
A P P L I C A T I O N  N O T E
Polarization-Dependent 
Raman Spectroscopy
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Figure 1: Coordinate System for Polarization-Dependent Raman 
Spectroscopy

Implementing polarization control in a Raman 
spectroscopic system provides access to valuable 
information regarding symmetry of bond vibrations. 
Related effects on Raman spectra are due to selection 
rules for the corresponding vibrational modes. In 
general, the more symmetric a bond vibration is, the 
more suppressed the corresponding Raman peak is, if 
the excitation and observed Raman-scattered light are 
polarized perpendicular to each other.

P O L A R I Z A T I O N - D E P E N D E N T  R A M A N  B A S I C S
In general, Raman signals provide chemical 
identification based on the material-specific spectral 
distribution of Raman peaks (i.e., a “molecular 
fingerprint”). In certain cases, controlling polarization of 
the excitation light as well as polarization of observed 
Raman-scattered light adds valuable information, on 
the symmetry of bond vibrations.

To investigate the symmetry of bond vibrations within a 
molecule, one compares Raman spectra with parallel 
and perpendicular polarization states of excitation with 
respect to Raman-scattered light. For a particular peak 

in the Raman spectrum, the symmetry of the bond 
vibration is characterized via the depolarization ratio:

ρ=  𝐼∥⁄𝐼⊥

Here, 𝐼∥ and 𝐼⊥ are the Raman peak intensity for parallel 
and perpendicular polarization, respectively, of Raman-
scattered light. A vibrational mode is completely 
symmetric, and referred to as a polarized band, if 
ρ < 0.75. In contrast, a vibrational mode with ρ ≥ 0.75 
is not completely symmetric and called a depolarized 
band.

P O L A R I Z A T I O N  I N  T Y P I C A L  R A M A N  S E T U P
In the following, all directions are according to the 
coordinate system indicated in Figure 1. Excitation 
light propagates along the z-axis; s-polarized means 
polarization along the y-direction, and p-polarized 
means polarization along the x-direction. In general, 
there are four combinations for polarization of excitation 
light with respect to Raman-scattered light, resulting in 
Raman signals 𝐼𝑠−𝑠, 𝐼𝑝−𝑠, 𝐼𝑝−𝑝, and 𝐼𝑠−𝑝. In isotropic samples, 
like normal liquids, 𝐼𝑠−𝑠=𝐼𝑝−𝑝= 𝐼∥ and 𝐼𝑝−𝑠= 𝐼𝑠−𝑝= 𝐼⊥.

Because observation takes place along the x-axis, we 
can only observe s-polarized Raman-scattered light, 
𝐼𝑠−𝑠 and 𝐼𝑝−𝑠. (The dipole oscillation of the p-polarized 
Raman-scattered light is not visible in the 90° setup, as 
it is parallel to the observation direction.) This leads to 
two consequences. First, unless excitation is completely 
non-polarized, Raman signals will depend on orientation 
of the input fiber about the z-axis, and one can optimize 
signal strength by rotation of the collimator. Second, 
it is sufficient to insert a polarizer and a half-wave 
plate into the excitation path to obtain depolarization 
ratios of the observed Raman peaks. The polarizer sets 
linear polarization, and the half-wave plate switches 
between s- and p-polarized excitation. Installation of 
polarization optics into the excitation path is described 
on the following page. It is also straightforward to install 
polarization optics into the path of Raman-scattered 
light, as shown on page 3.

Note that the situation is somewhat different in a 180° 
setup (transmission detection), or in a backscattering 

setup (using the RSBR1 reflective front end), where one 
can observe p-polarized Raman-scattered light. (The 
corresponding dipole oscillations are perpendicular to 
the observation direction along the z-axis in this case.) 
In these setups, the Raman signals do not depend on 
orientation of the collimator (or excitation fiber) about 
the z-axis. In addition, by installing polarization optics in 
both the excitation path and the Raman-scattered light 
path, the user can observe 𝐼𝑠−𝑠, 𝐼𝑝−𝑠, 𝐼𝑝−𝑝, and 𝐼𝑠−𝑝. While it 
is easily possible to convert the RSBC1 cuvette front end 
to a 180° setup , the user must consider that a significant 
amount of excitation light will reach the camera sensor, 
resulting in increased background noise within the 
spectral range of the RSB1 base unit. Therefore, it is 
recommended to use additional excitation wavelength 
filters in the Raman-scattered light path, such as 
Thorlabs’ FEL0800 or FELH0800 longpass filters.
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Thorlabs’ Raman Kits are not equipped with polarization 
optics from stock. The polarization is defined by the 
polarization state at the fiber output from the laser 
source, and the polarization in the scattering pathway 
is determined by the observation geometry (90° with 
RSBC1 and backscattering with RSBR1). However, the 
modular design of Thorlabs’ Raman Kits is open for 
combination with standard polarization optics, allowing 
for polarization dependent Raman spectroscopy as 
well.



O P T I M I Z E  R A M A N  S I G N A L  V I A  C O L L I M A T O R  R O T A T I O N
Let us first consider the situation with Thorlabs’ RSB1 
Raman Kit with the RSBC1 front end in its standard, 
out-of-the-box configuration, and a laser source fed 
to its fiber input port via multimode fiber. In general, 
the excitation light is not completely unpolarized, and 
the original polarization of the laser source is partially 
preserved even after passage through a considerable 
length of multimode fiber. As discussed previously, 
in the 90° setup, only s-polarized Raman-scattered 
light can be observed, and thus the ratio of parallel 
and perpendicular components contributing to the 
measured Raman spectrum changes upon rotation 

of the fiber about the z-axis. As a result, Raman peaks, 
especially those corresponding to symmetric vibrational 
modes, can be strongly enhanced or attenuated via 
rotation of the collimator. To do so, carefully untighten 
the setscrews that fix the collimator in the fiber input 
and collimator bundle (the setscrews are marked in 
Figure 2). Figure 3 shows the effect of collimator rotation 
on the Raman spectrum of isopropanol. The excitation 
laser used was an FPV785M with its pigtailed Ø105 µm 
multimode fiber with NA = 0.22. The excitation power 
was 250 mW.

Figure 2 (Left): RSBC1 Fiber Input and Collimator Bundle. Carefully follow laser safety instructions for Class 4 laser products when manipulating the fiber 
collimator bundle. 
Figure 3 (Right): Isopropanol Raman spectra for various orientations of the input fiber about z-axis. The horizontal axis is in nm.

P O L A R I Z A T I O N  O P T I C S  I N  E X C I T A T I O N  PA T H

Turn off the laser and disconnect the fiber.

Unscrew the fiber input and collimator bundle from 
the cuvette holder and mount it into an appropriate 
optics mount (e.g. CP33T).

Mount a half-wave plate and a polarizer into 
appropriate rotation mounts (e.g. CRM1P).

Place and secure the fiber input, collimator bundle, 
and polarization optics at the excitation input port 
of the cuvette holder, as shown in Figure 4. Make 
sure that you arrange the components such that 
the setup is light tight, using Thorlabs’ lens tubes and 
cage rods.

Reconnect the fiber.

Figure 4: Polarizer and Half-Wave Plate Added into Excitation Path
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As discussed above, it is possible to adapt the RSBC1 to measure polarization-dependent Raman signals, and 
determine depolarization ratios by adding a polarizer and a half-wave plate to the excitation path. The following 
description starts with an RSB1 Raman Kit base unit with the RSBC1 front end.

1.

2.

3.

4.
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F U R T H E R  R E A D I N G

Figure 5 shows Raman spectra of isopropanol with 
parallel (red) or perpendicular (blue) polarization 
in the excitation path relative to observed Raman-
scattered light. As in Figure 3, the excitation laser was 
a FPV785M with its pigtailed Ø105 µm multimode fiber 
with NA = 0.22. The excitation power was 150 mW. The 

polarizer and half-wave plate were Thorlabs item #’s 
LPNIR050-MP2 and WPH50ME-780, respectively. The 
numbers indicated with the peaks in Figure 5 are the 
corresponding depolarization ratios, while the values 
in parentheses are literature results from McCamant, 
Kukura, & Mathies, 2003.

Figure 5: 
Polarization-
Dependent 
Raman Spectra 
in Isopropanol, 
Intensity versus 
Raman Shift.

Turn off the laser and disconnect the fiber.

Unscrew the front end from the base unit. Unscrew 
the baffle assembly from the front end, as indicated 
in Figure 6.

Mount a half-wave plate that fits the spectral range 
of the Raman-scattered light and a polarizer into 
appropriate rotation mounts.

Place and secure polarization optics and front end 
without baffle assembly at the base unit’s input port 
as shown in Figure 7. Ensure that the polarization 
optics assembly approximately compensates the loss 
of optical path length from unmounting the baffle 
assembly, and make sure that everything is light tight.

To mount polarization optics into the excitation path, 
follow the steps described in the previous section.

Reconnect the excitation fiber.

Figure 6 (Left): Baffle Assembly Removed from 
RSBC1 front end. 
Figure 7 (Top): Polarization Optics Added into 
Excitation and Raman-Scattering Paths.
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In order to include polarization optics in the path of Raman-scattered light as well, proceed as follows. As in the 
previous example, the description starts from a running RSB1 base unit with an RSBC1 front end.

Baffle
Assembly

1.

2.

3.

4.

5.

6.


