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Introduction 
 
PIKE polarizers may be integrated to numerous PIKE accessories and become a valuable tool for 
spectroscopic analysis. In transmission, the polarizer is easily mounted in the sampling compartment 
slide mount and is ideal for measuring the dichroism of a transmitting sample. When the polarizer is 
mounted onto the PIKE 80Spec and VeeMAX™ accessories, it may be used to enhance the infrared 
spectrum obtained from thin coatings on metallic substrates. Polymer orientation of solids, films and 
fibers may be investigated using ATR in conjunction with a polarizer. 
 
Polarizers are 25 mm in diameter and mounted in a ring and placed in a rotating holder, fitting a 
standard 2 x 3 inch instrument slide mount. With an angle scale, the orientation of the polarizer can be 
positioned with approximately 3 degree repeatability for the PIKE manual polarizer, and 1 degree 
repeatability for the precision polarizer. Motorized polarizers are available with better angular accuracy 
and precision. The automated polarizers are also very useful for conducting a series of experiments with 
different angle settings under complete computer control. 
 
 

     

 

Precision Automated Polarizer 

Precision Manual Polarizer 
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                       Handling Caution 
 

 

Under no circumstances may the polarizer be touched to clean. Touching the polarizer will 
result in damage to the surface of the polarizer which is not repairable. Dust may be removed 
using a gentle, clean, dry jet of air. Damage to the surface of the polarizer is not covered by 
PIKE warranty. 
 
When not in use, please cover the polarizer lens to avoid dust and incidental touching or 
contact to the surface. 

 

 
 
Operation 
 
Light propagating along the z axis can be described as a combination of electric vectors in x and y axis. 
Linearly polarized light may be thought of as an x and a y component with different relative magnitudes. 
Polarizers are devices that split unpolarized light into two orthogonal components; one of the linearly 
polarized components is transmitted and the other is reflected, redirected or absorbed.  
 
When the polarizer scale is set to zero the grid lines are oriented horizontally as shown in Figure 1. 
When set at 90 degrees, the grid lines are oriented vertically.  IR light can excite electrons to move along 
the length of the wires of the wire grid, whereas light vectors perpendicular to the wires pass through. 
 

            

Figure 1. Polarizer cross-section view with a dial setting 0 degree 
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Nomenclature to describe polarization is often described relative to the plane of incidence. P-polarized 
light is parallel to the plane of incidence, and S-polarized light is perpendicular to the plane of incidence. 
P- and S-polarized light are also referred to as transverse-magnetic (TM) and transverse-electric (TE) 
light, respectively. 
 
Table 1. Polarizer settings for P- and S-polarization when used with PIKE accessories 
 

PIKE Accessory Sampling Technique Polarizer Setting (degree) 
P (TM)                        S  (TE) 

30, 45Spec Specular Reflection 0 90 

80Spec Specular Reflection 0 90 

VeeMAX Specular Reflection 90 0 

VeeMAX ATR 90 0 

Note: The polarizer housing slides into the integrated VeeMAX polarizer slot horizontally; thus, the scale must be 
also rotated 90 degrees compared to the vertical polarizer placement of other accesories. 

 
Applications 
 
Thin Films on Metallic Substrates 
 
The interaction of infrared energy on thin layers of materials deposited on metallic substrates is 
dependent on the interaction of the infrared beam with the substrate. If the energy striking the sample 
is polarized with its electric vector parallel to the surface (s polarized), the electric field at the surface     
at all angles of incidence has a very small value. This is due to the superposition of the incident and    
180 degree phase shifted reflected beams. This superposition produces a standing wave electric field    
at the surface of the metal. The surface of the metal is an anti-node and hence the electric field at the 
surface is zero and varies sinusoidally with distance from the surface. There is little interaction of the 
infrared beam with a thin sample and the resulting spectra are very weak. 
 
If the infrared energy is polarized so that the electric vector is perpendicular to the surface of the sample 
(p polarization), the phase shift of the reflected light varies with angle of incidence. In this case the 
resulting electric field becomes a maximum at the polarizing or Brewster angle of the surface. The 
Brewster angle depends on the refractive index of the substrate and for metals this angle is close to     
90 degrees. 
 
The theory of this grazing angle effect was explained by R.G.Greenler in his paper titled “Infrared study 
of adsorbed molecules on metal surfaces by reflection techniques” (J. Chem. Phys., 44, 10 (1966)). In this 
paper Greenler discusses the interaction of infrared energy at a metal surface. 
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This effect is illustrated below which shows two spectra of an identical thin film on an aluminum surface 
measured at an 80 degree angle of incidence, with and without a polarizer. This effect is illustrated 
below which shows two spectra of an identical thin film on an aluminum surface measured at an           
80 degree angle of incidence, with and without a polarizer. 
 

 

Figure 2. FTIR spectra with s-polarization (in blue) and p-polarization (in red) 
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Polymer Orientation 
 
Polarization is a valuable FTIR sampling enhancement that has been used to elucidate chemical 
information and properties not otherwise found when using non-polarized light. Determining molecular 
orientation and investigating chemical bonding of materials such as fibers, polymers, and biopolymers 
are typical applications. As an example, FTIR spectra of a poly(ethylene terephthalate) bottle were 
collected using PIKE’s variable angle VeeMAX™ with ATR (60° ZnSe). Sample orientation was held 
constant while polarization orientation was changed. The VeeMAX offers additional benefits to such 
measurements because the angle of incidence may be adjusted, which was done here, and a wide 
selection of interchangeable crystals and incident angles is available. These create different depths of 
penetration into the sample; therefore, chain orientation may be probed at several depths by using the 
same accessory. Spectral differences caused by chain orientation and depth of penetration were 
observed (Figure 3). Table 2 summarizes absorbance ratio of the 1018 cm-1 band against the non-
dichroic band at 1410 cm-1 under TE (p) and TM (s) polarization. The change in the absorbance ratio as a 
function of effective penetration depth into the sample and polarization alignment suggests structural 
differences may be explored using the versatile VeeMAX with a polarizer. 
 
Table 2. Absorbance Ratios 
 

Angle of Incidence (°) 
Effective Depth 
at 1018 cm-1 (µ) 

Polarization 
Absorbance Ratio 

(1018 cm-1/1410 cm-1) 
64 1.4 TE (p) 2.55 
64 1.4 TM (s) 1.71 
52 2.9 TE (p) 3.95 
52 2.9 TM (s) 1.50 

 
 

 

Figure 3. PET spectra; depth 1.4 μ, TM (blue); depth 1.4 μ, TE (red);depth 2.9 μ, TM (black);  
      depth 2.9 μ, TE (green) 
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