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ABSTRACT

Mass Spectrometry has commonly been used in the semi-conductor industry where maintaining a
clean environment with minimum contaminants under high vacuum is crucial for successful
manufacturing. Since the technology’s early usage for pharmaceutical manufacturing in the early
‘80s, particularly in the freeze-drying environment, much has changed. The focus of the current
work is aimed at asking some key questions regarding the maturity of the technology, its
challenges and importance of having an application-specific instrument for quantitative process
analyses applied to freeze-drying. Furthermore, we compare the use of mass spectrometers in
early installations from the 80’s with recent experiences of the technology in the production and
laboratory environments comparing data from different MS technologies. In addition, the
manuscript covers broad application of the technology towards detection of and sensitivity for
analytes including silicone oil, Helium and also explores the option of using MS in detecting
water vapor and nitrogen concentration not just in primary drying, but also in secondary drying.
The technology, when purpose built, has the potential for use as a robust, multi-purpose PAT
tool in the freeze-drying laboratory and production environments.

Abbreviations:

CM: Capacitance manometer

FBRM: Focused Beam Reflectance Measurement
Fluorescence: Fluorescence Spectroscopy

GC-MS: Gas Chromatography Mass Spectrometry
ICP-MS: Inductively Coupled Plasma Mass Spectrometry
Laser Headspace: NIR laser measurements tuned typically for oxygen or carbon dioxide
LC-MS: Liquid Chromatography Mass Spectrometry
MIR: Mid Infrared Spectroscopy

MS: Mass Spectrometry

MTM: Manometric temperature measurement

NIR: Near Infrared Spectroscopy

RGA: Residual Gas Analyzer

RTD: Resistance temperature detector

TDLAS: Tunable diode laser absorption spectroscopy
SIMS: Secondary lon Mass Spectrometry
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