Sample Handling in IR Spectroscopy and Factors Affecting Vibrations

Sample Handling in IR Spectroscopy

Proper sample preparation is crucial for accurate and reproducible IR spectra. The method depends on
the physical state (solid, liquid, or gas) of the sample:

1. Solids
e KBr Pellet Method:

o Solid sample is finely ground with dry potassium bromide (KBr) and compressed
into a transparent pellet.

o KBris IR transparent (doesn’t interfere).
e  Mull Technique:

o Sample is mixed with mineral oil (Nujol) to make a paste or "mull" and sandwiched
between IR-transparent plates (e.g., NaCl).

o Diffuse Reflectance (DRIFTS):

o Used for powders; sample is mixed with KBr and analyzed via reflection mode.

2. Liquids
e Neat Liquids:
o Placed between two salt plates (e.g., NaCl or KBr) to form a thin film.
¢ Solution Form:

o Dissolved in IR-transparent solvents (like CCls or CS2), placed in a liquid cell with
fixed path length.

3. Gases
e Contained in a gas cell with longer path lengths (typically 10 cm or more).

e Windows are made of NaCl, KBr, or CaF:, depending on the IR region.

4. ATR (Attenuated Total Reflectance) Technique
e Modern and simple method requiring minimal sample preparation.
e Sample is placed on a crystal (ZnSe, Ge, diamond), and IR beam is reflected internally.

e Suitable for solids, liquids, gels, and pastes.



“e Factors Affecting Vibrations in IR Spectroscopy

These factors influence the frequency (wavenumber) and intensity of absorption bands:
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¢ 1. Bond Strength
e Stronger bonds (e.g., C=C, O—H) vibrate at higher frequencies.

e Approximate trend:

C—C (single)<C=C (double)<C=C (triple)\text{C—C (single)} < \text{C=C (double)} <\text{C=C
(triple)}

¢ 2. Atomic Mass
e Lighter atoms vibrate faster — higher frequency.

e Example: C-H (~3000 cm™) vs. C-D (~2100 cm™)

¢ 3. Bond Order

e Triple bonds > Double bonds > Single bonds in terms of stretching frequency.



4. Electronegativity

e More polar bonds (e.g., O-H, N-H) show stronger and broader IR absorptions.

5. Hydrogen Bonding

e Causes broadening and shifting of bands to lower frequencies.

Especially seen in —OH and —NH stretching.

6. Molecular Environment

Solvent effects, steric hindrance, and conjugation can shift vibrational frequencies.

7. Conjugation and Resonance

¢ Conjugated double bonds lower the stretching frequency (due to partial single bond
character).

Would you like a diagram or concept map summarizing these factors or sample handling
techniques?



