CHM 414
Raman and Surface-Enhanced Raman Spectrocopy

Raman spectroscopy is often taught as a complement to Infrared spectroscopy.  Like IR, Raman is used to study the vibrational behavior of specific modes of molecules which allow us to identify specific functional groups.  However, some modes that are IR active are Raman inactive and vice versa, this is known as the mutual exclusion principle.  The MEP simply stated is, no mode can be both IR and Raman active.  This rule makes these two techniques complementary.  Recall back in the IR lecture we identify those modes for CO2 and H2O that were IR active, basically those modes that involved asymmetric stretching. In that case, the symmetric stretching modes tended to be IR inactive.  In Raman spectroscopy, the reverse tends to be true.  The symmetric stretches are Raman active, while the asymmetric stretches are Raman inactive.

Unlike the UV and visible spectroscopy, Raman does not involve the absorption of light, but rather the scattering of light from molecules.  A very interesting trend has been observed in the collection of Raman spectra is that, in the presence of metal colloids, this scattering tends to be significantly enhance (up to 106) which offers a significant improvement in the limits of detection of samples.  This enhancement by metal colloids is termed Surface-Enhanced Raman Spectroscopy (SERS).  The exact nature of the enhancement is not clearly understood, however it is generally accepted that the enhancement is a function of the adsorption of the sample molecule onto the metal colloid.  When particles are smaller than the wavelength of the incident light, scattering (in addition to absorption) is observed. The scattering of light by small particles (colloids here) is a function of the dielectric constant of the material used, the particle radius and the incident wavelength.  Gold and silver colloids are often employed for these studies.  In the case of silver, the Raman effect is most pronounced when an incident frequency of 380 nm is employed and the radii of the particles are approximately 20 nm.  As a result these colloids are a bright yellow color.  The scattering from gold colloids tend to make these solutions a deep red color.


The Raman effect is also important in the colors observed in stained glass windows where colloids of various metals such as gold and silver are incorporated.  What about the color of the sky? Could that be a Raman/scattering effect? You must answer this question on your lab report sheet, providing an explanation.  You are also referred to the text book/lecture notes for a more detailed explanation of the Raman effect and Raman spectroscopy.


In this experiment you will use SERS to study the enhancement in the signal of specific modes of pyridine.  You will prepare your own silver colloids by reducing silver nitrate (AgNO3) with sodium borohydride (NaBH4).  You will then adsorb the pyridine onto these colloids and collect the Raman spectra. Additionally, you will collect the Raman spectra of the unknowns, A, B and C used in the IR experiment last week.  Using these unknowns you will compare the spectra for these compounds using the two complementary methods and explain the differences (if any) observed in the spectra.  
Be sure to bring a flash drive or floppy disk with you to the lab to save your spectral data.  You will not be able to print or process your data. It will be save as a bitmap file and we will have to explain how to extract the information needed.
Chemicals Needed/Provided:

1. Unknowns A, B and C from the IR experiment

2. Pyridine (neat)
3. 0.1 M pyridine

4. Ice-cold NaBH4 (2 mM)

5. AgNO3 (1 mM
) 
Procedure:

The TA will explain to your how the instrument is calibrated and spectra collected and saved.

Part 1 - Raman of unknowns from the IR lab and pyridine:
1. Place the unknowns directly into the bottom of a glass test tube

2. Insert into the instrument

3. Hit trigger to collect the spectrum of your sample.

4. Save

5. Collect the Raman spectrum of the neat pyridine

6. Collect the Raman spectrum of 0.1 M pyridine solution

Part 2 – Preparation of the silver colloids:
1. Bubble N2 through the ice-cold NaBH4 solution prior to the reaction below

2. To 12 mL of ice-cold NaBH4 is added 4 mL of the AgNO3 solution with rapid stirring
3. The mixture should turn a dark yellow color when the solutions are combined
4. Continue stirring the solution until the colloid reaches room temperature. This should take about 15 minutes.
Part 3 – Adsorption of pyridine onto the colloids and SERS:
1. To adsorb the pyridine to the Ag colloids, 0.1 M pyridine is added to the stock silver colloid sample in a 1:15 v/v ratio (pyridine/Ag stock)

2. Calculate the concentration of pyridine in this solution

3. The mixture should go through a variety of color changes and eventually come to a dark yellow. 

4. The final dark yellow is stable for long periods of time and is used to collect the Raman spectrum

5. In the dilute (0.1 M) solution, the principle bands observed for pyridine would be the bands at approximately 1004 and 1032 cm-1.  You will compare these peaks in the dilute solution with those observed when the pyridine is adsorbed onto the silver colloids.  You are to determine the enhancement in the peaks by comparing the peak area for the 0.1 M solution and the peaks for the pyridine/colloid solution.
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