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About two decades ago, we measured inelastic x-ray scattering (IXS) on liquid CCls [1] to investigate
longitudinal acoustic (LA) phonon dynamics in this molecular liquid. CCls is considered as the simplest
molecular liquid because the molecular species are almost isotropic and connected with a van der
Waals interaction with each other like liquid rare gas. Thus, we analyzed the IXS spectra by using a
damped harmonic oscillator (DHO) model [2] to obtain the excitation energies of LA phonons, and
found that the microscopic sound velocity in the molecular level highly exceeds the ultrasonic one
by about 37%.

Recently, we measured IXS on liquid acetone [3] and the obtained data were analyzed by using
generalized Langevin formalism [4]. The generalized Langevin equation used in this study is
described by a damped oscillation equation for the intermediate scattering function F(Q,t), the time-
Fourier transforms of the measurable dynamic structure factor, S(Q, @), with a memory function.
Here, the memory function was assumed to be composed of one thermal and two viscoelastic decay
channels, where the fast and slow viscoelastic are called as microscopic p-relaxation and structural
a-relaxation processes, respectively. To avoid any interferences of parameters, we employed a
simple idea of sparse modeling so that the parameters exhibit smooth changes with Q. For liquid
acetone, we found that the Q—0 limit of the fast p-relaxation rate is about 60 fs, which is highly
related to the vibrational dynamics of the dipoles of liquid acetone, and that of a-relaxation rate of
0.5-1.0 ps, being similar to the reorientation correlation time of 0.75 ps.

Based on this sophisticated analytical method for the IXS spectra, we revisit liquid CCls to examine
the feasibility of the generalized Langevin formalism and a sparse modeling. The left panel of Fig. 1
shows logarithmic plots of IXS spectra (circles) and their fitting results (solid curves) of liquid CCls at
selected Q values. Broad LA excitation modes are observed as shoulders at the both sides of the
central quasielastic peaks. The mode energy of the LA excitations, @q, is calculated as the maxima of
the current-current correlation function, J(Q, o) = @*/Q*5(Q,®). The model coincides well with the
experimental data.

The middle upper panel of Fig. 1 shows the dispersion relation, and the dashed line indicates the
hydrodynamic relation predicted by adiabatic sound velocity of vs = 923.4 m/s [5]. As clearly seen in
the figure, the mode excitation energies highly exceed the hydrodynamic prediction. The middle
lower panel of Fig. 1 shows the dynamical sound velocity calculated as vq = @wo/Q. The adiabatic
sound velocity is also given as the dashed line. The vq value reaches about 1450 m/s, exceeding the
vs value by about 57%, which is much larger than the previous result of 37% [1] obtained from the
DHO model.

The right panel of Fig. 1 shows the Q dependence of the fast pu- (upper) and slow oa-relaxation
rates obtained from the present generalized Langevin analysis. Although the data are rather
scattered, both the values look to gradually decrease with increasing Q. The Q—0 limit of are about
0.2 and 1.5 ps for the 7, and 7, values, respectively. These values are larger than those of liquid
acetone of 0.06 and 0.5-1.0 ps for 7, and 7, values, respectively. These differences may be owing to
the bonding origins between molecules, a van der Waals liquid for CCls and a dipolar liquid for
acetone.

Further analyses are now in progress to reduce the ambiguities of parameters in the generalized
Langevin formalism. Detailed comparisons with macroscopic dynamic properties of liquid CCls, such
as Raman data and rotational motions, are also just getting underway.

EMLG2022 Barcelona (Spain)



The author acknowledges Prof. T. Kamiyama, Dr. A. Q. R. Baron, Dr. S. Tsutsui, Dr. K. Yoshida, Prof.
W.-C. Pilgrim, Prof. Y. Kiyanagi, and Prof. T. Yamaguchi for the collaborations of IXS experiments on
liguid CCls at BL35XU/SPring-8 (No. 2003A0153). SH is supported by the Japan Society for the
Promotion of Science (JSPS) Grant-in-Aid for Transformative Research Areas (A) ‘Hyper-Ordered
Structures Science’ (No. 21H05569), the Japan Science and Technology Agency (JST) CREST (No.
JPMIJCR1861), and the Deutsche Forschungsgemeinschaft (DFG) Mercator Fellowship in FOR 2824.

REFERENCES

[1] T. Kamiyama, S. Hosokawa, et al., J. Phys. Soc. Jpn. 73 (2004) 1615.

[2] B. Fak and B. Dorner, Physica B 234-236 (1997) 1107.

[3] S. Hosokawa et al., J. Mol. Lig. 332 (2021) 115825.

[4] J. P. Boon and S. Yip, Molecular Hydrodynamics (McGraw-Hill, New York, 1980).

[5] Y.S. Touloukian, Thermophysical properties of matter (Plenum Press, New York, 1970).

FIGURES
e ‘ 10 T T ; T
10° | liquid CCl, liquid CCly
E 300 K [ 300 K o B
f i BRI
107 ‘TA - o -
E - k3 B o
)
10 !L Qem)= & | 5 P |
2 8.0 B e
c () ‘ot o .- V=923.4m/s
; b s 2 9.7 7 05— T T T T n
S 1o RO 4 R FIAE 68 ok | | | _ 04 liquid CCl, |
%’ 1o 2N T T T T 8 o3l 300 K
g o2 [ S 1500 |- 3. 500 -4 02
EVE . grabRan ; - -—
2 Balies 3.8 é o 0.1 Aé 3 =4
X oFA / e R 1A | 4 |
’ g1000- ° . . 0.0 1 1 1 T
10* 114 : ..'g,‘ «;:\;; - 2R 2.8 :o Ve =923.4 m/s 15 % -
: s &
500 -4 810~ 5 o .
5
10 K % 0
05 $ 5
6 :ﬂ | 1 | 1 | ° Qo
10 0 0.0 1 | | ! |
-30 0 2 4 6 8 10 2 4 6 8 10
omeaa (ps™) Q (hm™ Q (hm™

Figure 1: (Left) Logarithmic plots of IXS spectra of liquid CCl, at selected Q values. The solid curves represent
the generalized Langevin fits. (Middle) The dispersion relation (upper) and dynamical sound velocities
(lower) with Q. (Right) The fast (upper) and slow (lower) viscoelastic relaxation rates of the memory
function in the generalized Langevin formalism.
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