Inorganica Chimica Acta 411 (2014) 199-211

Contents lists available at ScienceDirect

Inorganica Chimica Acta

journal homepage: www.elsevier.com/locate/ica

Review

Using electrospray ionisation mass spectrometry as a @CmssMark
synthesis-targeting technique — An update on the chemistry
of the platinum chalcogenide dimers [Pty(,-E)>(PPhs)s] (E =S, Se)

William Henderson **, T.S. Andy Hor ™€

2 Department of Chemistry, University of Waikato, Private Bag 3105, Hamilton 3240, New Zealand
b Department of Chemistry, National University of Singapore, 3 Science Drive 3, Singapore 117543, Singapore
€ Institute for Materials Research and Engineering, Agency for Science, Technology and Research, 3 Research Link, Singapore 117602, Singapore

ARTICLE INFO ABSTRACT

Article history: Electrospray ionisation mass spectrometry (ESI MS) is a powerful analytical technique which, with
Received 17 July 2013 appropriate application, can be used as the technique of choice for the investigation of coordination
Received in revised form 17 October 2013 chemistry. This review summarises our development of the chemistry of the platinum(Il) chalcogenide

Accepted 22 October 2013

Available online 6 November 2013 metalloligands [Pty(p2-E)2(PPhs)s] (E =S, Se) using such a mass spectrometry-based approach.

© 2013 Elsevier B.V. All rights reserved.

Keywords:

Platinum complexes

Sulfide ligand

Seelenide ligand

Metalloligand

Electrospray mass spectrometry

William (Bill) Henderson was born in Darlington, UK, and grew up in Stockton-on-Tees (an important historical centre for sulfur chemistry
with the invention of the friction match in the 1820s). He received a BSc in Chemistry with geochemistry and a PhD in organometallic
chemistry (with Dr. Ray Kemmitt) from the University of Leicester. He the undertook postdoctoral research with the late Professor Du
Shriver at Northwestern University, USA which included a period of catalysis research spent at Hokkaido University with Professor Masaru
Ichikawa. In 1989 he returned to the UK, as a senior research scientist with Albright & Wilson Ltd (now Rhodia) in the West Midlands, before
commencing at the University of Waikato in 1992, where he served 6 years as Chair of Department, and was promoted to Professor of
Chemistry in 2005. His research interests cover a range of areas centred on coordination and organometallic chemistry, especially of the
platinum group metals and gold, with ESI MS a cornerstone technique.

* Corresponding author. Tel.: +64 7 848 4656.
E-mail address: w.henderson@waikato.ac.nz (W. Henderson).

0020-1693/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.ica.2013.10.021


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ica.2013.10.021&domain=pdf
http://dx.doi.org/10.1016/j.ica.2013.10.021
mailto:w.henderson@waikato.ac.nz
http://dx.doi.org/10.1016/j.ica.2013.10.021
http://www.sciencedirect.com/science/journal/00201693
http://www.elsevier.com/locate/ica

200 W. Henderson, T.S.A. Hor/Inorganica Chimica Acta 411 (2014) 199-211

Chemist Award (2011), among others.

Andy Hor is Professor of Chemistry at the National University of Singapore (NUS) and on secondment as Executive Director of the Institute of
Materials Research & Engineering (IMRE) under Agency for Science, Technology & Research (A+STAR). He graduated from Imperial College
(BSc(Hon)) and Oxford University (D.Phil.), and spent a year at Yale University as Postdoctoral Associate before starting his academic career
in Singapore. He is the President of the Singapore National Institute of Chemistry, President-Elect of the Federation of Asian Chemical
Societies, Fellow of the Singapore National Academy of Science (SNAS), and Fellow of the Teaching Academy of NUS. He was Vice-Dean
(Academic) of Science and Head of Chemistry of NUS for nearly a decade. He is the Advisor to the Early-Career Researchers of AxStar. He
chairs the AxStar Scientific Conference (Oct 2012), 15th Asian Chemical Congress (Aug 2013) and 41st International Coordination Chemistry
Conference (July 2014) in Singapore. He has published >300 ISI papers with ~500 annual citations in the last 3 years in the area of
organometallic materials & catalysis as well as supramolecular assembly and heterometallic syntheses. He is a member of the Advisory
Board of Dalton Transactions, Inorganica Chimica Acta, Chemistry - An Asian Journal and the AxStar Scientific Publication. He is also the
Associate Editor of the Australian Journal of Chemistry and Editor of the Journal of Molecular & Engineering Materials. He is Fellow of the
Royal Society of Chemistry (FRSC) and Associate of the Royal College of Science (ARCS). His awards include NSTB Young Scientist & Engineer
Award (1991), ASEAN Achievement Award (Science) (1994), NUS Outstanding Educator Award (2002), GIST-SNIC Award in Chemistry Education (2010), Outstanding

Contents
B R (o U o Ta U o ) L 200
2. Electrospray ionisation mass spectrometry (ESI VIS ). . . ..ottt ittt e e ettt ettt e e 200
3. The metalloligands [Pty(p,-E)>(PPhs)s]: protonation, hydrogen bonding and oxidation. ... ......... ..., 201
4. [Pta([2-S)2(PPhs)s] as @a metalloligand. . . . . ..o ot e e e e e 202
4.1,  Low coOrdination MUMDETS. . . ...ttt ettt ettt et e e et e et et e e e e e et e e ettt e e e e et 203
I 1T [0 Qe 1 1<) 0 1 ] /PP 203
4.3, Ligand eXChange TeaCtIONS . . . ..ottt ittt ettt et e et et et e e et e e e e e e 204
4.4, SOIVOLYSIS TEACHIONS . . & ot vttt ettt ettt et ettt e et et e e e e ettt e e e e e e 204
5. Alkylation and arylation chemistry of [Pta([o-S)a(PPhs)a]. . o oot i it e 204
5.1, Monoalkylation ChemIStIY . . . ...ttt ettt et et e e e e e e e e e e 206
5.2, DialKylation TEACIONS . . . . v\ttt ettt ettt e e e e e e e e e e e e e e e e e e e e e e e 206
5.3.  Formation of flyover dithiolate COMPIEXeS . .. ... . it et e e e ettt ettt ettt et e 207
5.4.  SeCONAATY TEACTIONS . . v\ttt e ettt ettt ettt e e et e e e e e e e et e et e e e e e e e e et et e e e e e e e 207
6. Metalloligand chemistry of monoalkylated [Pty(12-S)(112-SR) (PPh3)4]" complexes. .. ..ottt et 208
7. The chemistry of [Pty([1>-Se)>(PPhs)s]; some comparisons with [Pta(pa-S)a(PPhs)a] . o oo oottt 209
8. Complexes with arsine ligands . . . .. ... ..ttt et ettt e e e e e 209
9. Dismantling the {Pty(}1,-S),} core: the iodo complex [Pty(1o-S)(Ha-1)(PPhs)a]™ o v vttt e e 209
B ) e 1] o ) o PP 210
ACKNOWIBAGEIMEIIES . . . o vttt ettt e ettt e e e e e ettt e e e e e e e e e e e e e e e e 210
0 23 1<) 4 Lol PP 210

1. Introduction

The platinum(Il) sulfido complex [Pty(12-S)2(PPhs)s] 1 has been
known for some considerable time [1,2]; it is easily synthesised in
good yield from the readily-prepared precursor cis-[PtCly(PPhs),]
(and other routes) and has a varied and well-established reactivity,
that has been reviewed on a number of occasions [3,4]. The sele-
nide analogue [Pty(p,-Se),(PPhs)4] [5] has been less thoroughly
investigated, but studies indicate that it has an equally interesting,
and sometimes different, reactivity. There have also been extensive
studies on the chemistry of analogous complexes containing
{Pta(u12-S)2} cores, but with alternative ligands in place of PPhs,
which offers the ability to tune reactivity; examples of ligands
which have been explored include diphosphines such as Ph;_
P(CH,),PPh, (dppe) and Ph,P(CH,)sPPh, (dppp) [6-14], Fe(n°-Cs.
H4PPh,), (dppf) [15,16] and Ph,Ppy (dppy; py = 2-pyridyl) [17,18].
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Our contribution [19] to the extensive field of metal-chalcogen-
ide chemistry [20] has, in more recent years, often concerned the use
of electrospray ionisation mass spectrometry (hereafter ESI MS) to
the investigation of the chemistry of [Pty(p,-E)(PPhs)s] (E =S, Se).
In this short review, examples of our qualitative application of ESI
MS in exploring the chemistry of these systems are discussed.

2. Electrospray ionisation mass spectrometry (ESI MS)

Full details on the ESI MS technique are available in a multi-
tude of review articles [21-26] and textbooks [27] focussing on
inorganic and organometallic chemistry applications. The tech-
nique was developed in the 1980s by John Fenn (and co-workers)
at Yale University, for which he was jointly awarded [28] the
2002 Nobel Prize in Chemistry. In essence, electrospray ionisation
works by spraying (using an inert gas, typically nitrogen) a dilute
solution of the analyte through a metal capillary held at a high
potential (positive, if positive-ion mode is used, and vice versa).
This produces a spray of charged liquid droplets, which are
then evaporated using nitrogen to generate gas phase ions
which are subsequently separated and detected (using one of a
range of different detector types, including quadrupole, time-of-
flight, or ultra high resolution ion cyclotron resonance mass
analysers).

Electrospray ionisation is characterised by several desirable fea-
tures. It is probably the ‘softest’ ionisation type, so inherent frag-
mentation is minimal; it is therefore ideally suited for the
analysis of labile and/or thermally-sensitive materials, which of
course includes many coordination complexes. In-source fragmen-
tation can be achieved through collisions (e.g. with nitrogen gas
molecules) effected by application of a suitable accelerating volt-
age. By investigating mass spectra under a range of fragmentation
conditions, additional information about the complex can often be
obtained by examination of the fragment ions formed. Further-
more, depending on the type of mass analyser used, there is effec-
tively no upper mass limit; the time-of-flight (TOF) detector is
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