
application note

Detection of low-concentration organic compounds is a critical step in many 
common applications including organic synthesis, environmental protection, and 
chemical process engineering. The fundamental factor restricting the detection 
limit of organic quantitative analyses is the signal-to-noise ratio (SNR) of the 
implemented analytical technique. Here we display the SNR enhancement provided 
by PIKE Technologies’ Horizontal Attenuated Total Reflectance (HATR), in analysis 
of a 2.5mM hexane in CCl4 solution.

ABSTRACT

Introduction
PIKE Technologies’ HATR accessory provides an 
alternative ATR-based approach to cut data acquisition 
time while providing excellent signal-to-noise ratio 
(SNR) FTIR spectra of low-concentration organic 
analytes. The primary strength of the HATR lies in 
the multiple-reflection ATR sampling, providing a 
signal enhancement by increasing the number of ATR 
sample reflections.

Here, we demonstrate the signal enhancement 
provided by the PIKE 20 and 10-reflection HATR 
accessory in comparison to a traditional 1-reflection 
ATR. Ge served as the ATR crystal in each accessory. 
Ge is an ideal ATR crystal for applications across a 
broad pH range (1-14), in contrast to materials such as 
KRS-5 and ZnSe, which corrode at pH values outside 
of a 5-8 and 5-9 range, respectively.

Figure 2. Schematic of the 20 ATR reflections that occur in the PIKE 
HATR with a 45-degree AOI, 2-mm thick ATR crystal.

Experimental Methods

The reference used was neat CCl4, while the sample 
was a 2.5mM hexane in CCl4 solution. A neat CCl4 
solution was prepared and is referred to as the 
Reference solution. A 2.5mM hexane in CCl4 solution 
was prepared and is referred to as the Sample 

Figure 1. HATR 
Accessory – in-
compartment HATR for 
liquid and solid samples.
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solution. The HATR was installed in a commercial 
FTIR spectrometer outfitted with a DTGS detector. 
Spectra were collected by averaging 32 scans with 
a spectral resolution of 4 cm-1.  A 20-reflection (80 x 
10 x 2 mm, 45-degree AOI) and 10-reflection (80 x 10 
x 4 mm, 45-degree AOI) Ge trough was used in the 
multiple reflection ATR (HATR) spectral collection. A 
1-reflection (45-degree AOI) ATR with a Ge crystal was 
used for the single reflection spectral collection. 

Signal-to-Noise Analysis

To calculate the SNR of each spectra, a region of 
the FTIR spectrum with no noticeable spectral peak 
contributions (1900-2000 cm-1) was used. 

The peak-to-peak signal fluctuation, N, is defined 
here as 4*σ, where σ corresponds to the square-
root of the variance of the signal calculated 
over the spectral range 1900-2000 cm-1. Each 
acquisition corresponds to the 32-scans average. 
The expression used to calculate N is shown  
in Equation 1:

Equation 1. Expression used to calculate peak-to-peak noise 
of the signal.

Results

To quantitatively compare the 20-, 10-, and 1-reflection 
ATR data, the amplitude of each reference-corrected 
reflection spectrum at 1465 cm-1, S, was divided by the 
relative the peak-to-peak noise, N, across the 1900-
2000 cm-1 frequency interval.

Figure 3. Absorbance spectra of a 20-, 10- and 1-reflection ATR 
measurement of 2.5mM hexane in CCl4 .

Quantitative results of the collected spectra are shown 
in Table 1. The relative noise, N, increases with 
increasing number of reflections resulting from the 
HATR accessories exhibiting lower throughput than 
that exhibited in 1-reflection ATR. Although increasing 
reflection number increases the relative noise, the 
overall SNR is enhanced with increasing numbers of 
reflections. The increase in signal amplitude, S, as a 
function of reflection number of the HATR accessory 
is greater than the increase in relative noise, resulting 
in the multiple reflection accessories providing a true 
SNR enhancement over the 1-reflection ATR approach. 
Relative to the 1-reflection ATR, the 20- and 
10-reflection HATR data show an increase in SNR of 
6.13x and  2.58x, respectively.

Conclusion

The 20-reflection ATR can be used to either improve 
SNR for a given data acquisition time or can be used 

Table 1. Comparative Signal-to-Noise values for 
the 20-, 10-, and 1-reflection ATR measurements 
of a 2.5mM hexane in CCl4 solution. The number 
of reflections is denoted by j, where j∈{20, 10, 1}. 
Nj corresponds to the peak-to-peak noise over the 
1900-2000 cm-1 frequency range. Sj corresponds 
to the transmittance signal at the 1465 cm-1 for the 
j-reflection accessory. Sj/Nj corresponds to the signal-
to-noise ratio of the FTIR spectrum collected using 
the j-reflection accessory. Sj/Nj/S1/N1 corresponds 
to the ratio of signal-to-noise ratios of the j-reflection 
accessory to that of the 1-reflection accessory.
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to collect data with the same SNR in far less time. 
The 6.13x signal enhancement provided by the 
20-reflection Ge HATR allows the user to collect 
data with 6.13x SNR in the same amount of time 
as that collected using an equivalent 1-reflection 
ATR. Correspondingly, the 6.13x improvement 
in SNR enables a ~ 38x reduction in spectral 
acquisition time, while providing a SNR = S1/N1, 
drastically increasing the sample throughput of 
low-concentration analyte measurements.


