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OFF THE RECORD

It IS) Indeed a matter off great pleasure to he with the young
sclentific community: Whie are geing ter set future: trends of
scientific: and technelogicall research n Pakistan. Although
Seme Imprevements have taken place durng a perod off last
4-5 years, yet It 1s still'a long way ter go. The encouraging
thrg Is; that people have hope ane reguired poetential ter act,
the discouraging thing IS that they lack preper guidance and
planning R view: oft fiutlre nNeeds.

\We need te develop new: efficient cavalysts, te Invent smant
materials, to discever new diugs and ways to synthesize
them, tor open up the area of nane-science and te solve
preplems of energy, environment, molecular modeling,
computatienall chemistry: (theoretical chemistry) anad
Simulation.
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What are nanomaterials?

Any: Solid materalithat hasya nanometer dimension
Building Blocks
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Quantum Dots Nanorods Sheets, Films Nanoparticle
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Synthesis of Inerganic IMaterials

1. Solid State Reactions:

Cow yield

INO controllover stiochiometery anal Particle size

Phase punity

LLaborious methed-need several heat cycles ete. > 900°C
Viechanical grinding

=>100nm

2. Sol-Gel Method

+ Metallions are precipitated in the presence of gelling agents ¢.a. citric
acid, ethanediol or'to form: a gel whichiis heated! after removal of
water to ferm complex oxide.

+ Generally temperature is/lower than 900°C used in solid state
reactions

+ Purity' not se geod
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Suitable Precursor
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General Properties of Precursors

+ Adeguate velatility

+  Suificient large: temp,  window between: evaporation; and
thermal decomposition

« (Clean decomposition wWitheut Incorporation| of ImpUrities
+«  Good compatibility with' ce-precursor

+« | .ong sheliilite, stable in selution

+ Readily available at low: cost

+ | ow hazard



TVpes of Precursers

+ Metal Alkoxides —  derivatives of alcohols &

aminoalconols
+ Vietal [f-Diketonates,— derivatives of -diketones

+ \Vietal' Carboxylates — derivatives ofi carboxylic acids



Synthetic Methods

1= Synthesis ofi Monometallic; Alkoxides

+ Direct reaction of metal with alcohols

M +nROH —— M(OR), + n/2H,
+ Jreatment of metal salt withialcohel in presence of base e.g.
SnCl, + 2CH,0H + 2Et;N —— Sn(OCH;), + 2Et;NHCI
+ Reaction between metal halide anadl alkall metal alkexide e.g.
MX_ +nM'OR —— MXn_y(OR)y/M(OR)n + nM’'X

+ [etal alkoxides = exist = asi oligemeric. = clusters:  [M(OR), 5.
Oligomerization. cam be suppressed by intreduction of bulky,
alkoxide groups €.g.

Zr(OC,H;),  Zr(O-ipr), Zr(O-t-But),,

or use of other bidentate ligands suchi as N, N-dimethyl
aminoalcohols Z



2 - Synthesis of Metal p-Diketonates

Viest widely Used precursers.

Properties can e tailoredito suite process parameters:

+ Evaporation temperature
+ [Deposition temperature
+ [ayer panty and uniformity

+ Volatility s Zi{(acac), < Zi(tfac), < Zr(hiac),

R
/Q:p/\ P =1 =CEL (acac)
4 P o R = CH,, R’ = CF, (ifac)
M\ : CaSH 3 3
D= < £ R =R’ = CF; (hfac)
i dn
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TThey are easily prepared: as, follows:

Hy

H.Cegribm CH pH HC( _C.___CH;,

\%/ \ﬁ/ 3 - | ﬁ:

0O O O\H,,O

Keto Enol

pH Control
MX,, + n(acacH) » M(acac), + nHX
Sono-chemical method:
)
M(NO,;), + n acacH > M(acac),
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3- Synthesis of Heterobimetallic Precunsors

« Bridging between twoi difierent metal alkoxides; “e.g.
Mg[NB(OEL):];.2C,H-OH
SITa(OPr);l,.2PrelH
Commonly: Used alkexides are:
ethoxides;, Isopropoxide’ (most efiective), t=butoxide

Aminoalkoxides are alsor used to; increase possibility: of bridging
e.0. SINB(OEL):(dmae),(EtOH),

H,C

N
. N——CHs=—CH,—=0—H (dmaeH)
H,C

*D. C. Bradley, R. C. Mehrotra, “Metal Alkoxides”, Academic press, New York, 1978.

A, C. Jones et al. J. Matt. Chem. 2004, 14, 887-894. »



+ Reaction; between aminoalkoxide and metal [-diketonate
2.0
Ba,Co(acac),(dmac);(dmacH)
N, Cu,(@cac),((-OH),(dmae)), €l
Co,Cuy(acac),(u-Ok)s(dmae),Cl,
[TINi(acac);(dmae)];
+  Reaction between aminealkoxide andl metal” canboxylates
e.g.
Zn-Cu-(OAC),(-OH) (dmae),Cl,
11, Cu, (dmae), (1-0) (L-OL)(OAEC),. H,O

*  Asif A. Tahir, Kieran C. Molloy, Muhammad Mazhar, Gabriele Kociok-Kohn, Mazhar Hamid, Sarim
Dastgir, Inorg. Chem. 2005, 44, 9207-9212. 13



Notable Features

+ Coordinatively: saturate: each metall centre by UsSe of
chelating liganas I.e. [-diketonate, carbexylates: and
fiunctionalized alcohols.

+ Application’ off multidentate ligands to force oligomeric
complex: Inter a mere: strictly, molecular regime, generally,
reducing) the: possibility: ofi Interaction between menemeric
UnIts.

+ Covering the metal oxide core by organic surreundings
making the complex seluble in organic selvents.

14



How: to make thin films?
Apparatus for AACVD

eactor
/TUBE FURNANCE 3

_____________________________________________

_____________________________________________

{ Air Cylinder
Flow meter

\ Precursor Solution

Piezoelectric
Modulator
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Particle Size Control

Ultrasenic Nebulizerior Generating Nanoparticles
Particle size can e approximately controlied by controlling parameters.

d,=073 3/ L
pf

T = surface tension of solvent
p = density of the solvent

f- = frequency
Ferwater

T = 0.0729 N/m
p = 1000 Kg/m3
f= 24mHz

The size of the particles generated! is approximately around 1.7 .
16



APPLICATIONS
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+ Metal coating

AACVD 4
300° C/N,
Z8kU 48, BEE B. Skm B3 28 SEI
[Cu(dmae)(OCOCH,).H,0], Cu (40_ 80n m)

[Cu(@dmae)(OCOCH:).H;0]. (dmaeld = Ni- N-dimethylaminoethanel)
was; synthesized by the reaction ofi coppern(ll) acetate: menohydrate
[Cu(OCOCH, ),.H;01 andl dmaeld in toluene. The complex
undergoes facile decomposition at 300°C te form thin films of Cu on

metallic and non metallic substrates.
18



* (Copper nano-rods

AACVD
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Deposition of gold on

r
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+ (Gas/cthanol vapor sensor
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AACVD

Zns(OAc)s(n-OH),(dmae),

= Mazhar Hamid,, Asift A. Tahir, Muhammad Mazhar, Fiaz Ahmad, Kieran C. Molloy, Gabriele

Inerganica Chimica Acta 2008, 361, 188-194.

300°C /N,

Kociok-Kohn.
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+ Thin Eilm of Ba/Co Bimetallic Oxide
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AACVD
—0>
500C

=0 @

Ba @

[Ba,Co(acac),(dmae);(dmaeH)]

Synthesis of single source precursor for chemical vapour deposition; of
Ba,Co0y thin filmi from [Ba,Co(acac),(dmae);(dmaeH)] (dmaeld = IN; N-
dimethylamineethanel) (acac = 2,4-pentanedionate) Is. being reported: in
85% Vyield. The complex has been characterized by spectroscopic. and
single crystal X-ray: analysis. This heterobimetallic precursor Undergees
facile thermall decomposition toe produce thin films of bimetall oxide
Ba,Co0;.

* Asift A. Tahir, Kieran C. Molloy, Muhammad Mazhar, Gabriele Kociok-Kohn, Mazhar Hamid, and Sarim
Dastgir. Inerg. Chem. 2005, 44, 9207-9212. 22



+ Thin film of CuT1/CuZn oxide

 sepe [Zn(OAC),(1-OH), |
{u-O0, Cu{OAc), H,0] =——*Ihin Flm +——¢y (dmae),Cl |

LA it !
7l [Ti,(imae) (4-OH)

Heterobimetallic molecular PrecUrsors [, (dmae);(u-OF) (-
0);Cu,(OACc)y-H,0] (1) and [Zn- (OAc),(u-OH);Cu-(dmae),Cl,] (2) for the
deposition off metall exide thin; films of Cusl1,0,, (CusliO,, TO,) and
Cu:Zn- 0., (ZnO, CuO) were prepared and characterized by melting point;
elemental analysis, Fourier transform IR, fast atem bombardment mass
spectiometry, thermal analysis: (TGA), and single-crystal. X-ray: diffraction.
SEMI and XRD' of the thin films suggest the formation of impurity-free
crystalliter mixtures, off Cu, 1O, and 1Oy, with average crystallite’ sizes; of 22.2
nm from complex 1 and of ZnO and CuO with average crystallite sizes of 26.1

. hm from;complex 2.
Mazhar Hamid, Asif A. Tiahir, Muhammad' Mazhar, Matthias Zeller and Allen D. Hunter. Inorg. Chem. 2007,

46, 4120-4127.
23



+ Thin film of CuCo/CulNi1 oxide

\ - "

?M. xH,0 4 [Cu(dmae)Cl]j——

iHeterebimetallic: molecular precursers [Cox(acae),(u-0OH),Cu,(dmae),Cl,)
(2)  and [Niy(acac),(y-OH),Cu,(dmae),Cl,] (3) [dmaeH = N,N-
dimethylamineethanoll and acac = 2,4-pentanedionate] for the deposition
off mixed oxide thin films were prepared and characterized by MP, CHIN,
ET-IR, FABMS, magnetometery and single-crystal X-ray: diffraction. TGA
study. shows: that both complexes underge controlled thermal
decomposition at 450°C te’ give mixed metall oxides. Solid-state Fl-IR,
SEM, EDX, and XRD analysis were perfiormed tor analyze the chemical
composition and surface morphology of the deposited oxide thin films. The
iesults ebtained indicate the fermation of impurity-free crystalline: mixed
oxide films with particle sizes ranging from 0.55 to 2.0m.

* Mazhar Hamid, Asift A. Tahir, Muhammad Mazhar, Matthias Zeller, Kieran; C. Molloy and Allen D. Hunter.
Inerg. Chem. 2006, 45, 10457-10466.
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IHeterebimetallic molecular PreCUrsors [, (dmae);(Ju-Ok) (=
0);Cu;(benzoate)] (1) and [, (dmae);(H-OH)(Ju-0);Cu,(2-
methylbenzoate)s] (2) were prepared and characterized by M, CHING -
IR, TGA and single crystal X-ray: analysis. The TGA analysis; proves that
complexes (1) and (2) undergo facile’ thermal decompesition at $50°C to
form copper titanium mixed metal oxides. The SEM/EDX and XRD
analyses suggest the formation; ofi carbenaceous Impurity’ free geod quality.
thin films: of crystalliner mixtures of a-Cu, 110, and TiO; for beth (1) and (2),
withiaverage graini sizes of 0.29 and 0.74 um, respectively.

* Asif Ali Tiahir, Mazhar Hamid, Muhammad Mazhar, Matthias Zeller, Allen D. Hunter, Muhammad Nadeem and
Muhammad Javed Akhtar. Dalton Trans. 2008, 1224-1232. 25



A new heterebimetallic  complex, Bay(u-0-0Ac),(OAG),Cu,(u-O=
dmae),(OH), (T); synthesized by direct method irom Ba(dmae), and Cu
(OAg),. Hy©Orwas: characterized by melting point, CHNS; FI-lR; TGA,
mass spectrometry and single crystal x-ray diffraction. Thin films,
deposited by AACVD! at 325, °C fiom| complex (1) were characterized
by XRPD and SEM.

“Submitted: Muhammadi Shahid, MuhammadiMazhar, Inorg. Chem. 2008.
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+ Photocatalytic splitting on semiconductor film

Potential

LB e- H +/H,
oV
Band gap
VIS<3.0eV h
415 nm ‘ g4 <Y
v (h+) 0,/H,0
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+ Process! ior photocatalytic reaction

BULK AND SURFACE PROPERTIES

Life Time

Mobility |

Photon

"
”
-

Crystallinity
Charge
Separation

Recombination

\

Photocatalyst particle

H2 evolution site

Cocatalysts
(Pt, NiO, RuO)

H,O

Active site for
chemical
reaction
Quantity and

Quality
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+ o-Fe,O; tor water splitiing mto H, and O

475°C

IHexanuclear, lron complex, [Fe;(PhCOO), (acac),(O),(OH);I-:3C Hs (1),
(Where PhCOO= bezoate and acac = 2,4-Pentanedionate) was: synthesized
and analyzed by melting point, FIIR, single crystal’ X-ray: analysis: and
thermal analysis. The TGA analysisi prove that complex (1) undergo facile
thermal decomposition at 475°C to give iron oxide residue. In house
designed aerosoeliassisted chemicall vapor deposition technigue was used to
depoesit sticky, highr guality: thin film on° SnO, coated conducting glass
substrate at 475°C. The photocurrent potential plots indicate that the
phoetocurrent enset Is ati about 0.75V and the photocurrent density at 1.23V
vs RIHE is about 0.3mAcm-2 and photocurrent rises steeply and highest
photecurrent density of 1.5mAcm-2 at 1.6\ with out any dark current.

*Submitted: AsiftA. Trahir, K. uG. U Wijayantha, Muhammad Mazhar, Vickie McKee, Sina Serami
Yarahmadi. JACS, 2008. 29



+ Hydrogen Storage

Hydrogen can be stoned as:
+ Gas

+ [iquid

£ Elementalinydregen

+ [Hydrdes, o analates

Solid state storage 1s the salest and most eliective. way: ol routinely,
handling hydiogen: gas;

Commandments o Hydrogen Storage IVlaterials

+ High sterage capacity: minimum| ol 6% by Weight
+ Decompesition temperature ;. 60=120“C

+ Reversibility of thermal albsoerption and desoerption
+ Cycle with rapid kinetics

+ Low cost

+ Non toxic

+ lnert towards water and oxygen
%]0)



SEM of Zr-Ni coated
on alumina molecular
sieves

SEMl ef Zr-Co coated
en alumina granules
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F

Synthesis ot Multifunctional Waterials

1. Metal/mixed metal sulphides
2. WVietal/metal alley naneparticles

3. Metal nitrides

32



CONCLUSION

Vielecularly: designed hemo: and hetero=bimetallic
Precursers of various; transition; and nen transition
metals: "can be easily prepared  fer Aeresol
Assisted Chemicall Vapour Deposition (AACV D) of
single: metal or mixed metall oxide ior application
as advance materials.

33
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