Raman spectroscopy on organic spin ladder (DT-TTF)2Cu(mnt)2
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Raman experimental setup

Abstract
Raman effect of the organic compound (DT-TTF)2Cu(mnt)2 was
investigated at different temperatures. At around 80k and 210k,
abnormal jump in temperature dependent response of phonons was
observed in agreement with the IR spectroscopy study. The transitions
at 80 K and 210 K may be assigned to magnetic and metal-insulator
transitions respectively.

Background
Quantum spin ladders have attracted considerable interest as
intermediaries between one-dimensional chains and two-dimensional
square lattices. Additional interest has arisen from theoretical studies
which find that hole-doped spin ladders can support superconductivity.
Whereas most systems are structural ladders, organic ladder-like
compounds such as diothiophentrethiafulvalene copper maleonitrile
dithiolate (DT-TTF)2Cu(mnt)2 are formed by the coupling of molecular
building blocks. This system is particularly attractive because it belongs to
a family of quasi-isostructural compounds, with tunable properties
depending on the counterion (M = Pt, Cu, Au, Ni). It is composed of finite
number of coupled spins chains in a situation that is intermediate
between the purely 1D system and 2D system of planes.

Raman spectroscopy is a spectroscopic technique based on inelastic
scattering of monochromatic light, usually from a laser source. Inelastic
scattering means that the frequency of photons in monochromatic light
changes upon interaction with a sample. Photons of the laser light are
absorbed by the sample and then reemitted. Frequency of the reemitted
photons is shifted up or down in comparison with original
monochromatic frequency, which is called the Raman effect. This shift
provides information about vibrational, rotational and other low
frequency transitions in molecules. Raman shift in wave numbers (cm-1),
is calculated through the equation below in which incident and scattered
are the wavelengths (in cm) of the incident and Raman scattered
photons, respectively. In this experiment, the wavelength of the laser
used was 532nm.

Figure 8: Temperature dependent Raman spectra showing phonons at (a) 450-900 cm-1
and (b) 1300-1550 cm-1.

Figures 7 and 8 show the response to phonon modes as function of
temperature. Most of the phonon modes harden with decreasing
temperature i.e., the phonon energy shifts to higher frequencies with
decreasing temperature. However, the lowest frequency phonon exhibits
a different behavior as shown below.

[(DT-TTF)2Cu(mnt)2] crystal structure
a)

Figure 4: Schematic
diagram of raman
setup [5]

Figure 5: Probe head for raman low
temperature measurement

Raman scattering

Figure 9: Graph of phonon peaks
against temperature

Around 80K, abnormal behavior can be
seen in the phonon of the compound as the
temperature increases, also at about 210k
sudden increase in phonon peaks was
observed. This result is in excellent
agreement with the earlier report [1]. There
transition at 70K was assigned to be a
magnetic transition and the one at 220 K is
a broad metal-insulator transition driven by
a massive symmetry breaking [1].

Summary
The spectra obtained from the experiment showed important magnetic and
metal-to insulation transitions at 80 K and 210 K respectively, and also
phonon shifts to higher wavelengths as temperature increases. More
detailed temperature dependent study will be performed soon.
Figure 1: a) Crystal packing of at 295K showing organic DT-TTF stacks related by
a twofold screw axis. b) Chemical structure of DT-TT and M(mnt)2.

Figure 2: DT-TTF and M(mnt)2 molecules

Two possible two-legged ladders
formed by the dimerization of the
DT-TTF
stacks
in
[(DTTTF)2Cu(mnt)2] where J|| is the
exchange coupling along the legs
and J┴ is the coupling along the
rungs of the ladder. The system is
also charge ordered as shown in
figure 3b where the molecules of
the compound can share charges
between each other.

Electrocrystalization of donor DT-TTF
molecule and salt of the acceptor M(mnt)2
gave crystal structure above whose donor
stacks form a two-leg spin ladder by
localization of unpaired electrons in D2+
units.

References
Figure 6: Energy level diagram
for Raman scattering. [5]

Results and discussion

1. J.L. Musfeldt, S. Brown, et al. (2008). “Infrared investigation of the charge ordering
pattern in the organic spin ladder candidate (DTTF)2Cu(mnt)2.” Solid State Sciences xx
(2008) 1-5
2. J.C. Dias, E.B. Lopes, et al. (2004). “Structural and electrical properties of
(DTTF)2[Cu(mnt)2].” EDP Sciences, Les Ulis. DOI: 10.1051/jp4:2004114115
3. E. Ribera, C. Rovira, et al. “The [(DTTF)2Cu(mnt)2] family of radical ion salts: From a spin
ladder to a delocalized conduction electron that interact with localized magnetic moments.
4. A.L Silva, I.S. Neves, et al. (2013). “(αDT-TTF)2[Au(mnt)2]: A weakly disordered molecular
spin ladder system”. America Chemical Society, ACS Publications,
dx.doi.org/10.1021/ic400246y | Inorg. Chem. 2013, 52, 5300−5306.
5. Harris, D.C., Bertolucci, M.D., Symmetry and spectroscopy: an introduction to vibrational
and electronic spectroscopy, Oxford University Press (1978)

Acknowledgements

Figure 3: Two possible ladders
formed after dimerization of
DT-TTF and M(mnt)2
molecules

Figure 7: Temperature dependent Raman spectra showing phonons at (a) 50-200 cm-1
(b) 300-350 cm-1.
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