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N-CS vibrational mode

representation and frequency
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Vibration modes characteristic of spin states
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So far vibrational entropy mainly considered at a
molecular level (147 modes)

What about crystals ? (612 modes)

G. Brehm et al. J. Phys. Chem. 2002 [5]
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Fe(phen),(NCS),
4 molecules in unit cell

Molecule C2 symmetry

Symmetry: A

Y 4

“ClibT

Anti-symmetry: B

& @ 2 symmetries —» 8 symmetries
C,/Ib

E.Collet, Eur Phys Journal B, 2019 [5]

Pbcn space group
mmm point group

Crystalline point group

Crystal polarisation

IR or
Raman

beam
Y

D
lIlIIIHlI)
A,

B..
B,
B,

A,
B,
B
Bay

Iv

C

1
1
1
1
1
|
1
|

Ciy)

1
1
I
1
1
I
1
|

Cx)

l
1
1
1
1
1
1
1

!

1
1
1
1
1
1
1
1

alxy)

o(xz)

1
1
1
1
1
1
1
1

o(z)

=

Nl

-

Infrared



CS), cell

HS
Exp: 2069
Calc: 2055.4

HS
Exp: 2062

Calc: 2043

Calc: 2056

Calc: 2109.7

% “ Exp: 2113 Exp: 2108
i Calc: 2108.8 Calc: 2100.6
e B s
- Exp: 2067 Exp: 2067

Calc: 2044.7

Calc: 21011

HS
Inactive
Calc: 2053

Exp: Inactive
Calc: 2106.6

HS
Exp: 2064
Calc: 2041.1

Calc: 2097.6

HS
Exp: 2061
Calc: 2057

" Exp: 2108
Calc: 2107.5

HS
Exp: 2076

Calc: 2039.7

Exp: 2117
Calc: 2097.3

The vibrational spectra of 4 molecules in crystal is
more complex than the one of the isolated molecule :
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-Lattice vibrational modes as combinations of - Librations modes : (almost

molecular modes different symmetries rigid molecules) translations /
(exemple : breathing mode: Ag B2u Au et B2g) rotations
Representation of A_ totally Representation of B, . .
symmetric breathing mode breathing mode ’ Librational mode B,,
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Low frequency measurements for the Ag mode
Raman experiment (IMN) ] N ]
01 17e HS mmm— Simplified equation : AS,;, = ASTS _ASEY — RZ ln( HS>
A=1

Conclusion :

-Lattice mode measurements & calculations: AS , (cell) # 4 AS , (molecule) ?

-Infrared and Raman experiments: identify the V|brat|onal modes symmetry & frequencies
-The vibrational crystal spectrum is more complex than the isolated molecule, because
those modes contains combinations of different symmetry for intra & inter molecular mode.
A Moreover librational and acoustics modes should be take into account

-Next step: Non-linear phononic with Fe(phen),(NCS), crystal, controlling spin state
switching by resonant excitation of infrared modes.
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