
 
 
 
 
 
 
 

 

 

 

 

Page 1 of 3 PIKE Technologies · 6125 Cottonwood Drive · Madison, WI  53719 
Phone: (608) 274-2721 · info@piketech.com · www.piketech.com 

 
 

 

High-Precision Reflectivity 

Measurements of Large and Small 
Diffuse Samples 
 

Introduction 

The External Integrating Sphere accessory measures mid-

infrared directional hemispherical reflectance. By using the 

spectrometer’s external beam, the sphere is positioned outside 

the sample compartment and accommodates samples from 

extra-large to small in size. The measurement technique uses 

an internal face of the sphere’s diffuse gold wall for the 

reference scan (Third Taylor Method). Thus, the only difference 

between the sample and reference measurement is the first 

reflection off of the sample. This method is known to be more 

accurate, since no substitution error is present. By utilizing 

highly-accurate methodology for the measurement, quality 

components and sensitive MCT detection, the External 

Integrating Sphere offers low-noise, precise measurements  

of a wide range of samples.  

 

 
       

 
Figure 1. Schematic of FT-IR beam path for reference and sample 
positions. Shown with left side external beam. Image reverses for right 
side external beam. 
 
      

 

 

 

 

      The design makes this accessory easy to use. Light from  

the spectrometer’s external beam is focused into the 4-inch 

integrating sphere. The translation mirror mechanism provides 

precise movement between the sample and reference positions 

(Figure 1). In the sample position, incident light is 8° from 

normal. The sample port diameter is 0.875”. Specular reflection 

may be eliminated by removing the specular exclusion cap 

located at the top of the sphere. Both the sample and specular 

ports are baffled from the detector port. The detector is 90° 

from the sample port and parallel to the sample/reference 

incident light plane. IR radiation is detected with an LN-cooled 

MCT detector with a 4 x 4-mm element.  

Materials and Methods 

To illustrate the accuracy of the External Integrating Sphere, 

samples with high, medium and low reflectivity were measured 

and compared with known values. For the high reflectivity 

sample, a calibrated diffuse gold reference (Avian Technologies, 

New London, NH) was measured. Labsphere calibrated 50% 

diffuse reflection standard served as the mid-level reflectivity 

reference. Water was the low reflectivity sample.  

      The background spectrum was collected by moving the 

translation mirror into the background position. 500 scans 

were co-added for the background (all samples). For the sample 

spectra, 100 scans were co-added for the diffuse gold reference 

and the 50% diffuse reflection sample. To collect the water 

spectrum, 500 scans were co-added. 

 

 

 

Translating Mirror 

Reference Position Sample Position 

Figure 2. External Integrating Sphere accessory from PIKE Technologies. 
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Sample Data 
 

High Reflectivity Sample 
 

The diffuse gold spectrum is shown in Figure 3. A comparison 

of the measured reflectance and the known reflectance at 

selected frequencies is compiled in Table 1. At 2500 and 1250 

cm-1, the reflectance was less than one percentage point from 

the calibrated values. Small CH stretch contamination between 

3000 – 2800 cm-1 increased the difference between the 

measured and calibrated reflectance to near 2%. The sphere 

was unpurged during the measurement, which increased the 

error at 2000 cm-1 where the front end of water vapor is 

present. For enhanced precision, the sphere design allows for 

easy purging of the sphere and optical enclosure to eliminate 

contributions of atmospheric water vapor and CO2.  
 
 

 
Figure 3. Reflection spectrum of diffuse gold calibrated reference. 

 
 
Table 1. Comparison of measured versus calibrated reflectance for 
diffuse gold reference. 
 

Wavenumber 

(cm-1) 

Std, cal 

(%R) 

Std, meas 

(%R) 

Difference 

(%R, cal-%R, meas) 

3333 92.3 90.7 1.6* 

2500 91.5 92.1  -0.6 

2000 91.9 93.0  -1.1** 

1250 92.8 92.6 0.2 

*Contamination on the calibrated reference covering the CH stretch    
  resulted in low measured readings. 
**Atmospheric water vapor interfering with the measured reading. 
 
 
 

 
Medium Reflectivity Sample 
The 50% diffuse reference was calibrated between 250 nm and 

2500 nm (40,000 – 4000 cm-1), and the reflectivity increased 

with wavelength. At 250 nm and 2500 nm, the known 

reflectance was 45.6 and 65.7%, respectively.  

      Although the 50% diffuse calibration reference targets  

the UV/Vis/NIR region, there is a region of overlap from 5000 – 

4000 cm-1 where the sphere measurements may be compared 

to the known reflectance (Table 2). From 5000 – 4000 cm-1 the 

difference between the measured values and the calibrated 

reported values were less than 0.5 percentage point exhibiting 

the high precision measurements using the External 

Integrating Sphere. 

 

 
Figure 4. Reflection spectrum of the calibrated 50% diffuse reference. 

 
 

Table 2. Comparison of measured versus calibrated reflectance for 50% 
diffuse reference.  
  

Wavenumber 

(cm-1) 

Std, cal 

(%R) 

Std, meas 

(%R) 

Difference 

(%R, cal-%R, meas) 

5000 63.3 63.3 0.0 

4602 64.3 64.3 0.0 

4400 64.5 64.8  -0.3 

4200 65.1 65.2  -0.1 

4000 65.7 65.7 0.0 
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Low Reflectivity Sample 
Water served as an ideal sample to evaluate the sensitivity of 

the External Integrating Sphere because the reflection off the its 

surface is extremely low (Figure 5). Theoretical reflectivity of 

water was calculated from Hale and Querry (1973), and were 

compared to the measured reflectivity. At selected frequencies, 

the difference was less than one percentage point.    

 

 
Figure 5. Reflection spectrum of water. 
 

 
Table 3. Comparison of measured versus calculated reflectance for water. 
 

Wavenumber 

(cm-1) 

Std, cal 

(%R) 

Std, meas 

(%R) 

Difference 

(%R, cal-%R, meas) 

4000 1.33 2.00 -0.67 

3508 1.21 2.03 -0.82 

2985 3.17 3.66 -0.49 

2702 2.48 3.06 -0.58 

2000 1.96 2.59 -0.63 

1515 2.07 2.55 -0.48 

1250 1.64 2.24 -0.60 

909 0.71 1.42 -0.71 

 

 

 

 

 

 

 

 

 

Conclusions 

The External Integrating Sphere was designed for performing 

high-precision mid-IR reflectivity measurements of diffuse 

samples. The accessory’s positioning outside the sample 

compartment of the spectrometer accommodates a range of 

samples sizes.   
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