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Origins of Scientific Writing

Question from
- What question (problem) was studied?
- How was the problem studied?
- What were the results?

- What do the findings mean?

s A 1) ) o 3al

Answer = Introduction
Answer = Methods
Answer = Results

Answer = Discussion



Elements of The Scientific Research Paper

A scientific original article usually consists of the following elements:

= Title - descriptive and concise

= Abstract —a short summary of the article

" |ntroduction —background information, aim and problem statements

= Methodology —so that the reader can follow and repeat the research
process

= Result - presentation of the research results

= Discussion — interpretation and evaluation of the results.

= Conclusions and relation to previous research

= References - all documents that the author has referred to must be listed.
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We repart here the prepura fon of the two copalymens, incomc a
rafion wng miqowave iradifion i the preence of s hismo b
prepored copalvmers wer cheracieriad by difErent techmiques;

stzhility property of fe preperad copolymens corelated with th
increased, the aysillnily of e copolymer decreass: . The ttacon
in alkaline media for Cu 1) and Ph (T). The chelation hehaviar
B i amahysis (TGA), and il 33 mning calod
Keyworde Microwavesy nthesss, flacomicacid, copaly meimtion,

The microwave techomg e is aafe, fas and gives kigh yield
of the products wite high pudty in s optimion Qme,
companng o the conventiomal method. Recently, there
has been growing mierest in applying microwave frradis-
tien tosynibetic orpanic chemistry, {1-8) sumple prepats-
tion for analyss, (9 exraction of matural prodects from
plants, {10 waste treatment, (11) ad polymer synthess
{12-15).

The design of sutable polymeric matermk 13 an meress-
ingly impornant reseanch srea due 1o demands Tor
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Table 1. ¥ield £5) of MMA/TA and AA JTA cypolmers using méaowave ime datian.

M athod Capalymer mde MM A Araris MASA framal | LA fmwsiof| Faekdy 4]

Comventanal PMIAA D 14 0

Microwave PMIAA IO 11 100
PMIAA L 102 10 Aicr, Assisted Capol [leaconi Acid 563
PMIAA L2 10:4 n 2

Method Copalymer code AATAARED Adimmd awjnm wi aceomplished by a fan (8 mmn) The final prod-  different ratios were prepared wmme & millimods eactor

- - et 1 fiy] methacryl iconic sicd) PMIAA (Synthes 340, Alon Faar GmbH, 1400 W s

Microwaye: FAIAA LY 101 10 o polvaceylamide-cofiseontc alady PATAA wae vashed  sangnetron), i the presests of ATRN for § min 8 14°C

sm" :; :gﬁ :g with diethy] ether, and then dried in oven tnder vasnm at - and 400W. For comparison study, the copolymer PMIAA

an ecoffendly method for preparation of the desdred
copilymers. The wark ako describes the ability of the two
copilymers Tor scaverngne of heavy metal such ss Cu (IT)
and Ph{0lL

e —

2.1 Materials

Tzcomde acid (1AA), acrylamide (AA) and methy] methac-
rylate (MMA) were supplisd from Sigma-Aldich, N A
Ambisisobuty ronitdle (AIBN) was supplied from Hano-
ver amd was reerystalbized [mm absolule ethanol before
b, Leaid {10 mitrate and copper (1) subfate were supplisd
Trom Fluka, AT solvents wene dried before wse,

2.2 Mensmnents

The microwave irmadiation emplying & oultimode rego-
tor (Synthes AWML Anton Pasr GmbH, and 1400 W
masimm mageton) was used o prepare the copul

mers. Fourier trandorm infrared spectroseopy (FT-IR)
speclra were recotded on 3 Meolat 560 Mapgns Spec-
trometer, Thetmal properties of the copolymers and
thelr compleies were examined wing thenbogavinetne
aralyai (TOA ) under mtropen, o the emperatiure range
0-B0C with & beating rate of 1050/ mm, and &ifferen-
tial scanming calorimetery (DSCYwhich was carnad out
wang TA-QS00 in which Specimens of (510 ma) were
encapaulated in alimmem pees and wene heated or
covkd between —25°C and 400°C under dry nitrogen
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Calir versions of ane o mare figurs in this artick @n be
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1 with heatimg mte of 10°C /min, Elmental
microanalyss tests were petformed on (Peddn-Elmer,
4B mries), the smmpl wasr bumed in an ewcés of
oxypen, and varous traps collect the combustion prod-
ueticarbon doxide, water, and nitre oxide. The masses
of thee combmstion products have b =ed W ks
late the composition of the smple. The measunements
of kad (Ph) and Copper (Cud were performed wsing
Inceetively Coupled Plasma-Optical Emision Spee
trometer (FCPAOES), (ICAP 6000 SERIES). All the sym-
ples were pefomed o friplicate and the nesulis reported
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34 MMAIAA) was prepared by econventional

ingthisd using 2-bulsnons & a solvent aad ALR]
Lot &t & C, under nitrogen atmosphere for 34
and Sch. 1), The prepand copelymens were oy
psing FT-IR spectrum, TGA, DSC, and

i v &

2.5 Copalymers Complexes of Co™ md PR

Fuor dll preparations, doubly diailled water was employed
as a solvent. All uied magents wene of analyical grade
and wene emploved without firther pirifications, Coppet
A1) sulphaie and P 1) ndirate (1 mumel) were dissolved in
20 ml of waker and then the prepared solubions were
slowly added 1o 25 cm' of an squeots slution with
2 mmal of eaxch fscone acd copolymers with stirdng
The pH of each solution was adjustad 10 68 by addition
of ammonivm hydronkde, The resltng solutions were
heated 5t NPC and left to evaporate dowly at foom temn-
peratire overnight. The obtaned precimitate were filtered
off, washed with hot water and was dried in oven under
vaeuwn at TFC,

3.2 Furier Transform Infranesd Spectroseoqy {F1]

The FI-IR of the polyimethy] methaceylate-
aid-PMIAA, dwwed the chamclenstic 3
pesks of the add group and the ester al 3700
for the carboxylic hydrony] group OH), 21163
the carbony] carbony growp (C=0), and at 169)
the earbony] estet (C=0) of methyl methacty]d
respectively (Fig, 1ay, Also, FT-IR for payis
ca-itgeome siodl- PATAA dwowed dunlar absor
Tor the acdd group, carbonylic hydmoyl group
the carbonyl group (C=0)), besde the. carbof
(CONH S for the acrylamide moiety at 1640 om
3349 cm~" for the NH (Fig, 1), The IR specind
heat, the intensity of the -OH and -C=0of the

3.1 Synthess of Copalymers

The two copelymers iaconic sdd-methyl ErOUp Wad i o the ratio of TAA inened
and {tacmue aod-acrylumide (PMIAA and PAIAA) 'IMI]I. copolymer,
o [}
HO.
Ra * OH
Ry o

Ry =CHy Ry =OCH,  Metayimethacryiata (MMA) Baconic acid (L)

Ry=H. Ra=NHp Acylamide (A4]

L AIEN. B0°C, 240

Z-Butanane
OH
a
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Ry = CHy, Ry =0CH,
RioH.  RaomNHx
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Sch. 1. Copalymarimtion ofimanic acid with acrylic manomer.
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Fig. 18, DEC scan of Ph PAIAA senes.

{DSC) The thennopravimetie thennograms showad a
similardata to Ph-PMIAA, were obtained for (PBPALAA
13-14), bt mot for PEPAIAA 15, where the copolymer
Tosadiet with lead have only & very sharp endothermic peak
al 33FC, which is the same like Cu-FAIAA, Thermo-
gramaol DSC are shown in (Fig. 18), which shows similar
behavior of the copper containitg copolymens serie.

4 Conclisims

S i 1 that Giins
dmwu um]d. b: empleywd e{fn:n:nﬂy for the 1ynd-5n of
two types of § methyl

andd acrylamide with different ratios of iaconk acid it
slart time wath Idegh vield and punty. The thermal aabiliy
pwpmu of the prepared oopuL\lmer cormelaed with the
changing of the ilaconi acid ratio, a5 the ratio of lacomc
acid increased, the erystallinity of the copolymer decreases.

The itsconic acid-baied copolymersala showed 3 good
scavenging behavior i alkaline media for Cu (1) and Ph
(1. Thermogravimetre analysis (TGA) and differential
swaming edirometry (DSC) dowed that the thermal sta-
bility of the copolymen increase with increasing the cot-
tent of Copper metal (OFF) or Lead metal (P55,
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increased, the aysallinity of the copolymer decreasss . The itacomic acil-hased copal ymers aksn showed a good scavenging behavior
in alkaime madia for Cudll} and P {IT). The chdation behavior of bath Cu (1T and Ph (T} complexes were checked wsing FT-IR,

thermagravimetnic analysis (TGA}, and diferential s;mmning calormetery {DSC)
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of the pradeets with kigh pedty in an optimem me,

companng 1o the conventional method. Recently, there
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tion aynthenc onpanic chemistny, (1-8) sample prepar-
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|)|]:|l.c {10y waste téatment, (11) and polymer synihes
{12-15),

The design of suitable polymeric materials 14 i fhores-
ingly inportant reseanch sres dus to demands for

* Address cormsspondence o0 Motamed H B-Newehy and
Ayman El-Falam, Demrment of Chemintry, College of 5ci.
ene, King Sauwd University, P.0. Box 2455 Riyadh 11451,
Saudi Ambia  Emsl mdnewshyEhomsilcom and
2 eifnhamiEiom adu

Color versions of one or mame figuns m ihis article an be
found onhne xt worw tand fonline com./imsa.

applicaticns in phannaceutical, agreuliumal, bomedical,
surgical implants, scaflokls for tissue engineetng (16-19)
and mets] chelation (X-24)

Polyfacrylic acid) (FAA) {3 the dmple analog of wesk
polyelectrolytes, which can be el & foceulant in waler
trearment {23, 24 Wanouws types of amall moleewles such
ad metal jois ane complied o PAA and s derivatives
contaming hydrophiic carboxyl groips.

The binching of metal s o earbosy e aeids had been a
stthject of inkense resan bk investigati on in view of it vari
ot applications, such as from the relevance of metalcar
boacylate complewes asmixdel systems for the metallsactive
sited m Wodnorganie clemistry (25 26). The strocturs]
diversity emcountered in metalcarbonylate compleses can
be attrbuted fo the versitile bondmg belavior of the car-
bomylate group, which can sct & 8 bidentste hgnd or &
b ligand (27, 28).

Herein, we neport the synthestd s choracterzea Gon of
Wi COpolymens taoome ethy bnethacrylate md 11
ernde ackd-gery lmide employing mierowave radiation as




Abstract

Received October 2014, Revised and Accepted January 2015

We report here the preparation of the two copolymers, 1taconic acid-methyl methacrylate and itaconic acid-acrylamide, in different
ratios using microwave irradiation in the presence of azobisisobutyronitrile (AIBN) as initiator and 2-butanone as a solvent. All the
prepared copolymers were characterized by different techniques:; FT-IR. thermal analysis and elemental microanalysis. The thermal
stability property of the prepared copolymers correlated with the changing of the itaconic acid ratio, as the ratio of taconic acid
increased, the crystallinity of the copolymer decreases. The itaconic acid-based copolymers also showed a good scavenging behavior
in alkaline media for Cu (IT) and Pb (II). The chelation behavior of both Cu (IT) and Pb (IT) complexes were checked using FT-IR.
thermogravimetric analysis (TGA), and differential scanning calorimetery (DSC).

Keywords: Microwave synthesis, itaconic acid. copolymerization, metal scavenging, thermal stability

1 Introduction applications in pharmaceutical, agricultural, biomedical,
surgical implants, scaffolds for tissue engineering (16 °
" ~~wave technique is safe, fast and gives high yield and metal chelation (20-24).
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How to prepare the Abstract?

. The abstract = brief summary (250 words).
) Goal = Allows the reader to decide to read or not
J Structure
- State principle objectives and scope.
- Describe the methodology employed.
- Summarize the results.
- State the principal conclusions.
] Past tense because refers to work done.
d No references.
[ Self contained (published by itself).
(d Economy of words (but no abbreviations)



Introduction

The introduction is a brief section (no more than 1 page usually)

designed to inform the reader of the relevance of your research

and includes a short history that leads to a statement of the

problem that is being addressed.
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1 Introduction

The microwave technique is safe, fast and gives high yield
of the products with high purity in an optimum time,
comparing to the conventional method. Recently, there
has been growing interest in applying microwave irradia-
tion to synthetic organic chemistry, (1-8) sample prepara-
tion for analysis, (9) extraction of natural products from
plants, (10) waste treatment, (11) and polymer synthesis
(12-15).

The design of suitable polymeric materials is an increas-
ingly important research area due to demands for
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Color versions of one or more figures in this article can be
found online at www.tandfonline.com/Imsa.

applications in pharmaceutical, agricultural, biomedical,
surgical implants, scaffolds for tissue engineering (16-19)
and metal chelation (20-24).

Poly(acrylic acid) (PAA) is the simplest analog of weak
polyelectrolytes, which can be used as flocculant in water
treatment (23, 24). Various types of small molecules such
as metal ions are complexed to PAA and its derivatives
containing hydrophilic carboxyl groups.

The binding of metal 1ons to carboxylic acids has been a
subject of intense research investigation in view of its vari-
ous applications, such as from the relevance of metal-car-
boxylate complexes as model systems for the metalloactive
sites in biomorganic chemistry (25, 26). The structural
diversity encountered in metal-carboxylate complexes can
be attributed to the versatile bonding behavior of the car-
boxylate group, which can act as a bidentate ligand or a
bridging ligand (27, 28).

Herein, we report the synthesis and characterization of
two copolymers itaconic acid-methyl methacrylate and 1ta-
conic acid-acrylamide employing microwave irradiation as




How to write the Introduction?

1 Should state briefly and clearly your purpose.

 Justify why did you choose that subject and why is it important.
 Start writing the paper when the work is still in progress.

J From problem to solution.

) Present tense for the established knowledge.

1 Mention your previously published papers.

J Define specialized terms and abbreviations.



1 Suggested rules:

Present first the nature and scope of the work.

Literature review (important background and state of the art.

State the methods of investigation (reasons for the choice).

State the principal conclusions.



Methods

(Experimental Part)

The Methods section describes the process you undertook
to complete the research.



How to write the Materials and Methods?

) Purpose: Describe and justify the experimental design so that the
experiments could be repeated by others.

! Reproducibility = basis of science.

J Must give the full details.

] Past tense.

1 Presentation with sub headings.

 If new method (unpublished): provide all the needed details.

 Rule: enough information must be given so that the experiments
could be reproduced by a competent colleague.

J Avoid mistake: No mixing some of the results.



The method is written as a process description, not as a lab
manual procedure.

J explains materials used

1 explains analytical techniques used

] details experimental procedures

Jddescribes techniques for tracking functional

variables (timing, temperature, humidity, etc.)



Methods

2 Experimental

2.1 Materials

Itaconic acid (IAA), acrylamide (AA) and methyl methac-
rylate (MMA) were supplied from Sigma-Aldrich. N,N"-
Azobisisobutyronitrile (AIBN) was supplied from Hano-
ver and was re-crystallized from absolute ethanol before
use. Lead (1I) nitrate and copper (11) sulfate were supplied
from Fluka. All solvents were dried before use.

2.2 Measurements

The microwave irradiation employing a multimode reac-
tor (Synthos 3000, Anton Paar GmbH, and 1400 W
maximum magnetron) was used to prepare the copoly-
mers. Fourier transform infrared spectroscopy (FT-IR)
spectra were recorded on a Nicolet 5600 Magna Spec-
trometer. Thermal properties of the copolymers and
their complexes were examined using thermogravimetric
analysis (TGA) under nitrogen, in the temperature range
30-800°C with a heating rate of 10°C/min. and differen-
“ial scanning calorimetery (DSC) which was carried out

TA-0O500 in which Specimene ~F (<

T,

>ynthesis of copolymers.

2.3 General Procedure for Conventional Method

In a three-necked round-bottomed flask fitted with a con-
denser, methyl methacrylate (MMA) (5.00 g, 50.0 mmol)
was mixed with itaconic acid (IAA) (1.12 g, 10.0 mmol) in
2-butanone (20 mL). The reaction mixture was thoroughly
purged with nitrogen for 10 min. Copolymerization was initi-
ated by adding azobisisobutyronitrile (AIBN, 0.1 g, 1.65 %
w/w) and then was heated at 60°C, under nitrogen atmo-
sphere for 24 h. The reaction was cooled down to room tem-
perature, and then the copolymer was precipitated by adding
diethyl ether. The precipitated copolymer poly(methyl meth-
acrylate-co-itaconic aicd -PMIAA was filtered, washed with
diethyl ether (20 mL) and then dried in oven under vacuum at
40°C for 24 h.

2.4 General Procedure for Microwave-Assisted Synthesis

Microwave-assisted copolymerization of IAA with MMA
or AA was carried out using the procedure described ear-
lier by Osman et al (30) which can be summarized as t+
following: Employing a multimode reactor (¢~ ~




Results

The Results section

o DESCRIBES but DOES NOT INTERPRET the your research results.

o Presents the data using graphs and tables to reveal any trends
that you found and Describes these trends to the reader.

o The presentation of data may be in the order to correspond with
the Methods.

o Negative results are results and worth including in your report.
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3 Results and Discussion

3.1 Synthesis of Copolymers

The two copolymers itaconic acid-methyl methacrylate
and itaconic acid-acrylamide (PMIAA and PAIAA) with

o] o
HO
Ry g OH
Ry o
Ry =CH;, R; =0CH; Methylmethacrylate (MMA}) ltaconic acid (IAA)
+=H, R;=NHz Acrylamide (AA)
AIBN, 60°C, 24h
2-Butanone

Ry

Ry =CH3. R2=OCH3
Ry=H, Ry;=NH,

Sch. 1. Copolymerization of itaconic acid with acrylic monomers.

Poly(methyl methacrylate-co-itaconic aicd) -PMIAA
Poly(acrylamide-co-itaconic aicd) -PAIAA
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Fig. 1. FT-IR Spectrum of (a) PMIAAs; and (b) PAIAAs copolymers.

The copolymers prepared by both conventional
method and microwave irradiation showed the same
spectral data. In addition, the elemental microanalysis
confirmed the structures of the copolymers, which in a
good agreement with the calculated values as shown in

(Table 2).

3.3 Thermogravimeiric Analysis (TGA)

The thermal properties of the prepared copolymers
were evaluated by thermogravimetric analysis (TGA) as
shown in (Figs. 2a—<) and data was summarized in
(Table 3), in which the weight of a sample is measured




How to write the Results?
L Result section = Core of the paper.

1 Presentation of the data but predigested: only representative data not
all.

(d No more method description.

J Not yet data interpretation: the discussion section is designed to tell
what they mean.

J No references.
(J No need to cite Figures and Tables.
1 All Figures are labeled and referenced in the text prior to the Figure.
J Past tense.
1 For example; If n variable tested;
- Present in Table or Graphs only those which affect the reaction.



Discussion

What's the Discussion? Interpretation.

1 This section offers your interpretations and conclusions about your
findings.

(J How do your results relate to the goals of the study and to previous
studies.

 This is your chance to demonstrate your ability to synthesize, analyze,
evaluate, interpret, and reason effectively.

1 Your readers are looking for well-supported opinions,

[ You will need to think carefully about your findings in order to draw

conclusions that are neither too narrow nor too broad.
[ Verb tense

- Present for established knowledge
- Past for the new (own) results.
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4 Conclusions

Synthesize, don’t summarize: T ——
n conclusion, we have demonstrated that microwave irra-
o Brief summary of the paper’s diation could be employed efficiently for the synthesis of

two types of copolymers contained methyl methacrylate

main pOintS. and acrylamide with different ratios of itaconic acid in

D t si I t thi short time with high yield and purity. The thermal stability

O DO nhot simply repea INgs property of the prepared copolymer correlated with the
: changing of the itaconic acid ratio, as the ratio of itacomic

that were in PRI [E 2 acid increasad, the crystallinity of the copolymer decreases.

o Show your reader how the The itaconic acid-based copolymers also showed a good

scavenging behavior in alkaline media for Cu (I1) and Pb

pOintS you made and the (II). Thermogravimetric analysis (TGA) and differential
SU pport and examp|es you scanning calirometry (DSC) showed that the thermal sta-

bility of the copolymers increase with increasing the con-

used fit tOgEther. tent of Copper metal (Cu™™) or Lead metal (Pb™).

o Pull it all together.
Funding




How to write the Acknowledgments?

1 Acknowledge.
- Advisors (they are not responsible for the work).
- Financial assistance (grants, fellowships, contractors, ....).

funding this work through research group project No.
RGP-234 (Saudi Arabia).

X
ik
no-
.milar  References
=t . Wagner, R. W. {2006} Drug Discov. World, T: 59-66.
. Krstenamsky, 1. L., Cotteril, L (2000) Curr. Opin. in Drug Discow
and Develop., 3: 461,
3. Desai, K. R. (2005) Green Chemistry Microwave Synr*
Edition, (Himalaya Publication House, India) 1.
.onstrated that microwave irra- 4 Kappe, C. 0. (2004) Angew. Chem. Inter. E<
- - . 2 ¥
noyed efﬁcllem!_v for the synthesis of 5. E;u“-::&;{w\wi Wu, ¥, Y., Zhang, F., Guo
vopolymers contained methyl methacrylate Chem.. 11: 760762
,amide with different ratios of itaconic acid In  § Dolzhenko, A. V.. Pastorin, G., Dolzhen’
ame with high yield and purity. The thermal stability (2009) Tetrahedron Lett., 50: 21242128,
gerty of the prepared copolymer correlated with the 7. Al-Hazimi, H. M., ElFabam, A G
anging of the itaconic acid ratio, as the ratio of itaconic (2012} Arab. J. Chem., 5: 285289,
S S 8. Ghazzali, M., El-Faham, A.. Abd¢
acid increased, the crystallinity of the copolyvmer decreases. (2012} J. Mol Struct., 1013 163-1
The itaconic acid-based copolymers also showed a good 9. Silinski, B., Kuzmycz, C., Gourd
scavenging behavior in alkaline media for Cu (I1) and Pb 273-377.
(I). Thermogravimetric analysis (TGA) and differential 10 Imai, Y., Nemoto, H., War
scanming calirometry (DSC) showed that the thermal sta- q E?Lt“:"h;'i ijfblmltie .
bility 9#' the copolymers i{icrease with incrfasiyf the con- £ ,.nl&.m_"chem_'__;&: 2653~
tent of Copper metal (Cu™" ) or Lead metal (Pb™™). 12; Siurati, M A, Taukar
Res., 4: 645 661,
13. Wiesbrock, F., Hos
mol. Rapid Comm
14. Hoogenboom, P
28: 368-386.
The authors extend their sincere appreciation to the Dean- 5 Koopmans

ship of Scientific Research at King Saud University for Simnwe"

b —

Funding




References

If you reference an outside source in your report, you should
cite where you found that source.

Cite only material that you have actually read.

Avoid secondary materials (only significant, published
references).

Read carefully “the instruction to authors” of the journal.

Place it all at the point of the sentence



References

References

[
'

and Develop., 3: 434-461.

62506284,

1. Wagner, R. W. {2006} Drug Discov. World, 7: 539-66.
Krstenansky, J. L., Coteeril, L. (2000) Curr. Opin. in Diug Discov.

3. Desai, K. R, (2005) Green Chemistry Microwave Synthesis. First
Edition, (Himalaya Publication Howse, India) 1.
4. Kappe, C. O. (2004) Angew. Chem. Inter. Edition Eng., 43:

Keywords: MICTOWaVE SYNIICs 10, o i winns war prass s csss s o

1 Introduction

The microwave technique is safe, fast and gives high yield
of the products with high purity in an optimum time,
comparing to the conventional method. Recently, there
has been growing interest in applying microwave irradia-
tion to synthetic organic chemistry, (1-8) sample prepara-
tion for analysis, (9) extraction of natural products from
plants, (10) waste treatment, (11) and polymer synthesis
(12-15).

The design of suitable polymeric materials is an increas-
ingly important research area due to demands for

*Address correspondence to: Mohamed H. El-Newehy and
Ayman El-Faham. Department of Chemistry, College of Sci-
ence, King Saud University, P.O. Box 2455, Riyadh 11451,
Saudi  Arabia. E-mail: melnewehy(@hotmail.com  and
aelfaham(@ksu.edu.sa

Color versions of one or more figures in this article can be
found online at www.tandfonline.com/Imsa.

applications in pharmaceutical, agricultural, biomedical,
surgical implants, scaffolds for tissue engineering (16-19)
and metal chelation (20-24).

Poly(acrylic acid) (PAA) is the simplest analog of weak
polyelectrolytes, which can be used as flocculant in water
treatment (23, 24). Various types of small molecules such
as metal ions are complexed to PAA and its derivatives
containing hydrophilic carboxyl groups.

The binding of metal ions to carboxylic acids has been a
subject of intense research investigation in view of its vari-
ous applications, such as from the relevance of metal-car-
boxylate complexes as model systems for the metalloactive
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