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NOTE FROM THE DIRECTOR

Shuzo Maruyama

General Manager,

Analytical & Measurement Instruments Division

The new coronavirus (COVID-19) has now
become a global pandemic. Shimadzu Corpo-
ration would like to express our greatest
sympathies to those affected by COVID-19. We
would also like to offer our deepest condo-
lences to the loved ones of those who lost their
lives from the disease.

In order to prevent further spread of the new
coronavirus, we intend to implement measures
in accordance with government instructions for
the safety of our customers, the local commu-
nity, business partners, employees, and others.
At the same time, as a company with the cor-
porate philosophy of contributing to society
through science and technology, we intend to
develop products and technologies that can
contribute to ameliorating the situation.

We recently announced the release of the
“2019 Novel Coronavirus Detection Kit", with
sales beginning on 20th April in Japan. The
“2019 Novel Coronavirus Detection Kit” uses
our unigue Ampdirect technology, which
allows the PCR reaction solution to be added
directly to the biological sample without the
need for extracting and purifying RNA. There-
fore, this detection kit significantly reduces the
amount of work required to prepare samples

and, moreover, halves the overall time required

for PCR detection. Preparations are underway
to export these kits overseas. We will make
every effort to combat this crisis, applying the
full capabilities of the Shimadzu Group.

In this issue, we describe the application of
Shimadzu products in the pharmaceuticals
market. It's highlighted by an interview with Dr.
Mirlinda Biba, Principal Scientist at Merck &
Co., Inc. Dr. Biba was a member of the semi-pre-
parative SFC project team at the Enabling Tech-
nologies Consortium. Shimadzu was selected
by them as a collaborative partner, a partner-
ship that resulted in the development of the
Nexera UC Prep SFC system. This issue also in-
troduces multiple applications using various an-
alytical techniques. These include the use of
LC-MS/MS for the identification of the geno-
toxic impurity NDMA in ranitidine and met-
formin, and the identification of an impurity
related to the ICH Q3D elemental impurities
guideline using ICP-MS and EDX.

At Shimadzu, we are integrating techniques
from analytical instruments, medical systems
and other fields, aiming to contribute globally
at an even deeper level to the advanced health-
care field. We hope that this issue will prove to
be a great help to all of you. Your generous

feedback is always appreciated.

Yours Sincerely,
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REPORT

Interview with Dr. Mirlinda Biba

We interviewed Dr. Mirlinda Biba, a Principal Scientist in the Analytical R&D department at Merck in the United States. She
has been working with Supercritical Fluid Chromatography (SFC) for almost 20 years. She is also a member of the Enabling
Technologies Consortium (ETC) and joined the project to develop a new preparative SFC instrument.

Cross-Pharma Collaboration on the Development and Evaluation of

a New Mid-Scale Preparative Supercritical Fluid Chromatography Instrument
Precompetitive collaborations focused on the development of new technologies for conducting pharmaceutical research
and development are becoming increasingly popular. This article reports on one of the first development projects from

the recently formed Enabling Technologies Consortium (ETC): the creation of a new instrument for carrying out mid-scale
preparative supercritical fluid chromatography purifications.

Application of HPLC in Quality Analysis of Hydroxychloroquine Sulfate

In this study, methods were established for analysis of hydroxychloroquine sulfate and related substances following European
Pharmacopoeia (EP10.0) and for determination of hydroxychloroquine sulfate content in tablets following US Pharmacopoeia
(USP 43). Using a Shimadzu UHPLC system, excellent separation was achieved between hydroxychloroquine sulfate and
impurity C, as well as between impurity B and impurity C referring to the EP assay.

Determination of genotoxic impurity NDMA in Ranitidine by LCMS-8050 and

LCMS-9030

Based on the conditions recorded in FDA documents, we developed a method for the analysis of NDMA in ranitidine drug
substance and capsule preparations using the Shimadzu LCMS-8050 Liquid Chromatograph-Tandem Mass Spectrometer,
and a method using the LCMS-9030 Q-TOF Mass Spectrometer for the reference of relevant testers.

Determination of genotoxic impurity NDMA in Metformin by LCMS-8050 and
GCMS-TQ8050 NX

This study presents the development of three methods to detect NDMA in metformin using the Shimadzu LCMS-8050,
GCMS-TQ8050 NX and GCMS-QP2020 NX, based on the recipe published by the National Institutes for Food and Drug
Control and Health Sciences Authority of Singapore.

The Necessity of Analyzing Elemental Impurities in Drug products, and
Approaches to Their Measurement

This article introduces approaches to analyzing elemental impurities by ICP-MS or EDX-RF based on ICH Q3D (ICH:
International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human
Use, Q3D: Guideline for Elemental Impurity).
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e These article were selected by Shimadzu. Relating pharmaceutical analysis and development, they are from posters
presented at ASMS 2019 and from application notes. They feature a variety of instruments we produce and include
cutting-edge technologies. Please obtain the articles of your interest through the links on the titles.

LATEST TOPICS

Q
Global Pharma Summit 2019 Report

On November 14th, 2019, Shimadzu (Asia Pacific) hosted The Global Pharma Summit in Singapore. This was seventh chapter
of the event, with theme of “Transforming the Future of Pharma”. The event brought 103 pharmaceutical industry leaders,
health-care providers and researchers to Singapore from 20 countries around the world.

@ Shimadzu Scientific Instruments Partners with Northern Michigan University to
Support Medicinal Plant Chemistry Program

Shimadzu Scientific Instruments (SSI) and Northern Michigan University (NMU) have partnered to establish the Shimadzu
Analytical Core Laboratory for Medicinal Plant Sciences. Through this collaboration, SSI has donated instrumentation for
the laboratory to support NMU's first-in-the-nation medicinal plant chemistry program.

Shimadzu and Providence Cancer Institute Partner to
Advance Cancer Inmunotherapy Research

@ Latest Topics 3

Shimadzu Corporation (Shimadzu) and the Earle A. Chiles Research Institute, a division of Providence Cancer Institute
(Providence) in Portland, Oregon, have entered into a joint research agreement to apply mass spectrometry technology
to develop tools for personalized cancer immunotherapeutics.

@ Latest Topics 4

Celebrating 50 Years of Mass Spectrometry Innovation

The year 2020 marks 50 years since the release of Shimadzu’s first mass spectrometry device, the LKB-9000.
To celebrate this occasion, Shimadzu is planning a number of activities throughout the year.

NEW PRODUCTS

LCMS-8060NX, UV-i Selection, Shim-pack Bio HIC
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Dr. Biba, thank you very much for
spending some time for this interview.
Please tell us a little bit about yourself
and how you got involved in the project?

ence. | have been working with supercritical fluid |

Merck in the Process Chemistry department in 2001

and worked in Dr. Chris Welch’s Separations lab. The
group had just acquired one of the first Multigram I
preparative SFC systems by Dr. Terry Berger and this
became my first project. During that time, chiral chro-
matography was key for delivering enantiomerically
pure compounds for pharmaceutical development and
clinical studies. Due to its unique selectivity for chiral
resolution, speed, and ‘greener’ approach compared to
preparative HPLC, preparative SFC quickly became the
technique of choice for preparative chiral separations.
Over the years, the use of preparative SFC has expanded
to achiral separations, impurity isolations, and more re-

cently for pep- tides and proteins. Pre-

parative SFC is now widely used in the

pharmaceu- tical industry for small
scale purifications to sup-
port drug discovery and development.
The rapid growth of preparative SFC
~area led to a few startup companies en-
S el : tering the market-
place, and smaller

companies merging

chromatography (SFC) for almost 20 years. | joined T

INSIGHT from CUSTOMER

or  continu- ously being acquired by

larger  ones |# 'which ultimately led to

established

r

pg/ Products becoming un-
P available. Therefore, re-
placing aging or obsolete
instruments was  diffi-
cult with the few
I suitable  options
available. As a result, '
preparative SFC users
who were participating members of Enabling Technologies
Consortium (ETC) got together to solve this problem.

Could you outline the project and
let us know why the project was started?
Why was Shimadzu selected as the partner?

Preparative SFC users across the pharmaceutical indus-
try were faced with the challenges to replace aging and
obsolete instruments and felt that the available instru-
ments on the market had some limitations and did not
meet their requirements. In order to address this prob-
lem, participating members of ETC got together and
created a request for information (RFI) for developing a
new preparative SFC instrument that would meet their
list of requirements. The team generated a list of de-
sired features, including both hardware and software
The RFlI was published
through the ETC website in July, 2016 and received in-

instrument specifications.

terest from a number of potential suppliers. After care-
ful review and discussions with several vendors, the

Shimadzu Journal vol.8 Issuet



team selected Shimadzu Corporation as the partner for
this collaboration and the project was initiated in April,
2017. The ETC team selected Shimadzu Corporation as
the partner for this collaboration project based on con-
siderations of technical expertise, anticipated project
timeline, and overall collaborative spirit.

As the leader of the project, was there any
difficulty in managing the project?

This was one of the very first projects that was initiated
by the new Analytical and Purification Working Group
of ETC. So some of the general
guidelines were not well estab-
lished yet and this project
became the pilot for this work-
ing group. There was also a lot
of interest from all participating
ETC members to join this proj-
ect and ultimately we had a
large group of over 30 partici-
pating members from 10 major r*i‘
pharmaceutical companies.
Given this large and di-
verse SFC user group,
initially there were
some differences of
opinion for the
/’ﬂ desired system specifications, where
/ some team members preferred a larger
scale prep SFC instrument while others

were more interested in a smaller scale system

ﬂ capable of high-throughput milligram scale

" ,w with an open bed fraction collector. However,

in order to have a successful collaboration, the
team needed to align and focus on the development of
a prep SFC instrument with the most important current
need for all participating companies, so the team
agreed on the development of a semi-preparative
scale SFC instrument. This was a highly collabo-
rative team which met regularly for monthly tele-
conference meetings and a few in-person meetings.
All participating members provided regular and great

feedback to the Shimadzu teams the product

INSIGHT from CUSTOMER

development progressed and overall it was a very suc-
cessful collaboration.

Now that the Nexera UC Prep system has been
released, could you provide a review of the
instrument and explain the key features that
are important and unique to the Nexera UC
Prep? Are there any additional features that
you would like to see in the future?

The new Nexera UC Prep system was developed based on
SFC user feedback and desired instrument features and
specifications. The ETC project
team was very pleased with the
provided features and overall
design of the system. The over-
all footprint of the new instru-
ment is considerably smaller
than most conventional prep
SFC systems. The system also
appears to be quiet, which is
' ( very important for labs that
.. have multiple prep SFC instru-
ments. The new Nexera UC
Prep system also does not con-
tain an external chiller, which
can be large and take up a lot
of valuable laboratory space,
create a lot of noise, and can be prone to leaks and spills.
Some of the other key features of the Nexera UC Prep
system include the novel gas-liquid separator for im-
proved recovery and ease of use and cleaning, a newly
designed fraction collector that can be customized per
customer needs, and an innovative injector flow path for
on-column  dilution
shape and loading.

B
.

to help with peak
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Software control that is simple and user-friendly is
also very important and the newly developed Prep Solu-
tion software provides some key important features.
The method editor function allows the user to quickly
build a method and input all key method parameters,
including fraction collection by slope, threshold, and
time. The instrument monitor function allows the user
to view the complete status of the system and be able to
make on-the-fly changes, which is very important for a
prep SFC instrument to minimize downtime and maxi-
mize recovery and productivity. The data viewer func-
tion allows the user to visualize previously collected

chromatograms and compare data files.

Some additional features to see in the future that might
be of interest to many preparative SFC users include the

mass spectrometry directed preparative purifications,

INSIGHT from CUSTOMER

ability to install and run multiple columns, and open bed

fraction collection for high-throughput purifications.

Finally, could you share Shimadzu's strengths
compared to other vendors (not limited to the
instruments)?

Shimadzu has an amazing team of hardware and soft-
ware engineers that are highly innovative and profes-
sional, collaborative, and great to work with! More
importantly, they listened to every user feedback, were
flexible and open to any suggestions, and tried to pro-

vide solutions based on customer needs.

It was significant to know what you think
of us and our collaboration. We will strive
to meet your expectation more than ever.
Thank you very much.

@ Learn more about Nexera UC Prep:
https://www.shimadzu.com/an/hplc/nexera/prep_uc/index.html

Semi-Preparative SFC project team members representing Shimadzu and Enabling Technologies Consortium
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Cross-Pharma Collaboration on
the Development and Evaluation of
a New Mid-Scale Preparative
Supercritical Fluid Chromatography Instrument

Mirlinda Biba,* Mengling Wong,* Anne Akin,* Eric T. Manning,* Lisa Schaffter, Larry Miller, Yingru Zhang, William Farrell, Jimmy O. DaSilva, Lisa Nogle,

Benjamin Hritzko, Frank Riley, Robert P. DePianta, Kevin Barry, Donghong A. Gao, Eric Seest, Meenakshi Goel, Loanne Chung.,James Paulson, Heewon Lee,

Douglas B. Moore, Shuping Dong, William Leister, Nobumitsu Fukushima, Andy Sasaki, Timothy Lee, Takayuki Iriki, Masayuki Nishimura, Masami Tomita,
Michiaki Owa, Katsuhiro Tanaka, Tomohiro Shagawa, Thomas J. Moran, Takeshi Bamba, and Christopher J. Welch

WUETEE®  Precompetitive collaborations on the development of
new enabling technologies for conducting pharmaceutical research and
development are becoming increasingly popular, as pharmaceutical
companies recognize the economic and practical benefits of cross-
industry collaborations. We report here one of the first new technology
development projects from the recently formed Enabling Technologies
Consortium, the creation of a new instrument for carrying out mid-scale
preparative supercritical fluid chromatography purifications. Input from
a team of experienced separation scientists from 10 pharmaceutical
companies helped to define a set of critical product attributes that
provided guidance to a team of instrument developers in the creation
of a new instrument prototype, with testing and feedback from the
group helping to improve and refine the final product features. Two beta
test units were placed in laboratories at two ETC member companies,
allowing for an in-depth performance testing, following an extensive
testing procedures developed by the project team. The evaluation results
showed that the system met all required specifications. We describe here
the development and testing of the new instrument and provide several
examples of its use in carrying out chromatographic purifications in
support of pharmaceutical discovery and development research.

preparative supercritical fluid chromatography, Enabling
Technologies Consortium, cross-pharma collaboration, chiral separation

Introduction

Precompetitive collaborations on the development of new enabling
research technologies are becoming increasingly popular in the
pharmaceutical industry.' In addition to the financial benefit of cost
sharing across multiple participants, the collective identification
and articulation of technological needs can give potential solution
providers a clear understanding of what is needed, with joint tech-
nology evaluation facilitating the creation of new research tools that
better fit the demands of a broader group of end users. The Enabling
Technologies Consortium (ETC) was founded in 2015 to enable the
rapid, collaborative development of new enabling technologies for
pharmaceutical development and manufacturing. >** Although sev-
eral information-sharing projects have already been reported,** we
now report the first ETC project, which has resulted in the develop-
ment of a new commercial instrument for pharmaceutical research.

The creation of a semipreparative supercritical fluid chroma-
tography (SFC) purification instrument addresses an important,
long-standing, and somewhat unusual capability gap identified
by the Analytical and Purification Working Group of the ETC.

Shimadzu Journal vol.8 Issuet
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Table 1. Instrument Conditions for Protocol Tests

(&

Test

Constant Instrument Parameters

Varied Instrument
Parameters

Test Notes

Cosolvent Pump
Linearity

No column; Flow rate: 100 mL/min
Cosolvent: 1% acetone in methanol
BPR: 100 bar; Heat exchanger: 40°C;
Wavelength: 272 nm

% of co-solvent
0, 20, 40, 60, 80, 100

Equilibrated system for 5 minutes after each increase
of cosolvent before measuring the absorbance value
Repeat test at 150 bar

Injector Linearity and
Precision

Standard: ibuprofen 10 mg/mL in methanol
Column: 2-EP (150 mm x 21 mmi.d., 5 pm)
Cosolvent: 15% methanol with 0.1%
ammonium hydroxide

Column oven: 40°C

Heat exchanger: 40°C; Heat exchanger:
40°C; BPR: 100 bar; Wavelength: 254 nm

Injection volumes:
0.5,2,25,4,5,6,7.5,8mL

Linearity at flow rate: 125mL/min
Loop sizes of 2, 5, and 10 mL

Injection volumes:
150, 250, 350, 500, 750, and
1000 pL

Linearity at low flow rate: 70 mL/min
Loop size 2 mL.

Injection volumes: 0.05, 0.2,
2.0, 8 mL

Injector precision at low flow rate: 70mL/min
Made 7 injections at each volume, calculated RSD of
last 5 injections

Cosolvent Pump
Volumetric Flow Test

No column; CO: supply turned off
Cosolvent: 100% methanol; BPR: 150 bar

Flow rates: 2, 25, 50, and
100 mL/min

Equilibrated system for 5 minutes at each flow rate
and then a graduated cylinder was used to collect the
flow for 1 min at each flow rate

UV Detector Accuracy
Test

No column; Flow rate: 30 mL/min;
Cosolvent: 100% methanol; Column oven:
40°C

Caffeine and anthracene at
10 mg/mL
(2 mL injection)

Spectrum of each compound was observed and
spectral max and min were recorded

BPR Accuracy

No column; Flow rate: 100 mL/min
Cosolvent: 20% methanol; Column oven:
40°C

BPR at 100 and 200 bar

Evaluated using calibrated pressure gauge after
equilibrating at each set point for 5 min and with one
single measurement at each setpoint

Oven Temperature
Accuracy

No column; Flow rate: 0 mL/min; Mobile
phase: 100% CO.

Temperatures: 16, 20, 40
and 80°C

Evaluated using a temperature probe inside the oven
after equilibrating at each set point for 5 min and with
one single measurement at each setpoint.

Injector Carry-over Test

Column: 2-EP (250 mm x 21 mm i.d., 5 pm)
Flow rate: 70 mL/min; Cosolvent: 10%
methanol

Injection volume: 0.5mL; BPR: 100 bar;
Column oven: 40°C; Wavelength: 220 nm

Using two standards,
caffeine and anthracene,
both at 10 mg/mL

The injection sequence included two methanol
blank injections, a caffeine injection, an anthracene
injection, then 3 methanol blank injections. Collect
each injection as a separate fraction and assay each
fraction with HPLC for caffeine and anthracene.
Repeated test with 2 mL injection volume

Fraction Collector Cross
Talk

Standards: ibuprofen and ketoprofen each
at 50 mg/mL in methanol

Column: 2-EP (150 mm x 21 mm i.d., 5 pm)
Flow rate: 70 mL/min; Cosolvent: 15%
methanol

BPR: 100 bar; Column oven: 40°C;
Wavelength: 220 nm

Injection volume: 2 mL

Equilibrated system for 10 minutes. Injected
ibuprofen and collected entire 5-minute run in fraction
2. Injected methanol and collected in fraction 3 for

5 minutes. Injected ketoprofen and collected in
fraction 4 for 5 minutes. Repeated sequence until all
10 fractions are collected. Collected fractions 2-10
two more times using the same sequence. Diluted
collected fractions with methanol to 250 mL and
analyzed for cross talk.

Fraction Recovery Test

Peak Area
Reproducibility

Retention Time
Reproducibility

Standard: ibuprofen ketoprofen each at 50
mg/mL in methanol

Column: 2-EP (150 mm x 21 mmi.d., 5 ym)
Flow rate: 70 mL/min; Cosolvent: 15%
methanol

BPR: 100 bar; Column oven: 40°C;
Wavelength: 220 nm

Fraction collection based on
time windows, slope, and
threshold

Made 5 injections collecting peak A in fraction 2 and
peak B in fraction 4 for each run. Diluted each fraction
to 100 mL with methanol and re-injected each diluted
fraction 7 times using the last 5 injections to determine
mean values for retention time and peak area.

Diluted the 50 mg/mL ibuprofen/ketoprofen standard
to 5mg/mL and injected 7 times using the last 5
injections to calculate average peak area. Calculated
recovery by comparing the peak areas of the collected
fractions to the peak areas of the diluted standard

Gram-scale preparative SFC purifications have been widely used in
the pharmaceutical industry for nearly 20 years and have become
an important enabling technology for the rapid exploration of ste-
reochemical complexity in drug discovery and development.”!
The rapid growth of the field led to a tumult in the industry supply-
ing instrumentation to carry out this task, with startup companies
entering the arena, small companies merging or being acquired
by larger ones, new products entering the marketplace, and es-
tablished products becoming unavailable. An upshot of this flux
was the disappearance of one of the standard instruments for car-

rying out mid-scale SFC purifications, leaving few suitable options

in the marketplace for the replacement of aging units. To address
this problem, the participating ETC members created a request for
information (RFI) for a project aimed at development of a new
preparative SFC instrument meeting a prescribed list of specifica-
tions. The group publicized this request through the ETC website
and received expressions of interest from a number of potential
suppliers. Subsequent review and discussions with several vendors
led to the commission of a collaborative development project with
Shimadzu Corporation. We now describe the results of this collab-
oration on the development and testing of this new preparative

SFC instrument, providing several examples of its use in carrying

Shimadzu Journal vol.8 Issue1



out chromatographic purifications in support of pharmaceutical

discovery and development research.

Experimental section

Two beta test models of the Shimadzu semipreparative SFC in-
struments were used for this work and installed on-site at two ETC
member companies. Each unit consisted of a CO2 pump with an
integrated chiller, cosolvent pump, make-up pump, column oven,
back-pressure regulator (BPR), diode array detector, syringestyle
injection system, and a very versatile fraction collection system
with a novel gas-liquid separation (GLS) system. The system
is controlled through PrepSolution and LabSolutions software.

Table 2. Desired Prep SFC System Features and Specifications

instrument feature

desired instrument specifications?

column size

2-3 cmi.d. x 25 cm length

flow rate

CO2 pump: 25-200 mL/min
modifier pump: 1-100 mL/min

modifier pump

minimum modifier percentage of 5% across the entire
flowrate range (25-200 mL/min)

solvent selection valve on modifier pump allowing
selection and mixing multiple modifiers

outlet pressure

programmable up to at least 200 bar

column temperature

efficient temperature control up to at least 60°C

Injector

modifier or mixed-stream mode
loop/syringe pump (0.5-10 mL)

total time for injection less than one minute
stacked injection capability

fraction collection

6-8 fractions + waste

low-pressure with visible GLS (allow fast visual
assurance that system is operating correctly and for
cleaning verification)

separate ventilated collection cabinet to allow up to at
least 2 L collection vessels

fraction collection
settings

point and click time point settings from saved
chromatogram

fraction collection
triggering

UV and/or MS using time, slope, and/or threshold
manual fraction collection option

method editing

simple, graphical (visual), “on-the-fly” editing

Detection

UV (190-700 nm)
other: MS, CAD, ELSD, polarimeter, and so forth.(optional)

CO: recycling option

available as an option

GMP qualification

available as an option

Safety

shutdown triggers: leak detection in collection cabinet
(both liquid and CO), high pressure on CO. and modifier
pump and on column, high temperature on column
secondary containment in collection cabinet

Footprint

Benchtop
modular components to allow flexibility in stacking
separate collection cabinet

Service

response time in less than 2 days
local service technician
reasonably priced service contracts

system control

Windows 7 or higher operating system
external PC preferred

2The desired instrument specifications listed here are the minimum requirements from
the SFC users for the development of a new prep SFC instrument, which were listed in
the RFI. All detailed instrument specifications for the final product can be found in the
product brochure.?®

Insight from customer / Report
(P,

A commercial version of the instrument is now available as the
Nexera UCPrep SFC.22%

Testing of the instrument was conducted in two phases. In the
first phase, the prep SFC instrument was tested against a protocol
developed and agreed upon between the participating ETC mem-
bers and Shimadzu Corporation. Details of the protocol tests are
found in Table 1. In the second phase, the system was tested using
“real-world” development samples to see how it compared to other
instruments currently used in the two labs.

Model compounds, caffeine, anthracene, ibuprofen, ketoprofen,
and trans-stilbene oxide (TSO), were obtained from Sigma-Aldrich,
St. Louis, MO. The solvents, methanol and acetone, were obtained
from EMD, Temecula, CA. Carbon dioxide was obtained from
Praxair, San Francisco, CA. Compounds depicted in Figures 7-9

are from ongoing projects under investigation in these laboratories.

Results and discussion

The preparative SFC project originated in the analytical and puri-
fication working group of ETC. Interested members in the working
group from several pharmaceutical companies formed a project
team and met to decide on target specifications. Given the large
and diverse user group, some differences of opinion on desired
specifications and features of the targeted prep SFC instrument
were perhaps inevitable. Some project team memberswanted
larger scale prep SFC systems that could accommodate preparative
columns up to 10 cm in diameter while others were interested in
systems capable of high-throughput milligram-scale mass-directed
purification with an open-bed fraction collector. The project team
soon settled on the development of a semipreparative-scale SFC
system with features illustrated in Table 2 as representative of the
most important current need for the participating companies.

In addition to the features outlined in Table 2, the ETC project
team agreed that safety, affordability, ruggedness, dependability,
and ease of use would be critical attributes for success of the project.
Interestingly, a group dynamic soon evolved that coalesced around
a shared vision for a successful outcome. Individual requests to add
new features or capabilities were considered, when consistent with
this shared vision, but were overruled when jeopardizing cost, de-
velopment of timeline, safety, or ease of use.

When clear on the project requirements, the group issued a
RFI, which was announced via publication on the ETC website
and a press release in July 2016. The project team reviewed sev-
eral responses and selected three suppliers to submit a formal pro-
posal. The ETC group ultimately chose Shimadzu for the project

partner based on considerations of technical expertise, anticipated

Shimadzu Journal vol.8 Issue1
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Figure 1. Flow diagram of the new preparative SFC instrument.

project timeline, and overall collabora-
tive spirit. In April 2017, ETC signed a
collaboration agreement with Shimadzu,
and the project began in earnest. One of
the key benefits of the ETC mechanism is
that it allows for multiple ETC member
companies to engage in a collaboration
with a third party as a single entity. It was
noted by Shimadzu that the execution of
the legal framework defining this collab-
oration was streamlined by the ability to
negotiate with ETC versus the effort that
would have been required negotiating
with all of the participating ETC members
on an individual basis. Furthermore, an-

other key benefit of the ETC mechanism

Figure 2. Key hardware features of the new mid-scale preparative SFC instrument. (a) Photo of final

product design, (b) innovative gas-liquid separator with branched channel design improves sample re-

is that from an individual company per-
spective, the shared funding mechanism
afforded by ETC allows for more work to
be accomplished for only a fraction of the
necessary monetary investment relative to accomplishing the same
work alone.

The participating ETC members next met with Shimadzu sci-
entists and engineers to discuss many of the key hardware and
software design details. In addition to face-to-face meetings and
teleconferences, ongoing discussions between seasoned prep SFC
users and instrument designers were very important. When the
project team reached general agreement on the design specifica-
tions, the Shimadzu design team undertook the creation of a new
instrument prototype. Ongoing discussions between participating
ETC project team members took place over the next few months,
as the project progressed. In particular, the software development
team spent a lot of time learning about detailed workflows from the
experienced SFC users to better understand why certain features

were needed and how to best implement them into the software.

covery and reduces formation of aerosols, (c) an internal chiller within the instrument eliminates the re-

quirement for a large, noisy, and spill-prone external chiller, reducing the overall instrument footprint.

A precommercial prototype instrument embodying most of the
anticipated features of the commercial instrument was first eval-
uated by participating ETC members in May 2018 at Shimadzu
headquarters in Columbia, MD (Figure 1). An overall assessment
was conducted, and feedback and requested improvements were
collected by Shimadzu hardware and software engineers. Subse-
quently, beta test units incorporating these design changes were
placed within laboratories at two ETC member companies, al-
lowing for in-depth performance testing and evaluation under re-
al-world conditions.

The ETC project team was pleased with the overall design and
functionality of the new instrument (Figure 2a). The newly designed
preparative SFC instrument also included some improved hard-
ware features. A new patented technology for the GLS provided

increased recovery as well as ease of use and cleaning (Figure 2b).
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Figure 3. Snapshots from the newly developed PrepSolution software including (a) method editor and (b) instrument monitor. Data viewer is not shown.

An innovative injector flow path for on-column dilution was added
to help with the peak shape and sample loading on the column.
Finally, an internal chiller was used, instead of the typical exter-
nal chillers found with conventional preparative SFC instruments,
which provided a more compact bench-top design with a reduced
footprint (Figure 2c). The system was also quiet, an important
consideration, especially when a number of SFC instruments are
placed in a single room.

Similarly, software was a very important part of the project,

where the user input was critical to achieve the desired level of
user-friendliness. Following an agile approach allowed participat-
ing members to collaborate every month to view the progress of
the software and to provide insightful feedback. Active discussions
between the participating members allowed the developers to
create a user experience that combined expected software features
with ease of use. Three independent software components were
integrated in the final design for the instrument including method

editor, instrument monitor, and data viewer functions (Figure 3).
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Figure 4. Performance evaluation of the beta test instrument showed excellent performance for injection, mobile phase pump, and detection

features. (a) Injector linearity at 70 mL/min was evaluated, and an R? of 0.998 was determined with the injection volumes ranging from 150 to
1000 pL. (b) Injection precision with 0.28% RSD of retention time, and 1.0% RSD of area was achieved for a 750 pL of injection. The table on
the right was generated directly from the LabSolution software. (c) Cosolvent pump volumetric flow test was carried out at four different flow
rates at 2, 25, 50, and 100 mL/min. The linearity R? is 0.999. (d) Cosolvent step gradient was tested at 0, 20, 40, 60, 80, and 100% cosolvent,

which is 1% acetone in methanol, at a 100 mL/min total flow rate. (e,f) UV detector accuracy tests were carried out for low and high wavelengths

using caffeine and anthracene, respectively. The photodiode array detector wavelength accuracy is 1 nm, and spectral resolution is +1.4 nm.

All details for these tests can be found in the Experimental Section, as shown in Table 1.

The method editor function (Figure 3a) allows user-defined con-
struction of preparative chromatographic methods under a variety
of injection, detection, collection, and gradient scenarios including
stacked injection, manual sample collection, and sample collection
via defined stop-start times or by the detector threshold or detec-
tor slope within time windows. In addition, a simulator subroutine
allows the use of a previously collected chromatogram to facilitate
the creation of new method injection and collection parameters.

The instrument monitor function (Figure 3b) provides the user
with a complete picture of the status of the operating instrument,
providing readings on the flow rate, modifier percentage, back
pressure, temperature, absorbance, fraction collector valve posi-
tion, and so forth. Key instrument settings are also adjustable on-
the-fly by the user, including total pump flow, modifier percentage,

make-up pump flow rate, injection parameters, oven temperature,

BPR setting, fraction parameters, and fraction collector valve po-
sition. On-the-fly adjustment of these parameters allows users to
fine-tune instrument settings during prolonged stacked injection
sequences, thereby minimizing downtime and maximizing pro-
ductivity. Ongoing interactions between participating ETC project
team members and Shimadzu engineers over a number of months
were important in creating capabilities and a user interface that
enabled top performance.

Finally, along with the PrepSolution control software, a new
data viewer was created that allows the user to visualize previously
collected chromatograms, including the ability to load and com-
pare several different data files to enable comparisons over time.
The data viewer allows the user to easily compare collected peaks
across injections of a single stacked injection data file or across mul-

tiple single-injection data files.
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Figure 5. Performance evaluation of the BPR, oven, and injection carryover: (a) the BPR accuracy was determined using a calibrated pressure

gauge at 100 and 200 bars. (b) Oven accuracy was evaluated using a temperature probe inside the oven at the following temperatures: 16, 20, 40,

and 80°C. (c) Fraction collector cross-talk was evaluated to determine carryover from fraction-to-fraction using ibuprofen and ketoprofen. There

was no observed cross-talk between each fraction collected. Additionally, there was no observed carryover from injection-to-injection (data not

shown). (d) System performance was evaluated for overall recovery, peak area, and retention time reproducibility for fractions collected based on

retention time windows, threshold, and slope values. Details for these tests can be found in the Experimental Section.

With these hardware and software features in place, the project
team’s next objective was to test the performance of the instrument.
Initial testing focused on the simple protocols to ensure the proper
functioning of the various hardware and software components of
the instrument. Suitable performance was observed for a number
of parameters, including detector linearity, minimal injection car-
ryover, suitable sample recovery and precision, variability of flow,
back pressure, temperature, and injection volume (Figures 4 and 5).

System stability was investigated by making a series of injections
with each run consisting of 50 stacked injections of TSO. Over the
course of 48 h of continuous running, more than 1750 injections

were made. Overlaying chromatograms from the beginning,

middle, and end of the sequence, showed no drift in retention times
or changes in peak shape (Figure 6), indicating that the instrument
is rugged enough to run for several days without issue.

Given the satisfactory performance of the prototype instrument,
we next investigated instrument performance in the purification of
a number of “real-world” samples. Figure 7 shows representative
chromatograms from the resolution of the enantiomers of 385 mg
of a proprietary development c