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Message from the President

Year 2022 — IKM Going Full Steam Ahead

| believe that we have entered the endemic stage of COVID-19. For
the last 3 months, the number of cases has been hovering around
one to two thousands. And with very small number of deaths, we
have entered a stage that it has become endemic.

What does this mean for IKM? We are going full steam ahead. We
have a good start for 2022. We just completed the 10th Symposium
on Best Practices and Innovations in Laboratory Management
(10BPI-Lab) recently followed by the Malaysian National Chemistry
Convention (MNCC) comprising a Forum on Chemistry & Climate
Change (C&CC) and the 55th Annual General Meeting (55AGM).
For the Forum, we have a report in this issue of Berita IKM.

The next major event will be Kuiz Kimia Kebangsaan Malaysia, or
KsM, 2022 which will take place on 29th September 2022 in all
schools taking part in the Quiz. This year we are expecting more
than 30,000 students taking part. We are also celebrating 21 years of KsM from 2002 — 2022 with the
theme — Celebrating 21 years of excellence in chemistry education in Malaysia.

Another significant event is the International Congress on Pure & Applied Chemistry (ICPAC) 2022
which will be held from 22nd — 27th November 2022 at the Magellan Sutera Resort, Kota Kinabalu,
Sabah. ICPAC KK 2022 will be a hybrid conference and we have very good response from the
Japanese participants. So far 341 Japanese scientists have indicated they will participate and another
100 — 150 will be coming. This will be the biggest ICPAC that we will organise since 2016.

After ICPAC KK 2022, we shall have Malam Kimia 2022 on 2nd December 2022 at the One World
Hotel, Petaling Jaya.

We have also just completed the Programme Standards for Chemistry to be submitted to the Malaysian
Qualification Agency (MQA) to be implemented as the Standard Chemistry Curriculum for Chemistry
Programmes in universities in Malaysia.

So we are moving full steam ahead for 2022 and we shall have even more programmes and activities in
the year 2023 and beyond.

So, we have won our battle against COVID-19 but we must stay vigilant and strong to win the wars
against any future pandemic.

Best wishes.

Datuk ChM Dr Soon Ting Kueh
President, Institut Kimia Malaysia
Date: 30th June 2022
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Introduction

Reconsidering terms for mechanisms of polymer
growth: the “step-growth” and “chain-growth”
dilemma

Chin Han Chan, @2 Jiun-Tai Chen,” Wesley S. Farrell, @ € Christopher M. Fellows,®
Daniel J. Keddie, & Christine K. Luscombe, €9 John B. Matson, & *" Jan Merna,
Graeme Moad, ) Gre ory T. Russell, ®* patrick Theéato, @ *' Paul D. Tophar‘n@m
and Lydia Sosa Vargas% n

The terms “step-growth polymerization” and “chain-growth polymerization” are used widely in both
written and oral communications to describe the two main mechanisms of polymer growth. As members
of the Subcommittee on Polymer Terminology (SPT) in the Polymer Division of the International Union of
Pure and Applied Chemistry (IUPAC), we are concerned that these terms are confusing because they do
not describe the fundamental differences in the growth of polymers by these methods. For example, both
polymerization methods are comprised of a series of steps, and both produce polymer chains. In an effort
to recommend comprehensive terms, a 1994 |UPAC Recommendation from the then version of SPT
suggested polycondensation and polyaddition as terms for the two variants of “step-growth polymeriz-
ation”, and similarly chain polymerization and condensative chain polymerization for the two variants of
‘chain-growth polymerization”. However, these terms also have shortcomings. Adding to the confusion,
we have identified a wide variety of other terms that are used in textbooks for describing these basic
methods of synthesizing polymers from monomers. Beyond these issues with "step-growth’ and “chain-
growth’, synthesis of polymers one monomer unit at a time presents a related dilemma in that this syn-
thetic strategy is wholly encompassed by neither of the traditional growth mechanisms. One component
of the mission of IUPAC is to develop tools for the clear communication of chemical knowledge around
the world, of which recommending definitions for terms is an important element. Here we do not
endorse specific terms or recommend new ones; instead, we aim to convey our concerns with the basic
terms typically used for classifying methods of polymer synthesis, and in this context we welcome dialo-
gue from the broader polymer community in a bid to resolve these issues.

growth” are currently used widely by the polymer chemistry
community to classify these mechanisms of polymer growth." In

Nearly all polymers that are chemically synthesized from mono-
mers can be grouped into two classes based on their mecha-
nism of polymer growth. The terms “step-growth" and “chain-
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brief, “step-growth” typically refers to polymers that are syn-
thesized from one (or more) type(s) of multifunctional
monomer(s) where at least bifunctionality is required,
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with growth occurring between monomers, oligomers, or poly-
mers of any length. An example is the synthesis of linear poly-
amides from diamines and dicarboxylic acids. “Chain-growth”
generally describes polymers that increase in molar mass by a
chain reaction process of monomers adding to polymeric
active sites; active sites are typically created through inclusion
of an external initiator in the polymerization reaction. An
example is the synthesis of polystyrene from styrene and a
radical initiator. The potential confusion created from these
traditional terms is immediately apparent: both growth mecha-
nisms require a series of (elementary) steps, and both produce
polymer chains. Also, it is a tautology to say “-growth polymer-
ization” because there cannot be polymerization without
growth. Fig. 1 shows these two mechanisms of growth graphi-
cally for the synthesis of linear polymers, highlighting
elements of our concerns with the terms “step-growth” and
“chain-growth”.

Recommending consistent and logical terminology to the
global chemistry community is one goal of the International
Union of Pure and Applied Chemistry (IUPAC). The IUPAC
Subcommittee on Polymer Terminology (SPT), a body that
dates back to 1952 in one form or another (referred to here as
SPT, even when we technically mean an earlier version of this
subcommittee with a different name),” seeks to provide gui-
dance and recommendations on issues of terminology and
nomenclature related to polymers. This goal is carried out
mostly through publications recommending definitions of
terms and systems of nomenclature that can be applied and
understood globally.

As current members of and contributors to SPT, in this dis-
cussion we seek to notify the community of our concerns with
terms used to describe mechanisms of polymer growth in the
scientific literature and in textbooks. A messy situation cur-
rently exists where a wide variety of terminology is used, which
is obviously undesirable for such a fundamental matter.
Common terms include “step-growth” and “chain-growth”, but

STEP
C e

ONE or more
multifunctional MONOMERS

CHAN
€O+ .

ONE or more MONOMERS
and an INITIATOR

molecules of ALL sizes react

only ACTIVE sites react

View Article Online
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also many others detailed below, including some terms pro-
posed by this subcommittee that fail to meet our standard of
clear and self-consistent terminology.

A 1974 document from this subcommittee defined the
terms “addition polymerization” (polymerization by a repeated
addition  process) “condensation  polymerization”
(polymerization by a repeated condensation process).” In a
1994 Recommendations document from SPT, it was recognized
that “addition polymerization” and “condensation polymeriz-
ation” only distinguish between polymerizations in which a
small-molecule by-product (a condensate) is produced and
those where one is not.* In other words, these terms do not
identify a mechanism of polymer growth. Thus, the terms poly-
addition and polycondensation were recommended for polymer-
izations in which the growth of polymer chains proceeds by
addition reactions or condensation reactions between molecules of
all degrees of polymerization (i.e., “step-growth”), usually in a
non-chain reaction. The terms chain polymerization and con-
densative chain polymerization were recommended as terms for
polymers made in a reaction where monomers react only with
active polymer chains via a chain reaction pathway (ie.,
“chain-growth”). This is summarized in Fig. 2, reproduced
from the 1994 document, which deprecated use of the terms
“chain-growth” and “step-growth”.

While the four terms suggested in 1994 are more compre-
hensive and without doubt superior to preceding terminology,
there have been four issues with these terms from the outset:

(1) The terms polycondensation and polyaddition sound very
similar to the historical terms “condensation polymerization”
and “addition polymerization”, proposed by Carothers nearly a
century ago.” Carothers’ terms represented the first attempt at
terminology in the present context, and these terms are still
widely used today (see below), even though their shortcomings
became evident almost immediately; for example, poly-
urethanes, first made in 1937 in a “step-growth” manner,®
involve no condensate in their preparation. This similarity

and

NO specific INITIATION
or TERMINATION step

VTH mechanisms
curina

with INITIATION
and TERMINATION steps

Fig. 1 Graphical description of the two main polymerization methods, both of which include a series of steps to create polymer chains. Additional
arguments for our concerns with the terms “step-growth” and "chain-growth” are highlighted in the text.

Polym, Chem.

This journal is © The Royal Society of Chemistry 2022

Reproduced from Polym. Chem., 2022, Advance Article with permission from the Royal Society of Chemistry
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Growth Mechanism | Monomers reacting | Molecules of all sizes
with active polymer reacting together
chains
Reaction Type Chain reaction Usually non-chain
reaction
E. With low-molar- CONDENSATIVE POLYCONDENSATION
] mass by-products CHAIN
8 POLYMERIZATION
=
v
g [ without low-molar- CHAIN POLYADDITION
mass by-products POLYMERIZATION

Fig. 2 Recommendations on polymerization terminology made by SPT
in 1994.

between polyaddition and “addition polymerization” has
created significant confusion because addition is employed
quite differently in these two sets of terms, having migrated
from meaning “chain-growth” under Carothers to “step-
growth” under IUPAC.

(2) Furthermore, polyaddition is itself a questionable term.
IUPAC has defined the term addition reaction to be a chemical
reaction of two or more reacting molecular entities, resulting in a
single reaction product containing all atoms of all components
with formation of two chemical bonds and a net reduction in bond
multiplicity in at least one of the reactants.” Thus a chain
polymerization (as defined in 1994) is a series of addition reac-
tions, while polyaddition has a limited definition that excludes
chain polymerization.

(3) In the 1994 document, chain polymerization was
implicitly proposed as a term covering two situations: (i) a
generic term encompassing all polymerizations that proceed
via “chain growth"-type growth mechanisms, i.e., a chain reac-
tion in which the growth of a polymer chain proceeds exclusively
by reaction(s) between monomer(s) and reactive site(s) on the
polymer chain with regeneration of the reactive site(s) at the end
of each growth step, and (ii) a specific subclass of chain poly-
merizations in which there is no condensate, which is the case
in most chain polymerizations. The function of the term chain
polymerization as both a generic term and a specific term has
created some confusion. In contrast, in the case of “step-
growth”-type growth mechanisms, no generic term was pro-
posed, and filling this void is probably one reason why the
term “step-growth” is still widely used. In internal SPT discus-
sions we have used “non-chain polymerization” to cover poly-
merizations that proceed in a “step-growth” manner, but this
is not ideal in that it defines these polymerizations by what
they are not rather than providing a definition that alludes to
their common characteristics.

(4) Another problem of a similar nature is that all forms of
polymerization generate polymer chains, but the term chain
polymerization might be taken to imply that only such polymer-
izations do so, and that polyaddition and polycondensation do
not. The issue here is that the word “chain” has multiple
meanings (in this case macromolecule and chain reaction,
respectively). As stated above, in the current IUPAC definition
the chain in chain polymerization refers to polymerization

This journal is © The Royal Society of Chemistry 2022
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occurring through a chain reaction process; this may not be
immediately obvious. This overlap in meaning creates ambigu-
ity and therefore uncertainty, especially for non-native speak-
ers of English. The current terminology also causes problems
when considering reactions such as the polymerization of a
dithiol and an a,w-diene (a thiol-ene polymerization): the
polymer forms in a “step-growth” type growth mechanism, but
in a radical chain reaction process.

In addition to the specific points listed above, there are
additional issues with the 1994 terms that have arisen in the
intervening quarter century due to developments in polymer
synthesis. For example, there are new polymerization growth
mechanisms that fall outside the two traditional categories,
and are therefore not covered by any current terminology, rec-
ommended by IUPAC or otherwise (detailed below). There are
also methods to synthesize polymers from monomers that
have been known for decades that do not fall cleanly into
either of these traditional categories.

In view of the above situation, it is not surprising that the
1994 terms have not been widely adopted by the polymer com-
munity. In fact, we have found no textbooks that employ all
four terms recommended in the 1994 document (see below).
For this reason, many of us find ourselves using the terms
“step-growth” and “chain-growth” in our publications and
classes, even though IUPAC has never endorsed these terms,
and despite the confusion this situation causes to students
learning polymer chemistry. Here, we attempt to outline the
dilemmas caused by the terms “step-growth” and “chain-
growth” and their various synonyms and subclasses.

This contribution is not a recommendation of terms we
think should be used; rather, we simply aim to make clear to
the community why we think all present terminology is proble-
matic. No set of terms is perfect, but we believe there must be
a better system than the current options. Ideally, we would like
to avoid the many shortfalls mentioned above, at the same
time employing descriptive accuracy and finding simplicity
that will be attractive to our diverse community. That this can
be achieved is evidenced, for example, by the widespread re-
placement of the illogical term ‘polydispersity index’ by the
more logical ‘dispersity’ in the decade since publication of
IUPAC Recommendations (by SPT) on this matter in 2009."

Discussion
Historical development of terms

Although Staudinger attempted to classify different types of
polymerization processes,’ it was Wallace H. Carothers who
first recognized the mechanistic distinction that would even-
tually lead to the “step-growth”/“chain-growth” classifications.
Carothers was dealing with terms for polymers prepared by the
two mechanisms in a pioneering period when even the defi-
nition of the general term “polymer” was still under discus-
sion.'” At that time some definitions of polymer stated that a
polymer and its monomer must have the same atoms in the
same proportions.”'" When introducing his theory of the

Polym. Chem.

Reproduced from Polym. Chem., 2022, Advance Article with permission from the Royal Society of Chemistry
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preparation of high-molar-mass polymers by reaction of mono-
mers bearing functional groups, Carothers proposed the terms
“addition or A polymers” for polymers in which the repeat unit
has the same molecular formula as the monomer, and “con-
densation or C polymers" where the repeat unit is different
from the monomer(s). Further, he defined two types of mecha-
nisms of polymer growth: (i) “addition polymerizations”
leading to A polymers, and (ii) “condensation polymerizations”
leading to C polymers. The problem with these terms would
soon become clear—by first classifying polymer structures as
“A” or “C”", then deriving the terms “addition polymerization”
and “condensation polymerization” for their growth mecha-
nisms, a direct correspondence between polymer structure and
mechanism of polymer growth was created. This system does
not effectively capture polymers that can be synthesized in
different ways. For example, poly(oxyethylene) is a C polymer
when synthesized by polycondensation of ethane-1,2-diol, but
an A polymer if it is prepared by ring-opening polymerization
of oxirane (Fig. 3).

Soon after Carothers there was the discovery by Otto Bayer
at I. G. Farbenindustrie of the formation of polyurethanes
from the reaction of diols and diisocyanates.>'* This polymer-
ization proceeds like a condensation polymerization, but no
low-molar-mass by-product is released, meaning that techni-
cally it is an “addition polymerization” according to the termi-
nology of Carothers. In view of this difficulty, Bayer named his
process a “polyaddition”. This led to confusion because of the
similarity of the terms “addition polymerization” and
“polyaddition”."?

Despite these difficulties, the Carothers terminology was
adopted for a long time, as reflected by it being the basis of
the 1974 TUPAC recommendation,” as already mentioned. Of
greatest significance was this terminology being used in
Flory’s influential 1953 textbook."*

Flory continued to use the terms “addition polymers” and
“condensation polymers”, as well as “addition polymerization”
and “condensation polymerization”, but he was well aware of
inescapable problems with them. For example, he wrote:
“Whether or not the structural unit differs in composition
from the monomer from which it is derived is of no particular
significance. The principal justification for the differentiation
between condensation and addition polymers (and polymeriz-
ations) lies in the marked contrast between the processes by
which they are formed”. And elsewhere: “The original
Carothers distinction between addition and condensation

Synthesis of poly(oxyethylene), a "C polymer"

Ho’f\/O{:H

~._-OH
n HO —nH,0

Synthesis of poly(oxyethylene), an "A polymer"

RO’{'\/O'EH

Synthesis of polyloxyethylene) by two different routes.

n A

R-OH

Fig. 3

Polym. Chem.

View Article Online
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polymers, if applied quite literally, oftentimes fails to serve the
desired purpose”. Flory also recognized the problem posed by
polyurethanes and the like, writing (his italics) “a polymeriz-
ation process which proceeds by a reaction between pairs of
functional groups with the formation of a type of interunit
functional group not present in the monomer(s) will be
regarded as a condensation polymerization”. In a polymeriz-
ation sense this is reasonable, but in a broader chemistry
sense it is not, because polyurethane formation does not
involve “condensation” as it is generally understood by all che-
mists. [IUPAC defines the term condensation reaction as a
(usually stepwise) reaction in which two or more reactants (or
remote reactive sites within the same molecular entity) yield a
single main product with accompanying formation of water or of
some other small molecule, e.g. ammonia, ethanol, acetic acid,
hydrogen sulfide."”

Flory supported his recommendation as follows: “It is thus
appropriate to broaden the definition of condensation poly-
mers ... to include also those polymers which on chemical
degradation (e.g., by hydrolysis) yield monomeric end products
differing in composition from the structural units”. Flory does
this because he wants to avoid “the confusion which would
arise” if the one polymer were to be categorized in different
ways depending on how it was made, e.g., the poly(oxyethylene)
example above. This means that, for example, nylon-6 made by
ring-opening polymerization of e-caprolactam, a chain-
polymerization process, would still be termed a condensation
polymer by Flory. He recognized the incongruity of this, giving
the example of poly(lactic acid), but nevertheless still felt com-
pelled to have a classification primarily based on polymer
structure rather than mechanism,

The mechanism of chain polymerization was elucidated by
Norrish and Brookman in 1939.'® According to a search of the
Chemical Abstracts Service database using SciFinder'™, the
term chain polymerization (not “chain-growth polymerization”)
was first introduced to refer to these reactions by Hoshino and
Iwakura in 1947." It is not clear when the term “step
(-growth)” first appeared, but Elias writes that it was in
response to the problems in the polymer-based classification
of Carothers:"” “It turned out later that the true distinguishing
factor was ... the growth steps. ...Organic chemists therefore
started to refer to ‘condensation polymerizations' as ‘step-
growth polymerizations’ since the reaction products could be
easily isolated and reacted again after several ‘steps’ whereas
those of the known ‘addition polymerizations’ could not”. In
other words, the slow rate of “step-growth” polymerizations
usually allows for them to be easily stopped and their inter-
mediates isolated, similar to “steps” in preparative synthesis of
low-molar-mass organic compounds. Therefore, this use has
nothing to do with steps in the mechanistic sense, a fact not
widely appreciated today. In this sense this term is “an
unlucky choice of words"."?

Unlucky or not, the term “step-growth” has stuck, becoming
part of the dominant classification system of “step-growth
polymerization” and  “chain-growth  polymerization”.
According to a SciFinder™ search, these terms do not appear

This journal is © The Royal Society of Chemistry 2022

Reproduced from Polym. Chem., 2022, Advance Article with permission from the Royal Society of Chemistry
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in the abstracts of papers in the chemical literature before
their use in a well-known 1967 textbook by Robert Lenz,'
although in the textbook the author makes no claim to be
introducing a new terminology.

Terms used in current textbooks

Perhaps because of the problems with all existing terms, and
despite the 1994 classification system proposed by SPT, termi-
nology in textbooks continues to vary widely. It is largely point-
less to suggest terminology if it is not adopted. We therefore
investigated what terms people actually use for basic classifi-
cation of polymerization reactions. We examined the terms
used in approximately 40 textbooks, including multiple edi-
tions of some. This allowed us to gauge the influence of the
definitions recommended by SPT in 1994 over time. We
present our findings in two categories.

First, Table 1 gives terms used in a selection of textbooks
on general chemistry and organic chemistry (as indicated in
the Category column). The selection is not intended to be com-
prehensive but represents a range of textbooks that we use in
our classes across the world. A careful look at these textbooks
reveals that despite most of these books being published in
the last decade, the terms recommended in 1994 are comple-
tely absent. Some authors discuss polymerization but do not
categorize by specific types of polymerization methods,
perhaps in part due to confusion over which terminology to
use. In terms of book categories, it is evident that general
chemistry textbooks almost all retain the 1930s “addition/con-
densation polymerization” classification. With organic chem-
istry textbooks there is a strong preference for “chain-growth”
and “step-growth”.

Overall, it is clear that in undergraduate chemistry text-
books there exists a somewhat chaotic situation regarding
classifications: there is no dominant terminology for basic
mechanisms of polymer growth, and IUPAC-recommended ter-

View Article Online
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minology is absent. This is unlikely to be because it is rejected,
but almost certainly because it is not known. This situation is
undesirable in several ways. First, it propagates the use of logi-
cally flawed terminology. Second, it means that students are
confronted by different terms for the same thing, depending
upon the textbook used. Finally, how should translators of
books into languages other than English deal with a non-
uniform situation like this?

It is reasonable to expect more uniform usage of terminol-
ogy from authors of textbooks on polymer science. Here we
examined a selection of these with respect to which basic
polymerization terms are used. Our survey is presented in
Table 2, again organized by author last name. Rather than
attempting to categorize polymer science books, we instead
have given their titles, and these cover a full spectrum from
synthetic chemistry to engineering and processing.

The first and overwhelming conclusion from Table 2 is that
there is no consensus among polymer science textbook writers
regarding which terms should be used, nor are there any pre-
ferred sets of terms. Invariably the word “step” is used, but in
a variety of different ways: “step-growth”, “stepwise”, “step-
reaction” or just plain “step”. Sometimes it is partnered with
the same variant of “chain” (e.g. “chainwise” with “stepwise”),
but often it is paired with “addition”.

A few authors discuss the 1994 recommendations from SPT.
For example, Elias includes a discussion of IUPAC-rec-
ommended terms, and he adopts all the terms of Fig. 2 aside
from condensative chain polymerization, which he spurns on
the grounds that “it is illogical to label one subclass with an
adjective (condensative chain polymerization) but not the other
(chain polymerization)”. We agree with Elias on this point,
noted above as issue (3) in the introduction. Instead, Elias pro-
poses “polyelimination”,"*** which nicely complements poly-
condensation and polyaddition in a linguistic sense, but
seems flawed in several ways: (1) such processes do not meet

Table 1 Terminology employed for basic polymerization growth mechanisms in various textbooks on general chemistry and organic chemistry

Author(s) Year (edition) Category Terminology employed

Blackman et al.'’ 2012 (2" General Addition or chain-growth, condensation or step-growth

Burrows et al.”" 2017 (3" General Addition polymerization, condensation polymerization

Chang™' 2007 (7') General Addition reactions, condensation reactions

Housecroft & Constable 2010 (4™) General Addition polymerization

Kotz et al.” 2018(10™) General Addition polymers, condensation polymers

Mahaffy et al.** 2014 (2™ General Addition polymers, condensation polymers

McMurry et al.>® 2015 (7") General None

Bruice®* 2014 (7") Organic Chain-growth polymerization, step-growth polymerization

Bruice®’ 2016 {Brhj Organic Chain-growth polymerization, step-growth polymerization

Carey & Sundberg™**’ 1990 (3") Organic None

Clayden et al.*" 2001 (17 Organic Polymerizations by carbonyl substitution reactions, polymerization
by electrophilic aromatic substitution, polymerization by the Sy2 reaction,
polymerization by nucleophilic attack on isocyanates, polymerization of alkenes

Clayden et al.*' 2012 (2" Organic None*

Karty™ 2014 Organic Chain-growth polymerization, step-growth polymerization

Okuyama & Maskill** 2013 (17 Organic None

Vollhardt & Schore™ 2014 (7) Organic None

“The relevant chapters from the first edition were removed for the second edition. They remain available as an electronic resource from the

publisher.
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Folym. Chem.

Reproduced from Polym. Chem., 2022, Advance Article with permission from the Royal Society of Chemistry



Open Access Article. Published on 05 April 2022, Downloaded on 4/5/2022 12:33:41 PM.

<) EE| This article is licensed under a Creative Commons Attribution 3.0 Unported Licence.

Perspective

View Article Online

Polymer Chemistry

Table 2 Terminology employed for basic polymerization growth mechanisms in various textbooks on polymer science

Year
Author(s) (edition) Title Terminology employed
Carraher™ 2017 (4™)  Introduction to polymer chemistry ~ Addition polymerization, step-reaction polymerization
Carraher™’ 2017(10")  Polymer chemistry Addition polymerization, step-reaction polymerization
Cowie™! 1991 (2"!)  Polymers: chemistry and physics Addition polymerization, step-growth polymerization; both together
of modern materials referred to as “chain growth mechanism”
Cowie™* 2007 (3™)  Polymers: chemistry and physics Addition polymerization, step-growth polymerization; “chain growth”
of modern materials used to mean both forms together and addition individually
Dotson et al.*? 1995 (1%) Polymerization process modeling  Chainwise, stepwise
Elias™ 1997 (1) An introduction to polymer Chain-growth polymerization, step-growth polymerization;
science polyelimination, chain polymerization, polycondensation, polyaddition
Elias'? 2005 [2"“} Macromolecules, vol. 1 - structure  Chain-growth polymerization, step-growth polymerization;

and properties

Hiemenz & Lodge" 2007 (2"")  Polymer chemistry

Kolt“zenburg etal™ 2017 (1%)  Polymer chemistry

Nicholson™® 2017 (5")  The chemistry of polymers

Novalk"” 1995 (1*)  Organic polymer chemistry: a
primer

Odian™® 1991 (3"!)  Principles of polymerization

Odian™ 2004 (4™)  Principles of polymerization

Painter & 1994 (1%) Fundamentals of polymer science

Coleman™

Painter & 2008 (1*)  Essentials of polymer science and

Coleman™ engineering

Ravve™ 2012 (3")  Principles of polymer chemistry

Rudin™ 1982 (1*)  The elements of polymer science
and engineering

Rudin & Choi™ 2012 (3")  The elements of polymer science

) and engineering
Stevens® 1999 (3)  Polymer chemistry: an

introduction
Polymers
) Introduction to polymers

Walton & Lorimer™ 2000 [1”‘1
Young & Lovell* 1991 (2™

Young & Lovell*” 2011 (3")  Introduction to polymers

the usual definition of an elimination reaction;'” (2) “polyelimi-
nation” sounds like a degradation process, and indeed the
different process of side-chain elimination from polymers is
sometimes called polyelimination;'? (3) a polycondensation
could for the same reason be termed a polyelimination. It is
telling that Elias explains how the term “step-growth polymer-
ization” is deeply defective, and yet he used it throughout his
1997 textbook due to lack of a better alternative, but then
dropped it in his 2005 textbook, opting for the IUPAC-rec-
ommended terms polyaddition and polycondensation instead.
Indeed, Elias long ago recognized the terminology dilemma we
discuss here.

Young and Lovell also hint at IUPAC influence in two ways:
(1) they write of a “modern preference” to use chain and step
without “growth”, implying that this is a matter of taste; (2)
they introduce the step-polymerization subclasses of polycon-
densation and polyaddition, in accordance with Fig. 2.°%%7
However, they make no mention of IUPAC recommendations,
and indeed their usage predates the 1994 recommendations.

Finally, Odian suggests in his latest edition, published in
2004,** that the 1994 recommendations from this subcommit-
tee suggested “polycondensation” as a replacement for all
types of “step polymerization”, neglecting to mention the rec-

Polym, Chemn,

polyelimination, chain polymerization, polycondensation, polyaddition
Addition polymers/chain-growth polymerization, condensation
polymers/step-growth polymerization

Chain-growth polymerization, step-growth polymerization

Chain polymerization, step polymerization

Chain-growth, step-growth (said to be synonymous with condensation)

Chain, step (shortenings of chain-reaction, step-reaction)
Chain polymerization, step polymerization
Chain/addition polymerization, step-growth polymerization

Chain/addition polymerization, step-growth polymerization

Chain-growth polymerization, step-growth polymerization
Chain-growth polymerization, step-growth polymerization
(polycondensation sometimes instead)

Chain-growth polymerization, step-growth polymerization

{ polycondensation sometimes instead)

Chain-reaction condensation, chain-reaction polymerization, step-
reaction polymerization, step-reaction addition

Chain polymerization, step-growth polymers

Chain polymerization, step polymerization; polycondensation,
polyaddition

Chain polymerization, step polymerization; polycondensation,
polyaddition

ommended use of polyaddition in polymerizations that follow
“step-growth” kinetics but lack a condensate (e.g., poly-
urethane synthesis). He uses the IUPAC-recommended term
chain polymerization but does not mention condensative chain
polymerization.

Several authors in Table 2 use “polycondensation” as a
synonym for “step(-growth) polymerization”, and thereby fail
to acknowledge that such polymerizations need not involve
condensation. Ironically, nearly all textbooks do the one thing
that SPT neglected to do in 1994—provide generic terms. The
problem is that they have all used some combination of the
old, flawed terms. We strive to remedy this problem.

Problems arising from translations of “step-growth” and
“chain-growth” into other languages

The official language of IUPAC is English, so we focus here on
terminology in English. However, it is worth noting that the
terms ‘“step-growth” and “chain-growth” present additional
problems for non-native English speakers. While difficulties
and ambiguities arise with translations of many technical
terms, we find that a clear and precise definition in English
tends to reduce problems in translation. In contrast, the lack
of clarity and precision in “step-growth” and “chain-growth” in

This journal is © The Royal Society of Chemistry 2022
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English appears to become further magnified when translated
into other languages.

For example, in German “step” is translated as “Stufe”,
which can also mean “stair”, although in the context of a reac-
tion step the term “Schritt” is used. The Czech language has
the same translation, where “step” is translated as “stupen”
but “krok” is used for a reaction step. A related problem arises
in Spanish, where the word “step” has been translated into
“etapas” (stages). The word “etapas” implies a sequential evol-
ution and can result in thinking it is related to a chain poly-
merisation reaction. Problems with the word “chain” arise in
other languages such as French, where “enchainment” is used
to describe the concept of polymerisation (enchainement =
linkage). This linkage process implies a sequence of steps
(étapes), meaning steps or stages, leading to confusion when
the two basic polymerization mechanisms are discussed.

Similar problems arise in languages outside of the Indo-
European family of languages. In Chinese, both the meanings
of “step by step” (&%) and “stair-like” (Frih=l/FEHpE) are
used in the translation of “step-growth”. For “chain-growth”,
both the meanings of “long chain” (§&=/§#z{) and “a
sequence of reactions” (JE£{/iE$4) are used in the translation.
Even for the same meaning, different Chinese characters are
also used, making the situation even more complicated. In
Japanese, step-growth translates directly as step-growth
(ERPERL &, dankai-seichou or 3%, chikuji), and chain-growth
translates as sequential (;E§§, rensa). In the three related
languages of Malay, Brunei, and Indonesian, “step-growth
polymerization” is “pempolimeran/pempolimerisasi langkah”,
where “langkah” translates as “footwork while walking.”
“Chain polymerization” is “pempolimeran/pempolimerisasi
rantai” where “rantai” means chain of strands. In other
languages such as Thai, the English terms are often used but
spelled phonetically, perhaps avoiding some of the confusion
generated in other languages when translating directly.

This brief analysis shows how the currently dominant ter-
minology can lead to various problems when translated into
different languages. However, we stress that the problem here
is fundamentally one of consistent use of logically sensible,
English-language terms. We anticipate that more sensible
terms in English could avoid some of the problems that arise
in other languages.

Polymerizations that lie outside of traditional growth
mechanisms

There are some reactions that unambiguously generate macro-
molecules but cannot be fitted into any of the four classes of
Fig. 2. Equally, there are other polymerization processes that
can be fit into this categorization only by unnatural extension
of the meaning of terms inconsistent with their IUPAC defi-
nitions. Thus, although IUPAC defines polymerization as the
process of converting a monomer or a mixture of monomers into a
polymer, there are situations where, under the current termi-
nology of Fig. 2, monomers can be converted into polymer
without the process formally being in a class of polymeriz-
ation. This clearly warrants some consideration.

This journal is @ The Royal Society of Chemistry 2022
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The first situation, reactions that produce polymers but do
not fit into any class in Fig. 2, arises from iterative processes.
For example, a laboratory solid-phase peptide synthesis (SPPS)
unambiguously generates a macromolecule through reaction
at a specific site on a macromolecule, with generation of low-
molar-mass by-products, but by a repetitive series of coupling
and deprotection reactions.”® No chain reactions occur, so
SPPS cannot be labelled a chain polymerization, but neither is
it a polycondensation because reactions do not occur between
molecules of all degrees of polymerization. A related example
is reversible addition—fragmentation chain transfer single-unit
monomer insertion (RAFT SUMI), where a chain reaction takes
place between propagating species and monomers without
generation of low-molar-mass by-products to add a single
monomer unit to an existing oligomer or polymer.”” However,
it cannot be labelled a chain polymerization because no single
RAFT SUMI reaction step leads to formation of a macro-
molecule. Rather, much like SPPS, RAFT SUMI is a sequence
of separately conducted (chain) reactions, each of which
appends a single monomer unit to the polymer chain.
Analogous problems in terminology arise in dendrimers,
which are also synthesized by iterative processes.”®

The second situation, polymerizations which require
extending the definitions in Fig. 2, arises because condensation
and addition, as defined by the IUPAC recommendations of
1994,"* do not exhaust the possible ways of generating chemi-
cal bonds. If addition is defined as consistent with chemical
intuition as a reaction giving a net reduction in bond multiplicity
in at least one of the reactants, it is clear that there could also
be polymerization reactions in which bond multiplicity
remains constant® or increases.”’ Polymerization can also
occur via colligation, the generation of a bond by the combi-
nation of two radicals, or coordination, where the two electrons
in a newly formed bond come from only one of the precursor
molecules. An example of polymerization by colligation is
Gilch polymerization and related reactions,””** which proceed
predominantly through the reaction of biradicals. Gilch
polymerization may proceed to a large degree by reactions
between molecules of any degree of polymerisation in which
bonds are formed by radical combination.*

In these two situations, the current terminology can only be
made to fit by disregarding part of the definition (interpreting
chain reaction so broadly as to make it meaningless) or inter-
preting it in a different way in polymer chemistry than in
physical organic chemistry (using a truncated form of the
IUPAC definition of addition that omits the stipulation on
bond multiplicity).

Moving forward

In 2019, IUPAC approved a project with the goal of recom-
mending a solution to the terminology problems discussed
here. Many of the authors on this contribution are members
of the task group for this project.*® Specifically, we seek to
provide an umbrella term that captures the current IUPAC
endorsed terms of polycondensation and polyaddition, which
our analysis here indicates could be a reason for the ongoing
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terminology problem. We also aim to provide a similar struc-
ture, including an umbrella term, for chain polymerizations
that encompasses those with and without condensates.
Finally, we will suggest terms for reactions that generate poly-
mers but currently cannot be classified using any of the exist-
ing polymerization terms. We welcome input from the commu-
nity on this matter.

Conclusion

Here we have outlined our concerns with the terms “step-
growth” and “chain-growth”, which remain in use, along with
several related terms, despite their flaws and the deprecation
of their use by TUPAC in 1994. An analysis of terms used his-
torically and in current textbooks was particularly illuminat-
ing: despite a clear understanding for many decades of the
two types of basic mechanisms of polymer growth, we as a
community still have not agreed on terms to describe these
two cases. The present use of similar-sounding terms with
different meanings adds to the confusion, and this lack of
clear and logical terminology causes problems in translating
the terms from English into other languages. Furthermore,
there are examples of reactions or processes in the field of
polymer synthesis that produce polymers, but there are no
terms that describe these polymerizations. As a group of
polymer scientists, we are working to find a solution. We
welcome input from the community as we attempt to remedy
these dilemmas. Please let us know your thoughts by emailing
us at polymer.terminology@iupac.org. Comments will be read
until the end of 2022.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

We acknowledge IUPAC for support of this work through
project 2019-027-1-400. We thank the members of SPT for
helpful discussions and critical feedback in the preparation of
this manuscript.

Notes and references

1 Here we stylize current IUPAC terms, used as intended in
IUPAC documents, in italics; we place non-IUPAC terms in
quotes.

2 R. Jones, Chem. Int., 2017, 39, 4-6.

3 IUPAC Comm. on Macromolecular Nomenclature, Pure
Appl. Chem., 1974, 40, 477-492.

4 1. Mita, R. F. T. Stepto and U. W. Suter, Pure Appl. Chem.,
1994, 66, 2483-2486.

5 W. H. Carothers, Chem. Rev., 1931, 8, 353-426.

Folym. Chem.

=)

View Article Online

Polymer Chemistry

I. G. Farbenindustrie AG, Patent, 728981, 1937.

IUPAC. Compendium of Chemical Terminology, ed.
A. D. McNaught and A. Wilkinson, Blackwell Scientific
Publications, Oxford, 2nd edn (the “Gold Book”), 1997,
DOI: 10.1351/goldbook.A00133.

F. T. S. Robert, Pure Appl. Chem., 2009, 81, 351-353.

9 H. Staudinger, Ber. Dtsch. Chem. Ges. A/B, 1920, 53, 1073~

10

11

12
13

14

15
16

17
18

19

20

21

22

23

24

25

26
27

28

29

3(

31

1085.

W. H. Carothers, J. Am. Chem. Soc., 1929, 51, 2548-
2559.

K. Hess, Die Chemie der Zellulose und ihrer Begleiter,
Akademischen Verlagsgesellschaft m. b. H., Leipzig, 1928.
O. Bayer, Angew. Chem., 1947, A59, 257-272.

H.-G. Elias, Macromolecules: Volume 1: Chemical Structures
and Syntheses, Wiley, 2005.

P. ]. Flory, Principles of polymer chemistry, Cornell University
Press, Ithaca, N.Y., 1953.

P. Muller, Pure Appl. Chem., 1994, 66, 1077-1184.

R. G. W. Norrish and E. Brookman, Proc. R. Soc. London,
Ser. A, 1939, 171, 147-171.

T. Hoshino and Y. Iwakura, Proc. Jpn. Acad., 1947, 23, 9-11.
R. W. Lenz, Organic Chemisty of Synthetic High Polymers,
John Wiley & Sons, New York, 1st edn, 1967.

A. Blackman, S. Bottle, S. Schmid, M. Mocerino and
U. Wille, Chemistry, John Wiley & Sons, 2nd edn, 2012.

A. Burrows, J. Holman, A. Parsons, G. Pilling and G. Price,
Chemistry3: Introducing Inorganic, Organic and Physical
Chemistry, Oxford University Press, 3rd edn, 2017.

R. Chang, Chemistry, McGraw-Hill Higher Education, 9th
edn, 2007.

C. E. Housecroft and E. C. Constable, Chemistry: An
Introduction to Organic, Inorganic and Physical Chemistry,
Prentice Hall, 4th edn, 2010.

J. C. Kotz, P. M. Treichel, J. Townsend and D. Treichel,
Chemistry & Chemical Reactivity, Cengage Learning, 10th
edn, 2018.

P. G. Mahaffy, J. C. Kotz, J. McMurry, R. B. Bucat, R. Tasker,
P. Treichel and G. C. Weaver, Chemistry: Human Activity,
Chemical Reactivity, Nelson Education Limited, 2nd edn,
2014.

J- E. McMurry, R. C. Fay and ]. K. Robinson, Chemistry,
Pearson Education, 7th edn, 2015.

P. Y. Bruice, Organic Chemistry, Pearson, 7th edn, 2014.

P. Y. Bruice, Organic Chemistry, Pearson Education, 8th
edn, 2016.

F. A. Carey and R. J. Sundberg, Advanced Organic Chemistry:
Part A: Structure and Mechanisms, Springer US, 3 edn, 1990.
F. A. Carey and R. J. Sundberg, Advanced Organic Chemistry:
Part B: Reactions and Synthesis, Springer US, 3 edn, 1990.

J. Clayden, N. Greeves, S. Warren and P. Wothers, Organic
Chemistry, Oxford University Press, 1st edn, 2001.

J. Clayden, N. Greeves and S. Warren, Organic Chemistry,
OUP, Oxford, 2012.

J. Karty, Organic Chemistry: Principles and Mechanisms,
International Student Edition, W. W. Norton, Incorporated,
2014.

This journal is © The Royal Society of Chemistry 2022

Reproduced from Polym. Chem., 2022, Advance Article with permission from the Royal Society of Chemistry

11



April 2022, Downloaded on 4/5/2022 12:33:41 PM.

5

Open Access Article. Published on 0

This article is licensed under a Creative Commons Attribution 3.0 Unported Licence.

Polymer Chemistry

33

34

35
36

37

38
39

40

41

42

43

a4

46

47

48
49

T. Okuyama and H. Maskill, Organic Chemistry: A
Mechanistic Approach, OUP Oxford, 1st edn, 2013.

K. P. C. Vollhardt and N. E. Schore, Organic Chemistry:
Structure and Function, W. H. Freeman, 7th edn, 2014.

H.-G. Elias, An Introduction to Polymer Science, Wiley, 1997.
R. J. Young and P. A. Lovell, Introduction to Polymers, CRC
Press, Boca Raton, London, 2nd edn, 1991.

R. J. Young and P. A. Lovell, Introduction to Polymers, CRC
Press, London, 3rd edn, 2011.

G. Odian, Principles of Polymerization, Wiley, 4th edn, 2004.
C. E. Carraher, Introduction to Polymer Chemistry, CRC
Press, 4th edn, 2017.

C. E. Carraher, Carraher’s Polymer Chemistry, CRC Press,
10th edn, 2017.

J. M. G. Cowie, Polymers: Chemistry and Physics of Modern
Materials, Taylor & Francis, 2nd edn, 1991.

J. M. G. Cowie and V. Arrighi, Polymers: Chemistry and
Physics of Modern Materials, CRC Press, 3rd edn, 2007,

N. A. Dotson, R. Galvan, R. L. Laurence and M. Tirrell,
Polymerization Process Modeling, Wiley, 1995.

P. C. Hiemenz and T. P. Lodge, Polymer Chemistry, CRC
Press, 2nd edn, 2007.

S. Koltzenburg, M. Maskos, O. Nuyken, K. Hughes,
R. Miilhaupt and K. Matyjaszewski, Polymer Chemistry,
Springer Berlin Heidelberg, 2017.

J. Nicholson, The Chemistry of Polymers, Royal Society of
Chemistry, 2017.

B. M. Novak, Organic Polymer Chemistry: A Primer, Saunders
College Publishing, Fort Worth, 1995.

G. Odian, Principles of Polymerization, Wiley, 3rd edn, 1991.
P. C. Painter and M. M. Coleman, Fundamentals of Polymer
Science: An Introductory Text, Technomic Pub. Co.,
Lancaster, Pa., 1st edn, 1994.

50

51

52

53

59

60

61

62

63

64

View Article Online

Perspective

P. C. Painter and M. M. Coleman, Essentials of Polymer Science
and Engineering, DEStech Publications, Incorporated, 2008.

A. Ravve, Principles of Polymer Chemistry, Springer
New York, 3rd edn, 2012.

A. Rudin, The Elements of Polymer Science and Engineering,
Academic Press, San Diego, 1st edn, 1982.

A. Rudin and P. Choi, The Elements of Polymer Science and
Engineering, Elsevier Science, 3rd edn, 2012.

M. P. Stevens, Polymer Chemistry : An Introduction, Oxford
University Press, New York, Oxford, 3rd edn, 1999.

D. J. Walton and J. P. Lorimer, Polymers, Oxford University
Press, 2000.

R. B. Merrifield, J. Am. Chem. Soc., 1963, 85, 2149-2154.

S. Houshyar, D. ]. Keddie, G. Moad, R. ]J. Mulder,
S. Saubern and ]. Tsanaktsidis, Polym. Chem., 2012, 3,
1879-1889.

A. Fradet, J. Chen, K.-H. Hellwich, K. Horie, J. Kahovec,
W. Mormann, R. F. T. Stepto, J. Vohlidal and E. S. Wilks,
Pure Appl. Chem., 2019, 91, 523-561.

H. Nishida, H. Morikawa, T. Nakahara, T. Ogata,
K. Kusumoto and T. Endo, Polymer, 2005, 46, 2531-2540.
N. Zaquen, ]J. Vandenbergh, M. Schneider-Baumann,
L. Lutsen, D. Vanderzande and T. Junkers, Polymers, 2015,
7, 418-452.

H. G. Gilch and W. L. Wheelwright, J. Polym. Sci., Part A-1:
Polym. Chem., 1966, 4, 1337-1349.

W. F. Gorham, J. Polym. Sci., Part A-1: Polym. Chem., 1966,
4, 3027-3039.

A.-K. Schoénbein, M. Wagner, P. W. M. Blom
J. J. Michels, Macromolecules, 2017, 50, 4952-4961.
IUPAC, Project Details: Basic Classification and Definitions
of Polymerization Reactions, https://iupac.org/projects/
project-details/?project_nr=2019-027-1-400.

and

Kindly

refer to https://iupac.org/reconsidering-terms-for-mechanisms-of-polymer-growth-the-step-growth-and-
chain-growth-dilemma/ for more details. This paper does not recommend new terms. Instead, the members of
SPT working on this project seek suggestions from the community on how to provide clear, simple, and
consistent terms to describe the two major mechanisms of polymer growth and their subclasses. They ask that
ideas, concerns, and suggestions be sent to polymer.terminology@iupac.org.

This journal is @ The Royal Society of Chemistry 2022

Polym, Chem.

Reproduced from Polym. Chem., 2022, Advance Article with permission from the Royal Society of Chemistry

12



Modern Quality Control and Failure Analysis
of Rubber and Plastics

® Quality Control

Verify the chemical identity of raw materials and products:
Polymer pellets, elastomers, monomers, fillers, additives, plastic
products

®Failure Analysis

Determine the chemical reason behind product failure:
Identify contaminations and detect wrong compositions

®Product Development

Increase the knowledge about your product’s composition:
Check the distribution of components in complex materials and
investigate laminates

EReverse Engineering
Identify the compaosition of competitor products.

Bruker's FTIR spectrometer ALPHA provides a quick, reliable and universally
applicable identity control of your incoming raw materials.

The FTIR microscope LUMOS allows the selective analysis of contaminations and
of individual components in complex materials. This makes the LUMOS a powerful
analytical tool for effective failure analysis and product development.

BRAVO makes Raman analysis accessible to everybody. New technologies
especially designed for BRAVO provide an efficient verification of the widest range
of materials.

Bruker FM, available for the new INVENIO R&D spectrometer, is an FTIR
technology capable of covering the FIR/THz and MIR spectral ranges in a single
scan. This unique functionality once again demonstrates Bruker's leadership and
expertise in continuing to improve the use of infrared analysis and to meet new
challenges in various application fields.

Contact us for more details: www.bruker.com/optics

o #PJM



Chemistr
BERITA IKM June 2022 Issue No. 147

IKM Division of Analytical Chemistry
2021 - A year in Reflection

Reflecting on 2021, it has been a challenging year
for most of us as we continue to endure the
unprecedented times of COVID-19 pandemic.
Malaysia also went into several lockdowns in
2021. Nonetheless, we at IKM Division of
Analytical Chemistry managed to plan our
activities and successfully conducted them with
the strong supports of our committee members.

One of the highlights was the webinar “Meet
Specialists from UK & Malaysia” organised by
SMK Seri Bintang Utara and IKM. One of the
division members, Dr. Tan Ming Yueh, was also
invited as one of the speakers to deliver a talk on
“Biochemistry in our Daily Life” on 14th of July
2021. The webinar was a success with 103 Form
Four secondary students attended the session. In
this 50 mins presentation, participants were
exposed to different applications of biochemistry
in the daily life, such as in pharmaceutical, food
processing, technologies and etc. as well as the
different education pathways after SPM and the
future career prospects with a Chemistry or

Biochemistry degree.
'
o4 1

SMK SERI BINTANG UTARA
MINGGU SAINS DAN MATEMATIK
PANITIA BIOLOGI, FIZIK DAN KID
“MEET SPECIALISTS FROM UK & )
- TARIKH: 14 JULAI 2021 (RAB

MASA: 10.00 - 12.00 TGHRI
SASARAN: 4SA/4SB/4SG/4S0/4S!
PLATFORM: MS TEAM

ST0T2: 12.30- 130 PTG

The second major activity was our technical
visit to Pantai 2 Sewage Treatment Plant, Indah
Water Konsortium (IWK) Kuala Lumpur on 12th of

November 2021. IWK is Malaysia’s national
sewerage company, owned by the Minister of
Finance Incorporated to develop and maintain a
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modern and efficient sewerage system for all
Malaysians. A total of 13 IKM members from
government agencies and local universities joined
this visit. The team arrival was well received by
IWK management team led by Mr. Agiel Azmi
Khair. The programme began with safety briefing
before entering the sewerage treatment plant
area and followed by the IWK corporate video
presentation which explained the development of
Pantai 2 Sewage Treatment Plant.

GREEN m‘mFORMAYlON

And earlier this year, the Chemistry
Programme, Faculty of Science and Technology,
Universiti Kebangsaan Malaysia (UKM) and IKM
Division of Analytical Chemistry had jointly
organised a webinar entitled “Industry in the
Classroom” on 12 January 2022. The sharing
session by industry subject matter experts in the
application of statistics and analytical chemistry at
the workplace was led by a second year UKM
Chemistry Programme undergraduate Shaarvin
Elangovan and was advised by ChM Dr.
Nurfaizah Abu Tahrim and ChM Dr. Nadhratun
Naiim Mobarak. The objective of the programme
was to provide an exposure to Chemistry
Programme students on the importance of the
field of statistics and analytical chemistry in
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industry. Furthermore, students also learned how
the contents can be applied and implemented in
the chemical as well as other industries. The
invited speakers were Scientific Officers from the
Department of Chemistry Malaysia -

(i) Presentation 1: Method Validation for Chemical
Agent Warfare (CWA) by ChM Azharuddin Bin
Abd Aziz

(i) Presentation 2: Method Validation for Water 12 JANUARY 2022
Analysis according to APHA 3125 by ChM 11 12,30 P
Munirah Binti Abdul Zali. : v e

The webinar gathered a total of 111 participations ' ool Bt s GO sl

mainly from the Chemistry undergraduate
community and received positive feedbacks from
the participants.

Despite the challenges in times of COVID- ; Rl i PR
19, with the support and determination from our heatyns acarden to HPRLIOY
members, the above-mentioned plans/activities
were made possible. We will continue to expand
the division’s activities with far-reaching effects in

2022.
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Forum on Chemistry & Climate Change
(C&CC)

Forward

The increase in greenhouse gases, particularly
carbon dioxide and methane, in the atmosphere
since the industrial revolution in the 1950s, has
resulted in global warming in a significant way as to
cause changes in climate patterns all over the world.
The so-called climate change is going to alter global
climate patterns in such a way the lives on earth may
be seriously threatened. To date, it is estimated that
the global surface temperature has increased by
1.15°C over that of the pre-industrial revolution. In
recent years, the incidents of extreme weather have
also increased significantly. Extreme weathers such
as extreme temperature and drought, exceptional
rainfalls resulting in flooding and landslides, very
heavy snowfall and other forms of precipitations, and
increasing incidents of powerful storms such as
tornadoes, hurricanes and typhoons, are getting
more frequent and causing great havocs to habitats
and human lives. If this global warming is allowed to
go on unchecked, humans will be facing the greatest
climate disasters of all time.

The governments of the world are now working
hard to find ways to solve, or at least reduce and
mitigate this climate change. The recent UN
Conference of The Parties (COP) 26 held in
Glasgow, United Kingdoms, had come out with a
declaration asking governments of the world to
reduce greenhouse gases emissions. Pledges are
being made by different governments to reach net-
zero emission or be carbon neutral by certain time
frames. The target is set at a maximum global
warming of 1.5°C by 2050. The question is how are
we going to do this. Can Chemistry play a significant
role in finding a solution to climate change?

On the 26 March, IKM brought together an
invited speaker and five keynote speakers to talk
about climate change from various perspectives to
raise awareness, initiate discussions and inspire
chemists in attendance to bring about change from
their respective areas of expertise. The followings are
the presentation highlights:

Welcome & Introductory Remarks

Datuk ChM Dr Soon Ting Kueh, President, Institut
Kimia Malaysia

On behalf of Institut Kimia Malaysia (IKM), | would
like to welcome all of you to this Forum on Chemistry
& Climate Change.

The main culprit of climate change is carbon
dioxide in the atmosphere. This is due mainly to the
use of fossil fuels as a source of energy for power
generation and transportation. Other human-induced
activities such as deforestation, land clearing for
agriculture and degradation of soil, also contributed
significantly to the release of carbon dioxide into the
atmosphere. The obvious solution is to replace fossil
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fuels with other renewable energies such as solar,
wind, geothermal and even nuclear. Chemistry plays
a very important part in the development of these
renewable energy resources. In fact, the
development of these renewable energy resources is
so advanced that they are gradually replacing fossil
fuels in the energy supply system. Research work on
new energy sources such as green hydrogen and
induced fusion, are very promising and they may
soon be available. Beside working on reducing
carbon emission, scientists are also working on
decarbonisation, removing carbon dioxide from the
atmosphere. A lot of research are being done now to
find ways for the large-scale sequestration of carbon
dioxide from the air at a reasonable cost.

So, we have invited a number of top experts to
share with us their knowledge and expertise on
chemistry and climate change. We are very fortunate
to have them to discuss and deliberate various
issues and challenges related to climate change. |
am sure that we would benefit tremendously from the
deliberations at this Forum.

Thank you and have a good Forum.

Invited Lecture | Climate Change: Chemistry
Comes to The Rescue

Assistant Professor ChM Dr Yvonne Choo Shuen
Lann, Xiamen University Malaysia

Chemistry is often perceived as part of the problem
rather than the solution because greenhouse gas
(GHG) emissions such as methane, carbon dioxide,
nitrous oxide and water vapor are derived from
chemicals — petroleum is a chemical fuel used for
transportation and various chemical reactions are
involved in the production of goods from raw
materials as well as the breaking down of materials
at a later stage. To counterclaim and reinstate
chemistry’s crucial role in climate change, the
presentation showcased three of many strategies
based on the logic that efforts of reducing/control
GHG emissions could positively impact climate
change.

Strategy 1: GHG Conversion. Song et al from the
Korean Advanced Institute of Science and
Technology (KAIST) reported the development of an
effective and economically more viable molybdenum-
doped nickel nanocatalyst capable of recycling
methane and carbon dioxide into synthetic gas
(hydrogen and carbon monoxide) [1]. Calvinho et al
from Rutgers University successfully developed
nickel phosphide-based electrocatalysts that can
convert carbon dioxide into polymer precursors
(methylglyoxal and 2,3-furandiol) that could
subsequently be used to make plastics, fabrics,
resins and other products [2].

Strategy 2: Carbon Dioxide Capture and Short
Term Storage. Voskian and Hatton from the
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term commitment towards net-zero
emissions, action have to be stepped up
in order to match the climate ambitions
and there needs to be a smooth
transition with a “Whole of Society” and
“All of Government” approach. With that
being said, CEO Action Network (CAN)
and Climate Governance Malaysia have
come together to facilitate a robust
discussion through roundtable sessions
between all stakeholders.

In addition, the presentation also
highlighted real risks faced by various
regions of the world ranging from the
collapse of Conger ice shelf in

Massachusetts Institute of Technology (MIT)
developed an interesting, significantly less energy-
intensive absorption and release technology whereby
large specialised batteries could absorb carbon
dioxide from the air at any concentrations while
charging up and releasing it while discharged. The
stacks of electrodes used are coated with

Antarctica [6] to the death of nine-year-
old Ella Adoo-Kissi-Debrah due to air pollution
exposure [7]. and the impact of a 3°C temperature
increment. It is apparent that drastic actions are
required by every segment of our society and
economy to meet the real risks and opportunities we
face today.

polyanthraquinone and are composited with
carbon nanotubes [3]. Lim et al from the
Korea Maritime and Ocean
(KMOU) demonstrated the effectiveness of
cage-like organic hydroquinone clathrates for &
the capture and recovery of carbon dioxide
nitrous oxide and carbon dioxide-nitrous
oxide gas mixtures [4].

Strategy 3: Greener Energy Alternatives. |
Artificial photosynthesis is a process that
mimics nature photosynthesis by converting
sunlight, water and carbon dioxide into more
than one type of fuel (e.g. hydrogen gas,
methanol, ethanol, etc.), dramatically
changing the renewable energy landscape.

At present, “these technologies face significant
engineering challenges to produce fuels efficiently
and economically” [5].

Although chemistry may be a contributor to climate
change, it can be part of the solution. Chemists could
work hand in hand with other key players of climate
change (e.g. policy makers, engineers, technologists,
etc.) towards net-zero carbon emissions by 2050.
Ultimately, it is a race against time and there is no
time to lose!

Keynote Lecture 1 | COP 26: Climate Change and
Its Global Impact on Economy and Society

Datin Seri Sunita Rajakumar, Climate Governance
Malaysia

With increased pressure leading up to the United
Nations Framework Convention on Climate Change
(UNFCCC)’s Conference of the Parties (COP26) in
Glasgow last November, businesses (in the global
context) have to demonstrate resilience and the
ability to transition in support of 2015 Paris
Agreement’s goals. Although many businesses and
countries have since declared some form of long-
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Keynote Lecture 2 | Chemistry and Sustainable
Development Goals in Malaysia

by Associate Professor ChM Dr Collin G. Joseph
and Professor Datuk ChM Ts Dr Taufiq Yap Yun
Hin, Universiti Malaysia Sabah

Sustainable Development Goals (SDGs, 2016-2030)
is the development policy continuation of the
Millennium Development Goals (MDGs, 2000-2015)
and has become the go-to benchmark for awarding
research grants, development contracts and drafting
government policies. In spite of SDGs’ growing
popularity, the concept and long term benefits are
not as well known, and the lack of knowledge
becomes apparent when those in specialized
disciplines questioned chemistry’s involvement in
SDGs. To address this, the presentation highlighted
seven SDGs with emphasis on chemistry’s
contributions in achieving them.

Goal 2: Zero Hunger. Chemistry contributes to
the development of drought protection crops,
phosphate recovery and reuse, protection against
pest infestation and active packaging to prevent food
spoilage.
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Goal 3: Good Health and Well-being. Chemistry
contributes to the development of drugs and medical
diagnoses, the application of green and sustainable
chemistry to help eliminate and reduce chemical
pollution that could impact human health.

The Sixth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC)
[9] released in 2021 highlighted a 1.1°C increase in
the global average temperature, with each of the past
four decades being the warmest on record since
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preindustrial times. The report further confirmed
human activities are the primary cause of climate
change. Climate change is already affecting many
weather and climate extremes in all regions
(heatwaves, heavy precipitation, drought, tropical
cyclones) and if no effective climate actions are put in
place, global warming would reach 1.5°C as early as
the next decade. As to how ready Southeast Asia is
in the face of extreme weather, it is found to be at a
low-medium level of readiness for extreme rainfall
and heat [10].

By limiting global warming to 1.5°C instead of 2°C,
many benefits would be expected, some of which

Goal 6: Clean Water and Sanitation. Chemistry
contributes to the development of water purification
technologies, bringing forth new and lower cost
desalination processes. In addition, the chemical
industry can implement manufacturing practices that
minimise the usage of water as well as waste
management practices to help avoid pollution.

Goal 7: Affordable and Clean Energy. Chemistry
contributes to the development of new materials for
renewable energy (e.g. battery technology, energy
storage), cleaner fuel and green technologies. Nearly
all renewable energy sources and technologies
depend on innovations in chemistry to become more
efficient, affordable and scalable.

Goal 9: Industry, Innovation and Infrastructure.
Chemistry contributes to the various technologies and

materials required for sustainable construction and|

urban mobility such as insulation, paints, adhesives,
sealants, lightweight materials and smart interior
lighting and cooling systems, etc.

Goal 12: Responsible Consumption and
Production. Chemistry helps to improve the
quality and efficiency of production processes,
minimize energy and reduce the life cycle impacts of
consumption. By recycling and reusing molecules,
the loop in chemical manufacturing could be closed
realizing a circular economy.

Goal 13: Climate Action. Chemistry can play a key
role in the advancement of atmospheric chemistry to
enable a better understanding of the causes of global
climate change and the prediction of its extent and
impact. Furthermore, chemistry contributes to the
design principles of green and sustainable chemistry
(education and policy) and the “development of
solutions that will enable other sectors to strengthen
their resilience to climate-related risks” [8].

Keynote Lecture 3 | Climate Change Mitigation
and Adaptation: An Imperative for Advancing
Scientific Action

Professor Dr Joy Jacqueline Pereira, SEADPRI-
Universiti Kebangsaan Malaysia

include lowered impact on biodiversity and species as
well as less extreme weather where people live,
however, it would require transformative actions at an
unprecedented scale. For instance, deep emission
cuts in all sectors, deployment of a range of
technologies, behavioural changes as well as
increased investment in low carbon options. More
specifically, carbon dioxide emissions will need to be
reduced by 45% by 2030, reaching net-zero around
2050. It is important to note that “advancing scientific
action is imperative for accelerating climate change
mitigation and adaption, to enable equitable

transitions and build resilient societies”.

| SIXTH ASSESSMENT REPORT
Wartrg Group | - The Physcal Sorce Bass

R T T Where are we headed?

Heavy rainfall Drought

More frequent Increase in some
regions

More intense

IPCC WGI ARG findings of relevance to Malaysia:

O Monsoon precipitation is projected to increase in the mid-to long term in Southeast
Asia (high confidence);

QO Increases in precipitation and rivers floods are projected over much of Asia; in the
annual mean precipitation in Southeast Asia (high confidence)

O At 1.5°C global warming, heavy precipitation and associated flooding are projected to

intensify and be more frequent in most regions of Asia (high confidence);

Over Southeast Asia annual mean surface temperature will likely increase by a

a

slightly smaller amount than the global average.

Keynote Lecture 4 | Green Hydrogen Economy
and Its Impact on Climate Change

Datin Dr Vijayalakshmi Samuel, AGV Energy &
Technology Sdn. Bhd., Malaysia

In order to counteract the effects of rampant and
uncontrolled uses caused by carbon-intensive
economies, the world will need to shift to a Low-
Carbon Economy or Hydrogen Economy to ensure
net-zero is achieved by 2050. Hydrogen economy
refers to a proposed system, in which, hydrogen is
produced from carbon-dioxide-free sources and is
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Green Hydrogen: The Key to Decarbonising Industry
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were no forest before), reforestation (restoring forest
areas and woodlands which once existed but were
deforested), conservation, agroforestry  and
sustainable forest management are some of the
climate change mitigation efforts discussed that
would make a difference the long run.

used as an alternative fuel [11]. Hydrogen being a
versatile energy carrier with exceptional energy
density can therefore be used to substitute fossil fuel
and act as an energy source to decarbonise
transportation, electricity and heat production sectors,
etc.

Despite being a green fuel, hydrogen is given
various colouring labels based on its production
source, aptly named the Hydrogen Rainbow
encompassing grey (from Steam Methane Reforming),
brown (from coal gasification), blue (from natural gas
and supported by carbon capture and storage) and
green hydrogen, respectively. Green hydrogen which
can be obtained via the use of electrolysis (e.g. proton
exchange membrane (PEM) electrolysis, alkaline
electrolysis or solid oxide electrolysis), is predicted to
play a significant role in reducing GHG globally.

The value and potential of investing in hydrogen
economy has culminated in various large scale green
hydrogen projects around the globe, notably in Japan,
Australia, China and Spain. Whilst the transition to a
hydrogen economy would create various job
opportunities in different sectors, it is not without its
challenges, ranging anywhere from the current
technology and cost, to infrastructure and safety.

Keynote Lecture 5 | Tropical Forests: Its Role in
Carbon Sequestration and Climate Change
Mitigation

ChM Dr Jeyanny Vijayanathan, Forest Research
Institute Malaysia

Carbon sequestration is a process known to reduce
the amount of carbon dioxide in the atmosphere by
capturing and storing atmospheric carbon dioxide.
Since tropical forest has the capability of sequestering
carbon in their biomass and soils, efforts in promoting
good forest health will increase carbon sequestration
in forests. This presentation highlighted the effects of
climate change in the Malaysian context and the
mitigation efforts that can be applied in the forestry
sector towards harmonizing the need for sustainable
utilization, whilst conserving planetary health.

In 2016, Malaysia’s GHG emission was at 316,833 Gg
CO, eq without Land Use, Land-Use Change and
Forestry (LULUCF) out of which 76% (241,344 Gg
CO,) can be attributed to GHG removal in LULUCF, a
net sink [12]. Afforestation (planting trees where there
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Forensic fire investigation involves determining
the origin and cause of the fire, which is
supported by detecting ignitable liquid in a fire
residue or identifying ignitable liquid seized
surrounding the crime scene (Stauffer et al.,
2008). The ignitable liquid describes liquids like
gasoline and diesel that can initiate or propagate
a fire. Amongst the variety of ignitable liquids,
gasoline is used the most to initial a hostile fire.
Destroying physical evidence by fire is most
preferred by the criminal attributed to the low cost
of execution and effectiveness. For instance,
bloodstains often seen in a murder case can be
damaged badly by the intense heat of the fire
(Bastide et al., 2021). A burnt carcass also makes
an entomological analysis challenging for
determining the post-mortem intervals (Malainey
& Anderson 2020).

Various advanced chemical instruments
have been proposed for analysing the fire debris
or liquid sample seized at the crime scene
(DeTata, 2019). For instance, Pandohee et al.
(2020) demonstrated the benefits of using a two-
dimensional gas chromatography-flame ionisation
detection (2D-GC) in identifying the type of aged
fuel for arson investigations. The authors claimed
the proposed analytical method was robust, fast
and sensitive. Despite 2D-GC was also reported
to be capable in resolving an overwhelmingly
larger number of peaks than the one-dimensional
gas chromatography (1D-GC) technique, the peak
capacity of 2D-GC does not generally exceed
those obtainable from 1D-GC within the same
period of analysis and the same minimal
detectable concentration (Blumberg et al. 2008).

Gas chromatography-mass spectrometry
(GC-MS) nevertheless is still the most applied
technique in forensic debris analysis, attributed to
two rationales. Firstly, many references and
background studies on analysing fire debris have
been based on using GC-MS. For example, the
essential procedures in interpreting GC-MS data
of fire debris are outlined by the American
Standards of Testing and Materials (ASTM) 1618-
19. Secondly, the operational and maintenance
cost of a unit of 1D-GC is also relatively lower
than that required by a 2D-GC.

Typically, GC-MS analysis can be
performed either using a targeted or untargeted
approach (Gonzalez-Riano et al., 2018; Penalver
et al., 2021). Figure 1 illustrates the differences
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between the two approaches. The former
concerns only a small number of peaks (i.e.
compounds) that are known to be associated with
the studied sample. In fire debris analysis, only
compounds useful in identifying ignitable liquids
are targeted, e.g. C3-alkylbenzenes and
naphthalene are always selected for detecting
petrol. In contrast, untargeted analysis usually
considers more variables (i.e. peaks) than the
targeted one. It can be executed using a peak
table or pixel-level GC-MS data (Sudol et al.,
2020). Pixel-level data is prepared by exporting
all retention time points from the GC-MS system;
meanwhile, peak table data comprises peak area/
height and retention time ranges of selected
peaks.

Despite the fact that targeted GC-MS
analysis is the classical approach for detecting
and identifying ignitable liquid (Lennard et al.,
1995), recent efforts have been devoted to
studying the feasibility of an untargeted approach
in forensic fire debris analysis, e.g. Pasternak et
al. (2022) and De Figueiredo et al. (2019). Since
the untargeted analysis involves more variables,
making the visual interpretation notorious
challenging. Consequently, untargeted GC-MS
analysis is often coupled with the chemometric
approaches that are proven helpful in processing
high dimensional chemical data (Popovic et al.,
2019).
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Virtual 2-Days Seminar On Safety in

the Laboratory and Risk Assessment
Jointly Organized by Jabatan Kimia Malaysia (KIMIA Malaysia) and
IKM Chemical & Occupational Safety & Health (COSH) Committee

A two-days webinar on “Safety in the Laboratory
and Risk Assessment” was successfully held on
10™ and 11" February 2022. The webinar was
jointly organized by Chemical & Occupational
Safety & Health Committee, Malaysian Institute
of Chemistry (IKM) and the Department of
Chemistry Malaysia (KIMIA Malaysia). The
webinar was conducted via the Zoom platform
and streamed live via IKM Facebook. Up to 400
participants from higher learning institutes and
private companies as well as government
agencies attended the two-days virtual seminar.
The webinar received many positive responses
from the participants through the comments in
chat box and Facebook.

The session on the first day began with a
welcoming speech and opening remarks by the
President of Malaysian Institute of Chemistry
(IKM), Datuk ChM Dr Soon Ting Kueh. He
expressed his gratitude towards the great

Webinar: Safety in

the Laboratory
& Risk Assessment

ChML. Fara
10 February 2022 BRSEatE

Datuc ChM. Dr. Soon Ting Kueb
200am @ President, Institut Kmia Malaysia
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initiative in making the virtual seminar possible by
the COSH committee members for the benefit of
IKM members. The webinar started with the first

f
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lecture on “Basic Hazard Identification, Risk
Assessment & Risk Control (HIRARC)” by Prof.
ChM Dr. Mansor Ahmad who is also the
committee member of the COSH IKM and former
lecturer in the field of polymer chemistry from
Universiti Putra Malaysia (UPM).

His lecture covered the HIRARC
implementation in identification of factors that may
cause risk to workers toward an accident, to
consider the possibility of hazards that may occur
under any circumstances and conditions and
enable workers to plan, introduce and monitor
preventive measures against the risks of
occupational injury. The webinar continued with
the second lecture on “Risk Assessment in the
Laboratories” by ChM Mohd Norhafsam bin
Maghpor who is a Technical Expert Il from
National Institute of Occupational Safety and
Health (NIOSH). His lecture encompassed
creation of awareness to recognise and control
hazards in the workplace by setting up the risk
management standards based on acceptable safe
practices and legal requirements. On the second
day, the webinar started with a lecture on “ISO
45001 Implementation at the Department of
Chemistry Malaysia” by ChM Aidil Fahmi bin
Shadan, a senior chemist from the Department of
Chemistry Malaysia. ChM Aidil is the Head of
Occupational, Health and Safety Section at the
Department of Chemistry Malaysia. His lecture
was on the ISO 45001 which is a global standard
for Occupational Health and Safety Management
Systems that provides a practical solution to
improve safety and health of both employees and
other personnel at workplace.

The second lecture on “Laboratory Safety
Implementation at the Department of Chemistry
Malaysia” was given by ChM Zawiyah binti Zainal
Abidin from Department of Chemistry Malaysia
who is currently serving in the area of
occupational, health and safety at the Department
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of Chemistry Malaysia. Her lecture include the
hazards and safety procedures for activities
involving hazardous work in the laboratory or any
workplace, as well as, information systems, such
as Safety Data Sheets for hazardous chemicals
used in the laboratory to avoid any accidents.

The final lecture on  “Laboratory
Management of Covid-19 Samples” was given by
ChM Dr. Sharmilah a/p Kuppusami who is the
Head of Alcohol and Clinical Toxicology Section
at Department of Chemistry Malaysia. Her lecture
covered the safe handling of Covid-19 samples
during toxicological analysis. The webinar was
followed by an online quiz and prizes were given
to 20 winners who answered all the questions
correctly in the shortest amount of time. The
webinar participants were provided with an e-
Certificate.

The following bar charts showed the
participants’ responses for the two-day webinar.
More than 95% of the participants were satisfied
with the topics shared on both days and found the
webinar to be relevant and helpful for their job
and work environment. This two-day webinar
received encouraging response from the
speakers and the participants. The COSH
committee wishes to thank all the speakers for
sharing their knowledge and congratulated the
quiz winners. The webinar served as a good
platform for COSH communication, training,
quality enhancement and strategy development
for improving COSH in the workplace. The
successful webinar would not be possible without
the commitment, determination and cooperation
of all parties in ensuring this webinar proceeded
smoothly and achieved its objectives.

Reported by:
ChM Saiful Fazamil Bin Mohd Ali &
ChM Dr. Vanitha Kunalan, KIMIA Malaysia
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Technical Visit to SIRIM Berhad

On 10" March 2022, a visit to The Cosmetic
and Natural Products Section under Industrial
Biotechnology Research Centre (IBRC), SIRIM
Berhad was made possible by a few registered
members of Institut Kimia Malaysia (IKM) led by
the Chairperson of the Division of Polymers and
Materials Chemistry, Prof. Ts. ChM Dr. Melissa
Chan Chin Han. The visit has not only proven to
be very educational and enjoyable; it has also
become an eye-opener for some who were
amazed at how SIRIM Berhad is playing its role
in linking the researchers who have successfully
extracted active ingredients from natural
products to high-end cosmetic products ready to
be marketed and sold to customers.

The moisturizing test conducted on the
upper hand of Prof. Ts. ChM Dr. Melissa Chan
Chin Han, ChM Dr. Faridah Hanim Ab Hanan
and ChM Lau Sook Ling suggested that ladies
are hard at work when the readings recorded
went below 50. Unlike the male counterpart who
recorded readings well above 50 when it comes
to the skin moisturizing reading; the products
produced by SIRIM Berhad to moisturize skin
have proven to be effective when all readings
went above 50 after its application.

Sample-size product gift packs were
presented by SIRIM Berhad to the visitors. In
return, IKM, represented by Prof. Ts. ChM Dr.
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Melissa Chan Chin Han presented IBRC, SIRIM
Berhad with an IKM plaque to the Senior Manager
Dr. Ahmad Hazri Abdul Rashid. Many thanks to
Puan Sarifah Rejab, the Head of Cosmetic and
Natural Products Section for introducing the
visitors to the laboratories under her section
namely the Extraction Process Laboratory;
Product Formulation Laboratory; Sensory,
Stability and Safety Testing Laboratory and
Product Claim Substantiation Laboratory.

During the briefing session, Puan Sarifah
Rejab voiced her concern regarding IKM
membership application for researchers with
master and PhD degrees who may not have
Chemistry major as their first degree. “Are they
required to complete IKM Refresher Course and
enroll for IKM LMIC examination before they
could be accepted as registered IKM chemists?”
Delightfully, they were informed that when a
master or PhD thesis of a researcher comprised
of significant portion of work related to chemistry,
their application for registered chemists with IKM
will be deliberated and scrutinized by IKM
Membership Committee.

Reported by:
ChM Dr. Faridah Hanim Ab Hanan
Prof. Ts. ChM Dr. Melissa Chan Chin Han




Nanodrop Products

ThermoFisher
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Instruments for rapid microvolume analysis of

DNA, RNA and protein samples

Introducing the Thermo Scientific™
NanoDrop™ Lite Plus Spectrometer

NanoDrop Lite Plus
UV Spectrophotometer

Simple analysis, compact design

¢ Single spectrometer with single sample
preparation machine

e Compact chassis and small footprint

e Designed for easy integration into fully
automatic laboratories

Thermo Scientific™ Thermo Scientific™
NanoDrop™ One/One° NanoDrop™ Eight
Microvolume UV-Vis Microvolume UV-Vis
Spectrophotometer Spectrophotometer
Improve sample confidence with Advanced sample
contaminant identification and confidence eight samples
data integrity compliance at a time

BN _earn more at thermofisher.com/nanodrop

© 2022 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of
Thermo Fisher Scientific and its subsidiaries unless otherwise specified.

Thermo Scientific™
NanoDrop™ 3300
Fluorospectrometer

Microvolume
fluorescence analysis
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Spectroquant® Prove is perfect tool for water, food and environmental analysis, one that
unites the simplicity, security and durability. Spectroquant® Prove is preprogrammed for
over 180 Spectroquant® test kits and methods, giving you swift, reliable results for the
broadest range of applications.

Spectrophotometer: Spectroquant®

Trusted Features and Benefits
Prove

e Long-life Lamp

e Smart Screen

e Custom Measurements

e Individualized Measuring Ranges

e Easy Cleaning: Durable, removable components.
e Data Exchange

e Ready-To-Use Test Chemistry

Spectroquant® Test Kits The ne\n-f -Live ID offers a new dimension in
traceability

* Method recognition

< listniEBar e Automatic calibration updates and results traceability

« Expiry date e Saves time: method will automatically be detected

 Calibration update e Test-specific lot and expiry data are automatically saved
Cell Tests . Reagent Tests with AutoSelector

- N

For maximum convenience, our cell % These economical kits contain highly
tests include all the reagents you -\ stable reagent mixtures and allow you f¥
need for your analysis, so they are to choose the cell format that suits $

ready to use straight out of the box. = your measuring range.

-. . Certipur® and TraceCERT® Certified Reference Material
s mem wiee o Otandard Solutions

S DR S If you need to make your own dilute solutions according to your
B | e y E== | lab-specific concentrations, rely on the superb quality of our CertipurR
i and TraceCERTR Certified Reference Material Standard Solutions.

Trusted Features and Benefits

e Complete range with all parameters for analytical quality -'
control ' | I 3

e Detailed Certificate of Analysis I I ———

e Directly traceable to NIST W gE = -

e Compatible with all models and brands
e Ready-to-use, diluted CRMs

For enquiries, contact us at
Sales Support: chemquotes.my@merckgroup.com
Customer excellence: chemorders.my@merckgroup.com

For more information, visit: https://www.sigmaaldrich.com/MY/en MERCK
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Gas Chromatography 99

Stay ahead

with measurably more production

If your gas chromatograph is only running part time, you're missing the benefits of a system
that delivers measurably more production time. That’s the advantage of the time-and-
space-saving Thermo Scientific™ TRACE™ 1600 Series Gas Chromatograph (GC). With

a proprietary modular design and plug-and-play injectors and detectors, you have full
flexibility to perform maintenance offline and explore a multitude of configurations on the
same GC system to make the most of every production hour. When combined with the
Thermo Scientific™ Al/AS 1610 Liquid Autosampler, the system provides reliable automated
sample injection to stay ahead of any sample-throughput demand.

For Research Use Only. Not for use in diagnostic procedures. © 2022 Thermo Fisher Scientific Inc. All rights reserved, All trademarks
are the property of Thermo Fisher Scientific and its subsidiaries uniess otherwise specified. ad000563-na-en 01/15/22 S C IENTIFI C
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Intelligent testing solutions—the right product for every application

ZwickRoell's wide range of testing systems features modular design, enabling optimum adapta-
tion to testing requirements. We provide varied testing solutions, from standard-based tests to
materials testing machines for a variety of testing situations to complex, fully automated testing
systems. All ZwickRoell testing systems are synonymous with reliable test results, simple opera-
tion and a high level of availability.

Zwick / Roell

Intelligent Testing
© B
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the partner that you can trust

Asphalt, binders, cement - with a Universal Servo-

member of the ZwickRoell Group, Toni tivdraulic Tostin
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unlimited range of accessories and our / Development
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Machine Model 1320 Machine Model 2075 ToniSPLIT testing equipment.
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ToniSET Compact ToniMIX‘.Visco ToniLIME Model 6750 Grinding Fineness (Blaine)
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Jolting Table Model 6135 ToniviB

Inno Lab Engineering Sdn Bhd (530286-A) | sales@ilab.com.my | Tel: +603-8023 1108, Mobil No: +6019-3810481



XRD/XRF

Analytical Power for the
Petrochemical Industry

X-ray Fluorescence

* Elementsin = Sulfurin * Wear Metals and
petrochemical products automotive fuels Additives in Lubricants
ASTM D2622 ISO 20884 DIN 51399
ASTM D4294 1ISO 13032 ASTM D6443
ASTM D4929 (Cl) ISO 20847 ASTM D4927
ASTM D5059 (Pb, Mn) ISO 8754 ASTM D6481
ASTM D8252 (Ni, V) ASTM D6334 ASTM D7751

ASTM D7220

X-ray Diffraction
= Upstream, exploration, bulk mineralogy
= Operations, drilling, formation analysis for clay and swelling clay phase identification

Know more at bruker.com
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10th Symposium on Best Practices & Innovations in
Laboratory Management (10TH BPI-LAB 2021)

The 10" Symposium on Best Practices &
Innovations in Laboratory Management 2021 (10th
BPI-LAB 2021) was successfully conducted from
24 to 25 March 2022 at the Kuala Lumpur
Convention Centre. It is a continuation and a
fresh rebranding of the previously held biennial
Symposium on Quality, Safety, Environment &
Laboratory Informatics (QSEL). This year, 10"
BPI-LAB 2021 was jointly organised by Institut
Kimia Malaysia (IKM) and Department of
Chemistry Malaysia, in collaboration with the
Department of Standards Malaysia, Department
of Occupational Safety and Health, National
Water Research Institute of Malaysia as well as
Environmental Preservation & Innovation Centre
Sdn Bhd. 10" BPI-LAB 2021 was the first face-to-
face event organised by IKM after a 2-year hiatus
due to COVID-19 pandemic.

With the theme Advancing Excellence &
Best Practices in Laboratory Operations and
Management, 10" BPI-LAB 2021 focused on the
latest development and advances in the field of
Green Chemistry & Sustainability, Laboratory
Safety & Chemical Hazards, Laboratory Science
Education & Quality, Disruptive Technologies and
Automation & Digitalisation. BPI-LAB 2021 aimed
to help the attendees in keeping up-to-date with
the latest development in these areas as the
laboratory industry is constantly evolving with new
technologies, requlations and ways of working.

The 10" BPI-LAB 2021 organising
committee chaired by ChM Dr. Malarvili
Ramalingam managed to put together a total of
25 distinguished speakers from various
government agencies, academia and industries to
present and share their expertise in the five areas
during the 2-day event.

The event was officiated by IKM
President, Datuk ChM Dr. Soon Ting Kueh. This
launch was followed by a plenary session by Prof.
ChM Dr. Yang Farina Abdul Aziz (Universiti
Kebangsaan Malaysia) who shared
knowledge and personal experience on the topic
entitled ‘Best Practices in Surviving and Managing
Covid-19..

On Day-2 of

the symposium, Dr.

Nagulendran A/L Kangayatkarasu, the Deputy
Science, §i

Secretary  General, Ministry of
Technology and Innovation, gave his keynote
address entitled ‘Chemistry and Chemist Role is

Catalysing STI Agenda in Planetary Health and ¢

Achieving SDG Goals — A Policy Perspective’. In

total, over one hundred participants attended the §

10" BPI-LAB 2021.

The following tables depict the speakers and their

topics according to the five key areas:

her F

Key Area 1: Laboratory Safety & Chemical Hazards

Growing a Culture of Chemical Security

Dr. Hjh. Zalini binti Yunus, Deputy Director General, Science &
Technology Research Institute for Defence (STRIDE)

OSH Master Plan 2025

Puan Ts Hazlina Yon, Director, Department of Safety & Health
Malaysia (DOSH)

Chemical Hazards in the Laboratory

Ms. Chen Bee Chin, Pathology Dept, Former Head Biochemical
Laboratory & Safety Officer, HKL

Good practices in Fourier-Transform infrared conformity analysis
and failure investigation of polymeric products

Prof. Ts. ChM. Dr. Chan Chin Han, Faculty of Applied Sciences,
Universiti Teknologi MARA

Key Area 2: Green Chemistry & Sustainability

Innovations in Laboratory Analysis through Application of
Chemosensors and Biosensors Technology

Prof. Dato’ Dr. Musa Ahmad, Universiti Sains Islam Malaysia
(USIM)

Waste + Water = Wealth

Dr. Pramila Tamunaidu, Malaysia Japan International Institute of
Technology, Universiti Teknologi Malaysia

Green Laboratory Practice in Research

Assoc. Prof. Dr. Juan Joon Ching, Institute of Graduate Studies,
University of Malaya

Innovation Green Chemistry & Sustainability to Service Mankind
and Shaping the Future

Dr. Lai Fook Chuan, General Manager, Hartalega NGC Sdn.
Bhd.

Enabling Productivity and Environmental Sustainability in Gas
Chromatography and Mass Spectrometry Laboratories

Mr. lan Sik, Technical Support Specialist, Agilent Technologies
Malaysia

Nanomaterials: Synthesis and Integration Innovative Labs under
MOSTI's Rangkaian Makmal Nanoteknologi Kebangsaan
(RMNK)

Prof. Madya Dr. Ruslinda A. Rahim, Pusat Nanoteknologi
Kebangsaan, Kementerian Sains, Teknologi & Inovasi

b [
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Key Area 3: Laboratory Science Education & Quality Parallel to the oral presentations, attendees were
Making Learning Alive: Applications in Ethics and Laboratory also welcomed to visit and observe the exhibition
Safety Education booths set up by agency and technology
Dr. Low May Lee, International Medical University companies such as Waters Analytical Sdn. Bhd.,
Laboratory Science Education — Bridging Schools and Learnings Tay Scientific Instruments Sdn. Bhd., Agilent
Institutions with Industry, Private and Government Agencies Technologies Sales (M) Sdn. Bhd., Orbiting
Dr. Gurminder Kaur Sardool Singh, Science Officer, Department SC|ent|f_|c & Technology Sdn. Bhd. and Standards
of Pathology, HKL Malaysia. _ .

. . _ The symposium was concluded with a
Future “Elements” of the Chemical Industry Symposium Banquet held at the end of Day 2. For
Dr. Tan Shu Ying, Principal Analyst, Malaysian Industry- most of the participants, the 10th BPI-LAB 2021

Government Group for High Technology (MIGHT)

Quality and Competency of Accredited Laboratory

Pn. Fariza Wan Abdullah, Senior Principal Assistant Director,
Department of Standards Malaysia (Standards Malaysia)

Halal Science: The Need to Keep Abreast of Recent Technology
and Quality Assurance in Halal Analysis

Dr. Padillah bt Yahya, Scientific Officer, Industry Tariff Analysis
Centre, Department of Chemistry Malaysia (KIMIA Malaysia)
Innovations in Forensic Toxicology

Dr. Sharmilah Kuppusami, Scientific Officer, Toxicology Division,
Department of Chemistry Malaysia (KIMIA Malaysia)

Key Area 4: Disruptive Technologies " -

The Problem May Get Smaller: Microplastics to Nanoplastics
Dr. Chin Teen Teen, General Manager, ALS Technichem (M)
Sdn. Bhd.

Disruptive Technology & Firm Performance

Dr. Daljeet Singh Malkeet Singh, Business Director, Acuity
Business Solutions

ToF: A New Approach for On-Site Analysis of Emerging
Contaminant/Pollutant in Air

Dr. Tan Yi Hong, Application and Service Engineer / Product
Specialist, Tay Scientific Instruments Sdn. Bhd.

Key Area 5: Automation & Digitization

IR4.0 and Laboratory Management System

Mr. Louis Ooi Shu Geok, Chairman/ Managing Director,
Persatuan Makmal Akreditasi Malaysia (PMAM)

Where Should It Begin with Lab Automation

Mr. Ang Eng Loo, Business Manager, CLMO Technology Sdn
Bhd

A Graphical User Interface Application for Automated Processing
and Chemometrics Analysis of Infrared Spectra

Assoc. Prof. Dr. Sim Siong Fong, Universiti Malaysia Sarawak
(UNIMAS)

Direct Mass Detection Technology, Discover the Power of
Knowing Now

Ms. Davina Law Stewart, Senior Mass Spectrometry Business
Development Specialist, SEA, Waters Analytical Instruments Sdn
Bhd

was the first face-to-face event that they attended
since the pandemic started. The organising
committee sincerely hope that the participants
had a good time catching up with their colleagues
and acquaintances.
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Discover
opportunities
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Career Path Elevation

Programs Recognized by _—

SCHEMES OFFERED

Coating Certification Schemes
Coating Fingerprint Certification Schemes
Corrosion Certification Schemes
Mechanical Joint Integrity Certification

Schemes [l -

Thermal Insulation Certification Schemes J/&¢/ &
Vibration Certification Schemes MY
Welding Certification Schemes

and many more...

Competency certificate will be issued to personnel who qualify
via our certification assessments

For the most up-to-date information,

Institute of Materials, Malaysia 04D
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@g www.iomm.org.my DA secretariat@iomm.org.my =]
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CrossLab Cartridge System Bundle - Agilent ‘

ADM Flow Meter & Electronic Leak Detector in 1 handheld

tool.

Ease of use
Simply change the cartridge to swap between flow
_ g ’ meter and leak detector functionalities.

All-in-one convenience
A cartridge-based design combines leak detection and
flow measurement into one ultimate GC diagnostics

High sensitivity

The TCD sensor measures helium, hydrogen, and large
nitrogen leaks so you can detect any changes in gas
composition.

Reduced costs
Save money by combining a flow meter and leak
detector into a single bundle.

What makes the leak detector so unique? What makes the flow meter so unique?

Less time No downtime
@ 2 sec. response time and < 1.5 sec I I Avoid costly shipping charges. Recalibrate
zeroing time. \L your flow meter—and keep it NIST certified—
without ever shipping it outside your lab

No hassle

= 9 Cost savings
' \  USB firmware updatable and easy-swap

IP Save time associated with paperwork,
packaging, and waiting for the flow meter
to be returned.

cartridge system.

Confident readings

0.003 mL/min. sensitivity (helium) plus Ease of use
easy-read OLED display and 49.9 dB Stop worrying about fees from unexpected
audible beep repairs and firmware upgrades.

Contact us for more information:

@DQBCI TING SCIENTIFIC -4, :- Agilent

ORBITING SCIENTIFIC & TECHNOLOGY SDN BHD

03 9058 6581 | enquiry@orbitingscientific.com | www.orbitingscientific.com




New, innovative GC and GC-MS
product portfolio enables greater
uptime and efficiency

The innovative gas chromatography (GC) and GC-mass
spectrometry (GC-MS) portfolio from Thermo Fisher Scientific
is designed to deliver enhanced customer experience, easy
adoption and simplified operations.

Analytical testing laboratories across a variety of sectors,
including food, environmental, industrial and pharmaceutical
can now meet their ever-increasing efficiency and productivity
needs with a collection of new gas chromatography and GC-
mass spectrometry instruments offering innovative hardware
and software updates.

The GC and GC-MS instrument portfolio, including the new Thermo Scientific® TRACE™ 1600 Series Gas Chromatograph,
Thermo Scientific™ AI/AS 1610 Liquid Autosampler, Thermo Scientific™ ISQ™ 7610 Single Quadrupole GC-MS and
Thermo Scientific” TSQ™ 9610 Triple Quadrupole GC-MS/MS, now features technological advances that enhance usability
and productivity.

Features of the new GC and GC-MS instruments include:

¢ Unigue GC modularity and NeverVent technologies that enable increased instrument uptime by accelerating maintenance
operations through user-exchangeable injectors and detectors modules, and the ability to remove MS ion source, filaments and
analytical column without breaking the vacuum.

¢ Wider high-resolution multi-function touch screen, tool-free column connection.

e |lluminated GC oven and autosampler syringe compartment.

e Support from how-to videos directly on the GC touch screen for quick familiarization and adoption.

¢ Consistent sensitivity and extended linear dynamic range of the new MS detector that enable methods consolidation for
maximized sample throughput—a critical need for analytical laboratories performing a high volume of tests.

Introducing the Thermo Scientific TRACE 1600 Series Gas Chromatograph which will offer laboratory professionals the
advantages of time and space savings. When combined with the Thermo Scientific AI/AS 1610 Liquid Autosampler, the
system provides reliable automated sample injection to stay ahead of any sample-throughput demand.

The Thermo Scientific ISQ 7610 Single Quadrupole GC-MS system is ideal for high-throughput laboratories performing food,
environmental, pharma, petrochemical, or forensic toxicology testing. The system offers proven performance and productivity for
analytical testing laboratories that need the ultimate confidence of a GC-MS system for trusted and reliable results day after day.

Optimized for high-throughput analytical laboratories, the Thermo Scientific TSQ 9610 Triple Quadrupole GC-MS/MS system
is the best-in-class system for ultimate sensitivity and quantitation of targeted compounds. This system features productivity tools
to maximize sample analysis, minimize downtime, surpass regulatory challenges, and ensure a rapid return on investments.

From left to right:

Thermo Scientific TRACE 1600 Series Gas Chromatograph (GC),
Thermo Scientific ISQ 7610 Single Quadrupole GC-MS system,
Thermo Scientific TSQ 9610 Triple Quadrupole GC-MS/MS system.

Revolutionizing Quat Pesticide Determination and Quantitation Workflows
to Protect Food Supply

Thermo Fisher Scientific is providing laboratories performing food safety analysis with a new ion chromatography tandem mass
spectrometry (IC-MS/MS) workflow solution for regulatory compliant, cost-effective and reliable analysis of quaternary ammonium
pesticides (Quats). The new Thermo Scientific™ Dionex™ lonPac™ CS21-Fast-4pm ion exchange column enables scientists
to easily and accurately determine and quantify the four cationic pesticides: diquat, paraquat, mepiquat and chlormequat. When
coupled with the Thermo Scientific™ TSQ Altis™ Plus Triple Quadrupole Mass Spectrometer, food safety testing laboratories

will benefit from reliable and robust Quat analysis that confidently meets regulatory requirements, while improving laboratory
productivity.

To learn more about these new solutions, please email Thermo FISher
CMD.APACMARKETING@thermofisher.com 38 SCIENTIFIC



Advanced Imaging System for
Chemical/Nano Research NOVaciQ SCIENCIFIC

Vanirenlimtinn nrovidar far Eathiire analucic

TESCAN SEM-EDX VEGA

Compact Analytical SEM for Materials
Characterization, Quality Control and Research
applications at the micron scale.

v Wide Field Optics™ for effortless navigation and
large overview of sample possible
Magnification range from 2x to 1,000,000x
Powered by Intuitive Essence ™ software

TESCAN UHR FESEM CLARA

Field-free Analytical Ultra High Resolution
FESEM for NanoMaterials Characterization

v Achieve true surface details with _
low KV imaging
v Excellent imaging and microanalysis of
beam-sensitive, non-conductive and
magnetic samples under high vacuum

INSTRUMENTS |

OXFORD ‘ASYLUM ReseARcH Cypher VRS

The world’s first and only full-featured video-rate AFM

v High resolution video-rate imaging up to 625
lines/second

v Full range of modes and accessories

v Exceptional environment control

For more information, please contact us:

I TESCAN [OG]D

INSTRUMENTS

E E NOVaLIQ SCIENCIFIC
TECHNOORG
% NOVATIQ SCIENTIFIC SDN. BHD. SaNSIG

Precision Engineering

Hotline: +6018 3219989 (%
E Email: enquiry@novatigs.com
Website: www.novatigs.com

@ euromex



Knowledge Exchange

Thermo Fisher Scientific, the world leader in serving science, is sharing knowledge with chemists,
researchers, scientists and other laboratory professionals in Malaysia through virtual experiences,
conferences, and forums. Check out these opportunities to connect, learn and exchange knowledge with
experts worldwide!

Ask The Expert — Charged Aerosol Detection Symposium

Throughout the month of June 2022, Thermo Fisher Scientific will host a special
Ask The Expert symposium in which our experts will answer questions posed by
laboratory professionals from across Asia Pacific and Japan on Charged Aerosol
Detection (CAD).

The three live event dates and topics are:
June 8, 2022 - CAD Basics and Beyond
June 15, 2022 - Pharma and biopharma applications

SAtemand webinaf series to = June 22, 2022 - Food and beverage applications
* addresslaboratory challenges.

This series of three ‘live’ events at 13:30 hours Kuala Lumpur
time will be available on-demand after each session.

Register today for your ‘live’ or on-demand webinars at:

Innovation Summit: Stay ahead with new GC and GCMS technology

We invite laboratory professionals to experience the productivity evolution. Available
|n novation Summ It on-demand, Thermo Fisher Scientific Innovation Summit: Stay Ahead with new GC

g and GCMS Technology will be beneficial for users in environmental, pharmaceutical
Stay Ahead with new GC and and food testing.

GCMS technology 2
On-demand

=3

thermo scientific

Register for the on-demand session at:

2022 Global IC Symposium: Take Charge of your IC Analysis

In this on-demand session hosted by experts, you will:

¢ |earn to use this powerful separation technique across the IC application
spectrum to improve workflows

e | earn about the latest IC applications that are achieving breakthroughs

2022 G|Obal ¢ Gain valuable insights on how advancements in IC can solve modern challenges

SCIENTIFIC

IC Sym pOSIum Among the many plenary, presentations and workshops covered in the Symposium are:
¢ |lon Chromatography for Water Analysis: Yesterday, Today, and Tomorrow

lon Chromatography for Pharmaceutical Impurity Analysis

Application Capabilities of lon Chromatography in Petroleum Industry

Column Selection in lon Chromatography

Troubleshooting in lon Chromatography with Thermo Scientific
Chromatography Data Software

From Setup to Storage: Tips to Keep Your lon Chromatography Instrument in
Peak Condition

Now on-demand

™

Chromeleon™

lon chromatography (IC) is a critical
analytical tool on which laboratories rely
to analyze charged and polar molecules
and provide solutions to some of their
most challenging problems.

Register for the on-demand session at:




RESTEK

RESTEK ESSENTIALS

Simplify Maintenance with New Leak Detector and Flowmeter Revolutionizing the LC Analysis
Uinversal FID Jets for All Agilent GCs to protect your GC System of Polar Compounds

%

RESTEK Methanizer for Versatile Vacuum Manifo_ld Works Preconditioned and GC-FID Tested RESTEK GC and LC Columns
Shimadzu GCs with Any Well or Collection Plate Septa in Ultra-Clean Blister Packs

analytikjena

An Endress+Hauser Company

HAVER & BOECKER \IL_' e

« < -LI—

AJ multi N/C series
Fast and reliable TOC-/TNb Analysis

Powerful - TC, TIC, TOC, POC,
|
[
_,_

Successful sieve analysis

with reliable components
EML 200 Series
Three-dimensional sieve movement
Automatic amplitude control
High-quality test sieves

NPOC, TNb etc. evenin
complicated matrices

NM PLUS Series

Produces a continuous

— vl CI supply of H2 (+99.99996%)

v For GC carrier gas, GC fuel
D BS gas, ICP-MS reaction gas,

Test Sieve EML Sieve Shaker THA fuel gas and more.

E RLJDOLPH High accuracy and

Innovative Sample
Loading Options for Sta I( Ure
Density Meters

ASTM Type | Ultra pure water
system directly from the tap
' ' for your most critical
application such as HPLC,

:’ B I N D E R LiF;J\;tSC,.Molecular Biology

Best conditions for your success

la

r r I
: _ l L
KBF/ KBF-S/ KBF-S ECO/ KBF P/ KBF LQC/ KMF w w :

92'

a

Rudolph ."i'

DDM 2911 PLUS

Stability Test Chambers/ Constant Climate Chambers
*Select KBF P & KBF LQC for Photostability Testing*

is an ISO/IEC 17025 Accredited Service
Calibration Services for every brand
of UV-Visible spectrophotometers.

Lab Science Solution

CONTACT AT . 27, Jalan Anggerik Aranda C31/C, Kota Kemuning, 40460 Shah Alam, Selangor D.E.

* Tel :+ 6035124 8299 ; Email: enquiry@labsciencesolution.com
analytikjena » BINDER

HAVER & BOECKER
BERGHOF - ' . | i
5 HellmaAnalytics L. kNnAUER [1Y P 1o Loy
An Endress#Hauser Company  Best conditions for your success '_ o e I
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Technology Spotlight

Gas Chromatography (GC) and Gas Chromatography-Mass Spectrometry (GC-MS) — in this section, we put
the spotlight on the latest GC and GC-MS systems and workflows.

GC and GC-MS Evolution Enables Greater Uptime and Efficiency

Stay Ahead with GC and GCMS Technology ~ Join the productivity
evolution

® Explon the wonders of Me GC and GCMS 1echnology now with 1his intwdCive Drochuns Taka Dor ) 00 JOCOardy™ GuAZ 10 win Gxchisivo Orioee!
Hover oyer 1hs circiss below 10 get stanea)

Stay Ahead with
Measurably
More Production

TAKE OUR QUIZ

= Paticioms in cer ul and wn gt

Fi
SCIENTIFIC

Analytical testing laboratories across a variety of sectors,
including food, environmental, industrial and pharma, can
now meet their ever-increasing efficiency and productivity
needs with a collection of new Thermo Scientific™ gas
chromatography (GC) and GC-mass spectrometry (GC-MS)

instruments offering innovative hardware and software updates.

A global audience worldwide enjoyed the virtual Innovation
Summit on March 8-9, 2022 along with a virtual demo when
the new systems were introduced in The Reveal session.
The Applied Technology session offered participants the
opportunity to attend presentations by users describing
enhanced analytical performance and facilitated workflows
for Pharma, Food Safety and Environmental laboratories
that have helped them to work more efficiently and eliminate
nonproductive time.

Through customer feedback, Thermo Fisher Scientific had
been able to implement new features that enable increased
operational efficiency, ease of use and profitability for both the
analytical testing laboratory and research organization.

We invite laboratory professionals in Malaysia to learn more
about the use of the new GC and GC-MS technologies.

Scan the QR code below to view a video case study featuring
NOW Foods on the benefits of using the TSQ 9610 Triple
Quadrupole GC-MS/MS in detecting contaminants.

NOW Foods: Confidence Using the
TSQ 9610 GC-MS/MS

Stay Ahead with Unstoppable Confidence
Meet the TSQ 9610 Triple Quadrupole GC-MS/MS System

Case
TS0 6630 GC-MIMS

Connect with Us

Ut can by oo sty e with confincn?

Find et moes 6t themofisher.comy/TSO8610

Interactive eBook on new GC and GC-MS portfolio

Enjoy an interactive experience with a virtual tour of the new
Thermo Scientific TRACE 1600 Series Gas Chromatograph.
The GC can be rotated 360 degrees, with animations triggered
by a mouse-click, guiding readers through the many instrument
features. There are resources such as a whiteboard video,
application notes, whitepaper, product spotlight and technical
notes on this new GC.

Additionally, readers can access resources relating to the
Thermo Scientific ISQ 7610 Single Quadrupole GC-MS and
Thermo Scientific TSQ 9610 Triple Quadrupole GC-MS/MS.
These resources include a user video, product videos, case
studies, application notes and technical notes.

Visit https://interactive.thermofisher.com/brochure or scan
the QR code for the virtual tour and access to the various
resources.

Learn more at:
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'~ Designed for Rheological
Testing of Complex Fluids,
Polymers and Soft Solids

Rheology provides an important link between product microstruc-
ture and performance. A formulators’ goal is to produce a product
which meets the desired performance criteria by controlling its
microstructure and ultimately its rheology.

O

Product Appearance, In-Use Processes,
Particle Suspending, Product Dispesing,
Capability, Stability Pouring, Sprayability

Performance o]
Product Shape/Feel, Product Application,

Thickness, Firmness Spreadability

Advanced Benchtop Capillary
Rheometers for Research,
Product Development and
Quality Control

Rosand capillary rheometers were the first to introduce the twin
bore measurement principle to the commercial market. Simulta-
neous measurements can be made on both long and short dies
to determine the inlet pressure drop at the die and, therefore,
absolute viscosity, using the Bagley method.

? ¥l JﬁHM

LA,

Applications

Characterization of the Simulation of extensional Evaluation of material Detection of polymer

flow behavior of polymer viscosity dominated behaviour at process instabilities such as melt
melts and suspensions processes such as fibre relevant shear rates such fracture and thermal
across a range of shear spinning, blow molding, film as high speed coating and degration, as well material

rates and temperatures blowing and thermoforming printing applications elasticity such as die swell

Contact us for more information:

N =XU s Email : info@nexus-analytics.com.my | General Hotline : 03-78451111
= Sales Hotline: 017-722 7433 | Service Hotline: 012- 223 7074
ANALYTICS 0b12-11-3 Block D12, Pusat Perdagangan Dana 1, Jalan PJU 1A/46, 47301,

Delvering Advanced Analcal solnons.— Petaling Jaya, Selangor Malaysia




ICPAC-

KOTA/ ) KINABALU

International Congress on Pure & Applied Chemistry
Kota Kinabalu, Sabah, Malaysia
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Institut Kimia Malaysia (IKM), together with Universiti Malaysia Sabah (UMS), the Foundation for Interaction between
Science and Technology (FIST) Japan and Asia Chem Corporation (ACC) Japan are jointly organising the
International Congress on Pure & Applied Chemistry (ICPAC) Kota Kinabalu 2022 from 22nd - 27th November 2022 at
the Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia. ICPAC KK 2022 is the fifth of a series of major
international scientific meeting covering all areas of pure and applied chemisiry including specific themed
symposia. The theme, “Chemisiry & Chemical Innovations for Sustainable Development in Rapidly-Emerging
Economies”, means that the Congress will focus on advancing chemistry for meeting the UN Sustainable
Development Goals 2030. ICPAC KK 2022 will comprise the following General Session and Symposia:

Symposium on Organic and Biomolecular Chemistry (OBC)
Symposium on Inorganic and Coordination Chemistry (ICC)
Symposium on Physical Chemistry and Catalysis (PCC)
Symposium on Analytical and Environmental Chemistry & Engineering (AEC)
Symposium on Polymer and Materials Chemisiry (PMC)
International Symposium on Advanced Polymeric Materials 2022 (ISAPM 2022)

REGISTRATION FEE AND PAYMENT

Those interested to participate or make oral or poster presentation are required to register at the ICPAC KK 2022
website: hitps:/ /icpackk2022.org/. Please complete the REGISTRATION FORM and together with the Registration Fee, submit
to the ICPAC KK 2022 Secretariat online. Only those who have paid their Regisiration Fees are considered as delegates to
ICPAC KK 2022.

Early Bird Regular
Porficipants Tipe ol Registration (before or on 31st August 2022) || (from 1st September 2022)
International International Participants USD750 USD850
Participants
(Non-IKM Members) Postgraduates Students (Overseas) USD500 USD600
UsD100 usD100
usSD80 usD8o

The deadline for Early-Bird Registration is 31st August 2022. Registration fee entitles the ICPAC KK 2022 delegates to the
following: attendance at all ICPAC KK 2022 scientific sessions, complimentary tour & banquet and all ICPAC KK 2022
documents and materials.

ACCOMMODATION

Congress Hotel - The Magellan Sutera Resort

1 Sutera Harbour Boulevard, Sutera Harbour, 88100 Kota Kinabalu, Sabah, Moloysio ;
T: +608 8318888 E: reservations@suteraharbour.com.my z £
Room reservation link: hitps://icpackk2022.org/accommodation.php

MORE INFORMATION / CONTACT US

ICPAC KK 2022 Secretariat c/o Institut Kimia Malaysia

127B, Jalan Aminuddin Baki, Taman Tun Dr Ismail, 60000 Kuala Lumpur, Malaysia
Telephone: +603-77283272 | +603-77283858 / +603-77269029 Fax: +603-77289909
Email: secretariat@icpackk2022.org website: hitps://icpackk2022.org
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IKM New Members & Membership Upgrading

Abdul Razzak Fikri bin Sharkawi Low Heng Heng Nurul Ain Binti Mohamad
M/5983/9581/22 M/6043/9698/22 M/6022/9660/22

Afifah binti Muhamad Sidik Low Joo Yee Nurul Athirah binti Ismail, Dr.
M/5963/9553/22 M/5980/9576/22 M/6004/9628/22

Afiq Bin Anwar Maizatul Najwa Binti Jajuli, Dr. Nurul Atikah bt Mohd Mokhtar, Dr.
M/6025/9665/22 M/6034/9680/22 M/5961/9550/22

Ang Ai Yean Maswati binti Basri Nurul Najidah binti Mohamed, Dr.
M/5996/9602/22 M/6010/9643/22 M/5998/9605/22

Ang Jing Jing Michele Mejin Nurul Syazwani binti Alias
M/6027/9668/22 M/6044/9701/22 M/5977/9572/22

Anis Tasnim binti Md. Yusof Mohammad Qamarruddin bin Rokei Phan Tze Pei

M/6003/9626/22 M/5989/9590/22 M/6013/9648/22

Archina A/P Buthiyappan, Dr. Mohd Firkhry Fadhly bin Abdul Ghani Pravina A/P Deligannu, Dr.
M/5986/9586/22 M/6047/9707/22 M/5975/9570/22

Azlan Shah bin Mustafa Mohd Rushashraaf bin Ramli Rafidah binti Md Yusof
M/5966/9557/22 M/5972/9563/22 M/5971/9562/22

Bong Woei Ping Muhamad Hazim bin Ya Rogayah binti Abu Hassan @ Mohamad
M/5968/9559/22 M/5978/9574/22 M/6046/9704/22

Boon Yih Hui, Dr. Muhamad Sharul Nizam Bin Awang Seow Lay Jing, Dr.

M/5969/9560/22 M/6037/9688/22 M/6021/9659/22

Chah Chee Keong, Dr. Muhammad Afig bin Abdullah Sharifah Nurfadhlin Afifah binti Syed Azhar
M/5960/9549/22 M/6026/9666/22 M/5970/9561/22

Chong Jin Mei Najwa |zzati Binti Zainal Siti Aishah Binti Mohamad Rosidek
M/6036/9685/22 M/5976/9571/22 M/5973/9567/22

Chong Teck Lean Nanthini A/P Selvadurai Siti Farhana binti Hisham
M/6023/9662/22 M/6038/9691/22 M/6033/9679/22

Chong Zan Yang Nik Nur Shamiha binti Nik Dzulkefli Siti Munirah binti Mohd Faudzi, Dr.
M/6035/9683/22 M/5988/9589/22 M/5987/9587/22

Cornelius Presley anak Ges Nor Afzan binti Kamaludeen Siti Nurain binti Md Isa
M/6032/9677/22 M/5991/9593/22 M/5965/9555/22

Dalily Nabilah binti Lamjin Nor Amin bin Hassan Sri Ardianti binti Abd Muis
M/6041/9696/22 M/6012/9645/22 M/5990/9592/22

Dayang Norafizan binti Awang Chee, Dr. Nor Amira Binti Marfur Suzaimi binti Johari
M/6007/9635/22 M/5993/9596/22 M/5958/9546/22

Emily S Majanun Norfareha binti Abu Bakar Syahida Nasuha binti Mohd Bukhari
M/6024/9663/22 M/5964/9554/22 M/6009/9637/22

Engku Norhafizah binti Engku Al Norilyani Izzati Binti Hasanuddin Syaidatul Shafigah Binti Yusrirohani
M/6019/9656/22 M/6040/9693/22 M/5984/9583/22

Fathin Nurshafiga Binti Mohd Zamri Norsyahidah binti Mohd Hidzir, Dr. Syukriyah binti Ishak, Dr.
M/5962/9551/22 M/6030/9671/22 M/6028/9669/22

Fazila binti Zakaria Nur Ain binti Abu Osman Tan Hong Yee, Dr.

M/5999/9608/22 M/6039/9692/22 M/6016/9653/22

Hemaadevi A/P Paramasivan Nur Anis Zafirah binti Zainordin Tan Wei Wei

M/5992/9594/22 M/6029/9670/22 M/6006/9633/22
Irmaizatussyehdany binti Buniyamin Nur Athira Ain Binti Rasidi Tengku Khamanur Azma binti Tg. Mohd Zamri,
M/6018/9655/22 M/6031/9676/22 Dr.  M/6015/9651/22

Izzuddin Bin Abdul Rahman Nur Atikah binti Mohd Saad Valerie Cheo Anak Casimir
M/6002/9617/22 M/6011/9644/22 M/5995/9601/22

Jacqueline Jenelee Sijore Nur Fatin Azueen binti Rozaini Vasagee A/P Elencovan
M/6014/9650/22 M/6045/9702/22 M/5981/9577/22

Khamisah binti Mhd Sarif Nur Hidaayah binti Noor Faizal Wan Amira Iffah binti Wan Aidi Rahmat
M/6048/9709/22 M/5982/9580/22 M/5979/9575/22

Lim Chu Er Nur Hidayah binti Deris Wan Norfirdaus bin Wan Salleh
M/6042/9697/22 M/6008/9636/22 M/6005/9631/22

Lim Kuan Hon, Prof. Dr. Nur Hidayati binti Jamil Wan Nurul Azwaniey Binti Wan Din
M/5985/9585/22 M/6017/9654/22 M/5974/9568/22

Loh Pei Zhen Nur Safirah binti Azmi Wan Nurul Hidayah binti Yaacob
M/5997/9603/22 M/5967/9558/22 M/6000/9615/22
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Wan Zuraida Wan Mohd Zain, Dr. Lim Huey Chen Siraj bin Muhamad Ridzuan Rudy Janiuh
M/6020/9657/22 L/3246/9695/22 Nasaruddin ~ L/3212/9619/22  M/6063/4686/05/22
Yeoh Zhi Rui Lina Khalida binti Norshariffudin Siti Nur Agilah Binti Rosmat Siti Mariam binti Supian
M/6001/9616/22 L/3211/9618/22 L/3248/9700/22 M/6052/7383/16/22
Zainul Akmar bin Zakaria, Assoc. Ling Jem Shan Siti Nur Hazirah binti Redzuan Tan Shueai
Prof. Dr.  M/5959/9548/22 L/3222/9632/22 L/3185/9530/22 M/6055/8213/18/22
Zulfadhlin Niami Bin Musa @ Abdul ~ Mariam Jamela Binti Ahmad Nasir Siti Rabiha Binti Abdul Jalal Umang Stanycie Sakai
Kader ~ M/6049/9710/22 L/3234/9667/22 L/3210/9614/22 M/6062/7316/16/22
Zuliana binti Ahmad Mohammad Azri Bin Md Hanafiah  Siti Salwa Binti Mohamed Salleh
M/5994/9600/22 L/3223/9634/22 L/3190/9565/22 (FMIC)
Mohammad Danish Ahnaf bin Tai Nyok Ling, Dr. Goh Choo Ta, Dr

Faizul Azlan L/3203/9606/22 L/320)é)/9598?22 F/0135/5356/08/22
Anna Cheah Muhammad Imran bin Sha'ari Tan Boon Hoe Kathiresan a/l V. Sathasivam,
1/3221/9630/22 L/3232/9658/22 L/3231/9652/22 Dr.  F/0137/4427/03/22
Arinnie Binti Sahrin Muhammad Raimee Bin Serbi Tan Hui Ling Mohammad bin Kassim, Prof.
L/3230/9649/22 L/3237/9675/22 L/3245/9690/22 Dr. F/0136/6265/12/22
Charles Rolend Richard Muhd Amir Asyraf bin Noh Tan Siew Lan
L/3217/9624/22 L/3188/9556/22 L/3215/9622/22 |
Ching Xiao Ting Muijibuddin bin Morshidi Tan Xiang Han Y
L/3243/9687/22 L/3195/9584/22 L/3205/9609/22 C il
Chua Jia Xin Nor Siti Fatimah binti Arif Shah Teh Chin Loong el
L/3233/9664/22 L/3192/9569/22 L/3209/9613/22 il
Dayangku Siti Nurfariza binti Awang  Norhafiza Binti Sulaiman Teoh Jay Kee O
Ahmad Safri  L/3184/9407/22 L/3207/9611/22 L/3225/9639/22 ]
Drizellia Amy Anak Santuz Nur Alisa Binti Aminudin Wee Siew Wen N
L/3227/9641/22 L/3229/9647/22 L/3252/9708/22 — il
Dzulhafiz Said bin Hasbi Nur Anissa Binti Zainul Abidin Wong Wai Yee Gl
L/3216/9623/22 L/3226/9640/22 L/3201/9599/22 i il
Esther Rani Anak Manila Nur Athirah Nasuha Binti Mohamad ~ Wong Yung Ting .
L/3250/9705/22 Riza  L/3186/9547/22 L/3214/9621/22 R i
Faris Asyraf Bin Alias Nur Izzatul Farahin binti Zulkurnain ~ Yeo Tze Ying =
L/3242/9686/22 L/3187/9552/22 L/3244/9689/22 Q\ il
Felicity Valarie Anak Jawan Nur Lina Binti Zulkipeli Yong Chin Hong v e %
L/3228/9642/22 L/3241/9684/22 L/3204/9607/22 il
Hasreen Khairani binti Salehan Nurmelissa Hanani binti Hamidon TI
L/3196/9588/22 L/3206/9610/22 (MMIC) _— il
Hazirah Syahirah Binti Zakria Nurul Azima binti Abd Aziz Adianah binti Hussin
L/3198/9595/22 L/3197/9591/22 M/6050/6640/13/22 U il
Iffah Syazana binti Rusli Olivia Livan Emang Alan Kong Yong Hian
L/3194/9582/22 L/3193/9579/22 M/6051/8359/19/22 I‘ ]
Jayalakshmi a/p Rajakumar Ooi Yin Yee Benedict Anak Samling sl
L/3249/9703/22 L/3189/9564/22 M/6059/8380/19/22 \ ]
Jennifer Tan Ai Ping Puuvinna A/P Jeyasangar Boo Su Wei W an %
L/3238/9678/22 L/3235/9672/22 M/6057/7455/16/22 il
Kanagaraj A/L Rajandran Rabitah binti Mohamed Hanafiah Chow Xin Wei T
L/3202/9604/22 L/3239/9681/22 M/6060/7399/16/22 = ]
Khoo Yee Shu Rasvini A/P Asogan Gan Wan Han
1./3213/9620/22 L/3236/9674/22 M/6053/8460/19/22 I ]
Lai Hui Ting Saipul Bin Mohd Saleh Komathi A/P Govindarajan
L/3220/9629/22 L/3191/9566/22 M/6061/8338/19/22 @ il
Lau Siau Ting Santhya Letchumi a/p Tegaraja Mirah binti Jamadi
L/3247/9699/22 L/3218/9625/22 M/6056/8162/18/22 i
Lau Yeh Siang, Dr. Seah Haan Shin Muhammad Sufi bin Mohd Nor N
L/3199/9597/22 L/3251/9706/22 M/6058/8823/20/22 ]
Lee Khai Hong Shaza Binti Anmad Nazuki @ Nik Nor Azrizam bin Nik Norizam S
L/3240/9682/22 Marzuki  L/3224/9638/22 M/6064/7672/17/22 il
Lee Shu Zhen Shirley Chai Sing Yee Norsyamimi binti Che Sulaiman
L/3208/9612/22 L/3219/9627/22 M/6054/8235/18/22
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OLYMPUS

Your Vision, Our Future

The Olympus mobile TERRA™ II XRD and benchtop |
BTX™ [III XRD instruments provide fast, reliable
quantitative crystallography and phase analysis of major

and minor components in real-time directly on the
analyzer. These standalone instruments run without the
needs for compressed gas, water cooling, a secondary
chiller, or external transformer, and have no ongoing
service requirements, keeping the cost of ownership

low.

OLYMPUS PORTABLE XRD- BTX Ill & TERRA Il

v Small Sample: Requires : only 15 mg of How does Olympus p-XRD works?

sample

v' Easy Sample Preparation: Does not
require a skilled technician

v Fast Acquisition Time: Obtain results in
only a few minutes

v’ Stand-alone Instrument: No need for
water cooling or a large, external power
source

v" No need for regular realignment of parts

v No Ongoing Servicing Requirements:
XRD can be performed regularly with
minimal downtime

1. Micro-focus X-ray tube

2. X-ray beam

3. Pinhole collimator

4. Sample holder, with vibration
5. CCD (Charge Coupled Detector)

v Direct wifi connection to laptop/tablet
for instant quantitative results.

Who need In-situ XRD analysis? L

» Narcotics

» Enforcement and Customs applications Other Products:

» Explosives material (HAZMAT) .
» Building Forensics/ Corroded Cement E '
» Pipe Scaling and corrosion inspection ’

Portable XRF Microscopes Videoscopes

For more information, please contact:

Crest Lab Sdn Bhd
T: +603 8076 9999 F: +603 8076 9998 E: crest@crest-group.net c 'e’t ’

W: www.crest-group.net



LIMS Mitigates Top
Food Safety Risks
and Drives
Compliance

Read more hitps://www.labware.com/blog/lims-mitigates-top-food-safety-risks-and-drives-
compliance

The Role of LIMS in Following
the 7 Steps of HACCP

Let’s look at the role LIMS can play for labs following each of the seven steps of HACCP.
Read more https://www.labware.com/blog/lims-7-steps-of-haccp

Purchasing a LIMS Software System:
Important Stakeholders to Include
Integrating technology into your laboratory is never a one-person decision. Key stakeholders
have different perspectives in terms of what they need from technology depending on their
individual needs. Read more hitps://www.labware.com/blog/lims-software-stakeholders

LabWare Malaysia
® Phone: +603 5022 1700
LABWARE Email: infoAP@labware.com

labware.com



UNPARALLELED INNOVATIONS THATELEVATE | »>
YOUR ANALYTICAL CAPABILITY  PerkinEimer

For the Better

T3 GREAT DETECTION FOR TOUCH MATRICES - LIKE YOURS anatley
NexION® 5000 multi-quadrupole ICP-MS

Science
Perfect for industries ranging from semiconductors to geosciences to biomonitoring, the : INNOVATION
cutting-edge NexION 5000 ICP-MS combines the simplicity of a reaction/collision cell with RECOGNIZED

multi-quadrupole technolody that transcends traditional triple quad.

IDT3WA EXTEND YOUR RANGE AND YOUR SCIENCE

Introducing SPECTRUM 3™ Next-Generation FT-IR
* Three IR ranges in one instrument for ultimate flexibility
» Advance R&D and new product development
» Better insights with faster scanning
* More analyses in less time with Smart Screen
» Collaborate with cloud connectivity
MIRINIRIFIR » Powerful and seamless hyphenation with fully integrated software

INEYA INTUITIVE ACCURATE AND READY WHEN YOU ARE
LC 300 HPLC and UHPLC Systems

Meet the PerkinElmer LC 300, the latest LC to step off our production lines. With features and benefits such as five
available detectors, ultraprecise gradient flows, low dispersion, and new Simplicity™ Chrom CDS software, our LC 300
systems provide improved workflows, throughput, and usability. Whether you need the ruggedness of conventional
HPLC, or the proven benefits of UHPLC, the LC 300 has you covered.
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. : : NexION® 5000 NexION 2000 ICP-MS Avio 2207 550/ 560 Titan MP5 Microwave Sample Preparation FinAAcle Series

i Muli-Quadnipole ICP-MS Max (ICP-DES) sample Preparation System Black 72x50ml Position Atomic Absorption
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® Portable GOMS
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