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Abbreviations

LCCs — liquid coordination complexes

TEM — transmission electron microscopy
* PggeSe —trioctylphosphine selenide

P40 — trioctylphosphine oxide
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Introduction

Liquid coordination complexes (LCCs)

QUEEN’S %L:uElENuSQ LLJJTI;VERSITY
UNIVERSITY LABORATORIES
BELFAST QUILL

Angewandte

Communications

o ¢ : ; DOI: 10.1002/anie.201306267
Liquid Coordination Complexes fanie

Liquid Coordination Complexes Formed by the Heterolytic Cleavage
of Metal Halides™**

Fergal Coleman, Geetha Srinivasan, and Matgorzata Swadzba-Kwasny*

Xaici, = 0.50 t0 0.60 i

Ho,N” ~“NH,

v

AICl; + L mobile liquids

thiourea

Xoaci, = 060 t0 0.75

GaCl; +L > mobile liquids

Angew. Chem., Int. Ed., 2013, 52, 12584
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Comparison of liquid coordination complexes and
ionic liquids

Yasss: 2MCl; + 2L MCI, + [cation]Cl
l 1

0.50 [MC,L,][MCl,] = 2[MCI,L] [cation][MCI,]
|+ MCl,

0.60 [MCIL,L,][M,Cl,] = [MCI;L] + [M,ClcL] + MCI,
|+ MCl, !

0.67  [MCLL,][M,Cl, ] = 2[M,ClL] [cation][M,Cl.]

Angew. Chem., Int. Ed., 2013, 52, 12584
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Dalton
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An international journal of inorganic chemistry
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@cm Liquid coordination complexes: a new class
e of Lewis acids as safer alternatives to BFs in
Cite this: Green Chem., 2015, 17, . -
1831 synthesis of polyalphaolefins

James M. Hogg, Fergal Coleman, Albert Ferrer-Ugalde, Martin P. Atkins and
Matgorzata Swadzba-Kwasny*
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ZETE @cm Friedel—Crafts alkylation catalysed by GaCls-based
e liquid coordination complexes
Cite this: Green Chem., 2015, 17,
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Dalton Trans, 2017, 99, 2071. Dr Karolina Matuszek
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Intrinsic — chemically pure Extrinsic — doped by
(e.g. Si, Ge, GaN) specific impurity

|
i }

N-type P-type ..

Doped with an electron donor atom Doped with group 13 element Conductor  Insulator  Semiconductor e Electron
Impurity added provides extra Impurity added creates vacancy of electrons k o Electron hole
electrons (holes) known as acceptor atoms

Conduct electrical current only
when influenced by external
stimuli (e.g. light or heat)

What is the need for nanostructure semiconductors?

Shriver an d Atkins' Inorganic Chemistry, Fifth Edition, Oxford University Press, Oxford, 2010 7
Mater. Sci. Eng. B, 2021, 272, 115363



Si solar cells —rigid, heavy and brittle
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Nanoparticles as thin film solar cells



Previous work
Synthesis of In,Se, from ILs/LCCs
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* In source: [Pg g 41,][INCl,]
e Se source: Ph,Se,
e Reaction temperature: up to 240 °C

* In and Se source: PggeSe-InCl;
Xinciz = 0.25 [Pg 53 10l[INCl,]

e Reaction temperature: 250 °C 280 °C

* In and Se source: PggeSe-InCl;
Xinciz = 0.50

e Reaction temperature: 250 °C

J. Mater. Chem. A, 2014, 2, 2616 ! 7um ’ Electron Image 1
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TEM: Transmission electron spectroscopy
Experimental set-up

* Inand Se source: PggSe-InCl, Xincty = 0.50

e LCC diluted with dichloromethane
e Electron dose ~30 e/ A2s

* Heating—-2°C/s until 260 °C

Dr Miryam Arredondo-Arechavala
School of Mathematics and Physics
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Results and discussion

In operando TEM synthesis of Indium(lll) selenide from LCCs
PgggSe-InCly (XInCI3 =0.50)

In,Se; nanoparticle formation
Heating: 2 °C/s
@1s0'c W 3

EDX analysis confirms

structures are primarily
Unique nanostructures — ‘dandelion’” morphology comprised of In and Se

_h
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TopSe-InCl;

Heating 245 - 250°C

Ostwald ripening

* Droplets flatten when heated — look like
they disappear

* Droplets grow when further heated

* Nanoparticles then form very quickly

13
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Growth as a function of temperature
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Conclusions

* In operando TEM synthesis to provide insights into the dynamics for indium(lll) selenide nanoparticle
formation from LCCs

* Smaller droplets coalesce quicker
* ‘Dandelion-like’” morphology observed

e Submitting for publication in Journal of Materials Chemistry A
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