
 
 
 
 
 
 
 

 

 

 

 

PIKE Technologies · 6125 Cottonwood Drive · Madison, WI  53719 
Phone: (608) 274-2721 · info@piketech.com · www.piketech.com 

  

 

MIRacle Single Reflection ATR:            
Design and Performance Features  

 
The single reflection attenuated total reflectance (ATR) 

accessory has become one of the most popular means of 

sampling for Fourier transform infrared (FTIR) spectroscopy. 

In general this sampling technique provides fast analysis by 

eliminating sample preparation, especially if the ATR 

accessory is well designed and provides high throughput 

relative to the available energy in the FTIR sample 

compartment. This document provides comparative 

information and data to assist in the selection of the best 

crystal material for specific ATR sampling applications. 

          
Figure 1. MIRacle Single Reflection ATR accessory 

 

There are several factors to consider when choosing the ideal 

crystal material for the single reflection ATR accessory:  
 

• Throughput 
• Spectral range 
• Crystal material hardness and pH tolerance  
• Refractive index  

 

Each of these factors may be an important part of the 

decision relative to your analysis and application.  

 

 

 

Furthermore, the design of the crystal is important because it 

contributes to each of these factors in a way that either 

increases or diminishes the performance of the ATR 

accessory. Some of the crystal design factors to consider are 

the size of the ATR crystal and how well it accommodates 

liquids, solids and other sample forms.  

 

Experimental  

Spectral data were measured using a MIRacle single 

reflection ATR accessory on an FTIR spectrometer. The 

MIRacle ATR was equipped with a high pressure clamp and a 

crystal plate appropriate for the application. All spectral data 

were collected at 4 cm-1 resolution using 1 minute sample 

and background data collection time.  

 

ATR Crystal Optical Design 

The size of the ATR crystal is important. A larger size 

increases IR throughput by minimizing vignette of the IR 

beam, whereas a smaller sampling size enables increased 

force per unit area for improved contact with rigid samples. 

Therefore, we would like an ATR crystal as small as possible 

with highest IR throughput. Such a design was created in 

1999 with the introduction of the MIRacle ATR accessory for 

FTIR1 and continues to be the most widely used ATR. In this 

unique optical design the ATR crystal is combined with the 

focusing optic into an optimized sampling interface 

characterized in Figure 2. 

 
 

 
 
Figure 2. Crystal design for MIRacle ATR accessory. 

 

The refractive index of the base ATR focus optic and its lens 

shape combine to focus the IR beam to a smaller dimension. 

The IR beam is focused at the face of the circular 1.8 mm 

diameter ATR sampling surface after internal reflections 
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within this optical element. If the ATR crystal is a composite 

as with the MIRacle diamond, the base ATR focus optic is 

formed into intimate contact with the diamond ATR 

sampling crystal, providing direct transmission of the IR 

beam to the sampling surface. When a sample is placed into 

contact with the ATR sampling crystal and subjected to IR 

radiation, an evanescent wave projects into the sample and 

some of this wave is absorbed by the sample and is 

measured as an infrared spectrum.2  

 

ATR Accessory Throughput  

Accessory energy throughput is a very important 

consideration relative to achievable spectral quality. As more 

energy is delivered to the FTIR detector, the signal-to-noise 

ratio (SNR) in our spectral data increases. Accessory 

throughput is measured by collecting a sample spectrum of 

the accessory ratioed to the open beam FTIR background 

spectrum. Figure 3 shows the accessory throughput spectrum 

for the MIRacle diamond/ZnSe crystal plate. At 1000 cm-1 this 

spectrum shows greater than 45% throughput, which is an 

excellent result.  

 
Figure 3. Throughput spectrum for diamond/ZnSe crystal plate 
on MIRacle ATR. 

 

For routine sample analysis such as material identification 

when the sample is sufficient size to cover the ATR crystal  

and pliable enough to conform to the flat crystal surface, 

most modern ATR accessories will suffice. However for more  

challenging samples, the differences in spectral quality 

produced from a high throughput ATR accessory and one of 

lower performance will become apparent.  

 

 
Figure 4. Monofilament fiber by single reflection ATR 
accessories.  

 

A single 200 micron diameter monofilament fiber was run on 

single reflection ATR accessories with a diamond crystal. The 

red spectrum was obtained from the MIRacle ATR accessory. 

The blue spectrum was obtained from another diamond ATR 

accessory with lower IR throughput. These 2 spectra are 

displayed in equivalent y-scaling. The spectrum obtained 

using the MIRacle exhibits higher signal and lower noise – 

significantly higher SNR.  

 
Size of ATR Crystal  

The size of the ATR crystal is an important factor relative to 

ensuring adequate pressure upon the sample to create 

intimate contact with solid samples. Solid samples must be 

pressed firmly against the ATR crystal to provide a significant 

absorbance of the evanescent wave.  

A machinable polymer is very hard; however, using the full 

force of the high pressure clamp with the 1.8 mm diameter 

MIRacle ATR crystal pressed upon the sample an excellent 

spectral result is obtained.  

As seen in Figure 5 on the following page, the spectrum 

obtained at low pressure (upper red) produces absorbance 

bands at significantly lower intensity and demonstrates the 

need for high pressure for this type of sample.  
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Figure 5. Spectra of machinable polymer using MIRacle ATR 

with diamond crystal plate using low and high pressure.  

 

At a given force applied to a sample, the area of the ATR 

crystal face will determine the final pressure applied to the 

sample. Figure 6 shows pressure in pounds per square inch 

(psi) vs. crystal diameter using a force of 40 pounds applied 

by the MIRacle High Pressure Clamp. In this graphic we can 

see the exponential rise in pressure upon the sample as the 

crystal diameter decreases.  

The MIRacle ATR accessory with its 1.8 mm diameter crystal 

and high pressure clamp provides 10,141 psi of pressure 

upon a sample – ensuring high quality spectra of solid 

samples. We do not recommend application of high pressure 

onto hard samples with all of our available ATR crystal 

materials as will be discussed later in this article.  

 

 
Figure 6. Pressure vs. crystal diameter with force of 40 lbs. 

 

Design for Sample Form 

The ATR crystal plate design needs to accommodate solid, 

liquid, gel, paste or polymer sample forms. The MIRacle 

crystal plate is designed as a sealed flat plate for solids and 

liquid samples. For highly volatile liquids, a liquids retainer/ 

volatiles cover and a flow cell are available.  

The small diameter of the MIRacle ATR crystal is ideal for 

small amounts of liquid or solid samples. In theory, a liquid 

volume as small as 5 nanoliters would be sufficient to 

generate a strong IR spectrum with 2 micron coverage over 

the 1.8 mm diameter MIRacle ATR crystal. The sensitivity of 

the MIRacle ATR for a small volume is demonstrated in 

Figure 7.  

 

 
Figure 7. Liquid skin care product on MIRacle ATR. 

 

The sample in Figure 7 is a medicated liquid skin care 

product. About 1 microliter of the liquid is applied to the 

MIRacle ZnSe crystal plate and the sample spectrum is 

recorded. It is seen in this spectrum that the MIRacle ATR is a 

very sensitive analytical tool. 

 
Refractive Index of ATR Crystal 

Selection of the crystal material provides a valuable means of 

controlling the sampling depth and ensuring we meet critical 

angle requirements for ATR analysis. At 45 degrees angle of 

incidence and a sample refractive index of 1.5, the depth of 

penetration of the IR beam into the sample varies from 0.6 

microns for the germanium (Ge) ATR crystal to 2.0 microns  

for the diamond and ZnSe crystals as measured at 1000 cm-1. 

These differences are useful to optimize the results for thin 
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coatings or for analysis of samples with high refractive index 

such as a carbon filled rubber sample. 

The spectra in Figure 8 are similar relative to the major 

absorbance bands. Close inspection of the data reveals 

derivative shaped absorbance bands in the spectrum 

collected using the ZnSe crystal due to critical angle 

requirements. This problem is not found in the spectrum 

produced using the higher refractive index Ge ATR crystal. 

The easily changeable, pin-mounted crystal plates of the 

MIRacle help to make optimization of the ATR result an easy 

task. 

 
      Figure 8. ATR spectra of carbon filled rubber sample  
      using Ge (upper red) and ZnSe (lower blue) crystal plates.  

 
     Table 1. MIRacle ATR Plate Properties. 

 

 

 

 

 

 

 

 

 

 

 

NOTE: In Figure 8 the baseline shift at long wavelength in 

both of these spectra is expected due to wavelength 

dependent absorbance by high carbon content. 

 

Hardness of the ATR Crystal 

Since the ATR crystal is in intimate contact with the sample 

either without the need for pressure as in the case of liquid 

samples or with pressure in the case of solid samples, its 

hardness is an important factor in the design of your ATR 

accessory. Typical ATR crystal materials for single reflection 

ATR accessories range in hardness from ZnSe to diamond and 

their relative hardness specifications are summarized in 

Table 1. Generally speaking, the relatively softer ZnSe is an 

excellent crystal choice for liquid samples, soft powders, gels, 

and polymer films.  

ZnSe is less expensive compared to diamond and the crystal 

plate can be refurbished if scratched. Conversely, diamond is 

extremely hard and compatible with almost all sample types. 

Its wide pH tolerance range and crystal hardness will offer 

years of service. 

The spectrum of a hard polymer pellet run using the MIRacle 

ATR with diamond/ZnSe crystal is shown in Figure 9. Due to 

the hardness of diamond, it is safe running this sample 

directly. With the ZnSe crystal, we would need to flatten the 

surface before application of high pressure to prevent 

damage. 

 

 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

MIRacle Crystal Plate 
Application 

Hardness 
kg/mm2 

LW Cutoff cm-1 Refractive Index 
dp (µ) @ 45°,         

1000 cm-1, n2 1.5  
Safe pH Range 

Diamond/ZnSe 
Ideal for hard samples, 
acids or alkaline 

5700 525 2.4 2.00 1 – 14 

ZnSe 
General purpose ATR 
sampling 

120 525 2.4 2.00 5 – 9 

Ge 
General purpose and 
carbon-filled samples 

780 570 4.0 0.66 1 – 14 

Si 
Excellent for far-IR 
spectral measurement 

1150 475-40 3.4 0.82 1 – 12 
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Figure 9. Hard polymer pellet on MIRacle ATR with 

diamond/ZnSe crystal. 

 

Spectral Range of the ATR Crystal 

The ATR crystal material and the pathlength of the IR beam 

through it will define the spectral range available. In some 

cases the long wavelength spectral range is critical for 

“seeing” absorbance bands near the spectral cut-off of the 

crystal material. Table 1 shows long wavelength spectral 

range for the MIRacle ATR for each of its crystal 

configurations.  

ATR depth of penetration is directly proportional to the 

wavelength of the probing beam. Furthermore, absorbance 

of near-IR energy being overtones and combination bands 

from the mid-IR spectral region is relatively weak compared 

to absorbance in the mid-IR spectral region. Therefore ATR 

spectral range toward the short wavelength side of the 

spectrum is of less importance. 

 
Safe pH Range 

For most samples analyzed by ATR this is not an issue;  
however, for strongly acidic or caustic samples good choices 

are available. Both diamond and Ge tolerate a full range of 

sample pH (Table 1). The MIRacle crystal plate is available in 

Hastelloy metal, as an option. Hastelloy is fully resistant to 

acidic and basic samples and is recommended for corrosive 

samples. 

 

 

 

 

Summary 

A high throughput, single reflection ATR accessory configured 

with an appropriate ATR crystal and high pressure clamping 

device is capable of providing excellent FTIR spectra of solids, 

liquids, polymers and many other sample types. 
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