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Turn Crisis into Opportunity

In my opinion, Chinese is the most sophisticated language
in the world. It embraces wisdom and philosophy in each
character. For example, in Chinese, the word for ciisis is

. It is made up of two characters: meaning  peril
and meaning opportunity’. What does that tell us? In a
situation that reaches a difficult or dangerous point,
opportunity exists. Danger and opportunity are like the two
sides of the same coin, they coexist. Which way does it tip? It's
all up to you. A mishandled opportunity becomes a c risis, and
a well-managed crisis becomes an opportunity. This CACSC
issue takes on this challenge and addresses critichissues in
this challenging time.

The feature article titled “Membranes: Tools for
Implementing More Energy Efficient Separations” by Dr.
William J. Koros describes the opportunity and chal lenge for
innovation in large scale separations processes forproduction
of commodity chemicals, fuels, and water. Dr Koros shows
that energy intensity and carbon dioxide emissions associated
with separations to provide the above necessities ®uld be
reduced by a full order of magnitude via membrane
separations. Drs. Junhua Tao and Zhenming Chen in teir
article titled “Add Life to Chemistry” describe the critical role
of green chemistry in achieving improvements in pro cess
efficiency to reduce both wastes and operation cost Their
review will focus on recent applications of biocata lysis in the
production of pharmaceuticals, fine chemicals, poly mers, and
in biomass conversion. In the third feature article Dr. Kasem et
al. present photolysis studies in basic colloidal nanoparticles of
ZnO aqueous suspensions. Dr. Yao-Qun Liet al.in their review
article indicates that synchronous fluorescence tednique is an
important analytical technique of choice for the si multaneous
measurement of multi-components mixtures with serio usly
overlapping spectra. Finally the introductory revi ew article by
Dr. Xiaorong Liang et al provides insights on the dried blood
spot (DBS) — a simple and effective blood sampling technique
that has been receiving ever increasing interest flom
pharmaceutical industry during the recent years and is now
gaining its popularity in biomedical and clinical r esearch.

For students who have majored in chemical engineering,
you may be asking yourselves how you should face the current
tough conditions and succeed despite the brutal competition.
You may find great advice from Professor James Weiin the
article “Turn Crisis into Opportunity: Chemical Eng ineering

Education in the United States” in Career Development session.

The other article in this session entitled “Brighte ning the
Future Energy Use” provide a thorough inside look o f ENN
Science & Technology Co. Ltd., a rising star entergise in
development of key proprietary technologies in the production
and application of clean energy.

It is never an easy job for women to excel in a mak
dominated world, such as science and engineering. It takes an
immense amount of hard work, determination, courage ,
passion, and dedication. You will find testimony in the profile
article “Be Yourself” for Professor Yan Li from Peking
University.

In another profile article, the story of Dr. Xiongw ei Ni will
give us a better insight into his career path and how he
becomes a world-renown researcher in the field of oscillatory-
baffled reactors and crystallisers.

In the Awards Recognition and News section, you wil |
find a slew of interesting and inspiring news in re lation to
Chinese scientists honored and eventual news.

I would like to draw your attention to two news art icles in
this section. The first is titled “A Sign of Fundam ental Shift in
the Pharmaceutical Industry.” The article highlight s the trend
of major drug companies making more cuts to their i nternal
research operations in the US and Europe, while expanding
their R&D operations in China. The second article is “China
Ascendant,” which indicates that China is on a scientific roll.
This past year, China became the world leader in teems of the
number of chemistry patents published on an annual basis,
according to Chemical Abstracts Service (CAS).

As a thank-you note, | would like to expresses my
gratitude to the authors of feature articles who pr esented
excellent research results and reviews in the late$
development. My kind words go to Patricia Sun who w rote
enlighting interview article for Proferssor James Wei and
profile article for Profess Yan Li; and to Shenshen Cai and
Huifen Gao who jointly wrote the profile article of Professor
Xiongwei Ni, which captured Professor Ni's career p ath in
following his dreams. | would also like to thank Da nnette
Nusbaum of Indiana University Kokomo for spending t ime to
conduct an English review of several articles. Finally, the last
thank-you goes to my editorial team including Yu-lu an Chen,
Lubo Zhou, Songwen Xie, Shawn Chen, Haiyan Wang and Rob
Brendel. The CACSC would not have the same quality or
standards without them.

Enjoy your reading and thanks for your continued
support!

=

Dr. (Frank) Xin Zhu
Editor-in-Chief
Sr. Fellow, UOP LLC
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Abstract

Escalating global demands for water, fuel and chemical commodities will continue to be driven by popul ation growth and global
economic development. Using conventional thermally -driven separation technology to meet these demands will greatly increase
global energy consumption and carbon dioxide emissions. In principle, energy intensity and carbon dio xide emissions associated
with separations to provide the above necessities ®uld be reduced by a full order of magnitudesia membrane separations. If capacity
expansions take place using energy-inefficient conventional separation technologies, an opportunity wi Il be missed, since subsequent
displacement of such installed capacity will be economically difficult to justify. In fact, the curre nt economic slowdown offers a
window of opportunity to prepare, test and certify more advanced devices to ensure their readiness forcoming expansion needs.
While membranes based on diverse materials could saisfy much of the broad spectrum of separation needs, they face greater hurdles
than are generally acknowledged. Clearly, technology gaps preventing production of economical large scale membrane modules
based on advanced materials are part of the problem and this discussion will focus on these issues. In addition, nontechnical hurdles
that seriously impede closure of these technical ggps will be mentioned as well. Recent awareness by gvernments is encouraging. A
previous successful example where major nontechnicd hurdles were overcome is offered by reverse osmoss technology for water
production where visionary but practical leaders ca talyzed change. Promoting a similar perspective would reduce industry’s large
carbon footprint, save energy and provide competiti ve advances in a carbon-constrained world. This overview considers how to
address hurdles to realistic progress in separations energy efficiency.
Introduction

defects relies upon “micro-morphology control”, and this topic

Micro filtration

An opportunity exists to innovate in large scale separations
processes for production of commodity chemicals, fuels, and
water. Water purification technology has developed more
rapidly than for non-aqueous systems, due in part to the less
demanding size discrimination between the rejected and
permeated species involved in aqueous system [1].  Although
clearly only a part of the picture, understanding s eparation
issues in the well-studied US case where the industial sector is
responsible for 33% of total energy consumption is helpful to
gain a perspective. Over 40% of the energy consumgion in the
massive chemical and refining and petrochemical industry is
consumed by separation processes [2]. Worldwide, gowth of
commodity production facilities will mirror this fi gure if
alternative approaches such as membranes are not itroduced.
To be effective in minimizing global energy use, alternatives
must be introduced prior to installation of energy inefficient
thermally intensive processesindeed if energy inefficient process
are installed, their long (30-50 year) useful lives will require
regulatory intervention to force their replacement. In fact,
despite more than a 10X higher energy efficiency of membranes,
the old thermal desalination plants remain in use. The same
situation is expected in the chemical and petrochemical industry
if scale up to handle global capacity expansion is done by
conventional thermally intensive approaches. This reality
places added urgency to the need for expedited devdopment of
membrane-based processes that expand beyond traditonal
aqueous purification of brines and micro or ultra f iltration of
aqueous feeds.

For a given driving force, minimization of the memb rane
resistance requires the smallest possible effective membrane

thickness, The ability to minimize without introducing

impacts virtually all membrane applications.
(MF) and ultrafiltration (UF) involve contacting th e upstream
face of a porous membrane with a feed stream contaning
particles or macromolecules (B) suspended in a low molecular
weight fluid (A). The pores are simply larger in M F
membranes than for UF membranes. A transmembrane
pressure difference motivates the suspending fluid (usually
water) to pass through physically observable permanent porem
the membrane. The fluid flow drags suspended parti cles and
macrosolutes to the surface of the membrane where hey are
rejected due to their excessive size relative to tle membrane
pores. This simple process concentrates particles or
macromolecules in the upstream nonpermeate stream ad
produces essentially pure low molecular weight perm eate
downstream (Separation Factor = SF ¥) if the pore size
distribution prevents any “B” from passage across the
membrane.

Characteristic dimension of rejected entity, A

A 4

1 10 100 1000 10,000 100,000
Sorption-
Diffusion
Control
—
“Non-porous” Y
membrane Porous membrane
Figure 1. Size spectrum of permeate and the contrdiing

mechanism of transport



As the size of both the permeated and rejected commnents
become less than 20 A, as shown in Figure 1, hydrognamic
sieving forces are no longer adequate to perform the subtle size
and shape discrimination required. Indeed, the pro gressions
from nanofiltration (NF) reverse osmosis (RO) gas
separation (GS) processes represent increasingly mee
challenging discrimination between entities that of ten differ by
3-5 A for nanofiltration or reverse osmosis, down to only
fractions of an angstrom for gases. In all of thee cases,
intermolecular forcesbecome dominant determinants of the
resistance acting on each penetrant.

For such micro-molecularly selective processes, an
additional “partitioning” phenomenon also must be ¢ onsidered
in the flux expression to enable describing the process
conveniently in terms of external phase conditions. In this case,
the partitioning phenomenon can be accommodated as a factor
contributing to transport using a “partition coeffi cient” typically
defined as:

K= [Composition of Component i in membrane]
=

[Composition of Component i in external phase] (1)

Since K is expressed as a ratio, any consistent measure of
composition in the membrane and external phases may be used
in Equation 1. When K; > 1, the membrane acts as a
“concentrator” that attracts component i from the external phase
and makes it available at the membrane surface for
transmembrane movement. Intermolecular forces of solvation
and mixing that are responsible for the partitionin g process may
be entropic as well as enthalpic in origin. The balance of these
forces acting between the membrane and external phae can
cause either a higher or lower concentration of a gven solute
inside the membrane relative to the external phase. If the
tendency to enter the membrane is negligible, the partition
coefficient approaches zero, i.e.,K;i 0.

The synergistic action of the size discriminating and
partitioning phenomena permits adjustment of the re lative
compositions of different small molecules or ions in streams
contacting the upstream and downstream faces of a membrane.
For a given penetrant pair, the ratio of the effective resistance
acting on B vs. that acting on A in the membrane determines the
membrane-specific ability to separate this A-B pair. Since the
thickness factor, , cancels, the key ratio of resistances acting on
component B vs. A is comprised of a product of partitioning and
mobility ratio factors. For most membranes, the mobility ratio
can be approximated as Da/D g, the ratio of the average diffusion
coefficients for component A vs. B within the membr ane phase.
In this common case, therefore the effective ideal membrane

selectivity, as, is given by:
ng = Pal[Kal
[Dg] [Kg] @)

Equation 2 indicates that one can tune both “mobility
selectivity”, D a/D g, and “partitioning selectivity”, K /K g to
develop advanced materials for every small molecule separation.
This strategy can be applied to virtually any type of membrane
material ranging from gels to crystalline zeolites, metals, glasses,
or polymers. Moreover, hybrid materials comprised of
combinations of more than one such material (e.g., a zeolite

dispersed in a polymer) allow overcoming limitation s associated
with any specific pure component material type. For instance,
intrinsic rigidity responsible for outstanding mobi lity selectivity

in zeolites also causes brittleness and difficulties in their high

speed processing. Polymers are processable, but lek the
rigidity to perform fine mobility selectivity. Mix tures of
zeolites and polymers or molecular sieve carbons ard polymers

are now being investigated to create highly selective hybrid

materials amenable to economical high speed fabricdion [3,4].

As will be discussed in more detail, such materials are likely to

be increasingly important for dealing with a broad range of
future applications.

Success Stories

Vapor recovery: Vapor permeation is operationally similar
to gas permeation but often use a moderate vacuum
downstream, depending upon the vapor pressure of the
components at the feed temperature. A number of
applications have been suggested for the removal of organic
vapors from gas streams. These include monomer reovery
from storage tank vent streams in the production of polyolefins
(e.g. polyvinyl chloride, polyethylene, polypropyle ne)[5],
removal of natural gas liquids from fuel gas for ga s engines and
turbines [6] and removal of solvents from air [7-9] . These
applications utilize the high condensability of vap ors to achieve
high separation efficiencies between condensable am
non-condensable components. Unlike separations inwolving
permanent gases, where diffusion selectivity is the dominant
factor, these membranes rely upon a so-called “revese selective”
process based on very high sorption selectivities © achieve
separation rather than size selectivities. As an eample,
butadiene-acrylonitrile rubber was cited as having a selectivity
of around 100,000 for benzene over air [9].

Required selectivities for viablility of the separa tion with
vapors typically lies at selectivities around 100 to 200 to
minimize the gas component in the vacuum section. Higher
selectivities significantly above this range provid e only marginal
improvement; since the economics of the separation are driven
by the value of the condensable component recovered and
reduction in VOC emissions. Using a rubbery membrane in
combination with a flash unit and condenser, recovery of up to
500-1000 Ibs/hr of monomer and processing solvent from
polymer storage bin purge waste gas streams has bea reported
with savings of $1 million/year/purge bin [5].

Natural Gas Purification : Beyond organic vapor capture
applications, more standard membranes involving nat ural gas
represent a large and attractive market for gas semrations
membranes. The SACROC installation was one of the first
major applications of gas separation membranes in large scale
separations [10]. This application deals with removal of CO
from natural gas associated with crude oil. The Kelly-Snyder
field was discovered in 1948 with an estimated size of 2.1 billion
bbl of oil. The initial reservoir was produced usi ng water
flooding which was later replaced by carbon dioxide injection by
the field operator, Chevron. A Benfield (hot promo ted
potassium carbonate) process and amine scrubbing wee
employed to remove the CO, from the associated gas in the



initial stages of operations, prior to the developm ent of
membranes. Eventual increase in CQ content of the associated
gas stream from 0.5 to 40 mole % necessitated an gansion of
the CO, handling capacity. Membrane units were considered
to be ideal due to their modularity which allowed e asy scaling,
thereby foregoing major capital costs associated with expanding
the amine and carbonate units before the added capaity was
needed. This staged increase in capacity is anotheparticularly
attractive area of membrane-based processes. Celliose acetate
hollow fiber membranes were provided by Cynara who also
operated the membrane plant, and initial testing of the
membranes was carried out at the Chevron facility to increase
confidence in the new technology. A membrane lifespan of 5
years was reported in the presence of adequate pretreatment
[10]. Since the initial deployment of membranes, the unit has
been expanded from the original 70 MMscfd to 600 MM scfd in
2006 with a gas feed of 87 mole % CQ@[11,12]. This case nicely
illustrates the potential of membranes to be expandable to large
applications beyond simple aqueous feeds.

Membrane technology for natural gas separations is
gaining broad acceptance and a number of major membrane
separation plants have come into operation in the recent years.
These include the Cakerawala production platform (C KP) which
processes 700 MMScfd with a 37% CQ feed and a plant in
Qadirpur, Pakistan which processes 500 MMscfd of 65 mole %
CO, feed to 2% CQ pipeline specification [13]. Current plans
are being made to double production at the CKP facility [14].

Hydrogen Purification : Because of its small molecular size
relative to other gases combined high fluxes and sdectivities are
often possible, since the diffusional selectivity in Equation 2
greatly favors hydrogen, even when the sorption sel ectivity does
not. Initial deployment was carried out in ammonia plants to
recover and recycle hydrogen from the product stream. This
easy separation has led to a saturation of the ammaia market,
with almost all units employing membranes. A secon d more
challenging, and even major, market exists in the recovery of
hydrogen in refinery processes. Increasing use of heavy and
sour crude oils require ever larger quantities of h ydrogen for oil
upgrading to adjust the carbon-hydrogen ratio for | ower carbon
fuel. The heavier oils are cracked down ideally to pentanes and
higher but also result in the formation of light hy drocarbons
such as methane, ethane, and propane [15]. Theseases act as
inerts and reduce the vapor pressure of hydrogen in the reactor
and must be periodically purged. Typically 4 moles of
hydrogen are lost for every mole of light hydrocarb on removed.
Initial deployment of membranes in hydrogen separat ions was
driven by their exceptional payback and modular des ign which
allowed for their inclusion in existing refinery pr ocess lines with
littte modification. Membrane units can replace hi gh pressure
purging and oil absorbers in hydrocracking for the removal of
inert hydrocarbons from the recycle stream resulting in
hydrogen savings of 1600% and 400%, respectively. Depending
on the process requirements of product purity, hydr ogen
recovery, and product pressure, the economics can jstify the
use of membrane technology versus traditional adsorption,
cryogenic distillation and pressure swing adsorptio n.
Examples of such comparisons have been consideredn some

detail [16,17].

Future opportunities

Besides the above success stories, reconfiguring esting
thermally driven processes to produce vapor feeds to membrane
units for targeted fractionations of valuable compo nents could
be an attractive evolutionary strategy. As improve d
membranes are developed, these processes should phse out the
older thermal units. Even rapid evolution takes ti me (10-15
years), as it did for aqueous systems, so such a pocess should
begin now to avoid further proliferation of additio nal energy
inefficient separation units to meet expanding capacity needs.

The following “forward looking” case consider
opportunities where membranes could have a large im pact;
however new membranes will be needed as opposed to the
previous cases where existing membrane are adequate The
olefins ethylene and propylene are important synthe tic
chemicals in the petrochemical industry. Large quantities of
such chemicals are used as feedstock in the produdbn of
polyethylene, polypropylene, etc. The prime source of lower
olefins is the olefin/paraffin mixtures from steam cracking or
fluid catalytic cracking in the refining process. Such mixtures
are intrinsically difficult to separate due to the similar physical
properties of the saturated/unsaturated hydrocarbon s, as shown
in Table 1[18,19].

Conventional technology to separate olefin/paraffin
mixtures is cryogenic distillation, which is highly  energy
intensive. The separation is performed at elevated pressures in
traditional trayed fractionators. C2 and C3 distil lation columns
are often up to 300 feet tall and typically contain over 200 trays;
however, the separation to achieve chemical grade purity can be
accomplished in a single tower [20]. Purifying
ethylene/propylene to polymer grade requires a sign ificant
increase in the number of fractionating trays or th e reflux ratio or
both [20]. The large capital expense and energy cst have
created incentive for seeking alternative technology for this
olefin/paraffin separation.

Table 1: Physical properties of ethane, ethylene,propane, and
propylene

Ethylene Ethane Propylene Propane Ref.
Boiling Point (°C)  -103.9 -88.6 -48 -42.2 [18]
Lennard-Jones 37 41 4.0 43 [19]

Parameter, s.; (A)

Membranes offer excellent potential as an alternative for
traditional distillation technology. A significant amount of
research has shown the potential of membranes in the
olefin/paraffin separation arena, which will be bri efly discussed
later in this section. Capacity expansions of exiding
thermally-driven separation units are ideal ways to introduce
membranes more broadly into large scale use while minimizing
risks and building familiarity with this relatively new
technology. This approach leverages existing invesments
without the need to build entirely new thermally-dr iven
separation units. Within an existing integrated pl ant, valuable
compounds in a vapor feed stream currently sent to another
thermally driven separation unit could be membrane-fractionated



into higher value products with minimal expense and significant
energy savings. Figure 2 demonstrates an example 6 possible
implementation of membrane units with C2 and C3 spl itters [21].
The introduction of membranes will lead, depending on the
separation characteristics of the membrane material to a
significant reduction of the stream brought to the splitter. A
possible reduction in capacity of the splitter colu mn might be of
the highest interest because the olefin/paraffin separation train
is more than half of the total cost of an olefin plant.

Consider, for instance, the 515 Btu/lb (0.151 kwhr/ Ib)
reboiler energy inputs for the propylene/propane se paration
using cryogenic distillation [2]. With a typical 5 0/50 feed and
recovery of a 99.5% propylene product, this corresponds to
roughly 0.302 kw hr/lb propylene product. A recent vapor
permeation membrane process patent cites an energycost of
roughly 0.050 kw hr/lb propylene product for this s eparation
with a membrane having intrinsic properties similar to those
currently reported in the literature [21,22]. As i n the water RO
case, accounting for the current paradigm of steam cycle
generated electricity with a typical efficiency of only 33% gives
the effective “thermal equivalent” energy cost of
(0.05/0.33)Btu/gal = 0.151 Btu/gal—still greatly su perior than
the thermal option. First generation membranes have been
reported with properties that suggest this separation can be
achieved, so this type of application is likely to develop over the
next few years.

The first generation membranes investigated included
polymers such as cellulose acetate, polysulfone, PIMS, and
polyethylene show very poor separation performance stability
for olefin/paraffin separation with selectivities o ften below 3
[22]. Polyimides seem to be the most promising membrane
material for this particular separation, yet the pe rformance of
polymers is limited by an upper-bound trade off cur ve displayed
in Figure 3[22]. The permeability and selectivity are in reverse
proportion to one another while the commercially at tractive
region corresponds to the upper right corner of the plot.

Figure 2. Separation of C2 and C3 mixtures integraed with
possible membrane units [adapted from 22]

Another category of studies focuses on facilitated transport
using ion exchange membranes that contain silver ions as a

complexing agent [23]. Membranes with facilitated transport
properties show very good selectivity and relativel y high
permeability coefficients for the olefins, but the separation
process typically has to be carried out under saturated water
vapor to ensure the transport of silver/olefin comp lexes through
the membrane which adds considerable complications.
Moreover, the stability of the silver carrier poses another
challenge for industrial application of this techno logy.

Figure 3. GgHe/C 3Hg experimental upper bound based on pure
gas permeation data.€ = 1000C, =50C, -=35C, =30°C," =
26°C [adapted from 22]

In addition to the polymer and facilitated transpor t
membranes, novel materials are being proposed and
investigated to achieve membranes with economically attractive
properties. Carbon molecular sieve (CMS) membranes
prepared by pyrolysis of polyimides displayed much better
performance for olefin/paraffin separation than the precursor
membranes [24]. Results obtained with CMS membranes
indicated properties well beyond the upper bond tra de-off curve,
as shown in Figure 3. Nonetheless, this class of materials is
very expensive to fabricate at the present time. An easy,
reliable, and more economical way to form asymmetric CMS
hollow fibers needs to be addressed from a practicd viewpoint.

While the preceding discussions Iillustrate the great
potential membrane offer as an alternative for olefin/paraffin
separation, performance or cost prevents their commercial
deployment. Advanced material development is highl y desired
to improve the membrane properties and reduce cost. Another
possible approach involves hybrid membranes with ze olites or
CMS incorporated in a continuous polymer phase. More
discussion in this regard will be covered later in this chapter.

Paths to Enable Practical
Separation Platform

Three related hurdles exist to broadly extending existing
membrane separation success to other low molecular weight
organic compounds: these hurdles are the lack of eonomical
materials, membranes, and module fabrication methods. To
deal with these related issues, integrated programs must be
pursued to develop high efficiency module formation , high
speed processing, micro-morphology control, and advanced
materials for membrane implementation.  Despite demanding

Expansion of the Membrane



requirements for selectivity and robustness in this next
generation of applications, membranes and modules must retain
their attractive cost advantages. Realistically, therefore, any
program to introduce truly new high performance mem branes
should incorporate hybrid materials within its enab ling vision.
A complete picture of membrane materials includes the
spectrum ranging from purely inorganics and carbons to purely
organic polymers shown in Figure 4.

4 Organic/inorganic ybrids =~ memm—

Inorganics/

organics | carbons

Figure 4. Advanced materials spectrum, including no t only the
extremes of organic polymers and inorganic or carbon materials,
but also hybrids of these materials to provide prop erty and
processing advantages

Current work has really only explored the two extre me
ends of this spectrum, plus a few hybrids containin g 10-15 vol %
inorganic or carbon dispersed phases in a polymer continuous
phase [3,4 25]. For future demanding applications, it is likely
that the optimum position in the materials spectrum in Figure 4
may be even past the “midpoint” in hybrid compositi on.
Indeed, very high percentages of inorganic or carbon solids,
compatibly bound within an appropriate polymer matr ix, could
be the preferred membrane material of the future for many
applications. Such hybrids have the potential to provide the
selectivity and strength of inorganics and carbons and the
processability and flexibility of polymers.

Some Final Points

The above illustrations show that major energy savings are
possible relative to competitive, thermally driven options by
introducing membrane processes for separations. Nevertheless,
the discussion also shows the need for a large-sca integrated
systematic approach to greatly broaden the economical
application of membranes to more aggressive feed steams.
This information highlights the need for modeling a nd analysis
that starts at megascale plant systems and ranges dwn to the
molecular scale where most separations ultimately occur.
Materials science is a critical component; however, technologies
to engineer supermolecular membrane morphologies and
economical modules are equally critical to build such an
expanded platform.

A concerted effort focused on developing the membrane
platform beyond its current state to enable rapid r eplacement of
energy-inefficient separation processes is greatly needed.
Much of the technology for gas and vapor separation materials,
membranes, and modules that are now emerging as laige scale
units were derived from work supported on reverse o smosis in
the early 1960's under the Office of Saline water QSW).
Membranes developed in this period were in a similar state to
those for current organic systems, and many problems had to be

overcome. A program similar to the OSW initiative, but aimed
at organic feeds and high pressure gases and vaporswould be a
positive step in this direction and an investment i n the future.
Such an undertaking probably requires government in itiation as
it did in the visionary OSW case.
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Abstract

As a result of recent technological breakthroughs in large-scale DNA sequencing and protein engineering via directed evolution,
biocatalysis is emerging to be a transformational platform for chemical conversion. This short review will discuss some recent
applications for pharmaceuticals, fine chemicals, polymers and biomass conversion.

Introduction

As the green chemistry movement gains momentum, a
fresh landscape of research and development opportunities has
been opened up to improve the efficiency of chemical processes
while simultaneously reducing production costs. For example,
2006 worldwide Rx expenditures were estimated to be ca. $650
billion/year. At an E-factor of 25-100 kg of waste/ kg for active
pharmaceutical ingredients (API), it is estimated b illions of kg of
wastes are produced every year in the pharmaceuticd industry
alone. There is a clear need for more efficient syrhetic
methodologies.

Nature has evolved a wide range of enzymes as synthetic
tools to create a wide range of molecules including gases such as
02, NH 3, CH4, carbohydrates such as glucose, some of the most
important medicine in the world such as antibiotic penicillins,
antimalarial artemisinin and anticancer agent Taxol, and
polymeric lignocellulosics, the key component of bi omass. As a
result of recent progress in functional genomics, we are now able
to uncover the genes responsible for these highly regioselective,
stereoselective, and energetically efficient transformations in
water, the ultimate “green” solvent. 1.2 This review will focus
some recent applications of biocatalysis in the production of
pharmaceuticals, fine chemicals, polymers and in biomass
conversion.

Application in pharmaceuticals

Historically, whole cell fermentation has been used to
produce natural product or metabolite-based medicin e. As a
result of recent breakthroughs in large scale DNA sequencing
technologies and exponential growth in GenBank, bio catalysis is
becoming a transformational technology to develop
environmentally benign and cost-effective pharmaceu tical
processes through the use of recombinant enzymes ad directed
enzyme evolution. 3 For example, Lyrica®was approved for the
treatment of neuropathic pain with sales of over $1.6 billion US
dollars in 2007. In the first generation route for the production of
pregabalin (the active ingredient of Lyrica R), chemical
resolution was used and the overall yield for the r oute is only
bout 20%. Over 70% of all process materials beforehe resolution
step were turned into wastes. To overcome these issies, a highly
regio- and stereoselective biocatalytic process usng lipolase was
developed with all steps in water (Scheme 1)4 Overall, it was
projected that the biocatalytic aqueous process woud annually
eliminate the usage of over thousands of metric tons of raw
metirals and tens millions of gallons of organic solvents

associated with the classic resolution route.
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CN ; o AN
m Lipolase HCN . m NH,
EtO,C~ ~COEt ‘0,C7 "COEt COH
Pregabalin
(Lyrica (®)

Treatment of
Neuropathic Pain

Atorvastatin calcium is the active ingredient of Li pitor @,
the first drug with annual sales exceeding $10B. In the current
process, the synthesis is long and requires two crygenic step
at -78 °C. Recently, a very efficient approach wasreported to
install the atorvastatin side chain using a microbial
deoxyribose-5-phosphate aldolase (DERA)5 This enzyme
catalyzes the sequential aldol condensation to form a lactol
with excellent ee (98%) and de (97%), which was the
converted to the statin. Using this method, the overall process
to atorvastatin was shortened significantly and two cryogenic
steps in the existing process were eliminated (Schene 2). It is
estimated that hundreds of metric tons of raw maeri als and
solvents will be reduced each year by using the
chemoenzymatic route in concomitant with significan t

reduction in energy consumption.
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Application in fine chemicals

The drive toward environmentally benign synthesis a nd
sustainable development in the chemical industry is
contributing to a growing interest in the use of re newable
feed stocks and reduction of hazardous wastes in
manufacturing. Consequently, carbohydrates such as glucose



derived from corn starch or cellulosic biomass provide an
intriguing alternative to the current use of nonren ewable
petroleum as starting materials.

The keys to the success of this transition are the
elaboration of new synthetic routes, as well as the design and
engineering of robust microbial biocatalysts. For example,
adipic acid, one of the monomers used in the manufacture of
nylon 6,6, is currently produced at 2.2 million met ric tons per
year. The existing route to adipic acid first entails oxidation of
cyclohexane, mostly derived from benzene, to a mixture of
cyclohexanol and cyclohexanone by oxygen with a cobalt
catalyst at high temperature (Scheme 3)6 This mixture was
then converted to adipic acid by oxidation in nitri ¢ acid.
Due to its massive scale, adipic acid manufacture has been
estimated to account for some 10% of the annual incease in
atmospheric nitrous oxide levels. Benzene is a carinogen and
volatile chemical that must derive from nonrenewabl e fossil
fuels. Biocatalytic routes to adipic acid have been reported
in which glucose was converted to cic,cismuconic acid in one
pot followed by hydrogenation (Scheme 3).7 The biosynthetic
pathway leading to the production of cic,cismuconic acid was
assembled by expressing 3-dehydroshikimate dehydratase,
protocatechuate decarboxylase,and catechol 1,2-dioxygenase
in a 3-dehydroshikimate-syntheszing E. colistrain.
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Another example using metabolic engineering is
microbial production of 1,3-propanediol. The emerge nce of a
new 1,3-propanediol (PDO)-based polyester has dramatically
increased the demand to a level of one million tons annually.
Historically, PDO was produced from petroleum chemi cals
from two different chemical processes. One uses popylene
as the starting material and the other starts from ethylene
oxide obtained from oxidation of ethylene (pathway A and B,
Scheme 4)89 To lower the cost of PDO and reduce the
negative environmental impact of its production, a
recombinant E. coli strain was developed to produce PDO
from glucose in one pot.10 The E. coli strain was modified to
contain genes capable of producing glycerol from glucose,
and PDO from glycerol. In contrast to the chemical processes
to PDO, the biocatalytic process uses a renewable esource
and was run at close to room temperature and ambient
atmospheric pressure reducing the energy consumption by

40% and green gas emissions by 20%. The successful
development of a bio-based PDO process showed thatit is
possible to produce bulk chemicals in a more cost-éfective
way than the chemical processes while adhering to the
principles of Green Chemistry.
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Application in synthetic polymers

Another recent application of biocatalysis for green
chemistry development is the production of polymeri c
materials. Enzymatic polymerization, i. e., in vitro synthesis of
polymers using isolated enzymes, offers a number of
advantages over conventional chemical methods that often
require harsh conditions and the use of toxic reagents.
Benefiting from high regio- and enantioselectivitie s under
mild conditions, an enzymatic approach provides a new
synthetic strategy for the production of novel poly mers
difficult to get by chemical transformations. Enzym atic
polymerization has been applied to the synthesis of a number
of polymers such as polyesters, polycarbonates,
polysaccharides, polyurethanes, polyaromatics and vinyl
polymers using oxidoreductases, transferases and hydrolases.

For example, a simple, environmentally-friendly, an d
versatile method was recently developed to produce
polyol-containing polyesters through selective
lipase-catalyzed condensation polymerization between
diacids and reduced sugar polyols such as sorbitol (Scheme
5).11 Instead of using organic solvents, the monomers adpic
acid, glycerol and sorbitol were solubilized within binary or
ternary mixtures, and no preactivation of adipic ac id was
needed. The direct enzymatic condensation of adipic acid
and sorbitol gives poly(sorbityl adipate) with an a verage
molecular weight of 10,880 (M) and 17,030 M) respectively.
The condensation reactions with gycerol and sorbitol building
blocks proceeded with high regioselectivity without
protection-deprotection of functional groups. Altho ugh the
polyol monomers contain three or more hydroxy group s, only
two are highly reactive in enzymatic polymerization .
Alternative chemical polymerization would necessita te the
usage of stoichiometric amount of coupling agents. As a
result of high regioselectivity, the biocatalytic a pproach is
also versatile for simultaneous polymerization of | actones,
hydroxyacids, cyclic carbonates, cyclic anhydrides, amino



alcohols, and hydroxythiols.

Scheme 5
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Recent advances in biocatalysis have also made an
inroad in the manufacture of biodegradable plastics such as
polyhydroxyalkanoates (PHA) and polylactides (PLA). 12
Polyhydroxyalkanoates are a class of natural polyesters
produced by many bacteria in the form of intracellu lar
granulates as a carbon and energy reserve. The
environmental benefit of using biodegradable PHA an d the
utilization of abundant, renewable starch as a starting
material for its synthesis provide an appealing alt ernative to
the commonly used petroleum-derived plastics. Incor poration
of 3-hydroxyvalerate into homopolymeric
polyhydroxybutanoates (PHB) renders a
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) block
copolymer, which can be processed at a lower tempemrture
while still retaining excellent mechanical propert ies. The
monomer (R)-3-hydroxyvaleryl-CoA is produced from
condensation of acetyl-CoA and propionyl-CoA, derve d from
propionic acid, to 3-ketovaleryl-CoA followed by re duction
catalyzed by acetoacetyl-CoA dehydrogenase (Scheme 6).
Together with metabolic engineering of diverse, het erologous
pathways for efficient biosynthesis of the monomer substrates
from renewable starting materials, high yielding pr oduction
of polyhydroxyalkanoates has been achieved with mol ecular
weight of the polymer ranges from 50,000 to 1,000,@0 Da.
Recent research efforts have been devoted to the poduction
of PHA in transgenic plants to dramatically lower t he
manufacturing cost, and reduce the burden of plastic wastes
as a result of biodegradability to environmentally friendly
products.
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Application in biomass conversion

Biomass is material derived from recently living or_ganisms,
such as plants, animals and their by-products. It is a renewable
energy source based on the_carbon cycle unlike other natural
resources such as petroleum, coal and nuclear fuels.
Plant-derived biomass typically consists of 15-25% lignins,
23-32% hemicellulose, and 38-50% cellulose. In a fyical
biorefinery process, biomass is first pre-treated to liberate out
celluloses chemically or mechanically, followed by enzymatic
hydrolysis of cellulose to produce glucose, which is then
fermented to produce bioethanols or other potential biofuels
(Scheme 7)314 The economic feasibility of the process is
contributed to recent technological breakthroughs in discovery
of robust enzymes with high turnover, directed evol ution to
improve enzyme stability and activity and metabolic
engineering to produce biofuels with high throughpu t.

Scheme 7
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Current efforts in biomass conversion primarily foc us on
the production of biofuels and little efforts are d irected to the
conversion to value added chemicals. For example, Ignins are
currently burned for heat and electricity at a valu e of less than
$0.03/kg in biorefinery, and paper and pulp industr y. On the
other hand, lignins are the most abundant and renewable
aromatic sources in nature. Recent understanding of the
biosynthesis of biomass has led to new opportunities to
selectively cleave key bonds in biomass and to produce
industrially useful aromatics and other value added chemicals
from minimally damaged lignins and carbohydrates (S cheme
8)15.16

Scheme 8
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Conclusion

Nature has provided creative solutions to evolve a
sustainable ecology. As a result of recent progressin genomics,
proteomics and metablomics, we are now able to dissect and
understand Nature’s pathway and apply them for huma n’s
purpose. For example, biocatalysis, synthetic biology, and
metabolic engineering are emerging to be powerful tools to
enable us to transform the synthesis of chemicals, natural or
non-native.17.18  The key is to discover and develop powerful
genetic and enzymatic tool boxes, and to integrate into chemical
synthesis to develop green chemical and economically feasible
solutions. 19
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Abstract

Photolysis Studies was conducted in basic colloidal nanoparticles of ZnO aqueous suspensions in 10 mMK[Fe(CN)g] containing
small oxoanions such as HPQ2- (Phosphate), [BiOs(OH) 4]2- (Borate), GH-O72-(Citrate), C4sH¢Og?- (Tartarate). The effectiveness of any of
these anions on charge separation was judged by theresulting photocurrent. The results show that nano particles of ZnO exhibits dual p
and n-type semiconductor character, while potassium ferr o-cyanide acted in dual character as a solvated-eletron supplier and
hole-scavenger in basic buffer solutions of the studied anions. The studied aqueous nano-systems retaned their stability as indicated
by the reproducibility of their photocatalytic acti vities. Solar radiated assemblies of doped ZnO/[Fe(CN)g]4- sustained the cyclic

systems for continuously hydrogen production.

Introduction

Selective dissociation of water for hydrogen produc tion
using some semiconductor mediators was reported by several
researchers (1-11). To make full of use of visible-light energy,
assemblies of narrow band gap semiconductor nanostructures
are commonly used. Several procedures were adopted to
prepare these assemblies. In most of these procedugs, material
with a specific band gap was produced. Metal chalcogenides
such as sulfides, selenides, and tellurides have ben studied
(12-20), but showed low conversion efficiencies. The
photocurrent obtained using such nano-particle assemblies is
often low due to the charge recombination. The composite
semiconductors, however, have shown improved effici ency of
charge separation through charge rectification by modifying the
surface of the base semiconductor or its composition with either
inorganic or organic semiconductors.

Although most of the studies on photo-dissociation of
water took place over compact semiconductor electrodes,
nanoparticle suspensions of ~ semiconductors were dso used in
some studies because of their larger surface area iad ability to
carry out all the reactions that were previously as sociated with
semiconductor  electrodes. Furthermore, in  nanoparticle
suspensions, isolation between particles makes the traditional
classification of n, or p types irrelevant, which gives the media of
the suspension major role in the outcome of the reailting
photonic activities.  Platonized semiconductor powd ers are
good examples for production of oxygen and hydrogen
simultaneously using suspensions system. ZnO has received
much attention due to its relatively high photo-act ivity (21-25).
The production of solar hydrogen via the Zn/ZnO H ,0O-splitting
thermochemical cycle was reported (26). In addition,
photocatalytic activities of doped zinc oxide nanoparticles for
hydrogen production under visible light irradiation were
explored (27, 28).

Photolysis of water can be efficiently performed if sources
of hydrated electrons mediate the photolysis process. The
molecular orbital structure of hexacyano iron (II) [Fe(CN)gl4

allows electronic transitions with photo excitation and produces
hydrated electrons leading to the following reacti on:

€, *€, =H,+20H 1

This reaction proceeds at a rate of k 1x101© M-l sec!(29).
However, [Fe(CN)gl4- undergoes oxidation to [Fe(CN)g]3,
which compromises the high rate of hydrated electro n reactions.
The disadvantage of a homogeneous process for hydrgen
production is its irreversibility. However, such a disadvantage
can be overcome by the use of a semiconductor syste which

acts as an electron donor and reduces [Fe(CNy3- back to
[Fe(CN)g]#-. The reversible ergo-dynamics can be achieved by he
reduction of [Fe(CN)¢]3-. The reduction of [Fe(CN)g]3- by p-type
semiconductors depends on the hole blocking agent
(hole-scavenger), which prevents the e/hole recombination
process. The ideal conditions could be reached if hie reduction
rate of [Fe(CN)g]3- is equal to that of formation rate of hydrated

electrons from [Fe(CN)g]4-.In nano-particle suspension systems,
neither the hole nor the electron can be connectedwith an

outside donor or accepter. The charge separation ca be
achieved either by neutralizing the +ve holes by hole-scavengers
such as oxo-anions and multi-charge anion complexes or by
capturing electron/s using appropriate Lewis acids. The
photo-generated electrons can be driven to the paricle
/electrolyte interface and donated to some Lewis acids. Similarly,
the photo-generated holes can accept electrons fromLewis bases
at the particle/electrolyte interface.

This paper discussed the effects of some small oxcanions
(hole scavengers) in conjunction with [Fe(CN)g]4 on the
charge separation and charge transfer process in ageous
colloidal nano-particles of zinc oxide semiconductors. The
possible dual characters (1 and p) of ZnO nanoparticles and dual
function of [Fe(CN)g]¥ 4 as hole scavenger and electron
acceptors will be investigated. The role of the oxo-anions in the
photocatalytic dissociation of water is determined by the
measurement of photo-current in the presence of ZnO



nano-particles suspensions in buffered aqueous soluions of the
oxo-anion. The possibility of using these systems in solar
energy-based photolysis cells to achieve the goal & reversible
cyclic, efficient processes for hydrogen production is also
explored.

Experimental

Reagents All reagents were of analytical grade. All
solutions were prepared using de-ionized water, unl ess
otherwise stated. Zinc oxide particles with surfac e area (40-50
m?2/g) 20-30 nm size were purchased from Alfa Aesar.

Instrumentation : All electrochemical experiments were
carried out using a conventional three electrode cdl consisting of
Pt wire as a counter electrode, Ag/AgCl as a reference electrode,
and Pt Gauze as electron collector. BAS 100W elembchemical
analyzer (Bioanalytical Co.) was used to perform the
electrochemical studies. X-ray photoelectron spectoscopy (XPS)
was performed using a Perkin Elmer 5500 ESCA. Stady
state reflectance spectroscopy studies were perforned using
Varian Cary 300 Bio. An Olympus BX-FLAG60 reflected light
fluorescence microscope working with polarized ligh t at a
range between 330 to 550 nm was used to determinele particle
size of colloidal particles.

Photolysis cell : The electrolysis cell was a 120 mL, one
compartment Pyrex cell with a quartz window facing the
irradiation source. A 10-cm2 platinum gauze cylinder is used as
working electrode. A 100 mL of ZnO aqueous Suspensions were
stirred with a magnetic stirrer during the measurem ents. A
Ag/AgCI/CI reference electrode was also fitted in this
compartment. a 10-cn®? platinum counter-electrode is housed in
a glass cylinder sealed in one end with a fine porosity glass frit.
Irradiations were performed with a solar simulator 300 watt
xenon lamp (Newport) with an IR filter.  Photolysis of
[Fe(CN)g]4- will generate hydrated electrons and [Fe(CN)g]3-.
The potential of the working electrode was fixed at 100 mV more
negative than the reduction potential of [Fe(CN)¢]3- to grantee
full reduction of ferricyanide. The current due to the reduction of
[Fe(CN)g]3- collected by the working electrode during the
photolysis process is a measure of photo-current.
Photo-current-time curves were obtained with a BAS 100W
Bio-analytical system. The measured photocurrent was
normalized to A. m -2h-1(ampere per square meter per hour) of
illumination. It is worthwhile mentioning that, in these
calculations, hydrogen production due to mechanical effects of
the magnetic stirrer (30) was ignored. Hydrogen was detected
using HY-ALERTA ™ 500 (h2scan California) as well as a flame
test.

Results and Discussion

Energy map of ZnO nanoparticles: Figure 1 illustrates the
diffusive reflectance absorption spectra of ZnO nanoparticles.
The Figure shows that ZnO posses a direct band gapof 3.22 eV
and indirect band gap of 3.12 eV, as indicated by Tauc plots in
Figure 1B and C.

Figure 1. Steady state reflectance spectra foZnO. Insets are Tauc
plots

Effect of small oxo-anions on the photolysis of aqu eous
[Fe(CN)]4: Photolysis of 10 mM of [Fe (CN)e¢]4 and 0.2M of the
studied oxo-anions buffered to pH 9 took place under constant
stirring. The maximum photocurrent reported in each oxoanions
is reported in Table 1, from which we can notice that the
photocurrent generation in the presence of the studied
oxo-anions follow the order HPO 42- (Phosphate) > [B,Os(OH) 4]2-
(Borate) >C¢H 707 2(Citrate) > CsHOg?- (Tartarate) . The role of
super oxides in the outcome of these photolysis processes cannot
be ignored (31, 32). The following photo/chemical r eactions that
possibly took place in homogenous solutions should be
considered when interpreting these observations.

[Fe(CN)J" +hv=e, +[Fe(CN)]"
e, +[Fe(CN) " =[Fe(CN)]*

In presence of &,

e, +0,=0, (Super oxide) 4

Oxoanior” +0, = [Oxoanion o, ]X' 5

[Oxoanion OJ]X' +[Fe(CN)J* =[Fe(CN),]* +0, +Oxoanior

(]

Where x- = anion charge. Reactions 3 and 6 will limit the
generation of [Fe(CN)g]3- which is a function of the measured
photocurrent. The efficiency of reaction 6 depends on the
stability and the energy level of the [Oxoanion-O, ] or on the
ability of the per-oxoanion to donate electron to [ Fe(CN)g]3-. Such
energy levels are controlled by the boron and carbon
2p-electrons in case of borate, tartarate, and citrag, and on P
3p-electrons in case of phosphate.

The observed results in Table 1 can be explained by
reaction 6 kinetics. The more chemical reduction of [Fe(CN)g]3- as
described by reaction 6, the less electrochemical eduction at
collector electrode and consequently less photo-curent. The
lowest photo-current was observed in tartarate buff er. This
means that reaction 3 or 6 or both either slowed down or did not
take place. The highest photocurrent was observed in
phosphate buffer, which can be attributed to slow side reactions
3 and 6 that consume the photo-generated solvated dectrons.
The expanded p and empty d orbital in the P central atom offer
delocalization space for extra electrons in the oxaanions which
makes reaction 6 unlikely. The formation of H,0O, as an
intermediate in above reactions is very likely (33). The cyclic



structure of [B4Os(OH)4]?- suggests that formation of perborate
anions is also unlikely, resulting in little possib ility for electron
donation to [Fe(CN)g]3- . The low photocurrent observed for
citrate and tartarate indicated that reaction 6 did take place.
The V shaped curves obtained in the presence of thestudied
small oxo- anions measured the reversibility of reaction 2. The
descending portion of trace a (negative slope) is a direct
representation of reaction 2. The time lapsed to reach the
maximum photocurrent can be used to judge the effectiveness of
the buffer in the initial photolysis process. After this elapsed
time and during the rising portion of the trace a ( positive slope)
reactions 3-6 play an important role in the photochemical
process. The positive slope of trace a in each of Igures 2-5 can
be an indicator of this reversibility. Generally, the greater the
slope, the smaller the reaction reversibility is. The data listed in
Table 1 indicates consistency between the photocurent and the
slope value.

Table 1.Steady state photocurrent generated by phoblysis of 10
mM of K4Fe(CN)g] in presence of the following buffered
0X0-anions

Oxo-anion Max steady state | Positive Time to reach

photocurrent, mA Slop of | max. Current,

Trace a sec
Alsec

Phosphate 1.600 0.50 400
HPO 42-
Borate 1.500 0.45 400
[B4Os(OH) 4]
Citrate 1.110 0.40 200
[CeH70O7] 2
Tartarate 0.720 0.20 150
[C4H60s ]

Figure 2. Plot of photocurrent vs time for the pho tolysis of
aqueous electrolytes containing 10 mM [Fe(CN)s]4- and 0.2 M of
some oxoanions buffer (pH=10).

Figure 3. Plot of photocurrent vs time for the phot olysis of
aqueous electrolytes containing 10 mM [Fe(CN)g]4- and 0.2M
tartarate buffer (pH=10).

Figure 4. Plot of photocurrent vs time for the pho tolysis of
aqueous electrolytes containing 10 mM [Fe(CN)g]4- and 0.2M
phosphate buffer (pH=10).

Figure 5. Plot of photocurrent vs time for the pho tolysis of
aqueous electrolytes containing 10 mM [Fe(CN)g]4- and 0.2M
citrate buffer (pH=10).

Effect of ZnO on the photolysis process: Photolysis of 10
mM aqueous [Fe(CN)g]4- with oxo-anions was repeated in the
presence of ZnO nanoparticles. The results are dispayed in
Figures 2-6.

It is worthwhile mentioning that in the presence of ZnO
nanoparticles, the following reactions can take place:

Hole(h+) +[Fe(CN),]" =[Fe(CN),J*
Hole(h+) +[Oxoanion OZ’]X' =Oxoaniori” +0,
Hole(h+) + Oxoaniorf = Oxoanio* ¥ 9

Reaction 7 enhances the production of [Fe(CN}]3- and
consequently the photocurrent . The greater the measured
photocurrent in the presence of certain oxo-anion, the less
competitive this oxo-anion as a hole scavenger for [Fe(CN)g]4-.
The results were displayed in Figures 2-5, indicating that the
photocurrent generation follows the order of HPO 42- (phosphate)
> C4Hs0¢?- (tartarate) > [BsOs(OH) 4]2- (borate) > CsH 7O-2(citrate)
with a peak current of 1.3, 1.2, 1.0 and 0.8 mA, espectively. It
can be noticed also that, in the presence of ZnO, he
photocurrent resulting from reduction of [Fe(CN) ¢]3- is always
greater than that generated in the absence of ZnO (note the
smaller slope of line b in Figures 2-6). Such obsevation can be
explained by assuming that more [Fe(CN)g]3- is generated and
reaction 7 takes place concurrently with reactions 8 and 9.

The least photocurrent reported for citrate indicat ed that
citrates compete with [Fe(CN)g]4-as hole scavenger. The greatest
photocurrent reported with HPO 4 2- indicates that reaction 7 took



place and [Fe(CN)]4 acted as Lewis base. The kinetics of
[FE(CN)g]*- oxidation by the (h+) suggests that it is easier o

oxidize [Fe(CN)gl4- than to oxidize oxo-anions because of the
d-orbital of Fe central atom and the geometry of [Fe(CN)g]4-that

makes the outer-sphere charge transfer much easier in

[Fe(CN)g]4-. Other factors can also play a role in the obtainel

results, such as ion mobility, coordination between the valence
band hole, and oxo-anions energy levels.

Figure 6. Plot of photocurrent vs time for the phot olysis of
aqueous electrolytes containing 10 mM [Fe(CN)g]4- and 0.2M
borate buffer (pH=10).

Figure 7. Rate of hydrogen production vs Time
of K4{Fe(CN)g] in 0.2M basic phosphate buffer
unit mole/h.m 2

in only 10 mM
pH =10 . rate:

Figure 8. Plot of photocurrent recorded during the photolysis of
10 mM of [Fe(CN)g]3- in 0.2 M tartarate  buffer of pH 10.

Dual n, p- type character of ZnO nanoparticles : Tests forp
or n nature of the doped ZnO were performed by photolys is of
[Fe(CN)g]3-. The potential of the working electrode was fixed at
100 mV more positive than the oxidation potential o f [Fe(CN)¢]4
to grantee a full oxidation of ferrocyanide. The cu rrent due to the
oxidation of [Fe(CN)g]4- collected by the working electrode
during the photolysis process is a measure of photo-current.
Figure 8 is a plot of photocurrent recorded during the photolysis

of 10 mM of [Fe(CN)g]3- in 0.2 M tartarate buffer of pH 10. The
figure clearly indicated that ZnO not only can oxid izes
[Fe(CN)g]#-but also can reduces [Fe(CN}]3- during the photolysis
process. Similar results were also observed in bast citrates
buffers. These observations proved that the doped ZnO
suspensions have a dual character p and n) as recorded
oxidation current in [Fe(CN) g]4, and reduction current in
[Fe(CN)g|3-.

Heterogeneous production of Hydrogen In heterogeneous
aqueous suspension of ZnO nanoparticles, the solvaed electron
suppliers [Fe(CN)g]4- and [Fe(CN)g]3- (generated through reaction
2), were competitively adsorbed on nano-particle surfaces. The
modified surface of the nanoparticles enhances the kinetics of
reaction 1 by providing an environment for better o rientations
for the reacting species. The [Fe(CN}]4 acts as a second catalyst
for water photolysis. Since water is the species alvays present in
these solutions, the rate of evolution of hydrogen is controlled by
the transfer of an electron from ZnO to H¢O4* (a protonated
water molecules attached to the surface of the paricle) according
to the following reaction:

2e(conduction band) + 2H,0; =H, +8H,0 10

Consequently, the hydrogen can be generated homogereously
according to reaction 1 and heterogeneously accordng to
reaction 10. The overall reaction that took place ypon irradiation
of ZnO nanoparticles with solar light can be writte n as follows:

2e+2H,O; + 2(h+)+2[Fe(CN),|* =2[Fe(CN)J* +H,+8H,0 11

The reduction current of 2[Fe(CN)¢]3- is a quantitative measure
of H production. The results displayed in Figure 7 indi cate that
the rates of hydrogen production in tartarate buffe rs follow this
order: suspensions of ZnO > TiO,> Fe,03 (doped with ZnO) at
the short illumination time. At longer illumination  times, FeOs
(doped with ZnO) gives a greater rate. Further studies are
needed to explain the steady increase in photocurrent and
hydrogen production on Fe ;O3 (doped with ZnO).

Conclusion

ZnO nanoparticles in the suspension system used in these
studies cannot be considered as the traditional classification of
semiconductors as n or p-types, since neither the hole nor the
electron can be collected and transferred through conductors to
outside donors or accepters in the isolated nanopatrtcle
suspensions. The charge separation can be achievecither by
neutralizing the +ve holes by hole scavengers such as
multi-charge anions, or by capturing electron/s usi ng
appropriate Lewis acids. The kinetics of each process will
determine which process is the predominant one. Our results
indicated that ZnO suspensions in phosphate buffers generated
greater photocurrent than the suspensions of TiO,. This can be
attributed to the photo- luminance activities of Zn O (34, 35).
Potassium ferro-cyanide acted in dual character as a
solvated-electron supplier and hole scavenger in basic buffer
solutions.
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Abstract

Synchronous fluorescence spectrometry is an important technique in analytical chemistry, especially in the biochemical and
environmental analyses where the sensitivity and th e selectivity are the most stringent requirements. High spectral resolution and
sharply peaked fluorescence signals for mixtures of fluorescent compounds can be obtained by the simultaneous scanning of the
emission and the excitation monochromators, which r epresents the mode of operation in the synchronous spectrofluorimetry. The
selectivity of the synchronous technique has been recently improved through the development of several different synchronous
fluorescence techniques, such as constant-wavelendt synchronous fluorescence spectrometry (CWSFS), costant—energy synchronous
fluorescence spectrometry (CESFS), variable—angle ysmchronous fluorescence spectrometry (VASFS), and natrix isopotential
synchronous fluorescence spectrometry (MISFS). Thes techniques of fluorescence spectrometry are consiered very useful for
resolving multi-component mixtures with seriously o verlapping spectra without time-consuming pre-separ ation processes and

expensive equipment. Some diagnostically important analytical applications are briefly reviewed.

1. Introduction and Background

Fluorescence spectrometry is an important technique in
analytical chemistry. The main features of this technique are its
high sensitivity and selectivity [1,2]. Fluorescence spectrometry
is more sensitive and with a much lower limit of de tection than
spectrophotometry. Hence, a trace amount of the andyte can be
easily detected with the fluorescence spectrometry. Given that
not all components in a sample fluoresce and moreover for the
fluorescence measurement both the excitation and the emission
wavelengths need to be selected, fluorescence specbometry
provides a considerably high selective technique in analytical
chemistry. However, the usefulness of the two wavelengths
selection, emission and excitation, in the fluorescence
measurements for the quantitative analysis of sample
components is often hindered by the seriously overlapping
spectra exhibited by many multi-component mixtures. The
resolution of the fluorescence spectra of such type of mixtures
becomes impossible without a time-consuming separation
process and expensive equipment. In order to overcome this
difficulty, several fluorimetric procedures have be en developed.
The synchronous [3] and the derivative [4] techniqu es are among
the most important techniques to accomplish this goal.

In the conventional fluorescence spectrometry the
fluorescence measurements are carried out as follows: the
excitation spectrum is obtained by the scanning of the excitation
monochromator while setting the emission monochroma tor at a
single wavelength. Similarly an emission spectrum i s generated
by the scanning of the emission monochromator with the
excitation monochromator set at a suitable single excitation
wavelength. The other possibility is the simultaneo us scanning
of the excitation and emission monochromators, which is the
scanning mode in the synchronous fluorescence spectometry
(Figure 1).

Figure 1. Different hypothetical fluorescence spectra and their
corresponding states of the excitation (ex) and emision (em)
monochromators, including (1) fluorescence excitation spectrum,
(2) fluorescence emission spectra, and (3) synchroous
fluorescence spectrum. The rectangular bar and the arrow
symbols represent the monochromator status of being fixed or
scanned, respectively.

High spectral resolution and sharply peaked fluores cence
signals of mixtures of fluorescent compounds are obtained by
the simultaneous scanning of the emission and the excitation
monochromators. Depending on the scanning rate of the
emission and the excitation monochromators, in addition to the
type of the maintained difference between them, several
synchronous fluorescence techniques have been invered. At the
same time and as a part of the ongoing interest in the
improvement of the selectivity of the measurements using the
synchronous fluorescence technique, several approaties have
been proposed to work jointly with the synchronous
fluorescence technique. The combination of the syndironous and
derivative techniques [5] is considered one of the powerful
spectrofluorimetric approaches in resolving the spe ctral overlaps
of multi-component mixtures. The use of the derivative
technique makes it possible to convert the small shoulder peak
exhibited by the analyte into a signal peak that can be quantified.
Additionally, the use of the zero-crossing techniqu e allows the



use of the derivative technique jointly with the flu orescence
spectrometry in quantifying the analyte signal at a point where

the interferent signal has no effect [6].

2. Constant—Wavelength Fluorescence
Spectrometry (CWSFS)

In conventional synchronous fluorescence spectromety a
constant wavelength difference, , is maintained between the
two monochromators. This technique is called
constant-wavelength synchronous fluorescence spectometry
(CWSFS). Figure 2 shows the conventional and the spchronous
fluorescence spectra of anthracene. CWSF spectrum mvides
remarkable advantages, such as simple spectrum, narow
spectral bandwidth, reduced scatting interference and better
resolution. This technique has been widely applied for the
quantitative analysis of many different multi-compo nent
mixtures with closely overlapped spectra [7-11]. Derivative
constant-wavelength synchronous fluorescence spectometry
was used to develop simple, rapid and sensitive
spectrofluorimetric methods for the analysis of mix tures with
closely spaced bands. Binary mixtures of the non-seroidal
anti-inflammatory drugs flufenamic, meclofenamic, a nd
mefenamic acids in serum and pharmaceutical formulations
were determined using second—-derivative synchronous
fluorescence spectrometry without prior separation [12].

Synchronous

Figure 2. Fluorescence spectra of anthracene: (a)msission and
excitation spectra; (b) synchronous fluorescence sgctrum.

The best wavelength interval between the excitation and
the emission monochromator could be readily decided using the
three dimensional fluorescence spectra and it was ecommended
to establish the total luminescence spectra in orde to reveal the
whole spectral features of the components under investigation.

3. Variable—angle Synchronous Fluorescence Spectrometr y
(VASFS)

If the fluorescence measurement is carried out through the
simultaneous scanning of the excitation and the emission
monochromators at different rates, this technique is called
variable—angle synchronous fluorescence spectromety (VASFS)

and it is known by its flexibility in addition to h igh selectivity

that can be achieved with this technique. Monitorin g trace
amounts of biochemically important compounds was ac hieved

using this type of synchronous technique [13,14]. Murillo

Pulgarin and Alafién Molina [15] used first—derivati ve
variable—angle synchronous fluorescence scanning fa the
simultaneous determination of p-aminobenzoic acid, salicylic
acid, and gentisic acid in their mixtures from a si ngle spectrum
and in one scan. Figure 3 shows a selection of scamng path for

the application of variable—angle synchronous fluor escence
spectrometry for a hypothetical system of three components.

Figure 3. Variable-angle synchronous fluorescence sanning for a
three—component hypothetical mixture of fluorophore s: Analyte,
solid contour lines; interferents, dashed and dash-dotted contour
lines. The scanning path is indicated by the straight solid line.

Another possibility that can be used with variable— angle
synchronous fluorescence spectrometry is that the sanning
trajectory can be varied continuously through the m atrix of the
total luminescence spectra, and hence allow the desription of
any desired scanning routes. The possibility of using a curved
trajectory through the excitation—emission matrix w ith this
technique allows the resolution of the seriously ov erlapping
mixtures which can not be resolved using the linear technique
and, additionally, permits the avoidance of light s cattering peaks
in the fluorescence spectra. This technique, which is called
non-linear variable-angle synchronous fluorescence
spectrometry (NLVASFS) has been used in the determiration of
the individual components of biological mixtures wi th seriously
overlapped spectra. Zhou et al.[16] used this technique together
with  derivative technique for the determination of
protoporphyrin and zinc protoporphyrin in whole blo od. The
spectral overlap of these two components was resolved and the
components were quantified simultaneously in a sing le scan and
without the use of any pre-separation process.

4. Constant—energy Fluorescence
Spectrometry (CESFS)

Another variant of the synchronous fluorescence technique
is constant-energy synchronous fluorescence spectronetry,
proposed by Inman [17, 18]. In this technique the excitation and
the emission monochromators are simultaneously synchronized

Synchronous



so that a constant energy difference (Dr7) is maintained between
them. Narrower spectral bandwidths and reduction of Raman
scattering interference were achieved with this technique.
Additionally, the tuning of the spectral resolution to
characteristic vibronic transitions became possible. The energy
difference between the two wavelengths is expressedas:

D7 (M) = (1 ex—1/ em) X107

It is selected in such a way that it matches exacty the energy
difference between the emission and the excitation for a specific
absorption—emission transition. Accordingly, the re sulted
spectral peaks will be at their highest intensity. Fluorescence
occurs from the lowest vibrational energy level of first electronic
excited state Sf to the vibrational energy levels of electronic

ground state 5¢*2- (Figure 4).

Figure 4. Constant—energy Synchronous FluorescenceSpectra and
transition diagram of anthracene. (A) Top: at Dy =1400 cmtl.

Bottom: The corresponding transition. (B) Top: at Dy7 =4200 crm.

Bottom: The corresponding transition.

Many polycyclic aromatic hydrocarbons such as anthracene
have a definite vibrational energy level that is generally
considered to be from 1400 cm! to 1600 cmi. A considerable
improvement in the analysis of polycyclic aromatic hydrocarbon
mixtures was made with this technique [18]. Zhou et al.[19]
applied second-derivative  constant-energy  synchronous
fluorescence spectrometry for the quantitative determination of
trace amount of benzo[ ]pyrene in drinking water. The method
was also applied for the determination of trace benzo[ Jpyrene
in solution leached from disposable paper cups. Their study
concluded that benzo[ ]Jpyrene was leached from paper cups
when filled with hot water, but it was not detected when cool
(unheated) water was used.
5.  Matrix Isopotential Fluorescence
Spectrometry (MISFS)

Recently, a new spectrofluorimetric technique has been
proposed, which is known as matrix isopotential syn chronous

Synchronous

fluorescence (MISF) [20]. This technique makes useof a cut in
the total fluorescence spectrum. The cut can be obained by
joining points of equal intensity to produce a scan trajectory,
isopotential trajectory. The major advantage of this technique is
its ability to remove the background fluorescence, hence, the
direct determination of fluorescent compounds in ma trices such
as urine and serum can be achieved without the need to the
derivatization and extraction processes. For  the
spectrofluorimetric determination of a sample using matrix
isopotential synchronous fluorescence spectrometry a cut can be
made in its total luminescence spectrum using an isopotential
trajectory in such a way that constant background fluorescence is
maintained from the initial point to the final poin t of the
excitation and emission wavelengths. The sensitivity achieved in
the direct determination of the analyte can be maintained by the
selection of the isopotential trajectory in such a way that it

passes through the emission and excitation maxima d the
analyte. Hence, the background fluorescence intensty is
removed while the same sensitivity is maintained. T he required
condition for the application of the matrix isopote ntial
synchronous fluorescence spectrometry is that the fluorescence
intensity of the analyte and the matrix should be a dditive which

is usually required for the analysis of the multico mponent
mixtures. Yet, in case that the fluorescence intersity of the
matrix and the analyte is not additive; this techni que can still be
used by the creation of the calibration curves of the analyte in
the presence of the sample matrix instead of using the analyte
standard solutions in isolation from the matrix.

Matrix isoptential synchronous fluorescence spectrometry
has been applied for the determination of the indiv idual
components in different and biologically important matrices like
urine, serum, plasma, and feces [21-26]. Liet al applied
derivative matrix isopotential synchronous fluoresc ence
spectrometry (MISFS) for the determination of urinary
1-hydroxypyrene, which is considered as a biomarker in the
measurement of human exposure to polycyclic aromatic
hydrocarbons [24]. Lin et al explored the use of derivative
MISFS for the measurement of coproporphyrin and
protoporphyrin. The MISF scanning route was selected based on
information from the three-dimensional fluorescence spectra.
Derivative techniqgue was used to eliminate the background
constant interfering signals. This technique provid ed a high
spectral resolution of coproporphyrin and protoporp hyrin,
obviating the need for chromatographic separation, and
measurements carried out in a single scan [25]. Figire 5a shows
the selection of the isopotentioal scanning path for the
application of derivative MISFS on a binary system of fecal
porphyrins,  coproporphyrin  and  protoporphyrin.  The
two—dimensional spectrum (Figure 5b) obtained from scanning a
fecal specimen using the scanning path, shown on Figire 5a,
indicates that two components of the fecal porphyrin s have been
resolved completely where the whole spectrum contains two
mutually independent spectral segments, where the first is
related to coproporphyrin and the second is related to
protoporphyrin, from left to right. This technique was also
described for the simultaneous quantification of co proporphyrin
and uroporphyrin in urine [26].



Figure 5. (a) Contour map of coproporphyrin (thin-s olid line),
protoporphyrin  (dashed line), and the scanning rout e
(thick-solid line). The trajectories i and ii are the detection routes
of coproporphyrin and protoporphyrin, respectively. (b) MISF
(first—order derivative) spectrum of a fecal sample from a
pregnant woman.
6. The Combination of Synchronous Fluorescence
Spectrometry and Multivariate Analysis

Fluorescence spectroscopy offers a great sensitivig in the
quantitative analyses. However, in some cases of conplex
multi-component mixtures with extensively overlappi ng spectra,
the spectral overlap between individual components can not be
resolved to a suitable degree of resolution and herce, a
satisfactory analysis is nearly impossible without pre—separation
process. The combination of synchronous fluorescene
spectrometry with the multivariate analysis enables the analysis
of such kind of multi-component mixtures. The most frequently
used multivariate algorithm in combination with sync hronous
fluorescence spectrometry is partial least square PLS) regression,
which consists of two different approaches PLS1 and PLS2. The
combined technique of synchronous fluorescence sped¢rometry
and multivariate analysis was described for the analysis of
individual components of different biologically imp ortant
mixtures. Pistonesi et al [27] applied synchronous fluorescence
spectrometry with the partial least-squares regression for
monitoring highly toxic compounds of phenol, resorc inol and
hydroquinone in air samples.

7. Conclusion

Synchronous fluorescence technique, with all its flavors,
can be considered as the technique of choice for te
simultaneous analysis of multi-component mixtures w ith
seriously overlapping spectra. Generally, the synchronous
fluorescence-based methods of analysis are sensitie, selective,
simple, rapid, and cost-effective. The flexibility of the method,
where it is possible to follow the required suitabl e scanning
route, allows maintaining almost the same sensitivit y that can be
achieved in the analysis of the mixture components individually.
With these novel synchronous fluorescence techniques, sample

pretreatment, extraction processes, and many othertedious steps
are not always necessary. The combination of the syichronous
technique with many other approaches, like the spectrum
derivatization and multivariate analysis, has great ly increased its
performance. These techniques are of great potentid for being
widely use in developing powerful analytical method s for
clinical diagnostic, biomedical and industrial appli cations.
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Abstract

Dried blood spot (DBS), as a minimally invasive blo od sampling technique, has gained its popularity in drug development during
the past few years. In this mini-review we present an introductory description of this blood sampling technique, a brief review of
DBS-based assay validation, and its applications in pharmaceutical industry and clinical / biomedical r esearch including therapeutic

drug monitoring and pharmacokinetic studies, etc

1. Introduction

Dried blood spot (DBS) is a sampling technique, which
uses a filter paper to collect whole blood sample either from
animals or from human beings. This technique was first
developed by Robert Guthries in 1963 for neonatal sreening in
the heel and finger prick tests. Since then, DBS tehnique has
been used nationwide for screening for phenylketonu ria [1].
More recently, this technique has been adapted for other
clinical testing, such as congenital hypothyroidism , sickle cell
disorders, HIV, HCV, and therapeutic drug monitorin g etc.
[2-7].

DBS technique has been receiving growing interests in
both preclinical and clinical studies due to its in herent
advantages over the conventional whole blood collection
methods. These advantages include but not limited to (i)
elimination of the need for venous blood sampling, often a
technical challenge in infants and young children; (ii) absence
of post-collection processing; (iii) low biohazard risk; (iv) low
cost and ease of sample storage and transport befog analysis
[3,6-14].

Given the fact that only very littte amount of bloo d
sample is collected on the paper, a highly sensitive analytical
technology is always required. In other words with the DBS
sampling procedure a relatively high blood concentr ation is
necessary for a reliably detection and quantitation. Therefore,
for the first three decades, DBS had been mostly Imited its use
in infant screening. Due to the limited achievable sensitivity, it
was largely considered unsuitable for pharmacokinetic (PK)
studies in the support of drug development. However , during
the past decade the further advancement of novel aralytical
techniques has drastically improved the assay sensiivity.
Liquid chromatography-tandem mass spectrometry
(LC-MS/MS), as today’s most powerful tool for measu ring
drug blood / plasma / serum level, could easily det ect a low
ng/mL or even low pg/mL drug concentration based on a
sample volume of less than 100 pL. This advancement has
made possible to use DBS to support clinical PK studies and
non-clinical studies. During the recent 2-3 years, DBS has
become a “hot” topic in pharmaceutical industry. Ma ny
pharmaceutical companies, contract research organizations
(CROs), and academia research labs have implementedor are
implementing DBS approach to support the studies they
conduct. Numerous DBS-based analytical methods have been

developed and validated. There are lots of scientific papers
published related to this blood sampling technique and its
clinical and biomedical applications.

This mini-review is to provide an introduction of d ried
blood spot technique, a brief review of DBS-based hoanalytical
method validation, and its preclinical and clinical applications.

2. DBS procedures

In preclinical studies, small animals (e.g. mouse, rat, etc.)
can be tail bled including tail tip collection and tail prick
collection. Figure 1A illustrates an example of procedure for
tail prick collection in rats for DBS: (i) Identify the animal and
properly retrain for blood sampling; (ii) Dilate the tail with
warm water and gauze and wipe dry; (ii) Use a 25 gauge
needle (a new sterile needle must be used for eackanimal); (iv)
Insert the needle, bevel up, into the lumen of the vein. When
proper placement in the vein is confirmed, blood wil | fill the
hub of the needle. Gentle massage of the tail staring at the
proximal end may be used to help blood fill the hub ; (v) Using
an anticoagulant-coated capillary tube (attached to a bulb
assembly), insert the capillary tube into the hub of the needle,
allowing blood to fill the tube; (vi) Following rem oval of the
needle, apply pressure to the puncture site to stop bleeding;
(vii) Apply pressure on the bulb to push the whole blood onto
the center of the circular target area of the samping paper.

For humans including infants and adults, heel, fing er or
toe pricks using a single-use safety lancet is a wickly accepted
method for blood sampling [3]. Figure 1B shows a general
collection procedure: (i) Select puncture site and cleanse with
70% of isopropanol; (i) Use a sterile, disposable lancet with
2.0-mm point or less to prick; (i) Apply the bloo d drop
directly onto the sampling paper within a pre-marke d circle,
ideally one drop per spot. The blood sample can also be
applied with a calibrated pipette onto the sampling paper, thus
avoiding potential variability in blood samples due to
hematocrit effect, blood volume influence, possible uneven
distribution of blood on the card/paper and other s ampling
errors [14].

During the spotting of whole blood sample from eithe r
animals or humans, no contact should be made betwea the
filter paper and the collection apparatus. Clotting , layering or
supersaturating should be prevented. The predefined circle
must be homogenously and symmetrically filled and b oth



sides of the card/paper must show the same red color.

Samples indicating contamination or hemolysis or wi th

insufficient volume collected are deemed not suitable [3,5,9,14].
Dispense the sample in a smooth movement so that no
droplets are able to form at the end of the collection apparatus

and that the full sample is transferred neatly. Imm ediately

after collection, store the card appropriately. If FTA

DMPK-A/B cards were used, store each card vertically on a

drying rack so that cards do not touch each other. If BioSpot

226 cards were used, slide the card back into its lolder. Cards

may touch each other if the card cover is used. Allow the cards

from each interval to dry at room temperature for a t least 2
hours. Store cards in a sealed plastic bag containilg desiccant.
If BioSpot 226 cards were used, desiccant is not neded for

storage.

(A) (B)
Figure 1. DBS sampling procedure for (A) rodents and (B)
humans

DBS samples packed above can be transported through
the mail from a bleeding location to the analytical laboratories.
The zip-closure bag containing the packed specimens should
be enclosed and sealed in a high quality bond envelgpe for
shipment. Packaging dried blood spot specimens in multiple
layers protects mail handlers from accidental exposure and
ensures specimen integrity during shipping [3].

There are two types of DBS sample extraction methodk,
one is off-line extraction and the other is on-line extraction.
Most current DBS assays employ the off-line extracion method.
For off-line extraction, one or more DBS disks are punched
from the DBS filter papers into assay tubes or the appropriate
wells of 96-well plate. The extraction procedure is usually
carried out by adding a certain amount of extractio n solvent,
which must be strong enough to interrupt the bindin g of
analyte to protein in the matrix or the paper mater ial. The
analyte of interest is then extracted with gentle shaking or
vortexing or sometimes with the help of sonication. After

centrifugation, the resulting extracts are transferred to new
tubes or microtiter plates. The extracts can be dirctly injected
into the LC-MS/MS system for analysis, or dried for

reconstitution using an MS-friendly solvent prior t o analysis.
As for on-line extraction, one report showed the DBS
procedure based on an inox cell which could receive a blood
sample previously spotted on a filter paper [15]. T he cell is
then integrated into LC-MS system where the analytes are
desorbed out of the paper towards a column-switchin g system,
ensuring the purification and separation of the com pounds for
MS detection. Figure 2 shows a general process stding from

the bleeding to the end of obtaining the analyte drug
concentration for both preclinical and clinical stu dies.

Figure 2. General procedure for DBS from sampling to analysis

3. Bioanalytical validation

Although DBS is different from other traditional liq uid /
aqueous matrices such as whole blood, plasma, and erum and
so on, there should be no exception for the performance of a
guantitative LC-MS/MS assay using DBS in terms of assay
validation. The assay must be specific to the intended analytes,
precise, accurate, and reproducible so that it hasthe robustness
needed to withstand repeated and long-term usage in
preclinical and clinical sample analysis and other applications.
Without thorough validation of an assay method incl uding
sample handling, sample processing, and possible impact on
the sample stability, the measured analyte concentration may
not be reliable.

According to the current FDA guidance for bioanalyt ical
method validation, the assay validation elements include
sensitivity (limit of quantitation), selectivity, p recision and
accuracy, dilution integrity, stability assessment, carryover,
matrix effect, and recovery. Although the DBS assays share
most of the acceptance criteria as the conventional
bioanalytical assay such as plasma and urine assaysthey have
some unique elements needed to be addressed duringthe
assay validation, such as hematocrit effect, the irfluence of
blood spot volume, spot size and punched disc size, and the
paper-chromatographic effect. In addition, DBS assay has no
need of testing freeze-thaw and bench-top sample shbility.



Hematocrit, packed cell volume or erythrocyte volum e
fraction, is the proportion of blood volume that is occupied by
red blood cells. Since hematocrit is directly proportional to the
viscosity of blood, it affects flux and diffusion p roperties of the
blood spotted on the filter paper [14]. At a high h ematocrit
value, the distribution of blood sample through the paper
might be poor, resulting in a smaller blood spot wh en
compared with the blood sample with a low hematocri t. This
means that more blood sample per punch would be taken for
analysis, leading to a higher measured analyte conentration

than that obtained from the low hematocrit DBS samp les [3,16].

Holub et al.[17] reported that test analytes were found to be
significantly higher in samples with high hematocrit and
significantly lower in those with low hematocrit re gardless of
the position of the punch. To compensate for the extremely low
or high hematocrit, adding plasma into or removing plasma
from the whole blood has been proposed to ensure the values
of hematocrit are similar for the matrices used to prepare the
calibration curves and quality control samples.

When the calibration standards and quality control (QC)
blood samples were spotted onto the filter paper, normally a
relatively fixed blood volume was added. However wh en the
study sample is collected and spotted onto the sampling cards,
does the volume need to be accurately controlled? ®veral
reports have found out that the blood volumes spott ed on the
filter papers do not have significant effect on the measured
analyte concentrations from a fixed punch size and hematocrit
value [18-22]. However, Adam et al. [16] reported that the
mean of the measured phenylalanine concentrations from 35

L spots was lower than that from 100 L spots. These
different results warren the examination of the rel ationship
between dried blood spot area and the amount of blood
spotted on the paper when developing and validating a
DBS-LC-MS/MS method. This has been done by spotting QC
samples at least at two different concentration levels onto the
paper in six replicates with three or more increasing volumes.
After drying, a single punch is taken from the cent er of each
DBS sample and analyzed along with a set of calibraion
standards, for which the spotted blood volume could be the
same as one of the above QCs, or at a different vaime. As
long as the obtained QC sample results are within £15% of the
nominal values, precise sample pipetting may not be
necessary.

Chromatographic effects were investigated to determine
whether the fibers in the filter paper matrix influ ence the
spread of blood across the spot when the blood wasapplied in
a single application to the center of the printed circle [3,16].
This effect might result in a significant differenc e in the
measured analyte concentrations between the central and
peripheral areas within a DBS spot, see Figure 3 fa illustration
of the sampling location. Although not seen in the
measurement of dextromethorphan and dextrorphan [18], the
chromatographic impact might be pronounced for some amino
acids and acylcarnitines in the DBS samples with low
hematocrit [17]. Therefore, it should be assessed vhether the
same analyte concentration could be measured from apunch
from different locations of the same DBS QC samplesat two or

more concentration levels during assay method development
and validation. These samples are analyzed along with a set of
calibration standards. A good reproducibility (<15% CV) will

suggest that the chromatographic effect is negligible.

Figure 3. Blank DBS card (top); Spotted DBS card (nddle);
Punched-out DBS card (bottom)

Besides the above effects, there are some important
factors that make the DBS assay validation different from the
regular whole blood and plasma methods. One is the dilution
integrity. For measuring the analyte concentration higher than
the upper limit of quantitation in the conventional whole blood,
plasma or serum assays, the samples can be dilutedusing the
same matrix blank prior to extraction. However, DBS is solid
and cannot be diluted. A simple approach is to dilu te the
extracted dilution sample using one or more of extr acted DBS
zero samples (blank DBS matrix containing internal standard
only). The diluted sample was then analyzed along w ith the
calibration standards and regular QCs [19,21]. Another one is
stability assessment. As pointed out above, there is no
freeze-thaw element during validation since DBS samples are
normally stored at room temperature.

4. Preclinical applications

In terms of preclinical usage of DBS technique, oneof the
primary interests for its use in PK / TK studies co mes from the
“Three R’s” principle. This principle provides a ge neral
guidance of the use of animals in research, including reduction,
replacement, and refinement of the ways using animals. DBS
technique can help in two aspects of that, in reducing the
number of animals that can be used and in the refinement of
the technique. A big advantage of DBS for the drug discovery
and preclinical research, from an ethical point of view, is the
reduction in the number of animals, by up to 50%, in the



smaller animals like rodents. Because less blood isdrawn from

the animals, serial rather than composite profiles can be
obtained. So only a single animal might need to be used, while
two or three animals might need to be used in the conventional

way. Meanwhile, the number of TK satellite animals can be
reduced because of a low amount of bloods taken at each
timepoint. The other aspect of the “Three R's” that DBS can
help is the refined use of animals. By taking a smdl amount of

blood, no big needle is needed. This results in a less stressful
procedure for the animals. Due to that less blood is taken at
each timepoint, there is no need to warm the animals before
the blood is taken. Since the actual tox animals ca be used to
generate the TK profiles, the high quality TK data could be
obtained. This means particular toxicological effect in an
animal can be correlated directly with the TK profi le of the
same animal.

Many DBS assays have been successfully developed amh
validated for a variety of compounds [14 and references
therein]. DBS assays has been used in several preclinical
studies on PK / TK assessment of drug candidates in small
animals [8,18,23-26]. Figure 4 shows a toxicokineticcurve of
acetaminophen administered in rat specie during a 24 hour
interval determined from DBS assay and the whole blood
assay. The comparison data indicate the exposure to
acetaminophen was similar using the whole blood and DBS
methods at the 150 mg/kg dose level. This indicates that the
DBS approach is viable for preclinical study at least for certain
compounds. The potential benefits of using DBS techique are
too pronounced to be ignored by pharmaceutical indu stry. The
small blood volume (<100 L for multiple spots) used for DBS
sampling makes its use possible for serial bleeding from small
animals [8, 23]. Considering the advantages that DBS can offer
for preclinical study, it has gained more and more attention
these years.

Figure 4. Exposure drug concentration data obtained from DBS
and whole blood methods

5. Clinical applications

DBS technique has also provided huge benefits to the
clinical study. These include a simple and less invasive blood
sampling, the simplified sample handling and extrac tion, the
safer and simpler transport of samples, and the reduction of
blood volume required. Moreover, patients could eve n
generate own samples at home. This will be ideal for Phase
II/lll studies in developing countries and populati on-based
studies since DBS samples can be easily shipped anand for
analysis.

It is necessary to know the physicochemical properties of
the target drug molecules or markers before exploring the use
of DBS sampling [14]. This means exploratory tests must be
carried out to select the appropriate type of filte r papers before
the incurred sample can be collected. Some common ypes of
filter papers that are being used for the DBS sample collection
include FTA DMPK-A, FTA DMPK-B, and 903 from GE
Healthcare, Ahlstrom Grade 226 Specimen Collection Paper
from BioSpot, 545 filter paper from Advantec. The FTA
DMPK-A and FTA DMPK-B cards lyse cells and denature
proteins on contact. These papers have been extensely used
either in newborn screening or other applications.

Many assays with different separation and detection
methods have been employed for analyzing DBS samples, such
as immunoassay, LC-UV, GC-MS, and LC-MS/MS. A wide
range of compounds have been analyzed from DBS, spaning
a molecular weight range from amino acids to hormon es and
RNAs [8]. It has been reported that DBS technique has been
successfully applied for the analysis of numerous drugs
and/or their metabolites such as morphine and its m etabolite
6-acetylmorphine [11], phenobarbital [12], dextrome thorphan
and its metabolite [18], acetaminophen [19], the cdionic dye
and anti-malarial methylene blue [27], protease inhibitors
including atazanavir, darunavir, lopinavir and rito navir [22,
28], tacrolimus [20, 29, 30], cyclosporine A [31],mycophenolic
acid [32], non-nucleoside reverse transcriptase inhbitors
including efavirenze and nevirapine [22, 28], cocaine exposure
monitoring [33], HbAlc measurement [34] and many ot hers
[14 and references therein]. Most of the above DBSmethods
have demonstrated a highly correlated relationship with the
liquid blood or plasma / serum methods. The compari son of
fingerprick blood spot analyzed by LC-MS/MS with th e
venous blood measured by immunoassay for tacrolimus
indicated a strong significant relationship thus al lowing the
two approaches to be interchangeable for routine clinical
purposes [30].

As for DBS’ clinical applications, besides its wide use in
newborn screening, another field with significant i mpact by
DBS is therapeutic drug monitoring (TDM). There are many
reported assays of drugs in DBS [9, 20, 22, 28]. Eelbroek et al.
[9] have provided a fair review on the DBS sampling for TDM.
The DBS method involved applying whole blood obtain ed via
a fingerprick to a sampling paper. After drying and
transportation, the blood spot was extracted and analyzed in
the laboratory. The technique involved in and factors that
might influence the reliability of DBS results were also
discussed in great details. DBS sampling seemed tobe a very
convenient and useful approach for TDM and could have



many advantages in comparison with the conventional venous
sampling.

DBS sampling as a less invasive method was also vey
attractive by population-based biomarker research that
typically faces to logistical constraints associated with the
collection and analysis of biological samples in
community-based settings. DBS methodology was able to
overcome many of these constraints and has also expnded the
options for incorporating biomarkers into populatio n-based
health research in international as well as domestic contexts.
The procedures for collecting, handling, and analyzing DBS
samples, and the advantages and drawbacks of using DBS
samples in comparison with the conventional venipun cture
were discussed in a comprehensive literature review published
by McDade et al. [10], where authors have also provided
detailed review on analytical protocols for 45 anal ytes. Very
recently, Li and Tse [14] published a nice and thorough review
article on the DBS sampling technique with an emphasis in
DBS-associated with LC-MS/MS methods for quantitativ e
determination of small molecule drug substances in blood
matrices. Considering the sensitivity, analysis speed, and
selectivity, LC-MS/MS particularly UPLC-MS/MS is a
preferred tool over other available techniques for the DBS
sample analysis, due to the fact that the inherentnature of DBS
sample size in the range of several pLs.

6. Summary

DBS has been the primary method of blood sample
collection in newborn screening for several decades Due to the
advancement of analytical testing technologies, it has made
feasible in many cases by using DBS sampling to ackeve
desirable detection limits for PK and TK sample analysis in
pharmaceutical industry. DBS has also expanded its use as a
convenient and promising approach in the therapeuti ¢ drug
monitoring for those drugs with a narrow effective window.
DBS is gaining huge attention in preclinical and cli nical studies
due to their inherent advantages. However, it may n ot be able
to completely replace the conventional whole blood collection.
The use of DBS still bears some concerns such as ssitivity
and homogeneity issues. With the advance of more sensitive
instrument, improved chemistry of pretreated paper for
enhanced stability of unstable compounds, implement ation of
automation for DBS sample punching and extraction, and
more thorough method validation, DBS coupled with t he most
advanced LC-MS/MS or other ultra-high sensitivity d etection
approaches will produce a huge potential impact on the drug
development and clinical practices.
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Turn Crisis into Opportunity: Chemical Engineering

Education in the United States

- Interview with Professor James Wei

Patricia Sun

It was the best of times, it was the worst of tinitesas the age of
wisdom, it was the age of foolishness, it was ploereof belief, it was

the epoch of incredulity, it was the season oftLiglvas the season of

Darkness, it was the spring of hope, it was thetevirof despair, we
had everything before us, we had nothing beforeveisiere all going
direct to heaven, we were all going direct therotvey - in short, the
period was so far like the present period, thatesofnits noisiest
authorities insisted on its being received, fordgoo for evil, in the
superlative degree of comparison only.

- Charles Dickens, A Tale of Two Cities

One of the most talked about stories in United States
nowadays is the economic depression. In 2007, the Anerican
economy began to slow down significantly, mostly be cause of a
real-estate slump and related financial problems. In December
2007, the economy entered a continuous recession, wich turned
out to be the longest one in decades. In spite of he enormous
financial bailout of national financial system that the Federal
government proposed, the fate of U.S. economy staysunresolved,
the recovery is slow and unemployment rate is likel y to remain
high for at least another year.

The cold market is like HIN1 virus, spreading among all of
the business. It has become more and more clear thain 2009 and
2010, the chemical industry is not just facing another cyclical
downturn, it is facing a ‘do or die’ threat to many chemical
manufacturers. It's a result of the combination of multiple factors,
such as the global financial meltdown, the sharp decline in
demand and the deep structural change across the irdustry. It is
quite possible that many chemical companies in operation today
may disappear in the next few years if the economy recession
continues. To remain standing, it's high time for a ll the peers in
the field to think about the status and the surviva | strategies.

In my opinion, Chinese is the most beautiful and
sophisticated language in the world. It embraces lots of wisdom
and philosophy in each word and character. For example, in
Chinese, the crisis is called * . It is made up of two characters:

meaning ‘peril and meaning ‘opportunity’. What does

that tell us? In a situation that has reached an exremely difficult

or dangerous point, opportunity exists. As a matter of fact,
danger and opportunity are like the two sides of a coin, they're
accompanied. Which way it goes? Its all up to you. A
mishandled opportunity becomes a crisis, and a well-managed
crisis becomes an opportunity. Therefore, the critical factor is not
the challenge itself, but how you manage it.

Every journey begins with a single step. Similarly, every
career path begins with education. As the first step of a
professional career path, the right education in school plays a

crucial role for one’s career development. Like an old saying
goes, ‘Good start is halfway to success.” So to geteady for the
upcoming challenges, education is an indispensable section.

| felt very honored to have an opportunity to discu ss the
Chemical Engineering Education in U.S. with one of the world
famous educators in the field - Professor James Weibefore
Christmas of 2009. Prof. Wei is the Pomeroy and Béy Perry
Smith Professor of Chemical Engineering at Princeton University.
He received his Bachelor's degree in Chemical Engireering from
Georgia Institute of Technology in 1952, Masters ard Sc.D in
Chemical Engineering from MIT in 1954 and 1955, and a degree
in Advanced Management from Harvard Graduate School of
Business Administration in 1969.

Figure 1 Professor James Wei

In his long and exceptional career path, Prof. Wei was
engaged in researching, teaching and management jols in both
industry and academia. He also worked with various of
prestigious organizations with different styles and cultures. He
began his career as a Research Chemical Engineer fdVobil Oil
Research in 1955 and advanced to Manager of Long-Rage
Analysis. His teaching career started from 1962 asa Visiting
Associate Professor of Chemical Engineering at Prirceton
University, then became Visiting Associate Professor at
California Institute of Technology in 1965. From 1971-1977, Prof.
Wei was the Allan P. Colburn Professor of Chemical Engineering
at the University of Delaware. He joined MIT in 197 7 where he
served as Department Head of Chemical Engineering until 1988,
and was Warren K. Lewis Professor from 1977 to 1991 Between
1991 and 2002, he served as Dean of Princeton’s Schl of
Engineering and Applied Science. He was Editor in Chief of
Advances in Chemical Engineering. As an expert on the
environmental impact of the chemical industry, he h as
participated in many governmental panels, such as the National
Research Council. He was also president of the Ameican
Institute of Chemical Engineers in 1988. Prof. Wei has received



numerous grand awards and has been elected into the National
Academy of Engineering, American Academy of Arts and
Science and Academia Sinica. His rich experiences n both
academia and industry of Chemical Engineering endow ed him
with profound knowledge and acute vision of the top ic.

In our conversation, Prof. Wei started from the objective of
Chemical Engineering education, followed by the evo lution of
the curriculum. He then advanced to the volatility of
employment in Chemical Engineering, the trend of
de-industrialization in U.S., and finally he advise d on what to do
with it. The following article is written on the ba sis of this talk.
(All of the figures and data are provided by Prof. Wei.)

The Objective of Chemical Engineering Education

Prof. Wei showed me a chart (Figure 2), which presented
the 3 key components of the demand chain: the universities, the
industries and society needs. On top of the chain is the society
need, which is also the key driving force of both i ndustry and
university. The industries provide goods and servic e to serve the
society, and universities cultivate graduates with the right
knowledge and skills to serve the industries. Hence, in order to
convey the right intellects to industry, the educators and
students have to have a clear and comprehensive uncerstanding
of the real society needs; study them, so as to meethem.

Figure 2 The Objective of Chemical Engineering Education

What's more important than satisfying the society n eeds is
to come ahead of it, that's where the great inventions come from.
To survive and succeed in the brutal competitions, the key is to
come up with innovative ideas, to make novel but us eful
products that the society will be interested in.

To realize this, university is the place where the foundation
of one’s career path is built and where the required knowledge
and skills are learnt. Only if one knows what the society wants
exactly, can he make out the right educational plan accordingly,
because the ultimate goal of education is to produce graduates to
have successful and useful life.

The Evolution of Areas and Curriculums in Universit  ies

Figure 3 reflected the migration of Chinese intellectuals in

Tang, Song, Ming and Qing dynasties respectively. As the
political and economical center and major populatio n of ancient
China gradually moved from Northwest to Southeast, so did the
intellectuals. “Survival of the fittest” has popul arly described
evolution for more than a century; and this is just one more
example of how the education and industry evolution are driven
by society needs.

The world is changing fast, the society needs are tianging
fast as well, consequently, we can't live in the same fashion for a
long time, we have to move along with the world. T he history
of Chemical Engineering is a history of evolution. From 1880s fill
now, with the growing society needs shifting from i norganic
chemistry, petroleum refining to new clear energy, polymers and
petrochemicals, to biochemistry, electronics, to nanotechnology
and environmental protection, more and more new cur riculums
and paradigms appeared in university education (Tab le 1).

Figure 3 Migrations of Chinese Intellectuals (From Left to Right:
Tang, Song, Ming, Qing)

Table 1 Evolution of Areas and Curriculum

As a result, new sections within Chemical Engineering
occurred, such as polymers, electronics, nanotechnéogy and
environmental engineering, accompanied by the re-organization
of Chemical Engineering departments. Sometimes we gain, some
times we lose. For example, in the 1980s, key facuy of
biochemical engineering, which used to belong to ‘Food,
Nutrition Department at MIT, joined the Department of
Chemical Engineering. Meanwhile, the Nuclear Engine ering
department, which began as part of Chemical Engineering
Department at MIT, split off as an independent depa rtment in
1957.

The universities have to take consideration of how to



manage both the long term growing areas like the computer
science and the more mature teaching of intellectud areas like
trigonometry; they also need to keep a balance of he short term
growing areas such as tissue engineering, versus tlke classical
research areas like sulfuric acid study. One tool that many
universities are using for subject and funding mana gement is
called the Matrix Organization (Figure 4).

Figure 4 The Matrix Organization

Departments are generally organized on long term
intellectual disciplines and report to Deans. Their budget is
based on the number or students and course enroliments.
Research centers, on the other hand, are supportedby funds
from outside sponsors and report to the Vice President of
Research Centers. Their focus is on the short termor current
needs for inter-disciplinary problems. The research centers come
and go quickly, with the fast changing society needs and
funding, however, department stay relatively stable .

Today’s Curriculums in Chemical Engineering Educati on
The evolution of Chemical Engineering, the changes in

society needs, the emerging of new areas, and the
inter-disciplinary  collaboration require the studen ts to

comprehend more skills and master broader knowledge
background. Figure 5 represents the current curriculum
distribution for Bachelor of Science Degree in Chemical

Engineering at Princeton University.

To be eligible to receive a bachelor's degree, a stdent is
required to complete satisfactorily 36 courses, induding 13 basic
science courses, such as mathematics, physics, chestry and
biology; 8 human and social sciences related to humanities,
social sciences and writing; and 15 chemical enginering courses.
The chemical engineering courses consist of 9 coreand 6 elective
courses. The core courses are traditional lectures teaching
fundamental principals of chemical engineering, the y had stable
paradigms for several decades. They include heat ard mass
balance, the thermodynamics and thermal properties, unit
operations, separations, transport phenomena, kinetics, reaction
engineering. More practical work aimed at reinforci ng the
knowledge gained in class room, such as laboratory, design,
optimization and thesis is also incorporated into the core
courses.

Figure 5 Today’s Curriculum for B.S. Degree in Ch.E. at Purdue

Chemical engineering is a branch of engineering that deals
with converting raw materials into useful produces. The process
involves chemical and physical changes of materials. The
discipline of chemical engineering is based on the application of
many basic sciences and chemical engineers are empled in a
wide range of industrial and research operations. Therefore, in
addition to the traditional chemical engineering em ployers in the
chemical and petroleum industries, more employment
opportunities can be found for chemical engineers in other
related areas like polymers, energy, environmental engineering,
food processing, electronics, biotechnology, pharmaceuticals,
agriculture and paper industry etc. A wide variety of elective
courses are offered to students at Princeton, which allow
specialization in those areas. Meanwhile, elective courses such as
management and entrepreneurship, finance, optimization, info
tech and business can help the students to broadentheir vision
beyond chemical engineering world. In short, the mo re you learn,
the better preparation you have made for the future challenges.
The Volatility of Employment in Chemical Engineerin g Field

Figure 6 demonstrated a snapshot of the Chemical
Engineering degrees granted in the United States from 1985 to
2005. It's quite a rollercoaster ride, especially br the bachelor’s
degrees. It dropped from 7000 to 3500 in 5 years, kmbed back to
6500 in late 90s, then regressed again to 4500 in0R5. This
evidently indicated how volatile the chemical engin eering
employment market is.

As we discussed in the first section, the curve is mostly
driven by the society needs. The big diving in 1990, for example,
resulted from the boom of electronics and communication
engineering. The huge success of Windows 3.0 initided an
inevitable software revolution, and then the launch of World
Wide Web opened a golden age for computer industry. All of a
sudden, everybody started to talk about the internet, the
Microsoft, the Pentium processor, the Java language.. At
Christmas time, people rush into electronic stores to buy the
latest generations of the digital gadgets. Tremendous cash flow



goes into IT business. The market is growing with r ocket speed.
As a consequence, more and more job opportunities ae created
in electronics industry in (Figure 7). Similar case for the upturn

of biochemical industry, thanks to some of the magnificent
breakthroughs in biotechnologies.

Figure 6 Chemical Engineering Degrees Granted in the United
States
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Figure 7 First Job in Engineering Industry in U.S.

However, the chemical engineering is struggling in a
disappointed trend of recession. Although the tradi tional
industries such as oil refinery and petrochemical i ndustries are
still the pillars of chemical industry, the lack of breakthrough
inventions in the past few decades has pushed them into a
stagnant stage. To stimulate chemical engineering gowing faster
than the gross national income (GNP), and thus to ceate more
employment opportunities in chemical industry, inno vative
products, novel materials, and cutting-edge technologies are
indispensable.

A Career in Chemical Engineering — the Crisis and t he
Opportunities

30 or 40 years ago, the life as a chemical engineeis fairly
simple. After graduation, you find a job in the che mical
processing industry, start in operations or research, then you'll
enjoy a stable career for 30-40 years. Some may breh out to

marketing and management, but majority kept a consistent
pattern without too much change.

In the past decade, however, everything became moreand
more volatile. Graduates change companies more frequently
than ever due to many unpredictable factors. Some mmpanies
go out of business; some downsized or merged; somestarted to
be heavily dependent on outsourcing.

The industrialization in United States peaked in 1965
(Figure 7), with 35% of labor in manufacturing, but has falling to
18% in 2009. Dramatic increased outsourcing of mandacturing
abroad results in the shut down of many domestic pl ants and
facilities. A snapshot of various nations in the wo rid in 2000
presents a strikingly similar picture which is show n in Figure 8.
Bhutan is 94% in agriculture, and the upward path | eads to India,
China, and peaks at Singapore at 35%. This is fobwed by a
drop to US and Hong Kong.

US labor structure, 1810-2002
40
35 WDI
gilfass A Kuznets
> 30 $osy  |x19m
g B
3 2 g““ 41879
£
£ 20 [~20
g
© 15 AT839
X
10
41810
5
0
0O 10 20 30 40 50 60 70 80 90 100
% labor in agriculture

Figure 8 The History of Deindustrialization in U.S.

Hong Kong is suffering similar issue as U.S. The
deindustrialization caused fewer and fewer needs of chemical
engineers locally. Searching for job in plants abroad is doable but
not easy due to the strong competition from local engineers. The
alternative option is the domestic headquarter jobs in areas
beyond research, such as planning, finance, adminigration or
management. Facing the tough challenge, there’'s no
straightforward solution or general rule. Therefore , engineering
education must adjust to permanent shift to service economy.

While being asked what the most valuable things are that
he wants his students to learn in school, Prof. Wei mentioned
two systems: the MIT system and the Princeton system. In MIT
system, you learnt how to be an intellectual and skillful engineer;
the emphasis is on technology side. In Princeton system, you
learnt how to do networking with a lot of interesti ng, talented
and important people; the emphasis is on inter-personal skill



side. He said he has always wanted to incorporate these two
systems, because both qualities are very important for a
successful career, one makes you become a good resecher and
engineer, the other helps to become an effective lader, you
shouldn’t concentrate on one over the other.

Labor structure and wealth, 2000
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Figure 9 The World's Labor Structure in 2000

The society needs change rapidly and constantly, ard the
currently thriving industries may not last. So educ ators and
graduates need to keep themselves updated and reman relevant,
in the other word, we have to think ahead of time and get
prepared.

Although the 4 year curriculum in college education

concentrates on the core knowledge with long term relevance, it
also stimulates the students’ flexibility to learn new knowledge

and skills, so that they can work in unfamiliar assignments.
Currently, the focus of industry in U.S. has been shifted from

manufacturing to service, so re-invent yourself and build

something to do service is a good way to be consideed.

The other option is to work in the areas that need people
with professional skills and knowledge to solve tec hnical
problems, for example, energy and environmental rel ated areas.
There’s growing demand for renewable fuel, green products,
and novel processes to safe energy nowadays, therere those
would be the places where more chemical engineers ae needed.

The study of new skills and knowledge should be a | ifetime
learning process, because the best survival strateg in tough
time is continuous self-improvement. At the same ti me, we need
to create new technologies that can attract the soty’s interest,
because when we generate products that people realy want, we
also generate opportunities for ourselves.

I would like to thank Prof. Wei for his precious ti me and
very instructive advices. | hope you've learnt a lot from the
discussion as | did and will start to think about y our strategy
and plan for future career development.

If Winter comes, can Spring be far behind?

- Percy Bysshe Shelle, Ode to the West Wind



Brightening the Future Energy Use

Introduction to ENN Science & Technology Co. Ltd

Overview

Founded on August 7th, 2006, ENN Science & Technology
Co. Ltd (ENN Sci & Tech for short) is the technology flagship of
the ENN Group (ENN Group has formed a complete clean
energy value chain from energy production, conversi on, storage
& transportation, to distribution & application.); based on the
principle of “C-economy and intelligent integration ”, ENN Sci &
Tech is devoted to providing optimized and integrat ed solutions
to the challenges in energy technology development, which
covers coal-based clean energy, solar energy and limenergy.
ENN Sci & Tech is gaining the leadership in several fronts
including coal gasification, bio-mass energy, and solar energy
production.

Today ENN Sci & Tech has established teams of taleted
scientists and experienced engineers covering important clean
energy and renewable energy fields, and well-equipp ed R&D
facilities including a pilot plant with a ground ar ea of 5000m?2
and more than 30000 n? Laboratory Space. The CQ recycling
business is set as its core strategy, and the cleaproduction of
coal-based energy is regarded as its major breakthough. By Jan
20h, 2010, 135 patents application owning by the compay have
been submitted, and hundreds of papers have been published.

The ultimate goal of ENN Sci & Tech is to achieve
“innovation of clean energy development, improvemen t of
living environment, and enhancement of life quality ”, which is
the mission of ENN Group. This is to be accomplished by
focusing on the core concept of “C-economy and intelligent
integration” ENN Sci & Tech is committed to the dev elopment of
key proprietary technologies in the production and application
of clean energy, for its own growth and societal advancement,
and achieve a harmonious balance between human andnature,
as well as economy and environment.

Solar Energy

In determining ENN Group’'s growth strategy in
photovoltaic energy field, ENN Sci & Tech, as a member of ENN
Group, has taken full account of the strategic developmental
requirements. The company will explore higher-perfo rmance
solar cell technologies with its own intellectual p roperty rights.

ENN Solar Energy is devoted to the R&D, production and
sale of solar energy modules with high performance- price ratio.
Collaboration with Applied Materials, the global le ader in
semiconductor fabrication, ENN Solar Energy introdu ced the
cutting-edge SunFab™ Thin Film production line to produce
ultra-large 5.7m2 solar module. This 6-MW line will be the first
phase of an expected 500MW capacity plant in China.In order to
realize sustainable development, it will set up overseas R&D
base to enhance its independent innovation capability and
release a new generation product within 2-3 years. Relying on
the large market network of the Group, it will buil d its unique

marketing model to allocate this state-of-the-art product to
Europe, North and South America, as well as mainland China.
The company is striving to be one of the world-lead ing solar cell
manufacturers by 2020.

Energy Chemical

ENN Energy Chemical is devoted to the production la nd
conversion of coal-based clean energy. Relying on he rich coal
reserves in China, it focuses on the development of new
alternative energy mainly in the field of clean alc ohol-ether fuels
and chemical products with advanced coal chemical
technologies. ENN Energy Chemical has constructed large coal
chemical bases in Inner Mongolia, Shandong, and Shaxi, etc. It
produces DME, a new kind of clean energy, from methanol
obtained through independent production and interna tional
trading.

Relying on its clean coal technology, ENN Energy Chemical
has currently formed a production pattern with stro ng cost
competitiveness based on resources such as coal, atbed
methane (CBM), and coke oven gas (COG). The DME prgect
Phase | with annual capacity of 600,000t methnol/40,000t DME
in Ordos (Inner Mongolia) was put into production a t the end of
2008, the COG t methanol project has been carried ot on
schedule and the DME projects in East and South Chnha are
under preparation.

Clean Coal-based "Zero Emission” Technology

"Zero Emission" of CO; from coal can be achieved via the
methods of biological absorption & chemical fixatio n of CO..
Meanwhile, a new sustainable model of clean production
involving "environment, energy, and resource" is cr eated.

In addition, ENN Science & Technology for R&D has set up
a Pilot Center of this Coal-based Energy "Zero Emission”
Technology System, occupying about 5,000 square megrs. The
Pilot Center is a platform for R&D and to demo the ecological
cycle of the clean energy technology cluster. The echnologies of
this cluster include Catalytic Coal Gasification, U nderground
Coal Gasification, Methanation Technology, Low-cost Hydrogen
Production Technology (LHPT), Algal Bioenergy and E nergy
Systems Efficiency and Systematic Solutions.

Catalytic Coal Gasification CCG

ENN’'s Catalytic Coal Gasification technology uses an
optimized process for combining coal and a catalyst in a
pressurized reactor vessel to produce synthetic nawural gas
(SNG). This process can reduce the emission of NQ and SO
with all wastes being captured and utilized. The op erating
temperature is much lower because of the catalytic process. This
technology provides a clean, efficient and simplifi ed way for the
coal to methane process.



Underground Coal Gasification (UCG)

UCG is a controlled in-situ gasification process with coal
resource producing low-cost syngas. It offers an effective
solution to utilize lignite and deeply deposited co al. UCG
integrates drilling, mining and gasification proces ses into one
process and it turns the traditional coal mining in to in-situ coal
gasification, which is a safer approach with lower capital
investment, higher production and less pollution.

Methanation Technology

In this pilot plant, the methanation system uses gases from
the gasification processes to produce SNG. CQ captured during
this process is then sent to the algae photobioreators and
biomass processing unit to produce biodiesel. Hydrogen is
added to the methanation process to adjust C/H rati 0. In this
way, “zero-emission” of CO ; is realized in the system.

Low-cost Hydrogen Production Technology (LHPT)

LHPT is one of the core technologies to reduce CQ
emissions via chemical fixation of CO, by adding hydrogen
produced from renewable energy. It includes
Photoelectrochemical Catalytic Hydrogen Production (PEC) and
Hybrid-energy Hydrogen Production Technology (HHPT) . The
key of PEC is to develop high-efficiency photo-electric catalysts
and new types of photo reactors. The efficiency of solar to
hydrogen energy can be greatly improved by applying an
external bias, which can lower water splitting volt age and
electricity cost. The key of HHPT is to develop a leading
advanced low-cost solid polymer electrolyte water e lectrolysis
system, which can effectively utilize electricity f rom renewable
sources and the traditional grid. LHPT can not only provide
sustainable low-cost hydrogen, but also convert the renewable
energy into methane via adding hydrogen into methan ation
process. Finally, LHPT can utilize surplus off-peak electricity to
provide peak-shaving capability.

Algal Bioenergy

Algae are the fastest-growing plants with highest
photosynthesis efficiency, by using CO», as a carbon source and
sunlight as an energy source. Energy is stored instle the algal
cell in the forms of lipids and carbohydrates, and can be
converted into fuels such as biodiesel and ethanol.
Fastest-growing and high-lipid content algae are screened and
selected in our labs through high-throughput screening and
genetic engineering technologies. Light utilization efficiency and
CO2 absorption efficiency can be improved with our
mass-cultivation and low-cost photobioreactor techn ologies.
Industrial waste water and heat have also been incorporated into
our process.

Energy Systems Efficiency and Systematic Solutions

ENN Group has proposed an integrated efficient solu tion
for distributed energy systems, which applies intel ligent controls
to the "material flow, energy flow, and information flow"
through combined energy technology and intelligent network,
such as a city, an industry and a community. In this way, a
variety of energy sources are integrated and optimized. This
“Energy Systems Efficiency” concept was selected asthe World

Expo 2010 "Shanghai Eco-Home" model and for the salition of
urban city with coal power plant zero-emission in | nner
Mongolia. In February 2009, ENN signed a strategic cooperation
project with IBM, and will in the management and ap plication to
promote "(Smarter City)" and "(Smarter Energy)" in China.

The State Key Laboratory--- Green Coal Gasification Lab

The Green Coal Gasification Lab was selected as theState
Key Laboratory on Jan It, 2010, invested by the Ministry of
Science and Technology of China. The lab began itgesearch of
methanol/ DME / Coal to CH 4 in 2003; established the postal
doctoral program in 2006; was granted “internationa | science &
technology collaboration base” in 2007; establishedalliance with
NERL of America in 2008; and established the alliance with CAS
(Chinese Academy of Science) in 2009. It also undemkes
National High Technology Research and Development Program
(863 Program), some National Key Technology programs, and
some other programs sponsored by National Science Bundation
and U.S. Department of Energy. As a leader in the research area,
this lab has participated in drafting 7 national an d industrial
standards in low-carbon energy segment.

The lab has the only recipient of distinguished “Th ousand
Talents Program” sponsored by Chinese Government in Hebei
Province; two tenured professors from USA,; 46 reseachers with
senior title; 47 technical persons with doctor's degree among
whom 38 came back from abroad; and 5 visiting reseachers.

Research & Development Infrastructure

ENN Sci & Tech’s new research facility is the platform for
ENN Group’s fundamental and applied research on clean
energy. Built on a land of 32,400 n?, it hosts laboratories of solar
energy, bio-mass energy, clean coal energy research and
environmental impact research, as well as a top-notch
characterization center. Complemented by the pilot plants
nearby, the new research building is the place for nurturing new
ideas and developing ENN'’s core technologies. With its superb
research equipments, excellent working environment, and
people-oriented management, the Laboratory Building is ready
to open to domestic and overseas professionals to &change
ideas, develop new technologies, and create and shae values.

CTO of ENN Group and GM of ENN Science & Technology

Dr. Zhongxue Gan

Dr. Zhongxue Gan got his Ph.D. degree in Mechanical
Engineering from University of Connecticut in 1993.
Immediately after graduation, Dr. Gan joined ABB Re search
Center North America and rose to Technical Director and Chief
Scientist in Automation within ABB. In 2003, Dr. Ga n returned to
China and founded ABB Research Center-Shanghai. Duing his
13 years with ABB, a number of new technologies were
developed in the field of robotics under Dr. Gan’s leadership,
including robotic regulation, robotic programming, real-time
control of robots, and precision control of material removal
using robots. These advancements made ABB the world leader
in intelligent control and robotics operation.

In 2004, Dr. Gan joined ENN Group as the Chief Scientist,



CTO and VP of ENN Group. He founded ENN Bowei organization consisting of renowned experts, technical leaders,

Technologies, specialized in Robotics and Medical imaging. and professionals has taken shape.

Currently he devoted himself to ENN Energy Research Institute.

Dr. Gan proposed an innovative approach of utilizin g CO2. Dr. Dr. Gan has received numerous awards and is the redpient
Gan is a strong advocator of scientific management of research of distinguished “Thousand Talents Program” sponsor ed by

projects, and is the architect of ENN’s highly effi cient research Chinese Government. He has over 30 publications in refereed
project management model and Industry-University-Re search journals and dozens of issued and patent applications.
Institute collaboration model. Under his leadership , a research



Be Yourself

- Profile of Professor Yan Li
by Patricia Sun

People say ‘Science is a man’'s world'. It still is. According
to the latest statistics, the great majority of scientists and
engineers are men. And in the academic world, men dominate
jobs in the physical sciences and engineering. But extensive
studies have proven that this has less to do with differences in
the brain, and more to do with academic history. Wi Il today’s
women change these statistics? Possibly. As a matteof fact, the
balance has already started shifting, slowly but steadily, as more
women pursue their advanced degrees. Three decadesago,
women received only 1 out of every 10 science and egineering
Ph.D.s. Today, they already earn one-third of all science
doctorates. Women also occupy 29% of science and egineering
positions at U.S. educational institutions, which i s representative
of the global trend.

It is never an easy job for women to excel in a mak
dominated world. It takes immense amount of hard wo rk,
determination, courage, passion and dedication. But there are
still many prominent female researchers who have made
extraordinary achievements in the field of science and
engineering and won high respects from their male p eers. The
story I'm going to share with you today is about an outstanding
female scientist and educator — Professor Yan Li () from
Peking University.

Professor Yan Li

Prof. Li graduated from Shandong
University as a Master of Science in
Chemistry in 1990 and received her Ph.D.
in Inorganic Chemistry from Peking
University in 1993. In 1995, she became
the Associate Professor of Peking
University. From 1999 to 2001, she was a
visiting Associate Professor at Duke
University in the United States. She has been the Fofessor of
Chemistry at Peking University since 2002. She hasalso been
elected as the academic committee member of the Key
Laboratory for the Physics and Chemistry of Nanodev ices and
serves as editor of Chinese Science Bulletin. Her esearch is
focused on the preparation, modification, characterization and
application of carbon nanotubes (CNT). Her research group is

interested in developing strategies and techniques for
controllable  preparation, band structure and proper ty
modulation, and high-resolution characterization of CNTs

especially aligned single-walled carbon nanotubes (SWCNT) on
substrates. They also pay much attention to the potential
applications of CNT-based materials in the fields of
nanoelectronics, energy source, and biomedicine. Beause of her

* Patricia Sun, Ph.D., Lead R&D Scientist, UOP LLC,a
Honeywell Company, Anaheim, CA 92806

excellent achievements in teaching and research, Pof. Li has
received numerous honors and awards, including P&G Award
for research, Ten Best Teachers in Peking Universy, Best
Teaching Awards, Young Talents for the New Century (from
Chinese Ministry of Education) and Gangsong Research Award
etc.

The Other Side of Professor Li

In private life, she’s a gentle and
beautiful lady, a sweet mother of her son, a
respectable professor of her students, and
an amiable friend of her colleagues. But
when it comes to research, she’s very
independent, diligent, professional and all
about business. She's always sincere to
others and honest to herself. Some people
trust in fate, while others trust in themselves. She is obviously
the latter. “Be yourself.” is her ethical principle . So far, the one
thing she feels most proud of herself for is being able to make
any decision by her own judgment. That is likely on e of the key
reasons for her success. Just like Irene C. Kassalonce said:
“You must have control of the authorship of your ow n destiny.
The pen that writes your life story must be held in your own
hand.”

I hope her inspirational journey towards pursuing h er
dreams will encourage more young ladies to find their
enthusiasm in technology and engineering, actively engage in
scientific research, and establish successful caree paths in
academia and industry. “Where there is a will, ther e is a way.” If
men can do it, so can women.

Every Journey Begins with a Dream

Prof. Li was born in Yiyuan, a peaceful, beautiful and
tranquil small town in Shandong Province. But her c hildhood
wasn't as beautiful. As the eldest child in the family, she had to
bear the brunt of household chores and family responsibility
from very young age. She began to do housework when she was
only 3-4 years old. After school, she went home immediately to
do all the washing, cleaning, and cooking, as well as looking
after her 2 younger sisters and a younger brother. Although she
had almost no time to play and have fun when she was a child,
she learnt some of the most valuable lessons from he tough life:
how to be a strong, optimistic and independent woma n. Still
today, she remembers the advice from her mother: “When you
cannot change the environment, try to adapt to it.”

In addition, years of cooking experience endowed her with
a special talent - cooking. Many people know her as an
intelligent chemist who can make delicate nanotubes, but few
people know that she’s also a very gifted cook who can make
delicious cuisines. She told me that “Just like doing research, |
made a lot of innovations in cooking.”



Professor Li's Parents at Family
Dinner to Celebrate  Her
Mother's 70th birthday (2006)

Since both of her parents are teachers, when ProfLi was
young, her dream was to be a teacher when she grewup. She
said that the person who had the greatest impact on her life and
made her the person she is today is her mother. Her kindness
and diligence, her endurance of hardship and strong sense of
responsibility, her love for her students and every body around
her all positively influenced Prof. Li's growth and personality.

Meanwhile, the family tradition of studying, thinki ng, and
innovating also triggered her curiosity towards sci ence. When
she was 6 years old, Prof. Li noticed that her father went out
very early in the morning to pluck flowers of morni ng glory. He
extracted the flowers with alcohol and used the extractions as
indicators for the acid-base titration. That was her first
experience with chemistry. From that moment on, she also
dreamed of becoming a chemist. Her favorite subjects at school
were Chemistry and English, and she consistently was number 1
academically in her class from elementary school al the way
through college.

Every journey starts with a dream. When she was young,
her role models were her mother and Mrs. Curie. Now looking
back, Prof. Li felt really appreciative that her pr esent occupation
has realized both of her dreams: being a teacher ad a scientist
doing chemical research. “I really enjoy it.” She said. There’'s no
doubt about it! When you're doing something that yo u really
love on a daily basis, how can you not enjoy it?

Happy Reunion with Her Students in Boston (2008)

Life is like a box of chocolates

Many people may remember the famous line from “Forr est
Gump™: "Life is like a box of chocolates, you never know what
you're gonna get next!" For Prof. Li, the journey to her dream is
also filled with highs and lows, bitterness and swe etness.

In the spring of 1990, when she was going to finish her
master's program, she experienced one of the hardes and

darkest periods of time in her life. Originally, sh e planned to go
abroad for her Ph.D., and already got an offer. But all of the
sudden, a new policy was issued, which required that every
graduate student must provide at least five years of service in
China before they are allowed to go abroad. It meant that she
had to give up the opportunity. Just at that time, her mother was
ill. Too many things were on her mind: worrying abo ut her
mother, struggling with her degree thesis, trying t o find a job,
and preparing for the entrance examination for the doctoral
program .... There were moments when she was really dose to a
complete breakdown.

Fortunately, she didn’'t give up. Her faith and drea m
encouraged her to face the challenges bravely, to enbrace the
adversities, and to keep moving forward. For 2 mont hs, she slept
for only 2-3 hours everyday. Finally she finished h er thesis and
defense with a very high score among her classmates and was
matriculated by Peking University as a doctoral can didate. 3
years later, she received her doctorate degree in @emistry from
Peking University, which was the first milestone in her career.

Professor Li with Her Colleagues at Graduation
Ceremony of Peking University (2008)

From 1993-1995, she was a postdoctoral fellow of tle
Department of Physics and Department of Chemistry at Peking
University, and became a faculty member of the Department of
Chemistry in 1995. It was a bitter sweet moment for her. On one
hand, she was one more step closer to her ultimatedream; on the
other hand, she had no funding, no lab, and no students. (At that
time, there was no starting package for new faculty in China.
Nowadays, many universities in China have introduce d a tenure
track similar to the United States.) So she had to start from
scratch.

No pain, no gain. After several years of hard work, she
finally reaped the happiest harvest. In 2002, her first student got
her doctoral degree; in 2007, she received the BesfTeaching
Award; and in 2008, she was elected as one of the Bst Ten
Teachers in Peking University by students. On her website, you
can find many pictures of her with her students; yo u can feel the
happy circumstances floating all around her research group.
She’s clearly a favorite of students. And her attraction comes
from her genuine heart. “Trust them, help them.” Sh e said,
“Students regard me as their friend. They like to d iscuss with me
when they have difficulties in both study and life. ”



How did she overcome those obstacles on her road? 8e
summarized her secret in 3 aspects: 1) be independet in
thinking and making life plans; 2) be optimistic to wards life,
keep smiling all day, everyday; 3) always be dilige nt. Life is like
a box of chocolates, no matter what flavor you are going to get
next, learn to enjoy it!

Victory Celebration with Her Research Team
after a Badminton Game (2008)

In the wonderland of nanoscience

Nanotechnology is the study of matter control on an atomic
or molecular scale. Generally it deals with structu res of the size
of 100 nanometers or smaller in at least one dimengon. A key
attractive aspect of this technology is the vastly increased ratio of
surface area to volume present in many nanoscale maerials,
which makes possible new quantum mechanical effects. Those
effects don't come into play by going from macro to micro
dimensions. However, they become pronounced when the
nanometer size range is reached. Therefore, it haghe potential
to create many new materials and devices with a vast range of
novel applications.

In her postdoctoral research, Prof. Li used to work on the
aggregation structure of amphiphiles in solution. T hat's when
she began to pay attention to the advances in prepaation of
nanomaterials by using assemblies of surfactants asnano-sized
reactors or templates. She thought it could be a gmd project for
a starting scientist because it doesn’t cost much.In addition, it
was a new, hot and promising topic. So when she began her own
research, she started with the controlled preparation of
nanomaterials using surfactant assemblies as templaes.

Today, her interest areas have expanded to many new
methods, species, and applications. She said learmg from her
peers, attending seminars (especially those regardng topics
beyond her specialty), and collaborating with other scientists are
essential for inspiring her research ideas. Like an old Chinese
saying goes, “ ". The stones of those hills may
be used to polish gems. Nanoscience and nanotechnabgy is a
field that typically needs background knowledge in chemistry,
physics, biology, electronics, material science and engineering.
Therefore Prof. Li and her research group invested much
attention into networking, collaboration and academ ic
exchanges with other institutes and universities. Sometimes they
find collaborators by reading their papers. Confere nces and

workshops are other important places for them to start the
discussion about cooperation with other teams.

Professor Li and Her Research Team (2009)

Followings are some of the exiting research projects that are
underway in her research group.

Chirality-Selective Preparation and Modification &ingle-Walled
Carbon Nanotubes

SWCNTSs, which can be considered as a seamless cylider
formed by rolling a piece of graphene, may be either metallic or
semiconducting, depending on the manner of rolling denoted as
(n,m) (or the ‘chirality’). Till now, it is still a big challenge to
realize the chirality-selective preparation and mod ification of
SWCNTSs. Inspiringly, Prof. Li and her group has made
impressive progress on this issue.

They found that imidazolium-based ionic liquids are ideal
solvents to disperse SWCNTs for further manipulatio n and
study of SWCNTs because the ionic liquids interact with
SWCNTSs through weak van der Waals interaction other than the
previous assumed strong “cation- ' interaction [l. Then they
developed a very simple method to selectively and reversibly
modify the metalic and large diameter semiconducti ng
SWCNTSs in ionic liquids by adding certain anion sur factants.
The electronic band structure of SWCNTs can be contolled and
tuned over a range by varying the surfactants used, as well as
their concentration. This method is mild, not destr oying the
structure of SWCNTSs [21.

Schemes Showing the Selective Modification of
SWCNTSs by Anionic Surfactant in lonic Liquid

It is semiconducting SWCNT that is needed to build a field
emission transistor (FET). However, the SWCNT products from
various preparation methods normally contain 1/3 of metallic



and 2/3 of semiconducting tubes. Recently, Prof Li's team and
the collaborators from Prof. Jie Liu’s lab at Duke University
realized the preparation of pure semiconducting SWCNT arrays
on quartz. Employing the small difference in reacti vity of the
two kinds of tubes and the effect of substrates, they introduced a
weak oxidative environment during the chemical vapo r
deposition (CVD) process and used quartz wafers as the
substrates to prevent the formation of metallic SWCNTSs. Large
amounts of Raman data and the |-V measurements of he FETs
based on the SWCNT arrays show that the content of
semiconducting SWCMTs in their array samples is as high as
95~98%. This advancement brings about great convenénce and
expectation for the device application of SWCNTs [31.

Reliable Preparation of Large Scale SWCNT Ariéis

Horizontally aligned SWCNT arrays on flat substrate s
especially silicon wafers are of great importance for the possible
application in integrated nanocircuits. A few new e ffective CVD
strategies for the preparation of such arrays were developed in
Prof. Yan Li's group at Peking University.

Metallic copper, which was originally considered as one of
the worst catalysts for the growth of SWCNTSs on substrates, was
found to be a more efficient catalyst than traditio nally used Fe,
Co and Ni. Using copper as a catalyst, very straight SWCNT
arrays, as well as SWCNT arrays with the highest density on
silicon wafers, were obtained. It is believed that the weaker
interaction between the copper and silica on the surface plays an
important role in the growth of high quality horizo ntally aligned
SWCNT arrays. 4

Based on the rational analysis about the fluidic property of
the system, an ultra-low gas flow CVD process was designed to
prepare large-scale horizontally aligned ultralong SWCNT
arrays. SWCNT arrays could be well obtained under the
extremely low feeding flow of 1.5 sccm in a one-inch quartz tube
reactor. It was confirmed that the tubes grew floatingly and
could cross micro-trenches or climb over micro-obstacles in
ultra-slow gas flow. Both, the buoyancy effect indu ced by gas
temperature/density difference and gas flow stabili ty, played
dominant roles. Additionally, simultaneous batch-sc ale
preparation of SWCNT arrays was realized by the ult ra-low gas
flow strategy. This new strategy turns out to be mo re abstemious,
efficient, promising and flexible, compared to the high gas
flowrate fast-heating CVD processes. [5]

Scheme showing the Floating Growth of SWCNT
under Ultralow Feeding Gas Flow

Characterization of Every SWCNT in situ on Substt

The in situ characterization of each SWCNT on various
substrates is still a big challenge. Yan Li et al. developed a
strategy to realize the Raman characterization of each individual
SWCNT with SERS (surface-enhanced Raman spectroscop
using only one excitation wavelength. They develope d a method
to decorate gold nanoparticles of controlled size and density by a
seeded electroless deposition pathway selectively @ SWCNTSs.
These gold nanoparticles facilitate high SERS effets by the
coupled surface plasma resonance adsorption of thehigh density
gold nanoparticles aligned on SWCNTSs. This offers an efficient
method for in situ characterization of the molecular structure
and band structure of each individual SWCNT on subs trates.

Unique Wetting and Dewetting Property of Nanotubertiogel
Composite§!

Hybrid materials based on carbon nanotubes (CNTs) and
polymers have shown unique properties by integratin g the
unique characters and functions of the two types of components.
Prof. Li and colleagues have synthesized compositefilms based
on aligned CNT arrays, and poly(N-isopropyl acrylam ide)
(PNIPAm) hydrogels were prepared by the monomer inf iltration
combining with in situ polymerization. Combining the
characters of the two components and relying on the unique
meso-structure of the composites, the hydrogel/CNT array
composite films present remarkable properties. The composite
films had unique wetting and dewetting behavior. It can both
uptake water and release water by evaporation very quickly.
Utilizing this property, the composites could be us ed as mild
dewetting material. Because of the biocompatiblilty of PNIPAm,
it may be applied as wound healing bandages. Or they may find
applications in green and energy-saving water purif ication
processes. The conductance of the composites was imnd to
increase with the temperature and decrease with the water
content. Therefore, such materials have potential gplications in
temperature or humidity sensors. The tunable conductivity may
also improve the selectivity and efficiency in electrophoresis.

Destiny is a matter of choice

In 1996, Prof. Li's son was born. She defines thatas one of
the happiest moments in her life. However, it's alw ays a tough
and tricky task to balance work and family life. Sh e describes her
daily schedule as follows. “I get up at 6:00 am, and prepare
breakfast for my son. | leave home at 7:00 am, andarrive at the
office at 7:30 am. | work. | lunch in the university refectory at
12:30 pm. | work again. | leave office at 6:00 pm,and arrive home
at 6:30 pm. | prepare dinner from 8:00-9:00 pm, andmonitor my
son doing his homework. After my son goes to bed, | work till
midnight.”

Did she feel pressure as a working mom? “Yes,” she
answered. “Early on, | did not feel any extra pressure because of
my gender. But now, as | am growing up, | experience some
frustration as a minority. You need to get known by others so
that they can cooperate with you or support you. But as a



woman, | have to look after my family and do not ha ve enough
time for socializing.”

Professor Li at Work

Destiny is a matter of
choice.  Sometimes  choice
means opportunity, sometimes
choice means sacrifice. The
traditional social role of
women caused most of them
to choose family over career.
But there are still women who

have managed to maintain a happy family life withou t giving up

their dreams, like Prof. Li. She proved that women can definitely

excel in what has traditionally been a man's world, as with
science, as long as you listen to your heart, be yarself, and be
persistent in pursuing your dream. “You should know what you

really want, then you should have enough courage to abnegate
some other things that are not relevant to your goal. Trust your

own heart, not the judgment of others.” That's her advice to our
readers.

While being asked what's her next dream? Her wishes are
surprisingly simple. “1) To spend more time with my son; 2) To
see some of my students become top scientists in tle world; 3)
To be a rural teacher after my retirement from the university.”
Now | understand why in spite of all the challenges and
difficulties, she always has that confident smile on her face.

Having Fun with Her Son in Hainan
Province (2008)

Happiness is such a simple thing,
it's not measured by wealth or success;
it's measured by your heart. Prof. Li told
me, “Happiness is only a personal
feeling. If you feel you are happy, then
you are really happy. Success is similar.
If you have the ability to make decisions

by your own judgment, then you are a successful and happy
person. If you are needed by your family, your stud ents, your
friends, or even strangers, then you are a happy ard successful
person.”

As the New Year comes around, please put a big smike on
your face and start the happy journey towards a won derful life.
Remember, destiny is not a thing to be waited for; it is a thing to
be achieved.
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The Journey to the Top Scholar in the
UK Chemical Engineering

- A Biography of Dr. Xiongwei Ni
By Shenshen Cai and Huifen Gao

As many of us have proudly noticed, China has become a
nation leading the world in numerous scientific res earch areas
and has introduced to the world a great number of famous
scholars. In almost every country today, we're like ly to see some
well established researchers with their roots being from the
mainland of China. To appreciate their achievements, we should
take a closer look at how those researchers startedtheir early
career in a totally different land more than a coup le of decades
ago, when languages, cultures and the environment were all
parts of the challenges they faced. In the following article, the
story of Dr. Xiongwei Ni ( ) will give us a better insight
into his career path in the UK. We often say that one needs good
luck in life sometimes, but most of the time your e ffort is always
your best friend in order to prepare yourself to em brace the
good luck when it does happen!

Dr. Xiongwei Ni is a world-known researcher in the field of
oscillatory baffled reactors and crystallisers in both academic
and industrial worlds. He knows how to enjoy life a s well as
work. Working hard and playing hard get him going a nd keep
him at his best. The success of Dr. Ni comes not oty from his
talent, intelligence, diligence and ingenuity, but also from his
determination to achieve his dreams, together with his strong
will to learn during tough times. Growing up in the 60’s in
China made his story stand out from the others already featured
in this journal. We hope that his unique experience in both the
academic and business worlds, as well as his path 6 success,
would touch the lives of many and inspire them to p ursue their
dreams.

Xiongwei was born in Beijing but raised in a small town,
Yan-Ting, in Sichuan Province in the 1960s. He stated 1st grade
when he was eight, an 18-month delay due to the Culture
Revolution. He was promoted to the 3rd grade within two weeks
of schooling because his teachers in the & grade found that he
was smarter than the rest of the class. He even pased the 2d
grade exams with flying colors. Ever since then, he was the
youngest in all of his classes. Growing up classified as the son of
a “landlord” because of his father's role during th e Culture
Revolution was hard for Xiongwei. His family was se en as the
“enemy” of the country, and he tried to hide his “i dentity” from
his classmates. Although he was among the top students in his
schools, he was left out from any award because of this
classification. These childhood experiences taught him that to
not be mentioned is sometimes a wonderful stroke of luck.

T Huifen Gao, Formulation/Data Analysis Supervisor,
Inc., Rockville, MD 20857
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During the Culture Revolution when the mottos such as
“study is useless” were promoted, Xiongwei was luck y to have
many teachers, especially all of his math teachersfrom primary
to high schools, who regarded him for who he was, r ather than
for his family background. They also had a foresight that
“knowledge is the king, and will always be” and enc ouraged
him to keep attending school and studying, instead of being
truancies or dropping out of school entirely like m any others. At
one point he was even assigned to look after treesfor silkworms
in a small remote village away from home because it was
believed that he would be “re-educated” by poor pea sants, one
of Chairman Mao’s mottos for young people at the ti me.
Xiongwei did not give up his study. He carried his books and
read them at breaks during work.

He worked there for 18 months, though it seemed lik e ages.
A life-changing opportunity came in 1977 when the u niversity
entrance exam restarted. He did well on the exams snce he
never gave up learning during the difficult times w hen people
were taught that knowledge was the last thing they needed.
Words could hardly express his joy when he held the admission
letter from Chongqging University, delivered directl y by his
father, and after a long delay by the postman because of the
Chinese New Year. For the first time, he felt free, liberated from
his family status and blessed at the same time to k& given this
opportunity to fulfill his quest for knowledge. At the
Department of Thermal Power and Engineering, most of his
classmates were double his age, had wasted many yees of their
youth in the countryside, and worked so hard to fig ht for their
family’s future, which made Xiongwei appreciate thi s
opportunity even more. He did well in his undergrad uate study
in Chongging University.

A week after his final exams in his senior year in
Chongging University there came another life-changi ng
opportunity - the admission examinations to study a broad. As
Flora Whittemore said, in one of Xiongwei's favouri te quotes,
“the doors we open and close each day decide the lves we live.”
Xiongwei seized the opportunity and took the additi onal seven
qualifying exams. Luckily he passed the required li ne, while
most of his peers let go this opportunity because they were tired,
or had started celebrating after the finals. He was admitted to the
graduate program in the Department of Fuel and Energy at
Leeds University in England, and went there in Augu st 1983.

Life was difficult in Leeds for Xiongwei at the sta rt, as the
environments for study and living were so different from what
he had experienced in China. He didn’t have too many Chinese
friends to turn to when he was home sick since there were only a
total of five Chinese Ph.D. students, including him, at Leeds
University at that time. He devoted his energy and effort to his
graduate study and research, and derived comfort and rewards
from it, though it wasn’t smooth sailing along the way. He
studied the influence of oxygen partial pressure on metal
corrosion in a fluidized bed, under the guidance of Dr. Bernhard
Gibbs, a leading fluidization researcher in the UK. Different
oxygen pressures were produced by the combustion of coals of



varied compositions, which were monitored using zir conium
oxygen probes. Varieties of coal were some of the nmajor
components in his research. Just the second year ito his
graduate study, a severe strike that lasted for a year was
initiated by miners and supported by many in the UK . This, in
turn, made it impossible to buy coal in the UK at t hat time, and
the progress of his research could have seriously feen
threatened. This coal crisis might have been a dealbreaker for
some people, but not for Xiongwei. He was determined to come
up with solutions and was able to secretively purch ase coal from
a coal supplier in Norway. He arranged for the coal to arrive
after normal office hours in order to not offend th e strike, and
then worked overnight to divide the coal into diffe rent bags and
hide them in different places, including at some of his friends’
offices in other departments. All of this hard work paid off in the
end. He was honored with the Foxwell Memorial Award by the
Institute of Energy in Britain in 1985 for his research and was
awarded with a Ph.D. in November 1986.

Xiongwei started his post-doctorate training at Edi nburgh
University in Scotland under the supervision of the Regius
Professor Joe McGeough and Professor Clive Greatedstudying
the effects of hydrodynamics and mechanics on an
electrochemical process using particle image velocmetry (PIV).
Because digital cameras were not available at thattime, the PIV
had to be done manually. This involved taking pictu res of the
moving seed particles that were illuminated by a sh eet of laser
and determining the local velocities of particles in the
interrogating area by projecting the laser onto negatives. As a
direct result, Xiongwei spent most of his time in t he dark room
developing negatives. But he still managed to gain substantial
insights into this emerging technology and has appl ied it to his
future research projects. Xiongwei is proud to be one of the
earliest researchers on the development of PIV, but he siill
wonders how much more he could have done for this p roject if
the digitization had been available.

He went on into the exploration and development of a
laminar flow system that can generate significant mixing, while
working as a research associate at the Department & Chemical
Engineering at Cambridge University, England, under the
supervision of Prof. Malcolm Mackley. Besides reseach, he
learned a great deal at Cambridge, even while tutoring
mathematics for 1st year engineering students at Robinson
College. He deeply enjoyed finding answers to interesting
questions and inspiring students to take up research. This
compelled him to become a professor.

Xiongwei was then a lecturer and senior lecturer (1996) at
Universities of Teesside and Strathclyde. He became a full
professor in August 1999 at the age of 39 at HeriotWatt
University, Edinburgh, and was the first Chinese wh o gained
such a prestigous position in a UK university.

Xiongwei's research focuses on the scientific and
technological applications of novel reactors including the
continuous oscillatory baffled reactors (COBR) to achieve

uniform fluid mixing, excellent particle suspension and superior
mass/heat transfer, compared to conventional reactor systems.
This platform technology has important applications in a wide

range of chemical, biochemical and pharmaceutical processes.
Stirred tank reactors (STR) have been the workhorsein the
manufacturing of chemical and pharmaceutical produc ts since
the industrial revolution started in the late 18 th century. When
production scales increase, mixing gradients increase
exponentially, while at the same time, the specific heat transfer
area (m?/m 3) decreases dramatically in STR, leading to
concentration and/or temperature gradients that aff ect product
quality. For the manufacturing of drug ingredients, a different

polymorph could be generated, which could be detrim ental to
patient care. Alternatively, non-uniform sizes coul d result,

which must be milled into the required sizes (the n orm of most

pharmaceutical operations today). For production of chemical
products, unwanted or imperfect products are often the
outcomes, requiring purification in order to meet t he standards.
As a rule of thumb, 1/7 of plant inventory is for r eaction and 6/7

for purification. This manifests the inefficiency o f the
manufacturing technology today and the inadequate

understanding of scaling up STR reactors. The novel reactors
studied in Xiongwei's lab can produce chemical/phar maceutical
products of desired specifications, eliminate the costly unit

operations associated with purification, and thus i ncrease the
efficiency and reduce the costs in manufacturing, while at the
same time avoiding the problems scaling up stirred tank reactors
(STR) can run into.

Xiongwei is one of the world-recognized researchers in
oscillatory baffled reactors (OBR). He established the largest
non-commercial OBR research group in the world, the Center for
Oscillatory Baffled Reactors Applications (COBRA), at Heriot-
Watt University in 1999, with many industrial colla borators like
ICI, Ciba, Chirex, to name but a few. Xiongwei is the lead author
or principal co-author of over 100 journal papers on OBR related
research. He was the keynote speaker at a number of
international conferences, including American Insti tute of
Chemical Engineering Annual Meetings, Process of
Intensification Conferences, and Novel Reactors Corferences. He
was also invited to give seminars at universities including those
in the U.S., Canada, Australia, New Zealand, UK, China and
Japan. In 1997, Xiongwei became the first Chinesed be granted
the Chartered Chemical Engineer status by the Institute of
Chemical Engineers (IChemE) in the UK and the first Chinese to
be elected as the Fellow of IChemE (FIChemE) in 200.
Currently, Xiongwei is a UK representative (two in each
country) in Process Intensification in the European Federation of
Chemical Engineering and the Steering committee member of
International Society for Pharmaceutical Engineering (ISPE) to
promote innovation in API Process Technology.

With his expertise built up in working with industr ial
companies, Xiongwei launched a company, NiTech Solutions
Ltd, from Heriot-Watt University in Dec 2003. NiTec h specializes
in converting batch operation to continuous processing and is a
technology, solution and equipment provider. The pi cture here



is one of NiTech's continuous reactors that perform a three
phase synthesis for one of Genzyme’s drugs, and tha replaced
two of 150 m3 STRs (the size of a large three floor building)
previously needed to achieve the required productio n rate. It
reduced 99.6% of the reactor space, inventory, theassociated
energy and running costs, making the production cle aner, leaner
and more cost effective. This application in the bio-
pharmaceutical environment is fully approved by the FDA. In
November 2004, NiTech received the IChemE and AMEC
Award for innovation and excellence in SMEs.

One of the key achievements in Xiongwei's career includes the
successful invention, innovation and development of the
Continuous Oscillatory Baffled Crystallisers (COBC) at NiTech.
COBC has the advantages of superior heat transfer ates,
uniform solid suspension and consistent crystal pro perties, such
as morphology, size, and size distribution over STR. COBC has
been tested using different active pharmaceutical ingredients
(APl) from the top global
pharmaceutical companies. In the
trials with AstraZeneca using one
of their blockbuster drugs,
crystals of the
desired polymorph and uniform
size were obtained in 12 minutes
in the COBC with a better
filtration rate, compared to the 9
hours and 40 mins in STR of their
traditional method required. The
COBC eliminates the time-
consuming and costly milling
step that is required in STR
operation in order to achieve the desired sizer COBC has
become recognized and regarded as the best continuos
crystallization technology seen by industrial pharm aceutical
crystallization experts.

Xiongwei has been inspired by many professors and
scientists. In the academic life, Professor Malcolm Mackley at
Cambridge University has made huge impact on Xiongw ei with
his inventive mind and thorough thoughts. Professor Brian
Bellhouse of Oxford University has been Xiongwei's inspiration
in the business world. Dr. Bellhouse is a man of inventions, with
38 granted patents throughout his academic career.He and his
team invented and developed the needle-free delivery of drugs
and DNA in dry powder form. His spin off company,
PowderJect Pharmaceuticals, was bought by Chiron in 2003 for
more than £500 million. Although Xiongwei's group o ften cited
Dr. Bellhouse’s work as one of the earliest examples of using
oscillatory flow, he did not meet Dr. Bellhouse unt il 2003 when
he invited Brian to give a research seminar at Heriot-Watt
University. Brian visited Xiongwei's labs and encou raged him to
launch NiTech. The rest is now the history.

* Organic Process Research & Development, 132009 1357-1363.

Xiongwei’'s family has been the foundation of his su ccess.
He and his wife, Wendy, a native of Edinburgh, have been
happily married for sixteen years. They are proud p arents of a 14
year-old daughter and a 12 year old son. In spite of Xiongwei's
busy schedule, he sets aside time
whenever possible to be with his
children by reading bedtime stories,
listening to their highs and lows
during school days, and playing
with them. He has established a
close bond with his children who are
open to discuss anything in their
lives with him. We have often heard
stories about terrible teens, but in
Xiongwei’s case, this does not apply.
His family has an annual 2-week
holiday break during which they
bond more closely and share the
joys of life. They visit a new place or country every year to
appreciate different cultures and ways of life. The picture here is
Xiongwei's family holiday in Cornwall in 2009.

Xiongwei competed in and enjoyed a variety of sports
when he was in school and university, including swi mming,
table tennis, long jump, triple jump, volleyball, b adminton, and
so on. He is actively involved in local tennis and golf clubs in
Edinburgh. Sports are essential in Xiongwei's life and work,
clearing up his metal fatigue and increasing his wo rk efficiency.
Sports helped him get to where he is right now. His family is
very sporty too. Whenever the family is on holiday, they always
take their tennis bags and have a family mixed doubles. Playing
tennis with his daughter and playing golf with his son are some
of the best ways to know and bond with his children . The
biggest enemy in Xiongwei's life is being bored. His life has
been, and still is, very active, packed with hard w ork and hard

play.

“A healthy body breeds the healthy mind” and “sport s
achievements are complimentary to academic achievements”.
These are some of Xiongwei's life mottos. He is al® a strong
believer of pursuing dreams. He always encourages young
scientists and engineers to “go for it” if they believe in
something. One of his favorite quotes is, “the worl d stands aside
to let anyone pass who knows where he is going”.



Chinese Scientists Honored

Alice Y. Ting To Receive the ACS Division of Biolog ical
Chemistry 2010 Award
Alice Y. Ting, associate professor of
chemistry at Massachusetts Institute of
Technology, has been awarded the Eli
Lilly Award in Biological Chemistry,
which is given to stimulate fundamental
research in biological chemistry by
scientists not over 38 years of age. The
award consists of a bronze medal and an
honorarium, to be given during the ACS
national meeting in Boston on Aug. 22-26.
Ting was cited for her groundbreaking contributions to the
development of new fluorescent probes and reporters for
imaging protein interactions and activities in cell s.

Bailey Award Goes To James Liao
James C. Liao, Chancellor's Professor

at the University of California, Los
Angeles, is the recipient of the James E.
Bailey Award from the Society for
Biological Engineering for his advances in
metabolic research. Liao has made major
contributions to biochemical engineering
with his theoretical and experimental
work. His efforts to engineer metabolic
agents to produce biofuels could lead to

methods for modulating people's metabolisms in the battle with

obesity.

The award honors the memory of Bailey, widely
recognized as the father of modern bioprocess engireering. It is
presented each year to an individual who has had an important
impact on bioengineering and whose achievements, eiher
specific or general, have advanced this profession.

Dominic Foo Receives Innovator of the Year Award fr om
IChemE

Dr. Dominic (Chwan Yee) Foo, an Associate Professorat
the Department of Chemical and Environmental Engine ering of
University of Nottingham Malaysia Campus was recent ly
awarded the Innovator of the Year Award (sponsored by NES
Limited) by the Institution of Chemical Engineers U K, IChemE.

The Innovator of the Year Award recognizes the indi vidual who
best demonstrates his/her achievements and tangible
application of chemical, biochemical and/or process engineering
skills to address important economic, environmental or social
issues. IChemE Chief executive, Dr David Brown said: “We
received a record number of entries this year from over 20
countries. Winning an IChemE award is an outstandin g
achievement and | congratulate Dominic on his success.”

A Sign of Fundamental Shift in the

Pharmaceutical Industry

Seeking to improve productivity and offset the impa ct of
generic competition, major drug companies are making more
cuts to their internal research operations in the US and Europe
while expanding their R&D operations in China.

In announcing quarterly earnings, GlaxoSmithKline s aid it
wants to carve $800 million out of its cost structure by 2012; half
of that amount will come from R&D.

GSK has proposed ending R&D activities across seveal
sites, including Tonbridge, U.K., Verona, Italy; Za greb, Croatia;
and Ponzan, Poland. Further, the company has proposd ending
preclinical development at its Mississauga, Canada, site, and end
neurosciences drug activity in Harlow, U.K.

In addition, GSK is abandoning research in select
neuroscience areas, including depression and pain.At the same
time, it has created a new unit devoted to finding drugs to treat
rare diseases.

The British drug firm also plans to find more drugs outside
its own labs; GSK already farms out 30% of its disovery
research activities, or more than 80 projects, to sme 47 partners.
The goal is to bring in new drug candidates through option-
based pacts, which usually involve buying the right to license an
early-stage drug candidate later on in its developm ent

For its part, is slashing another 8,000 jobs on topof the
15,000 positions previously targeted for eliminatio n between
2007 and 2009. The reduction will take place by 20#4. The
company says some R&D sites could be closed. AstraZneca has
also dropped 20 compounds from development, includi ng
Zactima, in Phase Il lung cancer ftrials, and four drugs in Phase
Il trials.

AstraZeneca plans a continued focus on externalizaion,
some consolidation of our activities onto a smaller R&D site
footprint. Based on preliminary estimates, approxi mately 3,500
positions may be affected by this program. The announcement
was made along with the latest earnings report in w hich the
drugmaker disappointed analysts by missing earnings estimates.

Pfizer, meanwhile, says it will spend far less on research in
coming years. Its 2009 R&D budget was nearly flat & $10.6
billion compared with 2008, and the firm will spend $9.1 billion
to $9.6 billion in 2010, well below the $11 billion in combined
R&D spending from pre-merger Pfizer and Wyeth. By 2012,
R&D spending will be $8.0 billion to $8.5 billion, Bernstein
Research forecasts.

Pfizer has also weeded out 100 of its 600 drug candlate
programs, in the process shifting the balance toward biologic



drugs. The company plans to streamline its global R&D facilities
reduce the company's R&D footprint by 35 percent. However,
the company is accelerating its external R&D collaborations. At
the end of 2009, Pfizer entered into a partnership with Crown
Bioscience to do cancer research in China.

Following its merger with Schering-Plough, Merck & Co.
has announced a 'merger restructuring plan that in its first phase
will see 17,500 jobs cut.

The first part of that plan will see the company sh ed nearly
15 per cent of its 100,000 strong workforce and elninate 2500
vacant job positions. The company has said the cuts which are
in addition to those previously announced by both ¢ ompanies,
will include the consolidation of certain research and
development operations.

Although the company's 2010 R&D budget may exceed the
$8-8.5 hillion total the two companies spent in 2009, much of the
investment is concentrated in its late stage pipeline. It is unclear
where jobs may be lost as the numbers don't specifywhether the
R&D budget will be spent on in-house R&D projects, or ones
bought in from external sources.

Swiss drugmaker Novartis said it plans to spend $1 billion
to expand its R&D center in Shanghai, according to WSJ Health
Blog.

CEO Daniel Vasella said the company’s Shanghai work
force will grow from 160 to about 1,000, putting it on par with
Novartis’s research center in Cambridge, Mass. Novartis’s Basel
research center will remain the largest for the Swiss company,
which spent $7.2 billion on R&D in 2008.

“l think it will be a signal of China’s rising impo rtance in
the pharmaceutical industry,” Vasella told Dow Jone s during a
visit to Beijing, where the investment was announced. “You have
to ask yourself where do you need to be down the road, and
clearly it is here.”

China Ascendant
— Measured by patent applications or journal articl es,
growth in Chinese scientific output is stupendous

(Adapted with permission from CEN, January 11, 2010 Volume 88, Number
2 pp. 35-37. Copyright 2010 American Chemical Soci¢y)

No matter how you slice it, China is on a scientifi c roll.

This past year, China became the world leader in terms of
the number of chemistry patents published on an annual basis,
according to Chemical Abstracts Service (CAS), a dvision of the
American Chemical Society. And growth in publicatio n of
scholarly papers by the country's researchers far aitpaces that of
other nations, reports Thomson Reuters, a news andinformation
company based in New York City.

"If China's research growth remains this rapid and
substantial, European and North American institutio ns will
want to be part of it," says Jonathan Adams, director of research
evaluation at Thomson Reuters. "China no longer depends on
links to traditional G-8 partners [Canada, France, Germany,
Italy, Japan, Russia, the U.K., and the U.S.] to hip its knowledge
development. When Europe and the U.S. visit China they can
only do so as equal partners."

Thomson Reuters released "Global Research Report: Rina"
in November 2009 as the third installment in a series designed to
inform policymakers about the changing landscape of the global
research base. Reports on India and Brazil were retased earlier
in the year.

Those three nations, along with Russia, "are beginring to
build on their vast resources and potential in becoming
significant players in the world economy,” accordin g to the
China report, which Adams coauthored. "As their inf luence
becomes felt economically, so their impact also beomes
apparent in research and innovation. That impact is changing
the world map of research; it creates a new geograghy of
science," with China conceivably at its center.

But assessing the strength of a nation's science isot a
straightforward exercise. China "is a highly compet itive society,
if not cutthroat,” says Zhigang Shuai, deputy secretary-general
of the Chinese Chemical Society and a chemistry prdessor at
Tsinghua University, in Beijing. "Everybody is busy doing
something. However, it has to be borne in mind that at this
stage, China can only be regarded as a big countryin chemistry,
not yet a strong country. Highly original work is s till rare," he
adds. "Among the patents and papers, very, very few can be
regarded as groundbreaking, or the best, or the first in their
fields."

Nevertheless, Shuai expects growth will continue as
individual Chinese researchers increase their avergge scientific
output to the levels of productivity found in devel oped
countries.

The extraordinary growth in Chinese chemical patenting
and publishing is being driven by "the combination of economic
development and awareness of the strategic importance of
intellectual property protection," according to Sun ny Wang, 2009
president of the Tri-State chapter of the Chinese-American
Chemical Society.

The country is moving up the ladder of development from
natural-asset-based industries that rely on inexpensive labor and
raw materials toward R&D-based industries such as
pharmaceuticals and microchips and information-driv en
businesses and services, adds Wang, who heads the gent
search group at the pharmaceutical company Sanofi-Aventis in
Bridgewater, N.J.

The Chinese government's insistence on "political gability
and economic development above all other considerations has
laid the foundation for long-lasting economic growt h and
sustained demand for research and innovation," Wang says.

China, whose economy is surpassed in size only by hat of
the U.S., is maintaining investment in its R&D sector at nearly
1% of gross domestic product, Thomson Reuters notes Given
the extraordinary expansion in the nation's GDP, th at means the
average annual growth rate in R&D spending was almo st 18%
for the decade ending in 2005, according to the conpany's China
report. That's much higher than in nations that are part of the
Organization for Economic Cooperation & Development ,
including the U.S., Japan, and many European countries.

The chemical enterprise is a beneficiary of that largesse.
"The Chinese government appears to be investing a bt of money
in chemical research in China, far more than Westen



governments are," says Matthew Toussant, senior vie president
of editorial operations at CAS.

That investment could generate a huge return for the
country. "Chemistry inventions, unlike almost any o ther
invention, can be very lucrative,” Toussant explains. "You can
manufacture a consumer good like a cell phone," and other
manufacturers can create a similar product to compete with it.
But a patent on a molecule—such as a compound thattreats a
disease in a unique way—creates a period of protecton during
which no one else can sell the molecule for that paticular
purpose. And for that period, Toussant says, the inventor "can
charge whatever the market will bear."

China is also investing in human resources, in part by
welcoming its expats back home. Over the past decack or so, "a
large number of well-trained scientists have been coming back
from almost every leading group in North America, J apan, and
Europe,” Shuai says.

The nation also is benefiting from its emphasis on learning.
"In Chinese traditional culture, education is in th e center of our
value system,"” Shuai notes. "Kids go to extra schod in the
evening and on weekends to learn math, music, and English
instead of watching TV."

The number of students studying in Chinese universi ties
has more than quadrupled in the past decade, he adds. And as
those students have moved out into the work world, they have
gotten busy, as evidenced by the explosion in the mation's
patenting activity.

A significant fraction of that activity involves ch emicals.
"Chemical patents are a critical component to many industrial
processes and scientific realms, including medicine and natural
products,” Toussant says. "In fact, on average, 35%f new patent
invention applications globally involve chemical su bstances."

CAS has been mining its databases to track "the
phenomenal growth of patent documents in the last d ecade,”
says Vice President of Marketing Christine McCue. The number
of chemistry-related patent applications published by the U.S.
Patent & Trademark Office (PTO) grew 240% in that time, and
those published by the World Intellectual Property Organization
(WIPO) grew 140%. But the number of chemistry-related patent
applications published by the patent office in the People's
Republic of China—known as the State Intellectual Property
Office (SIPO)—increased by more than 1,600% duringthat same
period.

Altogether, "the pace of growth in applications bei ng
disclosed in China is a magnitude greater than in every other
developed area of the world," Toussant says.

As a result, the number of chemistry-related applic ations
published on a monthly basis by China's patent offi ce surpassed
the PTO in 2005, WIPO in 2006, and Japan's patentféice in 2008,
CAS reports.

Last year was the first in which China recorded an entire
year as the number one producer of chemical patents and CAS
projects that China will maintain its number one po sition for the
foreseeable future. Totals for the year stood at alwut 67,000 for
China, 55,000 for WIPO, 52,000 for Japan, and 41,00or the U.S.

"This information is attention-getting," McCue obse rves.

For years, chemistry-related patent invention appli cations
published by SIPO primarily concerned traditional
pharmaceutical research, McCue notes.

But beginning about five years ago, Chinese patenting
activity revealed diversification into several othe r chemistry-
related fields, including genetic engineering, adva nced materials
such as ceramics, metals and alloys, and petroleum oil
engineering.

Data gathered from the CAS Registry show that these
efforts have generated tremendous growth in the creation of new
compounds. The number of new chemicals disclosed in Chinese
patent applications surged 2,400% to about 71,000 btween 1999
and 2009, Toussant notes. References to all compouis—
including existing substances, often in the context of describing
new uses for those substances—were 6,600% higher 2009 than
in 1998. "This tells you that China is finding new uses for
chemical substances that were already disclosed byothers and is
also creating new compounds,” he says.

Nearly 70% of the chemistry-related patent applications
published by SIPO are for inventors within China, " which
indicates that Chinese scientists now recognize theimportance of
monetizing research discoveries,” McCue says. Invertors in
Japan represent the next largest set of authors ofChinese
chemical patents, followed by those in South Korea and the U.S.

The growth trends revealed by patent data are reflected in
China's journal article publication rates. Researchers in the
People’s Republic of China and Hong Kong were primary
authors of just 0.8% of the articles published in the Journal of the
American Chemical Society in 1998, according to dag obtained
via CAS's SciFinder, a research tool for scientificinformation in
journal and patent literature from around the world . A decade
later, however, the share of authors in China had grown to 4.6%.

China's output of journal articles in science as a whole
expanded dramatically beginning around the mid-1990 s,
"commencing a steep upward trajectory that has only increased
in recent years," according to the Thomson Reutersreport. The
findings are drawn from company databases that incl ude data
on articles from some 10,500 journals published worldwide.

Although countries including the U.S., Germany, and Japan
have enjoyed only modest growth in publications ove r the past
10 years, the output of papers with at least one auhor in
China—defined as the People's Republic of China and Hong
Kong—surged more than fourfold. Researchers in China
published just 20,000 papers in 1998 compared withmore than
112,000 a decade later. During that same period, US. output rose
from 265,000 papers to 340,000, an increase of lessan 30%. "By
the measure of annual output, China surpassed Japan the U.K.,
and Germany in 2006 and now stands second only to he U.S.A.."
according to the report.

China's largest share of world publications is in m aterials
science, with papers by its authors accounting for 20.8% of
output over the five years ending in 2008. That figure compares
with a 12.2% share during the prior five-year perio d.

The country's second-largest share of world publications is
in chemistry, a field in which its authors helped p roduce 16.9%
of papers in 2004-08 versus 9.3% in 1999-2003.



"China no longer depends on links to traditional G- 8
partners to help its knowledge development."The "in vestment in
materials and related physical sciences and technobgy will
provide China with a strong innovation platform” to modernize
its heavy industry and primary manufacturing, the r eport states.

On a more detailed basis, the share of papers publshed
worldwide during the past five years with at least one author in
China reached 31.7% in crystallography, 31.2% in meallurgy
and metallurgical engineering, 19.9% in composites, 19.3% in
polymer science, and 16.9% in multidisciplinary chemistry,
according to Thomson Reuters.

Authors in China are most likely to collaborate wit h
authors in the U.S. Over the past five years, such pairings
accounted for 8.9% of papers with an author in China.
Collaborations with second-place Japan represented 3.0% of
such papers, whereas those with Germany, which is in third
place, accounted for 2.3%.

Authors in China are also reaching out to collaborators in
nations including South Korea, Singapore, and Austr alia. "Asia-
Pacific nations are entirely happy to work with ano ther's
excellent research bases now," the report states. flat means that
when researchers in the U.S. and Europe approach tkeir
counterparts in China for possible collaboration, "the question
that may be put to them is what they can bring to the
partnership to make it worth China's while to share ."

Announcement

Chinese-American Chemical Society Event at
239th American Chemical Society National Meeting
(Spring 2010 ACS Annual Meeting)

Monday, March 22, 2010
Social Hours: 5:30 - 6:30 PM
Open to all ACS meeting Attendees (Same location asbanquet.
Free of charge)

Banquet: 6:30 - 9:00 PM
Empress of China Restaurant
838 Grant Ave., 5th Floor, San Francisco, CA 94108
Phone: (415) 434-1345
http://empressofchinasf.com/
Tickets Available at ACS Registration, $40/Person

Keynote Speech
From Drug Discovery to Carbohydrate Recognition:
A Journey and Lessons Learned

Binghe Wang, Ph.D.
Professor, Medicinal Chemistry
Georgia Research Alliance Eminent Scholar in Drug Discovery
Georgia Cancer Coalition Distinguished Cancer Sciertist
Department of Chemistry and Center for Biotechnolog y and
Drug Design
Georgia State University



Submission Guidelines
for CACS Communications

The CACS Communicationss published twice a year in February
and August. It is a non-profit publication in Engli sh and
Chinese, and is published and distributed in North America,
Europe and China. This publication seeks to provide
opportunities for chemists, biochemists, and chemical engineers
with a Chinese background to network within the sci entific
community and to exchange information in research and career
development, and to promote collaboration among Chi nese
chemists, biochemists, and chemical engineers bothoverseas and
in China. Manuscripts are welcome in the following four
sections: Feature Articles, Career Development and China
Collaborations, Profiles and News, Awards and Recognitions.
The manuscript should be submitted electronically to the
editor(s) in charge of the section. The deadline for submission is
December 31 for the Spring issue and June 30 for tk Fall issue.

Feature Articles

The Feature Column of CACS Communicationswelcomes
submissions from all chemists, biochemists, and chemical
engineers. The articles will target readers with general
chemistry, biochemistry, and chemical engineering background.
What we want to convey to readers are information, hot topics,
frontiers, new technologies, and any of author’s vi sion in his/her
expertise in the area of Chemistry, Biochemistry, Chemical
Engineering, Biotechnology, and Pharmaceutical Resarch. We
accept feature articles, overviews of a research féld, and
introductions to some frontier topics in a research area.

The manuscript must be single-spaced, in a font sizz of no
smaller than 10. The length of articles is flexible, but 5 to 10
pages will be a good fit. We do not require a formal review
process. Please follow the format below to prepare your
manuscript.

The Title

The Author(s)’ name(s), institutional address(es), and email
address(es)

Manuscript Text. The text should be written followi ng the common
style of a scientific publication with clear addres s to the topic and
expression of author’'s opinion. Place tables, and fgures with their
captions, in the text where they will be most appro priately appeared.

Literature Cited. Place the bibliography at the end of the
manuscript text in numbered endnotes, indicated in the text. The
bibliography must be in the following order: First author’s last name,
first author’'s first name (or initial) and middle n ame initial; second
author’s last name, second author’s first name (or initial) and middle
name initial; etc. Journal title (italics).Year of publication (bold) , volume
number, starting page — ending page.

A brief introduction or bio of the author(s).

Career Development and Collaborations
The Career Development and Collaborations Column of CACS

Communicationsvelcome everyone to submit articles. The main
focus of the column is to help our readers in career advancement

and in finding collaboration opportunities in China . Articles
related to the above two areas are encouraged to sbmit. The
submission guidelines are the same as that of Featue Articles
described as above.

Profiles

The Profile Column of CACS Communications welcomes
everyone to make recommendations for successful prdessionals
with Chinese background to be profiled. The recomme nded
professionals must work in the area of Chemistry, Biochemistry,
Chemical Engineering, Biotechnology, and Pharmaceutical
Research. The recommendation should be sent electraically to
the editor in charge of the column with a brief int roduction and

contact information of the professionals. The editorial team will

make decision for the selection.

Awards/Recognitions/News

This section aims to highlight activites of CACS m embers,
significant awards and recognitions received by Chi nese scientist
around the world in the fields related to chemistry and chemical
engineering. To be included in this section, the submission

should describe the events, awards or recognitionsand include a

verifiable source. Relevant pictures with appropria te description

may be included in the submission.

Please Contact Us

Editor for Feature Articles: Dr. Yu-Luan Chen
Director, Clinical Bioanalytical Sciences
Sepracor, Inc. / Dainippon Sumitomo Pharma Inc.
Email: Yu-Luan.Chen@sepracor.com

Editor for Career Development & Collaborations: Dr. Lubo Zhou
Manager, Gas Processing,

R&D, UOP LLC

Email: Lubo.Zhou@UOP.com

Editor for Profiles: Dr. Songwen Xie
Assistant Professor of Chemistry
Indiana University Kokomo

Email: soxie@iuk.edu

Editor for Awards/Recognitions/News:

Dr. Shihan (Shawn) Chen

Associate Director, Pharmaceutical Technology
Baxter International

Email: shihan chen@baxter.com

Editor-in-Chief: Dr. Xin (Frank) Zhu
Sr. Fellow, UOP LLC
Email: Frank.Zhu@UOP.com




offshore gas treating

UOPGs deep knowledge base and extensive expertise g ive
our customers the leading edge in a competitive mar  ket.

As a global leader in providing technology solution s to the Gas

Processing industry, UOP knows just what it takes t o help our

customers be successful £ now and in the future. Our  Separex™

Membrane technology is a proven worldwide solution  on

difficult-to-treat Natural Gas streams. And with th e superior protection

provided by the MemGuard ™ pretreatment system, it is the most
cost effective, reliable offshore gas treating tech nology. From equipment design and consulting,
to process technology and products, UOP is the one  global company that can consistently help
you add value to your product.

Process Technology - Catalysts - Adsorbents - Perfo rmance Equipment - Profitability Consulting
Learn more at www.uop.com
12007 UOP LLC. All rights reserved



