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In addition to measuring liquids, UV-VIS spectrophotometers are used to measure the transmittance and 

reflectance of solid samples. UV TALK LETTER vol. 11 discusses measuring the transmittance of solid samples. 

For the next two issues, starting with this one, we will discuss measuring reflectance. Of the two types of 

reflectance measurements—relative reflectance and absolute reflectance, this issue is mainly focused on relative 

reflectance measurement.

1. Reflectance Measurement
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Application   − Solid Sample Reflectance Measurements − 

Fig. 1   Types of Reflected Light
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2. Relative Specular Reflectance Measurement

θ

Fig. 2   Types of Reflectance Measurements

Fig. 3-2   Specular Reflectance Measurement AttachmentFig. 3-1   Relative Specular Reflectance Measurement
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Application  Solid Sample Reflectance Measurements

Fig. 3-3   Relative Specular Reflectance Measurement Results from Photoresist Layer

Fig. 4-1   Relative Diffuse Reflectance Measurement

Fig. 4-2   Integrating Sphere Attachment (ISR-2600 Plus)

3. Relative Diffuse Reflectance Measurement
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Fig. 4-3   Relative Diffuse Reflectance Measurement

Fig. 4-4   Relative Diffuse Reflectance Measurement of Plastic

     plate
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Application  Solid Sample Reflectance Measurements

Fig. 5-1   Relative Total Reflectance Measurement

Fig. 5-2   Relative Total Reflectance Measurement

4. Relative Total Reflectance Measurement
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Precautions for the Reference Plate Used for Total Reflectance Measurements

5. Summary

Fig. 5-3   Relative Total Reflectance Measurement of Plastic Fig. 5-4   Comparison of Relative Diffuse (Blue Line) and 

                       Relative Total (Red Line) Reflectance Measurements
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Application  How to Choose Integrating Spheres and White Reference Plates

Fig. 1   Reflectance of Barium Sulfate Paint and Special Fluoropolymer

Fig. 2   Differences in Inner Wall Status Due to Differences in Integrating Sphere Material
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4.

Sections 3 and 4 of the previous chapter discussed the measurement of relative reflectance using an integrating 

sphere. When using an integrating sphere, measurement values can vary depending on the inner wall material of 

the integrating sphere and the white reference plate. Therefore, this chapter describes some actual examples and 

discusses how to choose the inner wall material of the integrating sphere and the white reference plate.

1. Inner Wall Material of the Integrating Sphere

4

Application   − How to Choose Integrating Spheres and White Reference Plates − 
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Fig. 3   Measurement of Tracing Paper Reflectance 

    Using Different White Reference Plates

Fig. 4   Measurement of Reflectance Using Two BaSO4 White Reference Plates
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plate.
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3. Effect of White Reference Plates on Reflectance Measurements

Table 1 Comparison of White Reference Plates

*1

*2 ®

2. White Reference Plate Materials
4 4

 

BaSO4 Powder

Price

Reflectance 
Characteristics

Attachment of 
Absolute Reflectance 
Data

Maintenance

Representative 
Products

Procurement Source 
(for reference)

: Low price (a few thousand yen per bottle)

: Lower reflectance in the near infrared region 
  and includes absorption peaks from water

: Absolute reflectance data is not included with products, 
  so measurement values cannot be converted to 
  absolute reflectance values.

: Refill if BaSO4 becomes dirty

Generic BaSO4 powder reagent

Wako Pure Chemical Industries, Ltd.

: About 100,000 yen per white reference plate

: High reflectance characteristics throughout 
  a wide range, from UV to NIR regions

: Absolute reflectance data is included with products, 
  so relative reflectance values can be converted to 
  absolute reflectance values.*1

: If the properties of the plastic change, the original 
  reflectance values can no longer be obtained, so 
  the reflective surfaces must be re-polished or replaced.

Spectralon® from Labsphere*2

Systems Engineering Inc.

Special Fluoropolymer
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4. Effect of White Reference Plates on Transmittance Measurements
For clear samples that do not diffuse transmitted light, transmittance 

measurements determine the absolute transmittance. However, if 

measuring samples with some cloudiness that diffuses transmitted 

light, deviation from the absolute transmittance can be quite 

sphere and white reference plate differ. Therefore, it is necessary to 

use material in the integrating sphere and white reference plate 

that is as similar as possible. Fig. 5 shows total transmittance spectra 

(sum of diffuse and linear transmittance) for tracing paper as the 

diffuse transmittance sample measured using BaSO4 and a special 

surfaces inside the integrating sphere. It shows how differences in the 

white reference plate result in differences in spectra from a diffuse 

transmittance sample.

The causes of these differences in transmittance is detailed in 

Fig. 6. During baseline correction, the light beam travels 

straight so that the entire beam hits the white reference plate 

surface. In contrast, the light beam transmitted through the 

diffuse transmittance sample is diffused and hits a wide area 

inside the integrating sphere. Consequently, differences in 

integrating sphere wall are included in measurement values 

and prevent obtaining absolute transmittance values.

Typically, integrating spheres include a port for measuring 

incident light, so that they can measure both transmittance and 

measuring diffuse transmittance samples, integrating sphere 

the white reference plate is installed), as shown in Fig. 7.

Application  How to Choose Integrating Spheres and White Reference Plates

Fig. 5   Transmittance of Diffuse Sample with Different White Reference Plates

Fig. 6   Status of Light During Measurement of Diffuse Transmittance Sample

Fig. 7   An Integrating Sphere Without a Reflectance Measurement Port and a Typical Integrating Sphere
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5. Summary

using packed BaSO4 powder and models painted with BaSO4. 

these two types of reference plates. Therefore, to measure 

transmittance with higher precision, we recommend using an 

transmittance measured using an integrating sphere and 

factors that can cause a margin of error in those measure-

ments.

reference plate. Therefore, they can vary depending on 

variations in the material and status of the white reference 

plate.

that is the same as usually measured, then double-check that 

the white reference plate is not dirty or has somehow changed.

Also, if measuring the diffuse transmittance of a sample with 

high diffusion levels, using an integrating sphere model 

Spectroscopy Business Unit, Analytical & Measuring Instruments Division 
Takahide Hiramatsu

Fig. 8   Differences in Reflectance for Models Packed with BaSO4 Powder and Painted with BaSO4
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Sometimes when using a 10 mm cell to measure the 
transmittance in the near infrared region, the peaks cannot 
be confirmed due to saturation. What should I do?

Complicated combinations of overtone peaks can appear in the near 

infrared region, such as from second and third overtones of the 

fundamental frequencies of the -OH or other functional groups. The 

intensity of absorption from second overtones and other combined tones 

at wavelengths longer than about 1300 nm is relatively high. Therefore, 

due to the higher absorption levels.

In this example, the transmittance spectrum of water was measured using quartz 

cells with optical path lengths of 1 mm and 10 mm. The baseline was corrected with 

air for both cells. Table 1 shows other analytical conditions.

Fig. 1 is a transmittance spectrum of water measured using a quartz cell with an 

optical path length of 10 mm, which is commonly used for measurements with UV-VIS 

spectrophotometers. The absorption of water is stronger at wavelengths longer than 

absorption peaks.

In contrast, Fig. 2 is a transmittance spectrum of water measured using a quartz cell 

with an optical path length of 1 mm. Using a shorter optical path length inhibits the 

Therefore, if peaks are saturated in transmittance measurements in the near infrared 

region, it is important to consider changing the cell’s optical path length.

Fig. 1   Absorption Spectrum of Water

             (using a 10 mm cell)

Fig. 2   Absorption Spectrum of Water

             (using a 1 mm cell)

Table 1 Analytical Conditions

Measurement Wavelength Range

Scan Speed

Sampl ing Pi tch

Measurement Value

Sl i t  Width

900 to 2600 nm

Medium

1.0 nm

Transmit tance

5 nm

Instrumentat ion Used
Shimadzu UV-3600 

UV-VIS-NIR spectrophotometer


