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Reflections

Automating spectroscopic sampling delivers 
benefits to chemists and laboratory technicians 

by speeding the development of routine calibrations, 
reducing monotonous tasks and increasing efficiency 
and output. It also proves to be a valuable tool for 

management when used to facilitate training and to 
track multiple users. Automation minimizes sampling and 
reporting errors, and aids in time and data management. All 
increase the return on investment.

Certain spectroscopic sampling techniques adapt more 
readily to automation. These include diffuse and specular 
reflection, and transmission. Typical diffuse reflection ap-
plications that benefit from high-throughput sampling are 
large-scale studies or routine measurements such as the 
infrared analysis of soil and minerals. However, automated 
diffuse measurements are not exclusively powders. 

For specular reflection applications, the goal is often to 
measure reflectivity of a sample at a prescribed point(s) using 
a holder to accommodate numerous samples on a single 
platform or to map a larger surface such as a silicon wafer. 
Automation has also been adapted to the PIKE VeeMAX III, a 

variable angle specular reflection accessory, to allow spectra to 
be collected at a range of angles thus eliminating substitution 
errors caused by removing the sample between background 
and sample measurements and increasing user productivity.

Automated transmission has been employed for solids 
that transmit over the spectral range of interest and is of an 
appropriate pathlength to produce a quality spectrum. Lenses, 
polymer films and silicon wafers are examples of materials 
analyzed with automation for single point measurements 
and mapping of a surface. 

Various automated diffuse 
and specular reflection and trans-
mission accessories are available 
from PIKE Technologies, and we 
are excited to bring the AutoATR  
to the marketplace. Learn more 
about our newest accessory in this 
edition of Reflections.

Spectroscopy In Motion

The AutoATR merges an exciting new ATR crystal developed 
via microtechnology with a microtiter plate platform and 
offers precision mechanics and automated software control. 
This accessory is suitable for liquids, gels, pastes and casted 
films. Laboratory environments that would benefit from 
ATR automation are those participating in large-scale  

studies and high-throughput environments conducting 
routine measurements. 

Using a 24-well microtiter plate format 
enables 24 unique ATR measurements 

to be conducted within one run. 
At the heart of this accessory is 

the IRUBIS ATR crystal (IRUBIS 
GmbH, Munich, Germany). 
These single reflection ATR 
crystals are made from 500-µm 

thick silicon functionalized 
with multiple microprisms, 
which couples the light into 
the crystal. Each 24-well plate 

consists of 24 individual and 
removable Si ATR crystals. 

Silicon, in this 500-µm form, is an ideal multi-purpose 
ATR element. The beam pathlength through the thin profile 
of the Si ATR element minimizes absorption from Si phonon 
bands and offers a full mid-IR spectral range (5000–400  
cm-1). The absorbance and penetration depth are comparable 
to a single reflection diamond ATR. Si has an extremely inert 
sampling surface and is suitable for use with substances 
having a pH between 1-12. Changeable ATR crystals also offer 
the opportunity to store the samples and to prepare different 
samples at the same time (i.e. drying). In addition, the plain 
silicon surface may be functionalized outside the microplate. 

The AutoATR is designed to fit into the sample 
compartment of most FTIR spectrometers. Its X,Y stage is 
driven by precision servo motors with optical encoders for 
speed and reproducibility. The optical design is based upon 
a precision ellipsoidal reflector, which has been diamond 
turned for optimal performance. The optics demagnify the 
beam to a size that fills the active ATR area. The intuitive 
software, AutoPRO, plays an integral role in its usability and 
value. Data collection is enabled through communication 
with most FTIR software programs. 

AutoATR Technology and Design

PIKE AutoDiff II automated 
diffuse reflection accessory

http://www.piketech.com/home.php
https://www.piketech.com/AutoATR.html


Abstract
Using an automated sampling accessory the specular 
reflectivity of a thin film was characterized. Benefits of 
automation in terms of spectral optimization, time to 
complete the experiment and reduction of spectral errors 
are discussed.

Introduction
Implementing automation into FTIR sampling protocols 
offers several advantages such as increased productivity, 
reduced sampling errors, decreased labor costs and 
elimination of monotonous lab tasks. Specular and diffuse 
reflection and transmission are measurement techniques 
that are especially adaptable to automation. This application 
note explores the efficiency of automated specular reflection 
measurements in the evaluation of a film coating.  

Experimental Conditions
The model sample was a non-stick aluminum foil. Using 
the PIKE Automated VeeMAX III variable angle specular 
reflection accessory, specular reflectivity was measured at 
various angles spanning 40–80o. To enhance measurement 
sensitivity at grazing angles (> 70o), a ZnSe polarizer set to 
p-polarization was incorporated at all angles. Angle position 
of the VeeMAX III was controlled by PIKE’s AutoPRO 7 
software, which interfaces with most FTIR software packages 
to trigger data collection. Spectral resolution was set at 4 
cm-1 and data collection time was 1 min. 

Results
Specular reflection measurements for the analysis of thin 
films on a reflective substrate are referred to as reflection–
absorption, because the beam reflects off the surface and 
passes through film before reflecting off the substrate. The 
beam passes through the coating twice. With its variable 
angle feature, the VeeMAX III specular reflection accessory 
allows spectral results to be optimized. Steeper angles of 
incidence, suitable for thicker films, reduce the pathlength 
through the film whereas for thinner films the pathlength is 
easily increased by increasing the incident angle. 

Silicone resin is a primary component of most thin 
polymer coatings on non-stick aluminum foils. The coating 
is applied and partially cured, and the final curing step is 
complete when the foil is heated in bulk. Analyzing the foil 
via IR specular reflection measurements offers insight into 
the composition of the coating and the impact of processing 
parameters on the final film chemistry. The reflection spectra 

of the foil sample are shown below as a function of angle 
of incidence from 40 to 80o. At lower angles, little chemical 
information is available because the pathlength through 
the polymer film is insufficient. As grazing angle is reached, 
spectra offer more information about the chemistry of the 
coating; absorbance bands associated with Si- bonds may 
be observed. 

By utilizing an automated specular reflection accessory 
during the IR measurements, the overall time to complete 
the experiment is reduced and data quality and reliability  
are increased. The accessory’s software control allowed for 
all backgrounds to be collected prior to collecting sample 
spectra. By leaving the background reference and sample 
in place between spectral collection angles, there is no 
substitution error introduced because the same sample spot 
is analyzed.

Conclusion
Using an automated specular reflection accessory for IR 
measurements of coatings makes optimizing data quality 
and reliability an easy task.  Substitution error is eliminated 
and overall experiment time is decreased.   

Automated Specular Measurements of a Thin Film 
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IR spectra of a non-stick aluminum foil coating collected at various 
incident angles using an automated VeeMAX III variable angle specular 
reflection accessory. 
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https://www.piketech.com/SR-VeeMAX.html


The new Jackfish Spectroelectrochemical Cell (SEC) enables 
fundamental studies of the electrified metal-solution 
interface and applications in molecular self-assembly, 
interfacial sensing, and next-generation energy solutions.  
It is designed for FTIR spectroelectrochemistry using the 
attenuated total reflectance surface-enhanced infrared 
spectroscopy (ATR-SEIRAS) technique. High quality IR spectra 
can be obtained from sub-monolayer amounts of adsorbed 
molecules. By controlling the electrical potential applied to 
the Au thin film electrode on the ATR crystal surface, one 
can perform vibrational character-ization of potential-
dependent changes at the interface.

By design, the cell is fully compatible with the 
PIKE VeeMAX III variable angle ATR sampling accessory 
and face-angled ATR crystal (FAC). In a previous study 
investigating the adsorption of a pyridine derivative, the 
spectral response was two times stronger when using Si 60  
degree FAC compared to a Si hemisphere with an angle of 
incidence of 65 degrees. Additionally, the FAC exhibited 
higher energy throughput and lower spectral noise.

 The Jackfish SEC is constructed from highly chemical 
resistant Teflon and glass for a broad range of aqueous or 
organic solution conditions. There are three ports at the top 
of the cell and side ports for a reference electrode arm and 
a short bubbler. Typical use of the ports are to support the 
counter electrode, and to accommodate a long glass bubbler, 

The Jackfish Spectroelectrochemical 
Cell – for Surface-Sensitive ATR-SEIRAS

PIKE Reflections                                                 A World of Spectroscopy Sampling Solutions

PIKE Technologies 

Tel: 608-274-2721 

info@piketech.com

www.piketech.com

a short bubbler and an exhaust gas 
trap. The long glass bubbler allows 
sparging of the solution volume with  
inert gas to remove atmospheric oxygen, 
enabling high-quality electrochemistry 
and ensuring stability of the Au thin film 
electrode. The short gas bubbler is used to create 
an inert atmosphere above the electrolyte. Ground 
glass joints ensure the cell remains sealed from air. 
Connection to the working electrode is made easily using 
spring-loaded pins which contact the Au thin film electrode 
outside of the solution. This innovative design maintains 
superior electrical contact over long experiments without 
degrading the thin film electrode. 

The ATR crystal is fully removable for ease of metal 
coating. Coating may be performed using a vacuum chamber 
for sputter coating or through electroless deposition. For 
users performing electroless deposition, a convenient fixture 
is available to provide a crystal housing that allows the 
deposition solution to contact only the crystal top surface 
during the coating process. The cell is compatible with any 
of the four FAC materials ZnSe, ZnS, Ge and Si. However, the 
recommended material for either metal deposition process 
is Si due to its excellent chemical stability and favorable 
wetting characteristics with Au films.

 NEW SmartSeal Liquid Cells  
Ideal for quantitative analysis of liquid samples, 

especially where precise, reproducible pathlength 
is required. They are leak-proof for long-lasting 

sampling and cost efficiency. SmartSeal cells  
are fully RoHS compliant. Learn more >

Comparison of electrochemical ATR-SEIRAS response with the VeeMAX III 
Si 60 degree FAC (black) and a Si hemisphere (red). The sample spectrum is 
of the Au thin film electrode covered in a monolayer of adsorbed pyridine 
at positive potential; the reference spectrum is taken at negative potential 
where the pyridine is completely desorbed.

Jackfish SEC assembled  
onto VeeMAX III accessory

•  Teflon® and glass 
design offer excellent 
compatibility with organic 
solvents and acidic/basic 
media

•  Reliable electrical  
contact with Au  
thin-film electrode

•  20 mL cell solution 
volume

•  Dedicated ports for gas 
bubblers, counter and 
reference electrodes  
and exhaust gas trap

https://www.piketech.com/Jackfish-SEC-Spectoelectrochemical-Cell.html
http://www.piketech.com
https://www.piketech.com/files/pdfs/PIKE_SmartSeal_Liquid_Transmission_Cells_Data_Sheet.pdf


 The Clear Choice for Pellet Making
The PIKE PressPRO microprocessor controlled 
programmable hydraulic press introduces an 
element of consistency into KBr pellet making. 
Pressure and corresponding hold time are easily 
entered through its integrated touch-screen control  
panel. Up to four pressure steps with prescribed 
hold times may be programmed and performed 
within a run. During operation the force measure-
ment is shown on the bright color display. 
This level of control enhances the uniformity  
and quality of transmission samples.

PressPRO is equipped with a wide access 
door that allows for easy insertion and removal 
of the pellet press. The door features an impact 
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Highlights include:

resistant, polycarbonate window and safety 
interlock which prevents operation while the 
door is open, making it safe  in a busy laboratory 
environment. Read more about the PressPRO.

Download our catalog below to view 
our complete line of transmission sample 
preparation tools such as KBr powder and  
chunks, mortar and pestles, the PIKE ShakIR 
sample grinder and more.

This special “Spectroscopy In Motion” edition 
features PIKE automated accessories controlled 
by our new AutoPRO 7 software. Watch video 
clips of select automated accessories in action!

Download Now > 

 New AutoATR

 New SmartSeal RoHS-compliant liquid cells

 New PressPRO programmable hydraulic press

 New AutoDiff  II diffuse reflection accessory

      PressPRO programmable  
              hydraulic press and  

Evacuable Pellet Press 

          FLEXIBLE FILE  
              NAMING

Build spectral names  
from sample descriptions  

or time stamp

            Positional information 
               saved with spectra           MACROS

Create customizable 
experiments

Library searching/ 
peak picking

Report generation

Export results to 
spreadsheets

            FLEXIBLE REFERENCE  
           COLLECTING

                 EASE OF USE

Intuitive graphical  
interfaces 

Video tutorials 

Pop-up tool tips and  
video clips

At-a-glance  
experiment status

Temp

Auto

Version 7

Version 7

AutoPRO, PIKE Technologies’ 
control software, plays 
an integral role in the 
usability and value 
of automated 
accessories. 

Data collection 
is enabled through 
communication with 
most FTIR software 
programs.

Repeat background  
collection during experiment

Collect backgrounds at all 
points or at a single point

Use an existing  
background file

Choose not to collect  
a background
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