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Overview of IUPAC/UNESCO/PhosAgro Green Chemistry Grant

‘Green Catalysis: Advancing Pd- and Ni-Based Synthesis through Atomic Layer Deposition’

Prestigious Grant Support
Funded by the PhosAgro/UNESCD/IUPAC
grant, specifically targeting Green
Cliemistry innovations.

The research team has successfully met the vest majority of project
project milsstones as of the October 2023 reporting period.

International Academic Partnership

Ajoint effert led by Dr. Viet Huong Nguyen (Vietnam)
and Dr. Shahrui Nizam Ahmad (Maleysia) to solve
global energy and environmental challenges.

80% @

Project
Achie\;ement a

Technological Innovation (SALD System)
=|L Upgraded SALD Gas Panel

The home-built system was upgraded

from 2 precursor builblers to S, allowing
o= for higher throughput and more complex
material layers.

NiL1H precursor

L

First-Time NIO, Nanofilm
The project successfuﬁy fabricated
NiO, thin films using the new

Substrate

Atmospheric Pressure SALD iL1H precursor vis
A chemical deposition technique that atmospheric SALD for Global Knowledge Exchange
operates without specialized secuum the first time. Results were presented at major

equipment, reducing costs and

implementation complexity. Thailand, and Karea.

conferencce in Vietnam, Malaysis,

Q m&sﬂ g [/?Tf\ﬁ Green Synthesis & Precursor Design
= 1

gl UNESCO/IUPAC il ‘ ® @

—— — ;‘)Zr; @ }",‘1:

13 New Pd and Ni Precursors
Novel metalorganic precursors were designed
and synthesized specifically for the
atmospheric SALD process.

Microwave-Assisted
Synthesis
This green method dractically
reduces energy use and synthesis
time, requiring only 4-8 minutes
at 80-90°C.

High Yield and Stability
Synthesized compleses showed high
yields (up to 99%) and thermal stability
within a range of RT to 170°C.

Technical Results & Characterization

Nio, Nanofilm (40 nm) N\
[ Substrate |, HNMR  FTR TGA
Spectroscopy
; 40f3|r1dN10,_(tl‘f’an$ﬁ|ﬂ;If : Comprehensive Characterization
. . . . uccesstully deposited unirorm fiims a Pi i | lidated usil
Academic Impact & Dissemination 220°C with confirmed p-type " TR NMR, FTIR spectrescopy, and

semiconducting properties. Thermograximetric Analysis (TDA).
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Zn0O/NiO

Semiconductor Potential
Simple diode structures (Zn0/Ni0) were
fabricated to demonstrate the catalytic and

electronic potential of the WKLM

MOU

P

High-Impact Publications Formalized Institutional Ties
Research findings have been published A Memorandum of Understanding (MOU)
in Q18I journals, including the Journal ~ was signed between the two universities

of Physical D: Applied Physics. to ensure i h collaborati
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Metal Complexes ' 4

* Metal complexes- a combination
between organic ligands and metal
salts

e Example
* Porphyrin ligand- the ring-shaped
porphyrin molecules bind an array
of metal ions, with each
combination  associated  with
different biological functions



Porphyrin [ 4

* Chlorophylls bind magnesium to play
a pivotal role in photosynthesis.

* Heme binds iron to coordinate
molecular oxygen and carbon-dioxide
transport, supports the electron-

transport chains necessary for cellular =\,

. . . O —=0
respiration and contributes to the s a
catalytic activities of many enzymes i : & \

I:I_;-_ ‘:t" —
)L coenzyme vitamin
Fazo Bz
-

Image courtesy from: American Scientist
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Respiration and Photosynthesis ' 4

Blood Alveolus SUNLIGHT CGH O
Capillary ]

Chlorophyli

Making C¢H,,Oq
(glucose)
and O,

from
CO, and H,0

in the presence
of sunlight

Hemoglobin
Exchange of O, and CO, gases in almost all vertebrates



Respiration and Photosynthesis

I 4

Hemoglobin

Oxyhemoglobin

Formed when the C=N groups and N of the pyrrole in
porhyrin bond with an Fe metal centre

The fifth coordination position binds with histidine to
anchor the heme onto protein

The sixth coordination position on Fe centre is used to
bind 02 — oxyhemoglobin (red)

CO, is bound to the protein chains of the structure —
carbaminohemoglobin (bluish red)

Thus hemoglobin acts as a gas transportation in almost all
vertebrates

Porphyrin

A Naturally
Occurring
Imine

Macrocyclic

Chlorophyll

* Formed when the C=N groups and N of the pyrrole in
porhyrin bond with a Mg metal centre

* The long phytol residue traps light energy

e Chlorophyl is capable of channeling light energy into
chemical energy to convert carbon dioxide and water into
food (glucose) and oxygen

Chlorophyll a : R = CHj;

Chlorophyll b : R =CHO

Phytol Residue
N




Metal Complexes

Schiff Bases/Imine

Compounds containing C=N functional group(s), produced
when primary amines (-NH,) undergo condensation with

active carbonyls (-C=0)

O

I
R_NH2 + C
R~ R

1° Amine Aldehyde or Ketone

4 R )

« /
- H,0 y .
Imine or
> || Schiff base

Z

Metals

All elements in the Periodic Table except H and those located on the top right, above
the purple coloured boxes

0
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Schiff Bases

HC— =CH
X=H, F, Cl, CH, OC¢H,, NO,

L1 Series

H3C?<C|H3

HC-N N:=CH

OH HO

X=H, F, Cl, CHy OCH,

AD1 Series

H,C_ _CH;

=

HC=N N=CH

X=H, F, Cl, CH, OCH_, NO_

L2 Series

HC=,\: ;:CH
QOH HO

X =H,F, Cl, CHy OCH,

AD2 Series



Schiff Base Metal Complexes ' 4

_ OCH ,NO
X:H, F, Cl, CH3 OCH3 X_H’ F, Cl’ CH3 OCH3 X—H, F, Cl, CH3 3 2 X= NO2

L1 Metal Complexes L2 Metal Complexes

H3C CH, Hsc CH, Q 5:2
HC. =CH

(NO3)n (NO3)n

_ , OCH
X-H, F, CHy OCH3 X=H,F, Cl, CHy 3 X = H, F, Cl, OCH,

X=H, F, Cl, CHy OCH,

AD1 Metal Complexes AD2 Metal Complexes



Crystal Structures of Schiff Base Ligands ' 4




Crystal Structures of Schiff Base Ligands 4




Crystal Structures of Schiff Base Complexes ' 4
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Conventional vs Microwave-Assisted Synthesis ' 4

Water Outied Conventional Method (CM) Microwave-assisted Method (MM)
Condenser ——j|
Reaction time (min) 1440 minutes (24 hours) 10 minutes (0.7 % of CM)
Water Inlet
e Solvent used (mL) 30 mL 10 mL (30 % of CM)
flask
Reactants ) 64.5 % (1.85 times greater than
Heating Product yield (%) 34.7 % M)
© o
Electricity usage 43200 kJ 212.4kJ (0.49 % of CM)
Conventional heating
Running water for chilling of reflux
Water usage No water used
- P | condenser for 24 hours
NN 01 1aVaVaVa¥
-t - NaVs ! aVaVaV
SN )\ AVaVaV . . . . .
b s U Comparative analysis conventional reflux and microwave-assisted syntheses for
SN L\ A" Zn4(L1)2 tetranuclear complex (Khaidir et al., 2020)
- — NaValgVaVaVL
NaVaVaWaV ® oL , : .
- -~ NV Green chemistry and ecofriendly conditions
4 1 N | Simple operational procedure
lllustration of heat introduction into reaction mixture in Short reaction time

conventional heating and microwave heating (wiki.anton-paar.com)
High percentage vyield



Green Synthesis ! 4

Green Chemistry Pocket Guide
¢ Green Chemistry

The 12 Principles of Green Chemistry

* The design, development and implementation of chemical products and Provides a framework for learning about green
chemistry and designing or improving materials,

processes that reduce or eliminate the use and generation of hazardous
products, processes and systems.

substances
1. Prevent waste \
2. Atom Economy
3. Less Hazardous Synthesis
& Atom Economy 4, Design Benign Chemicals
5. Benign Solvents & Auxiliaries
Synthetic methods should be designed to maximize incorporation of all materials 6. Design for Energy Efficiency
used in the process into the final product. 7. Use of Renewable Feedstocks
_ 8. Reduce Derivatives
* % Atom Economy = (FW of atoms desired/FW of all reactants) X 100 9. Catalysis (vs. Stoichiometric)
+ Some atoms used , some atoms wasted! 10. Design for Degradation
11. Real-Time Analysis for Pollution

* 2nd Principle of Green Chemistry Prevention

. Inherently Benign Chemistry
for Accident Prevention

=
N

AC 5 ACS
W Chemistry for Life” “c‘/ E]rsetir:igehEmlstry




Characterization

I 4

Physicochemical
Properties

Ligand
Molecular formula: C,;HgN,O,
Molecular weight: 314.34
Yield (%): 99.10
Melting Point (°C): 165-169
Elemental Percentages Found
(Calculated):
64.28(64.96), 5.83(5.77) , 7.64(8.91)

Pd(ll) mononuclear complexes

Molecular formula: C,;HgN,NiO4(H,0)
Molecular weight: 495.80

Yield (%): 88.74

Melting Point (°C): 355-357

Elemental Percentages Found
(Calculated):

46.83(46.75) , 3.86(4.15) , 4.79(6.45)

Transmitanos %
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IR Spectroscopy
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Observation:

« Shifting of C=N, C-O phenolic, C-O methoxy peak to
lower frequencies

* Appearance of new M-N and M-O peak

- Indicating that the metal centres coordinated to

the ligands through azomethine N, and phenolic

O

- Lowering of bond order of the C=N and C-O
bonds due to sharing of lone pair of electrons of
N and O donor atoms with metal centre
- Supported by appearance of M-N and M-O new
peaks in complexes

"H NMR
Spectroscopy
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Upon complexation:

* The phenolic proton signal disappeared,
indicating that the phenolic O bonded to
metal center upon deprotonation of —-OH

* The azomethine proton peak shifted to
upfield region, inferring shielding by the
metal centre bonded to the azomethine



Characterization

1,6
1,4

1,2

Absorbance, A
o o ©°
B [e)} [o.]

k=
N

UV-Vis Spectroscopy
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Upon complexation:

The complexes showed a
bathrochromic shifting (red shift to
higher wavelength) for both the 17—
1 transition bands

Inductive effect of the donation of
lone pair of electrons on the imine
N caused lowering of electron
density on the C=N bond, making
it weaker

The LMCT peaks arise due to the
charge transfer from the HOMO of
the ligand to the d-orbitals of metals

830

880

Weight (%)
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complex
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The thermograph of the ligands reveals
that there is no decomposition observed at
temperatures below 200 °C. This suggests
that the absence of water molecules is
evident in the structure

The data analysis reveals that the metal
complexes underwent a multi-stage

decomposition process.

The initial phase of gradual weight loss can
be ascribed to the decomposition of lattice
water molecules.

Powder XRD
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The diffractograms of the ligand
display a sharp and strong
crystalline peaks, indicating their
crystalline properties

The complexes shows a low
peak intensity

The observed emergence and
disappearance of peaks in the
complexes suggest the
coordination of ligand-metal ion

2 5 ' T T 5t i ric Ui g i b =
Dinuclear Pd(Il) complex  Tetranuclear Pd(ll) complex

)

Atom[%]
Element Lizand Mono Di Tetra
& Pd(ll) (Pd(ll) Pd(ll)
Carbon 72.36 72.36 44.89 16.93
Oxygen 18.94 18.94 27.19 10.55
Nitrogen 8.70 7.38 6.94 2.70
Palladium - 17.85 20.97 69.82
100.00 100.00 100.00 100.00
Ligand

Shape: blocked irregular shape
Average particle size: <20 pm

Pd(ll) complexes
Size: spherical morphology with a smooth surface
Average particle size: 81.06 — 483.5 nm
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Catalytic Activities of Schiff Base Complexes in Sonogashira Reaction L 4

Schiff Base Metal

Complex .
I+ HC= - = + HI
Base, Temperature,
12h, DMSO
1.0 mmol 1.5 mmol Dibhenviacetviene
iodobenzene phenylacetylene pheny y

Isolation of
coupling product




% Conversion of iodobenzene

Catalytic Activities of Schiff Base Complexes in Sonogashira Reaction
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Kinetic properties of Sonogashira reaction

Lpd!
[1] L= ADIF
In situ
Ph— RLdllLl on
[6] Lpd”
Reductive 2
Elimination [ ]
Oxidative °
Addition é
Proposed mechanism of £
catalyzed copper-free [5] LPd"(Ph) —=——pH' LPdPhyD) (3] 2
Sonogashirareaction . -
HI
Elimmation Ph' H———Ph
ase LPd(Ph)(D) Addition 0 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 6600 7200
(4] Time (s)

® C(CatalyzedExp ——Catalyzed Calc ® Uncatalyzed Exp  ——Uncatalyzed Calc



DNA Binding Studies Using Schiff Base Ligands and Complexes

I 4
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Hypochromism
observed at 361 and
417nm likely due to the
compound bind to the
DNA helix via
intercalation.

The DNA binding study
with ct-DNA revealed
that the nickel(ll)
dinuclear complexes
shows the highest
binding constant of
1.57x106
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DNA Binding Studies (Circular Dichroism) 4

| PdP o . _m _Pd2P o, »  CtDNA spectrum consist
1 ' TN K —1:1 of:
N —12 3 - Qo< \QO 1y
00 1:3 ‘ e _ .
i W B o t3 a) Positive band near 276nm
i X ER) N~ due to p-p base stacking.
LN |1 WA s eanfiind
a0 - y y : : : ]
Wavelz?\c;th (nm)4 ” 0 >0 2 300 350 400 450 soo| D) Negative band near
17 Wavelength (nm) 245nm due to heIICIty of
2 - DNA. This band is
sensitive to the binding of

small molecule.
3 - m NiP —0nA
| i : c) Simple groove binder and
' electrostatic interaction
show less or no

1,5 -
F perturbation on the base
fo,s stacking and helicity, while
° | | | intercalation decrease or
05200 25 300 yaveldshh (nm)?®° 450 500 increase the intensities of

positive and negative
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Cytotoxicity Studies ' 4

- 1GCs0 (uM) a) 5 complexes (Pd,PD = 2.47uM, Pd,PD= 1.39 uM, PdAD =
CD series PD series AD series 5.85uM, Pd,AD = 5.63uM and Pd,AD = 2.77 uM) were
I i i discovered to possess a potency higher than standard drug
( \[ \ \ 5-fluorouracil (5-FU) with a concentration of 6.15uM.
53.00 52,24

b) The ligands itself has some ability to interact with the DNA
and retarding its growth.

c) PD (phenyl- ligand) series shows a better anticancer
properties compared to CD (cyclic- ligand) and AD (aliphatic-
ligand) series as it contains more aromatic groups that could
intercalate between stacked base pairs leading to an
alteration of DNA winding, which lengthens and stiffens the

1g77 154l DNA duplex that lead to cell death.

17,77 16,94

The Pd(Il) complexes exhibits superior anticancer properties
compared to Ni(ll) complexes.

e) Tetranuclear complexes reveal highest anticancer activity,
RS followed by dinuclear and mononuclear complexes. The
A anticancer properties of complexes is increased when the
number of nuclearity increased (more metals)
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Coordination Chemistry Group (CCG) ! 4
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