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  Low frequency Raman spectroscopy in pharma inspection
  New editorial editorial in Wiley’s Physics Best April 2020.
 Low frequency Raman spectroscopy: How narrow-line diode lasers facilitate pharmaceutical inspection
 Read the full editorial here
 Recently there is also a lot of interest in accessing the low-frequency Raman spectroscopy region (<10 cm-1 to 200 cm-1). Raman shifts in this frequency range give access to lattice vibrations of molecular crystals and have the potential to more directly probe intermolecular interactions in solid materials. The low-frequency Raman region probes the same low-energy vibrational and rotational modes of molecular structures as terahertz spectroscopy (300 GHz – 6 THz). The THz region of Raman spectra contain important structural information about the molecules or crystal lattices under investigation. In the pharmaceutical industry, for instance, this structural information can help to determine the crystallinity, and therefore solubility, of pharmaceuticals. Specifically, low-frequency Raman spectroscopy provides an avenue to probe polymorphic structures of pharmaceutical systems before and after tableting, as well as drug identification and quantitation for crystalline materials, both of which are critical quality attributes in pharmaceutics.
 Being able to determine the structural form of the Active Pharmaceutical Ingredients (API) is a primary objective in the pharmaceutical industry during drug development, manufacturing and quality control. APIs exhibit polymorphism, which is characterized as having identical chemical compositions but different solid-state structures that may affect the bioavailability and therapeutic index, which could lead to compromised efficiency of any final drug product [2-3]. Probing the low frequency Raman region has several advantages over existing techniques such as ease of collecting data (compared with tradition methods such as X-ray powder diffraction and differential scanning calorimetry), collecting spectrum rich in structural information as well as being able to discriminate crystalline forms.
 Narrow-line diode lasers for low frequency Raman
 Laser sources suitable for Raman spectroscopy at 785 nm can be fabricated from AlGaAs-based semiconductor devices. Depending on the emitter size and geometry they can be designed to emit single-transversal mode beams (lower power) or multi-transversal mode beams (higher power). Semiconductor lasers have a broad gain spectrum and typically have bandwidths of over 1 nm and with long spectral tails stretching several 10s of nm from the main peak. They can be made to emit spectrally single-mode radiation by introducing distributed wavelength selective gratings (DBR/DFB) into the structure. DBR/DFB lasers at around 780 nm are available at up to a few 10s of mW output power. As an alternative for higher power levels, it is possible to turn the broad-band emission from a semiconductor laser into narrow-band by building an external cavity with a separate wavelength-selective cavity element. In this way the stimulated emission from the laser will be frequency-locked to the spectral distribution of the feed-back from the external cavity element. A conventional way of constructing such frequency-locked semiconductor laser is to build an external cavity using a Volume Bragg Grating element (VBG).
  



 The excellent spectral purity of the Cobolt 08-NLDM ESP 785 nm laser is shown by comparing its spectral peak (red) with a standard frequency-locked diode laser with an external dichroic filter (orange) and with a standard frequency-locked diode laser without external filter (blue). The Cobolt 08-NLDM ESP 785 nm achieves > 60 dB SMSR at < 0.3 nm (or < 5 cm−1) without any external filtering.
 The output beam from the 785 nm semiconductor emitter is collimated and before going into the VBG element, which reflects a fraction of the light with a narrow spectral distribution back into the semiconductor. A draw-back for both DFB/DBR and conventional VBG frequency-locked laser devices is that a fair amount of broad-band Amplified Spontaneous Emission (ASE) from the semiconductor is still emitted from the laser device. This limits the SMSR ratio to around 40-50 dB up to several nm’s away from the main peak. In order for such lasers to be useful for Raman spectroscopy they have to be spectrally filtered with external clean-up filters. In the case of low-frequency Raman spectroscopy it is not enough to use standard dichroic filters with a typical bandgap of 1-2 nm, but necessary to use more narrow spectral filtering, typically by adding a second external VBG element. This additional VBG filter adds cost to the system and can be challenging to match spectrally to the specific output wavelength of the laser.
 In order to overcome this draw-back, we present here an alternative and patent pending design for frequency-locking a semiconductor laser. Instead of using a partially transmissive VBG as in the conventional frequency locked diode laser, a highly reflective VBG element is used as the wavelength selective component in the external cavity. An intra-cavity polarizing element and a polarizing beam splitter are used to control the level of feed-back from the VBG to the emitter and the output coupling out of the cavity. In this way, only the stimulated emission is coupled out of the cavity and the broad-band non-stimulated emission is leaking out of the VBG element. The resulting spectral purity is similar to what is achieved with an external VBG clean-up filter, but with the use of only one single VBG element.
 Authors: Dr Peter Jänes & Dr Håkan Karlsson, Cobolt, a part of HÜBNER Photonics.
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   Manufacturing sites
 Cobolt AB
 Visit: Vretenvägen 13
 Delivery: Hemvärnsgatan 20
 171 54 Solna, Sweden
 Phone: +46 8 545 912 30
 Fax: +46 8 545 912 31
 HÜBNER Photonics GmbH
 Wilhelmine-Reichard Strasse 6
 34123 Kassel, Germany
 Phone: +49 561 994 060 – 0
 Technical Support:  +49 561 994 060 – 12
 Fax: +49 561 994 060 – 13
 
 
 
  Contact us
 General enquiries: info@hubner-photonics.com
 Sales enquiries: sales@hubner-photonics.com
 Here you can find contact information to all our offices: Contact page
 Also contact details for our distributors
 Sign up for our newsletter
 Follow us on LinkedIn
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  Organisation
 HÜBNER Photonics
 – a division of HÜBNER GmbH & Co. KG
 In the HÜBNER Photonics division, the principles of high-quality workmanship, superior reliability and lifetime are applied to the building of advanced tools and solutions.
 Find out more at:
 www.hubner-group.com
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  Requesting a quotation or more product information has never been easier! Just send in your inquiry or request using our convenient Sales request form and we will make sure that a local sales representative gets back to you shortly.
 We use the personal data you share with us to solely respond to your sales enquiry either through our direct offices or via our distributor network. See our privacy policy for details on how we handle your personal data.
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    Cobolt is now a part of HÜBNER Photonics

Through the well-known Swedish laser manufacturer Cobolt AB, a proven supplier of high performance lasers of more than 15 years, HÜBNER Photonics division offers one of the industry’s broadest ranges of compact single-frequency CW lasers, diode lasers, multi-line lasers and Q-switched lasers across the full UV-Visible-NIR spectrum.
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