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Technical Background.

The molybdenum selenides M,;MogSes where M is either an alkaline or transition metal are a series of
intercalated quasi one-dimensional single crystals that demonstrate interesting electronic and physical
properties. The crystal structure consists of long chains of stacked Mo-Se triangles at 180° rotation to each
other, which form a hexagonal lattice that can be intercalated by a number of different guest ions. Previous
studies have reported a metal to insulator transition in the Rb,Na,Cs and K samples whilst the Tl and In
samples demonstrate metallic behaviour down to a superconducting transition. The mechanism behind the
metal-insulator transition seen in the alkaline metal samples is not well understood, electronic and magnetic
measurements favour a charge density wave model [1] however there remains no structural evidence for such
a state. To investigate the role of the lattice (if any) on the metal-insulator transition longitudinal phonon
modes of several different M;MosSes samples were measured to identify any signs of electron-phonon
coupling.

Another aspect of these samples investigated during the beamtime was the effect of uniaxial strain on the
longitudinal speed of sound. Uniaxial strain was applied to Cs,MogSes and K,MogSeg samples using a novel
piezoelectric straining device Fig.(1).The straining device that was used consists of two shear piezoelectric
shear actuators positioned parallel to each other on a baseplate Fig.(1). Each actuator is constructed from
several individual piezoelectric elements. Applying a bias voltage across these elements causes them to
displace in such a way that the top of the actuators displace with respect to one another. This increases the
distance between the ceramic top plates attached to the top of the piezoelectric actuators. The sample is
secured across this gap (between the macor top plates) using an epoxy glue (Epotek E-4110) in such a
manner that increasing the size of the gap induces a strain in the sample. The baseplate provides an additional
method of applying strain to the sample, by tightening four screws at the corners of the plate the piezoelectric
stacks pivot about a centre point increasing the size of the gap between them. The uniaxial strain applied to
the sample was quantified by calculating the expansion of the c-axis lattice parameter through the
measurment of the 20 position of the [002] Bragg peak.



Experimental Details

The beamline was operated in 9/9/9 mode (17.794keV incident energy, 3meV energy resolution and a flux of
2.7 10" ph/s/200mA) for the duration of the experiment. For strain measurements the adth stage was used in
conjunction with a 1005 Huber goniometer allowing the straining device to be mounted such that the sample
c axis was perpendicular to the incident beam, the theta stage was used for measurements in which strain was
not applied. The straining device was controlled from within the control cabin via a +5V DC voltage source
amplified up to a maximum 250V by a PI voltage amplifier (E-413.00). All samples were aligned on the
[002] Bragg spot and phonons with energies up to 25meV were measured along the 001 direction with special
attention paid to a guest ion mode observed at 5SmeV.
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Fig.1 a) Straining device schematic and b) the straining device with a sample mounted across the macor top
plates. A fixing bracket used for sample transfer attached.

Experimental Results.

The longitudinal phonon modes of several unstrained M;MogSes samples (Rb,K,Tl,In and Cs) were
successfully measured Fig.(2a). In all samples the guest ion mode showed a softening around the [003] T-
point. Normalising the phonon energy about this point Fig.(2b) to the square root of the guest ion mass
reveals that the energy of the mode differs depending on the choice of guest ion. The phonon softening is
indicative of electron-phonon coupling and may help elucidate the nature of the metal to insulator transition
observed in these materials. Further studies specifically temperature dependent Raman spectroscopy will
reveal the exact role this softening plays in the electronic behaviour of M;MogSes.
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Fig.2 a) Unstrained longitudinal phonon modes of several M,MogSeg for phonon energies up to 20meV. b)
5meV phonon mode about the [003] gamma point normalised to the square root of the guest ion mass.



The phonon modes of two samples, one intercalated with Cs and the other K, were successfully measured
under strain. The maximum strain achieved was 0.077% in Cs,MogSes and 0.083 in K;MogSeg after which
the samples broke under the application of mechanical strain. For both of these samples the low q (acoustic)
phonon was measured as a function of strain, the gradient of which was used to calculate the longitudinal
speed of sound through the sample. There was an observed decrease in the speed of sound with increasing
applied voltage (strain) Fig.3 (b).

12
% 59.5 K,Mo,Se; speed of sound
10 n
50— -
¥ 3
8 =
s 585+
= 3
2 E
E 6 2
3 5 580
2 5
(7] . o
8
4 2 575
v K_OV_El 59.1360.615
v K_2V_El 58.528%0.412 570
2 v K_4V_E1 58.225+0.316 - :
v K_5V_El 56.844 + 0.425
0t 56.5 |
l T T T 1 T T T T T 1
2.00 2.05 2.10 2.15 2.20 0 1 2 3 4

| in (0OI) Piezo control voltage (V)

Fig.3 a) Acoustic phonon mode of K;MogSes under increasing strains and b) the corresponding longitudinal
speeds of sound as a function of applied voltage.
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