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1.  Introduction  

The Diffuse Collection Accessory is an easy to use, economical, diffuse reflectance 

accessory. The design employs a high efficiency fixed ellipsoidal reflector to collect 

the maximum amount of diffusely reflected energy from the sample.  Alignment is 

performed using a precision micrometer for quick, simple and repeatable adjustment. 

 
With this accessory, you will be able to quickly obtain the infrared spectra of a wide 

range of powders. 

 

 

Figure 1. Diffuse collection accessory optical Schematic 

 

 

2.  Unpacking 

In order for you to quickly verify receipt of your accessory, we have included a packing 

list. Please inspect the package carefully. 

 

Parts included 

 

 

DCA Accessory (DCA-01-00) 

 

 

 

Sample Cup Slide (DCA-01-11) 

 

 

 

KBR Power (DCA-04-05) 
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Mortar and Pestle (DCA-04-04) 

 

 

Case (ATR-00B-01B) 

 

Alignment Mirror 

(DCA-02-04) 

 

 

Small Sample Cup (DCA-01-15) 

 

 

 

Large Sample Cup (DCA-01-14) 

 

 

Sample Cup Holder & Base  

(DCA-01-16) 

 

 

Camel Hair Brush (DCA-04-01) 

 

 

 

Spatula spoon & flat (DCA-04-02) 

 

 

M4 Knob (ATR0119) 

 

 

Razor blade (DCA-04-03) 

 

 

 

 

 

3.  Installation 

In order to align your accessory, perform the following steps.  

1.  Ensure that the spectrometer is correctly aligned. Refer to your spectrometer 

manual to perform this operation.  

2.  Place the accessory into the sample compartment of the instrument. Fix down the 

accessory with the captive base plate screw.  

3.  Remove the alignment mirror from the sampling kit.  
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4.  Insert the mirror into the front position in the sample holder and place the holder 

into the accessory. Slide the holder all the way into the accessory.  

5.  Place the instrument into alignment mode to monitor the infrared signal level.  

6.  Slowly turn the micrometer adjustment on the top of the accessory to maximize 

the size of the signal.  

7.  The accessory is now aligned 

 

Figure 2. Diffuse collection accessory 

 

 

An example spectrum of a throughput measurement is shown below. 

 

 
Figure 3. Typical Throughput of the Diffuse Collection Accessory 

 

 

4.  Sampling Preparation 

The Diffuse Collection Accessory is provided with a sample preparation system to aid 

in the accurate and repeatable preparation of samples. With this system, the sample 

cups may be filled precisely with minimum sample spillage and inconvenience. 

 

Sample cups  

Two small and two large sample cups are provided. The large sample cup has a 
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10mm diameter by 2.3mm deep rebate to hold the sample while the small cups are 

4.7mm diameter by 1.6mm deep. 

 

 

Figure 4. Large and small sample cups 

 

Preparing the sample  

The sample to be analyzed is often diluted in a transmitting matrix when making 

mid-infrared measurements. Place the sample in the mortar and grind finely using the 

pestle provided. Add KBr powder to the sample. With the pestle, mix the sample with 

the KBr powder so that the sample particles are small and evenly dispersed. The 

sample should be diluted to 1% to 5%. The optimum amount of dilution will depend on 

the sample to be analyzed but the percent transmission of the strongest band in the 

resulting spectrum should ideally be in the range from 10% to 50%. If possible start 

with a 5% dilution and if the resulting bands are too intense then re-dilute the sample. 

 

CAUTION: KBr readily absorbs moisture. To reduce the effect of moisture in the 

sample spectrum the following guidelines should be used. Always keep the cap on the 

KBr container when not in use. If possible store the KBr in a dry place. Fill the 

reference cup (neat KBr) and the sample cup (sample diluted in KBr) at the same 

time. Any water that has been absorbed in the reference and sample will tend to ratio 

out in the final spectrum. 

 

Loading the Sample  

Two sets of parts are provided. Identify the parts with reference to the drawings 

below. 

 

Figure 5. Sample preparation base 

 

The base has a 6.35mm hole in the center and a raised lip around this hole. 

 

 

Figure 6. Sample holder 
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The sample holder has a 12.7mm hole in its centre.  

With the sample prepared in the mortar, place the sample cup in the sample 

preparation base. 

 

 

Figure 7. Sample cup mounted in the base 

 

Place the holder over the sample cup. The sample cup will appear to be slightly proud 

of the surface of the holder. The sample cups have a small bevel on the top surface. 

This enables a high quality sample surface to be prepared.  

 

 

                             Figure 8. Sample cup 

 

Pour the sample from the mortar into the sample holder. The cup may now be filled 

using the spatula and razor blade provided. The cup may be placed on a surface as 

shown in Figure 9 below to prevent it from tipping. With practice, a perfect repeatable 

sample surface may be prepared. 

 

 

             Figure 9. Sample cup mounted in the base and holder 

 

When the sample cup is filled, remove the base and holder and place the sample cup 

into the sample cup slide. 
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Figure 10. Sample cups in the sample cup slide 

 

 

5.  Using Diffuse Collection Accessory 

With the two sample cups filled and inserted into the sample cup slide, place the 

sample cup slide into the accessory. By sliding the sample cup slide all the way in, the 

rear position is brought into the beam. By sliding the sample cup slide all the way out, 

until it strikes the dowel pin-stop, the front position of the sample cup slide is brought 

into the beam. 

 

NOTE: Both sample positions must use the same sized cups. There is a height 

difference between the two types of cups and when changing from one size of cup to 

another; a focus adjustment of the micrometer will be required. 

 

Slide the sample cup slide to bring the neat KBr sample into the beam. Adjust the 

micrometer screw to maximize the signal throughput through the accessory. Note that 

this will not be the same position as the alignment mirror, since the IR beam 

penetrates into the sample a short distance. 

 

Once the signal has been maximized, collect a background spectrum of the neat KBr 

sample. Move the sample cup slide to the other position and collect a spectrum of the 

sample. The ratio of these two spectra will produce a spectrum of the sample. You 

may wish to convert your spectrum to an absorbance-like spectrum by performing a 

Kubelka-Munk transform on the data. 

 

 

6.  Theory 

Diffuse reflectance spectroscopy is a widely used technique in FTIR analysis. The primary 

application is in the analysis of powders, although it has been used for investigating rough 

surfaces and even fibers. 

 

In diffuse reflectance spectroscopy, the sample is mixed with an infrared transmitting 

powder. When the beam strikes the sample, three things happen: 

 

1. Some of the beam is specularly reflected. The amount of energy reflected is 

governed by the Fresnel equations which state that the reflectivity of a sample is 

dependent on the refractive index of the sample. At an absorption band, the 
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refractive index changes widely, an effect known as anomalous dispersion, and this 

gives rise to a reflection spectrum.  

 

2. Some of the beam is absorbed in the sample and is lost.  

 

3. The remainder of the beam is transmitted into the sample. Only that part of the 

beam that is scattered within the sample and returned to the surface may be 

collected. This energy is diffusely reflected energy and is collected by the accessory.  

 

 

Figure 11. Sample cup mounted in the base 

 

The optics of a diffuse reflectance accessory are designed to do two things: 

 

1. Focus all of the infrared energy from the spectrometer onto the sample. 

 

2. Collect as much diffusely reflected energy from the sample as possible. 

 

This energy is scattered into a complete hemisphere, and it is important that the optics of the 

accessory collect this energy efficiently and direct it to the instrument detector. An important 

point in the use of a diffuse reflectance accessory is sample preparation. The sample is 

usually ground and mixed with a material such as potassium bromide, which acts as an 

infrared transmitting matrix. The sample is diluted in this matrix to give a 1% to 5% mixture. In 

this way the infrared beam penetrates into the sample cup and maximizes the detected signal. 

The depth of the sample that is required is governed by the amount of scattering in the 

sample. The minimum depth of sample required is about 1.5 mm, and this is known as the 

“infinite depth” of the sample. 

 

In order to produce a diffuse reflectance spectrum, a background spectrum must first be 

collected. The sample used for this background spectrum is the pure matrix material (i.e. KBr). 

The background sample is placed in one position on the sample cup slide. The prepared 

sample to be analyzed is placed in the other sample position. The resulting spectrum is 

produced by ratioing the sample spectrum to the background spectrum. 

 

Samples may also be analyzed without dilution. For samples that are not powders, the sample 

may be abraded with a piece of silicon carbide. For this technique a background spectrum is 

taken of the clean silicon carbide paper prior to abrading the sample. 
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The spectra that are obtained by the diffuse reflection technique appear different from 

standard transmission spectra. The peak intensities at high wavenumbers are weak and the 

peak line shapes are rounded. The spectra can be transformed into Kubelka-Munk units, 

compensating for these differences. The reflectance of a sample is related to concentration by 

the Kubelka-Munk equation: 

 

 

Where  

R is the absolute reflectance of the sampled layer 

k is the molar absorption coefficient and 

s is the scattering coefficient 

 

The scattering coefficient depends on both the particle size and sample packing, which 

explains why sample preparation is important for accurate results. In order to perform a 

Kubelka-Munk Transform, select Kubelka-Munk from the menu of your FTIR software. There 

are no parameters to set for this routine. 

 

The Kubelka-Munk equation creates a linear relationship for spectral intensity relative to 

sample concentration (it assumes infinite sample dilution in a non-absorbing matrix, a constant 

scattering coefficient and an “infinitely thick” sample layer). These conditions can be achieved 

for highly diluted, small particle samples (the scattering coefficient is a function of sample size 

and packing) and a sample layer of at least 1.5 mm. With proper sample preparation diffuse, 

reflectance spectroscopy can provide ppm sensitivity and high quality results. 

 

 

Samples may also be analyzed without dilution. For samples that are not powders, the sample 

may be abraded with a piece of silicon carbide. For this technique a background spectrum is 

taken of the clean silicon carbide paper prior to abrading the sample. 

 

 

7.  Precautions 

In order to provide the maximum transmission in the infrared, with the minimum 

spectral interferences, the mirrors used in this device are uncoated (bare) aluminium 

on a glass substrate. Since the aluminium is soft, care must be taken to avoid damage. 

Normally, these mirrors will not need cleaning, since they are contained within the 

housing of the accessory. If they do need cleaning, they may be gently wiped with a 

lint free, abrasive free cloth, such as lens tissue, or with a brush. 

 

Under no circumstances must the mirrors be rubbed with paper products such as 

"Kleenex" since this will produce scratching of the mirror coating. 
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The KBr powder used for sampling is corrosive. For this reason, the front panel of the 

accessory is removable for cleaning any spilled powder from the mirrors. In order to 

remove the front cover, the screws holding the cover in place are fitted with thumb 

turn knobs. 

 

The alignment mirror in this accessory is over-coated with silicon monoxide, to 

provide a hard durable layer. This allows the mirrors to be cleaned if a KBr spill 

occurs. Cleaning should be performed using the small brush provided. This silicon 

monoxide film produces a small absorption band in the infrared at about 1200 cm-1. 

This band will not affect the spectral performance of the accessory. 




