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Molecular characterization of synthetic polymers with help of liquid chromatography

he most important tool for molecular characterization of synthetic polymers is High-performance liquid chromatographic

(HPLC) methods. Mean molar mass (MM) and molar mass distribution (MMD) of linear and branched homopolymers
is easily determined by gel permeation (size exclusion) chromatography (GPC/SEC). GPC/SEC provides several other useful
data such as limiting viscosity numbers, constants of viscosity law, sizes of macromolecules in solution - and even extent of
preferential solvation of polymers in mixed solvents. Recent progress in GPC/SEC comprises improved instrumental hardware
and data processing procedures. High sample throughput of the ultra-fast GPC/SEC enables acceleration of analyses, which
is especially important in combinatorial material chemistry and in production control. Still, further improvements of the SEC
method are needed, which include its hardware, especially columns and detectors, standardization of sample preparation,
measurement and data processing. GPC/SEC exhibits excellent intra-laboratory repeatability, which evokes a notion of its
high reliability. Recent series of the round robin tests, however, revealed surprisingly poor inter-laboratory reproducibility
of results. Evidently, an accuracy of many GPC/SEC results may be rather limited. In most cases, GPC/SEC does not enable
precise molecular characterization of complex polymer systems, which possess more than one distribution in their molecular
characteristics. Typically, polymer mixtures, copolymers and functional polymers exhibit beside MMD also distribution in their
chemical structure. To assess the above distributions, new HPLC procedures are developed. These are based on the controlled
combinations of entropic (exclusion) and enthalpic (interaction) retention mechanisms within one column or in a series of
independent separation systems. These approaches are denoted “coupled polymer HPLC” and “two- or multi-dimensional
polymer HPLC”, respectively. Enthalpic retention mechanisms in HPLC of synthetic polymers include adsorption, partition,
phase separation. We shall review recent progress and problems in GPC/SEC, as well as in the couple and two-dimensional
polymer HPLC procedures and outline anticipated future development.
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Aligning industrial R&D with academia to better utilize analytical science to produce positive outcomes

Academia has always used analytical techniques to characterize, test and further promote the outcome of their respective
research. Industry, on the other hand, has primarily utilized analytical science as a forensic tool to help solve product
and/or process issues. Each endeavor has merit and definitely is needed, especially in their respective genre. Each physical
laboratory is constructed with these types of needs in mind. The Academic laboratory usually contains the equipment required
to perform these analytical functions, since it is so central to their project work. Whereas, most industrial laboratories have a
completely separated analytical department/lab area due to the fact that their major function is in support of the sales and/or
manufacturing arm of the company. These two endeavors need to be better aligned, such that industry can learn from Academia
the importance of analytical sciences to build robust formulations/products during the development phase in order to eliminate
the potential for problems after product launch. This will also allow for the building of a better understanding of the structure/
property relationship.
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Fabric Phase Sorptive Extraction (FPSE): A novel strategy in metabolomics sample preparation for disease
biomarker discovery

etabolomics plays an important role in discovering potential disease biomarkers from blood plasma or serum samples.

Due to the distinctive complexity of whole blood as the sample matrix, either plasma or serum are used as the primary
sample in metabolomics biomarker discovery research. During the transformation of whole blood into plasma or serum
followed by extraction of targeted or non-targeted metabolites using conventional sample preparation techniques including
solid phase extraction (SPE) and liquid-liquid extraction (LLE), a significant portion of the analytical information disappears,
resulting in negligible success in discovering potential disease biomarkers. Fabric phase sorptive extraction (FPSE), a new
generation sample preparation technology, has offered a paradigm shift approach in metabolomics sample preparation. FPSE
innovatively combines the benefits of solid phase extraction (SPE) (works under exhaustive extraction principle) and solid phase
microextraction (works under equilibrium extraction principle) into a single sample preparation technology platform. FPSE
utilizes a flexible and permeable fabric substrate, coated with high-performance sol-gel sorbents as the extraction media. This
uniquely designed extraction medium is capable of extracting target analyte(s) directly from whole blood. Due to the special
geometry of FPSE medium (flexible, flat and permeable) and sponge-like porous architecture of sol-gel sorbents, rapid analyte
mass transfer occurs between the bulk sample and the extraction medium, resulting in a near-exhaustive extraction within
a fraction of time required for other comparable sample preparation techniques. FPSE is particularly suitable for analyzing
target analytes e.g., metabolites, biomarkers directly from whole blood without requiring any protein precipitation or other
pre-extraction sample cleaning/manipulation. After extracting the target analyte(s) directly from the whole blood sample, FPSE
media is exposed to a small volume of organic/organo-aqueous solvent for eluting the extracted analyte(s). The low viscosity
of the organic solvent, the capillary force of the fabric support and sponge-like porous sol-gel network allows fast diffusion of
organic solvent into the FPSE medium for quick and complete recovery of the extracted analyte(s). As a result, FPSE completely
eliminates time-consuming and error-prone solvent evaporation and sample reconstitution step often considered as an integral
part of solid phase extraction/liquid-liquid e work-flow. During the solvent-mediated elution/back-extraction, any protein or
matrix interferents adhered to the FPSE medium precipitates out and a final centrifugation of the resulting solution prior to
injecting into the analytical instrument ensures clean particle-free highly concentrated target analyte(s). Fabric phase sorptive
extraction has already developed a large number of sol-gel sorbents specifically suitable for polar metabolites/biomarkers such
as sol-gel polyethylene glycol, sol-gel chitosan, sol-gel Carbowax 20M, sol-gel polycaprolactone-dimethylsiloxane-caprolactone
to name a few. These high-efliciency sorbents have been found equally effective for analytes with a wide range of polarity. As a
consequence, searching for a new disease biomarker from whole blood in presence of numerous endogenous and exogenous
interferents is no longer a wishful thinking but an achievable reality. In the current talk, some new and fascinating data on
metabolomics sample preparation using FPSE and a comparison between FPSE and conventional sample preparation techniques
will be presented.
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Overcoming challenges in the analysis of Cannabis and derived products

he imminent legal Cannabis Sector is projected to be worth 6 to 20 billion dollars in Canada alone. The highly regulated

nature of this sector demands rigorous quality control measures that require advanced analytical mass spectrometry and
other techniques to ensure product safety. The nature of the Cannabis plant and its current status as an illegal and controlled
narcotic in many countries, add a level of complexity to the development of analytical protocols. This talk will highlight some
of the challenges facing this sector and some of the approaches to overcome these. Specifically, issues with potency testing,
quantifying medicinal dose delivery, pesticide testing, development of Certified Reference Materials and the importance of ISO
17025 accreditation and international standard development will all be discussed.
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Differentiating cannabis products within the brands of the legalized adult use markets

Within the framework of Bill C-45, Canada is positioned to become the global leader in the legal cannabis economy and
global exporter. The enactment of this Canadian Cannabis Act provides legal access to marijuana and to control and
regulate its production, distribution and sale. The primary objective of Health Canada’s regulatory policy bears stringencies
with respect to public health and safety and strict requirements for quality assurance, record keeping and mandatory testing
by 3 party laboratories for product contamination. This opens an opportunity for advancing analytical development for
cannabis metabolite profiling of active natural products and bleeds through to the accurate quantitative reporting of pesticides,
mycotoxins and heavy metalloids that serve regulatory audit to clear products for sale. A complete LC-MS/MS workflow is
described to quantitate 14 cannabinoids and screen for over 40 terpenoids to fingerprint various top cannabis dried flower
brands from the large enterprise-producers in a method that is delivered in under 15 mins of analytical run time using a dual
ESI and APCI ionization strategy. A wide linear dynamic range of 0.03 to 90% measurement (104 orders LDR) of cannabinoid
per LC-MS injection can be reported to provide a more accurate view for product labeling and dosing recommendations.
Terpene expression and metabolite measurement in plant cultivars are becoming less challenging with newly identified
terpene synthases and availability of new mono-terpenes and sesquiterpene standards. It is of high interest for results of these
metabolite profiling experiments to be correlated with plant cultivation parameters to achieve quality control and strengthen
the consumer's experience with a brand of cannabis and differentiate products for retail. Furthermore, pesticide residue analysis
in cannabis flower and oil formulations has been developed to meet the reporting requirements of Health Canada’s banned
pest control ingredients list. With UHPLC linked tandem mass analysis covering all of the 96 banned pesticides except for 11
compounds best suited by GC separation, it is possible to achieve a validated cannabis product certificate of analysis for issuance
to cannabis licensed producers in rapid turn-around. Analytical method details include LC separation using the Raptor Restek
Column, Raptor Biphenyl and newly available mixtures of pesticide standards to meet the Canadian Pest Management Agency’s
list of required pesticide maximum residual levels (down to 10 ppb in most cases). The addition of mycotoxins and other
organo-contaminants can also be inserted into our methods with the use of optimized Scheduled MRM mass spec scanning
techniques. The assembly of all the potency and ingredients data collection possible can provide information to consumers and
track benefits to the cannabis producers stride to bring powerful brands to the global cannabis market.
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Alcohol and drugs

he interplay of alcohol with drugs includes multiple facets. These include the effects of alcohol on the effects of other

hepatotoxicants and on the pharmacological effects of various drugs. Also relevant is the possible role of alcohol on
the effects of carcinogenic agents. Less striking, but significant, are the effects of other drugs on the effects of ethanol. More
difficult to identify but presumably significant, are the effects of alcohol-drug interplay on the development of an alcoholic
liver disease. A common denominator of them is the role of ethanol-induced P-4502E1 (CYP2EI) in affecting the toxicity of
some hepatotoxicants and the effects of some drugs. Less prominent but also relevant is the effect of interplay with alcohol
dehydrogenase and aldehyde dehydrogenase in the toxicity of some drugs. Alcohol has been shown to be responsible for
cirrhosis in the 18" century and was labeled a hepatotoxin in the 19" century. During the second half of the 20" century alcohol
has been recognize to enhance the toxic effect of other hepatotoxic agents such as acetaminophen, aflatoxin B1, allyl alcohol,
bromobenzene, cocaine, enflurane, galactosamine, halothane, isoniazid, nitrosamines, thioacetamide, vinyl chloride and
vitamin A. The toxicity of several hepatotoxicants is unaffected and of at least one, amanitine, is decreased by ethanol. The effect
of ethanol on the toxicity of carbon tetrachloride and acetaminophen have been studied most extensively. The enhancement of
toxicity by ethanol does not depend on an ethanol-induced hepatic injury but rather on the activity of the cytochrome P450 2E1
that converts the respective toxicants to their active metabolites. Nevertheless, inhibition by ethanol of regenerative response
to injury may contribute to an enhancement of toxicity by ethanol. The toxicity produced by ethanol may have a bearing on the
liver disease of alcoholism as well as on the toxicity and carcinogenicity of individual toxicants.
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Fabric Phase Sorptive Extraction (FPSE): A versatile sample preparation technology that meets the
demands of twenty first century modern analytical laboratories

Statement of the Problem: The invention of fabric phase sorptive extraction (FPSE) has begun a new era in analytical sample
preparation by ingeniously combining two competing for sample preparation techniques, solid phase extraction (SPE) and solid
phase microextraction (SPME) into a single sample preparation technology platform. The integrated system, FPSE utilizes a
flexible, yet active fabric (cellulose, polyester and fiberglass) substrate to host a thin layer of sol-gel derived extracting sorbent.
The engineered selectivity of the sol-gel sorbents and the hydrophobicity/hydrophilicity of the fabric substrate synergistically
complement to the net polarity of the fabric phase sorptive extraction medium and consequently, determine its extraction
efficiency. The sponge-like porous architecture of sol-gel extraction sorbent and the inherent permeability of the fabric create an
extraction medium that mimics a solid phase extraction disk and allows permeating aqueous sample matrix through its body,
leading to rapid sorbent-analyte interaction and subsequent successful retention of the analyte(s) onto the extraction medium.
The flexibility of the FPSE medium permits direct insertion into the sample container for analyte extraction and thus minimizes
the number of transfer containers used in the sample preparation process. The sol-gel coating technology allows utilization of
typical functional ligands commonly used in solid phase extraction such as C8/C18 as well as polymers used in solid phase
microextraction such as polydimethylsiloxane (PDMS). Unlike SPE and SPME, FPSE can be performed either in equilibrium
extraction mode (as in SPME) or inexhaustive extraction mode (as in SPE). In addition, sol-gel coated sorbents demonstrate
superior thermal, solvent and pH stability (1-13) compared to conventional sorbents. Due to these unmatched advantages,
FPSE has gained considerable popularity in a short period and has demonstrated numerous applications in a wide variety
of samples including food, biofluids, wastewater and air. In the current talk, analytical data pertaining to some fascinating
applications of FPSE will be presented.
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Applications of UPLC-MS QTOF in structural elucidation of small molecules

he structural elucidation of small molecules by high-resolution mass spectrometry plays important roles in development

and quality control of pharmaceuticals and medical devices. Trace amounts of small molecules can be present in forms
of impurities, by-products or degradation products, etc. It is often difficult to separate and fractionate enough quantities of
these analytes for conventional structural analysis by NMR and FTIR. Recent advances in instrumentation and software of
UPLC-MS QTOF with MS/MS fragmentation capability can give structural insight into molecules of interest and in many cases
offer structure candidates at high confidence. This presentation will use several practical examples in the analysis of synthetic
compounds and identification of impurities associated with pharmaceuticals and medical devices to illustrate the convenience
and power of UPLC-QTOF high-resolution mass spectrometry.
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