
'.

PREPARATION. STRUCTURAL CHARACTERIZATION AND

, ELECTRICAL PROPERTIES OF S()lE POLYATOMIC

CATIONS OF MERCURY



I

I
r



::.

I

!
;

\

1

PREPARATION. STRUCTURAL CHARACTERIZATION AND

ELECTRICAL PROPERTIES OF SOME POLYATCMIC

CATIONS OF MERCURY

by

BRENT D. CUTFORTH

.,

A Thesis
Submitted to the Faculty of Graduate Studies

in Partial Fulfilment of the Requirements
for the Degree

Doctor of Philosophy

McMaster University

October 1975

..

I if) BRENT D. CUT~RTH 1977



MCMASTER UNIVERSITY
Hamilton, Ontario

..
,.
~.

i

DOCTOR' OF PHILOSOPHY (1975) II
(Chemistry)

i .
i
i

TITLE: Preparation, Structural Characterization and Electrical
Properties of Some iPo1yatomic Cations of Mercury

I

I
AUTHOR: Brent D.• Cutforth IB.Sc. (University of Victoria)

I

• SUPERVISOR: Professor R.Jf Gillespie

I
NUMBER OF PAGES: xi i , 13'4

/

/

- -...~



ABSTRACT

The preparation of a number of new compounds containing mercury

in formally low oxidation states is reported. The preparations are

described and Raman s[iectra are reported. for H9Z(AsF6)Z's?'Z',

H9 Z(AsF6)Z' H9Z(SbZF11 )Z'SOZ' H9Z(SbF6)Z' SOZ' H9Z(SbF6)Z' and H9Z(S03F)Z'

All of the mercurous salts have been prepared for the first time, The

preparatioOSof Hg3(AsF6)Z and H93(SbzFlf)z' both of which contain .the

H93
ZTcation,are presented. The. H94

Z+ cation, which has not been

identified previou~ly, is present in Hg4(AsF6)Z' The' preparation of this

compound and its Raman and .UV-visible spectra are discussed. Raman

spectroscopic and x-ray crystallographic studies show that the ions are

linear, and that the bond lengths increase in the order H9~Z+ < H9/+
2+.

< H94
Two new compounds containing infinite, linear, nOn-intersecting

chains of mercury atoms in two mutually perpendicular directions have

been prepared. The bonding in the metal atoms chains can be described

as metallic, with the charge delocalized over the mercury atom chains.

An experimental technique for measuring the electrical con­

ductivity of these extremely hygroscopic compounds is described, and

conductivity and optical ~tudies show that the compounds are anisotropic,

metallic conductors. They const~tute a new class of anisotropic materials.
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CHAPTER I

INTRODUCTION

Mercury -was one of the firSrmeta1s__known to man, having been

discovered at least as early as the fifteenth or sixteenth century B.C.

Its liquid state and shiny metallic appearanc~ fascinated early chemists

and it played a central role in the Age of Alchemy, which reached its

zenith in seventeenth century Europe. Mercury, symbolizing the mineral

spirit of metals, and sulphur, symbolizing combustibility or the spirit.. '

of fjre, were considered to contain the essence of all metals. If the'
,

two "spirits" or "principles were.joined whilst in an impure state they

gave rise to base metals, such as tin and lead; when they were oT high

purity they gave silver and gold; but when each of the two principles was

of superfine purity they yielded the "Philosopher's Stone". One of the

favourite metals for multiplying an initial small quantity of ultrapure
i

gold by means of the Philosopher's Stone was quicksilver, or mercury.

1.1 POLYATOMIC CATIONS OF THE NON-METALS

Polyatomic cation formation by the non-metals has been an

active research area in the last several years. Cation formation is

usually associated with the metals, but under suitable conditions the

elements of Groups VI and VII fonn cationic clusters. The I+ cation

has long been proposed as an intermediate in e1ectrophilic substitution

-1-












































































































































































































































































