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CONCLUSIONS LITERATURE

The infrared absorption experiments were continued using matrix isolation (see fig. 4) technique since significant narrowing of the

spectral bands was expected. The title compound was isolated in different matrices - neon, argon and nitrogen. In order to shift

erformedthermodynamical equilibrium between both conformers annealing of matrices at 10K, 30 K and 30 K was performed for neon,

argon and nitrogen, respectively.

Organosilicon and organogermanium compounds are rather attractive in the field of surface science. Relatively stable organogermanium

compounds are important candidates for chemical vapor deposition of germanium on quartz and geramium1 and inside carbon naotubes2 as well as

other possible novel hybrid materials. Substituting one carbon atom in the ring with a silicon or germanium atom enhances adhesion since it acts as

hydrolytically sensitive center that can react with inorganic substrates such as glass to from stable covalent bonds3. 1-methyl-germacyclohexane is a

newly synthesized cyclic organic compound with unknown structural parameters and conformational diversity.

Figure 1. Theoretically predicted axial (left) and equatorial (right) conformers of 1-methyl-germacyclohexane.

Various methods of experimental and theoretical vibrational spectroscopy were employed to analyze the structural properties of this molecule.

Theoretically (B3LYP, cc-pVTZ) predicted structures are presented in fig. 1. Raman (see fig. 2) and ATR FTIR spectra (see fig. 3) were recorded

for the liquid 1-methyl-germacyclohexane. The DFT calculations reveal that 1-methyl-germacyclohexane has two stable conformations out of

which the axial conformation has the lowest energy with ∆𝐸 = 1.39 kJ/mol. It was found that the spectral bands of both theoretically predicted

conformers strongly overlap in the fingerprint region of the spectra and are hardly assignable to the normal vibrations.

Figure 2. FT Raman spectrum of 1-methyl-germacyclohexane spectra (pink)

together with theoretically calculated Raman spectra of axial (red) and equatorial

(blue) conformers.

Figure 3. ATR FTIR spectrum of 1-methyl-germacyclohexane spectra (pink)

together with theoretically calculated Raman spectra of axial (red) and equatorial

(blue) conformers.

Figure 5. FTIR absorption spectra of 1-methyl-germacyclohexane

isolated in neon (pink), argon (green), nitrogen (black) matrices.

Theoretically predicted spectra of axial (red) and equatorial (blue)

conformers are also presented in the figure. The fit between

calculated and experimental spectra is rather good.

Figure 6. FTIR absorption spectra of 1-methyl-germacyclohexane

isolated in neon matrix 3K (green), after annealing of the matrix at 10 K

(pink). Theoretically predicted spectra of axial (red) and equatorial

(blue) conformers are also presented in the figure.

Figure 7. FTIR absorption spectra of 1-methyl-germacyclohexane

isolated in neon matrix (red) together with theoretically predicted

spectra of axial (red) and equatorial (blue), 1-methyl-

germacyclohexane isolated in neon (green).

Figure 4. Matrix isolation.

A) Sample vial (connected to a vacuum system)

B) gas inlet valve

C) gas mixing chamber

D) cryostatted sample plate

Computations were performed using the supercomputer "VU

HPC" at Vilnius University in Faculty of Physics.
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RESULTS

When analyzing the spectra (see fig.5), two separated spectral bands at 682 cm-1, 695 cm-1 assigned to axial and equatorial conformers were

observed in the nitrogen matrix. The argon and neon matrix isolation results support our conclusion about the presence of two conformers in

the sample. The conformational interconversion process at low temperatures depends on the potential barrier between them. Experimentally,

we did not observe this conversion upon annealing of the matrices (see fig. 6) which indicates the barrier being higher than 10 kJ/mol.

In the spectral region from 630 cm-1 to 760 cm-1, two spectral bands

are visible (see fig. 7). According to the calculations these bands can

be assigned to axial and equatorial conformers of 1-methyl-

germacyclohexane. The calculations also predict similar stability of

both conformers with ∆E=1.39 kJ/mol, producing rather similar

intensity of the spectral bands belonging to both conformers. Matrix

isolation studies confirmed our guesses: 695 cm-1 band corresponds to

the rocking CH2 vibration of the axial conformer, while 682 cm-1 band

to the Ge-H in plane deformational vibration of the axial conformer.

The band at 760 cm-1 can be also assigned to deformational vibration

of the equatorial conformer.

1-methyl-germacyclohexane exists as a mixture of axial and

equatorial conformers with axial one being more stable by 1.39

kJ/mol. Spectral bands of axial and equatorial conformers completely

overlap in the Raman and ATR FTIR spectra of liquid 1-methyl-

germacyclohexane. Using low temperature solid matrix isolation

spectroscopic results (argon, nitrogen and neon matrices), it was

possible to assign spectral bands at 695 cm-1 and 760 cm-1 to axial and

equatorial conformers, respectively.


