The Analytical

Chemistry of Sulfur
and its Compounds

Partl Edited byJ.H. KARCHMER

.(’y-g i



The Analytical Chemistry of

Sulfur and its Compounds

PART 1

J. H. Karchmer

EDITOR

Esso Research and Engineering Co.

WILEY-INTERSCIENCE
A Division of John Wiley & Sons
New York - London - Sydney - Toronto



Copyright © 1970, by John Wiley & Sons, Inc.

All Rights reserved. No part of this book may be reproduced
by any means, nor transmitted, nor translated into a machine
language without the written permission of the publisher.

100 9 87 6 5 4 3 21

Library of Congress Catalog Card Number: 77-84969

SBN 471 45857 0

Printed in the United States of America



CHEMICAL ANALYSIS

A SERIES OF MONOGRAPHS ON

ANALYTICAL CHEMISTRY AND ITS APPLICATIONS

Editors

P. J. ELVING - I. M. KOLTHOFF

Advisory Board

Leslie S. Ettre J- Mitchell, J. Donald T. Sawyer
L. T. Hallett George H. Morrison C. A. Streuli
Herman A. Liebhafsky Charles N. Reilley Fred Stross

J. J. Lingane Andres Ringbom E. H. Swift

W. Wayne Meinke E. B. Sandell Nobuyuki Tanaka

Louis Meites Wesley Wm. Wendlandt

VOLUME 29

INTERSCIENCE PUBLISHERS
A division of John Wiley & Sons, New York/London/Sydney/Toronto



CHEMICAL ANALYSIS

Vol.

Vol.
Vol.

Vol.

Vol.

Vol.

Vol.

Vol.
Vol.

Vol.
Vol.
Vol.

Vol.

Vol.
Vol.
Vol.

Vol.
Vol.

Vol.
Vol.
Vol.
Vol.

Vol.
Vol.

Vol.
Vol.

Vol.
Vol.

Vol.
Vol.
Vol.
Vol.

Vol.

o

6.

9-

10.
11,
12.

14.
15.

16.

19.
20.

21

22.

23.
24.

25.
26.

27.
28.

30.
31.

32.

The Analytical Chemistry of Industrial Poisons, Hazards, and Soluents.
Second Edition. By Morris B. Jacobs

Chromatographic Adsorption Analysis. By Harold H. Strain (out of print)
Colorimetric Determination of Traces of Metals. Third Edition. By E. B
Sandell

Organic Reagents Used in Gravimetric and Volumetric Analysis. By John F.
Flagg (out of print)

Aquametry: Application of the Karl Fischer Reagent to Quantitative Anal-
yses Involving Water. By John Mitchell, Jr. and Donald Milton Smith (tem-
porarily out of print)

Analysis of Insecticides and Acaricides. By Francis A. Gunther and Roger C.
Blinn (out of print)

Chemical Analysis of Industrial Solvents. By Morris B. Jacobs and Leopold
Scheflan

Colorimetric Determination of Nonmetals. Edited by David F. Boltz
Analytical Chemistry of Titanium Metals and Compounds. By Maurice
Codell

The Chemical Analysis of Air Pollutants. By Morris B. Jacobs

X-Ray Spectrochemical Analysis. By L. S. Birks

Systematic Analysis of Surface-Active Agents. By Milton J. Rosen and Henry
A. Goldsmith

Alternating Current Polarography and Tensammetry. By B. Breyer and
H. H. Bauer

Flame Photometry. By R. Herrmann and J. Alkemade

The Titration of Organic Compounds (in two parts). By M. R. F. Ashworth
Complexation in Analytical Chemistry: A Guide for the Critical Selection of
Analytical Methods Based on Complexation Reactions. By Anders Ringbom
Electron Probe Microanalysis. By L. S. Birks

Organic Complexing Reagents: Structure, Behavior, and Application to
Inorganic Analysis. By D. D. Perrin

Thermal Methods of Analysis. By Wesley Wm. Wendlandt

Amperometric Titrations. By John T. Stock

Reflectance Spectroscopy. By Wesley Wm. Wendlandt and Harry G. Hecht
The Analytical Toxicology of Industrial Inorganic Poisons. By the late
Morris B. Jacobs

The Formation and Properties of Precipitates. By Alan G. Walton

Kinetics in Analytical Chemistry. By Harry B. Mark, Jr. and Garry A.
Rechnitz

Atomic Absorption Spectroscopy. By Walter Slavin

Characterization of Organometallic Compounds (in two parts). Edited by
Minoru Tsutsui

Rock and Mineral Analysis. By John A. Maxwell

The Analytical Chemistry of Nitrogen and Its Compounds (in (wo parts).
Edited by C. A. Streuli and Philip R. Averell

The Analytical Chemistry of Sulfur and Its Compounds (in (wo parts). By
J. H. Karchmer

Ultramicro Elemental Analysis. By Giinther Tolg

Photometric Organic Analysis (in two parts). By Eugene Sawicki
Determination of Organic Compounds: Methods and Procedures. By Fred-
erick T. Weiss

Masking and Demasking of Chemical Reactions. By D. D. Perrin



PREFACE

It is becoming increasingly apparent that sulfur compounds play an
important role in our technological and scientifically oriented society.
Specific effects in numerous commercial processes and the physical and
chemical attributes of many products have been traced not merely to the
presence of total sulfur but more specifically to a particular sulfur
functional group. In pharmaceutical chemistry and biochemistry the
role of sulfur compounds is of no less importance.

Just as the publication of good texts in analytical chemistry has lagged
behind the explosive development of instrumental analytical techniques
witnessed during the last twenty years, so has the publication of analyti-
cal methods for sulfur compounds lagged behind their actual develop-
ment. Many useful methods that employ a diversity of techniques,
classical and instrumental are in current use in many research institu-
tions, manufacturing plants, control laboratories, and universities.
However, there is no single source in which a chemist or engineer,
confronted with a problem involving sulfur chemistry, can find a
comprehensive treatment of the analytical chemistry of a large number
of compounds. There are several good general analytical books that
also contain chapters on sulfur compounds as well as excellent books
and review articles devoted to the chemistry of sulfur compounds (see
below) . Although these articles and books are extremely useful, they
do not preclude the need for a single analytically oriented book of
pertinent facts about sulfur compounds, their chemical and physical
properties, usages, means of detection, and means of determination.

In pursuance of this objective the most frequently encountered sulfur
compound types were classified and fitted into a general subject-matter
outline. Of necessity, the classification and the resulting outline were
somewhat arbitrary; however, there was no major deviation from estab-
lished traditional classification. For each of the major divisions covering
a distinguishable sulfur compound type or group competent chapter
authors, qualified by experience and scholarship, were selected from
academic institutions and industry.

In order to achieve some degree of uniformity in the format and
amount of information provided in each chapter, a detailed general
contents outline was supplied to each author. The prime topics sug-
gested were background chemistry, nomenclature, occurrence, physical
properties, physical measurements, analytically significant chemical and

physical properties, interfering materials, and recommended procedures.
v



vi PREFACE

In general, this type of material will be found in each of the chapter:
expressed in a format and original style preferred by each author and
fitted to the particular characteristics of the subject matter of each
chapter.

The chapters provide many analytical procedures now existing in
widely scattered sources, including information about the scope, limita-
tions, lower limit of sensitivity, accuracy, and reproducibility of selected
procedures. The main emphasis is on the presentation of discussions in
depth of the principles underlying the analytical methods. This treat-
ment provides the analytical chemist with the means of devising his
own method to solve his particular problem and to avoid the disastrous
effects of possible interfering materials.

Since this book is directed to chemists who have at least the equivalent
of a bachelor’s degree and have available some literary facilities, no
background information is included on classical or instrumental analyti-
cal techniques.

Initially this book was intended to be a single volume, but length
of the various individual contributions has made it necessary to divide
it into two parts. This volume, which presents the first six chapters, is
concerned primarily with the inorganic sulfur compounds, although it
cannot be properly so titled because the chapters on total sulfur and
sulfur-containing gases are concerned with some organic materials.
Since this clear-cut division between inorganic and organic sulfur com-
pounds could not be made, it was decided to include in this volume the
chapter on thiols.

Part II, which will be issued shortly, will be devoted exclusively
to organic sulfur compounds. There are chapters on sulfides, disulfides
and polysulfides, thiophenes, sulfur analogs of carbonyls, carboxylic and
carbonic acids, other divalent sulfur compounds, tetra- and hexavalent
sulfur compounds, and a survey of the nuclear magnetic resonance of
sulfur compounds.

Baytown, Texas J. H. KARCHMER

General Analytical Books Containing Chapters
on Sulfur Compounds

Kolthoff, I. M., and P. ]J. Elving, Treatise on Analytical Chemistry,
Interscience, New York, 1966, Part 1I, Vol. 12, p. 57 and Vol. 13,

P- 337
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CHAPTER 1

ELEMENTAL SULFUR

William N. Tuller
Freeport Sulphur Company

1.1 Uses and Sources

1.1.1 TECHNICAL IMPORTANCE

Sulfur is the only nonmetal that is cheaply available in the elemental
form, which can be easily oxidized, and whose oxide forms a strong
acid. Elemental sulfur can also be easily reduced. It can be used, there-
fore, either as an oxidizing agent or as a reducing agent, depending upon
the environment to which it is subjected. As a result of these facts, sulfur
is one of the most widely used elements in industry. It is essential, in one
way or another, for the manufacture of nearly everything that our present
civilization produces.

Figure 1.1 shows the distribution of sulfur among its various uses in
the United States. The world distribution of uses is very similar.

Sulfur is used directly in the elemental form in the manufacture of
paper and pulp, carbon disulfide, rubber and other elastomers, and for
crop dusting.

It is most used in industry in the form of sulfuric acid. Sulfuric acid
manufacture consumes about 85 9 of the elemental sulfur used in the
United States. The acid enters into the manufacture of fertilizer, chemi-
cals, pigments, iron and steel, rayon, film, and petroleum products.

Fertilizer manufacture is its largest single consumer. In the form of
sulfuric acid, sulfur has no important competitor for the manufacture
of phosphate fertilizers from phosphate rock, and it is used in the manu-
facture of some of the nitrogen fertilizers. So the food supply of the
world depends heavily on the supply of sulfur. About 45 9, of all the
sulfur used is for this purpose.

1.1.2  SOURCES

The largest deposits of elemental sulfur are found approximately 2000
ft below ground, in sedimentary deposits of anhydrite, gypsum, and
calcite, on top of salt domes along the coast of the Gulf of Mexico in

1



