFHEATH D, £ L TEDOHRENR
i, MBS DILN 0 5 AED DD EEEZ K& <
A TWD, 207 a— RMeOBEHIT L < oo TV,
WA, ALK DHAR O BE 0> 230 K AUT O MERD AN Y
EA—V T LBV A ZBEISHI L TV BEHER
BB, N WA O & E I 1 RSB E A
TEDMNITLND RV, BLEREN, B 72 ZATHIFLK T,
FURAS 2 WHRRBHI TH D D% L B — 7 IRIXZ T EIEN
BV, LD B OpfRlE, 7 r— NMELTHE
BNBIRENS | RIEBTH 5,

ApS % T XL 7 B Y FLIZH D%, Fig8 (IR,
REBl D Ty 1, Fig.7 OGRS MFLEW E &1 T1F LI BIfR
125, Fig8 [ZHALTHDIHE (o) 1%, MCM-41
X SBA-15 L ITMATERD R DR T r AT T A D—FE
Controlled Porous Glass CPG D & D Th 5. Y /2 DI,
ApeS DIETR, Ty BNV T OZFUTEVEER, D%V
Fonm O/NS7ALE Y B A— b rbnd K&



2016 A2 B AZBRE P 252N

e 80nm l

_ T o 39nm 1
=) -~ B 33nm ;
£ L .
500t
—

g H
(SR x

Fig.6 C,s of benzene confined within pores of various pore
diameters; 8.0 nm(e), 3.9 nm(c), 3.3 nm(m). Solid lines
represent bulk benzene and its phase transition. Dashed lines are
guides for eyes.
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Fig.7 Ty of benzene confined within pores of various pore
diameters in this study (o) and recent study (o) ** against d .
Thick and slight error bars represent observed the peak-width at
half maximum of the fusion peak and the value estimated from
pore-diameter distribution, respectively. Dashed line represents
linearity of 7, when d > 5 nm.
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Fig.8 AyS of of benzene confined within pores of various pore
diameters in this study (o) and recent study (CPG:0)* against
Trs- Dashed line represents extrapolation of Scq¢ of bulk liquid
benzene.
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Fig.9 Cps of benzene confined within 2.9 nm pore-diameter
pores of rapidly cooled (= —2 K min ';0) and slowly cooled
sample (= —20 mK min ;@) in pre-measurement cooling
processes, respectively. Solid line represents the C, curve of
bulk crystalline benzene.
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Fig.10 Cps of benzene confined within various pore-diameter
pores; 2.9 nm (o) 24 nm (m), 2.1 nm (o), 1.8 nm(o),
respectively. Solid line represents C, of bulk benzene and its
phase transition.
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