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Fic. 1.16. Specific heat of *He as a function of T — T',in K. Notice that the shape of the
specific heat curve is rather like the Greek letter A, whence the origin of the term ‘A-
transition’. The fact that the specific heat is only about ten times its ‘normal’ value even
at temperatures only a few microdegrees from T, is correlated with the fact that the
critical-point exponent is extremely small (in fact, « is probably zero, corresponding to a
logarithmic divergence). The width of the small vertical line just above the origin indi-
cates the portion of the diagram that is expanded in width in the curve directly to the
right. After Buckingham and Fairbank (1965). CE\ QUorle .
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FIG. 4. (Color online) Contrast of C, behavior near T, and Ty, and illustra-
tion of nonergodicity for the temperature dependence of the HDL specific
heat Cp for P> P,. (a) Cooling LDL along path a' and (b) heating along
path « at different pressures £ > P.. Upon cooling, Cp shows a maximum at
T=Ty and a shoulder at T0~=0.3, below which the liquid vitrifies to HDA.
In contrast, upon heating fIDA Cp shows a peak at 7, characterizing the
GT and corresponding 1o the shoulder found upon cooling in (2). The stan-
dard construction as in Fig. 3 gives T, ~0.27. Further heating results in a
second peak at the Widom line, T=Ty,. While T, is nearly constant at P
> P,, the Widom line temperature Ty, shifts to higher values as P increases.
Moreover, due to critical fluctuations as P— P,, the height of the Widom
line peak is much more sensitive to P than that corresponding to the GT. We
use a slow cooling rate of g,=1X 1075, since crystallization is not ob-
served for P> P,. In summary, parts (a) and (b) demonstrate that the GT
peak is not sensitive to P but is sensitive to heating vs cooling, while the
Widom line peak is sensitive to P but not to heating vs cooling. (c) Diffu-
sion coefficient as a function of temperature in the liquid phase. The lowest
temperature of the equilibrium liquid accessible in simulations is Tgimi
=0.277. This value is in agreement with the value T,=0.27 obtamcd from
Cp n (b) .
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Figure 1.13. Heat capacity at constant volume of one mole of hydrogen (H3) gas.
Note that the temperature scale is logarithmic. Below about 100 K only the three
¥ translational degrees of freedom are active. Around room temperature the two
i‘_ = rotational degrees of freedom are active as well. Above 1000 K the two vibrational
F degrees of freedom also become active. At atmospheric pressure, hydrogen liquefies £

at 20 K and begins to dissociate at about 2000 K. Data from Woolley et al. (1948).
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Figure 1.14. Measured heat capacities at constant pressure (data points) for
one mole each of three different elemental solids. The solid curves show the heat
capacity at constant wolume predicted by the model used in Section 7.5, with the
horizontal scale chosen to best fit the data for each substance. At sufficiently high
temperatures, Cy for each material approaches the value 3R predicted by the
equipartition theorem. The discrepancies between the data and the solid curves
at high T are mostly due to the differences between Cp and Cy. At T =0 all
degrees of freedom are frozen out, so both Cp and Cy go to zero. Data from Y. S.
Touloukian, ed., Thermophysical Properties of Matter (Plenum, New York, 1970).

=Cy +Nk=Cy +nR (ideal gas). (1.48)

mole of an ideal gas, the heat capacity at constant pressure
ty at constant volume by R, the gas constant. Oddly, the

¢, (cal/mole-K)
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Formation of Glasses from Liquids and Biopolymers
C. A. Angell

1 1
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Fig. 9. Differential scanning calorimeter scans of
the globular protein legumin both before and after
denaturation, for different water contents (A) dry
and (B) 10.4% by weight. Note the increase in
calorimetric strengths of glass transitions after de-
naturation. The native state acts like a strong lig-
uid. Comparison of the glass transition with a sim-
ple homopolypeptide, poly-L-asparagine is made
in Fig. 10. [From (117b) by permission copyright
Oxford University Press)
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Fig. 2. Heat capacity forms for liquid and crystal
phases of different substance. (A) Molecular sys-
tems like toluene where the glass transition occurs
over a range where the crystal heat capacity is not
classical; (B) metallic systems like Au-Si where
crystal and glass reach the classical regime before
the glass transition occurs; (C) covalent systems
like As,Se, where the jump in liquid heat capacity
occurs on a classical background-and AC,, re-
malins large above Tg; (D) open network systems
like GeO, where AC, is small and occurs on a
classical background The Tj is usually defined by
the construction made at 10 K/min shown in (A)
becauss this fixes T as the temperature where the
average structural relaxatlon time is 100 s (70) for
scanning at 10 K/s; N is the number of atoms per
formula unit and R is the gas constant.
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Fig. 2. The heat capacity per domain, which follows from the derived TLS +
ripplon density of states, divided by T3. This includes the Debye contribution.
The thin line neglects phonon coupling and has Tg/Tp = 4. The experimental
curve for amorphous silica from ref. 20, originally given in J/gK*, is shown
multiplied by #3pc(672)(¢/a)3/ kg, where we used wp = (cs/al6w?)"?, (¢/a)} =
200 (9), p = 2.2 g/cm3, ¢s = 4,100 m/sec, and Tp = 342 K (3). By using the
appropriate value of kgTg/fiwp = 4.4 for a-SiO; would place the peak some-
what lower in temperature than observed.
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Einstein oscillator in highly-random-packed bulk metallic glass

M. B. Tang, H. Y. Bai, M. X. Pan, D. Q. Zhao, and W. H. Wang?
Institute of Physics, Chinese Academy of Sciences, Beijing 100080, People’s Republic of China

(Received 18 August 2004; accepted 8 November 2004; published online S January 2005)

Mctalli_c glass?s have often l.)cen regarded as ideal model systems of dense random packing with
st‘rong'mtcra'ctlon among their components. Here we report direct evidence for the presence of the
Emstc‘m oscillator with an Einstein temperature 0 of 74 K, which induces the boson peak at 4.9
meV in bulk r.nctalllc glass .Zr%_75Ti8.25Cu7.5NiloBcz-,j. The presence of an Einstein oscillator
suggests the existence of the vibrations of loose atoms in an independent localized harmonic mode

in the highly random packed metallic
[DOI: 10.1063/1.1849420]

glasses. © 2005 American Institute of Physics.

Appl. Phys. Lett. 86, 021910 (2005)
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FIG. 3. The derived VDOS of vit4. The peak at about 4.9 meV is boson
peak. The inset shows the total VDOS gy (the solid line), and the VDOS
contributed from the Debye g, (the dashed line) and Einstein g (the dotted
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. 1. The specific heat C, of vit4 in the temperature range from 2 to 52 K.
specific heat plotted as C,/77 vs T. (b) The specific heat, shown as C,/T
<. The solid lines are the results of the fitting specific heat between 2 and
K using the expression: C,/T=y+BT° (c) The specific heat is least-
wes fitted by the Debye model.

mode with 8p=263 K and np=1.92; Cg, and the dotted line
in Fig. 2, is the contribution of the Einstein mode: Cg
=R(0g/T)%%T/(e%T-1)2, with an Einstein temperature 6
=74 K and the constant 71;=0.10 that stands for the Einstein
oscillator strength per mole. The fact that one Einstein mode
- * 4 e~ —~dal tha data indicates the presence of the

o vit4

total fit

------- Debye modet:

6,2263K, n =1.92

------ Elnstein model:

4 6,574K, n =0.10

electron:

7= 2.85mJmot 'K

TK)

FIG. 2. The fitting results (the solid line) of the specific heat of vitd between
2 and 52 K. The dashed and dotted lines represent contributions from the
Debye mode and Einstein mode, respectively; the dash-dotted line is the

tribution of electrons.
cot‘;ownk'.vaded 05 Jan 2005 10 159.226.36.37. Redistribution subject t



Prvide " T e ek ek Vet iE
V@Q v, C., (1;\:4"1-@) = :‘PCP(E’TR)
. > \:oo Pt 340 ? 33— e

- y % dlge d 1%




Retdlenn |- D1
(o mloushs o\f 4 wole of choSe

CbH(LO‘ + 60, — 6CG, fé/fa%
b (Mt) 2o » ékm." Pm\,.'dcs WIOS{" of em..g, l«ﬂﬂ.O(S
\

i"\ Our bﬂd}“
Al =6

MGS ‘rOL{ QV\O( 405




