Understanding the specific heat of liquids by focusing on critical fluctuations

How to understand specific heat of liquids ?
The equipartition theorem is the main principle regarding the specific heat of materials. The i
sochoric specific heats Cv are, 1.5R (R: gas constant) for monoatomic gases, 2.5R for diatomic
molecular gases, and 3R for elemental solids (Dulong—Petit law): The concept of “degree of free
dom” can universally interpret the specific heat of gases and solids irrespective of materials
What about liquids, then ? Liquids have a higher specific heat than gases and solids, which is
explained by the concept that they can have various “configurations” and thus have an extra de
gree of freedom compared to solids and gases. However, to be honest, it is unclear what kind of
“configuration” contributes to specific heat and to what extent
Meanwhile, when we look at the wide range of temperature-pressure dependence of Cv of liquid (f
luid) water [1], we notice a simple fact: Two distinct rises are seen and they characterize the
overall| feature of Cv of water. The one in the high temperature region is topped by the critic
al point of the liquid-gas phase transition (LGT), and is clearly due to the critical fluctuati
on of LGT. The fact that critical fluctuation increase the specific heat is a fundamental conce
pt described in textbooks. The other one in the low-temperature region extends to the top of th
e low-pressure supercooled region, and it is reasonable to recognize that it is due to the crit
ical fluctuation associated with the liquid-liquid phase transition (LLT), which is proposed to
have a critical point in the supercooled region. In other words, it is possible to construct a
framework for interpreting the specific heat of liquids by considering the critical fluctuatio
ns associated with these two phase transitions as the entity of “configuration”.

In the talk, I will introduce the detail of this framework while showing our experimental resul
ts on “dynamical fluctuations” of water [2]. Critical fluctuation of LLT differs from that of L
GT in several respects, and it is important to discuss them in an organized manner. The final g
oal of the framework proposed here is to develop a unified concept of disordered materials, inc
luding glass transition liquids. I would be happy to share this final goal with you !

[1] W. Wagner and A. Pruss, J. Phys. Chem. Ref. Data 31, 387 (2002)
[2] Y. Kajihara et al., arXiv 2111.06589

BRADBRNZEHRT 2H-LGREABEORA~BRPSEFICEB LT~
BREDHBFIESEBINEEIVONA?YEQOLRICEHA L TRERIRLF—FFRAAKAEELLTHS.
iﬁiﬁ?ﬁ%@i%&ﬁ%@1W(Rﬁ%iﬁ{~2ﬁ}ﬁ?ﬁﬁf%hﬁzw~itii%@@%fﬁ
R(Taoy=F748) . WFhIPEREBEATEENIC BEHE] ITE2>THRSA TS, T
%%@%éﬁt?#o&W@i%@@%&U%X%*&%%ﬁTéﬁ‘:h@ﬁﬂ@gmﬁmmhm1§ﬁ
D/EECEML, ARPRHRELBELTREDEHEZF > TS DELTHAMNK SN TS, =12
. EDQK S "configuration"MEDRELRICFELTVWLIDOMNE., EEGRECATHBEBLEEDLTDSZER
FLDD TGS S D,

ETHN, &K (RK) OKOLBROVOLEEDEEENKGFEEZBRDODTHDIE, YV TLBERIIKD
Co ZDODWKRDEBANRELN, CALNKOEBOELEFHITTLDE, COSILEEREDL DR
R-—SUEEBBAREBELLELTEY ., HoMTRA-_SAHEBRBRER O ETICLLLDTHD, 1HE
BITHESEHBRARPOEALRZBRSIELICLE, MHNFOHEBEICLERIATLLIERMNOBUITSH
B0 FEHLI-DEEBRBNINE, BEEBAMBEZBELLETSEIIBEAYZRETES Y., BAIEICER
REhBEETIEFHIATLIAR -—BRBEBICHESIBRPLEICLDLNETIONRLEER L
Nd, DEY_ Mo ZDOMHERBICHEIEBRPSEE. “configuration"MEKREL T, RADLLRZEHER
TEORMAHEBET D LENAREICE D,

BETE, BANT KD THHMRLE| OXBFERETL DD, SEARETHIRBEADFMREENL
U0, BRAE-BREBEBOBRAPLETICOVTE, BREA-—SAEHEEBOEINEFERIRNA VN O2AHY
L ENLCEEBLTERIHACENEEL A>TV DS, SEARETHIHMAHIFT. T RGEBAEAREETT
HARMEOH—MSERKBZLELTHEY., SHEOBEZICODVTHEY L,



