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Experimental 
The system was mounted on a tripod with the Standoff attachment positioned 0.25 
metres from the interior of the reaction vessel focussed on the polymer.

Acquisition Parameters

Integration time  6 seconds 

Laser Power  50 mW (full power) 

No. averages  3 

Working Distance  0.25m

The polymerisation reaction was carried out under vacuum for the purpose of 
monitoring the monomer conversion over time. Hot oil is circulated through an 
internal jacket sandwiched between the inner and outer walls of the vessel. Reaction 
temperature 160ºC.

The challenge for the instrument 
was to gather representative spectra 
through 2 glass walls and the 
circulating hot oil layer. 

Standards
A series of standards were prepared in 
the HMW polymers and fi rstly scanned 
in glass cuvettes on the Mira DS. From 
this it was demonstrated that progress 
of the reaction could be followed by 
monitoring the reduction in the peak 
heights of the peaks at around 700-
740cm-1 as shown in the adjacent plot. 

Results 
Reaction Progress – Flask 

Objective
To track HMW polymer reactions in situ, through the walls of a double walled fl ask under vacuum and measure the decrease in free monomer throughout the 
reaction to a concentration of approximately 1%. 

Equipment
The Metrohm Mira DS Raman spectrometer was coupled with the Standoff attachment, which is designed to allow the user to collect data from a substance 
0.25 to 1.5 meters.

Figure 1: The Metrohm Mira DS Raman spectrometer.

Figure 5: Monitoring the progress of the reaction.

Figure 6: Spectra results in 1st hour.

Figure 2: The Standoff attachment. Figure 3: The experiment set up.

Figure 4: The lab scale 4Kg reaction vessel.

Monitoring polymersiation reaction can be laborious, many of the analytical techniques used require sample preparation and long run times. Even using a 
spectroscopy technique with an immersion probe can have issues with probe fouling. Using a handheld Raman with Standoff capabilities can elevated the 
forementioned problems and give real time data though the reaction vessel walls, even when the reaction is at high temperature and under vacuum.
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The reaction proceeded quickly due in the main to good sparging, with the peak height 
being reduced signifi cantly in the fi rst hour of polymerisation. This was subsequently 
mapped using GC results from the grab samples taken over the 5 hour time period.

Conclusion 
The Metrohm Mira DS hand-held RAMAN spectrophotomer successfully provided rapid, 
in-situ, real time analysis of the HMW polymer bench top reaction, through the wall of 
the fl ask, down to at least 1% monomer. 

Using the RAMAN would eliminate the need to:

•  release the vacuum and re-apply the vacuum in order to collect test samples (can be 
troublesome and take some time with HMW grades). 

•  dissolve a sample for testing (which can take around an hour), 

•  perform a GC analysis (which can potentially damage the syringe and contaminate the 
injector) 

A massive time saving over the current methodology coupled with data in real-time. 

Additionally, analysis of molten HMW in cuvettes using this method could also provide 
a faster result for free monomer in physical samples and could potentially eliminate the 
need to perform a GC until the reaction is complete.

Figure 7: Reduction in monomer peak height at 700-740cm-1 v’s time follows closely the 
kinetic profi le of the reaction as shown above and in Table 1.

Read, Share and Comment on this Article, 
visit: www.labmate-online.com/article

Table 1

Detect Mercury, Arsenic, and Selenium in Environmental and Food Samples
P S Analytical (PSA) provides niche analytical instruments for the determination of mercury, arsenic, selenium, antimony and bismuth in many 
sample matrices including environmental and food and beverage samples.

The presence of these toxic metals in their various forms is of real concern. Increasingly the determination of both total and speciated chemical 
forms is required and this requirement generates further analytical challenges of sensitivity, selectivity and freedom for interferences.

In addition to analytical considerations operation issues such as; ease of use, reliability and robustness as well as very affordable running costs are 
all important and are recognised hallmarks or the PSA brand.

Coupling Atomic Fluorescence Spectroscopy (AFS) with either cold vapour generation or hydride generation has been PSA’s core competency for 
over 30 years. With the addition of analyte separation capability which allows for speciation studies, PSA offers some powerful tools to help with 
these endeavours.

For example, the separation of; methyl mercury from inorganic mercury in water, shellfish, seaweed, dairy products, vegetables and grains; the determination inorganic arsenic from less toxic 
organo arsenic species in water, rice, seaweed are examples of routine applications developed for this growing area of concern.

The team is constantly developing new methods and applications to address market concerns and so if you have a sample you are interested to know more about with, PSA would love to hear 
from you.

With literally thousands of systems in the field today, and support networks in Europe, USA and SE Asia, PSA offers the ideal package of performance, reliability and support.

More information online: ilmt.co/PL/wJXR

55329pr@reply-direct.com

High Sensitivity and Fast-Response Subminiature Detector with Built-in Preamplifi e
Hamamatsu Photonics have developed a new InAsSb photovoltaic detector (P16702-011MN) with built-in preamplifier offering high sensitivity to mid-infrared 
light, up to 11 micrometers (μm) in wavelength. This was achieved by combining the latest InAsSb (indium arsenide antimonide) mid-infrared detector with 
the company’s unique circuit design technology. Compared to Hamamatsu’s previous detector modules with same level of sensitivity, the P16702-011MN size 
and cost is drastically reduced, and it exhibits fast response time.

Each molecule has its own vibration and absorbs infrared light at a specific wavelength determined by its energy. This property can be used to analyse and 
identify the type and quantity of chemical components contained in a sample. Therefore, mid-infrared light is widely utilised in the analysis of nitrogen oxides 
and sulphur oxides contained in exhaust gases from factories, etc.

To meet needs in applications such as gas analysis and monitoring of processing laser equipment, Hamamatsu develops and sells InAsSb mid-infrared 
detectors and detector module products with enhanced sensitivity, by integrating these with electronic circuits and components including preamplifiers. To 
keep up with the growing market demand of further downsizing equipment, the company have been working on a subminiature, low-cost mid-infrared detector 
device that also offers high-speed response.

In designing this new device, Hamamatsu adopted the latest back-illuminated type InAsSb mid-infrared detector with a sensitivity 1.5 times higher than the regular type. Encapsulated into a small 
cylindrical package with a diameter of approximately 9 mm., the device was drastically downsized to about 1/200th the volume of current module products, yet it still offers the same level of 
sensitivity capable of detecting mid-infrared light at wavelengths up to 11 μm. What’s more, the wiring in the package is optimised to increase the response speed up to 100 megahertz, which is twice 
as high as current module products, thus improving measurement accuracy. It also has a lower manufacturing cost since we reduced the number of required components.

The P16702-011MN will speed up the replacement of mercury-cadmium-telluride (MCT) infrared detectors which is currently the mainstream in high-precision mid-infrared spectroscopy but contains 
toxic substances restricted by the RoHS Directive. Hamamatsu Photonics is one of the few companies in the world that manufacture both photodetectors and light sources. Using the P16702-011MN 
in conjunction with a quantum cascade laser or QCL, which the company also manufactures, allows making measurements at even higher speeds, resolution, and sensitivity.

More information online: ilmt.co/PL/k1G3 and ilmt.co/PL/9Rq0

59654pr@reply-direct.com
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