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Nuclear Magnetic Resonance

RF field screened by free

electrons (Knight shift)and A =/w= ugHI
electric field gradient of the

neighbors.

* Applied dc field modified by
hyperfine field.

* Relaxation by free electrons
(Korringer process) and spin-
lattice interaction.




Nuclear Magnetic Resonance

* Local structure
— Knight shift
— Electric field gradient

* NQR
* NMR Peak shape

— Hyperfine field
* Dynamics
— T,; spin-lattice relaxation time

 Diffusion; escaping the cage.
* Dynamic heterogeneity.
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FIG. 1. Experimental (T = 10"K) and simulated NMR
spectra in @-La,;Ga,; . Inset: unbroadened spectrum
for cubie local symmetry (vg = 0; 1= 0. v = vH
(Larmor frequency). For definition of vg, 1, and o,
see text.
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FIG. 2. Experimental (T = 10°K) and simulated NMR FIG. 3. Experimental (T = 4.2°K) and simulgted

NMR spectra in (a) ¢-Ni,B and (b) a-NiP,By. In-
set: unbroadened *powder pattern” for nonuniaxial
local symmetry (vg = 0; 1= 0.8); (1) vy + 3pg(1 = 1);
(2) vy +3pgll+ 7); (8) vy + vg.

spectra in (a) ¢-Mo,B, (b) a-Mog,B,;, and (e) a-Mo -
Ru,,B,, . Inset: unbroadened “powder pattern™ for
eylindrical local symmetry (vg = 0; 5= 0); (1) vy + 3]:-1:,;,,;
{21.' Py + i

* Local symmetry similar to the crystalline compounds.
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All spectra T=4.2 K except x = 18.5 (100 K) (Ref. 11).
FIG. 3. Experimental NMR spectra in ¢-Ni;B, ¢-Ni;B, and ¢-

NiyB, (orthorhombic) (Ref. 11).
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FIG. 12. B experimental spectrum in a-MowBiyy (crosses).
Curve a, simulated spectrum for ¥y=420 kHz, n=0,
o /Vp=0.2. (Dots: same except =0 and o>¥py=0.125 or
71=0.2 and o/¥3=0.2.) Curve b, B experimental spectrum in
c-Mo,;B compressed 109 along the horizontal axis. Curve ¢,
same as b except 209 rms width distribution of the compression
factor is added.
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Correlation of atomic cluster symmetry and glass-forming ability of metallic glass

Xue kui Xi'. Li long Li'. Bo Zhangz. Wei hua T.Uangl. and Yue Wu'*
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* Smaller ®Q means more spherical symmetry around Al. It
could imply smaller atomic level stresses.
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Diffusion mechanisms in metallic
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D of Be by He ion back
scattering, jJump rate
by °Be NMR

Jump rate €2 (571
D (e &= 1)

14 15 186 1.7 18 148 2 21 22
1,000/T (1/K)

* Dshows akink at T , but the jump rate does
not.

* The kink at T, is due to collective flow by other
elements, not due to single jump of Be.
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Nature of Nonexponential Loss of Correlation above the Glass Transition
Investigated by Multidimensional NMR
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i) o E4) m{[-}-j} l'l:l] Wi 4)
. Non_exponentia| decay FIG. 1. Schematic pulse sequences for exchange NMR ex-

periments: (a) 2D experiment, (b) 4D experiment. 907 pulses
can be observed. and a typical signal from an isolropic sample are indicated,
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Enhanced translation of probe molecules in supercooled o-terphenyl:
Signature of spatially heterogeneous dynamics?

Marcus T. Cicerone and M. D. Ediger
Department of Chemiztry, Univerzity of Wisconsin-Madizen, Madizon, Wisconzin 33700

I-‘\J

a)

& «]
]

e Deviation from S-E

log(DnT Vem's 'PK)
©

—

=

] ]
[ »

=

™

E
[ 1

relationship.

[
==

o

I
.
i

-

L L
L # =l
nnnﬂx }:%H

i i

|gg[l:]_rr|T- Yem s 'PK )
©

]
ik
=

3.0 35 4.0
1000/T [1/K]



5.'::'_[ T 1 I I 1
— 4 5 w -
I -
= » ® e
TE aof . :
] - '.-l-.
= 3.5 " ;
A r . ]
o 3.0F -
o i 4
- [ T, * T, ]
2.9F » l -
-l 1 ] ] ] y | 1

3.0 3.2 4.4 4.6 3.8 4.0 4.2

1000/T

e Ratio of translational relaxation time to
rotational correlation time.



o | " T T J "
! 4
i 4_ % -
¥l
I-i 3'_- o il
(- s O
:51 2 ) . °% o a?%acg -
- [ - 1
I *
" 1- - - b |
o "&ﬁﬁﬂ'ﬂi &
= iiie M e, g as
ok & a b gafas _
i M i M i i | i
1.00 110 1.20 1.30 1.40
Ta'Tg

FIG. 8. Enhancement of Dyr. In OTF and polystyrens: (&) mbrene OTF,
| teracens'OTF, (A) mbrenepolystyrens; () tetracens polystymene. D,
valnes are enhanced by up to 4 orders of magmimde as T, 1s spproached.
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Raman Spectroscopy

* Discovered (Feb. 28, 1928)
by Sir Venkata Raman of
Calcutta Univ. (Nobel Prize

Science, Bangalore (1933-48),

1930).
)
Director, Raman Inst. for

v Research, Bangalore (1948-70).

Professor, Indian Institute for
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Raman Selection Rule

* Q=0, nK for crystalline solids.

* All Q for amorphous solids because of incomplete
umklapp. Thus obtains the phonon DOS.

* Thus Raman gives no information on the Q
dependence; neutron or x-ray inelastic scattering
does a better job.
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THE NATURE OF BOSON PEAK IN RAMAN SCATTERING IN GLASSES
V.K. Malinovsky and AP, Sokolov

Institute of Automation and Electrometry of Siberian Branch of the USSR Academy of Sciences,
630090, Novosibirsk, USSR
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Fig. 1{a). Low-frequency Raman spectra of AS,S; — 1,

BisSis0yz — 2, La;S%GayS; — 3 glasses. Fig. 1(b). Raman spectra of different glasses in a scale

.E" = EJ'IEmuJ_: 1 As, 8, ':-Em|z = 16 I:II'I_“_I, 2 — BigSis-
Oy (3dem™), 3 — Si0; (52em™™). In addition it is
shown spectra: 4 — B,O; (28 em ™) and 5 — B,030, 7
Li, O (88 cm™") [8], GeS; (22em™") [9].
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Fig. 4. Raman spectra nfﬁuﬁgﬂg. glasses: | —well annealed
sample, 2 — quenched in air from T = 250°C, 3 —
quenched in ice water from T'= 250°C,

* Sensitivity to relaxation.
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Medium-Range Order in Glasses: Comparison of Raman and Diffraction Measurements

AP, Snkolm,{“ A Kisliuk, M. Soltwisch, and D. Quitmann

Institut fiir Experimentalphysik, Freie Universitat Berlin, Arnimallee 14, 1000 Berlin 33, Germany
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Boson peak in many glasses.
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A Unified Model for the Low-Energy Vibrational Behaviour
of Amorphous Solids.

S. R. EvrviorT(¥)
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Fig. 1. - Plot of experimental values (points) for the FSDP position, @,, vs. normalized boson peak
frequency, @ = ygefv, (vp in em™") for a number of amorphous solids [25]; the straight lines are
theoretical predictions of the model with gradients of 30 and 40. 1) Ge; 2) Se; 3) As,Sey; 4) As,Sy;
5] GESE, B) SISEQ, ul} GE‘SEE* 8} AgI-AgO Ba'o-; 9) 8102 10} EEF*}, 11) 503, 12} PMMA.
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Boson peak in alkaline borate glasses: Raman spectroscopy, neutron scattering, and specific-heat
measurements

G. D’;_imgeln,' G. Carini,! C. Crupi,? M. Koza.? G. Tripodo,! and C. Vasi®
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FIG. 2. Normalized Raman spectra of lithium (A), potassium (¢) borate glasses at the composition x=0.14.
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e Raman and neutron data
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Neutron scattering evidence on the nature of the

boson peak

U Buchenaun', A Wischnewski', M Ohl' and E Fabiani*
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Figure X Eigenvaloe density in crystalline and glassy seleniem [25]. The contimsous line is a fit
in terms of equation (4); the dashed line shows the sound-wave fraction at 100 K according to the
Debye model. The srrow denotes the fitted crossover eigemalee A, from sound waves to excess

mides.
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Figure 4. Eigenvalue density in crystalline, glassy and liquid polybutadiene [26]. Lines are fits in
terms of equation (4).
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Experimental Investigation of the Dispersion of Collective Density Fluctuations
near Q, in a Metallic Glass
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e Dispersion minimum at the peak of S(Q).
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Harmonic behavior of metallic glasses up to the metastable melt
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Low-energy excitation in As,S5; glass studied by inelastic X-ray scattering

Kiyoto Matsuishi “*_ Shinya Hosokawa ® Satoshi Tsutsui ¢, and Alfred Q. R. Baron ed

JNCS 354 19 (2009)

As,S, glass
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Intensity
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Inten=aty of the Boson peak at 3 meV (sohd cucles) as a funchon of O The structural
factor S{J} obtamed by neutron diffraction [11] and the O-dependence of the elashe
scattenng component (7.6, the mntensity at @= 0 meV) are also shown by the solid line and
open cireles, respectively, for companson. The hne for the open cireles 15 drawm as giude

for the eve.



Summary

NMR offers information about the local
symmetry and dynamics.

Dynamic heterogeneity is detected by NMR.

Raman scattering gives direct information on
the boson peak.

But the Q resolution by neutron and x-ray
scattering is important.



