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increasing the number of C-F bonds resulted in overall blue-shifting. However, in-
tensity trends and effects of solvent polarity were not as clear-cut. Fluoromethyl, 
C3F6-, and C4F9-groups conclusively show potential as IR probe due to strong 
signals whose IR spectra are relatively complicated compared to their appearance 
in 19F NMR spectra. Future steps will include incorporation of fluorinated groups 
in peptides and proteins as IR (and nuclear magnetic resonance) reporters of their 
local environments.

296 The Application of Far Infrared Microspectroscopy in the Analysis 
of Artists’ Pigments
Ronald Rubinovitz, Thermo Fisher Scientific, 4410 Lottsford Vista 
Rd., Lanham, MD 20706, David W. Schiering, Beth Price, Kate Duffy, 
Anthony W. Didomenico

The analysis of artists’ materials by infrared (IR) spectroscopy is well-known. Anal-
yses are broadly performed in the mid-IR region of 4000-400 cm-1. The 400 cm-1 
low frequency cutoff is due to KBr optics typically employed in the Fourier trans-
form infrared (FT-IR) spectrometer. The mercury-cadmium-telluride (MCT) detec-
tors employed in FT-IR microscopes further limit the spectral low frequency cutoff 
to 700-500 cm-1. Many inorganic materials, such as pigments found in artworks, 
have diagnostic spectral absorption bands in the far-IR, while others yield bands 
exclusively in that region. Opening the far-IR to pigment identification in microscopic 
samples should provide a wealth of new chemical information for museum scien-
tists and conservators, as well as academics. Advances in optical materials and 
design have opened the far-IR region, typically defined as 600-10 cm-1, for appli-
cation in materials characterization. This presentation concerns the use of an FT-IR 
microspectroscopy accessory in the far-IR analysis of artists’ materials including 
pigments. This accessory allows the collection of spectra in transmission, reflection, 
and attenuated total reflection (ATR) modes and interfaces to the instrument-mount-
ed detector. Among other examples, the utility of this approach is demonstrated 
in the far-IR analysis of pigments from a Qing Dynasty lacquer clothes wardrobe 
housed at the Philadelphia Museum of Art. Based on far-IR spectral analysis, ver-
milion and orpiment were identified in pigmented lacquer samples taken from the 
wardrobe. Neither vermillion nor orpiment exhibit IR spectral features above 600 
cm-1, demonstrating the utility of measurements in the far-IR region.

297 Chiral Process Monitoring Using Fourier Transform Molecular 
Rotational Resonance Spectroscopy
Justin L. Neill, BrightSpec, Inc., 770 Harris St., Ste. 104 B, Charlottesville, 
VA 22903, Luca Evangelisti, Brooks H. Pate, Yuan Yang, Frank Gupton

We present the application of Fourier transform molecular rotational resonance (FT-
MRR) spectroscopy to monitoring the chiral purity of continuous pharmaceutical 
manufacturing processes. FT-MRR is a high resolution spectroscopic technique that 
distinguishes different structures on the basis of their three-dimensional moments 
of inertia, without the need for chromatography. In addition to resolution of conform-
ers and diastereomers, two new methods have been developed in recent years 
that can determine enantiomeric excess in a mixture. In collaboration with B. Frank 
Gupton and the Medicines for All program at Virginia Commonwealth University, 
we demonstrate the performance of FT-MRR for characterization of the synthesis 
of artemisinin, where we achieve fast, selective quantification of chiral impurities at 
different stages of the manufacturing process.

298 Conformity Analysis by FT-NIR: A Rapid Method for Non-Targeted 
Adulterant Screening and Overall Process Monitoring
Jason E. Erickson, Bruker Optics, 40 Manning Rd., Billerica, MA 08121

In today’s manufacturing environment it is important to obtain information about all 
aspects of the manufacturing process as quickly, accurately and cost effectively as 
possible. This information can include screening for abnormalities in raw materials 
and finished goods or the overall monitoring of the process. Conformity analysis of-
fers a rapid method for a variety of applications. These include non-targeted screen-
ing for adulterants in raw materials and finished goods (aligns with United States 
Pharmacopeia guidelines), monitoring blend uniformity in a mixing process, and 
quality control release of products. Fourier transform near-infrared (FT-NIR) spec-
tra of defined reference materials which vary within the accepted range of product 
specifications are used to establish a conformity index value for that material. The 
conformity model is validated against both positive and negative challenge sam-
ples. Once validated, the conformity model is used in routine operation to ensure 
that spectra from measured samples fit within the conformity index. Samples which 
exceed the conformity index are quickly identified and further steps can be taken.

299 Applications of Fourier Transform Molecular Resonance Rotational 
Spectroscopy (FT-MRR) in Residual Solvents Analysis
Shelby S. Fields, BrightSpec, Inc., 770 Harris St., Ste. 104B, 
Charlottesville, VA 22903, Justin L. Neill, Matthew T. Muckle, Roger 
Reynolds

Fourier transform molecular rotational resonance (FT-MRR) spectroscopy can an-
alyze the composition of complex mixtures with high selectivity, low sample volume 
and temperature requirements, and rapid measurement times, without chromatog-
raphy. These features make it a suitable technique for residual solvent analysis 
(United States Pharmacopeia (USP) <467>) as a simpler and faster alternative to 
the standard gas chromatography flame ionization detection (GC-FID) approach. 
In this work, a BrightSpec FT-MRR spectrometer has been integrated with a cus-
tom static headspace sampling module and a PAL3 RTC autosampler to evaluate 
the reproducibility, linearity, and sensitivity of FT-MRR on common solvents in both 
aqueous and nonaqueous solutions. We find very good repeatability and linearity, 
and sensitivity limits below the USP <467> regulated limits for a large number of 
solvents, and a cycle time of approximately 10 minutes.

300 An Exploration of 2D-LC-SERS: A Novel Detection Modality for 
Multidimensional Chromatography
Melanie D. Davidson, Saint Mary’s University, 923 Robie St., Halifax, 
Nova Scotia B3H 3C3, Canada, Navya Kesavan, Christa L. Brosseau

Multi-dimensional liquid chromatography (2D-LC) provides substantially better re-
solving and separating power than 1D-LC, and in the past decade its use over con-
ventional methods has been highlighted in literature.[1] The purpose of this research 
is to couple this emerging technique with the sensing power of surface-enhanced 
Raman spectroscopy (SERS). Many different 3D-substrates were investigated for 
their use in phenolic acid detection, mainly luteolin. It was found that generic lab-
oratory filter paper and porous alumina gave the most promising results. These 
substrates will be used for further investigation and coupling of SERS to 2D-LC.

Reference:

[1] Stoll, D.R.; Carr, P.W. Two-dimensional liquid chromatography: A state of the art 
tutorial. Anal. Chem. 2017, 89, 519-531.

301 Fast Chiral Chromatography as the Second Dimension in 2-D 
HPLC
Christopher J. Welch, Welch Innovation, LLC, 29 Washington Dr., 
Cranbury, NJ 08512

In the past few years recent developments in chiral chromatographic columns, in-
strumentation and research strategies have led to the emergence of ‘ultrafast’ chro-
matographic enantioseparations, where most enantiomers can be resolved in just a 
few seconds. In this presentation we explore the emergence of this new trend and 
its applications to multidimensional chromatographic separations.

302 Characterization of Synthetic Polymers Using Ultra-high 
Performance Two-dimensional Liquid Chromatography
Lu Bai, The Dow Chemical Company, Analytical Sciences, Core R&D, 
400 Arcola Rd., Collegeville, PA 19426, Wei Gao, Peilin Yang, Miroslav 
Janco, Kimy Yeung, James Alexander IV

On-line comprehensive two-dimensional liquid chromatography (2D-LC) analysis of 
synthetic polymers often adopts size exclusion chromatography (SEC) and high-per-
formance liquid chromatography (HPLC) to reveal molecular weight and chemical 
compositional distributions. Traditional SEC is too time-consuming to implement in 
2D-LC separations. In this work, sub-3µm particle column for fast SEC (Waters AC-
QUITYTM Advanced Polymer Chromatography, APC) and sub-2µm particle column 
for ultra-(U) HPLC are used for 2D-LC in the LC X SEC and the SEC X LC formats. 
The improved efficiency allows for reduction the overall analysis time, and enables 
miniaturization of the analysis to reduce strong solvent effects. Several examples 
are given to illustrate the applications of both formats. With limited choices of detec-
tors, evaporative light scattering detection (ELSD) is chosen for fast analysis and 
good S/N; however, quantification has been difficult due to the non-linear detector 
response. In this work, we utilized external calibration and data transformation to 
estimate the amount of various components in a 2D-LC analysis, and applied this 
technique to a polymer degradation study. The addition of Wyatt µDAWN® multi-an-
gle light scattering (MALS) detector to APC aids in the understanding of separations 
under higher shear in APC columns than in traditional SEC. This detector provides 
absolute molecular weight (MW) information independent of elution time, provides 
critical guidance for flow rate optimization, and enables analysis of polymer confor-
mations. In conclusion, UHP-2D-LC is a powerful tool for polymer separations. The 
semi-quantification using ELSD and absolute MW analysis using MALS will further 
add to the rich information content of these separations.
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303 Expanding the Biologics CMC Analytical Toolkit with Two-
Dimensional Liquid Chromatography
Douglas Richardson, Merck & Co., 2015 Galloping Hill Rd., Kenilworth, 
NJ 07033, Yuetian Chen, Jun Heo, Bhumit Patel, Jayesh Desai, David 
Pollard

Traditional release and characterizing testing of proteins requires multiple analyt-
ical methods for biochemical, biophysical, and potency testing. This characteriza-
tion work includes primary structure analysis which relies on a number of different 
high-performance liquid chromatography (HPLC) techniques such as protein A (Pro 
A), ion exchange (IEX), size exclusion (SEC), reverse phase (RP) and hydrophobic 
interaction (HIC). All of these separation methods are applied in single dimension. 
The diversity of these various chromatographic characterizations assays highlights 
an opportunity for coupling orthogonal separation techniques into a single analysis. 
Two-dimensional liquid chromatography (2D-LC) has emerged as an assay work-
flows that combine orthogonal separation techniques and also reduces the analyti-
cal burden and cycle times of convention purification and testing workflows. 2D-LC 
is a powerful tool for analyzing highly complex samples such as clarified media, cell 
culture and therapeutic proteins such as monoclonal antibodies (mAb’s). Automated 
transfer of first dimension effluents to a second dimension column provides the abil-
ity to characterize multiple product critical quality attributes (CQA’s) within a single 
analytical run. Advances in 2D-LC instrument software for both method control and 
data analysis have enabled expanded applications of 2D-LC in throughout biopro-
cess development. This work describes the application of 2D-LC to process and 
product characterization studies of monoclonal antibodies, expanding the chemistry, 
manufacturing and control (CMC) analytical toolkit. Additionally, efforts to expand 
2D-LC as process analytical technology (PAT) is also reviewed. 

304 Application of Multidimensional Chromatography in Real World 
Pharmaceutical Analysis
CJ Venkatramani, Genentech, 1 DNA Way, South San Francisco, CA 
94080, Mohammad Al-Sayah, Ila Patel, Larry Wigman, Jacob Kay, 
Meenakshi Goel, Shu Rong Huang

There is a general perception in the scientific community that multidimensional 
chromatography is pivotal to complex sample analysis. Although it’s true, there are 
several applications in small molecules pharmaceutical industry where multidimen-
sional chromatography can play critical role in addressing challenging problems. 
Assessing stability indicating methods for potential co-elution can be challenging, 
as chemical components eluting in and around the main component are usually 
similar and or isomers of main component limiting the use of diode array detec-
tion (DAD) and or mass spectrometry (MS). Further, levels of co-eluting impurities 
are usually several orders magnitude lower than the main component. The industry 
relies on manufacturing controls, method development strategy to mitigate risks. 
Although it might be adequate, lack of co-elution cannot be guaranteed by conven-
tional high-performance liquid chromatography (HPLC). Similarly, assessing chiral 
purity of active pharmaceutical ingredient (API) with multiple chiral centers, residual 
analysis of genotoxic impurities can be equally challenging. Many of these chal-
lenging problems can be readily addressed using 2D-LC and 2D-LC- supercritical 
fluid chromatography (SFC). Analysis of linker drug intermediates used in antibody 
drug conjugates (ADCs) can be difficult given the complexity in the synthesis of 
these compounds, chemical reactivity and instability and lot-to-lot variability. Using 
2D-LC, over fifteen co-eluting impurities were resolved from the main component in 
complementary secondary dimension that is impractical by conventional HPLC. The 
concentration of most of these impurities was below 0.01%. Also, lot-to-lot variability 
was assessed. The presentation covers several applications of multidimensional 
chromatography in pharmaceutical analysis. Additionally, attributes of 2D-LC like 
linearity, accuracy, precision, reproducibility, limit of quantitation (LOQ) and limit of 
detection (LOD) are also presented.

305 Mechanistic Study of the Gas-Phase In-Source Hofmann 
Elimination of Doubly Quaternized Cinchona-Alkaloid Based 
Phase-Transfer Catalysts by (+)-Electrospray Ionization/Tandem 
Mass Spectrometry
Huaming Sheng, Merck & Co., MS: RY818-B112, 126 E. Lincoln Ave., 
Rahway, NJ 07065

A new class of cinchona alkaloid phase-transfer catalysts (PTC), which are qua-
ternized at both quinuclidine and quinoline nitrogen, were reported by Merck. In 
this present study, mass spectrometric analysis was carried out for fourteen novel 
PTC compounds. Interestingly, all doubly-charged PTCs showed unique [M2+-H+]+ 
ions as one of the major product ions in the MS1 spectra. Only a small amount 
of doubly charged M2+ ions were observed. To our best knowledge, there is no 
systematic mechanistic study on the formation of Hofmann elimination product ions 
[M2+-H+] for bisquaternary ammonium salts. Hence, efforts were made towards 
the understanding of the mechanism of formation of Hofmann elimination product 
ions [M2+-H+]+ using liquid chromatography - high resolution mass spectrometry 
(LC-HRMS-MS), hydrogen–deuterium (H-D) exchange and densityfunctional-theory 
(DFT) calculations.

306 Implementation of a Dual Work Flow HRMS Platform for the 
Analysis of Antibody Drug Conjugates and Small Molecules in a 
Walk-Up Environment
Michael Peddicord, Bristol-Myers Squibb, MS: B48 Room 239, 1 Squibb 
Dr., New Brunswick, NJ 08901, Jonathan Marshall, Scott A. Miller

Liquid chromatography mass spectrometry (LC-MS) plays a key role in the discov-
ery and development of both small molecules and biologics as therapeutic agents. 
The implementation of a Walk-Up environment for routine LC-MS analyses is ad-
vantageous to enable chemists to generate knowledge that is critical to their synthe-
sis in a timely manner. One type of routine LC-MS assay that is frequently performed 
on antibody drug conjugates (ADCs) is the determination of the drug-to-antibody 
ratio (DAR). This value represents the average number of drugs that are conjugated 
to the antibody, and is an important quality attribute in the analytical characterization 
of ADCs. Lower DAR values can negatively impact the efficacy of the therapeutic 
product due to lower drug loading, and higher DAR values can negatively affect the 
toxicity, and pharmacokinetics. A second type of routine assay that is used for the 
characterization of small molecule starting materials, intermediates, and final prod-
ucts is the measurement of accurate mass for the confirmation of the compounds 
molecular formula. This assay is also required for the publication of synthetic man-
uscripts. Recent developments in Walk-Up software by Agilent Technologies has 
enabled the transition of both of these assays into a fully automated, user driven 
workflow. This presentation discusses the implementation of an Agilent 6230B LC-
TOF at Bristol-Myers Squibb for the dual work flow high resolution mass spectrome-
try (HRMS) analysis of ADCs and small molecules in Walk-Up mode.

307 Application of LC-HRMS in a Regulated CRO Laboratory
Lian Shan, Q2 Solutions, 19 Brown Rd., Ithaca, NY 14850

Extensive research into application of liquid chromatography - high resolution mass 
spectrometry (LC-HRMS) in biological and pharmaceutical studies has demonstrat-
ed its power in targeted quantitation of biomarkers and therapeutic drugs, showing 
better selectivity and often improved sensitivity compared with selected reaction 
monitoring (SRM) by triple quadrupole instruments, the well-recognized gold stan-
dard quantitation method in bioanalysis. In this presentation, three application ex-
amples employing LC-HRMS PRM (parallel reaction monitoring) using a Thermo 
Q-Exactive Plus mass spectrometer are reported to demonstrate the unique ad-
vantages for targeted quantitation in comparison with triple quadrupole platforms. 
In the first example, up-front collision induced dissociation (CID) was combined with 
PRM to quantify complex large compounds with a molecular mass distribution from 
15,000 to 45,000 Da in human plasma. This work shows how HRMS can be lever-
aged for quantitation of complex large molecule compounds without a unique mo-
lecular mass. In the second application, a survivor single-ion monitoring (SIM) meth-
od combined with multidimensional LC (immunoaffinity and nano-scale reversed 
phase chromatography) is employed to measure intact human insulin in pig plasma. 
This example illustrates the sensitivity advantage provided by HRMS, allowing ac-
curate and precise quantitation of human insulin at a lower concentration compared 
to a triple quadrupole instrument. In the third application, a PRM method employ-
ing sequential IP and nano- electrospray ionization is used to quantify an endoge-
nous biomarker, Beta-nerve growth factor (β-NGF), in human serum by exploiting a 
unique signature peptide in a bottom-up approach. By summing three higher-energy 
collisional dissociation (HCD) fragments of this signature peptide, a lower limit of 
quantitation of 10 pg/mL is achieved, allowing measurement of basal β-NGF levels.

308 Implementation of Electron-Based Dissociation on Biomolecules 
Structure Elucidation
Zhidan Liang, Merck & Co., 126 E. Lincoln Ave., Rahway, NJ 07065, 
Wendy Zhong

In this talk, differentiation of isomeric compounds using electron-based dissocia-
tion techniques is presented. By capturing low-energy electrons, electron-capture 
dissociation (ECD) could induce fragmentation of multiply charged ions and pro-
vide complementary fragmentation to collision-induced dissociation (CID). ECD has 
been widely applied to various biomolecules analysis. Hot ECD (HECD), which uses 
electrons with energies from 8 to 14 eV, could induce side chain fragmentation. It 
has been utilized in the differentiation of peptides with isomeric amino acid residues, 
by generating diagnostic w ions from side chain loss. Thorough investigation of 
the fragmentation behaviors of a set of custom-designed peptides and biological 
peptide standards containing Ile/Leu and/or Nva/Val were conducted. The results 
suggested that peptide chemistry played a key role in side chain fragmentation. Pro-
tein post-translational modification (PTM) such as phosphorylation did not prevent 
the generation of diagnostic ions. Electron-based dissociation could be applied to 
fragment singly charged ions by increasing the electron energy to 20 eV and higher, 
and the process is called electron-induced dissociation (EID). The technique was 
successfully used to distinguish a pair of isomeric metabolites of diclofenac, 4’- and 
5-OH-diclofenac, which could not be achieved by CID fragmentation. EID fragmen-
tation of these compounds was particularly efficient, generating about 20 additional 
fragments. The resulting fragments provided detailed structural information to locate 
the hydroxyl groups on different rings, thus allowing differentiation of the pair. EID 
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demonstrated superior capability over collision induced dissociation (CID) in differ-
entiation of singly charged isomeric compounds in this study.

309 Analysis of Pesticide Residues in Cannabis Regulated by Oregon 
State Using LC-MS/MS 
Jamie S. Foss, PerkinElmer, 710 Bridgeport Ave., Shelton, CT 06484, 
Sharanya Reddy

Cannabis, being consumed for both medicinal and recreation purposes in the legal-
ized states of the United States, requires testing for pesticides, since chronic expo-
sure to pesticides can lead to considerable health risks. The State of Oregon has 
issued regulatory limits for 60 pesticides residues in cannabis flower and edibles. 
We studied the 60 pesticides spiked in cannabis flower extracts using liquid chroma-
tography tandem mass spectrometry (LC-MS-MS). Pesticides were simultaneously 
analyzed in both positive and negative mode using electrospray ionization. We were 
able to detect all the pesticides using this methodology, well below the action limits 
specified by Oregon. Ground cannabis flower (1 gm) was hydrated with water (5 
mL), spiked with pesticide and surrogate standards, followed by the addition of ace-
tonitrile (5 mL). To this mixture, QuEChERS (quick, easy, cheap, effective, rugged, 
and safe) salts (3 gms of MgSO4 and 0.75 gms of sodium acetate) were added, vor-
texed for 0.5 h and centrifuged at 7000 rpm (5 min). The supernatant was analyzed 
directly or furthered cleaned up using dispersive solid-phase extraction (sSPE) 
(dSPE containing 150 mg MgSO4, 50 mg PSA, 50 mg C18). Negative controls with 
no pesticide spikes were taken through the extraction process. The samples were 
then diluted and injected on column for chromatographic separation followed by 
detection in multiple monitoring mode (MRM) using the PerkinElmer QSight 210TM 
mass spectrometer. The pesticides were analyzed using a triple quadrupole mass 
spectrometer fitted with a hot coaxial flow electrospray ionization source combined 
with a heated laminar flow interface. The overall sensitivity for most of the pes-
ticides, including those that are normally analyzed by gas chromatography, was 
between 1-100 ppb, well within the regulatory limits set by the State of Oregon.

310 Development and Application of an Optimized HPLC-DAD Method 
for the Measurement of Cannabinoids in Cannabis Plant Materials
Bhupendra Patel, Chemical Terrorism, Biomonitoring and Food Testing 
Program, Public Health & Environmental Laboratories, New Jersey 
Department of Health, 3 Schwarzkopf Dr., Ewing, NJ 08628, Daniel 
Wene, Zhihua (Tina) Fan

Previously published chromatographic methods for the testing of cannabinoids are 
not suitable for the analysis of a large number of samples due to long run times. Also, 
poor resolution and unstable chromatography were observed after a few sample in-
jections. This study optimized the sample preparation and analysis conditions, i.e., 
the mobile phase, extraction solvents, absorbance, and analytical column, for the 
measurement of cannabinoids in cannabis plant materials using high-performance 
liquid chromatography-diode-array detector (HPLC-DAD). The optimized conditions 
provided greater buffering capacity, better separations for all eight cannabinoids, 
stable baseline and retention time, and a shorter run time (< 10 minutes). Moreover, 
the modified mobile phase extended the longevity of the Poroshell analytical column 
to about 30 cultivar analyses. Method validation results showed that the percentage 
relative standard deviation (%RSD) for intraday and interday precision for all eight 
analytes varied from 2.5-5.2% and 0.28-5.5%, respectively. The %RSD for the re-
peatability study varied from 1.1-5.5%. The recoveries from spiked cannabis matrix 
samples were > 90% for all analytes, except Δ8-THC (~80%). The optimized meth-
od was applied for analysis of 635 cannabis samples with 68 strain types collected 
from different growers over 4 years. Although all the samples contained < 10% Δ9-
THC, in compliance with the NJ Medicinal Marijuana Program regulation, a large 
variation in cannabinoids content was observed across cultivars. This suggested 
that establishing a cannabinoid profile for strains produced by different cultivators 
may be helpful to provide accurate information to the physicians and patients.

311 The Effect of Environmental Conditions and Substrate Material on 
the Weathering of Gasoline and Light Petroleum Distillates
Brooke W. Kammrath, University of New Haven, 300 Boston Post Rd., 
West Haven, CT 06516, Matthew Ciano, Robert Powers, Erika Chen

In arson investigations, it is often crucial to determine if an ignitable liquid was pres-
ent at the scene, as they are often used as accelerants. A variety of ignitable liquids 
are used as accelerants. The most common is gasoline, in part because it is widely 
available and cost effective. Light petroleum distillates, such as paint thinners or 
lighter fuels, are also a commonly used class of ignitable liquids because they too 
are easily obtainable and highly flammable. Both of these classes of ignitable liq-
uids contain many highly volatile compounds, and are particularly susceptible to 
weathering. Weathering is the effect of evaporation on the chemical makeup of an 
ignitable liquid. Samples recovered from fire scenes rarely show the characteris-
tics of unweathered materials, so criminalists must be capable of recognizing ignit-
able liquids in their weathered forms.  It has long been stated that a wide variety of 
conditions can have effects on the weathering process of ignitable liquids. These 
conditions can include extent, temperature, air composition, airflow, exposure to 

sunlight (specifically ultraviolet light), the chemical makeup of substrates, and sev-
eral others. Various studies have sought to use pattern recognition software to either 
classify the ignitable liquids and/or determine the original conditions under which a 
sample was weathered. Few published studies have investigated how these con-
ditions affect the presence of the various different compounds detected in ignitable 
liquids. This research investigated how different environmental conditions and sub-
strate materials affect the chromatograms of weathered ignitable liquids and how 
this affects their class identification.

312 Harnessing Emerging IR and Raman Technologies to Obtain the 
Best Chemical Information from Pharmaceutical Products 
Thomas Tague Jr., Bruker Corporation, 40 Manning Rd., Billerica, MA 
01821 

There are many occasions where analyzing known and unknown products can be 
important. Examples include illicit drug analysis, product homogeneity in tablets, 
quality control, inclusions in biomedical products, and many more. Further, the iden-
tification of unknown products can be extremely important in reverse engineering 
products and identifying the cause of failure in the manufacturing process. One 
of the challenges to analyzing particles is that the size of the particles can be very 
small and potentially embedded in a matrix. Particle defects can adversely affect 
product quality, appearance, and performance. The use of fast confocal Raman 
imaging has been employed to demonstrate the ability to characterize chemical 
composition, distribution, and polymorphism of several pharmaceutical products, in-
cluding delivery skin patches, capsules, tablets, and many more real world products. 
These analyses have been facilitated by the implementation of new fluorescence 
removal methods, novel validation approaches, and other new technologies.

313 Complimentary Micro EDXRF and Micro Raman to Characterize 
Children’s Crystal Accented Watches 
Gene S. Hall, Rutgers University, Department of Chemistry, 610 Taylor 
Rd., Piscataway, NJ 08854 

All that glitters is not what’s it is made out to be. Currently, the Consumer Product 
Safety Improvement Act of 2008 (Public Law 110–314—AUG. 14, 2008) prohibits 
lead (Pb) in children’s toys for use with children under the age of 12. The limit of 
Pb is 600 ppm. Unfortunately, children’s crystal accented watches can contain up-
wards of 72 diamond simulants surrounding the face of the watch crystal. These 
“gemstones” could contain Pb at concentrations of 20-30%. The stones are typically 
2-4 mm diameter and could easily be missed using traditional macro X-ray fluores-
cence (XRF) instrumentation. Micro energy dispersive X-ray fluorescence (EDX-
RF) is a sensitive and non-destructive multi-elemental analytical method. Typical 
micro X-ray beam diameters are 10-30 microns and can be used to analyze micro 
features of children’s watches. Subsequently, micro Raman spectroscopy is also a 
sensitive and non-destructive analytical method to determine chemical composition 
of suspect gemstones. Therefore, using micro EDXRF for elemental analysis and to 
location which gemstones contain Pb, then micro Raman can complement the EDX-
RF by providing the minerology of the suspect stones. This powerful combination 
of two micro spectroscopic techniques allowed us to determine the concentrations 
and the identity of Pb in children’s watches. Seminar focuses on non-destructive 
sample analysis of more than 25 children’s watches that are sold to children over 
three years old. This is in clear violation of the law. Data interpretation and database 
building are also presented.

314 Downstream Process Control Using Real Time Molecular Weight 
with Light Scattering 
Bhumit Patel, Merck & Co., Biologics and Vaccines, BioProcess 
Development, 2000 Galloping Hill Road, Kenilworth NJ 07033, Adrian 
Gospodarek, Michael Larkin, Sophia Kendrick, Izhar Medalsy, Mark 
Brower, Douglas Richardson, David Pollard

For many proteins including monoclonal antibodies (mAbs), aggregate removal can 
be a challenge for the purification process. In development, fractions are typically 
collected during purification and pooling decisions are made after offline analysis 
using analytical size exclusion chromatography. This is laborious as well as time 
consuming. This work demonstrates connecting the AKTA Avant purification system 
directly to a Wyatt TREOS- an inline multi-angle light scattering (LS) detector that 
uses first principle measurements to calculate average molecular weight, Mw. The 
TREOS sends a start/stop fractionation trigger signal directly to the AKTA Avant sys-
tem when a preset Mw criteria is met or unmet. This is in real-time with a 15s delay 
in trigger events that eliminates the need for analysis after purification. We applied 
this unique process analytical technology (PAT) tool for monitoring and control of the 
average Mw in various purification applications. We have performed both bind and 
elute hydrophobic interaction chromatography (HIC) purification and flow-through 
HIC purification, where only protein that meets a preset Mw criterion is collected in 
real time. The TREOS was also connected to a mAb continuous production process 
to monitor an anion exchange chromatography separation for multiple days. Any 
deviation from the expected Mw was controlled by signaling the AKTA Avant to dis-
card the material. This strategy has the potential to be scaled to production allowing 
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for direct control of aggregates across scales. In conclusion, real time Mw by light 
scattering is the only non-destructive inline PAT for monitoring the critical quality 
attribute of average Mw during purification.

315 Raman-Based Nutrient and Metabolite Control in Bioprocessing 
Optimizes Product Quality and Peak Viable Cell Density
Karen A. Esmonde-White, Kaiser Optical Systems Inc., 371 Parkland 
Plaza, Ann Arbor, MI 48103, Maryann Cuellar, Alexander Pitters, Sean 
Gilliam, Ian Lewis, David Strachan, Herve Lucas, Bruno Lenain

In-situ Raman spectroscopy enables simultaneous measurement of multiple biopro-
cess parameters within a cell culture or fermentation bioprocess. Raman spectra 
directly report on physical and chemical information, which enable predictive models 
for real-time control of multiple components. In-situ Raman has opened up many 
avenues in upstream and downstream bioprocess analytics because it is robust, 
scalable, and transferable between cell lines, media feedstocks, and process condi-
tions. In this paper, we describe developments in Raman spectroscopy for real-time 
understanding, monitoring, and control in upstream bioprocess operations. Using 
case studies, we show how Raman-based control of glucose and lactate in cell cul-
ture bioprocesses improved understanding for process robustness and realization 
of optimal product quality. During process development, Raman enables adoption 
of quality-by-design principles to define manufacturing design spaces in order to 
demonstrate process robustness and quality. Improvements to viable cell density 
profile and therapeutic product quality has been demonstrated in cell culture bio-
processes employing a Raman-based control strategy. We also describe turnkey 
models developed to account for matrix complexity and facilitate cross-scale model 
transferability. 

316 Raman-Based Bioreactor Control: Building Sustainable 
Applicationss: High Speed Video Analysis Using Common 
Spectroscopy Tools
John Bobiak, Bristol Myers Squibb, 1 Squibb Dr., New Brunswick, NJ 
08903

Robustness and sustainability are goals for any analytical method. As Raman tech-
niques are adopted across different bioprocessing locations, a number of spectral 
artifacts could enter the historical library of spectra. Such sources of spectral varia-
tion may lead to prediction error, and ultimately constrain feedback control applica-
tions. In this presentation, spectral residuals and background simulation exercises 
are discussed as the technical foundation for developing robust methods. A bio-
process control loop is described which uses a combination of paced feeding with 
small, on-demand boluses to maintain a desired glucose concentration.

317 Simultaneous Monitoring of Reactions by NMR, Raman, IR, and 
NIR
Xiaoyun Chen, The Dow Chemical Company, 1897 Bldg. Analytical 
Sciences, Midland, MI 48642, Donald Eldred, Xianghuai Wang, Siyu 
Tu, Li Cui, Paul LaBeaume, Mark Rickard, Jing Liu, Hsu Chiang, Kwan 
Skinner

In this talk we showcase a recent example where we carried out in-situ monitoring of 
a complex network of reactions by combining the power of nuclear magnetic reso-
nance (NMR), Raman, infrared (IR) and near-infrared (NIR). A wealth of information 
can be obtained by such a comprehensive analytical approach. The strength and 
weakness of each technology are discussed.

318 Comparative Review of Keeping Special Microbiology in a Hospital 
Lab vs. Out-Sourcing to Reference Labs
Margaret E. Blaetz, East Coast Clinical Consultants, 977 Reed Ave., 
Franklinville, NJ 08322

Determining when to perform testing in-house or outsourcing to another laboratory 
is a decision laboratory managers make on a regular basis. This question is asked 
not only when evaluating new analysis, but should also be asked periodically of 
all the testing you currently perform in-house. Many factors, including a detailed 
analysis on cost, personnel, time, and other factors, should be reviewed. And every 
decision should account for intangibles such relationships and non-monetary risks 
and benefits. In this session, we walk through the factors to make the decision, 
using a real-life experience in a hospital special microbiology laboratory. At the end 
of this session, you will have developed a template to performing these calculations 
for any test in your laboratory. 

319 Increasing Laboratory Efficiency through In-Sourcing and Out-
Sourcing Strategies
Todd Mitchell, Pace Analytical, 1800 Elm St. SE, Minneapolis, MN 55414

In an ever changing and fast paced global marketplace, companies are challenged 
to respond to demand in a more cost effective and expedient way. This creates 
changes that trickle down into all areas of an organization. Laboratory managers 
and other scientific leaders are therefore challenged to get the most out of their 
limited resources. Out-sourcing and in-sourcing are effective ways to focus resourc-

es and achieve company objectives. The chosen approach must align well with 
business needs. Determining the right option is a complicated and daunting task. 
This session explores various strategies scientific managers are utilizing to achieve 
their organization’s goals.

320 Lab Coat Safety 101: Common Misconceptions Debunked – Top 4 
Things Every College or University Must Know
Pascual Laguerra, Cintas Corporation, 990 Washington St., Dedham, 
MA 02026

In December 2008, a tragedy occurred at the University of California, Los Angeles 
(UCLA) that completely changed the way universities, safety professionals and oth-
ers view laboratory safety. A young researcher was transferring air-sensitive chemi-
cals into a sealed container when the syringe broke and the compound spilled onto 
her sweater, instantly igniting. After more than two weeks in the hospital, the woman 
died from serious burns to more than 40 percent of her body. She was not wearing 
a protective, flame-resistant lab coat at the time of her accident. I cover the three 
other topics during my presentation.

321 Leveraging CRO Relationships to Accelerate New Product 
Development
Scott Hanton, Intertek Allentown, MS: RD1, Dock 5, 7201 Hamilton 
Blvd., Allentown, PA 18195

Contract research organizations (CRO) provide many advantages to enable faster 
new product development, especially when a key hurdle to the new development 
requires skills or capabilities that are not core to the company developing the prod-
uct. CROs can provide access to specialized expertise and capabilities, and enable 
the company to focus on what they do best. This presentation explores different 
aspects of the relationship with a CRO. We intend to emphasize these elements of 
the relationship: Flexibility, Benefits of ‘renting’ over ‘ownership’ for non-core skills, 
Speed, Collaboration, Project management, Cooperative learning, and show how 
finding the right CRO partner can deliver significant benefits to the project.

322 Merck Strategy on Handling Hybrid Assay Coupling Immunoaffinity 
Purification with LC-MS/MS for Peptide Quantification in Regulated 
Bioanalysis to Support GLP TK and Clinical PK Studies
Yang Xu, Merck & Co., MS: WP75B-300, 770 Sumneytown Pike, West 
Point, PA 19486

Technological advances have led to a shift in the preferred bioanalytical strategy for 
peptide quantification from immunoassays to liquid chromatography tandem mass 
spectrometry (LC-MS-MS) based analysis. The major challenges in applying this 
approach to regulated bioanalysis are assay sensitivity, specificity, and ruggedness. 
To overcome these challenges, a hybrid method coupling immunoaffinity purifica-
tion (IAP) with LC-MS/MS has been developed, successfully validated, and imple-
mented in assays supporting good laboratory practice (GLP) toxicokinetics (TK) 
and clinical pharmacokinetics (PK) studies. Due to the lack of regulatory guidance 
for handling hybrid assays at the current stage, our strategy is presented and dis-
cussed. First of all, it is critical to develop a reliable analytical method for success-
ful validation and study support. Our systematic approach allowed us to efficiently 
evaluate assay performance across different species, and improve assay sensitivity, 
specificity, carryover and reproducibility during method development. Secondly, it 
is important to specify the acceptance criteria in a validation plan before initiating 
validation. The data from our validated assays suggested that the proposed criteria 
were reasonable and achievable. Thirdly, incurred sample reanalysis (ISR) is a chal-
lenging indicator that reflects overall assay reproducibility. Our ISR data from the 
in-study support confirmed our confidence in the hybrid assays we developed. This 
strategy is exemplified with successful case studies to demonstrate that the LC-MS/
MS assay significantly improved assay performance and PK characterization of the 
investigational drugs, and contributed significantly to the program development. 

323 Antibody Drug-Target Engagement Measurement in Tissue Using 
Quantitative Affinity Extraction Liquid Chromatography-Mass 
Spectrometry
Eugene F. Ciccimaro Jr., Agilent Technologies 991 Swayze Ave., 
Washington Crossing, PA 18977

We demonstrate a strategy using affinity extraction (AE) liquid chromatography tan-
dem mass spectrometry (LC-MS-MS) to directly measure drug exposure and target 
engagement, two critical pharmacological questions, with a single assay. The assay 
measures total drug and target concentration at the site of therapeutic action, as 
well as measuring the amount of target bound to drug. The case study presented 
applies the strategy to measure drug engagement of a membrane bound recep-
tor that is critical to immune regulation in colon biopsies collected from monkey 
dosed with an anti-target antibody. Unlike other techniques that measure receptor 
occupancy, such as flow cytometry, this technique does not rely on viable cells for 
measurement allowing measurement of frozen samples in a remote setting from 
the clinic. 
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324 Considerations for Assay Platform and Reagent Selection to 
Quantify Endogenous Protein Biomarker; a FGF21 Case Study
Yue Zhao, Bristol-Myers Squibb, Route 206 & Province Line Rd., 
Princeton, NJ 08543

Biomarkers play an important role in different stages of drug development to fa-
cilitate dose selection, demonstrate target engagement, monitor safety as well as 
stratify patients. Developing bioanalytical assays to measure endogenous protein 
biomarkers often poses great challenges, especially when there is a structural sim-
ilar biotherapeutic analog present in the same sample. There are many analytical 
platforms for biomarker quantitation (eg., ligand blot analysis and liquid chroma-
tography-mass spectrometry), and it is essential to understand the purpose of the 
analysis and the questions to be answered so that a suitable assay platform can be 
selected. For example, fibroblast growth factor (FGF21) is an endocrine hormone 
which acts as a regulator of glucose homoeostasis, insulin sensitivity, lipid profiling 
and body weight. This endogenous molecule is under wide investigation as a poten-
tial therapeutic agent for type 2 diabetes as well as other metabolic disorders. Due 
to the short half-life of the native molecule and its proteolytic instability, recombinant 
engineered FGF21 analogs have been generated to improve the pharmacokinet-
ic properties. Endogenous FGF21 can potentially be used as a pharmacodynamic 
(PD) biomarker to assess drug efficacy and safety to facilitate drug development. 
However, the near identical sequence between the native FGF21 and the structural-
ly similar recombinant therapeutic agent, requires a very specific bioanalytical assay 
to differentiate the two proteins. This presentation focuses on a high-level overview 
of analytical assay platform selection, antibody generation and characterization, as-
say development and validation, as well as data interpretation. 

325 Sunit-Level and Intact Analyses of Monoclonal Antibodies from In-
Life Samples: LC-MS Methods for Pharmacokinetic Quantitation, 
Critical Quality Attributes, and Biotransformation 
John Kellie, GlaxoSmithKline, 709 Swedeland Rd., King of Prussia, PA 
19460

For decades a fundamental difference has existed in the manner by which thera-
peutic molecules are quantified from in-life studies based mainly on molecule size. 
Traditionally, small molecule therapeutics and metabolites have been quantified by 
liquid chromatography-mass spectrometry (LC-MS), but large molecule biothera-
peutic quantitation has relied on immunoassay detection or surrogate peptide di-
gestion-based LC-MS. One pitfall to peptide-based LC-MS approaches is loss of 
information from the entire protein due to measurement of only a small portion of 
the molecule. In an effort to analyze all molecules in the same manner regardless of 
compound size, we developed whole-molecule (e.g., subunit-level or intact) LC-MS 
methods to measure the concentration of whole biotherapeutic molecules by exact 
mass and allow for additional quantitation of molecular mass variants. The present-
ed emerging techniques based on intact or subunit-level masses of biotherapeutics 
have multiple areas of application, for example in the critical quality attribute space 
or if biotransformation of the intact molecule is apparent at the intact molecular level 
but not at the peptide level. The data presented here sheds light on the feasibility 
of whole-molecule methods for pharmacokinetic utility, particularly as the data can 
be compared between analytical methodologies, and the reasons for equivalent or 
divergent data between LC-MS and immunoassay approaches can be examined.

326 UHPLC-HRMS Analysis of Theobromine in Theobroma Cacao and 
Chocolates
Katarina Mladenovic, Kean University, 1000 Morris Ave., Union, NJ 
07083, Yuriko Root, Dil Ramanathan 

In 2016, the global chocolate and confections industry has reached a $98.3 bil-
lion net worth. Chocolate companies have desired to present a quality, best-selling 
product to meet the increasing demand of chocolates. However, cacao flavonoids 
that contribute to exquisite taste can be lost through cacao processing. In a previ-
ous study from our laboratory, Headspace gas chromatography mass spectrometry 
(GC-MS) analysis was used to identify flavonoids from Costa Rican Theobroma 
Cacao beans through each step of cacao processing: raw, dried, roasted, and 
100% cacao dark chocolate. Based on the profiling experiments completed via the 
National Institute of Standards and Technology library, theobromine was the major 
component found. Theobromine is a bitter alkaloid/flavonoid beneficial in the treat-
ment of hypertension, arteriosclerosis, and angina pectoris. Quantitative analysis 
on Theobromine was completed on the Thermo Scientific ultra-high-performance 
liquid chromatography (UHPLC) and linear trap quadropole (LTQ) Orbitrap Discov-
ery equipped with an electrospray ionization (ESI) source. To extract theobromine, 
diethyl ether was used to remove existing fats and HPLC grade water was used in 
isolating theobromine. Samples were vortexed and centrifuged to give a purified 
product with 86% recovery yield. A three-minute gradient method was developed on 
the UHPLC- high resolution mass spectrometry to analyze each step of processing, 
commercially available chocolates, and local artisan chocolates.

327 Incorporating Rheological and Tribological Techniques in the Food 
Industry
James P. Eickhoff Jr., Anton Paar USA, 10215 Timber Ridge Dr., 
Ashland, VA 23005, Charlotte Reppich

The formulation of any new food product can be a large undertaking. One most 
also take into account the number of steps that the formulation will see in its life-
time. These include the ease at which the formulation can be processed and most 
importantly the final customer perception. Through each of the steps these steps 
the formulation can see various environmental conditions, such as temperature and 
humidity, as well as different deformations to make the sample flow. Various tech-
niques are available in order to build a framework to understand as well as rank 
the formulation. Two such techniques are rheology and tribology. Both are powerful 
tools that can be used to create this framework. Rheological techniques probe the 
visco-elastic balance of a material to understand the storage stability and flow prop-
erties. Tribology, on the other hand, provides an analytical technique to analyze and 
rank a set of formulations that can be correlated to oral perception scores used by 
sensory panels. In combination both techniques provide can provide a framework 
to understand the influence of subtle changes in a food formulation. A series of food 
products were measured using an array of rheological and tribological techniques 
on a commercially available rheo-tribometer over a range of humidity levels and 
temperatures.

328 Quantitative Headspace Measurement of Volatiles to Semi-Volatiles 
in Dairy Products using Vacuum Assisted Sorbent Extraction 
(VASE) and GCMS Analysis
Daniel B. Cardin, Entech Instruments, 2207 Agate Ct., Simi Valley, CA 
93065, Victoria L. Noad

The headspace of dairy products, including cheese and milk, were analyzed utilizing 
a new technique called vacuum assisted sorbent extraction (VASE). VASE improves 
the recovery of heavier and more polar volatile compounds in nearly any matrix 
analyzed by gas chromatography mass spectrometry (GC-MS). After introducing a 
sample into a 20-40mL vial, a cartridge containing 70mg of Tenax is placed into the 
headspace of the vial using a vacuum tight interface that allows the vial headspace 
to be evacuated to less than 0.01atm, or at least until the pressure needed to boil 
an aqueous mixture at 25 °C. Heavy volatile compounds with low vapor pressures 
having little to no response by classical solid-phase microextraction (SPME) are 
extracted 10-50x more efficiently. Unlike dynamic headspace, which uses an inert 
gas to sweep the volatiles of a sample through the adsorbent bed to concentrate 
and trap analytes, VASE is performed statically. VASE allows the sample and head-
space to come to an equilibrium in a closed system, causing analytes to diffuse 
onto and collect at the very front of the adsorbent bed. Therefore, VASE achieves 
a much better recovery of heavier compounds while eliminating the common carry-
over issues. Once placed under vacuum, the extraction time ranges from minutes to 
hours until equilibrium between the sample and headspace is reached to produce 
complete, reproducible extractions. The results show the extensive range of com-
pounds extracted using VASE and demonstrate its potential as a routine method for 
examining aroma compounds relating to flavor analysis and contaminants in difficult 
fatty matrices of dairy products.

329 Naked-Eye Electrochemical E.coli. Detection 
Kwok-Fan Chow, University of Massachusetts Lowell, 1 University Ave., 
Lowell, MA 01854, Sachintha Wijesinghe, Jung-Min Oh

In this presentation, we report a naked-eye electrochemical E.coli. sensing platform 
that is capable of detecting E.coli. on a working electrode and providing a visual 
readout of the E.coli. concentration on a silver band counter electrode. The display 
mechanism relies on the electrode oxidation of metallic Ag as a complementary re-
action to the sensing reaction. The decrement of the silver band electrode, which is 
clearly measurable with the naked-eye, correlates linearly with the E.coli. concentra-
tion. More importantly, this sensing platform can be operated without any electronic 
instrumentation.

330 UHPLC-HRMS Analysis of Aechmea Magdalenae Rhizome’s 
Antibacterial Activity against E. coli Using Phospholipids as an 
Indicator 
Mirna E. Giron, Kean University, 1000 Morris Ave., Union, NJ 07083, 
Quintin Ferraris, Anima Ghosal, Yuriko Root, Dil Ramanathan

Aechmea magdalenae rhizome is a medicinal plant used by Costa Rican natives. 
With a Perkin-Elmer GC Clarus 680 coupled to an MS Clarus SQ GC-MS, profiling 
was done on the A. magdalenae rhizome. Results showed that it contained a high 
probability of Acetic acid, a known antibacterial compound. In further studies, a 96-
well plate assay was used to determine minimal inhibitory concentration (MIC) of 
the plant extract against Staphylococcus aureus and Escherichia coli. Methanolic 
extraction of A. magdalenae rhizome was performed using a 24 hour solvent re-
placement method for 48 and 72 hours. The extract was centrifuged and evapo-
rated to dryness under rotary evaporation. Then the extract was reconstituted in 
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aqueous 20% dimethylsulphoxide (DMSO) for microbial testing. Bacterial growth of 
the extract treated cultures was examined using two color changing indicators at a 
concentration of 0.1% resazurin and iodonitrotetrazolium chloride (INT) for compar-
ison. Due to colorific interference between the plant extract’s natural pigments and 
the color of the indicator, phospholipids found within the bacterial membrane have 
been looked at as a possible indicator to determine MIC. In E. coli, a phospholipid of 
high abundance is phosphatidylethanolamine (PE). For this reason, fragmentation 
patterns of the phospholipid and its chains were focused on during the experiment. 
Ongoing studies are being done to develop a rapid, sensitive ultra-high performance 
liquid chromatography high resolution mass spectrometry (UHPLC-HRMS) method 
to detect a mass difference of phosphatidylethanolamine (PE) caused by using the 
plant extract as the chemical of inhibition.
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