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1. Introduction 

About 50 years ago Dempster I introduced the idea of 
spark-source mass spectrometry (SSMS) as an analytical 
technique for elemental analysis and it is now some 25 years 
since the first commercial instruments became available. 
After a period of rapid development and application in the 
1960s, activity has declined and the technique is now at a 
critical point in its lifespan. There are several reasons for this. 
Firstly, SSMS has generally suffered from the misconception 
that it was only a qualitative or, at the most, semi-quantitative 
technique. This probably arose because most of the original 

applications were in metals or materials research that needed 
quick-quantitative analyses. Further, the instrumentation is 
complex and expensive, and most commercial instruments in 
service are now becoming out-dated. There is virtually no 
active support from instrument manufacturers and at present 
there is only one instrument available commercially. It would 
appear that all development work is currently undertaken in 
users' laboratories. 

That SSMS is still a very useful technique for certain 
applications is endorsed by the development work being 
undertaken and by the number of reported applications. The 
whole of the Periodic Table can be covered in one analysis 
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with little or no knowledge of the sample type or element 
concentrations. All elements exhibit relatively uniform sensi­
tivity for all sample types with detection limits of0.1 p.p.m. or 
less in the solid sample. About 25 mg of sample are required 
for analysis but this can be reduced by using tipped electrodes. 
Considerable efforts have been made to achieve quantitative 
analyses and, coupled with techniques such as isotope 
dilution, a precision of 5% can be attained. The combination 
of multi-element analysis with little, if any, sample pre­
treatment and the ability to achieve accuracy within an order 
of magnitude without calibration are particular strengths of 
the technique for certain applications. The major disadvan­
tages of the technique are the generally poor precision , which 
in most applications cannot approach that of other techniques, 
long analysis time , complex instrumentation and expense. For 
the technique to survive and flourish it is essential that any 
major developments become available commercially and that 
simpler and cheaper instruments are produced . 

This review is intended to cover all developments and 
applications reported since 1972. For earlier work the reader is 
directed to the book edited by Ahearn2 published in 1972, 
while another recommended review of the principles and 
applications of SSMS is that by Deines. 3 A detailed review of 
mass spectrometry of solids up to 1970, including a biblio­
graphy, was given by Honig. 4 

Various general and more limited reviews have appeared, 
including some in less common languages. These include 
wider reviews of inorganic mass spectrometry and solids 
analysis,>-K over-all reviews of the SSMS technique and 
instrumentation9-I8 and, more specifically, the multi-element 
isotope dilution SSMS technique, 19 descriptions of "recent" 
developments and applications, 21}-28 a discussion of systematic 
and statistical errors, 29 a theoretical discussion of plasma 
formation3o and reviews of the application of SSMS for 
layer-by-layer analysis3I and the analysis of metals,32-34 
geological samples ,-15-37 coal and other fuel s.3X..1'1 environmen­
tal samples, 41}-43 biological materials,44-45 forensic samples46 

and liquids. 47 

2. The Vacuum Spark Discharge 

In the SSMS technique an electrical discharge is produced 
between two electrodes and in the process, material from one 
or both of the electrodes is atomised and ionised. Because this 
process of ion production shows approximately equal sensitiv­
ity for all elements, it is possible to use the technique for 
semi-quantitative analysis without regard to the actual 
changes in sensitivity that occur. For quantitative analysis, 
however , the ionisation processes need to be understood and 
controllable. One of the major factors in the poor precision of 
the technique is the irreproducible production of ions during 
the discharge. Considerable research has been made into 
understanding the fundamental processes involved and, 
although the mechanisms of ion formation are still not 
completely understood, real advances have allowed changes 
in instrumentation to be proposed. 

There are two kinds of discharge commonly used-the 
pulsed r.f. spark and the triggered , low-voltage arc discharge. 
As most instruments use the former it follows that most 
research has been made into the r. f. spark source in which a 
pulsed 1-MHz r.f. voltage of up to 100 kV (peak to peak) is fed 
to the electrodes in vacuum. Various combinations of pulse 
length and repetition rate can be chosen. 

There have been three different approaches to understand­
ing the discharge-study of the voltage breakdown and plasma 
formation itself, study of the ion species formed during the 
discharge and study of the effects of spark parameters on ion 
production and sensitivity. 
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2.1 The Vacuum Spark Model 
A detailed description of the physics of the electrical discharge 
is given by Franzen in Chapter 2 of reference 2. Since then , the 
research of Chupakhin and co-workers4B-58 has led to a model 
for the origin and development of the breakdown of the 
vacuum gap. Initially the breakdown was considered to consist 
of three distinct stages,48.52 but later a fourth pre-breakdown 
stage in which little ionisation occurs was added.58 The latter is 
considered to be relatively unimportant. The three principal 
stages can be summarised as follows. 
1. Initiation of breakdown: from the appearance in vacuum of 

the current carrier to completion of formation of the 
discharge channel. The beams of auto-electrons emitted 
from points located on the cathode surface bombard the 
anode and discharge energy in the surface layer. The ion 
current increases irreversibly and a plasma cloud is formed 
in less than 10 ns. 

2. Spark stage: a transitionary stage with a high-voltage 
discharge . The current increases at first and then dec­
reases. The major ionisation process is electron bombard­
ment of the anode. 

3. Arc stage: a low-voltage discharge and quasi-stationary 
state. Here ionisation occurs by sputtering, i.e., ion 
bombardment , of the cathode. 

By modifying the spark circuit it has been found possible to 
cut off the spark discharge at any time and thus study the three 
principal stages independently. 48 In the first stage the popula­
tion of multiply charged ions was high whereas that of 
multi-atomic ions (known also as polyatomic, cluster or 
molecular ions) was low. Compared with the later stages , 
relatively little of the electrodes was consumed. In the second 
stage the intensity of singly charged ions and multi-atomic 
species increased and electrode consumption was higher. 
Formation of ions in the final stage was determined by the 
properties of the element and condition of discharge , i.e., it 
was variable and could affect the sensitivity. Consequently, it 
was suggested that if the ion current during the arc stage was 
gated out, the precision was improved, sensitivity increased 
and the intensity of multi-atomic species decreased . 

The discharge model has also been considered in terms of 
the processes involved and the energy consumed.sJ-ss. 57 In 
this model the three stages were as follows: (a) atomisation, 
(b) ionisation and (c) plasma dispersal followed by ion 
detection . 

(a) In the atomisation stage a weakly ionised plasma was 
formed and only 1% of the energy flux was used for atomising 
the sample.so There were two mechanisms for atomisation: 
firstly explosive , which was short and unselective , and 
secondly by evaporation, which was a longer process and was 
selective according to properties such as boiling-point and 
vapour pressure . In a short discharge of maximum power the 
explosive mechanism predominated, i.e., all elements ionised 
with equal sensitivity.s3 

(b) During the ionisation stage, with an energy discharge of 
1 x 10-4- 5 x 10- 3 J , material passing into the electrode gap 
was completely ionised. 

(c) In the plasma dispersal stage intense recombination of 
ions occurred. This has been studied55 using a computer model 
in which the degree of ionisation of particles escaping the 
plasma depended on their characteristic recombination path 
length. If this was greater than the initial plasma radius, all 
ions would escape before recombining. With a discharge 
energy in the range J0-4- 10-3 J , all ions with three or more 
positive charges would recombine but doubly and singly 
charged ions would not. If after dispersal all the multiply 
charged ions were converted in this way to doubly and singly 
charged ions , the ratio of doubly charged to singly charged 
ions would be similar for all elements. 

Atomisation and ionisation depend mainly on the power 
(W) liberated in a discharge and the duration of the discharge 
(r) . These are not controllable in commercial instruments and 
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consequently the sensitivity is not equal for all elements. It is 
suggested55 that a new spark source is needed in which it is 
possible to control W and t. With a short powerful discharge 
the explosive atomisation phase predominates and all ele­
ments are atomised, and consequently ionised, with equal 
sensitivity. 

A similar model of the spark discharge has been proposed 
following the use of a time-resolved chopping device to study 
5-!J.S periods of the spark discharge.s9. 6° In this the high­
energy, high-temperature portion of the spark pulse showed 
the formation of a plasma of electrons and ions together with 
neutral atoms. In the first 1-5 !-IS this non-equilibrium plasma 
produced ions of all energy states, but higher energy states 
predominated. After a few microseconds the voltage and 
temperature dropped and a more stable, lower energy plasma 
existed, in which the singly charged ions predominated. 
Whereas Chupakhin et a/. 48 recommended that this final arc 
stage should be gated out to achieve better reproducibility, 
Franklin and Dean59.60 believed the spark stage should be 
gated out so as to accept only the more stable, lower energy 
arc stage (30--90 iJ.S of a 100-IJ.S pulse). 

The latter strategy would effectively produce a triggered, 
low-voltage arc source as used in the Varian-MAT instrument. 
The advantages of the latter type of source were summarised 
by Radermacher and Beske61 as a much lower energy 
distribution, a steady-state discharge with constant current, 
the production of ions of a higher ionisation state and a 
constant ratio of multiply to singly charged ions. 

Demortier and co-workers62-64 used X-ray spectroscopy of 
the hard X-rays produced in the r.f. spark discharge to study 
the processes of electron emission that gave rise to the ions. 
The spectra showed that the r.f. electron current was 
produced by field emission and was very low, the breakdown 
was initiated at sharp points on the electrode surface and 
actual breakdown involved thermoelectronic emission at high 
voltages (10--15 kV). This indicated that at the beginning of 
the breakdown highly multiply charged ions were produced at 
the electrode surface under the impact of energetic electrons. 

Shelpakova et a/. M have also demonstrated that admission 
of material to the plasma of the spark discharge is by an 
explosive mechanism in which atomisation of matrix and trace 
elements was equally probable, and that the predominant 
mode of ionisation was electron impact (i.e . , in the spark stage 
of the discharge). The dispersal of ions has been studied for 
various sparking procedures by fitting a detector on a ring 
placed around the electrodes at different positions within the 
source.66 The material dispersed anisotropically and the 
distribution in space depended on the polarity of discharge 
and the impedance of the discharge circuit, but not on variable 
spark parameters such as pulse rate and length . 

Muheim67-71 has studied the ionisation processes involved 
in the spark to obtain information on electronic and lattice 
structure in the matrix. He concluded that " the intense r.f. 
spark electron bombardment on to the impact electrode 
probably gives rise to a positive space charge build-up, under 
the isotropic and instantaneous explosive action of which at 
least part of the atoms are being smoothly disassembled, 
preserving largely the microscopic electronic structure of the 
real solid. "67 The resulting gaseous spark plasma represented 
an almost perfect picture of the actual solid state. From 
measurement of the intensity of multiply charged ions69 or 
multi-atomic ions7o it was possible to derive information on 
electronic structures and valence. Similar studies have been 
reported by J oyes et a/. n 

2.2 Ion Formation 
Three types of ion are produced during the spark discharge: 
multiply charged, singly charged and multi-atomic ions. 
Time-resolved studies have allowed the formation of the ion 
types to be timed. Use of beam-chopping devices showed that 
ion formation was not uniform throughout the pulseso and that 
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the intensities of the multiply charged ions were at a maximum 
at 5-10 iJ.S and then decreased to reach a minimum at 20 !-IS , 
whereas the singly charged ion intensities did not reach a 
maximum until 20--30 IJ.S, after which ion production was 
relatively stable.s9.60 From measured and theoretical times of 
flight for ions produced by metal samples, it was shown that 
doubly charged ions and ions from volatile elements arrived at 
the detector about 250 !-IS before singly charged ions_73.74 The 
evidence from the sparking of two dissimilar copper electrodes 
was that all these ions were produced in the vapour phase. 

Measurement of the formation times for multi-atomic ions 
showed that multi-atomic carbon ions appeared about 300--
500 ns after singly charged ions and that other multi-atomic 
ions also appeared at a later but not so well defined time.27 

All of the preceding evidence, therefore, indicates that the 
first ions to be formed are multiply charged ions that form the 
singly charged ions at a later time. The multi-atomic ions are 
the last to appear. There is , however, conflicting evidence on 
whether the multi-atomic species are ejected as such from the 
electrodes or are formed by recombination processes in the 
vapour phase. All the earliest evidence suggested that they 
were ejected as molecules from the electrodes. The fragmen­
tation patterns of metal carboxylate salt mixtures were studied 
and found to be consistent with rapid decomposition of 
polymeric radical ions with the same composition as the 
salt_75.76 Recombination mechanisms, charge exchange and 
solid - solid reactions were considered to have minimum 
effect. The study of spectra produced by CaF2 suggested that 
two groups of molecular ions were present , which represented 
two different mechanisms of formation_77 One group was 
formed by evaporation from the electrodes and ionisation by 
high-energy particles whereas the other mechanism involved 
sputtering and/or thermal ionisation processes. In both 
mechanisms the multi-atomic species were released as such 
from the electrodes. 

Most recent evidence has shown, . however, that multi­
atomic ions are formed in the vapour phase, predominantly by 
recombination processes. The simple fact that electrodes 
formed by mixing a metal oxide (MO) and carbon (C) will 
produce plentiful CO+ but little MO+ was stated by Stefani7K 
as evidence for this. Analysis of alkali metal halides showed 
that M2X + ions were formed by a gas-phase mechanism. 79 
From the analysis of AlxOy species produced by alumina 
mixed with salts containing enriched 180, it was concluded 
that AIO and AI20, and probably other AI.Oy species, were 
formed by single-atom reactions in the spark plasma. 8<>.81 
Ramendik et a/. 82 used electrodes made from erbium or its 
oxide to show that the dominant mechanism for the formation 
of multi-atomic ions was association. 

Evidence from the analysis of metals is less definite , 
however, and the conclusions drawn are contradictory. 
Multi-atomic ions formed by copper - aluminium alloys 
showed abundant mixed Cu.Aiy species that could only be 
formed by recombination, yet the authorsK3 argued that large 
aggregates such as Ain+ could not be formed by the same 
mechanisms and suggested a mechanism in which multi­
atomic ions are formed at an interface that separated the 
plasma and the solid crystalline phases. A complete rearrange­
ment of atoms took place and the large aggregates could be 
formed and ejected. However, the analysis of copper- gold 
alloys led the same authors84 to conclude that "plasma 
reactions are at most a minor cause of the appearance of 
polyatomic ions. Molecular ions can be produced by volatilis­
ation of neutral complexes followed by the ionisation in 
plasma, or through sputtering processes." 

It would appear from these studies that no single process 
can account for all the multi-atomic ions observed in spectra. 
The predominant mechanisms in most instances, however, 
will involve recombination processes, as many of the mol­
ecular species formed are chemically unstable and could not 
exist as such in the electrode material. 
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Various workers have studied the spectra of relatively pure 
materials to determine the ionic species which are formed and 
the relative abundance of each type . Metal samples studied 
include Cu- AI alloys,83.85.86 Cu- Au alloyss• and W rnetal .87 
In a study of AgBr crystals the ratios of Br2+, AgBr+ and 
Ag2+ to Ag+ were related to the mean positron lifetirne.ss A 
correction for the fraction of ions produced in the + 2 and + 3 
ionisation states has been proposed.89 In a study of the 
multi-atomic species formed in the analysis of CaF2, two 
groups of multi-atomic ions were proposed, those whose 
intensity was related to the bulk composition and those which 
were not.77 The ions produced in the spectra of various rare 
earth matrices have been studied and the author90 remarked 
that "high-intensity molecular ions due to formation of almost 
any imaginable combination of individual atom with atoms of 
the pelleting medium are possible." The ratio of rare earth 
oxide to rare earth metal varied from 0.005 (for Eu and Trn) to 
0.2 (for Y and La). 

The existence of Al02 species, which is disputed on the 
evidence of other techniques , was shown in ihe analysis of 
alumina and the relative abundance of the Al, Oy species were 
rneasured .BO The multi-atomic species formed by Ga20 3 have 
also been studied.91 The formation of the B,Cy, and Si,Cy 
species has been investigated by sparking electrodes of oxides 
mixed with graphite.s1 In the analysis of frozen drops of liquid 
samples the ratio MO/M was measured for various elements 
and those for the lanthanoid elements were in the range 
0.5-1.92 The analysis of SF6 gas, using high-pressure SSMS 
with a quadrupole analyser, has shown the formation of a 
large number of multi-atomic species.93.94 The intensities of 
multi-atomic ions9s and multiply charged ions96 have been 
measured for various elements to derive information on 
atomic structure. 

It is generally assumed that multiply charged multi-atomic 
ions are either not formed or are negligible. The existence of 
these species has been demonstrated but their intensities in 
most analyses will be too weak to be significant. The existence 
of Si32+, Si.Z+ and Si62+ was shown in the analysis of silicon 
sarnples97 and the ratios of Caf+ to Caf2+ 77 and ThO+ to 
Th02+ intensities98 have been measured as 1000 : I and 
3000 : I, respectively. 

The ion-beam profile for Cun+ ions was relatively 
homogeneous in singly charged ions but became increasingly 
less so as n became greater. 99 Electrostatic repulsion forces 
resulted in beam expansion, the effect of which was greater for 
larger n. Other experiments on ion beam composition have 
shown the ion beam to be homogeneous over its full width, 
however.IOO The energy distribution curves have been 
measured for a number of elements in standard steels and 
were found to be similar for all elements with the single 
maximum shifting slightly to lower energy with increased 
mlz .l01 The width at half-maximum value was about 800 V for 
all elements. 

In the counter probe technique a counter electrode of a pure 
conducting material is sparked against the sample electrode. 
The contribution of the counter electrode to the ion popu­
lation has been measured and found to vary considerably 
according to the element used and the spark gap width. 102 In 
the frozen drop method the counter electrode contribution 
varied from 0.2% for W to 66% for AJ.103 No deterioration of 
absolute sensitivity was found as the width of the counter 
electrode was increased, 104 but a so-called "edge effect" 
resulted from material sputtered from the surface of the 
groove formed .105 

2.3 Ion Production and Sensitivity 

A number of investigations have been made into the effect of 
various source parameters on ion production. Increasing pulse 
voltage in the range 3S-49 k V did not affect results in the 
analysis of frozen solutions106 but caused transmission to 
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decrease in the analysis of serniconductors.1o1 The ion 
intensity of element lines was relatively independent of spark 
voltage, but the intensity of multi-atomic species decreased 
with increasing spark voltage , the optimum operating value of 
which was 40 kV. 108 Similarly, the intensity of multi-atomic 
species was found to decrease markedly with increasing spark 
breakdown voltage. 109 Changes in the discharge circuit 
parameters such as added capacitance have been found to 
change the relative populations of doubly charged ions and 
counter electrode ions considerably .110.111 

As the distance of the electrodes from the slit increased so 
did the ratio of singly to doubly charged ions, 112 while the ion 
intensity decreased steeply for distances between 2 and 6 ern , 
then levelled out to the optimum position at 8 mrn from the 
slit.IOS The relative ion populations changed significantly 
between 9 and 12 rnm.11 3 The effect of changing the electrode 
position in the other two planes was much less marked. 
however. 106·113 

It is generally considered that maintaining a constant spark 
gap is a critical factor in achieving good precision but , whereas 
the population of doubly charged ions was found to increase 
significantly with the spark gap, 114 the effect on the analytical 
results was considered to be srnall. 11 3 The shape of electrodes 
has also been considered for the counter probe technique and 
maximum transmission was obtained when the sample elec­
trode was planar and the thin, pointed counter electrode was 
angled at 45' to it.107 The production of CO+, C+ and 0 • ions 
was found to increase as the source pressure increased.11s The 
ratio of singly to doubly charged ions was found to be 
dependent on the beam deflector setting but independent of 
element concentration .112 

Some ions are formed not in the ion source but in the 
analyser section through a charge-transfer process , Mn+ -> 

MP+ . Measurement of the shift in spectra of the position of 
these ions from their expected position gave evidence of a 
privileged location for the charge exchange and suggested 
that a collision-induced process is questionable.116.117 

Relative sensitivitiy factors (RSFs), which are discussed in 
Section 3.10, are usually introduced in quantitative analysis to 
allow for the small but significant differences in elemental 
sensitivities from element to element and in different sample 
materials. In general they are determined from the analysis of 
standard materials in which the true element concentrations 
are known and RSFs can be considered as a correction factor, 
equal to (experimentally determined concentration)/( true 
concentration). Several workers have determined RSFs to 
study the effect of changing various source parameters. 

From the measurement of RSFs in steel standards, Van 
Hoye and co-workers118. 119 concluded that changes in spark 
pulse repetition rate and length and accelerating voltage do 
not significantly affect the precision of analysis, and the same 
conclusion has been reached from studying the effects of 
photoplate emulsion sensitivity and electron multiplier sensi­
tivity on RSFs.I01 In the analysis of aluminium and copper , 
however, the same authors found that RSFs did change with 
sparking conditions120 and, in particular, elements with lower 
melting- and boiling-points than the internal standard showed 
increased sensitivity with more energetic sparking. 121 

Gross changes in RSFs between various matrices were 
attributed to non-homogeneity of samples and spark effects,59 
and RSFs for some elements are stated to vary with changing 
spark pararneters.122 More specifically. the spark parameters 
found to have the greatest effect on RSFs were spark gap , 123 

spark gap and spark voltage,124 spark gap and spark position 
relative to the exit slit , 125 the breakdown voltage and spark 
pulse frequency 126 and breakdown voltage.6' This last 
parameter is only controllable in commercial instruments 
indirectly by changing the spark voltage and spark gap. Other 
uncontrollable parameters are discharge duration and power, 
which were also found to be critical in maintaining constant 
sensitivity." In the analysis of silver halides, variations in 
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spark gap, spark voltage and electrode position affected the 
RSFs for Cl and Br but not that for 1,127 

It can be seen that changes in most spark parameters have 
been found to affect sensitivity in some samples and the only 
acceptable procedure is to maintain all parameters as constant 
as feasible during analysis. 

2.4 Negative Ions 

The formation of negative ions in the spark has been studied 
comprehensively by Kishi for a large number of ele­
ments.l28-131 Whereas negative ions were formed from the 
halogens and Group VIB elements, none were seen for the 
rare gases, alkaline earths, Zn, Cd, Hg, Sc, Ti, Mn, V, Ta, Re 
or the lanthanoid elements. Some negative multi-atomic ions 
were also observed. The negative ions observed in the spectra 
of SF, gas include F-. F2-. SF5- and SF,- 93 

Relative sensitivity factors have been determined for 16 
negative ions. 1.12 

3. Analytical Procedures 

The analysis of samples by SSMS involves a sequence of 
procedures: sample preparation, electrode preparation, 
sparking procedure, ion detection and calculation of results. 
Each of these steps has been studied in detail by various 
workers to optimise the operating procedures for different 
types of sample and to achieve easier, more precise and more 
accurate analysis. General descriptions of the principles and 
operation of the spark source mass spectrometer have been 
given,l33-136 but most procedures are concerned with a 
particular type of sample. 

3.1 Specific Procedures 

Metal samples are usually sparked directly and there have 
been no reported developments in the general procedures for 
metal analysis. A procedure for the single exposure analysis of 
244Cm and 252Cf has been described in which small amounts of 
sample are mounted on gold electrodes.m Steel samples have 
been dissolved in acid, evaporated to dryness and mixed with 
pure graphite. IJB Procedures for the analysis of rare earth 
matrices have been described in full both for the metals and 
for their compounds. 9° Methods for the analysis of other pure 
oxide materials have been described.l39-141 

Whereas the analysis of metals is relatively simple and the 
procedures have become standardised, the analysis of non­
conducting materials is more complex and generally requires 
the addition of a conducting powder to the sample. As a 
consequence, a number of different procedures have been 
developed. This is especially so for geological materials, to 
which the technique has been widely applied. A review of 
methods for geochemical and extraterrestrial samples has 
been given.142 Comprehensive descriptions of procedures 
have been presented by a number of workers. In the methods 
of Taylor and Gortonl43.144 and Hintenberger145 the sample 
was mixed with graphite as conducting material, and in that of 
Nichollsl3,122,146 the sample was fused to improve 
homogeneity and then mixed with graphite. The counter 
probe technique has been used by Chupakhin and co­
workers,I47.148 with the probe electrode sparking against a 
thin disc of the sample, and by Ure and Bacon,I49,15D with an 
aluminium counter electrode sparking against an electrode 
pelletted from a mixture of the sample with aluminium powder 
as the conducting material. For the analysis of lunar samples 
graphite powder has been used.ISI A procedure has also been 
described for the analysis of geochemical materials using the 
low-voltage arc discharge. 152 

The analysis of biological materials is more difficult than 
that of geological samples in view of the problems of sample 
size, sample preparation, low concentration levels of trace 
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elements and the higher concentrations of alkali and alkaline 
earth elements. A number of procedures for SSMS analysis 
of biological samples have been described, however, usually 
with special consideration of the sample preparation 
stage.Il2.to3-too One procedure involved analysis of the 
lyophilised sample directly without ashing, but it was only 
applicable to the determination of the elements of high 
mass-'61 

Whereas most procedures described have used photoplate 
detection, electrical detection systems have also been 
employed for the analysis of non-conducting powdered 
samples. 162,163 

A review of the application of SSMS to environmental 
samples has been given by Cornidesl64 and the use of a single 
spark method has been described for the analysis of thin 
conducting films. 165 

Gases have been analysed by SSMS. In one procedure, UF6 
was dissolved in water, which was then mixed with conducting 
powder and freeze-dried.l66 Arsine and monogermane gases, 
however, have been analysed by admitting them directly into 
the source chamber, where they were decomposed on thin 
electrically heated tungsten electrodes, which were sub­
sequently sparked. 167 

3.2 Isotope Dilution Spark-source Mass Spectrometry 

In this technique spikes of the elements to be determined but 
of different isotopic composition are added to the sample and 
from the altered isotope ratios the concentrations of elements 
can be calculated. It has the advantages of being very 
sensitive, precise, accurate and not dependent on quantitative 
chemical pre-treatment. Although thermal ionisation is more 
precise, SSMS can be used in this mode if the elements are 
involatile or have a high ionisation potential, and a multi­
element analysis with a minimum pre-treatment is required. 
Reviews of isotope dilution SSMS (ID-SSMS) have con­
sidered both "wet" and "dry" techniques as well as extensions 
of the method. 19,39,168 

In the "wet" technique the sample and spiked isotopes are 
allowed to equilibrate in solution. Such a technique has been 
used with electrodeposition of a number of elements on to 
gold wire cathodes for the analysis of a wide range of sample 
types. 169-171 Procedures have also been described for sample 
solution equilibration with the spike solution followed by 
drying on to electrode powder.l12-174 

The "wet" technique has limitations imposed by the 
impurity of acids used, problems of losses during the drying 
phase and difficulties in complete dissolution of complex 
materials. A "dry" technique has been developed in which 
graphite powder is spiked with a solution of enriched isotopes, 
dried and mixed with the powdered sample.m Although no 
true equilibration between sample and spike isotopes occur, 
the technique is a compromise between the improved pre­
cision of ID-SSMS and the minimal pre-treatment required for 
direct SSMS. Similar procedures have been described by other 
workers for the analysis of geochemical samples.l73,176,177 The 
use of electrical detection systems is particularly suitable for 
ID-SSMS and one study showed peak switching to be the 
preferred approach. 178 

A double isotope dilution technique has been used to 
determine Cu in fish samples and sea water.l79 Copper 
enriched in 65Cu was used as a tracer and copper enriched in 
63Cu as the SSMS spike. Sulphur has been determined in steels 
by dissolution, spiking with sulphur enriched in 34S, precipitat­
ing the sulphur as BaS04 and mixing with graphite. ISO 

A so-called isotope dilution method has been used for the 
direct analysis of gases in metals.18l,IB2 The sample was 
sparked against an electrode that contained certain elements 
enriched isotopically. If the sparking was controlled correctly, 
material from both electrodes was mixed in the plasma and 
isotopic equilibration was achieved. 
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An extension of the technique used elements enriched with 
stable isotopes as multiple internal standards.'~J This was 
intended particularly for monoisotopic elements that cannot 
be determined by ID-SSMS. 

3.3 Sample Preparation 

Any sample treatment required before analysis, especially of 
biological materials, is usually described as part of the over-all 
method , but a few studies have paid particular attention to this 
part of the procedure. Contamination is a problem in all trace 
element analyses, but especially so in the analysis of biological 
materials . Possible sources of contamination have been 
investigatedl52 and ashing procedures discussed .l57,158,160 
Oxidative acid digestion and high- and low-temperature dry 
ashing procedures are widely used, each having its own 
advantages and disadvantages. A procedure has been des­
cribed for the acid digestion of powdered biological material in 
a digestion bomb followed by rotary evaporation on to 
graphite . t84 Methods for the homogenisation of powdered 
geological samples have been investigatedl85,186 and sampling 
procedures for rare earth matrices , metallic and as oxide, have 
been described. 90 

3.4 Pre-concentration 

Although a major advantage of SSMS is its ability to analyse 
samples with a minimum of pre-treatment, for certain 
applications it is necessary to pre-concentrate the analyte in 
the sample relative to the matrix , thus improving the detection 
limit . The consequent reduction in the concentration of the 
matrix elements minimises multi-atomic ion interferences 
produced by them. The matrix in which the elements are 
concentrated can often be made constant irrespective of the 
original sample matrix , and problems of sensitivity changes 
with matrix are consequently reduced. The homogenity of the 
new matrix can also be improved. The different techniques 
that have been used are illustrated by the following examples. 

Evaporation 

Fused silica was dissolved in HF and evaporated to give a 
concentration factor of about 150.187 

Co-precipitation 

Ammonia has been used to prectpttate the lanthanoid 
elements from fused silicate materials!~ and to precipitate 
uranium from waters using iron as a carrier.l89 A number of 
elements were co-precipitated from soil extracts by quinolin-
8-ol , tannic acid and thionalide (pH 2) using aluminium as 
carrier. 190 Selenium and tellurium were determined in copper 
standards by co-precipitation with gold (added as carrier) 
from solution by hypophosphorous acid.to1 

Co-crystallisation 

Metals dissolved in geothermal water samples have been 
co-crystallised with 1-(2-pyridylazo)-2-naphthol (PAN) 
reagent .l92 

Ion-exchange chromatography 

Cation-exchange chromatography has been developed for the 
separation of the lanthanoid elements as a group from rock 
matricesl9J-195 but a comparison of this technique and 
mixed-solvent anion-exchange chromatography for the same 
purpose found the latter to be a preferable technique .l%.197 

Adsorption 

Transition metals in solution have been chelaHid by quinolin-
8-ol and subsequently adsorbed on to activated carbon.l9R 
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Cementation 

In this technique a solution was passed through a small column 
of aluminium powder and a number of elements were 
collected by the method of spontaneous electrochemical 
displacement and deposition known as cementation.t90.199 
This method is particularly suitable for the SSMS procedure1SO 

using aluminium powder electrodes as no further sample 
preparation other than drying and pelletting is required . 

Electrode position 

A number of elements can be electrodeposited on gold wire 
cathodes and the technique has been used with ID­
SSMS.l70,l71,200 

Solvent extraction 

Elements can be extracted from iodide solution with 
4-methylpentan-2-one,201.202 back-extracted and evaporated 
on to alumina. Similarly, the platinum metals have been 
extracted with N,N-hexamethylene-N'-phenylthiourea and 
concentrated on CuQ.20J The platinum metals have also been 
concentrated using the fire assay technique and wet chemical 
methods , but no details were given.2o4 

Disadvantages of pre-concentration and other pre­
treatments are the added risk of contamination and the 
extended treatment time. This is compounded in some 
methods by the use of organic reagents, which thereby 
introduces an ashing step in the procedure. Losses resulting 
from digestion procedures or ashing can be minimised by using 
the isotope dilution technique , but this restricts the numbers 
of elements that can be determined. 

3.5 Solutions 

As SSMS requires a solid sample electrode, direct analysis of 
solutions is not possible. In the above pre-concentration 
procedures evaporation, coprecipitation, deposition and 
other methods are used to transfer elements from a liquid to a 
solid phase. Such methods can also be used for the SSMS 
analysis of solutions, whereby elements are concentrated in 
the process. 

A brief review of methods for analysis of solutions has been 
given. 47 In the simplest procedure described the solution was 
dried on to the conducting material used for the analysis of 
acidic solutions of nuclear reactor fuels.2os High-purity water 
and acids were analysed by evaporation to a small volume and 
transferring the drop to the end of silver or graphite 
electrodes, which were sparked against silver wire counter 
electrodes.206 Metal chloride and nitrate solutions were 
analysed by applying them to the end faces of graphite 
electrodes that had been impregnated with a benzene solution 
of polythern: to fix the sample in a thin surface film . 2o1 

An alternative procedure was to freeze the solution and 
spark against a counter electrode. This method has been 
investigatedl06 and applied to the analysis of Antarctic ice 9 2 
For some samples it was necessary to deposit a thin gold film 
on the surface of the frozen sample to make it conducting.2ox 
Layers of semiconductor material have been analysed by 
removing with acid, freezing the solution and sparking against 
tantalum wire .20'l,210 The freezing method has also been used 
for the analysis of high-purity tin, which was melted , frozen 
rapidly and sparked against tungsten wire .toJ Aluminosilicate 
catalyst has been analysed by dispersing in water, freezing , 
covering with a gold film and sparking against a gold counter 
electrode, but the sensitivity and the precision proved inferior 
to those obtained by analysing a pressed powder electrode.211 

3.6 Electrode Preparation 

The preparation of metallic samples is simple because, after 
cleaning, they can be sparked directly or, if in powder form .. 
pressed into electrodes and sparked. 



ANALYST, OCTOBER 1984, VOL. 109 

Procedures for non-conducting materials are more numer­
ous and a review of such methods has been given.m For solid 
pieces an auxiliary electrode can be placed inside , around or 
close to the sample. In the analysis of magnesium oxide, gold 
w~re was wound around the sample and sparked against a gold 
wue counter electrode213; pure quartz was analysed similarly 
with gold wire inserted into the sample214 and monocrystals 
have been analysed by wrapping in purified aluminium foil.89 
Alternatively , the sample can be crushed or ground to a fine 
powder and analysed as for powdered samples, a procedure 
that was also used for quartz samples.214 Boron fibres have 
been analysed by deposition on tungsten wire215 and alumina, 
berylha and boron have been analysed following vacuum 
deposition of copper or aluminium on the sample.216 

In general there are two techniques for the analysis of 
non-conducting powders. In the first the sample is made 
conducting by mixing with a conducting powder and pressed 
mto two electrodes , usually cylindrical , which are sparked 
together. The most commonly used conducting material is 
graphite, but aluminium, silver and gold powders have also 
found applications. The choice of conducting powder can be 
d1ctated by the application. 

Several investigations have been made into the choice of 
conducting material. Gold powder was chosen because 
analysis was more sensitive than with graphite and drops of 
solut10n d1ffused deeper into the electrode,217 because it 
presents fewer interference problems than graphite, alumi­
mum or silverl97 and because the sample was not diluted 
atomically so much as with graphite.21s In particular applica­
tions , such as the determination of silver as its sulphide, gold 
powder has also been used.219 Silver wire was used as the 
cathode in a pre-concentration procedure using electrodeposi­
tion .171 ·200·220 Silver powder was chosen instead of gold or 
graphtte for the analysis of uranium hexafluoride because of 
impurities in the gold , 166 and was preferred to graphite 
because of faster and more sensitive analysis even though the 
stlver gave problems of inhomogeneity.m Other examples of 
the use of silver powder include the analysis of calcium 
fluonde 77 and of objets d'arts.222 In the analysis of cinnabar, 
gold was consumed too quickly, and detection limits and 
blanks were lower for graphite than for silver. 223 Similarly 
graphite ~as chosen instead of gold or silver for the analysis of 
ftbre-op!tc glass because the analysis was easier and the cost 
lower.224 It is for these reasons and the much higher purity of 
graphtte that most workers use graphite as the ~onducting 
matenal , except in special situations in which interference 
effects and other considerations dictate otherwise. The 
addition of In and Re as internal standards to graphite by a 
slurry technique has been described.m 

. Other materials that have been used are copper ,226 which 
g1ves _a cleaner spectrum than graphite under more energetic 
sparkmg conditions, and aluminium,Jso which is used in a 
hybrid technique with an aluminium wire counter electrode. 

The second technique for non-conducting powdered 
materials is the counter probe technique, which can be used 
for analysing thin sample layers without addition of conduct­
ing materials and for localised micro-probe analysis. This 
techmque has been developed by Chupakhin and co­
workers ,51·21L227-230 who have used a number of different 
materials for the counter electrode including rhenium 221 
aluminium,22H.229 niobiums' and tantalum .5 1.2J 1.2:10 The 
choice of counter electrode depends on the application and 
need not necessarily be that which gives the least contribution 
to the ions formed. In microprobe analysis , for example , the 
depth resolution was improved if less sample, as distinct from 
counter probe, material was consumed and for this application 
alummmm was used as this contributed more than the other 11 
materials tested.228 For most applications , however , the 
counter electrode consumption needs to be kept to a minimum 
and for this reason tantalum is widely used. The counter 
electrode should also be the cathode with a unipolar discharge 
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to minimise its consumption,126 Tantalum has also been used 
for the analysis of alumina, beryllia and glass, 214 of ionic 
crystals (in preference to tungsten )23 1 and of semiconductor 
materials (in preference to aluminium) .110 For the analysis of 
high-purity tin by the frozen drop method, however , tungsten 
counter electrodes were chosen in preference to aluminium 
and tantalum. 103 Pure gold counter electrodes have been used 
as a probe for the localised analysis of vanadium meta[232 and 
silver counter electrodes for the analysis of high-purity water 
and acids deposited on silver or graphite powder. 206 

3. 7 Sparking Procedures 

From the investigations of the effect of changing spark and 
other conditions on sensitivity , ion production , precision and 
other parameters , it is possible to suggest optimum operating 
conditions. These conditions will depend largely on the type of 
sample being analysed and the purpose of the analysis . A 
fundamental principle must be that precision will be improved 
if all source conditions are held as constant as possible ,233 but 
the sensitivity will only be maximum under certain defined 
conditions. 

Spark gap width 

Several studies have found changes in sensitivity, some 
considerable, with changes in spark gap 
width.ll4.123,125,132,234,235 A constant gap width is therefore 
desirable. At narrow gaps the ion energy distributions were 
broader236 and the maximum shifted to higher energies ,m 
but ion intensities were higher for wider gaps,237 As the gap 
was increased the production of multiply charged ions and of 
multi-atomic ions increased .63.84.132 The electrode tempera­
ture increased with increasing gap width and this could affect 
the analysis of volatile elements, especially mercury .238 
Generally, however , gap widths of 50 I'm, 233 40--50 !'m239 and 
0.03-0.1 mm56 have been recommended to improve precision , 
to reduce the counter electrode contribution and to optimise 
the discharge energy, respectively. 

Electrode - slit distance 

As the electrode - slit distance was increased the resolution 
increased,99.132 the absolute intensities decreased,74,99 the 
relative intensities or sensitivity changed99.12S,IJ2,240 and the 
ion energy distribution became more asymmetric with the 
maximum shifting to a slightly higher value.236 This parameter 
should therefore be kept constant, expecially if external 
standards are used , when both sample and reference elec­
trodes must be sparked at the same distance from the 
slit.112.1S6 Further, with an increased electrode - slit distance 
the consequent beam expansion resulted in a reduced number 
of multiply charged ions being sampled99 and also the intensity 
of multi-atomic ions decreased.85 .132 

Electrode position 

Although generally not thought to be an important parameter, 
it has been shown that off-axis sparking affected accuracy and 
so electrodes should be accurately aligned in front of the 
extraction slit .I 14 

Electrode size and shape 

These can affect the analytical sensitivity12S.241 and should be 
chosen so that masking of the slit is not significant. 114 Planar 
electrodes resulted in increased ion transmission. 107 

Electrode vibration 

In addition to continually changing the spark gap, this also led 
to transfer of electrode material and the production of surface 
irregularities and should , if possible, be avoided .I•• 

Extraction hole diameter 

As this was reduced the beam intensity was also reduced.74 
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Spark duty cycle 
Whereas some studies showed that pulse length and repetition 
frequency have little or no effect on analysis, IIS. II9.m .m.242 
others showed an effect. As the duty cycle increased the 
sparking became more violent and hotter and could affect the 
intensities of some elements considerably, 122.237 especially for 
volatile elements23R and those with boiling- and melting-points 
considerably lower than those of the matrix.12o The pulse 
width and repetition frequency had no effect on the ion energy 
distribution.236 These parameters should be kept constant 
during analysis and generally the recommended values are 
low23R with, for example, a pulse length of 50 J.IS .243 For metal 
analysis the precision was improved if the repetition frequency 
was fixed at 1000 or 3000 Hz, 242 and for rock analysis 
maximum sensitivity was obtained with a duty cycle of 3%.241 

Spark voltage 
There is evidence that this does not affect the analytical 
precision and sensitivityii8,242,243 except at values greater than 
40 kV. It is suggested, therefore, that the optimum spark 
voltage should be the lowest that will maintain regular 
sparking. 243 However, a change in accuracy was found for 
oxygen in iron and steeJ237 and definite changes in relative 
intensities have also been observed.240 Multi-atomic ion 
intensities increased with increasing spark voltage .ss The ion 
energy distribution changed,236 but was dependent on 
whether the electrode at the accelerating voltage acted as 
anode or cathode, the energy spread being narrower in the 
former instance. 74 The transmission efficiency dropped with 
increased voltage. 107 

Breakdown voltage 
This is a function of spark voltage , gap width, source pressure 
and electrode shape. For accurate analysis it should be kept 
constant within fairly narrow limits during all stages of a spark 
discharge . 244 

Discharge energy 
If this is regulated by placing an additional capacitance in the 
electrode circuit ,23° the analytical precision is improved.49,54 
Optimum values for the discharge are a total energy flux of 
IQ>Ll0° W cm- 2, discharge duration 15-100 ns and inter­
electrode distance 0.03-0.1 mm.5' 

Accelerating voltage 
In the analysis of metals this was found to have noll9.242 or 
only a possible 11R effect on precision. For the AEI MS702 
instrument the width of spectral peaks (at half-height) have a 
minimum at an accelerating voltage of 20.3 kV so a value of 
20 kV is recommended.223 Using the gold probe technique for 
analysis of high-purity compounds, an accelerating voltage of 
24 kV consumed far less material than one of 16 kV, produced 
darker lines on the photoplate and produced a higher number 
of multiply charged ions.245 

Source pressure 
Pressures greater than 5 x 10-7 Torr have been found to affect 
the analysis of carbon, nitrogen and oxygen in metals.239 

In the low-voltage discharge source , high currents and low 
graphite concentration resulted in transfer of material , which 
caused the spark discharge to become erratic and finally to be 
extinguished. l52 

In the analysis of thin layers by the counter probe 
technique, shallow craters are usually required. The best 
counter electrode to achieve this was aluminium229 and the 
spark energy should be reduced by reducing gap width and 
modifying the spark circuit. 58 The depth of the layer removed 
increased with increasing breakdown voltage and surface 
roughness, but decreased with a wider counter electrode.246 
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There is some disagreement over the ideal counter electrode 
dimensions , ranging from a point with zero thickness ,197 to 
3.4-4.5 mm wide x 0.0~.08 mm thick ,"" 3.5 mm wide246 
and up to 12 mm wide . I04 In a study of silicon , no clear 
relationship has been found between exposure and sparking 
area, thickness of layer removed and relative consumptions of 
sample and counter electrode. 247 It is clear that the choice of 
counter electrode shape is dictated by the lateral and depth 
resolution required. 

Ion beam choppers improve the analytical precision by 
increasing the consumption of material for short exposures,242 
but can also be used to accept only ions produced during 
required parts of the spark discharge cycle. The arc discharge 
stage can be excluded by accepting only the initial part of the 
breakdown50.5I or the arc stage alone may be accepted for 
30-90 s of the discharge. 6° Both were claimed to increase the 
analytical precision. 

To reduce the intensity of the multiply charged ions , the 
electrodes can be cooled.87 For the analysis of thin layers of 
metal on cylindrical rods, the rods should be rotated during 
sparking to increase the layer volume available for consump­
tion,248 

3.8 Photoplate Evaluation 

The photoplate is still the most widely used means of detection 
and some studies have been made to improve photoplate 
development. The most commonly used photoplate , IIford 
Q2, has been compared with Kodak SWR and Ionomet JM 
plates.249 The lonomet and Kodak plates have considerably 
higher sensitivity than IIford Q2 plates, but the Kodak plates 
have a reduced dynamic range . The IIford Q2 plates have , 
however , a much lower background level and better line 
definition. The response of different types of ions has been 
studied.2'" Monatomic ions produce darker lines than 
multi-atomic ions of the same mass and energy, and for ions of 
the same mass the more compact ions produce darker images. 
The relationships between ion density, ion energy, ion mass 
and the line area have been investigated. lSI 

The use of an internal developer gives more intense lines on 
the photoplate103 and the background fog has been reduced by 
using a high-contrast phenidone developer252 or a bleaching 
agent. 103 The latter was not entirely successful as the line 
intensities were weakened and the photoplate had less 
contrast . Modified development conditions have been des­
cribed.243 

The methods used for evaluating photoplates have been 
reviewed. w.IJ2. I64.25J.2S4 Three photoplate calibration 
methods have been compared in terms of reproducibility , 
speed and simplicity for manual processing.m The method of 
Kai and Miki256 is the simplest and fastest but the precision is 
low, whereas the method ofHull257 gives the highest precision 
but is tedious. A computer study of calibration methods25R 
found the Churchill two-line method259 and Mattauch and 
Ewald method260 to be equally acceptable, but the latter was 
recommended. 

New or modified photoplate calibration methods have been 
proposed by various workers. In the method of Taylor26I 
isotope intensity ratios measured on one exposure were used 
to obtain an intensity versus density relationship using a Seidel 
function. The intensities at a chosen and fixed density reading 
were used to calculate element concentration. The calibration 
curve of Bouvy and Gauneau2I4 used the equation 

D = {[log 1 + a£(1 + abE)J![l +a£(1 + abE)!O-<J) 

where D is optical density, E is exposure and a, b and c are 
constants. Fergason and Young262 used a mathematical 
procedure to calculate the number of ions that produced a 
particular line and included a background correction. In the 
analysis of thorium oxide, Childs263 used a method in which 
the logarithm of peak area was plotted against the logarithm of 
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exposure for each charge state from Th+ to Th7+. Then the 
peak area equivalent to a 1 nCi exposure was plotted against 
ionisation potential for each state and three methods of 
element concentration determination were used, depending 
on the concentration level. The method used by Pearton264 
was basically the Sctiuy and Franzen expansion265 of the Hull 
method, which introduced a grain distribution function. 
Calculated relative exposure levels, Q values, were intro­
duced by Pilate and Adams266 and their use and other factors 
in photoplate calibration have been discussed.267 

A completely different approach, the so-called parabola 
method, has been developed by Radermacher and Beske for 
the low-voltage discharge source.61.2o~27t A plot of the 
logarithm of ion intensity against ionisation state was found to 
lie on a parabola that was specific for each element and was 
influenced by the matrix. From these a mean ion charge 
number (Zi) was calculated for each element and the matrix, 
and the aperture of each element parabola was altered to 
make the element Zi equal to that of the matrix Zi. The 
intensities of impurity lines were compared at the matrix Zi for 
concentration determination. This method requires the matrix 
spectral line intensities to be measured and so very short 
exposures must be taken. 

The precision of photoplate densitometry and calibration 
has been studied99,272 and found to improve if a correction for 
line width variation was made233.273 or integrated line areas 
used_272.274 Three different methods of measuring line area 
have been studied.274 The evaluation of the same photoplate 
by eight different laboratories using well defined conditions 
showed a considerable range of analytical results.275 There 
was no advantage in using the defined conditions in place of 
the laboratories' own methods. Calibration graphs have been 
found to change close to the matrix lines, but the reasons are 
not clear. 276 A study of the II ford 02 photoplate response to 
ion mass showed that response decreases proportionally to 
MD.4 and not MD.5 as is widely used . m 

There is rarely any problem of the identification of 
elemental lines, but a method has been proposed that 
compares standard and sample spectra on the same plate.277 
Another method for assigning mass, used for the spectra of 
organic cc.mpounds, used the mass and position of calibration 
lines over small segments of the photoplate_278 

3.9 Spedrallnterferences 

Before any line intensities can be used in concentration 
calculations they must be seen to be clear of superimposed 
interferences or corrected using other lines present in the 
spectrum. The problems of overlapping element lines are 
usually not great as all elements (except indium) have a unique 
isotope. The presence of multiply charged ions is seldom a 
hindrance for they often fall at fractions of masses and, in the 
spark source, are not so intense as the singly charged ions. The 
interfering species that give rise to most problems are the 
multi-atomic ions, which often, but not always, arise from the 
matrix element. Oxides, carbides and halides are often 
present and the combinations possible seem endless and are 
not restricted to normally stable chemical species. In the 
spectra of high-purity materials the interferences tend to be 
specific, on particular elements of interest, whereas in 
complex matrices the problems of interferences are much 
more widespread. 

In many applications the occurrence of interferences is not 
discussed and this could account for some so-called matrix 
effects. One study claimed that "spectral interferences would 
be very slight or non-existent using mass spectrometry for the 
analysis of a complex mixture such as coal and coal ash. "279 
However, the reports in which interferences have been 
identified or discussed are listed in Table 1 and these indicate 
that interferences do indeed exist for all types of matrices. 
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Table 1. Reports in which interferences have been identified and/or 
discussed 

General 
Metals. 

Matrix 

Pure materials: 
Pure chemicals and crystals 
Semiconductors 
Rare earth matrices 
Pure acids . . 
Azides 

Silicate matrices: 
Glasses 
Rocks 

Coal 
Platinum metal ores 
Environmental materials: 

Air particulates . 
Water 
Sewage sludge .. 

Biological materials: 
General 
Plants 
Animal tissue 
Human tissue 

Negative ions 

References 

13, 23, 122, 170,274,280-282 
98,103,120,135,191,283-287 

77,89, 108,141,166,223, 288,289 
115,290-292 
90 
293 
294 

97, 113, 187, 214,224,295-297 
132, 143, 144,149, 150, 174, 175, 

185,196,197,199,241 , 298-303 
39,160 
204 

164,304 
305 
288 

9,157 
45, 158,288 
45, 154, !58 
159, 306,307 
130, 131 

Although they are rarely a major problem and "spectral 
complications must not be over emphasised,"I02 they should 
never be ignored or underestimated, and chemical pre­
concentration may be necessary to remove them.tso.t87,190.199 
There is a danger, however, that chemical pre-treatment may 
introduce new interferences, as in the dissolution of rock 
samples. 174 

The complexity of multi-atomic species formed is best 
illustrated by the study of complex materials such as 
rockstso and biological materials. 4S.tsx.ts9.2&< Combinations of 
calcium and aluminium with oxygen or carbon seem to form 
particularly easily and can spread beyond the high-mass 
elements. 143,144,288 The lanthanoid elements are of consider­
able interest, particularly in geochemical samples, and the 
interferences in this region have been well stud­
ied90.143.t44,149,175,196,197,294,29>UOO.J02 and range from simple 
oxide and carbides to complex species such as CaAIOC2" 143 
and BaCxOyNz.294 Mathematical procedures have been pro· 
posed for correcting these interferences both on individual 
lanthanoid elementst43.175.298 and on the group as a 
whole. 149.302 A computer program has been used to identify 
multi-atomic species of the general formula AkB1CmDn, where 
A is the conducting matrix, B the cation, C the complex 
former (e.g., Si) and D the anion .282 

3.10 Sensitivity 

For quantitative analysis the calculated results are usually 
corrected using sensitivity factors that are determined by the 
analysis of standards with the same or similar matrix as the 
sample and in which the element concentrations are known. 
Values for the correction factors have been presented by 
numerous workers and comparisons have been made between 
these studies. Such comparisons are difficult, however, as the 
definitions of the correction factors are not standardised and 
details of the exact means by which they have been calculated 
are often not reported. Given this, even the terminology is not 
consistent as two terms (relative sensitivity factor and relative 
sensitivity coefficent) are frequently used and appear at times 
to be interchangeable. The relative sensitivity factor (RSF) 
can be defined as RSF = fs!dP where J,,f1 and /pare individual 
factors for the source, transmission and photoplate relative 
sensitivities, JOB i.e. , the RSFincludes all the discrimination 
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effects involved, and if no allowance for these effects has been 
made in the calculations, the correction factor is the RSF. 

The relative sensitivity coefficient (RSC or SR) should be 
the term[, only, i.e., the relative ease of formation of ions, but 
is generally accepted to be f, f, , so that if photoplate, or 
detector, discrimination effects are included in the calcula­
tions, the correction factor is the RSC. 145 In some instances 
attempts have been made to allow for discrimination in ion 
formation before the calculation of RSCs.''" 

The basic formula for sensitivity factors as used by most 
workers is (measured concentration)/(true concentra­
tion),99.3o9 but in a few instances the inverse of this relation­
ship has been used.I5s.zos.29o,JIO When an internal standard is 
used in the calculation, the RSF or RSC is defined as [ ( CxiC,.) 
measured/(C)Cy) true),, where Cx and Cy are the concentra­
tions of the unknown element and internal standard, respec­
tively, and z refers to the matrix.lls-Izo.zzuos.J09.Jll Another 
equation used for the calculation of senstivity factors is 

E, I, A, I 
C,=C,· -.-

E, I, A, RSC 

where C is concentration, E is the exposure needed for a 
defined blackening, I is the isotopic abundance, A is the 
relative atomic mass and the subscripts s and i refer to the 
internal standard and unknown element, respectively.112.154 
This equation has been modified in some studies by raising the 
mass term to the power 0.8 and making corrections for line 
width,312 by leaving this term out of the relationship139.298 or 
by replacing it with isotope intensity ratios.m Graphical 
methods have also been used to determine RSFs or 
RSCs. so.264 

Reports that give calculated sensitivity coefficients are 
listed in Table 2 and include comprehensive studies of 
sensitivity, ranging from one element in one matrix to a large 
number of elements in several matrices. The matrix does not 
always refer to the type of sample being analysed, as it can be 
altered in the sample preparation stage as, for example , with 
water samples dried on to a graphite powder. 

The variation of sensitivity factors with matrix is still a 
matter of debate and the evidence presented is contradictory. 
One major study concluded "that the RSC of an individual 
element does not change significantly from matrix to mat­
rix,"IJ2.324 and this is supported by other studies.I22.309.J3o .. 147 
In the analysis of the platinum group metals, the RSFs did not 
vary from one platinum metal to another.32o.32s Other studies. 

Table 2. Reported sensitivity coefficients 

Matrix 

Detailed studies 

Metals. 

Pure materials: 
Graphite . . 

Chemicals 

Semiconductors 
Glass 
Frozen solutions 

Rocks and related materials 

Biological materials 

Negative ions 

References 

!01, 118,119,132,286.308. 
313-318 

59,65,84,86.87, !01.118-120, 123. 
132,138,139.152, 174. 196.221. 
226,233,235,237,264.285.286, 
308. 3!0, 311. 314. 316.317. 
319-331 

123,152,194.196.205.207.221. 
272 , 314,318.332-335 

55,90, 127, 139,188.202.217,223. 
288,289,308,309.312.313,315, 
336-340 

115.341-344 
224, 296, 308 
55. 92,339 
17.132,143,145,148,150.188.203. 

298,314,324.345-357 
112, 114. 132. 153, 154, 158, 161. 

307' 314.324. 348,349 
129, 132.350 
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however, found that "for most elements relative sensitivity 
factors differ significantly with the type of matrix"JI4 or that 
there were large changes with matrix.s9 .1.w It has been 
suggested that if all the charged states of the measured 
element are used then the RSFs would approach unity.JJY 

The absolute sensitivities of the individual elements in any 
one matrix are different and attempts have been made to 
correlate these differences with physical and chemical proper­
ties of the elements. Whereas two studies have found no 
dependence of RSCs on the chemical forms of the ele­
ment,132.J25 another found large differences dependent on 
whether the elements were in the oxide or fluoride form.ZK9 
The chemical form could have an influence in certain samples, 
for example in the analysis of thorium in rock matrices, which, 
it was suggested, was dependent on the titanium content and 
the decomposition of ThTi0,."6 Most studies show that the 
RSCs are independent of element concentration, 11 s­
I2o.zo7.22I.2xo but some changes in RCSs have been found at 
low concentrations.Jzo The vaporisation terms that were best 
correlated with RSCs were the melting-point,235 boiling­
point,14l.311 vapour pressure,ss.Jmuzo heat of sublimationl39 

and both melting-point and heat of sublimation. lin Similarly. 
the correlation of RCSs with ionisation terms has been found 
to be best for ionisation potential55.12J.I39.29x or ionisation 
cross-section,os.zn.Jos.JI2 whereas one study concluded that 
neither was satisfactory.'" 

Certain equations based on these physical properties have 
been proposed for calculating theoretical sensitivity factors 
and comparisons have been made of experimental and 
theoretical factors to determine the most satisfactory equa­
tion. Several workers 132 .. 115.JI7.l24 have found closest agree­
ment with the equation of Goshgarian and JensenJsi: 

(
CRx)' (!!.H,.)(IP,) 

RSC," = CR,. !!.H, IP, 

where CR is the covalent radius, !!.His the heat of sublimation 
at 298 K and' IP is the first ionisation potential. Some 
agreement has also been foundl32.315 with the equation of 
Socha and Masumoto352: 

RSC,.;,. (
IP,.)J (~)' 
IP, H,. 

where H is the temperature at which the vapour pressure is 
10-x Torr and cis an empirical constant. Other equations have 
been proposed by Billon'·19: 

RSC,~.,. = (CR,)' !!.H, jg 
CR, !!.H,.j Mx 

and by Itoh and Sata~7 : 

RSC,,,. (
!!.H,.)(IP,.) 
!!.H, IP,. 

4. Instrumentation 

4.1 General 

All the commercial SSMS instruments are now of dated design 
and only the JEOL instrument is still available. Consequently, 
a number of improvements in design have been suggested for 
improving the precision and ease of analysis and to implement 
improved analytical procedures. Descriptions have been given 
of a JEOL instrument that had been modified with an 
interchangeable Knudsen cell source,.m of the Thomson -
CSF TSN 212 instrument 10 and of the AEI MS702R instru­
ment and the operating procedure for it.m Because of their 
age it is becoming necessary to upgrade the older instruments. 
An improved cold-trap filling system'·" and new solid-state 
power supplies354.355 have been designed for the AEI MS7/702 
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instrument", and a complete upgrading of a CEC 21-110 
instrument included new electronics , pumping systems, source 
unit and focusing system.-"" A totally different instrument 
using a time-of-flight mass analyser was designed for the 
analysis of micro-particles, but the instrument was only 
applicable to this specific purpose and had a very poor 
resolution .J57 Another specialised application was the high­
pressure analysis of gases using a spark-source instrument 
combined with a quadrupole analyser.93,244 There is a need for 
the development of new, simpler instruments or, as stated in 
one report , for "improved r.f. spark ion sources combined 
with relatively uncomplicated , rationally working and inex­
pensive analysers. "309 

4.2 Ion Source 

The spark source unit has been redesigned to make it 
interchangeable with other types of ion source such as the 
Knudsen ce11 ,353 ion microprobe source ,35B-360 hollow­
cathode gas discharge source361.362 and the laser source.36J An 
AEI MS7 instrument has been redesigned with a low-voltage 
d.c . arc discharge source.364 

For the specialised application to the analysis of radioactive 
materials the source unit must be redesigned for remote 
handling of samples by means of a glove-box. JM For y-emit­
ting materials all loading of samples, sparking and even repairs 
must be carried out remotely with the aid of closed-circuit 
television ,366 

In some applications such as the determination of gases in 
semiconductor materials, the ion source pressure must be 
considerably reduced , most commonly by fitting a cryogenic 
pump using either liquid nitrogenl67 or liquid 
helium. II 5.34U65.361<.369 To remove hydrogen from the system 
it is necessary to retain the diffusion pumpl41 or cover some of 
the cooling fins with activated carbon.J69 A cryosorption 
pump has been designed using activated charcoal cooled with 
liquid nitrogen and fitted with a heater to desorb the gases.370 
The combination of a mechanical cryopump and high-speed 
diffusion pump has been fitted to a modified source hous­
ing,371.372 and stainless-steel grids were added at a later date to 
reduce the desorption of gases from the source walls.373.374 A 
source unit has been modified to accommodate a 1200 I s-1 oil 
diffusion pump, cold-trap baffle and a gate valve.m 

The time required for sample loading limits the possibility of 
reducing the analysis time. A probe-type sample changer has 
been used for the analysis of a large number of sarr.ples for one 
element , mercury.376 An alternative approach has been to 
design multi-sample holders for two pairs of electrodes, 114,377 
six samplesl03 or up to twelve samples.245 

A system for rotating vertically mounted cylindrical elec­
trodes has been described for improving analytical pre­
cision. l78 Automatic scanning systems have been designed for 
the analysis of semiconductor surfaces using a counter 
electrode traversing over a rotating disc379 and for layer-by­
layer analysis using a probe scanning in two mutually 
perpendicular directions.Jso 

Two methods have been used for the analysis of gases. In 
one the gas is heated and introduced into the spark gap 
through a small longitudinal hole drilled through one of the 
metal electrodes.38J.382 In the other method the source is filled 
with the gas under pressure and sparked between two tungsten 
electrodes. 93 

Various modifications have been made to the spark circuit 
electronics to improve sparking procedures. The output stages 
of the r.f. generator have been modified by the addition of a 
high-voltage kenotron and capacitor to make the discharge 
unipolar•B. J26 .23 1.38J-385 With the same aim , modifications 
have been described that allow only the portion of the beam 
that was formed with one electrode acting either as cathode or 
anode to be transmitted.386.387 Using both systems the 
electrodes connected to the accelerating voltage should act as 
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anode. The second system has been used with a spark circuit 
modified by the addition of resistors to give a self-triggered 
damped discharge.73,388,389 

Other modifications to the spark circuit have been used to 
control the spark discharge . Cut-off capacitors in the dis­
charge circuit reduce the duration of the spark discharge 148-230 
and a new spark circuit discharge generator has been 
designed, although no details were given, to control the power 
and duration ,57 Ballast elements have been added to the 
circuit to reduce the discharge intensity and to decrease the 
sampling depth in layer analysis, II0.384 as well as to extend the 
lifetime of frozen drops. 209 Ballast capacitance has also been 
added to reduce the effects of stray capacitances.'" An 
alternative modification provided single pulses for the analysis 
of thin films.165 The energy distribution of the ion beam has 
been controlled with a new method of commutation of the 
electrodes ,J90 for which no details were given , and by an 
ion-beam compression system . 391 Another device used to 
stabilise the matrix line intensities irrespective of spark gap 
width has been reported, but again without details. 111 

Ion-beam chopping devices have been designed to improve 
precision by consuming more material than is actually 
detected or by accepting the ion beam from only a part of the 
total discharge. The devices can be synchronous in which only 
a pre-selected time interval from each pulse is accep­
ted48,50,60,J83,392.393 or asynchronous in which only a certain 
number of whole pulses are accepted.392 Alternatively , the 
portions of the discharges accepted were totally random.so.J93 

Devices have been designed to control the spark gap width 
in order to improve precision. The AEI Autospark unitl94 has 
been modified to make it possible to select the mean electrode 
gap by controlling the r.f. voltage developed between the 
electrodes.ll4.234.395 In a similar device a constant peak r.f. 
voltage was maintained .396 Circuits have been given for 
measuring the breakdown voltage and current385,397 and this 
breakdown voltage has been used to keep the spark gap 
constant.I09,244 The electrode position can also be controlled 
by keeping the ion-illumination angle constant. A device has 
been designed for keeping this and the gap width constant by 
intercepting the ion beam with two plates on either side of the 
beam and measuring the ratio of the signals.398,399 A system 
for the self-vibration of electrodes used the attractive force 
experienced by the electrodes during the breakdown and the 
resilience of an elastic holder. 247 

4.3 Analyser 

All the commercial instruments have a double-focusing 
analyser with Mattauch - Herzog geometry and such is the 
soundness of the design that there has been very little 
modification to the analyser section. Time-of-flight93.400 and 
quadrupoJe93 analysers have been used in special applications 
but the resolution was very poor. The quadrupole analyser has 
been investigated for SSMS and if the energy band width could 
be reduced the combination might be viabJe40I.402 

New magnet power supplies have been designed for the 
AEI MS702. 243 Electrical detection requires accurate control 
of the magnet and systems have been described for the fitting 
of a Hall probe4113 and a temperature compensation network 
for a Hall probe .404 The alignment of the ion beam on the 
optical axis276 and determination of the position of the image 
plane405 have been described. An internal shield of nickel­
coated soft iron has been placed between the source and 
analyser to reduce the fringe magnetic field 4116 

Secondary electrons ejected from the ion coll.ector by 
impinging ions cause non-reproducibility of the monitor 
reading and the ion collector design has been modified to 
reduce this. 41l7 A thin metallic shield has been fastened to the 
photoplate cassette in the position of the matrix lines to reduce 
background fogging caused by secondary emission, but with 
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the loss of some analysis lines. 103.4°8•409 The size of the oc-slit 
has been reduced by welding thin strips of tantalum across the 
slit in order to increase the resolving power. 410 

4.4 Ion Detectors 

Although still widely used, there has been very little develop­
ment of the photographic plate detector. A simple method has 
been described to check that the plates lie in the focal plane 411 

A comparison of three detection systems found peak scanning 
to be the fastest and peak switching to be the most prec1se, but 
that photoplates still had the advantage of simultaneous 
detection .218 

Most development work has been on electrical detection 
systems. The system developed for the JEOL instrument has 
been described412 and used to determme the preCISIOn and 
accuracy of the method for the analysis of steels. 119 In the 
peak scanning mode precision was 18% whereas m the peak 
switching mode it was 10%. The peak scanmng mode has been 
digitised to allow the data to be stored on magnetic tape and a 
signal averager used to sum the spectra.413 One electncal 
detection system has been designed using peak scanmng wl!h a 
slow scanning speed.J21 Changes to the AEI electncal 
detection system included a new digital integrator system, a 
tapered collector slit, modified amplifier circuits and the use of 
magnetic peak switching with a Hall probe m place of 
electrostatic peak switching. 114 A mult1-channel analyser has 
been used to record repetitive multiple scans m the scanmng 
mode and to signal-average.J62.375.4J4 Peak switching systems 
have been designed with either electrostatic peak switching240 

or magnetic peak switching.349 The latter is considered more 
precise but takes longer. A digital ratio circuit for the peak 
switching mode has been descnbed .396 

Automation of the electrical detection system has been 
described using an autoprogrammer that reads instructions 
from a paper tape• ' '; the electrostatic peak switching mode 
was used . On-line computer-controlled electncal detectiOn 
systems using both scanning and magnetic peak switching 
modes have been designed for the Nuclide1 62.41b and JEOL 
instruments.J3° Automation of the AEI system in the peak 
scanning417 and peak switching41 8 modes has ·also been 
described . The computers control the mass spectrometer by 
setting the magnet current and electrostatic analyser voltage , 
and simultaneously acquire and reduce data. . . 

A circuit has been described for the automatiC attenuatiOn 
of the signals to an electrometer so that very weak and very 
strong ion currents can be measured .419 For the measurement 
of very small ion currents a detector has been used that 
monitors the rate at which charge accumulates across a 
calibrated capacitor. 420 

The major disadvantage of these electrical systems is that 
they are single-channel systems and the 10n currents are 
measured sequentially and not simultaneously. A. Simul­
taneous ion beam collection has been descnbed for 1sotope 
ratio work in which a Faraday collector with a slit was placed in 
the focal plane.•21 One isotope passed through the slit to a 
separate detector while the remaining isotopes fall on the 
Faraday collector. A multiple collector system, each movable 
relative to the others, has been descnbed but no apphcatlons 
of the technique have been recorded .422 

Attempts have been made to develop new electron- optical 
ion detector systems. In one system a channel electron 
multiplier array (CEMA) was used with three optical readout 
systems to assess their viability. 423-425 Twelve CEMAs would 
be required to replace a photographiC plate and there would 
be considerable problems with the data readout. ResolutiOn 
was poor and the response was non-linear with the high peak 
ion currents driving the CEMA mto saturatiOn. It was 
concluded that the CEMA was not suitable for a pulsed source 
and that the optical detectors were not sensitive enough .. 

An alternative concept used three channel plates m a 
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chevron array and self-scanning silicon photodiode 
arrays .426,427 Applications of this design have not been 
reported and there would be problems of cost and dynamic 
range. 

The need for the development of new simultaneous 
electrical detection systems is still present and the possible 
approaches that have been suggested2K are channel electron 
multiplier, charge-coupled dev1ces, electrostatic build-up on 
insulated plates and Fourier transform mass spectrometry. 

4.5 Data Processing 

Manual processing of data for the photoplate is slow and 
tedious and much effort has been made to automate to vanous 
degrees the densitometry and calculation of results. This is 
highlighted by the number of computer-controlled systems 
(Table 3) that have been reported for the aquisition and 
subsequent processing of data from photoplates . An eady 
detailed description of an on-line computer-controlled mJc­
rodensitometer and data processing system also critically 
assessed methods of calibrating and reading photographic 
plates. m Different systems vary in their sophistication from 
small interactive microcomputers to the large totally auto­
matic systems that only require initial setting up of the 
densitometer and the input of basic data. There are two bas1c 
design concepts that differ as to whether the computer is 
instructed which lines to measure or whether 1t detects all 
peaks and subsequently identifies them. The latter system 
needs much larger data storage. Other differences lie in the 
definition of peaks , the measurement of peak height. width or 
area, the photoplate calibration method used and the degree 
of automation of the densitometer. The trend is towards a 
two-step operation with a small computer used on-line for data 
acquisition and data reduction ,and then a larger computer , 
either time-shared or off-line. used for data evaluation. Some 
systems use one dedicated computer for both steps. Such 
systems are, however, more expensive and often permit few 
operator decisions, and these disadvantages have dictated the 
design of a simpler system with no on-line computer. •.w The 
problems of interferences in spectra do not always seem to be 
considered but in one system the program identified interfer­
ing multi-atomic species.2x2 

The modification required to automate a manually con­
trolled densitometer have been described,446.449 including in 
one report a system for maintaining the photographic plates in 
the focal plane. 449 Programs for the on-line computer control 
of a microphotometer have been given4SI and another system 
punches reduced data from photographic plates on to paper 
tapes.4S2 . . 

Simpler, generally earlier, systems have been descnbed m 
which data from photographic plates are fed to the computer 
through the keyboard , 261 punched cards453 or punched 
tapes.20.4JS In one system the densitometer is lined up 
manually on peaks to be measured and the digital output can 
be fed directly to the computer.4S4 Desk-top computers455 and 
programmable calculators with printers4' 6 have also been 
used for the data processing routines. 

Systems have also been described for the processing of data 
from the electrical detection modes. 3Jo.•I7.4JH.4S7.•ss 

5. Applications 

The power of SSMS is demonstrated by the very wide range of 
sample types for which analyses have been reported. These 
are but the tip of the iceberg, for the number of unreported 

Table 3. Reports giving details of computer systems for data 
acquisition and processing from photographic plates 

References 

20, 61,264,266,268.269,274,277,282.428-450 
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analyses will be much greater. The analyses range from the 
determination of the concentration of one element to a 
complete survey of the whole Periodic Table with detection 
limits given for those elements not detected. 

5.1 Metals 

The analysis of metals (Table 4) is generally for quality 
control, to check that products are up to specification, that 
purification methods are achieving their object and that the 
concentrations of certain elements are not above their critical 
leveL 

The procedures are usually straightforward as metal sam­
ples can be sparked directly without pre-treatment. Some 
metals, however, do require special methods if they are liquid, 
for example sodium,488.489 or melt at a low temperature, for 
example tin.lDJ In the latter instance the frozen drop 
technique can be used for analysis. 103.408.470 The main 
problem with metals is that internal standards cannot be 
introduced into the sample and usually a matrix isotope is used 
for this purpose. Ion implantation has been used to prepare 
standards.329,461,511 One method of introducing an internal 
standard has been to spark a sample electrode with a reference 
electrode containing a known amount of internal standard and 
allowing the internal standard to distribute over the surface of 
both electrodes.46<1 

5.2 Non-metallic High-purity Materials 

This group of compounds (Table 5) is considered here to 
include non-metallic elements and simple compounds, a large 
number of which are semiconductor materials. As these 
materials are non-conducting the analysis often requires 
mixing of the sample with a conducting material such as 
graphite, the purity of which must also be determined. These 
analyses, as for those of metals, are generally made in order to 
ascertain whether impurity element concentrations are below 
the tolerated or specified levels. 

Recent reviews on the analysis of semiconductor materials 
have underlined the importance of these impurity levels.478.5I8 
The electrical properties of 28 GaAs crystals manufactured by 
eight different companies by two techniques have been 
correlated with their trace element concentration.524 A similar 
study related free electron or free hole concentrations to 
dopant concentrations in epitaxial layer and bulk crystal 
GaAs.s2s 

The trace element concentrations are critical in materials 
that are used in other applications. Germanium single crystals 
are used as radiation detectors and the concentrations of Cu, 
Ni and 0 are critical.517 Doped AgCI crystals are used as 
detectors of nuclear particles and the purity of synthetic 
crystals prepared by different methods has been deter­
mined.J08,537 Fused silica used in the manufacture of optical 
waveguide glasses187 and semiconductor-grade silica used in 
the manufacture of solar cells344.522 have been studied. Lead 
chalcogenide lasers have been applied to gas spectroscopy and 
pollution monitoring and their performance depends largely 
on the quality of the PbS substrate crysta1.546 Other examples 
of analysis for which quality control is important are mono­
crystals (e.g., PbMo048•), oxide insulators (e.g., MgO and 
AI20 32I3) and pigments (e.g., Ti0253I). 

The materials analysed are not necessarily in the form of 
solids. Germanium and arsenic hydrides (gases) have been 
analysed following decomposition in the ion source on to 
tantalum wire electrodes. I67 Liquid samples can be analysed 
hy conversion into solid compounds,JJS by freezing208 or by 
;;vaporation on to metal wires293,540 or powders.2o3.206.544 The 
?u;ity of waters and acids has been shown to be dependent on 
the materials from which beakers and other containers are 
manufactured.21"'The contamination that results from grinding 
graphite in different containers has also been investigated. 157 
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Table 4. Reported analyses of metal samples 

General 
Aluminium 

Barium 
Bismuth 
Cadmium 
Calcium 
Cobalt 
Copper 

Iron 
Gallium 
Gold .. 
Hafnium 
Indium 
Iridium 

Metal 

Lead 
Molybdenum 
Nickel .. 
Niobium 
Platinum 
Ruthenium 
Silver 
Sodium 
Tantalum 
Thorium 
Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 
Yttrium 
Zinc 
Zirconium 
Lanthanoids 
Trans uranium elements 
Alloys: 

Steels 

Copper alloys 
Nickel alloys 
Zirconium alloys 
Other alloys 

References 

233,459-461 
10,89, 120,135,287, 317,329,367, 

461-465 
466 
408 
408 
466 
181 
51' 58, 135, 178, 191 ' 201' 239,243, 

286,310, 322, 330,331,377' 418, 
462, 467' 468 

liS, 119,181,237,239,321,469 
292,470-472 
89,224,239,284,295,296, 473-477 
478 
292, 408,479 
480 
243,248, 285,292,334,481 
181,370,482,483 
135,191,239,484,485 
478,486 
284,487 
135 
224,295, 327 
488,489 
453,462,478,486 
98,490 
11, 103,321,487 
28, 181,491 
87,371,372 
292,321,474,479, 492 
232,478,493,494 
495 
292 
276,478,496 
90,283,495, 497-499 
137,217,365,366,500-505 

32, 114, 125, 138, 173, 174, 182,202, 
219,220,237,239,243,316,320, 
321,349, 377,482,496,506-508 

83, 85,222,239,286,418,462,482 
320,334,509,510 
396, 496, 511 
22, 384, 487,495,499,506 

Table 5. Reported analyses of non-metallic high-purity materials 

Material References 

Graphite, carbon 
Boron .. 
Semiconductor materials: 

Antimony 
Arsenic 
Germanium 

Silicon 

Tellurium .. 
Gallium arsenide 

Others 

Simple compounds: 
Oxides 

Halides 

Lanthanoid compounds 

Pure water and acids 
Others 

157,224,295,296, 308,512-514 
215,216,515,516 

292 
495 
10, 115,290, 292, 341,379, 380,478, 

541,517-519 
104, 115,209,210,290, 322, 

341-344,370,379, 380,391,462, 
478,479, 520-522 

384,523 
104,210,246,290,291,342,368, 

370,379, 380,463,478,518,520, 
524--528c 

115,245,290,291,369, 490, 528a, 
528d 

90,91' 139-141' 187,213,216,218, 
226,263,296,313,337,340,487 , 
529-536 

77, 88, 108, 127,208,231,338, 
537-541 

67, 90,218,226,499,510,535,539, 
542,543 

202,206,293,544 
10, 58, 89, 167,294,490.545,546 
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5.3 Other Manufactured Materials 

This group (Table 6) is taken to include more complex 
manufactured materials not included in Sections 5 1 and 5 2 
and also some specific applications that include sa~ples fr~~ 
all three groups. Quality control is important in the manufac­
ture of special glasses, such as those used in fibre 
optics.187.296,549 Attenuation of the signal along the fibre is 
critically dependent on the concentration of certain trace 
elements. Such analyses have not always been successful,549 
however, probably owing to inhomogeneous distribution of 
the elements, and an alternative approach has been to use a 
pre-concentration procedure that gives a more homogeneous 
matnx and allows the determination of elements at the parts 
per btlhon level,l87 Some special glasses are treated with 
lanthanoid compounds whose concentration levels are impor­
tant.297 

Trace levels of certain elements cause discoloration in Ti02 
pigments and SSMS is an ideal technique for the analysis of 
such insoluble and refractory materials.531 A number offacial 
cosmetics have been analysed and the elements Pb, As, Se and 
Cr were found to be above acceptable concentrations in some 
of them.557 Catalysts used in a coal liquefaction process were 
found to be contaminated by trace elements associated with 
the coal.558 

A brief review of the analysis of radioactive materials has 
been given. 562 Such materials, associated with nuclear reac­
tors, include 233U02 used to make fuel, 14" acid solutions of 
irradiated uranium -plutonium fuel rods,205,366 uranium and 
plutonium oxides,53°.536 insoluble residue left from fission 
dross (mainly silicon)Sot and waste sludges and supernatants 
from the processing of fission products.559.560 

. The analysis of glasses for forensic purposes has been 
dtscussed46.113.555 and generally involves correlating two glass 
samples, one from the scene of the crime and one from the 
suspect. An over-all elemental analysis can differentiate 
glasses that are indistinguishable by physical methods. The 
types of glass studied include vehicle headlamp and auxiliary 
lamp glass,548 window glass550,SS2.553 and container glass.ss• 
Similar studies have been made of bullet lead285.4RI and 
copper wires. 468 Human liver samples have been analysed to 
assess the feasibility of using such analyses in forensic 
toxicology. 307 

Archaeological samples have been analysed to identify their 
origin, but such analyses have achieved only limited success. A 
number of pigments used in Indian paintings have been 
identified,222 but it was not possible to distinguish between the 
red and grey shards used in Iranian ceramics.556 Analysis of 
copper artifacts from North America showed differences in 
samples from the same site and so was of little use,467 whereas 
the analysis of Peruvian copper artifacts showed changes in 
manufacturing methods in different eras.3to 

5.4 Environmental Materials 

With the growing concern for the quality of the environment 
there has arisen a need for multi-element analysis of environ­
mental samples ranging from air particulates and waters to 
sewage sludges. Analyses that have used SSMS are listed in 
Table 7. 

A general scheme for the assessment of environmental 
samples, especially in relation to pollution, included SSMS 
analysis for 73 elements.563.564 Air pollution analyses have 
been made of urban air samples,23.t88.327.565,566laboratory and 
external airi57 and of samples taken within or in the vicinity of 
various industrial plants (see Table 7). Fly ashes are generally 
produced by coal-fired generating stations and by municipal 
incinerators.m The analyses of respirable dust and coal dust 
of respirable size were particularly comprehensive.574 Air­
borne samples were usually collected on filters made of 
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nitrocellulose23,565 (which requires ashing), silver mem­
brane397 (which can be sparked directly), glass-fibre304 or 
millipore filters.I6<J,578 

Wastes studied include the bottom ash from coal burning 
plants567·573 and from refuse incinerators,573 chars and tars 
from coal conversion plants,579 sludges from nuclear power 
plants559,560 and sewage sludges,l90.2ss.sso Industrial effluents 
from condensers, scrubbers and chillers and liquid wastes 
from processmg plants577,584,597 have been studied. Most 
water samples have been analysed by evaporation on to the 
electrode powder, which is usually graphite, but freeze­
drying,587 filtration on to Ag powder,582 cementation on to AI 
powder, 199 collection on activated charcoat,t9s electrochem­
Ical deposition,I7I ion exchange594 and solvent extrac­
tion192,594 have all been used. 

5.5 Fuels 

The an~lys~s of fuels (Table 8~ has usually been for the purpose 
of momtonng posstble pollutiOn effects arising from the use of 
such fuels. Coal samples are usually ashed before analysis, but 
tt has been shown that it is possible to obtain a comprehensive 
analysis with unashed samples. 574,598,600 Petrol could be a 
major source of environmental Pb, S Cr Ni Cd Mn and 
V.605 ' ' ' ' 

Table 6. Reported analysis of other materials and specific applications 

Material 

Glass 

Ceramics 
Pigments 
Cosmetics 
Catalysts 
Applications: 

Radioactive materials 

Forensic samples 

Archaeological samples 

References 

46, 113,187,188,216,224.295-297, 
487' 534,547-555 

337,529,556 
222,531 
557 
211,558 

140,205,217' 365,366, 490, 530, 
533.536,559-562 

46, 113.285,307' 468,481,548,550, 
552-555 

222,310,467' 556 

Table 7. Reported analyses of environmental materials 

Material 

General 
Air particulates: 

Fresh air 
Fly ash 
Coal mine dust 
Other industrial plants 

Wastes and sludges 

Waters: 
General 
Purified waters .. 
Tap/intake waters 
Lake and river waters 

Geothermal waters 
Sea waters 

Industrial effluents 

References 

563,564 

23, 157' 164, 188, 304, 327,565,566 
22, 171, 188,279, 567-573 
22,574,575 
22,160,171 , 347,571,576-579 
190,288,559,560,567,573, 

579-581 

189, 196,582,583 
175,333,335 
157, 198, 199,333,573, 584 
23, 198, 199,305 ,332,333.577, 

585-590 
192,586,590-592 
544,593-597 
171, 573,577.579 ,581,584,596, 

597 

Table 8. Reported analyses of fuels 

Material References 

Coal 

Fuel oil 
Petrol .. 
Refuse 
Nuclear fuels 

22. 160, 170, 171 , 183,279,558,566. 
567, 570,571.573-576.579, 
598-{;04 

567,570 
172,335.570,605 
573 
140,205.606 
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5.6 Geological and Related Materials 

This is the largest group of complex matrices that have been 
analysed by SSMS (Table 9). For geochemical research the 
technique has proved itself valuable for gtvmg . over-all 
multi-element analyses and is probably the only techmque that 
can determine the whole lanthanoid group, at trace levels, 
simultaneously. 

Such analyses allow conclusions to be made on the history of 
samples and consequently on the formation of the geo­
sphere.Lanthanoid elements are immobile in most metamor­
phic conditions but mobility has been assoctated wtt~ uramum 
mineralisation. 634 There was little relattve fractwnatton of the 
lanthanoid elements during the sedimentary process but the 
lanthanoid element pattern changed from Archean to post­
Archean rocks.303.636 Sharp increases in thorium and uramum 
were also associated with the Archean - Proterozoic boun­
dary. 637 The analysis of lanthanoid elements has been used to 
discuss the origin of plutonic rocks from Nova Scott a. 614 

Investigations into the origin of volcanic lavas and rocks ha~e , 
in a number of instances, used SSMS analyses for lanthanotds 
and other trace elements. 6t7.6tH.62<J-633.640-644 Samples from 
the Oklo fossil reactor have been analysed to study migration 
of uranium fission products. 622-625 

Considering the large number of analyses of rock samples 
by SSMS it is perhaps surprising that relatively few analyses of 
similar soil samples have been reported . Whereas rocks are of 
geochemical interest, soils are also the first link in the food 
chain. Trace element deficiencies occurring m plants or 
animals can be correlated with low soil contents or low 
availability to plants and toxicity effects can occur where soil 
trace element contents are high. There has been only one 
comprehensive study of trace element contents in soil using 
SSMS ,t50.t99,656 but the technique has also been used to 
determine the lanthanoid contents of soils. 613,654 The analysts 
of soil extracts indicates the availability of some trace elements 
to plants.tSO,t90 Soil extracts have also been analysed to detect 
the presence of bromine- and fluonne-contammg herbt­
cides.657 

In the analysis of meteorites, the wide element coverage of 
SSMS is particularly useful and a large number of samples 
have been analysed , either comprehensively or for a number 
of trace elements. Similarly, materials returned to earth by the 
Luna 16 and 20 and Apollo 11 , 12, 14, 15 and 16 moon landing 
missions have been analysed. Comprehensive analyses can be 
made with the relatively small amount of material available. 
Analysis of Apollo 11 samples showed that organogemc 
elements are present in small amounts677 and that the trace 
element composition was different from that of Apollo 12 
samples.679 The results for Apollo 12 samples suggested that 
the moon interior was heterogeneous on a small scale, that 
lunar material was heated to high temperatures before 
accretion and that tektites were not of lunar origin.6"1 

S. 7 Biological Materials 

Of all the groups of materials, perhaps the greatest analytical 
challenge is given by samples of biological origin (Table 10). 
The matrices can be complex and widely varying from sample 
to sample. The relatively high levels of alkah and alkahne 
earth metals, halogens and phosphorus give rise to a lar~e 
number of complex interfering species that can make analysts 
difficult. The concentrations of most trace elements are much 
lower than in, for example, rock matrices and, coupled Wtth 
the necessity for ashing and possible losses , are mu~h more 
sensitive to problems of blank levels and contammattOn. The 
problems of contamination I 57 and sample preparatwn688 have 
been discussed in detail. 

The analyses of plant materials range from the determina­
tion of one element ,' for example boron , m radtsh leaves by 
isotope dilution,699 to comprehensive analyses, for example of 
normal and deficient wheat.697 Lanthanoid element contents 
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have been determined in water lily,658 lichens and 
mosses,l53,694 clubmoss,693 horsetail,692 dwarf shrubs and 
trees694 and ferns654 and compared with those for the soil or 
rocks on which the plants grew. The contents of other trace 
elements in lichens and mosses348 and spruce samples690 have 
also been reported . Other plants analysed include rice,451 .69s 
apple69t and pear696 samples. Usually photoplate detection 
has been used for the analysis of biological samples but 
electrical detection in the scanning mode has been used for 
some plant analyses.692,693 

The analyses of marine samples have generally been for the 
detection of water pollution and include the determination of 
mercury in fish mea(?OO and copper in plaice,l79 Multi-element 
analyses have been reported for mussel,23,701 oyster544 and 
trout15B samples. 

Mammalian samples analysed include liver ,IOB.t44.t5B. t7o 
kidney,I5B whole blood,702 serumtos and urine.IOB A detailed 
study has been made of the yttrium and lanthanoid element 
contents of various organs from rats fed on different diets. 154 
Heavy metals can in some instances be determined in unashed 
samples by using a high sparking voltage to minimise the 
production of organic molecular ions above mlz 192. 108 The 
accumulation of Cd, Pb and Zn by earthworms has also been 
studied. 655 

Analyses of human materials are numerous and most 
internal organs and body fluids have been analysed. A 
particularly comprehensive survey by Hamilton eta/. 688 gives 
contents for 28-53 elements in 10 different organs and blood. 
Most analyses attempted to correlate trace element contents 
with specific diseases. In a study on alcoholism the yttrium and 
lanthanoid element contents were determined in a large 
number of various internal organs from alcoholics and 
non-alcoholics. t54 Grossly contaminated miner's lung has 
been compared with normal tissue22.160 and hilar lymph nodes 
have also been analysed in a large survey. 159 Pattents wtth 
advanced carcinoma were found to have increased copper 

Table 9. Reported analyses of geological and related materials 

Material 
Terrestrial: 

Standard rocks 

Rock samples 

Minerals 

Soils 

Soil extracts 
Lake and river sediments 

Extra-terrestrial : 
Meteorites 

Lunar materials 

References 

18, 50, 122, 143, 144, 148, 150, 152, 
163,173, 177,178,188, 193-197, 
199,212,299,302,303,330, 346, 
433 , 607-616 

18, 163, 203,230,300,345 , 346, 604, 
608,611,614,616-644 

57 . 77. 160,204,212,214,223,226, 
230,289,310,346,358,359,477, 
604, 610,619,626,627' 629,638, 
645-653 

149, 150,188, 190, 199,302,613. 
654-656 

150, 190,657 
23,585 , 658 

23,142,144,145,173 , 174, 176,185, 
186, 241, 299. 659-676 

57,132, 147, 148,15 1,185, 241,261 , 
299 , 473,661 , 677-687 

Table 10. Reported analyses of biological materials 

General 
Plants 

Marine 
Animal 
Human 

Material 

Other samples 

References 

45, 157, 158,688,689 
153, 158, 169, 170, 184,288 , 348, 

377. 451. 654. 658, 69()-699 
23, 158, 179,544,700, 701 
108, 114, 154, 158, 170, 655 ,702 
22, 23 , 112, 154--156, 159, 160, 306, 

307,314,688,703-711 
160, 183,712-715 
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content and lower zinc content in their blood serum.23 Skin 
samples have been analysed709.7lO but no significant difference 
could be detected between mycetoma grains and normal 
dermis .710 Hair and fingernail samples have been analysed for 
forensic applicationsm.tss.ts6.704.705 and accumulations ofHg, 
As and Pb in hair and As in fingernails have been found.704 
Similarly, the use of liver analysis for forensic toxicology has 
been investigated.307 A large number of dental enamel 
samples from 17 American States have been analysed to 
establish the normal range for trace element concentra­
tions. 706 The presence of sulphur in the biochemical Slow 
Reacting Substance was first indicated by SSMS. 7tt 

Other samples analysed include diet 160 and food sam­
ples, t87 raw and refined sugars, 712.713 honey7I4 and the 
enzyme Subtilisin carlsberg _7 15 

5.8 Miscellaneous Materials 

Other analyses have been of wear-metals in lubricating oils,23 
polyheavy water,7t6 azide explosives ,294 so~e.polymers and 
plastics ,2J0.717 bromine- and fluorine-contamm~ herbtctd~s 
extracted from soit657 and Trizma base used m subllhsm 
enzyme assay .7 15 . . 

Gaseous materials analysed by SSMS mclude uramum 
hexafluoridet66,3~t .7 ts and silicon hexafluoride .93,94 

Although principally an elemental analytical technique, 
SSMS has been used to yield structural mformallon from the 
fragmentation pattern of non-volatile metal carboxylates.75·76 

5.9 Standard Reference Materials 

A large number of certified reference materials (CRMs) have 
been analysed using SSMS and the hst of report~d analyses 
(Table 11) contains the more common ones for whtch analyses 
have been reported by two or more SSMS laboratories . 

Table 11. Reported analyses of selected standard reference materials 

USGS: 
BCR-1 

AGV-1 
W-1 .. 

G-1 
G-2 

GSP-1 
PCC-1 

Japanese: 
JB-1 .. 
JG-1 

NIM: 
D 
G 
L 
N 
p 
s 

NBS: 

Material 

SRM 1632 (coal) 
SRM 1633 (fly ash) 
SRM 1571 (orchard leaves) 

SRM 1577 (bovine liver) 
SRM 444 (stainless steel) 
SRM 461 (low-alloy steel) 
SRM 685w (gold) 
SRM 1213 (zircalloy) . 

References 

18, 143, 144, 148, 149, 152, 194, 195, 
197,212,241' 299, 302, 330, 
6l(k;l5, 628 

148, 150, 194, 195,212,616 
122, 145, 148, 152, 163, 173, 176, 

193, 194,212, 433, 608,611 ,615, 
672 

145, 163,212,616 
150, 152, 188, 194, 195, 199,212, 

302,608 
188, 194, 195,212,612 
194. 195,212 

196, 197' 612,616 
196, 199,612 

609,615 
194-196,609,615 
609,615 
196,609,615 
609,615 
609,615 

170, 171 , 183, 279,566, 571 , 602 
171,188,279,566,571 
158, 169, 183, 184, 332,377' 658, 

695 
158,170 
173,377 
243,349,506 
239,284 
276,396 
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6. Concluding Remarks 

From the number of reported analyses that have been listed in 
this review and from the fact that some laboratories are 
investing in the updating of power supplies, vacu~m syste~s, 
detectors, etc . , it is evident that the techmque ts sttll attracttve 
for certain applications. This is especially so when a multi­
element survey analysis is required for which the accuracy of 
the technique is sufficient (generally 15-30% wtth calibratiOn 
or within an order of magnitude without). 

If SSMS is to be used for analysis, its cost and long analysis 
time have to be justified. Comparisons of the technique with 
various other instrumental techniques have been 
madet8.309.49t.521.566.592.595.6R9.7t9-722 for the whole range of 
sample types. Factors considered include the number of 
detectable elements, whether analysis is simultaneous, detec­
tion limits, accuracy , precision, analysis time , matrix effects, 
charge-up and field problems, resolution (depth and late!al) , 
beam-induced chemical changes and on-stream capabtltty. 
The general conclusion can be summarised by those given in a 
review of twelve instrumental techniques used for water 
analysesm ; SSMS is the most specific and the most com­
prehensive multi-element technique but the accuracy , about 
30%, is very poor. Similarly, in the analysis of sea water SSMS 
had the best sensitivity and provided multi-element data, but 
was also expensive and slow.s9s SSMS is considered to be a 
"sensitive survey method" for the analysts of surfaces and thm 
films. 521 

The strengths of SSMS are its multi-element natu~e , 
reasonably uniform sensitivity and its high absolute senstllv­
ity. Its detection limit has been compared with those for a 
number of other techniques_9.2x.•s.u•. t99.544.SRo.nJ In a com­
parison of nine techniques , SSMS detects the greatest number 
of elements to the lowest detection limit , 9 and for sohd 
samples it gives the lowest detection limit. 28.t99 Itis su~erior to 
neutron activation analysis in that the detectton hmtts by 
SSMS are constant for all elements4 5,544 

Two other types of ion source have been found to have the 
same advantages as the spark source but fewer of the 
disadvantages. These are the laser source724-726 and the 
hollow-cathode ion source ,36 t.4X2 but neither has yet found 
wide applications. Recent commercial developments have 
included the coupling of an inductively coupled plasma source 
with a quadrupole mass spectrometer for the raptd analysts of 
solutions727 and the use of a d.c. plasma discharge source for 
the analysis of solid materials .728 . 

The expense of and limited demand for SSMS mstruments 
will probably preclude the development of a new generatiOn of 
instruments , and even simpler instruments would sttll not be 
cheap. It is more likely that users of SSMS instruments wtll 
modify and update present instruments to improve perfor­
mance . Probably fewer than 200 instruments have been 
produced and the number still in use is decreasin~ each ye_ar. 
The technique is at the point where tt wtll fall mto decline 
unless instrumental developments become significant enough 
for increased use to be considered. 
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Evaluation of an Electrothermal Atomisation Procedure for the 
Determination of Lead in Potable Water 

John Webster* 
Department of Water and Drainage, Lothian Regional Council, 6 Cockburn Street, Edinburgh, 
EH11NZ, UK 

and Andrew Wood 
Napier College, Edinburgh, UK 

An electrothermal atomisation procedure using a lanthanum-impregnated tube was investigated for its 
suitability for the routine determination of lead in potable water. The precision and bias were found to be 
acceptable but to ensure adoption of the procedure for routine use a detailed comparison was made between 
the results and those obtained using two other common methods involving concentration followed by 
atomic-absorption spectrophotometry. The first involved concentration by evaporation and the second 
extraction of the ammonium tetramethylenedithiocarbamate complex into isobutyl methyl ketone. A 
statistical comparison of data from all three procedures was made. 

Keywords: Lead determination; potable water; atomic-absorption spectrophotometry; electrothermal 
atomisation; lanthanum-treated tube 

Electrothermal atomisation procedures are widely used in 
many fields for the direct determination of trace metals in a 
variety of materials. The determination of lead in water has 
been the subject of many papers but has not been widely 
accepted because of reports of serious matrix interference 
effects; various reagents have been suggested for eliminating 
or reducing such effects or for improving the precision.u 

In addition, L'vov' has recommended the use of a modified 
tube design to ensure isothermal heating of the sample at 
atomisation and to give increased sensitivity and improved 
precision of analysis , a technique adopted by Sturgeon et a/. 4 

for the analysis of marine sediments. More recently, it was 
reported that either the addition of lanthanum to samples or 
impregnation of the tube overcame interferences in the 
determination of lead in a variety of potable waters and met 
the requirements recommended by the Water Research 
Centre for analytical methods by having a total standard 
deviation of not more than 1.5 ~g I- 1 or 5% of the 
concentration and a bias of not more than 5 ~g 1- 1 or 10% of 
the concentration, whichever was the greater.5 

It was decided to investigate this procedure using an 
impregnated tube" as part of the work to be unoertaken by a 
student from Napier College, Edinburgh, on a 6-month work 
experience secondment to the Lothian Region's Water and 
Drainage Department. 

The background to the project lay in the need to analyse 
comparatively large numbers of household tap waters as part 
of a programme to identify areas of high lead content (> 100 
!J,g I-•) within the City of Edinburgh originating from the use 
of lead tanks or piping within older properties. The water 
supplied to the City comes from upland sources and is 
relatively unpolluted and of low hardness . In some areas the 
raw water may be coloured by humic acids , but this is much 
reduced by treatment. During the course of the investigation a 
range of raw and treated waters from within the Region were 
used for tests and the chemical characteristics of four of these , 
selected to cover a range of hardness and organic carbon 
content, are given in Table I. Most of the work was carried out 
on samples originating from Alnwickhill and Fairmilehead , as 
these supplies provide the bulk of the water to the City, 
particularly in the areas where elevated lead levels would be 
expected. 

• To whom correspondence should be addressed. 

The statistical performance of the electrothermal atomis­
ation procedure was evaluated after optimising the instrumen­
tal conditions , and the data produced by this procedure were 
compared with lead levels measured routinely in the labora­
tory using flame AAS after concentration by evaporation. In 
addition, a number of samples were analysed in replicate by 
extraction of the ammonium tetramethylenedithiocarbamate 
(ammonium pyrrolidinedithiocarbamate; APDC) complex 
into a solvent , again followed by flame AAS. 

Experimental 

Reagents 

Nitric acid , 70% m/V. Aristar grade (BDH Chemicals). 
Lanthanum nitrate, La(N03)J. Analytical-reagent grade. 

Apparatus 

All glassware was soaked in 10% nitric acid for 24 h before 
use. Measurements were made using a Perkin-Elmer 272 
atomic-absorption spectrophotometer with a Perkin-Elmer 
HGA 2200 graphite furnace accessory, which allowed the use 
of pre-set drying, ashing and atomising temparature cycles but 
with no ramping. Background correction was made by 
deuterium arc and a lead hollow-cathode lamp (IL) was used 
at 283.3 nm. 

Signals were recorded on a 10-m V recorder as peak heights. 
Twenty-microlitre aliquots of sample and standard were used 
for all measurements, delivered by a Perkin-Elmer auto­
sampler into pyrolytically coated graphite tubes (Perkin­
Elmer) held in the light path by end-clamps, which also served 
as electrical contacts. The tubes were impregnated with 
lanthanum as described below. Disposable, acid-soaked, 4-ml 
polystyrene cups were used with the autosampling accessory. 

Electrothermal Atomisation 

A tube was soaked in saturated lanthanum nitrate solution 
overnight, wiped dry. then subjected to a series of heating 
runs in the range llG-500 °C, wiping any crystals from the 
outside of the tube each time with a tissue. Finally, a 
programmed run with atomisation at 2200 oc was made at 
least twice or until no signal was observed during the run. It 
was important to follow this procedure with a new tube in 
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Table I. Summary of major ion concentrations in waters used during tests. All results in milligrams per litre except where stated 

Property Alnwickhill 

Conductivity/11S cm - 1 95--120 
Total solids 60-80 
H ardness (CaC03) 35--50 
Chloride (CI) .. &-II 
Sodium(Na) .. 5 
Potassium (K) . 0.5 
Magnesium (Mg) 2-4 
Total organic carbon (C) 2-3 

Table 2. Recovery data for lead by the APDC procedure 

Sample 

Distilled water 

Alnwickhill supply . 

Fairmilehead supply 

Castle Moffat (raw) 

Lead added/11g 1-' 
25.0 
75.0 

100.0 
0 

50 
0 

50 
0 

50 

* Duplicate measurements. 

Lead found*i!'g 1- 1 

28.7 
70.0 
98.7 

I 
52 

5 
52 

I 
45.5 

order to avoid short-circuiting of the power or physical 
damage. 

The conditions of analysis were optimised according to the 
procedures outlined in the manufacturer's manual using a 
sample of raw water comparatively high in organic carbon (11 
mg I- 1) and spiked with 50 ~tg I- 1 of lead. 

The optimised conditions for subsequent analysis were as 
follows: 

Drying temperature . . 110 •c; time . . 50s 
Charring temperature . . 500 •c; time . . 30 s 
Atomisation temperature . _ 2200 •c; time . . 5 s 

The argon flow used to purge the tube during a run was set at 
30 units on the meter (300 ml min- 1) with a flow stop time of 
3 s at atomisation. 

All samples and standards were acidified with 10 ml of 
concentrated nitric acid per litre of sample. 

Concentration by Evaporation Procedure 

A 200-ml volume of acidified sample was transferred into a 
beaker, then concentrated to about 20 ml on a hot-plate 
before transfer into a 25-ml calibrated flask and dilution to the 
mark , giving an 8-fold concentration. The lead level was 
measured at 283.3 nm by flame AAS on a second instrument 
(IL 151) with background correction from a deuterium 
hollow-cathode lamp. 

Extraction of APDC Complex Procedure 

The method employed was essentially that described in 
"Methods for the Examination of Water and Associated 
Materials. "7 One modification was introduced to avoid having 
to aspirate isobutyl methyl ketone into the AAS instrument. 

Lead was back-extracted from the solvent into 25 ml of 50% 
nitric acid then determined by flame AAS. Excellent 
recoveries were obtained for standards treated in this way and 
for spiked water supply samples, as can be seen from Table 2. 
The APDC method was used as an independent comparison to 
test if results from the furnace gave statistically acceptable 
values for lead. 

Fairmilehead Pateshill Harburnhead 

70-110 100-130 250-280 
40--{J() 85-105 150-180 
30-45 45-70 120-150 
5-8 (}--12 7-9 

4 5 6 
0.3 0.6 1.3 
1-2.5 2-3.5 3.5-4.8 
2-4 &-13 1-3 

Results and Discussion 

Performance Characteristics of the Electrothermal Atomis­
ation Procedure 

Fig. 1 shows a calibration graph, corrected for the blank due to 
trace amounts of lead in the nitric acid. The blank was equal to 
about 1-2 11g 1- 1 in the samples. No scale expansion was 
employed during the runs; typically a 100 11g 1- 1 lead standard 
gave a peak height of about 120 mm, which was equivalent to 
an absorbance of 0.5. 

The calibration in this instance included five points in the 
1- 10 11g 1-1 range and the linearity is excellent (correlation 
coefficient = 1.0) with the line passing through the origin. 
Some performance characteristics are given below. 

Substance 
determined 

Type of sample 
Calibration graph 
Standard deviation 

(within batch) 

Criterion of detection 
Bias 

Lead 
Tested on raw and treated water 
Linear to at least 100 11g 1-1 

The following are pooled estimates: 
15~tgl -l 1.54~tgl-l 13 D.F.* 
39 2.02 45 D.F. 

126 5.81 28 D .F. 
Estimated at 3.2 ~tg 1- 1 (17 D.F.) 
Typically less than 5 11g 1- 1 or 10% of 

the concentration (see Table 3) 

In practice the calibration was defined in each run using six 
standards in the range 10--100 11g 1-1 inclusive, with the result 
that any between-batch random errors caused by calibration 
were minimised. The within-batch standard deviation was 
calculated by pooling estimates of standard deviation obtained 
from 15 runs over a period of 2 months to give the values 
reported above. 

The criterion of detection was calculated from replicate 
analyses of a blank solution consisting of acidified distilled 
water as used in the preparation of standards. The value of 
3.2 11g 1- 1 was calculated from 2.33Sw for the blank. 

Tests for Bias 

Bias was tested from the difference between the "true" result 
as measured by the standard additions method and that 
obtained from direct analysis using a lanthanum-impregnated 
tube. Confidence limits were calculated on the result obtained 
by direct analysis and used with the difference between the 
results from the two procedures to see if this exceeded 10% of 
the concentration found by standard addition or 5 11g 1-1 , 
whichever was the greater. Table 3 presents some of the 
results obtained. 

Only the result from supply sample B was unacceptable , and 
this was associated with a higher than usual standard deviation 
attributed at the time to a tube nearing the end of its useful 

• Degrees of freedom. 
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Table 3. Test for bias by standard additions 

"True .. result Direct Max. 
from standard electrothermal allowable 

Sample 

Raw Alnwickhill (spiked) 
Raw Fairmilehead (spiked) 
Tap water A 

B 
c 
D 

* With 90% confidence limits. 

t20 

tOO 

_EBO 

"' ·;; 
~ 60 .. 
rf.40 

0 

40 60 
[Leadli!LQ 1-' 

additions 

81.0 
96.0 
133 
61 
40 
91 

80 

Fig. I. Lead calibration graph 

too 

life. Experience indicated that a treated tube could be used for 
about 200 cycles before deterioration became evident by loss 
of precision . Examination of the tube suggested that the 
trouble was due to the build-up of deposits within the tube. 
perhaps resulting in occlusion of the sample and subsequent 
difficulty at the atomisation stage. 

In general, however, the results obtained by direct determi­
nation are not significantly different from those by standard 
additions and, with one exception, meet the requirements of a 
bias of less than 10% of the concentration or 5 f.tg 1- 1• 

In view of the acceptable results obtained from these tests, a 
detailed comparison was made of results obtained by the 
concentration by evaporation and flame AAS procedure used 
routinely by the laboratory and direct electrothermal analysis. 

Comparison with Results from Concentration by Evaporation· 
Flame AAS 

During the project, measurements were made on many of the 
samples routinely received by the laboratory so that a 
comparison could be made between the two procedures. Over 
a period of 2 months, 86 pairs of results were obtained in this 
way. 

The differences between the lead values found by each 
procedure were statistically compared, on the assumption that 
both procedures should yield the same result. The actual 
differences should therefore in theory be normally distributed 
with a mean of zero and a test made as to whether the mean 
difference is significant. 

When all 86 results were considered and the calculated 
value for the !-statistic was compared with the tabulated value, 
there was a significant difference at the 95% confidence level 
(1 = 5.9 compared with 1.96). However, inspection of the data 
showed that early runs gave poorer agreement than later runs, 
possibly owing to greater experience with the electrothermal 
atomisation technique and increased care on the part of 
analysts in general. To test this , later sets of results for two 
runs about a week apart were compared in the same way. The 

analysis Difference* difference 

80.8 0.17 ± 0.62 8.1 
94.5 1.5 ± 0.45 9.6 

134.5 L5 ±0.69 13.3 
54.2 6.8 ± 1.21 6.1 
36.8 3.2 ± 0.34 5.0 
88.8 2.2 ± 0.62 9.1 

Table 4. Comparison of results of concentration by evaporation- AAS 
and electrothermal atomisation procedures 

Tap water 
sample 

A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 

Number of samples 

Concentrationillg 1- 1 

AAS 

32 
134 
97 

5 
93 
23 

5 
10 
32 
32 
51 
46 
42 

139 
87 

(N)= 15 
I.D= -IS 

' (I.D)2 = 225 
I.D2 = 427 

Electrothermal 
atomisation Difference (D) 

40 +8 
131 -3 

89 -8 
13 +8 
86 -7 
26 +3 
11 +6 
7 -3 

31 -I 
32 0 
53 +2 
38 -8 
36 -6 

136 -3 
84 -3 

S =v I.D2- (I.D)21N 

N-1 

(W/N)-0 
t= --- =0.71 

SIVN 

5.4 

data contained 33 pairs and on this occasion gave a calculated 
t-statistic of 1.82 compared with the tabulated value of 2.01, 
confirming that more recent measurements by the two 
procedures were not statistically different. 

Table 4 shows a complete batch of results obtained by the 
two procedures from a routine survey of tap waters from 
various sources within the Region. The agreement is generally 
good and a I· test showed no statistically significant difference 
(t = 0.71 compared with 2.14 for 14 degrees of freedom). The 
most obvious discrepancy occurs for very low levels of lead, in 
the 5-15 f.tg 1-1 range, which were easily measured by the 
electrothermal atomisation procedure but were at the limit of 
detection for the flame AAS procedure even after concentra­
tion of the samples. 

Closer examination of the latter procedure indicated a high 
noise level on the recorder trace (2-3%) with resulting 
uncertainty in drawing a base line. Background correction on 
the instrument (an IL 151) was poor owing to the condition of 
the deuterium lamp, which required high currents when in 
use, with a resulting increase in noise. The detection limit of 
the flame AAS procedure was estimated at 0.07 mg 1-1, so that 
the concentrations in many samples , even after 8-fold concen­
tration, were too close to this for adequately precise results to 
be obtained. 
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Table 5. Comparison of APDC and electrothermal atomisation results (l!g 1- ') using the test for non-homogeneous standard deviations 

Electrothermal 
APDCmethod atomisation method 

Standard Standard lxA- ic l 
Mean deviation Mean deviation Tan !l'= 
(iA) (SA) (.iF) (SF) s, AIS, F VS,A'+S,~ 

Sample 

Alnwickhill 
(spiked) 31.0 5.33 35.3 1.93 2.77 1.85 

Fairmilehead 
(spiked) 31.0 3.52 29. 1 0.93 3.79 1.26 

Tap water A 45.0 2.19 51.0 4.05 0.54 3.19 
B 158.2 6.50 134.5 0.84 8.50 8.10 
c 47.2 12.07 54 .2 1.47 8.98 1.28 
D 164.8 24 .02 172.3 1.37 19.3 0.70 
E 37.2 4.60 36.8 0.41 12.33 0. 18 
F 130.0 6.68 122.2 0.98 8.33 2.33 
G 87.2 8.87 82 .5 0.55 17.71 1.18 
H 76.7 6.4 1 80.8 0.75 8.52 1.58 
I 95.8 5.88 94.5 0.55 10.7 0.55 

'The values of tan 8 represent angles ranging from 70 to 87' . Crit ical val ues at the 5% level of significance and for 6 degrees of freedom arc 
60' = 2.435. 75' = 2.440 and 90' = 2.447. The va lue of l.r A- i EitvS,A' + S,c' should therefore he less 2. 4 for no statistically significant diff­
erence between the means for the two procedures. 

Concentration by Extraction of APDC Complex Followed by 
AAS 
The modified APDC procedure described earlier was used on 
a number of samples over the period of the investigation. Each 
sample was analysed in replicate (usually five or six times) by 
both the APDC and electrothermal atomisation procedures. 
The mean values were then compared to see if the difference 
was statistically significant. Table 5 gives the results for 11 sets 
of results . 

Table 5 shows very high standard deviations for the APDC 
procedure, but confirms the excellent precision of the 
electrothermal atomisation method. The marked difference in 
standard deviation invalidated the use of !-testing so the means 
were compared by a test for non-homogeneous variances. H 

The ratio of the standard deviations for the two sample means 
(tan 9) was used to determine the significance of the 
difference between the means as summarised in Table 5. Only 
one result was highly significant on this criterion, with the 
APDC method giving a mean of 158.2 compared with 134.5 by 
the electrothermal atomisation procedure. The standard 
additions technique, when used with the electrothermal 
atomisation procedure on this sample, gave 133 1-1g J- 1• so it 
seems likely that the APDC data were less accurate in this 
instance. 

In general, however, the direct electrothermal atomisation 
procedure gave results comparable to those obtained by the 
APDC method but with a much superior precision, in many 
instances by a factor of 10, although this could probably be 
improved with more experience of the APDC procedure. 

Conclusions 

The work reported confirms that the use of lanthanum either 
to impregnate the tube , as in this instance , or added to 
solutions prior to the atomisation, as reported by Bertenshaw 
et a/ .,5 can eliminate matrix interferences in the determina­
tion of lead in potable waters. The precision and bias were 
acceptable and excellent recoveries were obtained from a 
range of raw and treated waters. 

The results obtained by direct electrothermal atomisation 
showed no statistically significant difference from those 
obtained by flame AAS after concentration. In addition. 
generally acceptable agreement was observed between the 
mean values obtained by replicate analysis by the electrother­
mal atomisation and an APDC - AAS procedure. 

Waters from the Lothian Region are low in dissolved salts 
compared with supplies from many parts of the UK and may 
therefore be expected to suffer less from matrix effects . Such 
effects were nevertheless present when analysis was attempted 
using an untreated tube (e.g., only 72% recovery for 50 1-1g ] -1 

added to Pateshill water) and lanthanum treatment effectively 
improved the recovery figures, giving a simple and rapid 
procedure for determining low levels of lead. 

The authors express their thanks to Miss Alison White and 
staff of the Water Services Laboratory for analytical assis­
tance. Thanks are also due to Mr K. Richards, Director of the 
Water and Drainage Department, for permission to publish 
this paper. 
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Collaborative Study of a Graphite-furnace Atomic-absorption 
Screening Method for the Determination of Lead in Infant Formulas* 

Robert W. Dabeka 
Food Research Division, Food Directorate, Health Protection Branch, Health and Welfare Canada, Ottawa, 
Canada K1A OL2 

Blind duplicates of three infant formulas and one evaporated milk were analysed by nine laboratories. Lead 
levels in the samples ranged from 29 to 200 ng g-1. Only one of the laboratories obtained good agreement 
with reference values for all samples; two laboratories were outliers. Analysis of the data indicated that the 
remaining laboratories had instrumentation problems, the main cause of which was inadequate simul­
taneous background correction. The mean over-all sample reproducibility (relative standard deviation; RSD) 
was 66.8% for the data as submitted and 18.7% after adjustment for background correction. The mean 
precision between blind duplicates was 38.9% (RSD) for the submitted data and 6.6% after adjustment and 
rejection of statistical outliers. 

The results imply that for matrices and elements for which moderate (0.2 absorbance unit) non-specific 
background can be expected, most laboratories with conventional background correctors will have difficulty 
in obtaining accurate results using graphite-furnace atomic-absorption spectrometry. 

Keywords: Lead determination; graphite-furnace atomic-absorption spectrometry; infant formulas; 
collaborative study 

A study conducted by the International Atomic Energy 
Agency for the inter-laboratory determination of trace ele­
ments in a single lot of powdered milk 1 revealed that the world 
status of methodology for lead in milk is very poor. Twelve 
laboratories reported lead values for the sample ranging from 
0.017 to 246 14g g- 1, a range of over four orders of magnitude. 

The toxicological importance of lead has prompted several 
countries to promulgate regulations specifying the maximum 
allowable level of lead in canned milks and infant formulas. As 
a result, many samples require accurate and precise analyses 
for lead. As compliance methods are usually time consuming 
and expensive for regulatory laboratories , rapid screening 
methods , which can considerably reduce the number of 
unnecessary compliance analyses, provide an inexpensive 
means of assessing the approximate levels of lead in formulas, 
whilst simultaneously increasing the number of samples that 
can be analysed. 

A collaborative study of one such graphite-furnace atomic­
absorption spectrometric method,2 which has the advantages 
of using a single unwashed polystyrene test-tube for each 
sample and inexpensive reagents, is described in this paper. 
The purpose of the collaborative study was to evaluate the 
performance of the method in different laboratories. This 
paper analyses the results of the study, detailing the 
instrumental difficulties encountered when graphite-furnace 
atomic-absorption spectrometric methods progress from one 
laboratory to many. 

Experimental 
Design of Study 

Four samples were chosen: one evaporated milk [2% butter 
fat (B.F.)], one milk-free formula (concentrated liquid) and 
two milk-base formulas (ready-to-use) . The lead levels in all 
samples were background levels , ranging from 29 to 200 
ng g-•. and no samples were spiked. All samples had been 
purchased commercially and were in lead-soldered cans. 
Some had been stored in the laboratory for several years . 
explaining the high lead levels. 

• Collaborators: G. R. Cutris. G. G. Durany. F. Estiandan, D. A. 
Gooden, J.-P . Hanchay, L. J. Hart, C. D. Howes, P. A. Keller , M. J. 
Lingenfelser, L. H. Manon . R. A. Moffitt. L. I. Rivera. K. K. 
Rousey. T. L. Shannon. M. K. Tikkancn. N. G. Webb and R. W. 
Woods 

The lead levels in the formulas were determined using a 
reference method3 and the rapid screening method being 
tested. The latter method was also used to test sample 
homogeneity , which was about ±5% of the confirmed lead 
levels for all samples for the sample sizes sent to collaborators. 

Samples (blind duplicates randomly numbered) and instruc­
tions were sent to 14 collaborators. Samples were sent in their 
digestion tubes . No practice sample was included in the study. 
In addition, each collaborator received empty unwashed 
test-tubes, for preparation of standards and reagent blanks, a 
bottle of modification solution (0.5% citric acid, 0.5% 
hydrogen peroxide and 0.25% ammonium dihydrogen phos­
phate), two washed pipettes and two lead stock standard 
solutions (0.2 and 0.4 14g mJ-1) for preparation of working 
standards. The stock standards had been prepared from US 
National Bureau of Standards certified lead nitrate and were 
in 1% nitric acid. 

Collaborators had to supply their own concentrated nitric 
acid (about 30 ml in total) for digestions, and skim milk for 
standards. It was requested that the skim milk be purchased 
locally from a retail outlet, and the concentrated nitric acid 
contain less than 10 ng g-t of lead. 

Procedure 

To 2 ml of ready-to-use or 1 ml of concentrated-liquid formula 
was added I ml of concentrated nitric acid. The test-tubes 
were tightly capped and heated at 58-63 oc for 6-16 h in a 
water-bath. For reagent blanks, two test-tubes containing 1 ml 
of water and 1 ml of concentrated nitric acid were digested as 
above. For standards and standard blanks, seven test-tubes 
containing 2 ml of skim milk were digested as above. After 
digestion, four of the skim-milk digests were spiked with two 
lead stock standard solutions to yield final lead concentrations 
of 10, 20, 30 and 40 ng ml - •. All sample, standard and blank 
digests were then diluted to 10 ml with modification solution , 
and the tubes were capped with their original caps and shaken 
briefly. 

Determinations were made using graphite-furnace atomic­
absorption spectrometry. The instrument conditions reques­
ted were as follows: aliquot volume, 10 111 for the HGA-400, 
HGA-500, HGA-2200, IL-455 and Hitachi 170-70, 20 111 for 
the HGA-2100 and HGA-2000 and 2 or 5 ~tl for the CRA-90 
and CRA-63 instruments; drying temperatures adjusted so 



1260 ANALYST. OCTOBER 1984. VOL. 109 

Table 1. Sample description and collaborator results (ng g- 1) as submitted 

Sample Sample 
No.* description Ot lA§ 

I (13)} Evaporated milk 57 48.1 44.2 
2(32) (2%B .F.) 50.9 42.3 

3 (14)} Cone. liquid 200 246 199 
4(24) soya base formula 244 184 

5 (12)} Ready-to-use 53 66.8 48.9 
6(17) milk base formula A 59.6 48.9 

7 (15)} Ready-to-use 29 27.4 23 .9 
8(34) milk base formula B 31.7 26.8 

• Numbers in parentheses were submitted to collaborators. 
t Blind duplicate values for each sample . 
t Reference value from this laboratory. 

62 .0 
59.3 

139 
140 
39.4 
37.0 
8.9 
8.9 

Laboratory No . and valuest 

3 4 6 7 8 9 

44.4 25 .0 29.4 265 286 .8 34.4 105 
31.5 3.7 59.1 167 36.3 59.9 109 

168 85.0 281 194.0 440.3 282 
187 236.8 101.7 308 189.5 296.6 277 
42.3 62.5 22.5 93 88.3 79.4 64 
28.8 65 .9 20.1 100 83.5 44.2 79 
10.6 20.2 11.9 78 17.9 4.7 9 
10.6 22.1 18.6 75 16.2 44.2 34 

§ Values obtained by laboratory I using peak-area measurements. These values were not included in the statistical evaluation. 

that 2-, 5-, 10- and 20-f.ll samples dry in about 5, 8, 12 and 20 s, 
respectively; ashing temperature and time , 650 oc for 20 s; 
recorder mode , continuous to monitor background noise 
during the atomisation cycle; background correction, simul­
taneous; gas-interrupt mode , if available , used during the 
atomisation step; graphite tubes , uncoated , if available; 
measurements, peak height; and other parameters. manufac­
turers' specifications. 

Three replicate determinations were made for each solu­
tion. The measurement sequence was fixed in the following 
general pattern: 20 ng ml-1 standard - all blanks - all stan­
dards - all samples (any order) - all standards. 

Results and Discussion 
Raw Data 

Nine laboratories participated in the study. The results , as 
submitted, are listed in Table 1. Only laboratory 1, which 
analysed the samples using both peak-height and peak-area 
measurements, obtained good agreement with reference 
values for all samples (Table 1 ). Most of the other laboratories 
obtained values for some samples that appeared reasonably 
acceptable; however, the results were generally poor. 

Laboratory 4 reported that sample 3 was broken during 
shipping, and that losses were suspected during the digestion 
for samples 1 and 2. The value for the lost sample was set at 
237 ng g-t, that obtained for the blind duplicate, and was used 
in all subsequent statistical manipulations. 

Identification of Problems 

The raw data indicated that most of the collaborators 
experienced problems with the method. Two possible reasons 
for this were considered: contamination and instrumentation. 

As the method was simple and there was little chance of 
contamination, and as most collaborators obtained good 
agreement between blind duplicates, contamination was 
excluded as the prime factor influencing the quality of results. 

Instrumentation was investigated as the second reason for 
the poor results, and subsequent examination of the method 
using a new atomic-absorption spectrometer (Varian Model 
775-ABQ) in our laboratory revealed that inadequate simul­
taneous background correction could cause accuracy prob­
lems. The non-specific background at the wavelength of 283.3 
nm was about 0.13 absorbance unit using an ashing tempera­
ture of 650 oc. At the 217.0-nm line , the background was a 
factor of 2 greater and, using the Varian instrument at this 
wavelength, could not be adequately corrected. This problem 
was not detected when the method was first developed 
because, for the spectrometer used (Perkin-Elmer Model 
403), only the wavelength of 283.3 nm recommended by the 
manufacturer was used, and extensive care was always taken 
to assure proper lamp alignment for background correction. 

Table 2. Adjusted values (ng g-- 1). A constant was added to all the 
reported solution concentrations so that a mean value of29 ng g- • was 
obtained for samples 7 and 8 

Laboratoryt 
Sample Ref. 

No. value* 2 4 6 7 9t 
I 57 47 101 80 40* 173~ 310~ 95 
2 57 50 98 67 19* 75 59 98 
3 200 245 198 204 251 189 218 208 
4 200 243 178 223 251 217 212 203 
5 53 66 60 61 70 45 100~ 55 
6 53 59 57 47 74 53 95~ 65 
7 29 27 29 29 28 30 30 22~ 
8 29 31 29 29 30 28 28 36~ 

*Composite using rapid screening method and extraction method-' 
t Results from laboratories 5 and 8 excluded owing to poor 

instrument performance . 
t Data based on linear least-squares fit for standards as well as 

adjustment. 
§ Laboratory reported possibility of losses during digestion . 
~ Statistical outliers at 95% confidence level (Dixon or Cochran 

test). 

On examining the recorder tracings submitted by six of the 
nine laboratories , it became obvious that inadequate back­
ground correction , revealed by the presence of negative 
peaks, or positive peaks or shoulders that occurred during 
atomisation and could not be attributed to lead, could indeed 
be one of the factors affecting the quality of the results. 
Assisting in the evaluation was the observation of differences 
between the time- absorbance profiles of blanks for standards 
containing skim milk and reagents without milk. 

Adjustment of Data for Background Correction 

The possible effects of background on the data was numeri­
cally evaluated by assuming that for any one laboratory 
uncorrected background absorption was identical for all 
sample solutions, regardless of tube age, and that any 
uncorrected background absorption did not affect the calibra­
tion slope. If these approximations are correct and if 
background is the main factor causing the poor results, it 
should be possible to improve the results by adjusting, for 
each collaborator, the reported solution concentrations by a 
constant factor so that the mean value for one of the samples 
equals the reference value. The sample chosen as a reference 
for this adjustment was ready-to-use milk-base formula Band 
its value was set at 29 ng g-1. For laboratory 9, a calibration 
problem was detected and, prior to the background adj ust­
ment, a linear least-squares treatment of the calibration graph 
was made. 

In spite of the crudeness of the approximations made, the 
results of the adjustments (Table 2) showed a significant 
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improvement for most of the laboratories , supporting the 
hypothesis that incomplete background correction was the 
major cause of the poor inter-laboratory performance of the 
method. 

Laboratory 5 appeared to have a general accuracy problem, 
which revealed itself by erratic changes in sensitivity for some 
standards run before and after samples. The sensitivity 
increased 33% for the 10 ng ml- 1 standard whereas , for the 40 
ng ml-1 standard, it decreased by 8.7%. Based on linear 
least-squares fits for the two groups of standards (10, 20, 30 
and 40 ng ml - 1 in each group), the slopes of the calibration 
graphs before and after sample determinations changed by 
22%, and the intercept with the x-axis changed by 0.079 
absorbance unit. equivalent to a blank uncertainty range of 
about 6.3 ng ml- 1. Based on the author's experience with the 
CRA-63 and CRA-90 atomisers, the problem was probably 
due to unstable electrode - graphite tube contact, inapprop­
riate drying temperature or too great an aliquot volume (5 [!I). 
Although 2-5 [!I was the recommended aliquot volume for the 
furnace, recent studies showed that 2 [!I is the maximum 
aliquot volume that can be reliably used with the furnace 4 

For laboratory 8 the instrument sensitivity was low and, 
after submission of results, a weak lead electrodeless dis­
charge lamp was reported. This may have caused the poor 
precision between blind replicates [mean 55% (RSD)]. 

Owing to the above difficulties, laboratories 5 and 8 were 
treated as outliers. 

Statistical Evaluation of Data 

About 6 months after this collaborative study was run, our 
laboratory organised a workshop in which seven analysts from 
five Field Laboratories of the Health Protection Branch , 
Health and Welfare Canada, participated. One of the 
methods studied was the rapid screening method for lead in 
infant formulas , and the analysts were given the same samples 
and standards that were used in this collaborative study. Each 

Table 3. Statistical evaluation of data 

Parameter 

Mean levels/ng g-1 

Standard deviation between replicates/ng g- 1 

RSD between replicates, % 

Reproducibility (standard deviation)/ng g- 1 

Reproducibility (RSD),% 

' Data include I outlier out of 56 values in total. ' 
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analyst performed the sample analysis independently, 
although solutions were analysed using the same well aligned 
instrument. Results for the workshop were good and no 
procedural , homogeneity or contamination problems were 
encountered 5 The results are summarised in Table 3, together 
with the collaborative study data. 

For the adjusted data base (Table 2), six values were 
individual outliers at the 95% level of significance (Dixon and 
Cochran tests) , and losses were suspected for two other 
samples. These values encompassed 14% of the data. In 
comparison, for the workshop results only one value was a 
statistical outlier. s 

The mean levels for all collaborators agreed reasonably well 
between workshop and collaborative study results (Table 3); 
the major difference between the two studies was that the 
precision for the latter was much poorer. The mean RSD was 
3.8% for the workshop and 38.9% for the submitted values for 
the collaborative study. Adjustment of data and rejection of 
outliers and samples suspected of losses reduced the latter 
value to 6.6%. 

The mean over-all sample reproducibility (RSD) was 7.0% 
for the workshop and 66.8% for the collaborative study. The 
latter was reduced to 18.7% (range 11.1-30.2%) when the 
data were adjusted. 

Instrument Performance 

The collaborative study results demonstrated that accurate 
application of graphite-furnace atomisers is difficult to achieve 
on an inter-laboratory basis. As a fairly representative 
population of spectrometers, atomisers and autosamplers 
were used (Table 4), the problems did not appear to be limited 
to any specific model or design of spectrometer or atomiser. A 
discussion of instrument performance , diagnosed using preci­
sion and background correction parameters, is given to 
illustrate the nature of the problems encountered and the steps 
that can be taken to overcome them. 

Data base 

Submitted 
Sample Workshop values Adjusted 

No . values* (all labs.) valuest 

I 60.0 82.0 77.0 
2 215.2 225.2 217.1 
3 57.6 59.8 59.3 
4 29.3 25.0 29.0:j: 
I 1.8 64.4 5.0 
2 7.0 35.0 10.7 
3 2.5 10.0 6.0 
4 1.3 11.2 1.5 
I 3.0 78.4 6.2 
2 3.3 15.6 4.9 
3 4.3 16.7 10.1 
4 4.6 44.9 5.3 

1-4 3.8 38.9 6.6 
1 3.6 80.7 24.0 
2 14.6 87.9 23.9 
3 2.6 21.9 8.9 
4 3.1 21.6 1.1 
I 6. 1 98.4 30.2 
2 6.8 39.0 11.0 
3 4.5 42.4 15.0 
4 10.5 87.5 3.7 

1-4 7.0 66.8 18.7§ 

t Values adjusted according to Table 2. Laboratories 5 and 8 not included. Replicate pairs containing a statistical outlier and samples for 
which losses were suspected were not included in the calculations. 

:j: As a result of adjustment, values meaningless for comparative purposes. 
§ Value does not include sample 4. 
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Table 4. Instrumentation and performance characteristics 

Adjust- Analyst 
Instrument Mean RSD ment Stan- expenence 

Aliquot precision between made dard withGFAAS 
volumeiJ1l (mean % RSD) duplicates.% for blank- (months) 

AA Observed hack- reagent 
Lab. spectro- Fur- Auto- Recom- )J Stan- Sub- Adjust- non-specific ground/ blank/ Lead 
No. meter nace sampler Used mended nm dards Sample mitted ed absorbance ng mJ - 1 ng mi - 1 General detn. 

I IL-951 IL-551 IL-254 20 10 283.3 2.8 5.2 
2 PE-503 HGA- AS-I 20 20 283.3 1.6 11.4 

2100 
PE- HGA- AS-40 10 10 283.3 9.1 8.9 
5000 500 

4 PE-603 HGA- AS-I 10 10 217.0 6.6 17.7 
400 

Varian CRA- ASD-53 2-5 217.0 9.7 12.6 
475 90 

6 PE-306 HGA- AS-I 20 20 283.3 2.3 2.6 
2100 

7 PE- HGA- AS-I 20 20 283.3 2.2 1.5 
3058 2100 

8 PE- HGA- None 20 10 217.0 9.8 12.1 
5000 500 

9 PE-306 HGA- None 20 20 283.3 3.8 14.9 
2100 

10 Varian HGA- AS-I 10 10 283.3 1.3 
775 400 

For the lead levels determined in the collaborative study, all 
the instruments used, when properly optimised, should yield 
an instrumental precision better than 5% (RSD). Failure to 
achieve this is indicative of problems. For collaborators, 
instrument precision for samples [range 1.5-17.7% (RSD)] 
and standards [range 1.6-9.8% (RSD)] varied widely. The 
mean precision for the standards [5 .3% (RSD)] was better 
than for the samples [9.7% (RSD)], and· both were high in 
comparison with the respective workshop values of 1.3 and 
2.4% (RSD). While laboratories 1, 6 and 7 obtained good 
precisions for both samples and standards, the precision for 
laboratories 3, 5 and 8 was generally poor (Table 4). The 
causes of poor general precision are traceable to inadequate 
background correction, too large an aliquot volume and 
instrument noise (caused by faulty lamps, electronic noise and 
poor optical throughput). For laboratories 2, 4 and 9, the 
precision for standards was reasonable [range 1.6-6.6% 
(RSD)]; however, for samples , the RSD was an average of4.6 
times higher. This effect is indicative of problems with furnace 
parameters (drying temperature, aliquot volume) and , to a 
smaller extent, with background correction deficiencies. 

The ranges of aliquot volumes recommended by manufac­
turers for their furnaces usually include aliquot volumes too 
large to be handled accurately on a routine basis by any but 
highly skilled analysts. Large aliquot volumes can cause 
precision and accuracy problems owing to distribution effects 
within the furnace• (and for this method, significant back­
ground absorbance). As no publications have appeared on this 
topic, less experienced analysts tend to use aliquot volumes 
that are unsuitable for their furnaces in order to improve the 
detection limits. Although the author attempted to overcome 
this potential problem by specifying aliquot volumes for each 
model of furnace used, his recommendations of 20 111 for the 
HGA-2100 and 5 111 for the CRA-63 and CRA-90 were, in 
retrospect, too large for the furnaces. This may have had a 
significant impact on the collaborative study results because 
the above furnaces were used by half of the collaborators. 

Regarding simultaneous background correction, the adjust­
ments required for correction of inaccuracy due to non­
specific absorbance varied from -2.9 to 16.1 ng m) - 1, 
indicative of both positive and negative background effects 
(Table 4). The submitted recorder tracings were ineffective in 
determining the sign of the background effect. While the 

2.4 

5.8 4.0 0.6 0.3 f>.-12 f>.-12 
2.0 2.3 Negative peaks - 2.9 1.1 <6 <6 

14.6 6.6 Positive peaks 7.8 -1.8 f>.-12 f>.-12 

28 .8 3. 1 Positive peaks - 1.6 -0.5 >12 > 12 

24.8 Negative peaks 2.0 f>.-12 f>.-12 

11.6 6.2 Positive peaks 16.1 5.6 >12 > 12 

30.6 2.4 Positive peaks 3.9 0.2 >12 > 12 

55 .1 - 1.7 > 12 > 12 

25.2 3.7 4.5 4.3 <6 < 6 

3.8 0.0 

effects of wavelength and aliquot volume on background 
correction were discussed, proper lamp alignment is just as 
important a parameter. For example, laboratory 3, using an 
appropriate wavelength and aliquot volume, still required a 
background adjustment of 7.8 ng mJ - 1, equivalent to a 78 
ng g- 1 error for a 1-g sample. The most probable reason for 
this was improper alignment of the deuterium and lead lamps. 
the beams of which should be coincidental with respect to size 
and shape as they pass through the furnace. Because . fo r the 
specific spectrometer model, the deuterium lamp must be 
aligned by the manufacturer and the instrument allows little 
flexibility with respect to lead lamp alignment owing to the 
type of lamp mount. the analyst can do little to ensure proper 
background correction. All other spectrometers used by 
collaborators do allow analysts to make proper lamp align­
ment. 

Conclusions 

The collaborative study of the method was a failure. primarily 
owing to inadequate simultaneous background correction on 
the instruments used. This was substantiated by (a) significant 
improvement ofthe data adjusted for background, and (b) by 
the comparatively good results obtained by seven analysts 
using the same samples and standards in a workshop situation 
where only one well aligned instrument was used . 

The importance of the results. however, extends beyond 
this particular method. The non-specific background for other 
elements and matrices often exceeds that for lead in milk. For 
instance , the background for cadmium at 228.8 nm is roughly 
twice that for lead at 283 .3 nm for most of the food matrices 
studied in our laboratory, and even after dilution factors of 10. 
has been observed to exceed I absorbance unit. Thus. it can be 
predicted that no graphite-furnace cadmium method applic­
able to all foods is likely to achieve good inter-laboratory 
accuracy unless more powerful background-correction 
systems, such as Zeeman or Smith - Heifje, are used or the 
method includes the separation of cadmium from the bulk of 
the inorganic matrix. 

The implications of this for future collaborat ive studies are 
multiple, relating both to the choice of methods and to 
verification of the adequacy of background correction. 

For situations when background correction is applied but 
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not tested for adequacy. organisers of collaborative studies 
would be wise to choose methods for which the maximum 
non-specific background will not exceed roughly 0.05 absor­
bance unit, a level significantly smaller than that which can be 
conveniently corrected with well optimised instrumentation. 
This approach would ensure wide applicability of the method 
without the analyst spending excessive time optimising the 
background corrector of the spectrometer. Once a method has 
been chosen, samples giving the highest background levels 
that can be expected for the method should be included in the 
study. 

For collaborative study of methods so convenient that 
meticulous instrument adjustment for compensation of 
moderate (0 .1-0.5 absorbance unit) background is warranted, 
it is necessary to include, as part of the method, a method for 
ensuring adequacy of background correction. Unfortunately , 
there is currently no published graphite-furnace atomic­
absorption method available whereby the analyst can guaran­
tee that non-specific background is being corrected by the 
spectrometer. Approximations can be made , however , and 
the simplest way to do this would be to include, again as part of 
the method, analysis of a practice sample. Such a practice 
sample, to be valid and useful , would be unlike those 
commonly suggested for collaborative studies, for several 
reasons. Firstly, it would have to be accessible to all analysts 
wishing to use the method, i.e., it would have to be a standard 
reference material such as those supplied by the US National 
Bureau of Standards. Secondly, the level of analyte in the 
sample would have to be c,ertified and below or near the 
detection limit of the method. Thirdly, the level of back­
ground for the sample, after digestion , etc. , would have to 
exceed that of the "worst" sample to which the method would 
be applied. Fourthly, the matrix composition of the test 
sample would have roughly to approximate that of real 
samples to avoid unexpected interferences and to match the 
source of the background. Using the method of interest , the 
sample is analysed twice, once unspiked and once spiked to 
give a signal roughly 10 times the detection limit of instrument-

1263 

ation. If the results for both the spiked and unspiked sample 
correspond to the true levels, it can be assumed that the 
instrument, as aligned, can adequately correct for the back­
ground of unknown samples. 
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Low-pressure Evaporation Concentration Prior to Discrete 
Nebulisation Flame Spectroscopic Analysis 

Fiona A. Robertson, Anthony C. Edwards and Malcolm S. Cresser 
University of Aberdeen, Department of Soil Science, Meston Walk, Old Aberdeen, AB9 2UE, UK 

The use of low-pressure evaporation in a vacuum desiccator for small-volume sample solutions is described. 
The procedure utilises hydrophobic plastic AutoAnalyzer cups without heating, which reduces deposition on 
the container walls, the final volume is assessed by weighing and therefore no dilution is required, no 
reagents are necessary and the system is closed to atmospheric contamination during the evaporation stage. 

Keywords: Pre-concentration; evaporation; atomic-absorption spectroscopy; atomic-emission spectroscopy 

Numerous pre-concentration techniques have been employed 
in analytical atomic spectroscopy over the years. In flame 
spectroscopy, where improved delectability is essential, sol­
vent extraction is most widely usedl However, solvent 
extraction is not without problems for trace analysis. Substan­
tial amounts of solvent and reagents of adequate purity are 
required , and the solvents used are invariably flammable. 
Moreover, a considerable input of skilled operator time is 
necessary, unless an expensive automated system is available. 
Cation exchange is generally regarded as a less popular 
alternative to solvent extraction but purified reagents are still 
required and manual sample processing is still very time 
consuming. Also, samples are unavoidably diluted upon 
elution unless the resin is dissolved or analysed as a solid. 

Concentration by evaporation has never been very popular. 
At elevated temperatures, evaporation in glass vessels often 
leads to loss of sample by deposition or absorption on to the 
glass walls above the liquid surface. Evaporation is slow if the 
samples are covered, but open samples are prone to contami­
nation from the atmosphere. A slow air bleed through the 
samples at reduced pressure speeds up the evaporation, but 
again may introduce contamination. 

This paper describes the use of low-pressure evaporation in 
a vacuum desiccator for small-volume sample solutions. 
Hydrophobic plastic AutoAnalyzer sample cups are used 
without heating to reduce deposition on the container walls. 
The final volume is assessed by weighing, so no dilution is 
necessary. No reagents are required, and the system is closed 
to atmospheric contamination during the evaporation stage. 

Experimental 

Apparatus 

A 240-mm i.d. vacuum desiccator was used with a sample 
holder made from a 182 x 106 mm rubber block containing 
five rows of ten 16-mm diameter holes, to hold 50 Technicon 
AutoAnalyzer standard sample cups. When more uniform 
evaporation was required, a 160-mm diameter disc sample cup 
holder was used. It was made from expanded polystyrene, 
with 24 equally spaced holes drilled out, their centres being 64 
mm from the disc centre. Each desiccator was fitted with a 
sintered-glass filter in the extraction- air inlet line, to prevent 
dust entrainment on releasing the vacuum. 

Procedure 

Pipette 1.5 ml of each sample or standard into a sample cup, 
and weigh the cup to ±I mg. Load the samples into a sample 
tray and place the tray in a vacuum desiccator over granular 
calcium chloride. Grease the lid thoroughly with vacuum 
grease, close and evacuate using a water pump until there is no 
change in the sound of the water pump when the desiccator tap 

is closed. This generally takes 10-15 min. Close the tap and 
leave to stand until the required degree of evaporation is 
observed. For 24 samples in a normal sized vacuum desiccator, 
10-fold concentration is achieved in 10-24 h, depending on the 
efficiency of the water pump and the number of times the 
calcium chloride has already been used. Allow air to re-enter 
slowly, via a filter. Weigh the sample cups and contents to ±I 
mg and calculate the mass of water evaporated, and hence the 
volume of solution remaining. 

Determine the element of interest by flame atomic­
absorption or -emission spectroscopy, using the discrete 
nebulisation technique,2 reading the absorbance or emission 
intensity peak from a suitable chart recorder. Use matrix­
matched standards, allowing for the concentration of matrix 
components if necessary, or run suitable standards and blanks 
through the evaporation procedure. Calculate the concentra­
tion factors, based on the volumes of solution remaining, and 
hence the amount of analyte in the original sample solutions. 

Results and Discussion 

Choice of Desiccant 

The net removal of water from the sample surface, and hence 
the rate of concentration, depends on the rate at which water 
molecules escape from the surface of the sample solution, the 
rate of diffusion of water molecules to the desiccant surface 
and the rate of absorption of water molecules by the desiccant. 

At normal atmospheric pressure, five desiccants were 
studied, viz., granular calcium chloride , phosphorus pentox­
ide , concentrated sulphuric acid, anhydrous calcium sulphate 
(freshly ignited) and silica gel. Four sample cups, each 
containing I .5 ml of distilled water, were weighed and placed 
in each of a series of 75-mm i.d. desiccators containing the five 
desiccants. The sample cups and contents were re-weighed 
after 18, 23, 40, 46 and 64 h, with a view to comparing the 
trapping efficiencies of the five desiccants, and to seeing if 
their efficiency deteriorated as they became wetter. 

The efficiency of the desiccators decreased in the order 
sulphuric acid (most efficient) > calcium chloride > phos­
phorus pentoxide = silica gel > calcium sulphate. Calcium 
chloride was used in subsequent work, because it was only 
marginally inferior to sulphuric acid and is safer to use under 
vacuum. For calcium chloride and sulphuric acid, the desic­
cant efficiency remained constant as the desiccants became 
wetter. For the other three desiccants, the absorption effi­
ciency decreased with increasing time and wetness. Without 
evacuation, the samples lost only about 500 [!I each over 60 h. 
The evaporation rates were greatly accelerated at low 
pressure, indicating that the evaporation of water was limited 
by the rate at which water molecules escaped from the sample 
solution surface and/or their rate of diffusion to the desiccant, 
as well as the trapping efficiency of the desiccant. 
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Fig. I. Volumes (!'I) remaining after evaporation from 1.5-ml 
sub-samples. (a) 50 water samples after 8 h; (b) 19 dilute hydrochloric 
acid extracts of plant ash after 8 h. Values obtained depend on pump 
efficiency and prior use of desiccant 

Evaporation Rates at Reduced Pressure 

Using a rectangular block containing five rows of ten sample 
cups, the rate of evaporation was very uneven , as shown in 
Fig. 1(a). For 1 .5-ml samples, the evaporation was greatest at 
the block corners and lowest at the centre of the block. If a 
more uniform evaporation rate is required, a symmetrical. 
circular pattern of sample cups is necessary. A 162-mm disc 
containing 24 equally spaced cups around its circumference 
gave a uniform 10-fold concentration over 10-24 h, depending 
on pump efficiency and desiccant age. The desiccator should 
not be left permanently connected to the water pump once a 
suitable low pressure has been attained. because the water 
vapour pressure in the desiccator does not then fall below the 
saturation vapour pressure at the operating temperature of the 
pump , and the evaporation rate is thus reduced. It should be 
noted that if the disc sample holder is not completely filled. the 
evaporation rate is no longer uniform from sample to sample . 
The pattern shown in Fig. 1(b) for 0.06 M hydrochloric acid 
solutions from ashed plant samples for a batch of 19 samples is 
typical. 

Examples of Applications 

The technique has been applied successfully to the atomic­
absorption determination of iron and manganese in natural 
fresh water samples. For iron, contamination problems were 

(a) 
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0.1 119 ml - 1 

(b) 1 1'9 ml- 1 

1 1'9 ml- 1 

Time----. 
Fig. 2. Chart recordings for (a) the direct determination of copper in 
dilute hydrochloric acid extracts of five plant ash samples; and (b) for 
the same solutions after evaporation pre-concentration 

encountered initially. These were traced to minute but 
significant inputs of dust on releasing the vacuum. Using the 
rectangular sample block. contamination was greatest at the 
centre of the block. immediately under the desiccator tap. and 
lowest, but still a problem . at the edges. The effect was 
eliminated by placing a fine glass sinter in the air input line and 
slowing down the rate of vacuum release. 

Reduced-pressure evaporation has also been applied to the 
determination of copper in 0.06 M hydrochloric acid solutions 
from 6 M acid extracts of ashed plant samples. Typical results 
with and without the evaporation concentration step are 
shown in Fig. 2. Copper was determined by atomic-absorption 
spectroscopy using a Baird A3400 spectrometer and an air -
acetylene flame. The improved detectability and precision are 
immediately apparent. A 10-fold concentration of ten repli­
cate 1.5-ml portions of a single hydrochloric acid digest gave a 
result of 0.080 11g ml - 1 for copper in the ash extract. with a 
relative standard deviation of l. 9%. 

Conclusions 

Evaporation concentration in a vacuum desiccator provides a 
simple procedure for up to 10-fold pre-concentration of 
analyte elements prior to determination by discrete nebulisa­
tion flame atomic-absorption or -emission spectroscopy. 
Because the system is closed. and addition of reagents is 
generally unnecessary. contamination is minimal. Because no 
heating is used. inexpensive . hydrophobic plastic sample cups 
may be employed. and solid deposition on to the evaporation 
vessel walls. which in our experience may be a problem with 
heated glass systems. appears to be negligible. The conical 
shape of the bottom of the Technicon sample cups is ideal for 
discrete nebulisation of 100-200-!!1 samples. 
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Although in this work the technique has been used prior to 
flame atomic-absorption spectroscopy. it is also perfectly well 
suited to other techniques that may be successfully completed 
using small volumes of sample solution. If concentration 
factors greater than 10-fold are required. a second 1.5-ml 
portion of sample may be added after the first evaporation and 
the evaporation repeated to achieve 20-fold concentration. 
The use of mass change to measure final volume is very precise 
and eliminates the need to dilute to a fixed. small volume. 

The authors are indebted to George Wilson and Jim Wallace 
for constructing the sample holders, and to the Department of 
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cil for financial support. 
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Combined Reagent Purification and Sample Dissolution (CORPAD) 
Applied to the Trace Analysis of Silicon, Silica and Quartz 
V. J. Phelan and R. J. W. Powell 
GEC Research Laboratories, Hirst Research Centre, Wembley, Middlesex, HA9 lPP, UK 

A simple and reliable method is described for the determination of impurities in very high-purity 
single-crystal silicon and in siliceous materials of importance to the electronics industry. Reagent purification 
and sample dissolution take place simultaneously within a closed PTFE vessel; the analyses are completed by 
carbon furnace atomic-absorption spectrometry. The very low reagent blank levels enable aluminium, 
chromium, copper and iron to be determined at levels as low as 5 ng g- 1• 

Keywords: Silicon, silica and quartz analysis; reagent purification -sample dissolution; atomic-absorption 
spectrometry; trace metal determination 

The relevant desirable properties of some materials used in 
high-technology industries are seriously affected by trace 
metal impurities. The concentration above which an impurity 
has a deleterious effect on the behaviour of the material is 
often below the microgram per gram level. Three examples of 
such materials are given in Table 1 with indications of the 
impurity elements of interest, the range of interest and the 
properties affected by the impurity. 

The detection and determination of metals at the required 
level can be achieved by a variety of techniques such as mass 
spectrometry, neutron activation and carbon furnace atomic­
absorption spectrometry (CFAAS). The first two techniques 
require complex and costly equipment that is not widely 
available. Mass spectrometry also requires standard samples 
of known concentration for calibration purposes. For iron 
determination, difficulty may be experienced because of the 
confusion between Si2+ and Fe+. both of which have ions with a 
mass number of 56. CFAAS provides adequate sensitivity for 
the elements of interest and in the work described here it has 
been the method of choice for the provision of quantitative 
results. It can be operated using either solid samples or 
solutions. The use of solid samples avoids the problem of 
impurities in the dissolving acid . However. it suffers from the 
necessity of weighing repeatedly and accurately small amounts 
of sample and the difficulty of calibrating the met~od.t With 
siliceous materials there would also be the problem of 
releasing the impurities from a relatively large amount of 
refractory material in the furnace. 

In view of the above problems associated with the direct 
examination of solid samples, attention has been concentrated 
on solution techniques. For silicon or silica samples this 
approach has a particular advantage in that attack with 
hydrofluoric acid leads to the formation of silicon tetra­
fluoride, which is volatile and conveniently leaves the impuri­
ties in an acidic solution. Matrix effects are thus largely 
eliminated. 

The dissolution of samples does. in general, have a major 
drawback in that impurities in the dissolving acid contribute a 
blank to the determination. One method of achieving low 

reagent blank values is the separate purification of reagents by 
sub-boiling distillation followed by conventional dissolution. 
The use of this method has been reported by Ste.wart and 
Newton.2 However, we did not adopt this approach for several 
reasons: a platinum still was not available to us; the 
construction of a sub-boiling dissolution unit from PTFE 
would be at least as complex as the making of our equipment; 
there are numerous difficulties in handling and storing 
high-purity acids once they have been prepared3; and further 
clean space is required in which to carry out the dissolution 
procedure. 

The principle made use of in the procedures discussed here 
is that of isopiestic distillation in which vapour from concen­
trated volatile acids is absorbed in high-purity water surround­
ing the sample. The concentrated acid and sample are in 
separate vessels inside one sealed container. The transferred 
acid vapour effects the dissolution but does not contain the 
impurities present in the concentrated acid as these do not 
transfer with the vapour. 

Experimental 

Apparatus 

The analyses reported here were carried out using a PTFE 
vessel based on a design by Wooley. 4 The design was modified 
so that relatively large samples could be accommodated with 
minimum handling (i.e., crushing, grinding and transferring of 
solutions). Figs. 1 and 2 show the vessel and the four sample 
cups that it contains. Features of the modified design are as 
follows . 

(i) For "as-received" samples up to 1 g can be accommo­
dated. The relatively large volume of the sample cups 
allows each sample to be made up to 10 ml in situ. 

(ii) All four sample cups may be readily removed simul­
taneously. 

(iii) Chamfers on the top edges of the cups reduce the risk of 
condensed acid running into them. 

Table I. Effect of impurities on three materials used in high-technology industries 

Impurities of Range of interest/ 
Material Property affected relevance ngg · ' 

Silicon single crystal . .. Electrical breakdown Fe 1-100 
of devices 

High-purity synthetic 
quartz crystal .. Radiation hardness AI. Fe 5-100 

Optical fibres 
(high-purity silica) .. Optical transmission Cu.Cr.Ni,Fe 5-100 
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Fig. 1. PTFE vessel and lid. All dimensions in millimetres 
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Fig. 2. PTFE cradle and cup. All dimensions in millimetres 

(iv) Shoulders on the outside of the cups ensure that they do 
not lean against the wall of the vessel. 

(v) The four-cup design allows the dissolution of up to three 
samples and one blank or more commonly two samples 
and two blanks. 

The atomic-absorption measurements were obtained using 
a Perkin-Elmer Model 280 spectrometer fitted with an HGA 
500 graphite furnace. The samples were introduced using an 
AS-40 autosampler. The spectrometer readout was recorded 
on a Perkin-Elmer Model 56 chart recorder. Standard 
conditions for each element were listed in the users' manuaLS 
The graphite tubes used were all supplied by Perkin-Elmer 
and no problem with residual blanks was encountered in any 
of the analyses reported. 
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Sample Preparation 

The silicon samples are received as slices of approximately 50 
mm diameter (other common sizes are 75. 100 and 125 mm). 
These are cleaved into strips prior to cleaning. Samples for 
analysis as-received are washed with ethanol and then rinsed 
in de-ionised water. If bulk analysis is required the silicon is 
heavily etched using a mixture of hydrofluoric and nitric acids 
(acids of the highest purity available are used). The samples 
are thoroughly rinsed in de-ionised water before dissolution. 

This procedure was found to be unsatisfactory for bulk iron 
analysis . A commonly recognised cleaning procedure (RCA 
clean) for removing surface contamination employs a mixture 
of hydrochloric acid, hydrogen peroxide and de-ionised 
water.6 •7 Cleaning is followed by thorough rinsing of the 
sample with de-ionised water. 

Quartz 

The quartz samples are received as blocks and are washed with 
ethanol prior to a light etch in hydrofluoric acid. This etch is 
followed by cleaning with hydrochloric acid, hydrogen per­
oxide and water as described for silicon preparation . The 
sample is finally rinsed thoroughly with de-ionised water. 

Optical Fibres 

These samples are received as collapsed tubes. The inner core 
is removed by trepanning and etched in hydrofluoric acid to 
remove any remaining outer tube and trepanning residues. 
The core is then cleaned in a mixture of hydrochloric acid . 
hydrogen peroxide and water and finally the sample is rinsed 
thoroughly in de-ionised water. 

The optical fibre, silicon or quartz crystal samples are 
weighed , cleaned and placed in the sample cups. The acids 
used for dissolution are placed in the bottom of the large vessel 
(1 + I V!V hydrofluoric acid - nitric acid for silicon; 
hydrofluoric acid for quartz and silica. Aristar grade acids are 
used). The four sample cups are then placed in the rack in the 
top of the vessel. 

The apparatus is sealed with the PTFE lid and the whole is 
clamped together between brass plates and placed in an oven 
at approximately 110 °C. The assembly is usually left in an 
oven overnight. When the vessel is removed from the oven it is 
spun about its axis on a turntable at approximately 30 rev 
min- 1 for a few minutes to encourage any condensation on the 
roof of the vessel to run back into the bulk acid. The pot is 
cooled, the clamps are released and the pot is transferred to a 
clean environment before opening. Although silicon tetra­
fluoride has been generated there is no build-up of pressure 
and the lid has to be gently prised open. There is some 
advantage in cooling below room temperature when silicon 
has been dissolved as this reduces the evolution of oxides of 
nitrogen from the bulk solution . 

All of the samples examined are siliceous and therefore 
most of the silicon is removed as a vapour during dissolution 
leaving a liquid residue containing only the fluorides and/or 
nitrates of the impurities associated with the sample. It was 
found that leaving the samples to dissolve for a longer time 
resulted in a larger liquid residue in the sample cups. To 
facilitate manipulation of the residues and remove any 
residual fluorides , which could cause interference problems in 
subsequent furnace analysis ,' 50 j.tl of Aristar sulphuric acid 
are added to each cup. The cups are then heated at 
approximately 100 oc on a hot-plate. This leaves a residue of 
50 j.tl containing all the impurities associated with the samples. 
The liquid is then made up to volume (typically I ml) using a 
micropipette to dispense the de-ionised water (Eigastat 
Spectrum ROI) . The samples are subsequently analysed 
against standards matched in acid concentration. 

The analyses of standards and samples were carried out in 
triplicate. The standard deviation (1\) of results on 30-j.tl 
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Table 2. Impurities sought in single-crystal silicon . Sample mass. ca. 
I g; initial sample volume of 5% H,S04 • I ml 

lmpurity/ng g 1 

Sample Fe Cr Ni Cu Pb 

As received from manufacturer 200' 7 10 15 20 
After first HF - HNO, etch 40 40 10 10 
After second HF- HNO, etch 40 5 3 10 
RCA clean on 2 17 
After heavy HF- HNO, etch 

followed by RCA clean on 
as-received silicon 5 

Blank assuming I g of sample 3 10 10 

' Sample diluted HX)-fold for Fe analysis. 

Table 3. Impurities sought in quartz crystals. Sample mass , ca . I g ; 
initial sample volume of 5% H,S04 • I ml 

Quartz sample 

Commercially available quartz (I) 
Commercially available quartz (2) 
Commercially available quartz (3) 
Pure quartz A 
Pure quartz B 
Blanks assuming I g of sample 

' Samples diluted IO<l-fold for analysis. 

Impurity/ng g 1 

Fe 

100' 
500' 
100' 
50 
5 
5 

AI 

9000' 
11 000' 
9000' 

30 
!0 
5 

samples of a 0.01 p.p.m. iron solution was 0.0005 (based on 
ten replicate determinations). Using the same procedure the 
standard deviation for the analysis of replicate samples was 
similar. It has been possible to maintain the blank levels at 3-8 
ng of iron per sample. 

A similar method of sample preparation has also been used 
to provide matrix-free samples for spark-source mass spec­
trometry (SSMS). In this method the residue. or a portion of 
the residue, is dried on to graphite (Ringsdorff RW-Affotal), 
which is pelleted prior to analysis . SSMS is a semi-quantitative 
method of trace analysis which, in these applications, is 
limited by the large number of complex ions of different mass 
produced by silicon isotopes in combination with carbon and 
oxygen. Using residues from the present method of dissolu­
tion, where silicon has been removed, allows more elements to 
be detected at lower levels than before. However, the 
sulphuric acid treatment has to be omitted from the procedure 
to prevent the formation of complex ions based on sulphur and 
oxygen. 

In the studies reported here, SSMS results have been used 
to show which elements should be measured quantitatively by 
atomic-absorption spectrometry. 

Results and Discussion 

Analysis of Silicon 

A high iron content is expected with the as-received slice 
owing to the unavoidable presence of surface impurities. This 
is well known in the semiconductor industry and it is standard 
practice in device technology to oxidise the silicon (approxi­
mately 100 nm) and remove this layer by dip-etching in 
hydrofluoric acid . 

The initial results from the analysis of the silicon crystal 
slices confirmed the high iron content of as-received slices. In 
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Table 4. Impurities sought in optical fibres. Sample size. I g; initial 
sample volume of 5% H,S04 • I ml 

lmpurity/ngg- 1 

Sample Cr Ni Cu Fe 

Fibre B 118: end I 8 50 130' 70 
end2 7 80' 140' 10 

Fibre B120 5 10 10 140 
FibreB111 10 5 160' 60 
Commercial silica 

(used for preform tubing) 2 10 10 240 
Blanks assuming 1 g of sample 2 5 2 10 

' Samples diluted 10-fold for analysis. 

order to determine a bulk iron content for the silicon the 
samples were pre-etched in a mixture of hydrofluoric and 
nitric acids to remove the silicon surface. Although this 
procedure did lead to lower levels of iron being detected they 
were still higher than expected, possibly because iron can be 
plated back on to the fresh silicon surface. After heavy etching 
followed by an RCA clean the iron level was reduced to 5 
ng g- 1, a level close to but distinguishable from the current 
blank level. 

The results in Table 2 show that there is a high chromium 
content obtained after the first etch. As this was higher than 
both the "as-received" chromium content and the "subse­
quently cleaned" chromium content it was thought that it was 
most likely to have been due to some particulate contamina­
tion introduced during the cutting- polishing procedures. This 
is supported by other "as-received" analyses where samples 
from the same slice can give widely differing iron contents." 

Analysis of Quartz 

The results (Table 3) from the analysis of the two high-purity 
quartz crystals (A and B) showed that the iron and aluminium 
contents of these crystals are considerably lower than those 
found in commercially available material. With respect to 
aluminium these crystals are purer by nearly three orders of 
magnitude. This is of great significance as aluminium is known 
to be the most important impurity limiting the so-called 
"radiation hardness" of quartz crystals. 10 

Analysis of Silica Optical Fibres 

The analysis of silica optical fibres is a requirement arising 
from the necessity for extremely low levels of potential 
colouring elements, to minimise attenuation of the optical 
signal transmitted along fibres that may be several kilometres 
in length. The results obtained (Table 4) have been of value in 
locating the presence of such impurities and in evaluating the 
degree of success of attempts to achieve lower impurity levels 
at various stages in the development of fibre-producing 
processes. 

Conclusion 

In this work the results obtained indicate that the immediate 
requirements in the determination of concentration of metal­
lic impurities in high-purity silicon and silica have been met. 
With the quartz crystals and silica optical fibres , the limits of 
detection now attained are adequate for the foreseeable 
future. However, for silicon, advances in technology will 
probably require higher purities than are currently available 
and hence will generate a need for analytical methods with 
even lower limits of detection. 
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Employing the dissolution process described , the detection 
limit is set by the blank value of the sulphuric acid used to 
remove residual fluoride. It is planned that improvement be 
sought by several different means. These include use of 
high-purity sulphuric acid , a larger sample size (up to 5 gcould 
be used) with the same amount of sulphuric acid , or use a 
smaller volume of acid . 

With the success obtained in application of the isopiestic 
distillation combined with dissolution as a means of lowering 
blank levels on siliceous samples, it is intended to pursue 
similar techniques for other materials. Semiconductor tech­
nology has generated a demand for high-purity materials such 
as gallium arsenide , indium phosphide and cadmium mercury 
telluride and there is thus a need for means of analysis. 
Whereas with these materials there will not be the advantage 
of loss of matrix effects from volatilisation of silicon tetra­
fluoride , the ability to effect solution with very low reagent 
blanks will enable quantitative analysis to be carried out at 
lower levels than is easily possible at present. It is expected 
that the results of investigations with such materials will be the 
subject of a further paper. 
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Determination of the Flow-point of Lubricating Greases and 
Petroleum Waxes Including Petrolatum 

Dhoaib AI-Sammerrai, Hazim AI-Najjar and Wejdan D. Selim 
Petroleum Research Centre, P.O. Box 10039, Jadiriyah, Baghdad, Iraq 

The flow-point has been determined for lubricating greases, petroleum waxes, including petrolatum, and 
protectives and the results obtained have been compared with the corresponding drop-points. The flow-point 
can be used as a characterisation parameter in the identification of these products. 

Keywords: Flow-point determination; lubricating greases; petroleum waxes 

It is important to be able to identify lubricating greases, 
petroleum waxes, including petrolatum, and protectives for 
the purpose of classifying them and quality control. Methods 
of identification of these products include the determination 
of their drop- and melting-points. which can be defined as the 
temperature at which the product passes from a solid or 
semi-solid to a liquid state under the conditions of the test. 
Many standardised methods are available for such 
determinations. I -.' 

In the work described in this paper. the flow-point . which is 
usually defined as the temperature at which a plug of sample 
slides down to a complete halt from one leg into the bend of a 
specimen U-tube .' has been determined for lubricating 
greases, petroleum waxes, including petrolatum. and a 
protective. The results obtained have been compared with the 
corresponding drop-points , measured according to standard 
procedures. 

It was observed that the flow-point was of a slightly higher 
value than the drop-point and that it can be used as a 
characterisation parameter in the identification and classifica­
tion of these products. 

Experimental 

The instrument used to obtain the flow-points is the Biichi 
Model510 melting-point determination apparatus. The instru­
ment consists essentially of two parts, the control unit and the 
apparatus. The control unit contains all operating elements 
and the electronic temperature controller with a control range 
of G-300 °C. Control is effected by a proportional-action 
controller. 

The U-shaped oil container, mounted on top of the control 
unit, is capable of accepting the specimen tubes. A specially 
designed stirrer ensures an intense circulation and mixing of 
the silicone oil used. This produces uniform temperature 
distribution around the specimen table and the thermometer. 
The glareless lighting and adjustable magnifying glass permits 
observation of the specimen with both eyes. 

For the temperature rise during the determinations , tem­
perature programmes with heating rates of 0.2, 0.5, I, 2, 3 and 
5 oc min- 1 are available . A thermometer (G-360 °C} is used 
for measuring the temperatures (see Fig. I). The specimen 
glass U-tubes supplied with the Biichi 510 have the dimensions 
shown in Fig. 2. 

The specimen glass U-tubes were filled with lubricating 
greases by inserting one leg of the tube about 10 mm into the 
product to be tested and pushing the plug of product 
downwards with a filling wire until it is about 10 mm above the 
bend of the specimen tube. It was found from experience that 
repeated insertions are required in order to ensure that a 
sufficient amount of sample (ca. 15-20 mg) had been pushed 
into the specimen tube. It is also advisable to place the tube 
with the pushed-out plug of product into a refrigerator for a 

12-------l~ 

10-------1 

14 

s ---t---t~~=mrr=::r r------13 

9 --1---t---tltlll 
5 ----'c:=-:J--+ 

· .. ·. 
{.·· 

3 ---I~II:O::;:r:J:::P. .. . ((o 
.. . :a BUCHI510 

4 

Fig. I. Flow-point determination apparatus. I , Main switch; 2, 
switch for lightmg and cooling fan ; 3, selector switches for tempera­
ture programme ; 4, set-point potentiometer ; 5, oil container ; 6, 
specimen table ; 7, adjustable magnifying glass; 8, lighting; 9, heating 
coil ; 10, stirrer motor; 11, holder for spare capillary tubes; 12 , 
thermometer; 13, cooling fan; and 14, expansion vessel 

short time so that the plug can then be pushed downwards 
much easier and to avoid the formation of air bubbles. This 
cooling procedure does not cause any changes in the structure 
of the grease, as nowadays most lubricating greases are for 
multi-purpose use and can withstand very low temperatures. 

Petroleum waxes, including petrolatum, and protectives are 
added to the specimen tubes by inserting one leg of the tube 
about 10 mm into a hot melt of the product (approximately 
10 oc above its drop-point) . The U-tube is then heated on a 
hot-plate , tilted slowly until the product flows downwards to 
about 10 mm above the bend of the U-tube and the product is 
then allowed to solidify on cooling. 

If the flow-point is not known , an orientation determination 
is carried out by turning the set-point potentiometer to 
increase the oil temperature rapidly until the sample flows and 
the approximate temperature is immediately recorded by the 
thermometer. The set-point potentiometer is then adjusted to 
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a temperature 10-15 oc below the approximate reading. The 
silicone oil is allowed to cool to the set temperature and a new 
specimen is placed in the determination apparatus. The 
desired temperature rise is then achieved by pressing the 
appropriate programme button. 

The U-tubes can be cleaned and used for more than one 
determination by flushing out the plug of grease sample with a 

"' +I 

~ 

I~ 
12 
(a) 

2.5 o.d . 

1.5 ± 0.25 i.d. 

(b) 

Fig. 2. (a) Specimen U-tube; and (b) filling wire . All dimensions in 
millimetres 
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strong fine jet of light petroleum followed by a jet of soapy 
water and finally acetone. As for wax samples, the U-tubes are 
heated on a hot-plate and inverted allowing the wax melt to 
flow out, the tubes are cleaned with a hot solvent (toluene) , 
then acetone and dried. 

Results and Applications 

Flow-point determinations were all conducted by the same 
operator at a recommendedS temperature programme of 0.5 
°C min- 1, starting 10-15 °C below the approximate reading. 
No trial determination was run as the drop- and melting-points 
of all the samples were known. 

Five lubricating greases prepared from mineral-based oils 
and different thickeners were chosen for our investigation. 
The data shown in Table 1 are for a set of ten flow-point 
determinations for each sample . Means and standard devia­
tions are presented. 

Belonite grease exhibited no flow and began to decompose 
at a temperature of about 250 oc, i.e., degradation of the oil 
liquid phase. 

The data shown in Table 2 are for a set of ten flow-point 
determinations on three petroleum-based waxes, a petrolatum 
and a protective grease. Means and standard deviations are 
presented. 

The results in Tables 1 and 2 show that the repeatability for 
samples with a wide range of drop- and melting-points is good. 

Table I. Flow-points for lubricating greases at a temperature programme of 0.5 ' C min - 1 

Flow-point•r c 

Lithium Calcium 
Determination Calcium Sodium hydroxystearate Belonite complex 

No . (98 °C) (144 ' C) (198'C) (no drop-point) (290°C) 

1 99 145.5 200 Decamp. 253 292.5 
2 99 145 200 Decomp. 253 292 
3 99 145 200 Decamp. 250 292 
4 98.5 145 200.5 Decamp. 250 292.5 
5 99 145 199.5 Decamp. 252 292.5 
6 99 145.5 199.5 Decamp. 253 293 
7 99 145 199.5 Decamp. 252 292.5 
8 99 145 199.5 Decamp. 252 292.5 
9 99 145.5 200 Decamp. 252 292.5 

10 98.5 145 199.5 Decamp. 253 293 
Mean 98 .9 145. 1 199.8 292.5 
Standard 

deviation 0.2 0.23 0.33 0.32 

• The results in parentheses are the drop-points of the grease samples measured according to ASTM standard methods. 

Table 2. Flow-points for petroleum waxes. petrolatum and a protective grease at a temperature programme of 0.5 ' C min - 1 

Flow-point•r c 

Determination Microcrystalline Microcrystalline .... a .. affin Petrolatum Protective 
No. wax (A) (73 'C) wax (B) (71 'C) wax (64 'C) (59'C) (63'C) 

1 73.5 71.5 64 .5 60 63.5 
2 73 .5 71.5 64.5 59.5 63.5 
3 73 .5 71.5 64 .5 59 .5 63.5 
4 74 71.5 65 59.5 63.5 
5 73 .5 71.5 64.5 59.5 63.5 
6 74 72 64.5 59.5 64 
7 74 71.5 64.5 60 64 
8 74 72 65 59 .5 63.5 
9 73.5 72 64.5 59.5 63.5 

10 73.5 71.5 64.5 59 .5 63.5 
Mean 73 .7 71.6 64.6 59 .6 63 .6 
Standard 

deviation 0.24 0.23 0.2 0.2 0.2 

• The results in parentheses are melt ing-points for the samples measured according to ASTM standard methods. 
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The slight increase in the flow-point , over the drop- and 
melting-points is due to the time it takes the melt to flow from 
one leg of the specimen U-tube into the bend, and this will 
vary according to the type of product to be tested and the 
viscosity of its melt. 

Conclusions 

It has been shown that the flow-point of a product is slightly 
higher than its drop- or melting-point and that it can be used 
for the identification of lubricating greases and petroleum 
waxes, including petrolatum. However, the method is limited 
to a temperature of 300 °C when using silicone oil as the 
heating medium. A flow-point determination is a less time­
consuming procedure than a drop- or melting-point determi­
nation and requires only a minute amount of sample. For a 
lubricating grease exhibiting no drop-point , it is possible to 
record the temperature of decomposition of the product when 
using a flow-point determination apparatus. 
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Analytical Uses of Charge-transfer Complexes: Determination of Pure 
and Dosage Forms of Piperazine* 

U. Muralikrishna 
Department of Chemistry, Andhra University, Postgraduate Extension Centre, Nuzvid 521 201, India 

and Mannam Krishnamurthy and N. Someswara Rao 
Analytical Chemistry Laboratories, School of Chemistry, Andhra University, Waltair 530 003, India 

The charge-transfer interaction of piperazine with benzoquinone and its halo derivatives was used for the 
simple spectrophotometric determination of piperazine in chloroform medium. The sensitivity of the method 
and the time stability of the charge-transfer complexes were found to depend on the electron affinity of the 
quinones. The drug-base in different dosage forms was extracted into chloroform after alkali treatment and 
the piperazine was assayed. The method is sensitive and rapid and the base tolerates a wide variation of 
reagent concentration. The results compare well with the official BP method. 

Keywords: Charge-transfer complexes; piperazine determination; benzoquinone; spectrophotometry; 
tablets 

Piperazine, a pyrazine derivative, is one of the most potent 
drugs and is used as an anthelmintic for the treatment of 
threadworms and roundworms in humans and animals . 

Sodium tetraphenylborate ,1 ammonium reineckate,l-3 bro­
mothymol blue,4 Folin - Ciocalteu reagent ,s sodium 1,2-
naphthoquinone-4-sulphonate ,6·7 2,5-dichloro-1 ,4-naphtho­
quinone ,R 1 ,4-benzoquinone,9- ll dichloro-1 ,4-benzo­
quinonel2 and 3,5-dichlorobenzoquinone chlorimide 13 have 
been proposed as reagents for the determination of piperazine 
and its formulations . However, these methods are either time 
consuming or indirect or suffer from the disadvantage of 
maintaining a narrow range of pH. 

The molecular interactions between electron donors and 
acceptors are generally associated with the formation of 
intensely coloured charge-transfer complexes, 14 which absorb 
radiation in the visible region. The photometric methods 
based on these interactions are usually simple and conve­
nient ,15 because of the rapid formation of the complexes. 
Piperazine is a good n-electron donor and will form charge­
transfer complexes'"· '? with organic lt-acids such as benzo­
quinones. These types of complexes are used in the determina­
tion of the components of the complexes. I7.1R Bela! etaf.19 and 
Rizk er a/. 2o reported the determination of piperazine using 
tetrachloro-1 ,4-benzoquinone as reagent , but in dioxane and 
butanol as solvents. Dioxane21 and alcohols22 are known to 
interact with qui nones and their utility for quinones is stated to 
be non-ideal. 23 

In continuation of earlier work on the analytical uses of 
charge-transfer complexes.'7-1R.24-26 we have now examined 
the utility of benzoquinone and its halo derivatives as reagents 
for the determination of piperazine. 

Materials and Methods 
Apparatus 

A Carl Zeiss Spekol spectrophotometer was used for absor­
bance measurements with matched , stoppered cells of 1-cm 
path length . 

Reagents 

A saturated solution of each quinone in chloroform was 
prepared from the purified samples. Piperazine (Fluka, puriss 

• Presented at the National Symposium on Absorption 
Spectrometry, Bhabha Atomic Research Centre , Bombay, India, 
February, 1984. 

grade sample) was . recrystallised twice from cyclohexane 
solution and a 3 x 10- 3 M stock solution was prepared in 
chloroform. 

Procedure for Colour Development 

Place an aliquot, ranging from 0.3 to 4.0 ml , of piperazine in a 
10-ml calibrated flask , add 2 ml of the reagent and dilute to the 
mark with chloroform. Measure the absorbance of the 
solution at the wavelength of maximum charge transfer (l,cr) 
after the appropriate time indicated in Table 1. Calculate the 
unknowns from Beer's law graphs. The results are given in 
Table 1. 

Procedure for the Assay of Salts and Dosage Forms of 
Piperazine 

Salts and tablets 

Weigh an amount of the salt or powdered tablet containing 25 
mg of piperazine into a suitable vessel and add 15-20 ml of 
distilled water. Shake , fi lter , wash with two 5-ml aliquots of 
water and combine the filtrate and washings. Add 10 ml of 
10% sodium hydroxide solution. Extract the drug base with 
three 30-ml volumes of chloroform , transfer the combined 
extracts into a 100-ml calibrated flask and dilute to the mark 
with chloroform. Take an aliquot and develop the colour as 
described under Procedure for Colour Development. 

Solutions and syrups 

Dilute a volume of piperazine hydrate solution or syrup 
containing 25 mg of piperazine to 25-30 ml with water. Add 
the alkali and extract the drug base as described under Salts 
and tablets. Develop the colour as described under Procedure 
for Colour Development. 

The results of the assay of salts and dosage forms of 
piperazine using tetrachloro- and tetrabromo-1 ,4-
benzoquinones are compared with the official method27 in 
Table 2. 

Results and Discussion 

Piperazine is a fully saturated molecule and the electrons that 
are responsible for the charge-transfer transition are the 
non-bonded electrons on the nitrogen atom. Benzoquinones 
are well known lt-acceptors and hence the nature of the 
excitation in these interactions is an n-lt* transition. The 
absorption bands of the complex are well separated from those 
of either of the components. 
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Table I. Analytical data for the determination of piperazine 

Time to 
attain 

Sample Electron Ad maximum 
No. Reagent affinity' nm absorbance 

I I ,4-Benzoquinone 0.77 506 3h 
2 Monochloro-1 ,4-benzoquinone . 1.00 527 I h 
3 2,5-Dichloro-1 ,4-benzoquinone 1.15 53R 30min 
4 2,6-Dichloro-1 ,4-benzoquinone 1.20 546 20min 
5 2,3,5,6-Tetrachloro·l ,4-

benzoquinone 1.37 575 15min 
6 2.3 ,5,6-Tetrabromo-1.4-

benzoquinone 1.37 576 IOmin 
7 3,4,5,6-Tetrachloro-1 ,2-

benzoquinone 1.55 588 5min 

' Values from reference 30. 
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Beer'slaw Sandell 's Time 
range/ sensitivity/ stability/ 

llgmJ-1 11gcm- 2 h 

13-120 0.128 3 
11-110 0.108 12 
10-100 0.098 20 
10-90 0.092 24 

7-70 0.078 36 

7-70 0.076 36 

6-60 0.064 48 

7 

610 
Wavelength/nm 

Fig. I. Absorption spectra of charge-transfer complexes of piperazine (5 x 10-• M) with benzoquinones (numbers refer to compounds indicated 
in Table 1). The broken lines represent the absorption of benzoquinones (saturated solutions diluted five-fold) 

The continuous variations2s and the molar ratio29 methods 
show that the composition of the complexes is I : 1, except that 
for tetrachloro-1 ,2-benzoquinone, where a ratio of I : 2 
(acceptor to donor) is observed. This indicates that only a 
single nitrogen is involved in the formation of charge-transfer 
complexes, although piperazine is a twin-site donor. 

From Table 1 it can be seen that the reaction is rapid with 
tetrahalo-1,4-benzoquinones. No reagent blank is necessary in 
measuring the absorbance of the complexes (cf., Fig. 1). 

The complexes were found to be stable. The results also 
indicate that the method is sensitive to microgram amounts of 
piperazine. The time stability and the sensitivity were found to 
have a direct relationship with the electron affinity of the 
quinones (Fig. 2) . 

The results for the variation of reagent concentration (Table 
2) indicate that 1 x J0-3 to 4 x J0-2 M of tetrachloro- or 
tetrabromo-1 ,4-benzoquinone will not affect the determina­
tion of piperazine. The higher concentrations of the reagent 
may, on the other hand, be useful for rapidly reaching 
equilibrium. thus minimising the time required to attain the 
maximum absorbance at ACT. 

The assay of dosage solutions involves extraction of the drug 
base into chloroform. A single extraction is capable of 
extracting 93.8% of piperazine and thus three batch extrac­
tions are sufficient, instead of the five reported earlier. 211 

Piperidine and N-methyl- and N-(aminoethyl)piperazines 
interfere at all concentrations, but pyridine, pyrazine and 
2,5-dimethylpiperazine (up to a 5-fold excess). triethanol-
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Table 2. Assay of salts and dosage forms of piperazine using three different methods 

Piperazine product 

Hexahydrate 
Hydrate solution 
Phosphate BPC 
Phosphate tablets 
CitrateBP 
Citrate tablets T 1 

Citrate tablets T2 
Citrate syrup S1 

Citrate syrup S2 

Dihydrochloride 
AdipateBP 
Adipate tablets 

Official 
method21 

99.5 
100.4 
99.7 

101.2 
99.6 

100.8 
99.3 

101.7 
98.2 
99.0 
98.9 
99.3 

Recovery, • % of label claim 

T etrachloro-
1,4-benzo-

quinone(C.V.) 

99.8 (0.39) 
100.2 (0.29) 
99.3 (1.07) 

101.8 (0.65) 
99.7 (0.57) 

100.2 (0.39) 
99.8 (0.40) 

102.1 (0.80) 
97.8 (0.40) 
99.0 (0.76) 
98.4 (0.48) 
99.0 (0.58) 

Tetrabromo-
1,4-benzo-

quinone (C.V.) 

99.4 (0.28) 
100.4 (0.65) 
99.3 (0.83) 

102.0 (0.65) 
100.0 (0.65) 
100.4 (0.56) 
99.2 (0.57) 

102.1 (0.65) 
98.6 (0.29) 
98.6 (0.29) 
98.8 (1.13) 
99.6 (0.57) 

• The coefficient of variation (C.V.) values are derived from three determinations for each product. 

60 

50 

1 40 5,6 :c .. ... 30 

" 4 
E 
;:: 20 03 

10 

to 

0.14 
N 
I 

E 0.12 
" 2 
"' 3 
~ 0.10 0 4 
''> 
:E .. 
c .. 

(/) 

0.08 
5,6 

0.06 
7 

0.04 '---OL.S----1-'-.0---~1.~5----' 

Electron affinity/eV 

Fig. 2. Correlation of the sensitivity of the method and the time 
stability of the charge-transfer complexes with the electron affinity of 
the acceptors tnumbers refer to compounds indicated in Table I) 

amine (up to a 0.3-fold excess) and ethylenediamine (up to a 
0.2-fold excess) do not interfere. 

The assay results on dosage forms of piperazine using the 
present method compare well with those obtained using the 
official BP method. Further, the results (coefficients of 
variation in Table 2) indicate a good precision for the method. 

The authors thank the Council of Scientific and Industrial 
Research , New Delhi , for the award of a Senior Research 
Fellowship to M.K. 
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Spectrophotometric Determination of Nitrite with Composite 
Reagents Containing Sulphanilamide, Sulphanilic Acid or 
4-Nitroaniline as the Diazotisable Aromatic Amine and 
N-(1-Naphthyl)ethylenediamine as the Coupling Agent 
George Norwitz and Peter N. Keliher* 
Chemistry Department, Villanova University, Villanova, PA 19085, USA 

Composite diazotisation- coupling reagents containing sulphanilamide, sulphanilic acid and 4-nitroaniline as 
the diazotisable aromatic amine and N-(1-naphthyl)ethylenediamine (NED) as the coupling agent have been 
used for the spectrophotometric determination of nitrite. The proposed procedure consists in adding 10 ml of 
the composite reagent to the sample and diluting to 50 ml in a calibrated flask. The recommended 
composition of the composite reagents is equivalent to the following: 0.25% sulphanilamide, 0.0060% NED 
and 5.42% hydrochloric acid; 0.50% sulphanilic acid, 0.0050% NED and 0.29% hydrochloric acid; 0.25% 
4-nitroaniline, 0.010% NED and 15.0% sulphuric acid. A minimum and maximum amount of NED and large 
excess of the aromatic amine must be present at an optimum acidity in order to avoid interfering 
side-reactions, especially the nitrosation of NED. The same results are obtained over the range 7.5-49.0 ml of 
sulphanilamide- NED or sulphanilic acid- NED reagent and 3.0-49.0 ml of 4-nitroaniline- NED reagent per 
50 ml; this would indicate that the ratios of aromatic amine, NED and acid are just as important as the specific 
amounts of these substances. The sensitivity, accuracy and precision of the methods decrease in the order 
4-nitroaniline- NED> sulphanilamide- NED> sulphanilic acid- NED. 

Keywords: Nitrite determination; spectrophotometry; sulphanilamide, sulphanilic acid or 4-nitroaniline 
reagent; N-(1-naphthyl)ethy/enediamine coupling agent 

Nitrite can be determined spectrophotometrically by treating 
the sample (at a suitable acidity) with a solution of a 
diazotisable aromatic amine such as sulphanilamide or sul­
phanilic acid, allowing the diazotisation to proceed for 3-10 
min, adding a solution of a coupling agent such as !-naphthyl­
amine or 1-naphthol-3,6-disulphonic acid or N-(1-
naphthyl)ethylenediamine (NED) to produce an azo dye, and 
measuring the absorbance after 10-60 min.t-3 As the tech­
nique is time consuming, some investigators have proposed 
the use of composite reagents containing the aromatic amine, 
the coupling agent and the requisite amount of acid in the 
same solution. The first composite reagent (sulphanilic acid-
1-naphthylamine- acetic acid) was proposed by Lunge in 1889 
for the detection of nitrite.• Subsequently, composite reagents 

were applied to the quantitative determination of nitrite>-12 

(Table 1). Surprisingly, no comprehensive study has been 
made of the many interlocking factors affecting the use of 
composite reagents. It was the purpose of this work to make 
such a study and to develop improved composite reagents 
containing sulphanilamide, sulphanilic acid and 4-nitroaniline 
as the diazotisable aromatic amines and NED as the coupling 
agent. NED is advantageous as a coupling agent because it 
couples in a fairly strong acidic solution. Also , unlike 
1-naphthylamine, it is non-carcinogenic (although as with 
other aromatic amines precautions should be taken to avoid 
skin contact). 13 4-Nitroaniline has not been used previously as 
a diazotisable aromatic amine to any appreciable extent in 
the spectrophotometric determination of nitrite . 

Table I . Composite diazotisation - coupling reagents for the spectrophotometric determination of nitrite 

Ratio of amine to 
Aromatic amine,%* Coupling agent,% coupling agent Acid,% Technique Reference 

Sulphanilic acid, 0.16 1-Naphthylamine, 5.2:1 H0Ac,l4.5 3.0 mlt to 20-ml sample, Yoe5 

0.031 5 min (6.5/50)+ 
Sulphanilic acid, 0.15 1-Naphthylamine, 5:1 H0Ac,4.7 2.0 ml to 100-ml sample, Wattenberg6 

0.030 I h (0.9/50) 
Sulphanilic acid, 0.16 1-Naphthylamine, 5.2:1 H0Ac,l4 2.0 ml to 50-ml sample, AOAC7 

0.031 I h(1.9/50) 
Sulphanilic acid, 0.40 1-Naphthylamine . 4.1:1 HOAc, 14 10.0 ml to sample, dil. to Hamilton'; 

HC1,0.098 50 ml, 25 min (10/50) AOAC9 

Sulphanilic acid, 0.050 !-Naphthol, 1.3: I HOAc, 10+ 10.0mlto 10-mlsample, Hart and 
0.040 NH,, 1.8 30 min (25/50) Fisher 10 

Sulphanilamide, 1.0 NED, 0.050 20:1 H3P04.!0 3.0ml to 10-mlsample, ASTM 11 

15 min (11.5/50) 
Sulphanilamide, 1.0 . NED.O.IO 10:1 H,P04, 10 2.0 ml to 50-ml sample, US EPA" 

10 min (1.9/50) 
Sulphanilamide, 1.0 NED , 0.10 10:1 HCl, 21 + NaOAc. 2.0ml to 50-ml sample, US EPA'' 

3H20 , 27 15 min (1.9/50) 
Sulphanilamide, 0.25 NED,0.0060 41.7:1 HC1 , 5.42 10 ml to sample, dil. to This work 

50 ml, 15 min (10/50) 
Sulphanilic acid , 0.50 NED , 0.0050 100:1 HC1,0.29 I 0 ml to sample, dil. to This work 

50 ml, 30min (10/50) 
4-Nitroaniline, 0.25 . . NED,0.010 25:1 H2S04, 15 10 ml to sample, dil. to This work 

50ml, !Omin (10/50) 

* The aromatic amine and coupling agent are calculated on an m/V basis and the acid on a VIV basis. 
t Volume of composite reagent. 
t Volume (ml) of composite reagent present in 50 ml of solution. 

* To whom correspondence should be addressed. 
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Experimental 

Apparatus and Reagents 

A Bausch and Lomb Model 70 spectrophotometer (1-cm cell) 
was used . 

All reagents were of analytical-reagent grade. 
Standard nitrite solution A (1 ml = 100 f!g NOrN) . Dissolve 

0.4926 g of sodium nitrite in water and dilute to 11 with water 
in a calibrated flask. 

Standard nitrite solution B (1 ml = 1.00 f!g N02-N). Prepare 
fresh daily by diluting a 10-ml aliquot of standard nitrite 
solution A to 1 I with water in a calibrated flask . 

NED solution, 0.20%. Dissolve 0.400 g of N-(1-
naphthyl)ethylenediamine dihydrochloride (C10H7NHCH2-
CH2NH2.2HCI) in water and dilute to 200 mi. Store in a brown 
bottle in a refrigerator. This reagent is stable for 3 weeks. 

Note-The abbreviations NED, NEDA, NNEDA and N-na 
have been used by various investigators to designate N-(1-
naphthyl)ethylenediamine dihydrochloride. NED is the 
abbreviation that has been used most frequently in dealing 
with the spectrophotometric determination of nitrite , and is 
used here. 

Sulphanilamide - NED reagent. Dissolve 2.50 g of sul­
phanilamide (4-(H2N)C6H4S02NH2] in 650 ml of I N hydro­
chloric acid at room temperature, add 30 ml of 0.20% NED 
solution and dilute to I I with water. 

Sulphanilic acid- NED reagent. Dissolve 5.00 g of sulph­
anilic acid (4-(H2N)C6H4S03H.H20 ] in a mixture of750 ml of 
water and 35 ml of I N hydrochloric acid by heating on a 
hot-plate, cool to room temperature, add 25 ml of 0.20% 
NED solution and dilute to 1 I with water. 

Table 2. Effect of amount of NED (5.00 "g of N02-N per 50 ml) 

Amine 

Sulphanilamide* 

Sulphanilic acidt 

4-Nitroanilinet 

Volume of0.20% 
NED solution/ml 

0.10 
0.20 
0.25 
0.30 
0.40 
0.50 
1.00 
2.00 
5.00 

10.00 

0.10 
0.15 
0.20 
0.30 
0.35 
0.40 
0.50 
1.00 
2.00 
5.00 

10.00 

0.10 
0.20 
0.35 
0.50 
0.75 
1.00 
2.00 
5.00 

10.00 

• 25.0 mg of sulphanilamide and 5.0 ml of I N HCI per mi. 
t 50 mg of sulphanilic acid and 0.5 ml of I N HCI per 50 mi. 

2min 

0.32 
0.36 
0.36 
0.36 
0.37 
0.36 
0.34 
0.32 
0.23 
0.16 

0.22 
0.41 
0.45 
0.48 
0.49 
0.43 
0.42 
0.38 
0.32 

t 25.0 g of 4-nitroaniline and 2.0 ml of I + I H2S04 per 50 mi. 
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4-Nitroaniline- NED reagent. Dissolve 2.50 g of 4-nitroani­
line in 300 ml of sulphuric acid (1 + 1) by heating on a 
hot-plate , dilute to about 900 ml with water , cool to room 
temperature, add 50 ml of 0.20% NED solution and dilute to 
11 with water. 

Note-Store the sulphanilamide- NED and sulphani lic acid­
NED reagents in brown bottles in a refrigerator. Store the 
4-nitroaniline - NED reagent in a brown bottle at room 
temperature. The reagents are stable for several months. 

Preparation of Calibration Graphs 

Transfer the fo llowing aliquots of standard nitrite solution B 
into 50-ml calibrated flasks: 0, 2, 4, 5, 6 and 7 ml for the 
sulphanilamide- NED ; 0, 2, 4, 6, 7 and 8 ml for the sulphanilic 
acid- NED ; and 0, 2, 3, 4, 5 and 6 ml for4-nitroaniline- NED. 
Add 10 ml of composite reagent from a graduated cylinder, 
dilute to the mark with water and mix. Measure the 
absorbance against the reagent blank at the fo llowing 
wavelengths and after the following times: sulphanilamide -
NED, 542 nm and 15 min ; sulphanilic acid- NED, 541 nm and 
30 min; and 4-nitroaniline- NED , 542 nm and 10 min. Plot 
absorbance against micrograms of N02-N per 50 mi. 

Procedure 

Transfer an aliquot of the sample (up to 35 ml) containing a 
maximum of 7, 8 and 6 I!& of N02-N for the sulphanilamide -
NED, sulphanilic acid - NED and 4-nitroaniline - NED 
methods , respectively, into a 50-ml calibrated fl ask and 
proceed as described for the preparation of the calibration 
graphs. 

Absorbance after 

8 min 15min 20min 30min 60 min 

0.41 0.41 0.4 1 0.40 
0.42 0.42 0.42 0.42 
0.41 0.42 0.42 0.42 
0.42 0.425 0.425 0.42 
0.41 0.42 0.42 0.42 
0.41 0.41 0.41 0 .42 
0.38 0.38 0.38 0.39 
0.33 0.33 0.33 0. 33 
0.24 0.23 0.23 0.23 
0.17 0.17 0.17 0.17 

0.22 0.30 0.34 0.34 
0.29 0.35 0.36 0.36 
0.29 0.35 0 .36 0.36 
0.32 0.36 0.36 0.36 
0.30 0.34 0.35 0.355 
0.30 0.34 0.35 0.36 
0.32 0.34 0.35 0.35 
0.32 0.33 0.33 0.34 
0.20 0.28 0.28 0.28 
0.17 0.18 0.19 0.19 
0. 11 0. 12 0.12 0.12 

0.33 0.37 0.45 0.46 
0.49 0.50 0.50 0.50 
0.50 0.50 0.50 0.50 
0.50 0.50 0.50 0.50 
0.50 0.50 0.50 0.50 
0.48 0.46 0.49 0.49 
0.46 0.46 0.49 0.49 
0.39 0.41 0.41 0.41 
0.33 0.34 0.34 0.45 
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Results and Discussion 

Preliminary Investigation 

The factors affecting the constitution of the composite 
reagents were studied by placing amounts of aromatic amine 
solution (1.00%) , NED solution (0.20%) and acid in 50-ml 
beakers, washing into 50-ml calibrated flasks containing 5.00 
1-1g of N02-N, diluting to the mark and measuring the 
absorbances. The 1.00% sulphanilamide and 4-nitroaniline 
solutions were methanolic solutions, whereas the 1.00% 
sulphanilic solution was an aqueous solution . 

It was established by preliminary work that the 50-ml 
volumes in which the colours were developed should contain 
about 5 ml of 1 N hydrochloric acid, 0.5 ml of 1 N hydrochloric 
acid and 2 ml of I + 1 sulphuric acid for the sulphanilamide -
NED, sulphanilic acid - NED and 4-nitroaniline - NED 
methods , respectively. All absorbance readings were made at 
540 nm . The possible interference from the yellow colour of 
the 4-nitroaniline was eliminated by setting the spectropho­
tometer with a blank solution. 

Effect of Amount of Aromatic Amine and NED 

A very large excess of the aromatic amine (25 mg of 
sulphanilamide, 50 mg of sulphanilic acid and 25 mg of 
4-nitroaniline) must be present , otherwise inadequate colour 
development will occur. The results obtained for the effect of 
amount of NED in the presence of the above amounts of 
sulphanilamide, sulphanilic acid and 4-nitroaniline are shown 
in Table 2. The results represent the averages of. two runs 
(averages were also used in the study of the other factors) . 

The results obtained for the effect of amount of NED in the 
presence of 50 mg of sulphanilamide or 50 mg of 4-nitroaniline 
(not shown) were essentially the same as for 25 mg of these 
compounds. The results obtained for the effect of the amount 
of NED in the presence of 25 mg of sulphanilic acid (not 
shown) were essentially the same as for 50 mg, except that the 
absorbance at the maximum was about 0.02 units lower. It is 
concluded from Table 2 that the colours from the sulphanil­
amide - NED, sulphanilic acid - NED and 4-nitroaniline -
NED reagents should be measured after 15, 30 and 10 min, 
respectively (using 4-nitroaniline the colour is completely 
developed after 8 min). It is seen that the permissible ranges of 
0.20% NED solution per 50 ml in the presence of 25 mg of 
sulphanilamide, 50 mg of sulphanilic acid and 25 mg of 
4-nitroaniline are 0.20-0.40, 0.15---{).30 and 0.35---{).75 ml , 
respectively . The recommended amounts of 0.20% NED 
solution per 50 ml are 0.30, 0.25 and 0.50 ml , respectively. 

The ratios of aromatic amine to NED (41.7: I, 100 : 1 and 
25: 1 for the sulphanilamide - NED, sulphanilic acid - NED 
and 4-nitroaniline - NED reagents , respectively) are much 
higher than the ratios used by previous investigators , as can be 
seen from Table I. The comparative amounts of 0.20% NED 
solution and ratios of aromatic amine to NED recommended 
in the proposed composite reagents are a clear indication of 
the tendency of nitrite to react with the NED (an undesirable 
characteristic noted by previous investigators). It can be 
concluded that this tendency to react with the NED decreases 
in the presence of sulphanilic acid, sulphanilamide and 
4-nitroaniline , in that order. The reason is that N02 is a 
stronger electron-donating group than S03NH2 • which in turn 
is a stronger electron-donating group than S03H. The 
stronger the electron-donating group in the aromatic amine, 
the more readily will the aromatic amine diazotise and couple 
with the NED , thus decreasing the likelihood of a reaction 
between nitrite and NED. 

An interesting aspect of the data in Table 2 is that in general 
the colour does not increase in intensity after the recommen­
ded development time, no matter how much NED is present. 
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This indicates that nitrosated NED does not react with NED 
to produce a dye or that all the N02- has been used in the 
nitrosation reactions . 

Effect of Amount of Acid 

The results obtained on the effect of the amount of acid on the 
colours, using the recommended amounts of aromatic amine 
and NED, are shown in Table 3. It can be seen that the 
permissible range of acid for the sulphanilamide - NED and 
sulphanilic acid- NED reagents is 5-10 and 0.20-0.50 ml of 1 N 

hydrochloric acid, respectively. For the 4-nitroaniline- NED 
reagent , the permissible acidity covers the range from 3 ml of 
I N hydrochloric acid to 5 ml of I + 1 sulphuric acid. The 
recommended amounts of acid are 6.5 ml of 1 N hydrochloric 
acid, 0.35 ml of I N hydrochloric acid and 3 ml of 1 + l 
sulphuric acid, respectively. The pHs obtained on adding 
these amounts of acid were all below 1.5. 

The effect of acidity on the 4-nitroaniline - NED method 
was unusual in that the colour seemed to change from orange­
red to violet - red as the amount of acid increased. At first it 
was thought that this might be due to a change in the colour of 
the dye with increasing acidity. In fact, however, the colour 
change was due to a decrease in the colour of the 4-nitroaniline 
with increasing acidity. A solution containing 25 ml of 1 + 1 
sulphuric acid and 25 mg of 4-nitroaniline alone was found to 
be almost colourless. With 3 ml of I + 1 sulphuric acid, the 
yellow colour from the 4-nitroaniline showed no absorption at 
the wavelength used for measuring the absorbance of the dye . 
Because sulphanilic acid is a moderately strong acid (K = 
3.89 14), the optimum acidity for the sulphanilic acid -NED 
reagent is very low and considerable diazotisation - coupling 
takes place when no other acid is present (Table 3). 

The optimum acidity for the spectrophotometric determina­
tion of nitrite is different from that for the spectrophotometric 
determination of the aromatic amine by the diazotisation -
coupling technique using an excess of nitrite and NED. For 
example, for the determination of sulphanilimide, the per­
missible range of acidity was 1. 0 ml of 1 N hydrochloric acid to 
10 m·l of concentrated hydrochloric acid per 50 m1. 15 We 
conducted some experiments on the use of phosphoric acid 
and acetic acid in the sulphanilic acid- NED reagent (using 25 
mg of the sulphanilic acid per 50 ml). We found that the 
optimum range of phosphoric acid was 0.15--D.25 ml of 
concentrated acid per 50 ml , and concluded that this acid 
offered no advantage over hydrochloric acid. The optimum 
range of acetic acid was found to be 3-10 ml of concentrated 
acid per 50 mi. If 7 ml of acetic acid were selected as optimum, 
the amount of this acid needed for the preparation of I I of 
composite reagent (assuming that 10 ml of the composite 
reagent would be used per determination) would be 700 mi. 
As acetic acid is moderately expensive, its use would seem 
disadvantageous for reasons of cost. 

Non-interference of Methanol 

Obviously, it was necessary to establish whether methanol had 
any effect on the colours, as that solvent had been used to 
prepare the sulphanilamide and 4-nitroaniline solutions. For 
this investigation, up to 15 ml of methanol were placed in 
50-ml beakers containing the recommended amounts of 
aromatic amine, NED and acid , the solutions were washed 
into 50-ml calibrated flasks containing 5.00 1-1g of NO,-N and 
the solutions were diluted to the mark. In no instance was 
there any significant change in absorbance produced by the 
added methanol. Also, the methanol had no effect on the 
stability of the colours. 

Calculation of the Constitution of the Composite Reagents 

On the basis that 10 ml of composite reagent would be used in 
the method, it was calculated that 1 I of composite reagent 
should contain the following: 2.50 g of sulphanilamide, 30 ml 
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Table 3. Effect of amount of acid (5.00 fig of NO,-N per 50 ml) 

Absorbance after 

Amine Acid Volume/ml 2min 8min 15min 20min 30min 60min 

Sulphanilamide* 0.00 0.00 0.00 0.00 0.00 
1 NHCI 0.25 0.20 0.30 0.35 0.36 0.36 

0.50 0.25 0.34 0.39 0.40 0.40 
1.0 0.32 0.40 0.41 0.42 0.42 
5.0 0.38 0.42 0.42 0.42 0.42 

10.0 0.41 0.42 0.42 0.42 0.42 
H2SO, (1 + 1) 1.0 0.26 0.38 0.39 0.40 0.40 

3.0 0.18 0.30 0.35 0.38 0.39 
5.0 0.13 0.24 0.28 0.36 0.39 

10.0 0.10 0.16 0.20 0.25 0.26 

Sulphanilic acidt 0.20 0.29 0.30 0.34 
INHCl 0.10 0.27 0.33 0.34 0.34 

0.20 0.29 0.35 0.36 0.36 
0.30 0.30 0.355 0.36 0.36 
0.40 0.30 0.355 0.36 0.36 
0.50 0.30 0.35 0.36 0.36 
1.0 0.29 0.34 0.35 0.35 
2.5 0.28 0.33 0.34 0.34 
5.0 0.27 0.31 0.33 0.33 

H2S04 (! + 1) 2.0 0.23 0.31 0.32 
5.0 0.12 0.21 0.29 

10.0 0.05 0.09 0.10 

4-Nitroaniline:j: 0.00 0.00 0.00 0.00 0.00 
INHCl 1.0 0.45 0.47 0.47 0.49 0.50 

3.0 0.46 0.495 0.50 0.50 0.50 
H2SO, (l + 1) 0.5 0.48 0.50 0.50 0.50 0.50 

1.0 0.48 0.50 0.50 0.50 0.50 
5.0 0.48 0.50 0.50 0.50 0.50 

10.0 0.30 0.48 0.49 0.49 0.50 
20.0 0.09 0.15 0.27 0.27 0.27 

• 25.0 mg of sulphanilamide and 0.30 ml of 0.20% NED solution per 50 mi. 
t 50.0 mg of sulphanilic acid and 0.25 ml of 0.20% NED solution per 50 mi. 
:j: 25.0 mg of 4-nitroaniline and 0.50 ml of 0.20% NED solution per 50 mi. 

of 0.20% NED and 650 ml of 1 N hydrochloric acid; 5.00 g of 
sulphanilic acid , 25 ml of0.20% NED solution and35 ml of 1 N 

hydrochloric acid; and 2.50 g of 4-nitroaniline, 50 ml of0.20% 
NED solution and 300 ml of 1 + 1 sulphuric acid. With the 
aromatic amines and NED calculated on a m/V basis and the 
acid calculated on a VIV basis, this would be equivalent to the 
following percentages: 0.25% sulphanilamide, 0.0060% NED 
and 5.42% hydrochloric acid ; 0.50% sulphanilic acid , 
0.0050% NED and 0.29% hydrochloric acid; and 0.25% 
4-nitroaniline, 0.0100% NED and 15.0% sulphuric acid. As 
the aromatic amines can be dissolved directly in the acid , the 
methanol (which would add considerably to the cost of the 
reagent) can be omitted. 

The sulphanilamide - NED and sulphanilic acid - NED 
reagents should be stored in brown bottles in a refrigerator; 
the 4-nitroaniline - NED reagent should be stored in a brown 
bottle but not in a refrigerator. If stored at room temperature 
for more than a few days , the sulphanilamide - NED and 
sulphanilic acid - NED reagents give lower results and high 
blanks. We believe that the reason for the difference in 
stability of the reagents at room temperature is that NED 
deteriorates at room temperature in the dilute hydrochloric 
acid solutions used in the sulphanilamide - NED and 
sulphanilic acid- NED reagents but does not deteriorate in the 
moderately concentrated sulphuric acid solution used in the 
4-nitroaniline - NED reagent. It was found that a solution of 
NED in 15% sulphuric acid solution remained colourless at 
room temperature for several months, whereas solutions of 
NED in 5.42 and 0.29% hydrochloric acid darkened after a 
few days. Apparently, NED (a weakly basic aromatic amine) 
requires a large excess of acid, preferably sulphuric acid , to 

form the stable salt. In assessing the importance of the 
deterioration of the NED, it should be borne in mind that this 
deterioration would cause the amount of NED to fall below 
the minimum critical amount necessary for full development 
of the colour. 

Wavelength of Maximum Absorption 

The colours obtained with sulphanilamide - NED and 
sulphanilic acid - NED reagents are violet - red. The 
4-nitroaniline - NED reagent produces the same sort of 
colour, but it is affected by the yellow colour of the excess of 
4-nitroaniline, as indicated earlier. The wavelength of maxi­
mum absorption O·max.l of the colours obtained with the 
sulphanilamide- NED, sulphanilic acid- NED and 4-nitroani­
line- NED reagents , as determined using a Cary Model 519 
recording spectrophotometer, were 542, 541 and 542 nm, 
respectively. The wavelength setting in the analytical method 
is not critical. At an absorbance of about 0.5, the same 
readings were obtained with a Bausch and Lomb Model 70 
spectrophotometer over a range ±2 nm of the Amax .. At lower 
absorbances, the permissible range would , of course, be even 
greater, as the peaks are broader. 

Effect of Temperature on Colour Development 

Cooling in an ice-bath to about 5-10 oc increased the time 
required for development of the colour but had no other 
effect . Heating to 50--70 oc after adding the reagent speeded 
the colour development; however, as time would be required 
for cooling the solution before the colour measurement, 
heating would not be worthwhile. Heating the solution to 
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incipient boiling or vigorous boiling after adding the reagent 
caused the results to be 2S--40% low. Heating the solution 
before the addition of reagent destroyed the nitrite to varying 
extents (depending on the temperature and time of heating) 
and hence caused low results. The colours were not light· 
sensitive. 

Effect of Amount of Composite Reagent 

The effect of the volume of composite reagent used per 
determination was studied by adding volumes of composite 
reagent covering the range 1.0--49.0 ml to SO-ml calibrated 
flasks containing S.OO fig of N02-N (Table 4). The colours 
developed more rapidly with larger amounts of composite 
reagent (greater than 3S ml). but the results reported are for 
the previously recommended development times. The results 
are surprising in that there is no significant change of 
absorbance over the range 7.5--49.0 ml of sulphanilamide . 
NED and sulphanilic acid · NED reagent and 3.0--49.0 ml of 
4-nitroaniline · NED reagent. The results indicate that the 
proportions of aromatic amine, NED and acid are just as 
important as their actual amounts. The use of 10 ml of 
composite reagent is recommended. The reagent can be added 
with a graduated cylinder, as the volume is not critical. Also, it 
is obvious that it is immaterial whether the reagent is added to 
the sample and the volume adjusted to SO ml or if some water 
is first added to the sample, the reagent added and the volume 
then adjusted to SO mi. 

Table 4. Effect of volume of composite reagent (5.00 f!g of NO,-N per 
50 ml) 

Volume of 
composite 
reagentlml 

49.0t 
35.0t 
20 .0+ 
15.0+ 
IO.Ot 
7.5+ 
5.0t 
3.0t 
1.0+ 

Sulphanilamide · 
NED 

0.42 
0.425 
0.42 
0.42 
0.42 
0.42 
0.4 1 
0.27 
0.10 

Absorbance• 

Sulphanilic 
acid· NED 

0.36 
0.36 
0.35 
0.36 
0.36 
0.36 
0.32 
0.21 
0.28 

4-Nitroaniline · 
NED 

0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.47 

• The absorbances were measured after 15, 30 and 10 min for the 
sulphanilamide, sulphanilic acid and 4-nitroaniline reagents, 
respectively. 

t 1.00 ml of a standard nitrite solution containing 5.00 Jlg of N02-N 
per ml was used. 

t 5.00 ml of standard nitrite solution B was used. 

Table 5. Accuracy and precision of the results for nitrile 
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Determination of Larger Amounts of Nitrite 

In determining larger amounts of nitrite by previous diazotis­
ation · coupling techniques, the dye may precipitate or low 
results may be obtained on dilution to a high volume with 
water. This is not true in the present methods if a large excess 
of composite reagent is used. For example, on treating 140, 
160 and 120 fig of NOrN with 100 ml of sulphanilamide · 
NED, sulphanilic acid · NED and 4-nitroaniline • NED 
reagent, respectively, and diluting to I I with water in a 
calibrated flask, the recoveries obtained were 142, IS6 and 122 
fig, respectively. In these experiments, the 100 ml of sulphanil· 
amide · NED and sulphanilic acid · NED reagents were 
allowed to come to room temperature before use. The above 
dilution method, although useful under certain circumstances, 
is wasteful of reagent and ordinarily it would be simpler to 
take a small aliquot and proceed as in the regular method. 

Accuracy and Precision of the Recommended Methods 

The calibration graphs for all three reagents followed Beer's 
law. The methods decrease in sensitivity in the order 
4-nitroaniline · NED > sulphanilamide · NED > sulphanilic 
acid · NED (the ratio of the sensitivities is 1.00:0.84: 0.72). 
The accuracy and precision of the methods were tested by 
analysing four aliquots of standard nitrite solution B on five 
different days. The results (TableS) indicate that the accuracy 
and precision decrease in the order 4-nitroaniline · NED > 
sulphanilamide. NED> sulphanilic acid· NED: however, the 
accuracy and precision of all three methods are satisfactory. 

Use of Other Aromatic Amines and Coupling Agents 

We tested several aromatic amines , including 2-aminobenzoic 
acid , 2- and 4-chloroaniline, 2- and 4-methylaniline, 2· and 
4-methoxyaniline, 2- and 4-dinitroaniline, 2,4,6-trichloro· 
aniline and m· and p-phenylenediamine. None was found 
to give better results than sulphanilamide, sulphanilic acid or 
4-nitroaniline. The results for the phenylenediamines were 
found to be particularly low, probably because the two NH2 
groups present a special situation.lh We found that NED (in 
acidic solution) was such an excellent coupling agent that we 
did not conduct any experiments with other coupling agents. 
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Extraction and Spectrophotometric Determination of Bismuth(lll) 
with N-m-Tolyl-p-Chlorobenzohydroxamic Acid and Xylenol Orange 

Vadvendra K. Agrawal and Vinay J. Bhatt 
Analytical Laboratories, Pharmacy Department, Faculty of Technology and Engineering, M.S. University 
of Baroda, Kalabhavan, Baroda-390001, India 

A solvent extraction and spectrophotometric method for the determination of microgram amounts of 
bismuth(lll) is described. The bismuth (Ill) is extracted at pH 4.5 with N-m-tolyl-p-chlorobenzohydroxamic acid 
and forms a mixed complex with xylenol orange, which gives a red colour, Amax. 530 nm and molar 
absorptivity 2.0 x 1041 mol-1 cm-1. Bismuth has been determined in alloy and pharmaceutical samples. 

Keywords: Bismuth determination; N-m-to/yl-p-ch/orobenzohydroxamic acid; xylenol orange; 
spectrophotometry; micro-determination 

Bismuth is a toxic metal obtained as a by-product from tin , 
lead and copper ores and used in the manufacture of alloys, 
mirror silvers, low-melting solders and heat-sensitive devices.' 
Trivalent bismuth salts are used medicinally to control 
diarrhoea and other gastrointestinal distresses. Bismuth salts 
are also used as radio-contrast agents. The toxic effects of 
bismuth on man consist of decreased appetite, weakness, 
rheumatic pain, diarrhoea and dermatitis. 

Various reagents, viz., dithizone, cupferron, diethyl dithio­
carbamate , 8-hydroxyquinoline, xylenol orange, etc. ,2 have 
been used for the extraction and spectrophotometric determi­
nation of bismuth and, generally , interferences from Hg2+, 
Pb2+ and Ag2 + were observed. It has been pointed out that 
the hydroxamic functional group has a considerable ability to 
form complexes with several metal ions.J-s N-Phenylbenzohy­
droxamic acid (PBHA) has been used for the gravimetric6 and 
polarographic7 determination of bismuth. In this investi­
gation, bismuth was extracted into chloroform using N-m­
tolyl-p-chlorobenzohydroxamic acid and determined spectro­
photometrically using xylenol orange. The metals that inter­
fere in the direct determination of bismuth with xylenol 
orange can be eliminated by first extracting the bismuth with 
hydroxamic acid . 

Experimental 

Reagents and Chemicals 

All the chemicals used were of AnalaR or general-reagent 
grades from BDH Chemicals and E . Merck, respectively, 
unless specified otherwise. 

N-m-Tolyl-p-chlorobenzohydroxamic acid. Synthesised as 
described elsewhere.& Its purity was checked by a melting­
point determination, TLC and its IR and UV spectra. A 0.2% 
solution was prepared in chloroform. 

Xylenol orange solution, 0.1% in ethanol. Prepared by 
dissolving 100 mg of xylenol orange in 100 ml of ethanol. 

Standard bismuth solution. Prepared by dissolving 0.0242 g 
of bismuth nitrate in 250 ml of distilled water. A few drops of 
nitric acid were added to prevent hydrolysis. The final 
concentration was determined titrimetrically.9 

Apparatus 

The spectral measurements were made on a VSU2-P spectro­
photometer (Carl Zeiss , Jena , GDR). The pH adjustments 
were made on a Systronics digital pH meter equipped with 
glass and calomel electrodes. 

A Varian Techtron Model AA-6 atomic-absorption spec­
trophotometer equipped with an HCN - Bi hollow-cathode 

lamp was used. The 223.6-nm bismuth line and an air -
acetylene flame were used. 

Procedure 

Take 2 ml of bismuth solution (2.0 x 10-4 M) in a separating 
funnel and dilute to 10 ml with water. Adjust the pH to 4.5 
with acetic acid and sodium acetate buffer. Add 10 ml of 
reagent solution, shake the contents for 10 min and allow the 
phases to separate. Transfer the chloroform layer, after drying 
over anhydrous sodium sulphate, into a 25-ml calibrated flask . 
Wash the sodium sulphate with 2.5 ml of chloroform and add 
10 ml of0.1% ethanolic xylenol orange solution to the bismuth 
- hydroxamate complex. Dilute the extract to 25 ml with 
ethanol and measure the absorbance at 530 nm against a blank 
solution similarly prepared but without bismuth. 

The method for the determination of bismuth by AAS is 
essentially the same as that described by Hofton and Hub­
bard.lO The extracts were aspirated into the flame either 
directly or after back-extraction with 0.1 M HCI. 

Results and Discussion 

Effect of pH 

The extraction of bismuth(III) was carried out at various pH 
values in the range 2.~7 .0. Quantitative extraction of bismuth 
into the organic phase was observed from pH 4.2 to 4.8. 
Outside this range the extraction was incomplete; hence all 
extractions were carried out at pH 4.5 (Table 1). 

Table l. Effect of pH on the extraction of bismuth( III). Bismuth(III) 
concentration, 3.34 p.p.m. Solvent, chloroform - ethanol (I + 1). 
N-m-Tolyl-p-chlorobenzohydroxamic acid solution, 10 ml (0.2%) in 
chloroform; colour, red. Xylenol orange solution, 10 ml (0.1%) in 
ethanol. l..m.,. = 530 nm 

Molar absorptivity/ 
pH Absorbance Extraction.% I mol - 1 cm- 1 

2.0 0.040 12.5 2.7 X J03 

3.0 0.240 75.0 1.5 X 1()4 
3.5 0.260 81.3 1.6 X 1()4 
4.0 0.300 93.8 1.9 X 1()4 
4.2 0.320 100.0 2.0 X 104 

4.5 0.320 100.0 2.0 X 1()4 
4.8 0.320 100.0 2.0x 1()4 
5.0 0.280 87.5 1.7 X 104 

5.5 0.250 78.1 1.6 X ]()4 
6.0 0.230 71.9 ' ].4 X 1()4 
7.0 0.100 31.3 6.2 X J03 
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Table 2. Effect of N-m-tolyl-p-chlorobenzohydroxamic acid 
concentration. Bismuth(III) concentration , 3.34 p.p.m. Solvent , 
chlo roform- ethanol (I+ 1). Xylenolorange solution , IOml (0.1%) in 
ethanol; colour, red. pH = 4.5 . Ama. . = 530 nm 

N-m-Tolyl-p-chlorobenzohydroxamic 
acid solution 

Concentration , Volume added/ 
Molar 

absorptivity/ 
% ml Absorbance I mo) - 1 cm - 1 

0.10 2.0 0.240 1.5 X 1()4 
3.0 0.260 1.61 X 1()4 
5.0 0.300 1.7 X 104 

0.20 5.0 0.320 2.0 X 104 
8.0 0.320 2 .0 X 1()4 

10.0 0 .320 2.0 X 1()4 

Table 3. Effect of xylenol orange concentration. Bismuth(IIJ) 
concentration, 3 .34 p.p .m. Solvent , chloroform ·ethano l (I + 1) . 
N-m-Tolyl-p-chlorobenzohydroxamic acid solution , 10 ml (0.2% ) in 
chloroform; colour, red. pH = 4.5. Am•• · = 530 nm 

Xylenol orange 
(0.1 % )/ml 

0.5 
1.0 
2.0 
5.0 
6.0 

10.0 

Absorbance 

0.09 
0. 18 
0.22 
0.29 
0.32 
0.32 

Effed of Reagent Concentration 

Molar absorptivity/ 
I mol - 1 cm - 1 

5.6 X 103 

\.2 X \()4 
\.4 X \()4 
1.8 X 1()4 
2.0 X \()4 
2.0 X 1()4 

Bismuth was extracted at pH 4.5 with various reagent 
concentrations. The results showed that 5 ml of 0.2% 
N-m-tolyl-p-chlorobenzohydroxamic acid solution was ade­
quate for the quantitative extraction of bismuth. Lower 
concentrations gave incomplete extraction. Larger amounts of 
reagent could be used and had no effect on the absorbance of 
the extracted species (Table 2). Hence, all the extractions 
were carried out with 10 ml of 0.2% reagent solution. 

Effect of Xylenol Orange Concentration 

The effect of xylenol orange concentration on the extraction of 
bismuth(III) was studied. It was observed that 10 ml of 0.1% 
xylenol orange solution gave the maximum colour intensity 
(Table 3) . 

Effect of Shaking Time and Stability of the Colour 

It was confirmed that manual shaking for 5-10 min was 
sufficient for the complete extraction of bismuth. However , a 
longer shaking time has no effect on the equilibrium system. 
The complex is stable under optimum conditions; the absor­
bance remains unchanged for several days. 

Validity of Beer's Law 

Beer's law is obeyed within the range 0.334--16.700 p.p.m. of 
bismuth with N-m-tolyl-p-chlorobenzohydroxamic acid. The 
molar absorptivity of the extracted species was 2.0 x 10• 
I mol - 1 cm- 1 at 530 nm. The Beer's law plot of absorbance 
against concentration was a straight line passing through the 
origin with a slope of 0.0958. The correlation coefficient was 
calculated to be 1.0006. 
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Table4. Effect of cations and anions on the extraction of bismuth(111) . 
Bismuth(111) conce ntration . 3.34 p.p .m. pH 4.5. 
N-m-Tolyl-p-chlorobenzohydroxa mic solution. 10 ml (0.2%) in chlo ­
roform. Solvent , chloroform- ethanol (I + I). Xylenol orange. 10 ml 
(0.1%) in ethanol ; absorbance = 0 .320. Am"' · = 530 nm 

Amount 
Ion Added as added/mg Absorbance 

Ag+ AgN03 30 0.320 
Ba2+ BaCI2 50 0.325 
Sr2 + SrCI2 50 0 .325 
Ca2+ CaCI2 40 0.320 
Cu2+ cuso. 40 0.320 
Pb2+ Pb(NO,), 40 0.320 
Cd2+ Cdso. 40 0.320 
Mg2+ Mgso. 40 0 .320 
Fe3+ FeC\3 40 0.320 
Sn2 + SnCI2 40 0.325 
SbH K(SbO)CuH40 6 • lhH 20 40 0.320 
Hg2+*. HgCI2 30 0.320 
Ti4 +t Ti02 30 0.320 
Zr4+ ZrOCI, 30 0.325 
Hf4+ HfOC\2 30 0.320 
Ce4 +* (NH.)4Ce(S04)4.2H20 30 0.320 
Nb>+ Nb20 5 30 0.320 
Ta5 + Ta,o, 30 0.325 
y s+ NH4vo, 30 0.325 
Mo6+ Na2Mo04 40 0.325 
U6+* U02(CH3C00)2 40 0.320 
AIH AI(N03h 40 0.320 
Zn2 + ZnC\2 40 0.320 
so.z- . Na,S04 50 0.320 
CI- NaCI 40 0 .320 
F - NaF 40 0.320 

• Masked with SnCI2 • 

t Masked with sodium fluoride. 

Table 5. Extraction and dete rmination of bismuth(III) in a 
pharmaceutical prepara tio n. pectomycin. Label amount o f bismu­
th(III) in pectomycin = 13.97 mg ml- 1• Note : the Indian Pharmac­
opeia and British Pharmacopoe ia do not describe any method for the 
determination of bismuth in pharmaceuticals 

Label amo unt 
of bismuth in Bismuth found, p.p .m. Relative 
pectomycin Standard 

taken, p .p.m. AAS Present me thod deviation, *% 

1.91 1.90 1.89 1.58 
3.83 3.81 3.8 1 0.78 
5.74 5.74 5 .74 0.35 
9.55 9.54 9 .53 0. 21 

13.37 13.35 13.36 0.15 

• Six determinations. 

Effect of Diverse Ions 

Different amounts of diverse ions were added to a fixed 
amount of bismuth and the bismuth was extracted according to 
the procedure. Most of the metal ions associated with bismuth 
do not interfere, except for Ce4+ (> 5 mg) , U6+ (> 100 ~tg), 
Hg2+ (>5 mg) and Ti4+ (>3 mg) . The interference from large 
amounts of Ce4+, U6+ and Hg2+ can be overcome by masking 
them with tin(II) chloride and Ti4+ with sodium fluoride . The 
data are given in Table 4. 

Analysis of a Pharmaceutical Sample 

Pectomycin (Manufactured by Lyka Labs. , India) containing 
bismuth carbonate as an active ingredient was analysed by the 
proposed method. A 0.5-ml volume of pectomycin syrup was 
dissolved in 5 N H2S04 (25 ml) and centrifuged. The aqueous 
layer was diluted to 250 ml with doubly distilled water, then 
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Table 6. Determination of bismuth in standard alloy, steel and brass samples 

Sample 

Sn- Bi alloy (BCS 216) 

Pb- Bi alloy (BCS 139) 

NBS 33b cast iron 

Brass (BCS 41) 

Composition .% 

Sn + Bi (25.00) 

Ph+ Bi (15.40) 

C (2.25); Si (2.00); 
P(O.Oll); S (0.03); 
Mn (0.064); Ni (2.25); 
Cr (0.61) ; Mo (0.40); 
Fe (91.7) ; Bi (0.502) 
Pb (2.33); Zn (40.45) ; 
Cu (56.57); Fe (0.009); 
Bi (0.497) 

* Average of five determinations. 

Bismuth 
content, 

% 

25.00 

15.40 

0.50 

0.497 

bismuth was extracted from an aliquot of this solution 
according to the recommended procedure. The results 
obtained were in good agreement with the calculated value 
(Table 5). 

Determination of Bismuth in Standard Alloys, Steel and Brass 

Dissolve 0.5 g of alloy, steel or brass as described elsewherell 
and make up to a standard volume. Extract an aliquot as in the 
recommended procedure. The results for some alloys and 
synthetic mixtures are shown in Table 6. 
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Spectrophotometric Determination of Tellurium after Separation by 
Coprecipitation of Its Trifluoroethylxanthate with Naphthalene 
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and Masatada Satake 
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Tellurium reacts with potassium trifluoroethylxanthate (potassium 0-trifluoroethyl dithiocarbonate) to form a 
water-insoluble 1 : 2 (metal to ligand) complex in the pH range 0.5-2.5. This complex is easily coprecipitated 
with microcrystalline naphthalene from its acetone solution . It absorbs in the range 405-415 nm; Beer's law is 
obeyed over the concentration range 1.5-20.0 p.p.m. of Te; and the molar absorptivity and Sandell sensitivity 
are 6.698 x 103 I mol-1 cm - 1 and 0.0185 J.lg cm -2 ofTe, respectively. Ten replicate determinations on samples 
containing 37 J.lg of Te gave a mean absorbance of 0.200 with a standard deviation of 0.0022 and a relative 
standard deviation of 1.1%. The interference of various ions was studied and optimum conditions were 
developed for the determination of tellurium in various copper- tellurium alloys and synthetic samples. 

Keywords: Tellurium determination; spectrophotometry; potassium trifluoroethylxanthate; coprecipitation; 
alloys 

Xanthates have been widely used as analytical reagents for the 
determination of metal ions using various techniques.t-4 A 
survey of the literature revealed that only simple xanthates 
have been used for the extraction and spectrophotometric 
determination of metal ions but no attempt has been made to 
determine metal ions using substituted xanthates. Preliminary 
observations have revealed that halogen-substituted xanthates 
are reasonably sensitive and selective as complexing agents for 
the determination of metal ions . A new extraction technique , 
that is , solid- liquid separation after liquid -liquid extraction , 
has been developed and applied successfully to the determina­
tion of various metal ions using different complexing 
agents.5--8 However, although there are many advantages of 
this method over the usual liquid- liquid extraction, it cannot 
be applied to thermally unstable complexes. Recently , we 
have found that most of the metal complexes in aqueous 
solution can easily be coprecipitated with microcrystalline 
naphthalene. This method is more convenient (it is carried out 
at room temperature) rapid (naphthalene does not require 
heating), economical (only 0.4 g of naphthalene is required) 
and sensitive and can be applied to many types of complexes. 
In this paper, potassium trifluoroethylxanthate (potassium 
O·trifluoroethyl dithiocarbonate) is recommended as a com­
plexing agent for the quantitative determination of tellurium 
after coprecipitation of its trifluoroethylxanthate with micro­
crystalline naphthalene. Various parameters such as the effect 
of pH, reagent concentration, digestion time, naphthalene 
concentration, shaking time and aqueous phase volume have 
been studied and the optimum conditions have been estab­
lished for the determination of tellurium in copper- tellurium 
alloys and synthetic samples. The method has been found to 
be reasonably sensitive as only 0.4 g of naphthalene is required 
for coprecipitation of the metal complex from 80 ml of 
aqueous phase. 

Experimental 

Equipment 

An Elico pH meter and Pye Unicam SP-500 and SP-700 
spectrophotometers were used. 

'To whom correspondence should be addressed. 

Reagents 

Distilled water and analytical-reagent grade chemicals were 
used throughout. 

Potassium trifluoroethylxanthate. Prepare by the method 
given by DeWitt and Roper9 For 0.2 and 0.5'Yo solutions 
prepare in 2 ml of dimethylformamide and distilled water. 

Standard tellurium solution. Dissolve 1. 785 g of 
K2Te03.3H20 in distilled water , dilute to 500 ml and 
standardisetu gravimetrically by reducing with hydrazine 
sulphate. 

Perchloric acid solution, 1 and 10M. 
Ammonia solution, 1M. 
Naphthalene solution, 20% . Prepare in acetone. 
Naphthalene. Check the purity spectrophotometrically 

before use . 

General Procedure 

Transfer about 40 ml of sample solution containing 15-200 J.lg 
of tellurium into a 100-ml Erlenmeyer flask with a tightly 
fitting stopper. Add 2 ml of 0.2% potassium trifluoroethylxan­
thate and adjust to pH 0.5-2.5 with perchloric acid and 
ammonia solution. Mix the solution well, allow it stand for 2 
min, then add 2 ml of 20% naphthalene solution and shake 
vigorously for I min . Filter through a filter-paper (e.g., No. 
5c, Toyo Roshi Co.) placed flat on a filter-plate in a funnel. 
Dissolve the solid in chloroform. dilute to lO ml and measure 
the absorbance in a 1-cm cell at 410 nm against a reagent blank 
prepared similarly. 

Results and Discussion 

Absorption Spectra 

A sample solution containing 37 !lg of tellurium and 2 ml of 
0.2% potassium trifluoroethylxanthate at pH 1.5 was pre­
pared by the described procedure , and coprecipitation of the 
complex was carried out. Fig. 1 shows the absorption spectra 
of the reagent blank and that of the tellurium complex in 
naphthalene - chloroform solution. The tellurium complex 
shows absorption in the range 405-415 nm, the absorption of 
the reagent blank being negligible at this wavelength. Thus. in 
every instance the absorption was measured at 410 nm. 
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Fig. I. Absorption spectra of (I) tellurium complex in naphthalene · 
chloroform solulion, measured against a reagenl blank; and (2) 
reagenl blank, measured againsl water. Condilions: Te , 37 11g; 0.2% 
polassium lrifluoroethylxanlhate , 2 ml ; 20!• naphlhalene solulion. 2 
ml , chloroform, 10 ml , pH 1.5. and Am,.. - 405-415 nm 
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Fig. 2. Effect of acidily on absorbance of !he T e complex. 
Condilions as in Fig . I excepl wavelenglh 410 nm and variable acidily 

Effect of Acidity 

The pH of sample solutions containing 37 f.lg of tellurium and 2 
ml of 0.2% potassium trifluoroethylxanthate was adjusted to 
the desired values with perchloric acid and ammonia solution 
and coprecipitation of the chelate was then carried out. The 
result is shown in Fig. 2. Coprecipitation of the chelate started 
at 3 M perchloric acid and reached a maximum at pH 0.5 and 
thereafter it remained constant over the pH range 0.5-2.5 . 
Therefore , the pH of the solution was adjusted to 1.5 for 
subsequent coprecipitation of the chelate. 

Effect of Reagent 

Various amounts of 0.2% trifluoroethylxanthate were added 
to the solution containing 37 f.lg of tellurium at pH 1.5 and the 
procedure as given above was followed. The absorbance 
remained constant when volumes of the reagent solution 
between 0.5 and 6.0 ml were used . Therefore , 2.0 ml of 0.2% 
reagent were preferred throughout the experiment. 

Effect of Digestion Time 

A solution containing 37 f.Lg of tellurium(IV) and 2.0 ml of 
0.2% reagent at pH 1.5 was digested at room temperature and 
then the general procedure for coprecipitation was followed. 
It was observed that the absorbance increased with increase in 
digestion time up to 2 min , then remained almost constant 
between 2 and 10 min. Therefore, a digestion time of 5 min 
was chosen for the coprecipitation of the chelate. 

Effect of Naphthalene 

Coprecipitation of the chelate was carried out by changing the 
volume of 20% naphthalene solution added to the solution 
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Fig. 3. Logarilhmic mcrhod of formula delerminalion for rhe 
lellurium lrifluoroelhylxamhale complex. Iniliallellurium conce mra· 
lion, 3 x 10- 4 M; polassium lrifluoroelhylxamhale concentration, 3 x 
I0- 4 M; pH. 1.5 ; other conditions as in Fig. I 

Table I. Effect of anions on the determination of tellurium . 
Conditions: Te, 74 11g: 0.5% potass ium trifluoroethylxanthate. 5 ml ; 
20% napthalene solution. 2 ml ; and pH, 1.5 

Salt added 

Sodium fluoride 
Potassium chloride 
Potassium bromide 
Potassium iodide 
Sodium carbonate 
Potassium sulphate 
Sodium phosphate 
Potassium thiocyanate 
Sodium acetate . . 
Sodium citrate .. 
Sodium oxalate .. 
Ammonium tartrate 
Disodium EDT A 

Amoum added/ 
mg 

80 
100 
80 
60 

100 
100 
100 
100 
100 
100 
100 
100 
40 

Absorbance al 
410nm 

0.400 
0.380 
0.400 
0.390 
0.400 
0.380 
0.400 
0.400 
0.390 
0.400 
0.400 
0.380 
0.400 
0.380 

containing tellurium chelate. The absorbance increased with 
increase in the amount of naphthalene up to 0.5 ml of 20% 
naphthalene solution and then remained almost constant 
between 0.5 and 5.0 mi. Therefore. 2.0 ml of 20% naph· 
thalene solution were used for coprecipitation of the chelate. 

Effect of Shaking Time 

A 2-ml volume of 20% naphthalene solution was added to a 
sample containing the tellurium complex at pH 1.5 and the 
mixture was shaken vigorously for periods of time ranging 
from 5 to 100 s. The results showed that the tellurium complex 
was coprecipitated quantitatively with microcrystalline naph­
thalene on vigorous shaking during that period. Therefore , a 
1-min shaking time was preferred . 

Effect of Standing Time 

The coprecipitated naphthalene mixture was dissolved in 
chloroform and the effect of standing time on the absorbance 
was investigated. The results indicated that the tellurium 
complex in chloroform was stable for only 2 h . Therefore, a 
15-min standing time was selected for all measurements . 
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Table 2. Effect of cations on the determination of tellurium. Condi tions as given in Table I 

Metal ion 
Metal salt added added/f!g 

Aluminum nitrate 1000 
Ammonium metavanadate 2(XJ 
Ammonium molybdate 300 

200 
Ant imony( III) chloride 250 
Bismuth ni trate 100 
Cadmium chloride 500 
Chromium( III) nitrate 500 
Cobalt( II ) nit ra te 250 

25 
Coppe r( II ) chloride 100 

10 
Indium( II ) sulphate 500 

Iridium(I II) chloride 100 
10 

Iron( III ) chloride 300 
100 
50 

Lead (II ) nitrate 250 
Manganese(II) acetate 1000 
Mercury( II ) chloride 350 

100 
25 

Nickel chloride 500 
100 

Osmium tetraoxide IO(K) 

Palladium chloride 100 
5 

Platinum( IV) chloride 500 

Potassium selenite 500 
100 

Rhodium( III ) chloride 500 
Silver(!) nitra te 200 
Sodium arsenite( III ) 500 
Sodium tungstate 500 
Tha ll ium(!) nitrate 500 
Thorium(IV) nitrate .. 500 
Uranyl acetate . 250 
Zinc nitrate 200 
Z irconyl choride 500 

Effect of Aqueous Phase Volume 

The volume ratio of the organic to aqueous phase is an 
important factor for the coprecipitation of the tellurium 
complex with naphthalene . Therefore, the effect of volume 
ratio on the absorbance was examined . The absorbance 
remained almost constant up to 80 ml of the aqueous phase. 
With further increase in the volume of the aqueous phase, the 
absorbance decreased. 

Choice of Organic Solvent 

Various organic solvents were exami ned for dissolving the 
coprecipitated tellurium complex with microcrystalline naph­
thalene . The complex mixture is soluble in chloroform, 
benzene, carbon tetrachloride, isobutyl methyl ketone, 
dimethylformamide, chlorobenzene, 1,2-dichloroethane, 
a -xylene and acetonitrile . Chloroform was found to be the 
best solvent for this system. 

Absorbance at 410 nm Remarks 

0.400 
0.400 
0.415 
0.3 15 0.390 After maski ng with 2 ml 
0.360 0.395 of 5% ascorbic acid 
0.385 
0.410 
0.390 
0.395 
0. 160 0.395 After masking with 
0.375 0.400 

0.415 
!Oml of5% NaCN 

0.410 0.410 
solution 

0.394 

0.460 0.400 
After masking wi th 
!O ml of5% NaCN 

0.400 0.4()() 
solution 

0.224 0.385 
0.340 0.390 After masking wi th 2 ml 

0.380 0.395 of 5% ascorbic acid 
0.390 
0. 395 
0. 170 0.380 
0.280 0.385 After masking with 2 ml 

0.370 0.400 of 5% KI solution 

0.420 
Afte r masking with 
!Omlof5% NaCN 

0.440 0.410 solution 

0.395 

0. 190 0.390 
After masking with 
!Oml of 5% NaCN 

0.380 0.395 solution 

0.400 

After pre-coprecipita-
0. 110 0.370 tion with 2 ml of 20% 
0.390 0.395 naphthalene solution in 

4M HCI0 4 

0.400 
0.390 
0.390 
0.400 
0.400 
0.400 
0.385 
0.390 
0.400 

Composition of the Complex 

The composition of tellurium trifl uoroethylxanthate was 
established by Job's method . A sharp peak at a 0.30 molar 
fraction suggested that Te(CF3CH20CS2)z was co­
precipitated with microcrystalline naphthalene under these 
conditions, probably owing to the reduction of tellurium(IV) 
to tellurium(II) by the xanthate in acidic media. Further, the 
composition was also ascertained by the logarithmic 
method .11 The required values of log[MRn)/[Mn+ J and log 
[HR) for the logarithmic method were calculated and a graph 
was plotted (Fig. 3). A straight line of slope 1.86 was obtained, 
which confirmed the formation of Te(CF3CH20CS2)z under 
these conditions. 

Beer's Law and Sensitivity 

A calibration graph was plotted under the optimum conditions 
described above . The graph obeys Beer's law over the 
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Table 3. Simultaneous determination of tellurium and selenium in synthetic samples. Conditions: 0.5% potassium trifluoroethylxanthate, 5 ml; 
20% naphthalene solution , 2 ml for each successive coprecipitation; acidity, 4 M HCI04 for Se and pH 1.5 forTe ; wavelength. 410 nm forTe 
and 430 nm for Se exchanged Cu 

Amount present! 
flg 

Te 

46.0 

130.5 

19.3 

Se 

150.5 

22.5 

60.0 

Amount found/ 
flg 

Te Se 

45.45 150.35 
45.70 150.85 
45.85 151.90 
46.10 150.75 
45.75 151.10 

129.30 22.10 
130.90 22.70 
130.75 21.80 
131.10 22.25 
130.90 22.20 

19.05 60.20 
18.90 59.60 
19.10 60.10 
18.90 59.49 
18.70 59.90 

Average/ 
flg 

Te 

45.77 

130.63 

18.91 

Se 

150.99 

22.21 

59.84 

Relative standard 
deviation. 0/o 

Te 

0.52 

0.49 

0.88 

Se 

0.38 

1.46 

0.56 

Table 4. Determination of tellurium in high copper concentrate alloys. Conditions: 0.5% potassium trifluoroethylxanthate, 5 ml; 20% 
naphthalene solution, 2 ml for each successive coprecipitation; acidity, 7 M HCI04 and pH 1.5: wavelength, 410 nm 

Alloy 

Copper- tellurium 

Composition, % 

Cu. 98.88; 
Te . 1.12 

AmountofTe 
present/flg 

AmountofTe 
found/11g 

Average/ 
flg 

84.87 

Relative 
standard 

deviation ,% 

Copper- tellurium .. 

Copper- tellurium 

Cu. 99 .515; 
Te. 0.485 

Cu . 99.905; 
Te , 0.095 

84 .7 

41.5 

25.0 

84 .95 
85 . 10 
84.80 
84 .30 
85 .20 

41.10 
42.30 
41.90 
42.05 
41.85 

25.60 
25.80 
25. 10 
25.40 
25 .20 

41.84 

25.42 

0.41 

1.07 

1.13 

Table 5. Determination of tellurium in synthetic mixtures. Conditions as in Table 4 

Amount of metal ions 
present/flg 

AI , 500 , Sb, 500; Bi, 250; 
Cr , 500: Cu, 500; Fe, 500; 
So , lOOO(in 7M HCI04) 

Se , 500; Pt. 500; Os, 400: 
Rh, 500 (in 4 M HCI04) 

AmountofTe 
present/flg 

55.0 

30.5 

35 .0 

20.5 

Amount ofTe Relative standard 
found/11g Average/11g deviation ,% 

55.70 55.49 0.83 
56.05 
55.15 
54.90 
55.65 

31.45 
30.60 
30.45 
30.65 
31.90 

34.85 
35.00 
34 .95 
34.40 
35.05 

20.68 
20.03 
20.46 
20.39 
20.46 

30.81 

34 .85 

20.40 

1.27 

0.75 

1.16 
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concentration range 1.2-20.0 p.p.m. of tellurium. Ten repli­
cate determinations on samples containing 37 l!g of tellurium 
gave a mean absorbance of0.200 when measured in a 1-cm cell 
with a standard deviation of 0.0022 and relative standard 
deviation of 1.1%. The molar absorptivity was calculated to be 
6.898 x 103 1 mol- 1 cm- t at 410 nm and the sensitivity was 
0.0185 l!g cm-2 of tellurium for an absorbance of 0.001. 

Effect of Diverse Ions 

The interference of various ions was studied in detail. Various 
amounts of the salts of the anions and metal ions were added 
individually to an aliquot containing 74 l!g of tellurium. None 
of the anions examined (Table 1) interfered. Of the cations 
examined (Table 2), only Mo(VI), Co(ll), Cu(ll), Ir(lll), 
Fe(lll), Hg(II) Ni(ll), Pd(ll) and Se(IV) interfered. The 
interference of Mo(IV) and Fe(lll) was eliminated by masking 
with 2 ml of 5% ascorbic acid and that of Hg(ll) with 2 ml of 
5% KI solution; Co(II), Cu(Il) and Ni(Il) were masked with 
10 ml of 5% NaCN solution. For copper, if the concentration 
exceeded more than a 2-fold excess, the masking with cyanide 
was not successful. In such instances, copper has to be 
eliminated by pre-coprecipitation of its trifluoroethylxanthate 
with microcrystalline naphthalene at a high acid concentration 
(7 M HC104). The interference of selenium was eliminated in a 
similar way to that of copper in 4 M perchloric acid media and 
then tellurium could be determined in the aqueous phase by 
using the general procedure. 

Simultaneous Determination of Tellurium and Selenium 

Both tellurium and selenium react with this reagent giving 
coloured and colourless complexes, respectively. An aliquot 
containing appropriate amounts of Te ( 15-200 I! g) and Se 
(2(}..260 l!g) was taken, 5 ml of 0.5% reagent solution being 
added, and the acid concentration was adjusted to 4 M 

perchloric acid. Under these conditions only selenium formed 
the complex, which was separated by coprecipitation with 
microcrystalline naphthalene. It was dissolved in 10 ml of 
chloroform and then exchanged with 10 ml of 0.001 M copper 
nitrate solution in a separating funnel in order to develop the 
colour in the chloroform layer. The chloroform layer was 
poured on to anhydrous sodium sulphate (2 g) in a beaker in 
order to remove the last traces of water. The absorbance of 
this solution was measured at 430 nm 12 and referred to a 
calibration graph prepared under similar conditions. From the 
filtrate. tellurium was determined by the general procedure. 
The results are given in Table 3. 
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Determination of Tellurium in High Copper Concentrate Alloy 

A 1.0-g sample of a copper - tellurium alloy was placed in a 
beaker and 5-10 ml of nitric acid were added. The mixture was 
heated on a hot-plate until the mixture dissolved completely 
and the volume of the solution was reduced to 1-2 ml. It was 
diluted to 100 ml with distilled water, filtered and the final 
volume was made up to 500 ml in a calibrated flask. To an 
aliquot of this solution were added 5 ml of 0.5% reagent 
solution and the acid concentration was adjusted to 7 M with 
perchloric acid. A 2-rnl volume of 20% naphthalene solution 
was added and copper was coprecipitated. It was filtered off 
and to the filtrate were added 2 ml of0.5% reagent and the pH 
was re-adjusted to 0.5-2.5 with ammonia solution. Tellurium 
was then determined by the general procedure. The results are 
given in Table 4. 

Determination of Telluri11m in Synthetic Samples 

The developed conditions were applied to the determination 
of tellurium in some synthetic samples and the results are 
given in Table 5. 

One of the authors (M. F. H.) is grateful to the Council of 
Scientific and Industrial Research , New Delhi, India, for the 
award of a Fellowship. 
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Kinetic- Spectrofluorimetric Determination of Nanogram Levels of 
Manganese in Wines by the 2-Hydroxynaphthaldehyde 
Thiosemicarbazone- Hydrogen Peroxide System 

D. Perez-Bendito 
Department of Analytical Chemistry, Faculty of Sciences, University of Cordoba, Cordoba, Spain 

and J. Peinado and F. Toribio 
Department of Biochemistry, Faculty of Veterinary Science, University of Cordoba, Cordoba, Spain 

A kinetic method is described for the determination of nanogram amounts of manganese(ll) based on its 
catalytic effect on the hydrogen peroxide oxidation of 2-hydroxynaphthaldehyde thiosemicarbazone. Several 
wine and brandy samples containing 13G-550 J.lg 1- 1 and 42-140 J.lg 1- 1 of manganese, respectively, from 
some Spanish wine-growing areas have been analysed by this method without any previous ashing of the 
sample. The preparation and properties ofthe reagent and the kinetic parameters oft he catalysed reaction are 
also reported . 

Keywords: Manganese determination; kinetic - fluorimetric technique; wine; brandy; 2-hydroxy­
naphtha/dehyde thiosemicarbazone 

Manganese is an essential component in the metabolism of 
plants and acts as the activator of the nitrite reductase. Its 
content in grapes is a characteristic of the wine-growing area. 
For equal masses the pips are 3-fold richer in manganese than 
the skin and 30-fold more than the pulp. In general. the 
content in wine varies between 400 and 200 J.lg J-• . 

Traditionally. the determination of this metal in wines has 
been carried out spectrophotometrically by the oxidation to 
Mn04- with K2S20 8 in the presence of Ag+ as a catalyst ; 
however. this method is not sensitive enough . Recently . 
manganese(II) has been determined by complexing with 
aldoxime' or by atomic-absorption spectrophotometry.z In 
this paper. the determination of manganese(ll) in wine by a 
kinetic method is proposed. 

The method is based on the catalytic effect of man­
ganese(ll) on the oxidation of 2-hydroxynaphthaldehyde 
thiosemicarbazone (HNTS) (shown overleaf) by H20 2 and the 
reaction rate is followed spectrofluorimetrically. In an earlier 
paper. the determination of manganese(II) in water and food 
using the 2-hydroxybenzaldehyde thiosemicarbazone (HBTS) 
- H20 2 system was reported. J By using HNTS the limit of 
detection for manganese(II) is 0.75 1-1g 1- 1• whereas with 
HBTS it is 2 1-1g J- 1• The method is also very selective and it 
makes the determination of manganese(II) possible in wine 
and brandy samples without any pre-treatment of the sample . 
The results are comparable to those obtained by flame 
atomic-absorption spectrophotometry. 

In this paper . the synthesis of the compound and the kinetic 
study of the catalysed reaction are also described. 

Experimental 

Synthesis of 2-Hydroxynaphthaldehyde Thiosemicarbazone 

The reagent has been previously synthesised4 from 2-hydroxy­
naphthaldehyde and thiosemicarbazide. The following proce­
dure is a modification of the general method of synthesis for 
thiosemicarbazones. 

2-Hydroxynaphthaldehyde (0.5 g) was dissolved in 50 ml of 
ethanol and thiosemicarbazide (0.3 g) was dissolved in 25 ml 
of hot water. Several drops of dilute hydrochloric acid were 
added to reduce the pH to approximately 3.5 and the mixture 
was shaken for 30 min . The yellow precipitate was filtered and 
washed with hot water, then purified by successive recrystalli­
sations from ethanol- water- acetone(1+1 + 1). 

The result of the elemental analysis for C 12H 11 N30S was as 
follows: calculated, C 58.8. H 4.5, N 17.1 , S 13.1%; found , C 
58.3 , H 4.3. N 16.9. S 12.8%. 

Reagents 

All solvents and reagents were of analytical-reagent grade. 
Standard monganese(JJ) solution. Manganese metal (1.0 g) 

was dissolved in a minimum volume of hydrochloric acid 
(I+ 1) and diluted to 1.0 I with hydrochloric acid (1+20) in a 
calibrated flask. The stock solution was diluted as required 
immediately before use . 

2-Hydroxynaphthaldehyde thiosemicarbazone. A 0.015% 
m/V solution in ethanol was prepared. 

Apparatus 

The following apparatus was used: an Aminco-Bowman 
Model 14-8961 spectrofluorimeter equipped with recorder and 
thermostat for kinetic measurements and 10-mm quartz cells; 
a Beckman Model 24 spectrophotometer with 10-mm quartz 
cells ; and a Perkin-Elmer Model 380 atomic-absorption 
spectrophotometer, used with an air - acetylene flame. 

All spectrofluorimetric measurements were made with 
5.5-nm band widths for excitation and emission monochroma­
tors. Under these conditions a 1.0 fiM quinine sulphate 
solution gave a fluorescence signal of 9.2% full-scale deflec­
tion. 

Procedure for the Determination of Manganese 

To a 10-ml calibrated flask add , in this order, 1.5 ml of0.015% 
m/V HNTS solution in ethanol, a sample containing between 
7.5 and 48 ng of manganese(ll) , 1.0 ml of ethanol, 0.5 ml of 
1+5 ammonia solution and 0.5 ml of 1 + 1000 V/V hydrogen 
peroxide solution (0.097 M). Dilute to the mark with re­
distilled water . Mix and transfer a portion into a 10-mm quartz 
fluorimeter cell maintained at 40 ± 0.1 oc. Wait for 2 min 
before recording the fluorescence intensity P.·ex. 390 nm, Aem. 
450 nm) as a function of time. 

Follow the uncatalysed reaction under similar conditions, 
but with no manganese . The reaction rate is calculated from 
the difference in the slopes of the fluorescence versus time 
graphs. The methods of determination of manganese(II) are 
described below. 
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Determination of Manganese in Wines and Brandies 

(a) With ashing of the samples 
A 20-ml volume of white or rose wine or 150 ml of brandy are 
evaporated to dryness in a porcelain crucible and the residue is 
heated for 2 h in an electrically heated furnace at 425±25 oc. 
The cold ash is treated with I ml of concentrated hydrochloric 
acid and diluted to the mark with re-distilled water in a 250-ml 
calibrated flask. Aliquots of 0.25 and 0.50 ml of these dilutions 
are taken and, to mask iron(III) interference, 750 flg 1-1 of 
sodium fluoride are added. 

(b) Without ashing of the samples 
Volumes of samples (without prior concentration) of between 
25 and 100 fll are taken, so that the amount of manganese is in 
the determination range of the method proposed. 

In all instances the standard additions method is used. 
The determination procedure indicated above is used for 

both (a) and (b). 

Results and Discussion 

Analytical Properties of the Reagent 

At room temperature HNTS is soluble in dimethylformamide 
(20 g 1- ') , slightly soluble in acetone (5 g 1-1) and ethanol (0.5 
g 1-1) and insoluble in water. 

HNTS 

The infrared spectrum of HNTS was obtained using 
potassium bromide discs. The selected infrared absorption 
bands were assigned to stretching vibrations of the NH2 bond 
(3500-3010 cm- 1), the OH bond (3180 cm- 1), the C=N bond 
(1615-1530 cm- 1), the C=S bond (1100 cm-1) and the 
C(S)- NH2 bond (1580 cm- 1). 

The absorption and the fluorescence spectra of HNTS at 
different pH values are shown in Fig. I. HNTS does not 
fluoresce in acidic and neutral media . In an alkaline medium it 
has a faintly green fluorescence (Aex. 410 nm; Aem. 475 nm). 
The pK values were calculated by the Stenstrom and 
Goldsmith method4 from photometric and fluorimetric 
measurements. The results agreed and gave pK1 = 8.8, which 
can be ascribed to the ionisation of the hydroxynaphtholic 
group, and pK = 12.5, which can be ascribed to the 
deprotonation of the thiol group. 

The ethanolic solutions are stable for at least 1 week at room 
temperature. Reducing agents at moderate concentrations, 
e.g., hydroxylamine, ascorbic acid and hydrazine , do not alter 
the absorption and emission spectra of HNTS. Ammoniacal 
solutions of HNTS in the presence of oxidising agents, such as 
hydrogen peroxide, potassium peroxidisulphate and sodium 
periodate, experience disappearance of the absorption maxi­
mum and a change in the fluorescence of the reagent (J..cx. 390 
om; Aem. 450 nm) (Fig. 2). When sodium periodate is used the 
reaction rate is higher than that obtained with hydrogen 
peroxide or potassium persulphate . 

Reactions with Cations 

The photometric and fluorimetric behaviour of the reagent 
with 40 cations at various pH values has been investigated. 
The samples were prepared in 25-ml calibrated flasks contain­
ing between 2000 and 10000 Jlg 1- 1 of metallic ion , 5 ml of 
0.015% HNTS solution in ethanol and 5 ml of buffer at 
different pH values, and diluted to the mark with re-distilled 
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Fig, I. (a) Absorption spectra of HNTS (7 x 10-' M) at different pH 
values. Curves 1-4 correspond to pH 2.2, 7.2. 10.0 and 13.2. 
respectively. (b) Excitation and emission spectra of HNTS (9 x 10 _, 
M) at different pH values. Curves 1-3 correspond to pH 9.1, 9.8 and 
12.5, respectively 

20 
!'l 
c: 

~ 
E 
0 
::l 

~30 
. ., .. 
" a: 

4 

Fig. 2. Effect of hydrogen peroxide (4.8 x 10- -' M) on the emission 
spectra ofHNTS (9 X 10 ., M). Ammoniacal solution and temperature 
25 oe, Curves 1-4 correspond to 5, 10, 30 and 45 min after preparation 
of the samples. respectively 

Table I. Photometric reactivity of HNTS with metallic ionic species 

Ion pH Alnm Ex HJ.l'/1 mol-' cm · ' 

Co (II) 4.0 425 12.6 
9.6 450 6.9 

Ni(II) 9.6 484 8.6 
Mo(VI) 1.5 410 16.7 
Cu(II) 4.1 420 7.2 
Os(VIII) 9.6 530 14.4 
In( III) 4.5 416 11.6 
Mn(II) 9.5 484 4.0 

• Calculated against a reagent blank corresponding to the same 
value of pH. 

Table 2. Influence of the volume of ethanol added (% ) and the ionic 
strength on the reaction rate 

Ethanol,% Tan<> x 10-' I' IM X [() - .\ Tan"' x 10·' 

54.0 77.0 
5 65.0 2 65.0 

10 76.5 10 60.0 
15 88.0 20 56.0 

* Adjusted with 0.2 M KCl solution. 

water. The absorption in the visible region and the excitation­
emission spectra were recorded. The most interesting results 
are shown in Table I, as other cations do not form coloured 
complexes or have a very low molar absorptivity. From a 
fluorimetric point of view, Al(III) , Be( II), Ti(IV) and Ca(II) 
cause quenching of the reagent and not of the oxidation 
product. 
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Catalytic Effect of Manganese(II) on the Oxidation Reaction 

The fluorimetric characteristics of HNTS in an ammoniacal 
medium are altered in the presence of nanogram amounts of 
manganese(II) and the green fluorescence ()'ex. 410 nm; Aem. 
475 nm) of the reagent changes to blue (Aex. 390 nm; Aem. 450 
nm). The last two spectral characteristics are identical with 
those of the oxidation product. 

80 

g 60 

" ~ 
0 
.g 40 

" > 
-~ 
a; 
a: 20 

400 450 500 550 
Wavelength/nm 

Fig. 3. Catalytic effect of manganese(II) on the excitation and 
emission spectra of the oxidation product of HNTS. I. In the presence 
of 1.5 ng ml-• of manganese; II. in the absence of manganese. Curves 
recorded after 15 min. Conditions as described in the procedure 
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(b) 
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Fig. 4. Effect of variables on the reaction rate. I. Reaction catalysed 
by 1.5 ng ml - 1 of manganese( II); II. uncatalysed reaction. Conditions 
as described in the procedure 
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The HNTS oxidation is instantaneous in the presence of 
Nal04 • In the presence of H20 2 and K2S20R it is not as fast, 
but speeds up considerably if small amounts of manganese(II) 
are present, owing to the catalytic effect of this ion. This effect 
is greatly enhanced when hydrogen peroxide in an ammonia­
cal solution is used (Fig. 3). 

Effect of Reaction Variables 

The temperature was varied over the range 25-50 oc; the 
reaction was faster at higher temperatures but remained 
constant above 40 oc. This temperature was judged to be the 
optimum for the final procedure. The activation energy 
calculated from the reaction rates using the Arrhenius 
equation in the 25-40 oc range is 17.5 kJ mol - 1. 

It has been observed that the oxidation reaction increases 
considerably with the volume of ethanol added to the sample 
(the addition of 1.0 ml of ethanol is recommended) and 
decreases slightly with increasing ionic strength (Table 2). 

The order of addition of the reagents has very little 
influence of the oxidation reaction rate, the order recommen­
ded in the experimental section being the one that gives the 
best results. 

The influence of the HNTS, H20 2 , NH3 and H+ concentra­
tions has been studied on both the catalysed and uncatalysed 
reactions for the purpose of obtaining optimum conditions for 
the Mn(II) determination and stabilising the kinetic depen­
dence of each of these variables. 

The effect ofthese variables is shown in Fig. 4(a)-(d) in the 
ranges indicated in Table 3; from these have been selected the 
optimum conditions described under Experimental on the 
basis of choosing the concentration that offers the maximum 
difference between the catalysed and uncatalysed reactions, 
and on the fact that small variations in the reagent concentra­
tions do not affect the reaction rate. 

The influence of the pH on the reaction rate is shown in Fig. 
4(d). The rate of the reaction increases up to pH 10.6, and 
then remains almost constant up to pH 10.8. The rate then 
begins to decrease at higher values. The zone of minor 
variation (between pH 10.6 and 10.8) corresponds to an 
ammonia concentration range of 0.1--D.l9 M. 

The initial rate of reaction varies linearly with the man­
ganese(II) concentration tested, in the range 0.75--4.8 !!g 1- 1, 

which is the basis of one of the proposed methods for the 
determinaton of low levels of manganese( II). 

Determination of the Partial Orders of Reaction 

The partial orders for each of the variables, from the data 
shown in Fig. 4, by means of the graphical representation of 
the logarithm of the tan ex versus the logarithm of the 
concentration of the tested variable, have been calculated 
(Table 3). 

Table 3. Summary of kinetic data for the HNTS · H 20 2 system in the presence and absence of Mn(II) 

Uncatalysed reaction Catalysed reaction 

Partial Partial 
Variable Concentration range/M reaction order Concentration range/M reaction order 

HNTS 3.0x 10 5- 6.0x 10-' 0 3.0xl0 5 - 9.5x 10- 5 112 
6.0x J0-5 -13.7 x 10- 5 -I 9.5x 10-5 -15.3x 10-' -3/4 

H,o, 1.9X 10 ·· '- 3.8X J0- 1 0 1.9X 10 '- 4.5x 10 - ' 1/2 
3.8X 10-'- 6.6X 10- 1 I 4.5X IO-' -14.5X 10-' 0 
6.6xl0 _, - 14.0xJ0-1 0 

NH1 . 2.2x 10- 2- 6.7x 10 -- 2 1/3 2.2x 10- 2 -lO.Ox 10- 2 I 
6.7X J()-2 -18.0X J0-2 () IO.OX I0- 2 -19.0X 10-2 0 

18.0x 10- 2 -33.0x 10- 2 -I 19.0 x 10-2 -33.0 x 10-2 -I 
NH4 + 4.9 x J0- 1- 7.0xl0- ' 2 4.9x 10- '- 7.5x 10- ' -1/2 
H• 1.6xJO-· ''- 2.3xl0 " 0 1.6Xl()-lL 2.5xJO-ll 0 
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Table 4. Dependence of the catalysed reaction on the NH4 + and H + 

concentrations 

Actual 
Initiai[HCI['i [NH4+[t/ 

moll- • moll-• Tan<> x 10'1 
X J0- 3 pH X 10- 3 Tan"' x 10'+ [NH,+)-1 

10.80 4.92 75.0 5.26 
3.1 10.75 5.52 75.6 5.61 
6.2 10.70 6.18 68.8 5.40 

12.5 10.64 7.05 65.4 5.49 
25.0 10.61 7.52 64.5 5.59 

* Initial ammonia concentration, 0.178 M. 

t Calculated from pH, known concentration and pK" for NH3. 
+ After subtraction of rate of uncatalysed reaction. 

Table 5. Linear concentration ranges, sensitivities and relative 
standard deviations for the three methods of calculation for the kinetic 
determination of manganese 

Method 
Tangent 
Variable-time 
Fixed-time 

Relative 
standard 

Range/ngml - 1 Sensitivity deviation , % 

0.75-4.8 4.9XI07 /,min · 1 w' 1.12 
1.0-4.5 2.3x!O'min- •w• 1.36 
0.75--4.8 9.2xl08 /,w 1 1.97 

Table 6. Tolerance levels of interferents in the kinetic determination 
of 1.5 f.'g J- • of manganese( II) by the tangent method 

Tolerance level, 
[ion]!(Mn2+ J 

500 
200 

ISO 
100 

50 

25 
10 

Ions added 
Oxalate, F-, Pb(II) 
Os(VIII), V(V). Sb(III), Ga(III), Ca(II) , Co(II) , 
Na(I), S20 82-, P043 - , ClO,- , NO,-, I- , citrate 
Fe(III),' Sn(II) 
Mo(VI), W(VI), Pt(IV) , As(III), Be(II), Bi(III), 
Hg(II), Cd(II), Zn(II), Cu(II) , Sr(II), Tl(I), S2-, 
10,- , tartrate, S20,>- , CI - , P20,Z-
Ti(IV), Se(IV), Sb(V), Cr(VI), In(III) , K(I), 
Ni(II) , Mg(II), Pd(II), Ba(II) , Br-
Cr(III), SCN · , EDTA 
Al(III), Ag(I), Fe( III) 

• In the presence of 750 f.'g 1- • of sodium fluoride. 

Table 7. Determination of manganese in wines and brandies 

Manganese found' /1-'g 1-• 

Kinetic methodt 

Ashed Untreated 
Sample sample sample AASmethod 

Wines-
Oloroso (Montilla)t 257±4.7 255±2.9 256 
Rama (MontillaH 297±6.3 298±3.5 301 
Manzanilla (Jerez )t 130± 1.7 131 
White (Valdepefias)+ . 265±3.2 263 
White (Jumilla)t 544±1.5 545 
Rose (Rioja)+ 556±3.4 551 

Brandies-
Jerez+ 47± 1.3 42± 1.7 44 
Villafranca de 

Penectes+ 144±2.8 146 

• Average values of six separate determinations and their standard 
deviations. 

t Using a standard additions determination. 
t Spanish wine-growing area . 
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The partial reaction orders in hydrogen and ammonium ions 
were calculated simultaneously because both species are 
closely related. At constant concentrations of other variables 
tan ac/([H+]x[NH4+]r) = K 1• Thus, the x andy values (partial 
reaction orders in hydrogen and ammonium ions, respec­
tively) were calculated by testing pairs of values that gave 
values of K 1 in different experiments with the minimum 
standard deviation. These partial reaction orders were calcu­
lated by using a computer program to give x = 0, y = -0.5 for 
the catalysed reaction (see Table 4) and x = 0, y = 2 for the 
uncatalysed reaction. 

From the partial reaction orders calculated above, the 
following kinetic equation for the over-all oxidation reaction is 
suggested under the conditions proposed for the man­
ganese(II) determination: 

d[HNTS]ax = K
0
[HNTS]- 1[H202][NH,+j2 

dt + K 1 [HNTSJ112[NH4 +]- 112[Mn2+] 

[HNTS]ax is the concentration of the oxidised form of the 
reagent, and Ko and K1 are the conditional rate constants for 
the uncatalysed and catalysed reactions, respectively. 

Calibration Graphs 

Three methods have been used for the determination of small 
amounts of manganese and their performances compared, 
viz. , the tangent, the fixed-time and the fixed-fluorescence (or 
variable-time) methods. For the fixed-time method , the 
fluorescence was measured 4 min after beginning the record­
ing of the fluorescence intensity versus time curves and was 
plotted against the manganese concentration. For the inten­
sity of fluorescence method, the inverse of the required time 
was plotted to obtain a relative fluorescence intensity of 40% 
against the manganese concentration. 

The calibration graphs are linear in the concentration 
ranges indicated in Table 5. The calculated sensitivity in terms 
of the slope of the calibration straight line6 and the coefficient 
of variation for each of the methods are also given in Table 5. 
The tangent method is recommended. The percentage error 
calculated for the determination of 1.5 J.lg I- 1 of man­
ganese(II) by the tangent method is 0.7% (for n = 11 and at a 
95% confidence limit). 

Interferences 

The effect of various ions on the reaction rate was examined, 
and the proposed system is reasonably selective. The toler­
ance levels for the ions investigated are given in Table 6. From 
the cations, many basic metals such as Hg(II), Cd(II), Zn(II) 
and Cu(II) can be present in 100-fold excess concentrations 
without having any observable effect on the reaction rate. The 
most important interference is from iron(III), because it acts 
as a catalyst of the oxidation reaction. However, the tolerance 
can be increased to 225 J.lg I- 1 of iron(III) by the addition of 
fluoride as a masking reagent. 

Determination of Manganese(II) in Wines and Brandies 

The procedure described under Experimental was applied to 
the determination of manganese in wines and brandies. 

Because of the high tolerance to interference from species in 
the method, the determination of manganese in wine and 
brandy samples was also carried out without any pre­
treatment and the same results were obtained as for treated 
samples. , 

The similarity of the results is due to the low concentration 
of free iron( III) present in wines and brandies (0.1-1.0 J.lg 1- 1); 

although the total iron varies between 7 and 14 mg 1- 1 it exists 
in the form of hardly dissociated complex salts such as 
tartrates, malates, citrates and pyrophosphates,7 depending on 
the type of wine and its fermentation process. 
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In Table 7 the results obtained for the determination of 
manganese for ashed and untreated samples are shown. and 
compared with those obtained by atomic-absorption spectro­
photometry, giving good agreement (the brandies checked by 
atomic-absorption spectrophotometry required pre­
concentration of the sample). Thus, the ashing of wine and 
brandy samples is not necessary for the determination of their 
manganese content. 

References 

I. Cunha Ramos. M., and Guedes Gomes. L .. Feui/1. Verts Office 
Int. Vin , 1970. No. 359. 

1301 

2. Ribereau-Gayon , J ., Peyneaud , E., Sudraud, P., and 
Ribereau-Gayon. P., "Sciences et Techniques du Yin ," Vol­
ume I , Dunod, Paris, 1976. 

3. Moreno , A., Silva, M. , Perez-Bendito, D .. and Valcarcel , M. , 
Talanta, 1983, 30, 107. 

4. Sah, P. T., and Daniel, T. C., Reel. Trav. Chim. Pays-Bas, 
1950, 69, 1545. 

5. Stenstrom, W. , and Goldsmith, N. , J. Phys. Chern., 1926, 30, 
1683. 

6. Mottola, H. A., Crit. Rev. Anal. Chern., 1975,225. 
7. Sanfourche, A .. C.R. Acad. Sci .. 1932, 195. 

Paper A4145 
Received January 30th, 1984 

Accepted May 15th, 1984 





ANALYST, OCTOBER 1984, VOL. 109 1303 

Kinetic - Spectrophotometric Determination of Manganese and 
Vanadium + Manganese by Oxidation of Pyrogallol Red 

A. Sevillano-Cabeza, J. Medina-Escriche and M. de Ia Guardia-Cirugeda 
Department of Analytical Chemistry, Faculty of Chemical Sciences, Valencia University, Burjasot 
(Valencia), Spain 

Spectrophotometric methods for the determination of manganese and the simultaneous determination of 
vanadium + manganese, based on the oxidation of Pyrogallol Red (PGR), are described. Manganese or 
vanadium+ manganese are determined by the decrease in the absorbance of the characteristic band at490 nm 
at pH 4. At pH 4, an ionic strength of 0.1 M, a temperature of 25 oc and a wavelength of490 nm, there is a linear 
relationship between the absorbance of PGR (6x 10- 5 M). at a fixed time, and the concentration of 
manganese(VII) over the range 0-1.10 p.p.m. The limit of detection of manganese is 0.03 p.p.m. Studies were 
made of the selectivity of the method with respect to possible interferences from 22 species, which have been 
classified according to their possible mechanism of interference. The precision and accuracy of the method 
using a fixed time of 5 min were also determined. The simultaneous determination of vanadium in the range 
0.20-1.83 p.p.m. and manganese(VII) in the range 0.11-1.10 p.p.m. by using a system of equations in which 
the absorbance at a fixed time is considered to be proportional to the total concentration ofthe two elements 
and their effects on the absorbance of PGR are additive, is described. 

Keywords: Manganese determination; vanadium determination; kinetic · spectrophotometric method; 
Pyrogallol Red oxidation 

Pyrogallol Red (PGR) has been widely used in analytical 
chemistry both as a metallochromic indicator for complex­
ometric titrations and as a spectrophotometric reagent.' The 
determination of trace amounts of lead2 -3 and iodide4 by 
means of their catalytic effect on the oxidation of PGR by 
persulphate and hydrogen peroxide, respectively, has been 
described. We have studied a spectrophotometric method for 
the determination of vanadium by oxidation of PGR.s In this 
paper, we describe spectrophotometric methods for the 
determination of manganese and vanadium + manganese, 
based on the oxidation of PGR. 

Experimental 

Reagents 

All reagents used were of analytical-reagent grade unless 
specified otherwise. 

Manganese( VII) stock solution, 2 x 10-2M. Dissolve 0.8 g 
of potassium permanganate in distilled water (boil gently for 
30 min, allow to stand overnight and filter through a G4 
sintered-glass filter crucible), then dilute to 250 ml. Standar­
dise the solution with iron(II) ethylenediammoniumsulphate 
(general-purpose reagent grade) volumetric standard. 

Prepare a working solution (10-3M) by appropriate dilution 
of the stock solution. 

Vanadium(V) stock solution , 10- 2 M. Dissolve 1.232 g of 
sodium vanadate (NaV03) in distilled water (by warming) and 
then dilute to 1 1. Standardise the solution with iron(II) 
ethylenediammoniumsulphate (general-purpose reagent 
grade) volumetric standard . 

Prepare a working solution (10- • M) by appropriate dilution 
of the stock solution. 

Buffer solutions. 2.2 M acetic acid - 0.5 M sodium acetate 
buffer of pH 4, 0.2 M acetic acid- 0.5 M sodium acetate buffer 
of pH 5, and 0.4 M potassium dihydrogen orthophosphate -
0.05 M sodium hydroxide buffer of pH 6. 

Pyrogallol Red solutions, 10- 3 and 8x 10-4 M. Dissolve 
0.100 and 0.080 g, respectively, of PGR (Merck) in 250 ml of 
methanol. These solutions are stable for at least 1 month. 

Apparatus 

All the spectrophotometric measurements were made on a 
Pye U nicam SP S--100 spectrophotometer using 1-cm cells. A 
Crison-501 pH meter, equipped with a Metrohm EA-121 Ag­
AgCl electrode system, was used for measuring the pH of the 
solutions. The pH should be measured to an accuracy of ±0.01 
pH unit. A Frigedor Selecta-398 refrigerator unit for use in a 
water-bath and a Termotronic Selecta-389 immersion thermo­
stat capable of maintaining the temperature within ±0.05 oe, 
were also used. 

Results and Discussion 

Influence of pH and Calibration Graph for the Manganese­
(VII) - PGR System 

Into series of 25-ml calibrated flasks, hydrochloric acid or 
sodium hydroxide solution or 5 ml of the appropriate buffer 
solution were added to obtain solutions of different acidities. 
Then J0-3 M manganese(VII) solution was added and the 
solution was diluted to ca. 20 ml with distilled water. This 
solution was shaken gently while 1 or 2 ml of 10-3 or 8x 10-4 M 
PGR solution, respectively, were added. The stop-watch was 
turned on when the last drop was added and the solution was 
diluted to the mark with distilled water. As the rate of 
disappearance of the characteristic band of PG R is quicker 
than the rate of appearance of a new band at 390 nm, the 
decrease in absorption was measured at the maximum 
wavelength of PGR at the corresponding pH, against water as 
a reference blank, at times of 1.5 and 2 min and then at 1-min 
intervals for up to 20 min. 

This study was performed over the pH range 1-6 using 
hydrochloric acid and sodium hydroxide for pH 1, 2 and 3 and 
the appropriate buffer solution for pH 4, 5 and 6. Solutions of 
pH 7 and higher were not tested because of instability of the 
reagent. It was not possible to study the optimum working 
acidity from the rate decrease in the absorbance values of the 
characteristic band of PGR at each pH because it is too fast, so 
it was studied by means of the maximum amount of4x10-5 M 
PGR oxidised by 0.22 p.p.m. of Mn(VII). The results are 



1304 

shown in Table I. The maximum amount of PGR oxidised at 
pH 4, 5 and 6 for times between 5 and 15 min was obtained. 
From these results, pH 4 was selected as this acidity is the 
optimum for V(V) - PGR5 and Cr(VI) - PGR systems. 

In order to demonstrate the possible analytical applications 
of the Mn(VII) - PGR system, the regression between the 
absorbance values of 4x 10-5 M PGR solutions (which 
provided an absorbance in an intermediate range of minimum 
photometric error) or at its upper limit of 6x 10- 5M at a fixed 
time and different concentrations of manganese(VII) (cMn) up 
to 1.32 p.p.m. was studied at a pH of 4, an ionic strength of0.1 
M, a temperature of 25 oc and at a wavelength of 490 nm. The 
results are shown in Table 2. From this study, a PGR 
concentration of 6x 10- 5 M was chosen as the optimum 
working concentration because the slope (S) of the calibration 
graph increased by approximately 7%. The most suitable 
measuring time chosen was 5 min, because S remains almost 
constant with time. 

For this time and a numerical factor k = 2 or 3 (confidence 
level), the theoretical limit of detection, cL (reference 6), is 
0.03 or 0.05 p.p.m., respectively, of manganese(VJJ) for 11 
independent solutions of 6x 10- 5 M PGR with a standard 
deviation (s) of 4.08x 10-3 absorbance unit. The experimental 
limit of detection is 0.03 p.p.m. of Mn(VII). 

Influence of Temperature 

The study of the influence of temperature on the oxidation of 
PGR in the presence of different concentrations of man­
ganese(VJJ) at pH 4.0 was performed at 15,20,25,30,35 and 40 
oc (Fig. 1). The rate constant (K) and the order of reaction (n) 
with respect to manganese(VJJ) were calculated by the 
differential method and determining the initial rate of reaction 
( v.,) (Table 3). 

In order to calculate the activation energy (£) and the 
frequency factor (A), the Arrhenius equation was applied. 
The graph of In K against liT is a straight line, In K 
( -91.705/7)-5.080, with a correlation coefficient r = 
-0.9998 when E = 0.182 kcal mol- l and A= 0.006 s- t. 

From this study, it can be concluded that at the tempera­
tures studied, the Arrhenius equation was followed, except at 
15 oc, and the influence of temperature is small. On this basis , 
25 oc was chosen as the working temperature. 

Table I. Variation of number of moles of PGR oxidised by I mol of 
manganese(VJJ). Conditions: (PGR), 4.0 x 10- ' M; (Mn(VJJ)), 0.22 
p.p.m.; temperature, 25 oc; and pairs of pH/Am••· (nm) values, 
1.67/466,2.36/466, 3.25/466, 4.04/490,5.01/510 and 6.01/520 

No. of moles of PG R oxidised by 1 
pH Time/min mol of manganese( VII) 
1.67 5.0 0.75 

10.0 0.75 
15.0 0.75 

2.36 5.0 0.75 
10.0 0.75 
15.0 0.75 

3.25 5.0 0.75 
10.0 1.00 
15.0 1.00 

4.04 5.0 1.00 
10.0 1.00 
15.0 1.00 

5.01 5.0 1.00 
10.0 1.00 
15.0 1.00 

6.01 5.0 1.00 
10.0 1.00 
15.0 1.00 
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Interferences 

The influence of 22 different species on the oxidation of 
6x 10- 5 M PGR in the presence of 0.55 p.p.m. of man­
ganese(VJJ) was studied. The results are shown in Table 4. 

In order to establish the effect of each species on the 
manganese(VII) - PGR system, the spectra at different 
concentrations of possible interfering species were printed, 
starting from a time of 5 min. From this study it can be 
concluded that, for higher concentrations than those in Table 
4, the interfering processes may be classified as follows: (a) 
complex formation with PGR was observed by a bathoch­
romic shift and a hyperchromic shift in the absorption 
spectrum of the system in the presence of arsenic, iron, 
chromium(III), boron, zirconium , niobium, antimony, alumi­
nium, tungsten molybdenum, tin and titanium; (b) possible 
complex formation at non-optimum pH 4 with nickel, cobalt 
and copper; and (c) acceleration of the oxidation of PGR by 
manganese(VJJ) in the presence of lead. manganese(II). 
vanadium and chromium(VI). 

Precision and Accuracy 

A study of the precision was performed with five independent 
solutions of various concentrations of manganese(VII) and a 
fixed concentration of PGR. The results are shown in Table 5. 
The study of the accuracy7-lll was performed over the range 
0.11-1.10 p.p.m. of manganese(VII) with 6x 10- s M of PGR, 
at a fixed time of 5 min. 

The homogeneity of the variances of the analysed samples 
was confirmed by application of Bartlett's test. The linear 
regression of the values obtained for each analysis of each 
sample and the corresponding real values were obtained. The 
statistical t-test was applied to the study of the slope,and the 
intercept of the straight line was obtained. From this study we 
conclude that the proposed method does not present a 
constant-type error (a slope equal to unity) and it does not 
need blank correction (an intercept equal to zero). 

Recommended Procedure 

Samples containing between 0.75 and 27.50 !!g of man­
ganese(VII) were placed in 25-ml calibrated flasks. 5 ml of 2.2 
M acetic acid - 0.5 M sodium acetate buffer solutions were 

Table 2. Calibration graphs. Conditions: pH. 4Jl; ionic strength, 0.1 
M; temperature, 25 oc; and Am ••.. 490 nm 

[PGR)4.1 X 10-' M; 

(Mn(VII))O-I.IOp.p.m. 
[PGR)6.2 X 10-' M 

[Mn(VII)) 0-I.IOp.p.m. 
Time/--------------------- ---------------------
min Calibration graph 

1.5 y = -0.242c + 0.534 -0.999 
3.0 y = -0.248c + 0.534 -0.999 
5.0 y = -0.250c + 0.534 -0.999 

10.0 y = -0.252c + 0.534 - 0.999 
15.0 y = -0.252c + 0.534 -0.999 

Calibration graph 
y = -0.263c + 0.801 -0.999 
y = -0.266c + 0.802 -0.999 
y = -0.268c + 0.802 -0.999 
y = - 0.269c + 0.802 - 0.999 
y = -0.27lc + 0.802 -0.999 

Table 3. Dependence of rate constant (K) and reaction order (n) on 
temperature (n, Conditions: (PGR). 6.5 x 10-' M; [Mn(VII)]. 
0.22-1.10 p.p.m.; pH, 4.0; ionic strength, 0.1 M; and Am-. .• 490 nm 

TIK K X 10-3/g-1 n 

293 4.55 l.l4 
298 4.57 l.l1 
303 4.59 1.07 
308 4.62 1.02 
313 4.64 1.00 
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Table 4. Classification of interferents . Conditions: [PGR] . 6.4 x 10- ' M; [Mn(VII)] . 0.55 p.p.m.; pH, 4.0; Am"'·' 490 nm; temperature, 
25 'C; and time, 5 min . Maximum tolerance . ± 2% of the original absorbance (0.674) 

Species 

C,H,0 7·' (Na,C,H, 0 7 .2H,O) 
As(V) (Na, HAs0,.7H,O) 
P (Na, HPO,) 
F- (NaF) 
Fe( III) [Fe(N0,)_, .9H,O] 
Cr(I II)[ Cr(NO,),. 9H,O) 
Ni(II) [Ni(N0, ),.6H,O] 
B (Na,B40 7 . IOH,O) 
Pb(II) [Pb(NO, ),] 
Co( II) [Co(N0,),.6H,O] 
Mn(II) [MnS04 .H,OJ 
Zr(IV) (ZrOCI2.8H 20) 
Nb(V) (Nb,O,) 
Sb(V) (SbCI, ) 
Cu(II) [Cu(N0, ),.5H,O] 
AI( III) [Al(N0,)_,.9H, O] 
W(VI) [Na, W04 .2H, O] 
Mo(VI) ((NH4),Mo70,.4H20] 
V(V) (NaVO,) 
Sn(IV) (SnCI4 ) 

Ti(IV) (TiOS04 ) 

Cr(VI) (K,Cr,07 ) 

Concentration of 
species . p .p.m. 

10000 
7500 
5 000 
4000 

560-780 
440 
320 
200 
125 
35 
II 
4 
4 
2.5 
2 
1.2 
0.3 
0.2 
0.2 
0.1 
0.1 
0.1 

Ratio of 
[Mn(VII)J 
to [species] 

I : 18182 
I : 13636 
I :9091 
I :7273 

I : IOIB--1418 
I : 800 
I :582 
1 :364 
I :227 
1 :64 
I :20 
I :7.3 
I :7.3 
I :4.5 
I :4 
I :2.2 
I :0.5 
1 :0.4 
I : 0.4 
1:0.2 
1:0.2 
1 :0.2 

Absorbance 
(490 nm) 

0.683 
0.677 
0.687 
0.682 

0.66 1-0.659 
0.661 
0.659 
0.687 
0.662 
0.662 
0.662 
0.684 
0.689 
0.685 
0.665 
0.681 
0.685 
0.687 
0.662 
0.686 
0.684 
0.660 

Table 5. Precision data for the method for the determination of 
manganese. Equation of calibration graph: y = 0.811-0.267cMn 
(r= - 0.9999) . Pairs of values A/cMn (0.80910.00; 0.783/0. 11 ; 0.722/ 
0.33; 0.664/0.55; 0.577/0.88; and 0.515/1.10) . Conditions: [PGR], 6.3 
x I0 - 5 M; pH, 4.0; ionic strength, 0.1 M; A"'" '· ' 490 nm ; temperature . 
25 'C; and time, 5 min 

Table 6. Precision data for the method for the si multaneous 
determination of vanadium and manganese . Conditions: [PGR] , 
6.4 x 10- 5 M; pH, 4.0; ionic st rength , 0. 1 M; Am., . 490 nm ; and 
temperature, 25 ' C 

True concentration M ean concentration 
of Mn(VIII ) , of Mn(VIII) found, 

0.8 

~ 0.7 
c .. 
.c 
0 
" ~ 

0.6 

0.5 

p.p.m . p .p.m. 

0.11 0.102 
0.33 0.332 
0.55 0.550 
1.10 1.110 

15-20 ' C 

~ (Mnl. p.p.m. \\ 0.22 

~ 0.44 

0.66 
;).. 

0.88 ... 
...... .... 1.10 

Standard 
deviation . 

p.p.m. 

25 ' C 

0.004 
0.004 
0.007 
0.007 

[Mn[ , p.p.m. 
0.22 

0.44 

0.66 

0.88 

1.10 

100 200 300 100 200 300 

True concentration, Mean concentration found 
p .p.m. and standard deviation , p.p.m. 

Cv c,... Cv CMn 

0.20 0 .11 0.21 0.02 0.10 0.03 
0.20 0.55 0.22 0.04 0.57 0.04 
0.20 1. 10 0.21 0.04 1.12 0.04 
0.61 1.10 0.67 0.05 1.11 0.04 
1.02 1.10 1.03 0.05 1.10 0.04 
1.83 0.55 1.83 0.04 0.51 O.o3 
1.83 1.10 1.74 O.Q3 0.96 0.01 

30 ' C 35 ' C 40 ' C 

~\ ~ \\ [Mn), p.p.m. 
[Mnl. p.p .m. (Mn), p.p.m. 0.22 

0.22 0.22 

I~ 

L ~ 

0.44 1. 0.44 0.44 

' 0.66 0.66 ~ 
0.66 

!I.. ... 
""""" 

0.88 0.88 0.88 

""- """' 1.10 ......... 1.10 1.10 

100 200 300 100 200 300 too 200 300 
Time/s 

Fig. 1. Variation of PGR absorbance with time at different temperatures and concentrations of manganese(VII). Conditions: [PGR], 6.5 X 
I0- 5 M; pH, 4.0; ionic strength, 0.1 M; and Am"'· 490 nm 
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added and the contents were diluted to 20 ml with distilled 
water. This solution was shaken gently while 2 ml of 8x 10-4 M 

PGR were added. The stop-watch was turned on as the last 
drop fell and the solution was diluted to the mark with distilled 
water. The absorbance was measured at 490 nm and 25 °C 
against water as a reference, at a time of 5 min. The 
corresponding manganese concentration was calculated from 
the equation of the calibration graph. 

Description of Reaction 

The absorbance of the wide band of PGR solutions between 
10-5 and 8X 10- 5 M (490 nm at pH 4) in the presence of 
manganese(VII) at concentrations between 0.03 and 1.32 
p.p.m. decreased and a new band at 390 nm was obtained (Fig. 
2). The rates of disappearance of the band at 490 nm and the 
appearance of that at 390 nm were dependent on the 
concentration of the manganese(VII) present, and the final 
intensity of the latter band was proportional to the initial 
concentration of PGR. 

On the one hand, the decomposition of PGR by manganese­
(VII) is an oxidation process because its spectrum agrees with 
that observed for V(V) - PGR,5 Cr(VI) - PGR and Ce(IV) -
PGR systems. On the other hand, the spectrum of the 
Mn(VII) - PGR system also agrees with the spectra observed 
in the treatment of PGR with small amounts of persulphate or 
hydrogen peroxide at 50 oc. 

The decomposition of the reagent is rapid during the first 
few minutes owing to the oxidation of PGR and the reduction 
of manganese(VII) to manganese(II), because it was shown 
that the manganese(VII) was immediately discoloured in the 
treatment with PGR. However, the rates of disappearance of 
the band at 490 nm and the appearance of that at 390 nm are 
very slow for longer times. This second decomposition is 
analogous to that which occured in the PGR (8x10- 5 M and 
pH 4), which is unstable for times longer than 7 h. 

Simultaneous Determination of Vanadium and Manganese by 
Oxidation of PGR 

The similarity between the V(V) - PGR and Mn(VII)- PGR 
systems makes possible the simultaneous determination of 
vanadium and manganese by using the following system of 

" " c: 
"' 

1.0 

0.8 

5 0.6 

~ 
0.4 

0.2 
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equations, where the absorbance at a fixed time is considered 
to be proportional to the concentration of the two elements 
and their effects on the absorbance of PGR are additive: 

Aq=APoR+m~cvcv+mlcMncMn 
A,2=AroR+m2cvcv+m2cMnCMn 

where A,, and A,2 are the absorbances of the sample at two 
fixed times chosen from the most suitable measuring times for 
each element individually (1-5 and 2-10 min), ArGR is the 
mean value of the intercepts of the four calibration graphs 
used and m is the value of the corresponding slope of the 
calibration graph for each element and time. 

The equations of the calibration graphs obtained for each 
element individually are as follows: y 1=0.827-0.157cv 
(r=-0.9988); yz=0.825-0.175cv (r=-0.9986); 
y,=0.825-0.249cMn (r=-0.9998); and y2=0.825-0.250cMn 
(r=-0.9998). The following conditions were used: PGR. 
6.4x 10-5 M; pH, 4.0; ionic strength. o: 1 M; Amax.• 490 nm; and 
temperature, 25 °C. 

Samples containing between 5.00 and 45.75 ~g of vanad­
ium(V) and 2. 75-27.50 14g of manganese(VIII) were placed in 
25-ml calibrated flasks, 5 ml of 2.2 M acetic acid- 0.5 M sodium 
acetate buffer solution were added and the mixture was 
diluted to 20 ml with distilled water. The solution was shaken 
gently while 2 ml of 8x I0-4 M PGR were added. The 
stop-watch was turned on as the last drop fell and the solution 
was diluted to the mark with distilled water. The absorbance 
was measured at 490 nm and 25 oc against water as a 
reference, at fixed times of 5 and 10 min. The corresponding 
vanadium and manganese concentrations were calculated by 
using the system of equations above or a simplification of it, as 
the oxidation of PGR by manganese(VII) finishes at 5 min, 
from which m1cMn = m2cMn' 

A study of the precision was performed with five indepen­
dent solutions of various concentrations of vanadium(V) + 
manganese(VII) and a fixed concentration of PGR. The 
results are shown in Table 6. The study of the accuracy7-w was 
carried out over the range 0.2G--1.83 p.p.m. of vanadium(V) 
and 0.11-1.10 p.p.m. of manganese(VII) with 6x10-5 M of 
PGR. From this study we conclude that the proposed method 
does not present a constant-type error and does not need a 
blank correction. 

400 450 500 
Wavelength/nm 

550 

Fig. 2. Variation of PGR spectrum with time in the presence of Mn(VII). L 3 min; 2. 2 d: 3. 3d: 4. 4 d; 5. 7 d; 6. 14 d: 7. 30 d; and 8. 39 d. 
Conditions: [PGR], 8 X 10-' M; [Mn(VII)]. 0.44 p.p.m.; pH. 4.0; ionic strength, U.l M; and temperature, 25 T 
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Equivalence-point Location in the Titration of a Weak Acid with 
Sodium Hydroxide Solution: A Comparison of Photometric and 
Potentiometric Methods. Influence of Titrant Carbonation on the 
Accuracy and Precision of End-points 

Colin G. Halliday, Theresa J. Kelly and Michael A. Leonard 
Department of Analytical Chemistry, The Queen's University of Belfast, Belfast. BT9 5AG, UK 

Using standard laboratory equipment a statistical comparison was carried out of several photometric 
methods (normal and various Higuchi plots) and potentiometric methods (point of inflection and Gran) for 
equivalence-point location in an acetic acid - sodium hydroxide solution titration. All methods exhibited 
similar precision but were divided into two groups with respect to accuracy. With increasing carbonate 
concentration in the titrant there was a decrease in the linear range for Higuchi and Gran plots and a decrease 
in accuracy for all methods. 

Keywords: Acid- base titration; photometric titration; end-point error; Higuchi plots; carbonation of basic 
titrant 

A photometric end-point location can bring very high preci­
sion to weak acid- strong base (or vice versa) titrations with 
dyestuff indicators. Therefore. a Brinkmann Probe Absorp­
tiometer was applied to this determination to compare the 
results with glass-electrode methods of potentiometric end­
point location. 

Theoretical 

If VA cm3 of a weak acid HA with a dissociation constant K, 
and an original concentration of CA mol dm-3 is diluted to a 
volume of V0 cm3 and titrated with a mixture of volume 
fraction I - f of sodium hydroxide solution of concentration 
Cs mol dm-3 and a volume fraction f of sodium carbonate 
solution of concentration Cc. the relevant equations are 

[H+)[OH-) = Kw = 10-14 (I) 
[H+)[A-) = K.[HA) (2) 

[H+)[HC03- ) = K1[H2C03) (3) 
[H+)[C03

2-) = K2[HC03-) (4) 
[H+)2[CO}- ) = K1K2[H2C03)(notindependent) (5) 

where K 1 and K2 are the stepwise dissociation constants of 
carbonic acid. 

On balancing the charges we obtain equation (6). 

[H+) + [Na+) = [OH- ) +[A- )+ [HC03-) + 2[C0}-)(6) 

On mass balancing after the addition of V cm3 of base titrant 
equations (7)-(11) are obtained (assuming the "normality" of 
the alkaline titrant remains essentially constant). 

[Na+) = CsV(I- f)+ 2CcVf 
V+Vo V+Vo 

(7) 

[
A- _ KaCAVA 

)- ([H+) + K.)(V + V0 ) 
(8) 

[OH-) = Kw 
[H+) 

(9) 

[HCO -) = CcVf (10) 
3 

([H+) K2 ) 
~+I+ [H+) (V+ V0) 

[co 2-)- CcVf 
3 -([H+)2 [H+) ) (11) 

-K--+--+ 1 (V+ V0) 
,K2 K2 

Substituting equations (7), (8) , (9), (10) and (11) into 
equation (6) and collecting all the terms on to one side: 

[H+)+CsV(1-J)+2CcVf _!5::::._ _ 
V+ Vo V+Vo [H+) 

K,CAVo 

([H+)2 + K.)(V + V0) 
eH:,) +I+[:!)) (V + V0) 

2CcVf 
-----"--'---- = 0 .. (12) 

(
[_H+_)2 +_[H_+) + t) 
K 1K2 K2 

(V + V0 ) 

Hence [H + J can be determined as a function of Vat various f 
values. 

Higuchi Plots 

The basic theory of Higuchi linearised plots1 for indicated 
photometric titrations is as follows: 

[H+)[Ins) = K,n[InA) . . (13) 

A- + InA;::! HA + Ins .. 

K = [Ins)[HA) =Kin .. 
[InA)[ A-) K, 

(14) 

(15) 

If the system has a total amount of HA equivalent to v. cmJ of 
a standard base and if Vis the volume of base added, 

. . (16) 

hence 

.. (17) 

and 

.. (18) 

where As is the absorbance of the solution with the indicator 
fully in its basic form; AA is the absorbance with the indicator 
fully in its acidic form; and A is the absorbance of the solution 
during titration. 

A graph of [InA)/[Ins) versus 1/V is linear with an intercept 
on the abscissa of v. -I; this is a Higuchi Type II plot and is 
used for values of K > 0.05. If K < 0.05 a graph of [InA)/[In8 ) 
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Table L End-point volumes for seven parallel titrations using the named methods for the titration of 10.01 em' of 0.1044 M acetic acid with 
0.099 67 M sodium hydroxide solution. Results are in em' 

Method* 

Modified 
Higuchi Higuchi Higuchi 

Titration No. Photometric Type I Type II I Potentiometric Gran 
1 10.486 10.456 10.466 10.464 10.485 10.467 
2 10.485 10.470 10.471 10.471 10.486 10.471 
3 10.471 10.456 10.456 10.456 10.475 10.453 
4 10.467 10.457 10.456 10.457 10.467 10.457 
5 10.468 10.455 10.456 10.456 10.467 10.451 
6 10.492 10.467 10.477 10.476 10.494 10.479 
7 10.482 10.466 10.468 10.466 10.484 10.465 

Average 10.479 10.464 10.464 10.464 10.480 10.463 
Standard deviation 0.0099 0.0079 0.0085 0.0079 0.0103 0.0102 

* The photometric end-point refers to the intersection illustrated in Fig. 1. All potentiometric points of inflection were determined by the 
graphical construction of Ebel described in references 3 and 4. Grand mean = 10.469; and grand standard deviation = 0.0113. 

Table 2. ANOV A (analysis of variance) from Table 1 

Source of variation 
Between methods 
Within methods 
Total 

Sum of squares 
2.250 X 10-3 
3.027 X 10- 3 
5.277 X 10- 3 

Degrees of 
freedom 

5 
36 
41 

Variance 
estimate* 

4.50 X 10-4 

8.41 X 10-5 
1.29 X 10-4 

• Variance ratio (F) = 4.50 x 10-4/8.41 x 10-5 = 5.35. 

versus V in the region where V approaches V, is linear with an 
intercept on the abscissa of v •. This is a Higuchi Type I plot. A 
graph of V[InA)/[In8 ) versus V is linear with an intercept on 
the abscissa of V,. This is suggested as a modification to the 
Higuchi Type I plot and should give an extended linear region. 

Gran Plot2 

From equation (2) 

[H+) = K,[HA) = K, (V.- V) 
[A-) V 

10- pH = K, (V, - V) .. 
v 

(19) 

.. (20) 

Hence a graph of V x 10-pH versus V is linear with an 
intercept on the abscissa of V,. 

Experimental 

Apparatus 

A Sybron Brinkmann PC 801 fibre-optic absorptiometer 
(Chem-Lab Instruments Ltd., Hornchurch, Essex) fitted with a 
2-cm light path polycarbonate probe was used to give digital 
indication of absorbance. pH measurements were made using 
an ElL Vibret 46A meter in conjunction with a Philips G210 
glass electrode and an ElL saturated calomel reference 
electrode. Two grade A 10-cm' pipettes and one grade B 1-cm' 
burette were used. 

Reagents 

All chemicals used were of AnalaR grade and all solutions 
were prepared using boiled-out distilled water cooled under 
nitrogen. Hydrochloric acid (0.1 M) and sodium hydroxide 
solution (0.1 M) were prepared from concentrated volumetric 
ampoules. Other prepared solutions were sodium carbonate 
(0.05000 M) , acetic acid (0.1 M), sodium nitrate (0.1 M) (for 
ionic strength adjustment) and bromothymol blue (5 X 10- 4 

M) in ethanol. The hydrochloric acid was checked potentiome-

trically against the sodium carbonate solution, the sodium 
hydroxide solution against the hydrochloric acid and the acetic 
acid against the sodium hydroxide solution. 

Procedure 

A 10.01 cm3 volume of 0.1044 M acetic acid and a 39 em' 
volume of 0.1 M sodium nitrate solution were pi petted into a 
100-cmJ beaker held in a water-bath at 22 °C. The wavelength 
of the absorptiometer was set to 620 nm. The fibre-optic 
probe, the glass electrode and the calomel electrode, all 
mounted in a rubber stopper, were introduced into the 
solution. The stirrer was activated, the absorbance set to zero 
and 1.0 cmJ of bromothymol blue solution was introduced. 
The pre-mixed base titrant was introduced under nitrogen 
using a 10.01-cmJ pipette and the titration was completed with 
the 1-cmJ burette. 

Results 

The results of the precision test are shown in Tables 1 and 2. 
The Fvalue (variance ratio) (experimental) is 5.35 while the F 
value from statistical tables is 3.35 at a level of significance of 
1%. This means that the difference between methods is highly 
significant. 

The standard deviations of all methods are statistically 
identical: standard deviation of pipette I = 0.0053 cm3; 
standard deviation of pipette 2 = 0.0059 cm3. Therefore, the 
standard deviation of two pipettings is 0.0079 cmJ, which is 
statistically identical with the precision of all the methods. 
This illustrates the very high precision inherent in the 
titrations themselves. Results of the titrant carbonation test 
are shown in Table 3. 

Equation (12) was solved numerically using the Newton -
Raphson method on a microcomputer to produce titration 
curves for the range of carbonate contents used experimen­
tally. Taking Ka = 1.78 X 10- 5 (VA= 10.01 cm3), K1 = 4.17 x 
10-7 (V0 = 50.0 cm3), K2 = 4.17 x 10-11, Kw = 1.00 x 10-14, 
CA = 0.1044 M; C8 = 0.09967 M and Cc = 0.05000 M yielded 
the theoretical end-points for the potentiometric and Gran 
plots shown in Table 4. 

Some qualitative effects of increased titrant carbonation 
were observed: (1) the photometric titration curves showed a 
gradual decrease in the slope at the approach to the end-point 
(Fig. 1); (2) all the linear methods showed a gradually 
decreasing slope and region of linearity (Fig. 2); and (3) the 
potentiometric titration curves showed a decreasing quality of 
the inflection point (Fig . 3). All these observations could be 
duplicated by theoretical curves and plots derived from 
equation (12). 



ANALYST. OCTOBER 1984. VOL. 109 1311 

Table 3. Effect of percentage conversion into carbonate (f x 100) in the titrant on the end-point for the titration of 10.01 em' of 
0.1044 M acetic acid with 0.09967 M sodium hydroxide solut ion. Results are in em-' 

Conversion into 
carbonate. Higuchi 

% Photometric Type! 

0 10.485 10.468 
1.0 10.543 10.525 
2.0 10.626 10.602 
3.0 10.685 10.665 
4.0 10.735 10.706 
5.0 10.786 10.748 
6.0 10.840 10.8 15 
7.0 10.897 10.863 

• Each result is the average of two titrations. 

Table 4. Theoretical end-points for the effect of titrant carbonation on 
potentiometric and Gran titrations. Conditions as for Table 3. results 
in em·' 

Method* 
Conversion into 

carbonate.% Potentiometric Gran 

0 10.473 10.475 
I 10.525 10.521 
2 10.577 10.567 
3 10.634 10.617 
4 10.687 10.662 
5 10.742 10.714 
6 10.795 10.760 
7 10.852 10.816 

• The equations of lines for the end-points (EP) are as follows for 
the potentiometric and Gran methods, respectively: EP = 
0.05418%(' + 10.471 and EP = 0.04X43%C + 10.472, where 'Y..C is thc 
perce ntage conversion. 

0.8 

~ 0.6 
<: .. 
.c 

~ .c 0.4 
<{ 

0.2 

0~------~------~--------~~----~~ 
10.0 10.25 10.50 16.75 11.0 

Volume of 0.099 67 M NaOH/cm3 

Fig. I. Photometric titration of 10.01 em' of0.1044 M acetic acid with 
sodium hydroxide solution using 1.0 em-' of 5 x 10 • M bromothymol 
blue as indicator. Starting volume. 50.0 em-': ionic strength, 0.1 M; 
wavelength. 620 nm; and temperature, 22 •c. (A) Carbonate-free 
titrant; (B) 3°,{, conversion into carbonate; and (C) 7(}{, conversion 
into carbonate 

Discussion 

The six methods of end-point location displayed a statistically 
identical precision (coefficient of variation ca. 0.10% ). which 
was limited largely by the precision of pi petting the acid and 
base . However . the accuracies of the methods were very 
significantly different. Direct examination of the photometric 
and potentiometric titration curves gave one result , while the 
Higuchi and Gran linear intercept methods gave a lower 
result. Intra-group variation was insignificant. This shows the 
importance of standardising titrants by a method closely 
related to that subsequently used for samples. 

The effect of conversion of the basic titrant into carbonate 
was found experimentally to be 0.056 cm.1 per I% conversion; 
the theoretical value is 0.054 em-'. All the qualitative effects of 
carbonate noted experimentally were borne out by theory, 

Method* 

Higuchi Modified Potentia-
Type II Higuchi I metric Gran 

10.469 10.468 10.486 10.469 
10.529 10.528 10.543 10.523 
10.601 10.603 10.628 10.601 
10.666 10.666 10.685 10.656 
10.708 10.707 10.727 10.705 
10.750 10.750 10.779 10.747 
10.816 10.816 10.830 10.807 
10.865 10.865 10.889 10.856 

OL-----~--L-~----L---~L---~~~ 

1U 1U 1M 1M 1~ 
Volume of 0.099 67 M NaOH/cm3 

Fig. 2. Photometric Higuchi Type I plots for the titrations 
described in Fig . I. From (A) K = 4.2 x 10 'and hence K,. = 7.5 x 
IO-• at ionic strength 0.1 (cf., K,. = 7.9 X 10- • in water) 

5L_----~------~------~------L-~ 
10.0 10.25 10.50 10.75 11.0 

Volume of 0.099 67 M NaOH/cm3 

Fig. 3. Potentiometric titration curves for the titrations described 
in Fig. I. o, Theoretical points calculated from equation (12) 

although we cannot explain the small discrepancy between the 
direct potentiometric and Gran results. The need to exclude 
carbon dioxide or at least to standardise the titrant at the same 
time as titrating unknowns is clearly shown. 

We thank Dr. G. Svehla for help with the statistical analysis . 
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Determination of Zinc Dialkyldithiophosphate Additives in 
Lubricating Oil by Photometric Titration 

Stanistaw Ptaza 
Department of Chemical Technology and Environmental Protection, University of-t.6di, Nowotki 18, 
-t.6di, Poland 

A photometric titration, using p-dimethylaminophenylmercury(ll) acetate with Michler's thioketone as 
indicator, is described for the determination of zinc dialkyldithiophosphates in lubricating oils. The method is 
simple, rapid, reproducible and accurate and samples do not require separation or other preliminary stages 
prior to their analysis. The method is suitable for determining additives in oils at concentrations above 0.01%. 

Keywords: Zinc dithiophosphate determination; photometric determination; thiomercurimetric titration; 
lubricating oil additives 

0 ,0' -Disubsituted dithiophosphates (phosphorodithionates ), 
particularly zinc salts (ZDDPs). are commonly used in 
lubricating oils as multi-functional additives. The esters of 
dithiophosphoric acid have been found to be an important 
class of analytical reagents for the separation and determina­
tion of metal ions; they are also used as flotation agents . 

The blending of zinc dialkyldithiophosphates with lubri­
cants to give a closely specified product has presented a 
problem in process control analysis that has persisted for many 
years . Numerous methods of zinc and phosphorus determina­
tion have been proposed for the control analysis of zinc 
dialkyldithiophosphates as lubricating oil additives. Infrared 
spectroscopy 1 has been used for this control, but because of 
the low concentration of ZDDPs in oil and because some 
other additives present in oil interfere in the determination by 
changing the intensity of absoprtion of the P=S bond this 
technique is not completely satisfactory. Most ofthe methods 
for dithiophosphate determination require the separation of 
oil and sometimes other additives , which can be achieved, for 
example, by dialysis, silica gel chromatography and liquid 
chromatography. However, because such methods are time 
consuming and can give misleading results, there still remains 
the need for a rapid, selective, simple and inexpensive 
procedure. 

Greenhow and Spencer2 determined milligram amounts of 
dithiophosphates by a catalytic thermometric iodimetric 
titration. Busev and Ivanyutin3 used p-dialkylaminophenyl­
mercury(II) acetate reagent for a direct titrimetric determina­
tion of dialkyldithiophosphate ions. Dithizone has been used 
in this method as an indicator, but unsuccessfully for the 
determination of zinc and lead dithiophosphates as these 
metals form coloured dithizonates similar to organic mer­
cury(II) compounds. 

Wronski and Goworek" recommended Michler's thio­
ketone as an indicator for the thiomercurimetric determina­
tion of some vulcanisation accelerators. 

This paper describes the use of p-dimethylaminophenylmer­
cury(Il) acetate with Michler's thioketone as an indicator for 
the determination of zinc dialkyldithiophosphates. The indica­
tor has the formula 

s 

(CH3),N~-o-NICH3)2 

Additive concentrates , unused oils and especially used oils 
that contain some additives are coloured; therefore, a visual 
end-point location is unsuitable and a photometric determina­
tion of the end-point in the titration mixture is proposed, thus 
eliminating the subjectiveness of the visual procedure. 

Experimental 

Reagents and Solutions 

All chemicals and solvents were of analytical-reagent grade 
except the reagent, indicator and zinc dialkyldithiophos­
phates, which were prepared as described below. 

Lubricating oils, hydrocarbon oil and additive concentrates 
of ZDDPs were of technical grade. 

Preparation of p-dimethylaminophenylmercury(l[) acetate 
(APM) 

Pure APM was synthesised by the procedure developed by 
Pesci5 as follows: 24.2 g of freshly distilled N,N-dimethyl­
aniline were added to a filtered solution of31.8 g ofmercury(Il) 
acetate in 300 ml of ethanol - water and 5 ml of acetic acid. 
After a few minutes a white precipitate was formed, which was 
allowed to settle for about 1 h and filtered to extract the 
crystalline solid, which was recrystallised twice from ethanol; 
35 g of the product , of melting-point 165 °C, were obtained. 

Preparation of Michler's thioketone (MD 

Michler's thioketone was prepared in accordance with a 
previously described thioketone synthesis6. 4,4-Bis­
( dimethylamino) benzophenone ( 6 g), phosphorus penta­
sulphide (10 g) and toluene (100 ml) were heated under reflux 
for 6 h and the solvent was decanted whilst hot. The residue 
was extracted with hot toluene (3 x 30 ml). The solvent and 
extracts were concentrated under reduced pressure and 
filtered. The crude material was crystallised from ethanol, 
yielding 3.5 g of red crystals melting at 202 °C. 

Zinc dialkyldithiophosphates were prepared from the cor­
responding alcohol according to Brazier and Elliot 7 

Solutions 

A 0.01 M APM solution was prepared by dissolving 3.797 g of 
reagent in 10 ml of DMF, adding 2 ml of acetic acid and 
diluting to 1 I with absolute ethanol. This solution was further 
diluted with absolute ethanol to obtain the required concen­
trations. The solution can be used directly as a working 
standard without standardisation. A stock solution of APM is 
stable for at least 3 months if stored in a dark bottle. 

A 0.05% m/Vindicator solution of Michler's thioketone was 
freshly prepared in absolute ethanol. Solutions of APM and 
MT are most stable in anhydrous solvents. 

Hydrocarbon oil solutions of zinc dithiophosphates were 
prepared by dissolving an additive in a technical-grade 
mineral-based oil. 
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Instrumentation 

The end-point was measured with a Spekol spectro­
photometer (Carl Zeiss, Jena, FRG) in a 10-mm bore 
test-tube. 

Titration Procedure 

Determination of pure zinc dialkyldithiophosphate 

The procedure was calibrated by titrating various amounts of 
zinc diisobutyldithiophosphate as follows. 

To 0.5-2.0 g of oil sample containing more than 50 J.Lg of 
additive, which was diluted with chloroform to a total volume 
of 5 ml in a 15 mm diameter test-tube, 0.2-0.5 ml of indicator 
solution was added. The mixture was then titrated with APM 
and measured photometrically at a wavelength of 580 nm. A 
concentration of APM in the range 1 x 10-L2 x 10- 4 M is 
recommended. The measurements were plotted and the 
equivalence point was read from the graph. Fig. 1 shows a 
typical photometric titration graph. 

Determination of zinc dialkyldithiophosphates in unused oils, 
used oils and additive concentrates 

Zinc dialkyldithiophosphates in unused oils and additive 
concentrates were determined according to the procedure 
described. Before the determination, used oils were diluted 
with hexane (1 +3 VIV). centrifuged at 15 000 rev min - • for 30 
min and titrated using the recommended procedure. When 
greater amounts of oil were present in solution the mixture 
became non-homogeneous during titration owing to the 
formation of an alcoholic solution of the reagent. More 
chloroform was added to obtain a clear solution. In a benzene 
solution of oils (containing zinc dithiophosphates) the end­
point was less sharp than in chloroform. 

In both the procedures the blank solution of indicator for 
the titrations with 5 x 10-3-2 x 10- • M reagents is subtracted 
from the amount of reagent when analysing the results. 

APM reacts with zinc dithiophosphonate in a 2:1 molar 
ratio. Some used oils were so dark that the location of the 
end-point was impossible even by a photometric method and 
therefore the determination of zinc dithiophosphate was 
carried out by two-phase titration, in which the end-point was 
indicated by the visual change of ethanol layer from yellow to 
blue - violet. The time of titration is prolonged to about 20 
min. 

Results and Discussion 

The titration graph for zinc diisobutyldithiophosphate is 
shown in Fig. 1. For the dithiophosphate determination the 
precision of the proposed method was investigated. The 
results for dithiophosphate in hydrocarbon oil solutions are 
presented in Table 1. For nine determinations (when the 
additive is present in amounts higher than 0.5 mg) the 
recoveries are near to 100% and coefficients of variation are in 
the range 0.18-0.35% . The coefficient of variation increased 
to 2.00% at 0.075 mg. 

An application of the method presented is illustrated in 
Fig. 2, which shows the depletion graph of zinc diisooctyldi­
thiophosphate in lubricating oil during engine work. 

The recommended photometric titration method is gener­
ally satisfactory for the determination of more than 10-7 M of 
zinc dialkyldithiophosphates. Thus, a concentration as low as 
0.01 % in 1-ml or 1-g samples of used and unused oil solutions 
can be determined with the same precision as the results 
shown in Table 1. A method of this sensitivity is useful for 
determining additives in lubricating oils , where concentrations 
are usually about 1% and, as the sensitivity is good, samples of 
oils may be diluted prior to analysis. 
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Lubricating oils may contain other additives (with asso­
ciated impurities) in addition to technical-grade dithiophos­
phates. Most of these compounds do not interfere in the 
determination, except for sulphydryl compounds and dithio­
carbamates, which react with p-dimethylaminophenylmer­
cury(II) acetate . 

Table. I Determination of zinc diisobutyldithiophosphate in 
hydrocarbon oil solution 

Amount 
taken/mg 

10.94 
1.09 
0.54 
0.110 
o.m5 

Amount 
found' /mg 

10.98 
1.10 
0.54 
0.108 
0.073 

Coefficient 
of variation . 0/o 

0.21 
0.18 
0.35 
1.28 
2.03 

* Mean concentration of nine determinations. 
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Fig. I. A, Photometric titration graph for a chloroform solution of 
zinc diisobutyldithiophosphate and B. with 0.5 ml of indicator and 5 
ml of chloroform. titrated with a 2 x 10- ' M solution of APM. 
Wavelength of measurement. 580 nm 
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Fig. 2. Depletion of zinc diisooctyldithiophosphate in engine lubri· 
eating oil during engine work; after 40 h a portion of fresh engine oil 
was added 
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Conclusions 

The determination of zinc dialkyldithiophosphates by the 
photometric titration described is far more rapid than other 
procedures. The method is also simple , reproducible and 
accurate and samples do not require preliminary separation or 
another intermediate stage prior to their analysis. Only for 
used oil samples containing solid particles is a preliminary 
separation required prior to analysis , and this is achieved by 
centrifugation. 

In view of the results obtained and the simplicity of the 
analytical procedure, the proposed method can be recommen­
ded for the determination of zinc dialkyldithiophosphates in 
oil additive concentrates and used and unused oils. Further , 
although a method with this sensitivity may not be required in 
the assay of fungicide formulations it is useful for determining 
additives in rubber compositions and plastics formulations. 
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Two-point Gran Titration of Chloride in Natural Waters by Using a 
Silver - Sulphide !on-selective Electrode 

Hirokazu Hara 
Laboratory of Chemistry, Faculty of Education, Shiga University, Otsu, Shiga 520, Japan 

and Satoshi Okazaki 
Department of Chemistry, Faculty of Science, Kyoto University, Kyoto 606, Japan 

A simple, rapid and precise determination of chloride in a stream or a lake water was performed without any 
sample pre-treatment by using the precipitation titration - Gran plot procedure. A good correlation was 
observed between the results obtained by potentiometry and by spectrophotometry or ion chromatography. 
The effects of various experimental factors on the accuracy and precision in Gran titration were examined. It 
was demonstrated that two titration points were sufficient to obtain a maximum precision of 0.2%, provided 
that the potential difference between them was chosen to exceed 20 mV. The two-point Gran titration method 
was applied to the analysis of streams and lake water with an error of less than 2% and compared with the 
usual multi-point Gran titration method. 

Keywords: Gran titration method; potentiometric precipitation titration; chloride determination; natural 
water; silver- sulphide ion-selective electrode 

In water analysis. potentiometry with ion-selective electrodes 
is well known as a simple and rapid method. ' More than 20 
papers have been published that deal with the application of 
ion-selective electrodes to the determination of chloride in 
natural waters.2 Various potentiometric methods were uti­
lised. such as a known addition and a potentiometric titration 
with silver nitrate solution and direct potentiometry with a 
chloride ion-selective electrode . -'~-' 

In preliminary studies, direct potentiometry with an Orion 
solid-state chloride ion-selective electrode gave higher values 
for chloride in a stream and a lake water compared with those 
obtained by a spectrophotometric method with mercury(II) 
thiocyanate. The observed electrode potential shifted to a 
more negative value very slowly owing to interferences from 
some species, including bromide. This result indicates that it is 
not possible to use direct potentiometry or a known addition 
method without suitable pre-treatment of the sample. 

In Japan, the concentration level of chloride in streams and 
lake water is usually below 10 mg 1- 1 unless the water is 
polluted by industrial or domestic sewages. In Shiga Prefec­
ture is the largest lake in Japan, Lake Biwa, and over 100 
streams flow into it. In order to elucidate the mixing process of 
stream water flowing into lake water by monitoring chemical 
species, chloride is the most suitable as an indicator ion 
because it does not undergo chemical reactions. For this 
purpose, however, a rapid and precise determination of 
chloride is required because there are many samples and the 
concentration difference between the lake and stream waters 
is usually small. 

Potentiometric titration of chloride is a precise enough 
method for examining mixing processes, but the conventional 
method is generally tedious and time consuming. However, 
the Gran titration method can provide a rapid and precise 
determination because it utilises only a small part of the 
titration curve. Jagner and Aren6 used the Gran plot method 
for the determination of the total halide concentration in sea 
water. So far, the application of the Gran titration method to 
the determination of chloride in natural waters has not been 
properly evaluated. 

In this work , Gran titration of chloride in natural waters was 
evaluated with a silver - sulphide ion-selective electrode. 
Interferences and the detection limit were examined and the 
effects of temperature and the number of titration points on 
the accuracy and precision were also studied. The Monte 

Carlo simulation method was used to determine the precision 
of the method. 

The two-point Gran titration method is recommended for 
the simple and precise determination of chloride in natural 
waters. 

Experimental 

An Orion 94-16 silver - sulphide ion-selective electrode 
together with an Orion 90-02 double-junction reference 
electrode was used as an indicator electrode in the precipita­
tion titration with silver nitrate .7 Electrode potentials were 
measured with an Orion 701A lonalyzer to 0.1 mY. When 
considering measurements in the field , the temperature of 
sample solutions was not controlled by a thermostated bath. 
Instead, the water temperature was measured immediately 
after the titration was completed and the corresponding 
Nernstian slope was estimated. 

A spectrophotometric procedure with mercury(II) thiocya­
nate and ammonium iron(lll) sulphate was performed by 
measuring the absorbance at 460 nm with a filtered sample. x 

An ion chromatograph (Toyo Soda Model HLC-601) was 
used for the analysis of stream water samples, which were 
filtered with a Millipore filter." 

All calculations, including the Gran plot by means of a 
least-squares method and Monte Carlo simulation , were 
carried out on a personal computer (PC 8801, produced by 
NEC) with an N88 disk BASIC system. 

The concentration of silver nitrate titrants were 2.9 x J0-3 
and 5.8 x J0 - 3 molt- • for the lake water (containing 7.5-8.5 
mg t-• of chloride) and stream water (containing 10-30 mg 1-1 
of chloride) samples, respectively. These titrants were stan­
dardised by titrating the chloride primary standard solutions 
of 10 or 20 mg 1- 1 from 6 to 9 ml with 0.5-ml portions. In the 
titration of samples, the first and the last points were fixed so 
as to take the same potential range as for the titration of 
standard chloride solutions. 

The Monte Carlo simulation method was used for the 
determination of precision. 10-12 The calculations were carried 
out on the basis of the experimental data with the addition of a 
randomised error in the potential readings or volume of 
titrant. 
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Results and Discussion 

Eledrode Response 

The silver - sulphide electrode showed a nearly Nernstian 
response for silver ion from 10-2 to at least 10-b moll-1 . In 
the titration of chloride, the effect of the solubility of silver 
chloride precipitates could be ignored because the concentra­
tion of silver ion was 7 x 10-s moll - 1 after the first addition of 
silver nitrate titrant, which was about five times larger than the 
square root of the solubility product of silver chloride. The 
linearity of the Gran plot was so good that the correlation 
coefficient was higher than 0.9999. The electrode response 
was so rapid that the potential could be recorded immediately 
after the addition of titrant, except for the first addition , in 
which it took about 0.5-1 min to complete the precipitation 
and obtain a stable potential. 

Interferences 

Species that react with silver ion may possibly interfere. The 
possible inorganic interferents are bromide, iodide, sulphide , 
thiosulphate and cyanate. However, the concentration levels 
of the last four species were so low in the streams and lake 
waters examined that they caused no problems. A preliminary 
experiment with a bromide ion-selective electrode gave the 
concentration of bromide as 0.4 mg J-1 at most, although the 
bromide electrode showed a higher value because of the 
interference by the large amount of chloride. The error caused 
by the bromide was estimated to be less than 2% . It is more 
practical to consider that the total concentration of chloride 
and bromide is measured by the method. 

Suspended solids such as a plankton or silt did not interfere 
because the values for filtered and unfiltered samples agreed 
completely with each other. Dissolved organics in a stream 
water containing domestic sewage also did not exert a 
noticeable effect on the determination , because no appreci­
able difference was observed between the results obtained by 
potentiometry and ion chromatography. The correlation 
coefficient between the results obtained by these methods was 
0.998 for 21 different stream waters that contained chloride at 
levels from 10.9 to 46.6 mg J- 1. Fair agreement was also 
observed between the results of potentiometry and spectro­
photometry (the correlation coefficient was 0.991 for 14 
stream waters containing 13.1- 38.2 mg J- 1 of chloride). Spike 
tests with a stream water containing 24.0 mg l- 1 of chloride 
gave an average recovery of 101.9%. 

It is concluded that no serious problems from interferences 
arose with the method because a large excess of silver ion was 
present when the potentials were measured. 

Detection Limit 

Gran et a/. 13 reported a method for the calculation of the 
equivalence volume in precipitation titrations and applied it to 
the determination of low levels of chloride. The over-all errors 
in the determinations were 0.1--D.2% at chloride concentra­
tions down to 3.5 mg J-1, but at lower concentrations the 
relative errors were greater. In our experiment, reliable 
results were obtained down to 5 mg J- 1 of chloride with the 
simple Gran titrationJ In a practical sense, this limit should be 
sufficient because the concentration of chloride in natural 
waters is usually above 5 mg 1-1. 

It is also possible to measure lower concentration levels of 
chloride . In this instance a calibration graph , which is made up 
by equivalence volumes of standard chloride solutions 
obtained by the Gran plot, is indispensable for an accurate 
determination because it does not always pass through the 
origin. Fig. 1 serves as an example. 

The reason why the equivalence volume showed inaccurate 
values may be explained by the fact that the solubility of 
precipitates was not allowed for in this simple Gran method. 
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Fig. I. ~alib~ation graph for a low level of chloride. v. = -0.078 + 
0.504[CI ], r- 0.997 

Table I. Reproducibility of response slope of silver ion-selective 
electrode. Temperature: 20.5 ± 1.5 oc 

[AgNO,]/moii - t 

No. 2.90 X I0- 3 5.84 X J0- 3 

I 57.9 59.0 
2 59.0 59.1 
3 58.6 59.1 
4 59.6 57.9 
5 59.2 57.6 

Mean: 58.9 58.5 
RSD, % 1.1 1.2 

In fact, a linear calibration graph that passed through the 
origin was obtained by using the linear titration plot devised 
by McCallum and Midgleyl4 for the determination of 0--10 
mg J-t of chloride. However, curvature of the Gran plot, as 
was pointed out by McCallum and Midgley, was not observed 
even in a solution of 0.1 mg 1-1 of chloride (r > 0.9999 was 
usual) because of the large excess of silver ion present in the 
solution. The other possible reason for the discrepancy is the 
overestimation of the response slope, which is discussed later. 
In any event , such a low concentration of chloride was 
determined by using a calibration graph with a simple Gran 
method. It took about 15 min to obtain a stable potential after 
the first addition for the titration of 0.1-1 mg J- 1 chloride . 
Rain water containing about 0.5 mg J- 1 of chloride was 
analysed by this method with a relative standard deviation of 
10%. 

Accuracy 

The equivalence volume calculated from the Gran plot is 
affected by the degree of over- or underestimation of the true 
value of the electrode slope . The larger the value of the slope, 
the smaller is the value of the equivalence volume, that is, the 
equivalence volume has a negative slope coefficient. The slope 
(S) in turn depends on the temperature through a Nernstian 
equation (S=RTIF) . When the potential jump throughout the 
titration was about 27 mV with 3 x 10-3 moll- 1 silver nitrate 
solution, the temperature coefficient of the equivalence 
volume was 7-8 x 10-3 ml °C- 1, irrespective of the chloride 
concentration. For the Gran plot , the correct value of the 
response slope, which is usually determined experimentally 
beforehand, is required. However, there seems to be no 
evidence that the slope thus obtained remains constant 
throughout the experiment. Ivaska1s devised a means of 
calculating the response slope and the equivalence volume 



ANALYST, OCfOBER 1984, VOL. 109 

simultaneously, but it is not an easy procedure to carry out 
with a simple calculator. In this work. the theoretical 
Nernstian slope was used to compensate for the effect of 
temperature changes during the measurements by taking into 
account the difficulties of controlling the temperature in field 
work. As shown in Table I, the reproducibility of the response 
slopes in five successive measurements was about I%. The 
error caused by the deviation from the real slope value of the 
electrode response was estimated to be within 2% for the 10 
mg I-I chloride solution. 

Precision 

In general, the precision of potentiometric titrations with 
ion-selective electrodes depends not only on the precision of 
the potential readings and the volume of titrant, but also on 
the number of titration points. Buffle et at. 16 examined the 
error in the Gran additions method in detail. They stated that 
the number of additions should be greater than ten. Burden 
and Eulerl7 also examined the dependence of the Gran 
titration error of acid- base reactions on the number of points. 
When a river water was measured ten times with the 
seven-point Gran titration procedure, the mean value was 
9.75 mg 1-1 with a relative standard deviation of0.21%. 

The effect of the number of titration points was examined 
on the basis of these data. In Table 2, the mean values of 
chloride concentration and the relative standard deviations 
are listed for all the combinations possible when points I and 7 
were always included. The number of titration points did not 
influence the precision. The result indicated that the precision 
of Gran titration with two points could be the same as that of 
the multi-point Gran titration method. In Fig. 2, the 
dependence of the precision of the two-point Gran titration 
on the potential difference between them is shown in contrast 
with the results obtained by Monte Carlo simulation with a 
random error of 0.1 m V in the potential reading and 0.005 ml 
in the volume of titrant. The precision depends strongly on the 

Table 2, Effect of number of titration points on precision calculated 
from ten results of seven-point Gran titration. IJ.E ~ 27.7 mY 

No. of RSD.' 
points [CI-)'imgl - 1 % 

2 9.77 (n ~ l)t 0.21 
3 9.76 (n ~ 5) 0.21 
4 9.76 (n ~ 10) 0.20 
5 9.76 (n~lO) 0.20 
6 9.75 (n~ 5) 0.20 
7 9.75 (n ~ I) 0.20 

' Mean values for all the combinations possible if the first and the 
last points were always included. 

t Number of combinations. 
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potential difference when it is smaller than 10 mV, but 
becomes insensitive to the potential difference when it is 
greater than 20 mV. The same tendency was observed with the 
results of Monte Carlo simulation. Therefore, it was con­
cluded that the precision could not become better than 0.2%. 

These results indicate that two points are sufficient to obtain 
a maximum precision of 0.2%. In fact, the two-point Gran 
titration of the river water gave a mean value of 9 .II mg 1-1 for 
ten successive measurements with a relative standard devia­
tion of 0.15% when the potential difference between them was 
23.6 or 23.7 mV. 

The dependence of the measurement precision on the 
precision of the readings of potential or the burette was 
estimated by Monte Carlo simulation and the results are 
shown in Table 3. When the errors of the readings of potential 
and the burrette were ±0.1 mV and ±0.005 ml, respectively, 
which was the case with our measuring system, a measurement 
precision of 0.2-0.3% was obtained. The measurement 
precision was also estimated when the precision of the 
readings of potential or the burette declined to only one tenth 
of the original values . The dependence of the precision on the 
error in potential readings was found to be greater than that on 
the error in the volume of titrant. 

Two-point Gran Titration of Chloride in Natural Water 
Analysis 

The precision of the two-point Gran titration method has 
already been discussed. This method was applied to the 
determination of chloride in streams and lake water and the 
results are shown in Table 4 in comparison with those of the 
seven-point method. The agreement between the methods 
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Fig, 2. Dependence of the precision of the two-point Gran titration 
method on the potential difference. (a) Calculated on the basis of 
experimental data; and (b) Monte Carlo simulation with a randomised 
error of 0.005 ml in the volume of titrant and 0.1 mY in the potential 
reading 

Table 3. Precision of seven-point Gran titration method estimated by Monte Carlo simulation 

V ± 0.005 ml, E ± 0.1 mY V ± 0.005 ml , E ±I mY V ± 0.05 ml, E ± 0.1 mV 

No. [Cl )'imgl- 1 RSD,% (Cl - ]'imgl - 1 RSD,% [Cl - ]'imgl - 1 RSD, % 
I 9.79 0.18 9.79 2.06 9.81 1.12 
2 9.75 0.24 9.81 1.79 9.76 0.86 
3 9.74 0.19 9.74 1.81 9.72 0.94 
4 9.74 0.29 9.77 2.27 9.73 0.65 
5 9.80 0.27 9.77 2.24 9.76 0.75 
6 9.74 0.33 9.72 2.50 9.74 0.87 
7 9.76 0.28 9.68 2.09 9.73 0.89 
8 9.73 0.24 9.77 3.05 9.74 0.68 
9 9.74 0.29 9.77 1.95 9.76 0.84 

10 9.75 0.20 9.73 1.66 9.75 0.78 

Mean 9.75 0.25 9.76 2.14 9.75 0.84 

' Each figure is the mean value of ten independent calculations. 
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Table 4. Comparison of two-point with seven-point Gran titration of chloride in samples from Lake Biwa and streams 

(CI - ) in lakewater/mg 1- 1 (CI - ) in stream water/mg 1- 1 

Two-point Seven-point Two-point Seven-point 
No. method method Difference, % method method Difference,% 

I 7.82 7.83 -0.13 
2 7.83 7.91 -1.1 
3 7.82 7.80 0.26 
4 7.88 7.79 1.2 
5 7.87 7.84 0.38 
6 7.90 7.87 0.3R 
7 7.87 7.82 0.64 
8 7.92 7.97 -0.63 
9 8.06 8.08 -0.25 

10 8.29 8.22 0.85 
II 9.33 9.43 -1.1 
12 8.06 8.05 0.12 
13 8.33 8.28 0.60 
14 8.19 8.15 0.49 
15 8.38 8.35 0.36 

was excellent in both instances. As a simplified titration, 
Horvai et a/.18 suggested a single-point potentiometric titra­
tion procedure, in which a known amount of titrant was added 
and the resulting solution was analysed by direct poten­
tiometry. Although their method is easy to perform, the 
two-point Gran titration method seems to be simpler because 
it does not require a procedure for calibration. 

In conclusion, the precipitation titration - Gran plot 
procedure is useful for natural water analysis and the 
two-point Gran titration is a simple, rapid and accurate 
method . This titration process can easi ly be automated . The 
application of this method to flow titration is now being 
studied. 

This work was supported in part by a Grant-in-Aid for 
Scientific Research (No. 58740255) from the Ministry of 
Education, Science and Culture of Japan. The authors are also 
indebted to Mr. Okada (Kyoto University) for assistance with 
the ion chromatographic measurements. 
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Phenothiazine Drug Poly(vinyl Chloride) Matrix Membrane Electrodes 
and Their Use in Pharmaceutical Analysis 

Vasile V. Co!;ofret* and Richard P. Buckt 
Department of Chemistry, University of North Carolina, Chapel Hill, NC 27514, USA 

The construction and performance characteristics of ion-selective membrane electrodes for phenothiazine 
drugs based on their ion-pair complexes with tetraphenylborate and dinonylnaphthalene sulphonate in a 
poly(vinyl chloride) matrix are described . The electrodes show a near-Nernstian response over various 
ranges depending on the nature of the phenothiazine drug. The selectivity of these electrodes to a number of 
amino acids, alkaloids, neurotransmitters, quaternary ammonium compounds and other drugs or phar­
maceutical excipients is reported. The standard additions method and potentiometric titrations are used to 
determine the phenothiazine drugs in pharmaceutical preparations with satisfactory results. 

Keywords: Phenothiazine drug electrodes; poly(vinyl chloride} membranes; standard additions method; 
potentiometric titration; drug analysis 

Ion-selective membrane electrodes are finding considerable 
use with many applications in pharmaceutical analysis , •-s even 
though not all of them provide acceptable sensitivity and 
selectivity for the drug of interest. Much effort is required in 
the development of a rapid , simple and sensitive method for 
the determination of a certain drug, as it may be found in 
complex pharmaceutical preparations or in human biological 
fluids, not in simple pure forms. Usually, the potentiometric 
methods can be simple and fast for pharmaceutical analyses 
when a suitable sensor is available. 

In this paper, the performance characteristics of pheno­
thiazine drug membrane electrodes are described. The elec­
troactive materials of the membranes are either phenothiazine 
drug - tetraphenylborate or phenothiazine drug - naphthalene 
sulphonate ion pairs in a poly(vinyl chloride} (PVC) matrix. 
The electrodes exhibit useful analytical characteristics for the 
direct or indirect determination of protonated phenothiazine 
drugs either in the pure form or in pharmaceuticals. 

Phenothiazine drugs are compounds with well known 
neuroleptic activity. Chlorpromazine remains the most widely 
used antipsychotic drug throughout the world and continues to 

Table I . Phenothiazine drugs examined 

R, 

I 

serve as a standard with which other neuroleptics are 
compared. 6 Other phenothiazine analogues possess an antide­
pressive rather than a neuroleptic action and are widely used 
for the treatment of depressive states. Of the various 
phenothiazines the piperazine derivatives were found to be 
potent antiemetics. 

The structures and therapeutic category of the investigated 
phenothiazine drugs are given in Table 1. 

Experimental 

Reagents and Materials 

All reagents were of analytical-reagent grade. Chlorpromaz­
ine hydrochloride, promethazine hydrochloride and perphen­
azine were supplied by Sigma; other materials were sodium 
tetraphenylborate(III) (NaTPB) (Aldrich}, 2-nitrophenyl 
octyl ether (2-NPOE) (Fluka), dinonylnaphthalene sui phonic 
acid (DNNS) (Pfaltz and Bauer) and PVC of high relative 
molecular mass (Aldrich). Pharmaceutical preparations were 
purchased from local drugstores and were of USP quality. 

oc:o-R2 
Drug R2 Therapeutic category 

Chlorpromazine -(CH2hN(CH3)2 - Cl Tranquilliser, sedative, antiematic 

Promethazine 
- CH2-CHN(CH3), 

\ -H Tranquilliser, antihistaminic 

·cH3 

1\ 
Perphenazine -(CH2b-N N--<:H2-0H -Cl Tranquilliser, an tiemetic 

\._/ 

• On leave from the Insti tute of Chemical and Pharmaceutical Research. Bucharest , Romania. 
t To whom correspondence should be addressed. 
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Apparatus 

Potentiometric measurements were carried out using an Orion 
Model 701A digital pH/millivolt meter. The respective pheno­
thiazine drug membrane electrodes were used with an Orion 
91--{)J double-junction reference electrode containing IO'Yo 
m/V Na2S04 solution in the outer compartment. pH measure­
ments were performed with an Orion 91-02 combination glass 
electrode. 

Phenothiazine Drug - TPB Ion Pairs 

The respective phenothiazine drug - TPB ion pairs were 
precipitated by mixing 20 ml of 10-2 M chlorpromazine 
hydrochloride , promethazine hydrochloride or perphenazine 
monohydrochloride with 20 ml of I0- 2 M NaTPB solution. 
The white precipitates obtained were filtered on a G4 sintered 
Gooch crucible. washed with distilled water and dried at room 
temperature. 

Construction of Electrodes 

The PVC membranes and the electrodes based on phenothiaz­
ine drug - TPB ion pairs were constructed according to the 
method of Moody and Thomas.7 Powdered PVC, the ion 
exchanger and plasticiser - mediator were dissolved in a 
volatile solvent such as tetrahydrofuran . The membrane was 
cast on a glass sheet and was formed as the solvent evaporated. 
Punched circular membranes were attached to a PVC tube 
electrode body; compositions are given in a later section. In all 
instances the electrode body was filled with a J0- 3 M solution 
of the respective phenothiazine drug hydrochloride - J0- 1 M 
NaCl mixture. The electrodes were pre-conditioned for 10 min 
by soaking them in their respective J0-.1 M phenothiazine drug 
hydrochloride solution. The PVC membranes and the elec­
trodes based on phenothiazine drug - DNNS ion pairs were 
constructed as described elsewhere,s with the exception that 
the membrane composition was 4.0% mlm in DNNS and the 
plasticiser used was o-nitrophenyl octyl ether (64.0% m!m). 
These electrodes were pre-conditioned for 24 h by soaking in 
their respective J0-2 M phenothiazine drug hydrochloride 
solution. Between use all phenothiazine drug membrane 
electrodes were stored in the same solution as the internal 
solution. 

Electrode Characteristics 

The performances of the electrodes were investigated by 
measuring the e.m.f. values of between 10-2 and JO- t> M of the 
respective phenothiazine drug hydrochloride solutions. 
Potentials were recorded when stable readings were obtained 
(normally within 15 s). 

Direct Potentiometric Measurements of Phenothiazine Drugs 

The appropriate phenothiazine drug electrode and the Orion 
double-junction reference electrode were immersed in the 
respective phenothiazine-containing aqueous solution (50 ml) 
of ionic strength 0.1 M (adjusted with NaCl) and at the 
appropriate pH (see Effect of pH. under Results and 
Discussion). They were allowed to equilibriate with stirring, 
and their e.m.f. values were recorded and compared with the 
calibration graph. As an alternative. the standard additions 
method was used and for this purpose 5.0 ml of standard 
solution (J0- 2 M phenothiazine drug hydrochloride solution) 
were added. The change in the millivolt reading was recorded 
and used to calculate the concentration of the respective 
phenolthiazine drug. 

For the direct potentiometric assay of tablets. typically five 
tablets containing chlorpromazine hydrochloride or prome­
thazine hydrochloride as the active principle were finely 
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powdered and transferred with 0.1 M NaCl solution into a 500-
ml calibrated flask. A 25-ml aliquot of this solution was 
pipetted into a 100-ml beaker: then. 25 ml of 0.1 M NaCl 
solution were added and the appropriate indicator electrode 
and Orion double-junction reference electrode were immer­
sed in it , as described above. 

Potentiometric Titration of Phenothiazine Drugs 

A I 0-ml aliquot of the respective phenothiazine drug hydro­
chloride solution (containing 1-10 mg) was pipetted into a 
100-ml beaker. About 30 ml of 0.1 M NaCI solution were 
added and the resulting solution was titrated with a I0- 2 M 
standard solution of NaTPB . using an appropriate pheno­
thiazine drug membrane electrode as the indicator. The 
volume of titrant at the equivalence point was obtained in the 
usual way. For tablet analysis. 25-50-ml aliquots from stock 
tablet solutions were pipetted into a 100-ml beaker and 
potentiometric titrations were carried out as described. 

Results and Discussion 

Membrane Materials 

Phenothiazine drugs. as well as other organic amines, are well 
known for reacting with NaTPB and DNNS, forming stable 
ion-pair complexes. The TPB complexes were first isolated 
from aqueous solutions and later embedded in a PVC matrix, 
and DNNS complexes were obtained in situ. by soaking the 
DNNS - PVC membranes in the appropriate phenothiazine 
drug solution (hydrochloride salt). 2-NPOE showed. as well as 
other plasticisers, good behaviour regarding response time 
and reproducibility of e.m.f. values of the electrodes. The 
membrane compositions were: 3.2% mlm phenothiazine 
drug- TPB, 64.5% mlm 2-NPOE and 32.3% mlm PVC: and 
4.0% mlm DNNS . 64.0% mlm 2-NPOE and 32.0% mlm PVC, 
respectively . 

Electrode Response 

The critical response characteristics for the various electrodes 
based on phenothiazine drug ion-pair complexes are sum­
marised in Table 2. The data indicate that a near-Nernstian 
response to all three phenothiazine drugs for both TPB­
and DNNS-based membranes is obtained over a relatively 
large range of concentrations. This linear range depends on 
the nature of phenothiazine drug. 

Both ion-pair extracting agents seem to form complexes 
with various phenothiazines of the same solubility. The linear 
range of perphenazine is shorter than that obtained for 
chlorpromazine and promethazine. The detection limits are 
similar for all electrodes. except that of the perphenazine -
DNNS-based membrane. where a detection limit of 4.47 x 
JO- t> M is obtainable. This is probably because DNNS forms a 
less soluble ion-pair complex with perphenazine than with 
other phenothiazine drugs. The calibration graphs for the 
individual electrodes were found to be reproducible from day 
to day provided that the electrodes were stored in the 
appropriate phenothiazine drug solution between measure­
ments. 

In addition. all electrodes exhibited a near-Nernstian 
response to the TPB anion in the range IQ-LJ0-4 Mandan 
over-Nernstian response in the range 1()- LJQ-t> M. Similar 
behaviour has been observed for a quinidine electrode4 and 
for plastic electrodes. prepared by coating a PVC film on to a 
graphite support." 

Effect of pH 

The effect of pH on the potential readings of the phenothiaz­
ine drug electrodes was checked by recording the e.m.f. of a 
cell of the type Ag/AgCJ!J0- 3 M phenothiazine drug 
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Table 2. Response characteristics for phenothiazine drug membrane electrodes 

Chlorpromazine e lectrode Promethazine electrode Perphenazine electrode 

TPB-based DNNS-based TPB-based DNNS-based TPB-based DNNS-based 
Parameter membrane membrane membrane membrane membrane membrane 

Slope (mY/log a) 54.80 ± 0.32" 54.17 ± 0.56 55.60 ± 0.43 54.64 ± 0.45 52.50 ± 0.29 54.64 ± 0.65 
Intercept/mY 232 ± 2.6t 228 ± 1.7 232 ± 2.3 228 ± 2.1 223±2.9 231 ± 2.6 
Linear range/Mt 8.0 X 10- .1 8.0 X 10- ' 1.0 X IO ·· O 1.0 X IQ- 2 2.0 X IQ- .1 2.0 X IQ-- .1 

-2.5 X 10 5 -2.5 X 1() - 5 -5.0 X 1()-5 -5.0 X I() -5 -2.5 X 1()- 5 - 2.5 X 1()-5 
Useable rangeiM§ 10 '- 1() - 5 IO - '-I0- 5 IO- '-I0- 5 IO- '-I0- 5 5.0 X I() - .1 5.0 X IQ- .1 

-IQ- S -3.0 X IQ- o 
Detection limit/M 1.00 X IO- S 1.25 X IO - S 1.42 x w-5 1.66 X IQ- 5 1.86 X 1()- S 4.47 X 10-o 

• Standard deviation of average slope value for multiple calibrations. 
t Standard deviation of values recorded during one month. 
t Region of Nernstian response . 
§ Total response range including sub-Nernstian region . 

> 
E 
LiJ 

10- 3 M Chlorpromazine 

6 
pH 

tO 

Fig. I. Effect of pH on the response of the phenothiazine - TPB­
based membrane electrodes. The graphs are displaced vertically for 
clarity: similar graph shapes were recorded for DNNS-based mem­
brane electrodes 

hydrochloride - 10- 1 M NaCI (inner solution) II plastic mem­
brane II 10-.1 M phenothiazine drug hydrochloride- 10-1 M 

NaCI (outer solution) II Orion double-junction reference 
electrode with 10% m/V Na2S04 in the outer ccmpartment. 
with varying acidity by the addition of very small vo lumes of 
hydrochloric acid and/or sodium hydroxide solution (0.1 or 
1.0 M from each). The latter is added to the right-hand or 
"outer solution ... The graphs presented in Fig. 1 show that the 
linearity of potential (£) versus pH functions depends on the 
nature of the phenothiazine drug. For chlorpromazine and 
promethazine the electrode responses are not affected by pH 
from an acidic medium up to pH 6.8 and 7.6, respectively. For 
perphenazine . a linear potential versus pH graph was obser­
ved only in the pH range 4.5-6.5. At lower pH values the 
perphenazine electrodes become progressively sensitive to the 
diprotonated perphenazine species and the e.m.f. readings 
decrease with pH decrease. At higher pH values the perphen­
azine. as well as the chlorpromazine and promethazine free 
bases, precipitate in the test aqueous solutions. and conse­
quently the concentration of unprotonated species gradually 
increases. As a result. lower e.m.f. readings were recorded. 

The potential versus pH graphs in Fig. I have been used to 
evaluate the basicity constants (Kh) of each of the phenothiaz­
ine drugs. The acidity constant , pK.,. is equal to the pH value 
where the initial concentration of protonated phenothiazine 
drug is halved. i.e .. when the potential of the respective 
electrode decreases by 0.305 mY (5 = electrode slope). For 
perphenazine , the second basicity constant (Kh') was eva lu-

Table 3. Basicity constants of examined phenothiazine drugs 
evaluated from potential versus pH graphs. Each is the average of two 
values obtained by using both types of membrane e lectrodes 

Phenothiazine drug 

Chlorpromazine 
Promethazine 
Perphenazine 

K" 
1.76 X IQ ··? 

1.25 x IO - • 
9.46 X IO - • 3.57 X IQ - 11 

a ted by taking into account the fact that the respective acidity 
constant (pKa') is equal to the pH value where the initial 
concentration of monoprotonated perphenazine, [Perph H + 1. 
is also halved, i.e., when the potential of the perphenazine 
electrode decreases by the same value (0.305). The pKh values 
obtained for the investigated phenothiazine drugs are given in 
Table 3. 

Selectivity of the Electrodes 

The selectivity of an ion-pair complex-based membrane 
electrode depends on the selectivity of the ion-exchange 
process at the membrane - sample solution interface, the 
mobilities of the respective ions in the membrane , and 
hydrophobic interactions between the primary ion and the 
organic membrane . The selectivity of the phenothiazine drug 
membrane electrodes is related to the free energy of transfer 
of the phenothiazine drug cation between aqueous and 
organic phases. The response of the electrodes towards 
different substances has been checked and the selectivity 
coefficients, K~~~+ F+• were used to evaluate the degree of 
interference. The v'alues given in Table 4 were obtained using 
the separate solution method and equation (1): 

Log K~~~+. F+ = (£2-£1)/5 +log [Phe+1-log (1=+1"' (1) 

where £ 1 is the potential of the electrode in a phenothiazine 
drug solution (as hydrochloride) of 10- .1 M concentration and 
/=0.1 M (adjusted with NaCI). and £ 2 is the potential of the 
same electrode in a solution containing [Phe+ 1 = 0 and (J o+ 1 = 
J0-3 M at the same ionic strength and pH; J represents the 
interferent. 

The substances listed in Table 4 were chosen as representa­
tives of potentially low-level contaminants in phenothiazine 
drug pharmaceutical preparations or in biological fluids. The 
bulk of the excipient in a pharmaceutical tablet , usually 
consisting of lactose or glucose di luent and corn starch or 
gelatin binders, does not show any interference . The same 
lack of effect is shown by maltose, mannitol, sugar and by 
2-chlorophenothiazine, the main metabolite of chlorpromaz­
ine and perphenazine. The data in Table 4 show that all 
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Table 4. Selectivity coefficients for the phenothiazine drug membrane electrodes 

Selectivity coefficient (log 10,:~~ , F+) 

Chlorpromazine electrode Promethazine electrode Perphenazine electrode 

TPB-based DNNS-based TPB-based DNNS-based TPB-based DNNS-based 
lnterferent. J membrane membrane membrane membrane membrane membrane 

Chlorpromazine I I 0.62 0.58 0.9R 0.7R 
Promethazine -0.69 -0.59 I I 0.19 ().()9 
Perphenazine -0.80 -0.67 -0.23 -0.16 I I 
L·Arginine -2.00 -2.22 -1.91 -2.16 - 1.91 - 2.49 
Glycine . . -1.89 -2.15 -1.96 -2.05 -2.47 -2.7 1 
L-Histidine -1.87 -2.31 -1.87 - 2.25 -1.98 -2.42 
L-Epinephrine . -1.71 -2.94 -2.07 - 2.29 - 1.83 -2.27 
Dopamine -1.93 -2.22 -1.85 -2.02 -1.66 -1.77 
Isoniazid . . -2.07 -2.50 -1.80 -1.96 - 1.94 -2.47 
Acetylcholine -2.22 -2.67 -1.98 -2.44 -2.06 - 2.67 
Quinidine -1.82 -1.63 -1.48 -1.38 -1.30 -1.35 
Quinine .. -1.89 -1.72 -1.59 -1.49 -1.43 -1.49 
(CH,),N• -2.20 -2.80 -2.04 - 2.44 -2.09 -2.64 
(C:,H5) 4N+ -2.11 -2.67 -1.82 -2.27 -1.62 -2.24 
(C4H9),N+ 0.40 0.02 1.14 0.78 1.62 1.16 

Table 5. Potentiometric determination of phenothiazine drugs in pure solutions with phenothiazine drug membrane electrodes 

Recovery.*% Standard deviation.% 

Phenothiazine Taken/mg Potentiometric Standard Potentiometric Standard 
drug (range) titrationt additions methodt titration additions method 

Chlorpromazine 
hydrochloride 1.7&--8.90 99.1 100.8 0.88 1.72 

Promethazine 
hydrochloride 1.61-8.05 100.6 101.0 0.47 1.91 

Perphenazine 
hydrochloride 0.8&--4.40 101.1 99.2 0.83 2.14 

• With respect to amount taken; all values are the averages of 6-10 determinations . 
t In all instances TPB-based membrane electrodes were used in potentiometric titrations; the perphenzaine- DNNS-based membrane was used 

only in the standard additions method for perphenazine determination. 
t Volume (total) =50 ml (/ = 0.1 M, adjusted with NaCI); volume (sample) = 2. 4 or 5 ml; and concentration (sample)= 10 - 2M solution 

of the respective phenothiazine drug hydrochloride. 

Table 6. Potentiometric determination of phenothiazine drugs in tablets using phenothiazine drug membrane electrodes' 

Active 
Product principle Sample 

Thorazine (Smith Kline & 
French Labs.). 25.0 mg per 
tablet Chlorpromazine I 

hydrochloride 2 
3 

Phenergan (Wyeth Labs.) , 
12.5 mg per tablet Promethazine 

hydrochloride 

• In all instances TPB-based membrane electrodes were used. 
t All values are the averages of 4 determinations. 
t All values are the averages of 6-10 determinations. 

electrodes are negligibly affected in their response by the 
presence of a number of amino acids, neurotransmitters, 
alkaloids and quaternary ammonium compounds containing 
less than four carbon atoms in each side-chain. As expected by 
inspection of the phenothiazine drug structures, selectivity 
decreases in the order chlorpromazine, promethazine and 
perphenazine. 

Result. % of nominal Standard deviation. % 

Standard Standard 
Potentiometric additions Potentiometric additions 

titrationt methodt titration method 

99.2 100.7 0.80 2.60 
100.5 101.7 0.71 1.55 
100.6 102.3 0.94 1.41 

100.7 100.0 0.64 1.56 
98.8 99.4 0.85 1.64 
99.0 100.4 0.73 1.04 

The greater selectivity of the chlorpromazine electrodes 
over promethazine is due to the fact that chlorpromazine is 
34.4 atomic mass units larger than promethazine. This 
correlation between mass and hydrophobicity is not valid for 
perphenazine, which contains an OH hydrophilic group in the 
aminic chain. This result supports the fact that selectivity is 
determined primarily by the partition coefficient of the 
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protonated amine between organic and aqueous phases." 
Generally, as can be seen in Table 4, the phenothiazine 
drug - DNNS-based membrane electrodes show greater selec­
tivity than phenothiazine drug - TPB-based membrane elec­
trodes. 

Response Time 

The response time of the chlorpromazine and promethazine 
electrodes of both types, and the perphenazine - TPB-based 
electrode was fast, being nearly instantaneous in the 
IO-LI0- 4 M range, and requiring less than I min with 10-5 M 

solution. For the perphenazine- DNNS-based membrane elec­
trode. a response time of about 4-5 min was recorded over the 
lQ- LlQ-• M range . Otherwise. the reproducibility of e.m.f. 
readings was good enough in this range also. 

Analytical Applications 

All phenothiazine drug electrodes proved useful in the 
potentiometric determination of the respective phenothiazine 
drugs in pure forms or in pharmaceutical preparations, both 
by direct potentiometry and by potentiometric titrations 
(Tables 5 and 6). Larger potential breaks were obtained with 
DNNS-based membrane electrodes. but after one poten­
tiometric titration the calibration graphs shifted by several 
millivolts. The original response was restored by soaking the 
electrodes in a 10-.1 M solution of the appropriate phenothiaz­
ine drug for about 2 h. From these observations we recom­
mend for use in potentiometric titrations the TPB-based 
membrane electrode. In these examples, after one poten­
tiometric titration the calibration graph is maintained. 

Table 5 shows the results of potentiometric determination 
of phenothiazine drugs examined in pure solutions, by both 
the standard methods and potentiometric titrations with 
10-2 M NaTPB solution and Table 6 gives the results of the 
potentiometric analyses of two common phenothiazine phar­
maceutical preparations. 
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Better results for precision and accuracy were obtained by 
potentiometric titrations . The standard additions method is 
also recommended for its simplicity and rapidity. In contrast 
to the 2 h approximately required for assay by the official 
method."' an electrode assay can be accomplished within IS 
min. This rapidity using membrane electrodes makes them 
practical for performing the procedure on a single tablet, so 
that tablet to tablet variation can be followed if desirable. 
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Minimisation of Salicylic Acid Formation During Preparation of 
Aspirin Products for Analysis by High-performance Liquid 
Chromatography 

Roger N. Bevitt, John R. Mather and Derek C. Sharman 

Beecham Products Research Department, St. George's Avenue, Weybridge, Surrey, KT13 ODE, UK 

The simultaneous separation of aspirin and its degradation product salicylic acid, together with caffeine and 
paracetamol, can be achieved by reversed-phase high-performance liquid chromatography. The accuracy of 
measurement of salicylic acid is reduced by conversion of aspirin into salicylic acid during sample 
preparation. This is a serious limitation when other components of aspirin preparations, such as carbonates, 
catalyse the conversion or when sample solutions are prepared in advance for use with an autoinjector. A 
sample solvent containing acetic anhydride, oxalic acid and acetic acid has been found to reduce hydrolysis to 
about 5% of that of a conventional solvent (methanol). 

Keywords: Minimisation of aspirin hydrolysis; aspirin, salicylic acid, paracetamol and caffeine analysis; 
high-performance liquid chromatography 

The traditionally accepted dominant degradation reaction of 
aspirin is the hydrolysis to salicylic and acetic acids .1- 3 Recent 
studies"-7 have shown that under certain conditions a large 
number of other products can be formed and, according to an 
extensive survey of aspirin tablets.• levels of acetylsalicylic 
acid can be similar to those of salicylic acid. However, 
salicylic acid remains a valuable indicator of aspirin degrada­
tion in stability studies on new products or packs, and is the 
only compound that is specifically limited in aspirin­
containing tablets in the current British Pharmacopoeia. 

Reversed-phase high-performance liquid chromatography 
(HPLC) provides a convenient method for monitoring sali­
cylic acid simultaneously with aspirin and other active 
ingredients, but conversion of aspirin into salicylic acid during 
sample preparation can limit the accuracy of the determina­
tion. Salicylic acid may be formed by hydrolysis in aqueous 
solvents or by transesterification in non-aqueous solvents.-'·" 
Various other materials used in aspirin products accelerate 
this degradation. ·'·"·" Reported means of minimising or 
correcting errors from this source are injection of samples 
within a few minutes of preparation ,w extrapolation of results 
back to time zero ,• preparation of calibration standards with 
matching amounts of aspirin,s selection of solvents to mini­
mise salicylic acid formation"·'' and separation of aspirin from 
product ingredients that accelerate its degradation using 
adsorption on to and elution from chromatographic siliceous 
earth. 11 

The aim of this work was to establish a sample solvent that 
would minimise hydrolysis rates. thus allowing . accurate 
salicylic acid levels to be obtained on formulations that 
promote rapid aspirin degradation in most solvents. and the 
use of a simple autoinjector to analyse sample solutions 
outside working hours. 

Aspirin degradation in solution is promoted by moisture 
and the presence of basic materials in both aqueous and 
non-aqueous systems. J.H It appeared probable that the degra­
dation could be minimised using a solvent containing acetic 
acid to exert a law of mass action effect , an acid anhydride to 
remove any moisture present and an excess of a relatively 
strong acid to give a rapid removal of basic components. 

Several such systems were therefore chosen for initial trials 
and a mixture of acetic acid - acetic anhydride - oxalic acid 
gave encouraging results. An evaluation of this solvent, 
compared with others taken from the literatureo.w that were 
compatible with a reversed-phase system, is described here. 

Experimental 

Apparatus 

The HPLC system consisted of an Altex 110 pump, a 
Rheodyne 7010 injector with a 20-td loop and a Pye Unicam 
LC3 variable-wavelength detector. The 250 x 4.5 mm 
stainless-steel column was packed with Spherisorb 10 ODS. 
Peak areas were determined with a Trivector Trilab II plus 
graphics data system. 

Reagents and Chemicals 

Acetylsalicylic acid (aspirin), salicylic acid, paracetamol and 
caffeine were of European Pharmacopoeia grade, hydro­
chloric acid and anhydrous oxalic acid were of reagent grade 
and acetonitrile and methanol were of HPLC grade. Other 
chemicals were of analytical-reagent grade. 

Procedure 

Preparation of eluent 

Dissolve sodium dihydrogen orthophosphate dihydrate 
(31.2 g) in water (1400 ml) and add methanol (600 ml) and 
acetonitrile (10 ml). Adjust the pH to 3.75 ± 0.05 with 
concentrated hydrochloric acid. Degas before use. 

Preparation of sample solvents 

A. Dissolve anhydrous oxalic acid (20 g) in glacial acetic 
acid (ca. 1500 ml). Add acetic anhydride (50 ml) and make up 
to 21 with glacial acetic acid. Caution-This solvent mixture is 
toxic and corrosive. Avoid breathing vapour and contact with 
skin. Any splashes on skin should be washed off immediately. 

B. Methanol. 
C. Methanol - 2.5% aqueous acetic acid (54 + 46). 

Preparation of sample solutions 

Blend the product by grinding briefly in a pestle and mortar. 
Weigh accurately into a conical flask an amount equivalent to 
approximately 0.25 g of aspirin and add 50 ml of sample 
solvent. Stopper and allow to stand with occasional shaking 
until the sample has dissolved or for 5 min if the product 
contains insoluble excipients. 
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Preparation of standard solutions 

Calibration graphs for paracetamol, caffeine, aspirin and 
salicylic acid are sometimes slightly curved. Therefore , the 
concentrations of these compounds in the standard solutions 
should be chosen to correspond approximately to those in the 
sample solutions. 

Aspirin, paracetamol and caffeine standard solutions. Weigh 
accurately amounts of aspirin, paracetamol and caffeine 
approximately equal to the amount expected in the sample 
into a 50-ml conical flask. Add sample solvent (50 ml) and 
allow the sample to dissolve . This solution must be kept 
stoppered. With solvent A it is stable for 24 h. 

Salicylic acid standard solutions. The salicylic acid standard 
solution cannot be prepared with the above standard solution 
owing to the presence of some salicylic acid in all aspirin 
samples. Therefore, accurately weigh approximately 250 mg 
of salicylic acid into a 100-ml calibrated flask, dissolve and 
make up to the mark with sample solvent. Dilute with the 
sample solvent to give standard solutions of salicylic acid over 
the· range found in the sample solutions. 

Chromatography 

If necessary filter the sample solution. Inject 20 111 and 
chromatograph at an eluent flow-rate of2.0 ml min- 1 with the 
detector set to 299 nm to give a maximum reponse for salicylic 
acid. The eluent composition may need adjusting slightly to 
achieve the type of separation shown in Fig. 1. Adjust the pH 

1 

i 

A. 
,A~ 

' 
Time/min 

Fig. l. Chromatogram of product No.4 dissolved in solvent A. Peaks: 
1, paracetamol; 2, salicyclic acid; 3, aspirin; and 4, caffeine 

Table l. Composition of products 1-4 

Concentration,% mlm 

Component I 2 4 

Aspirin 69.8 51.7 25.0 42.4 
Caffeine 10.7 6.0 
Paracetamol 30.3 
Calcium carbonate 15.6 
Sodium hydrogen carbonate 43.7 
Sodium carbonate 2.8 
Citric acid .. 5.2 25.9 
Stearic acid 0.4 1.9 
Other excipients 19.1 27.5 2.6 19.4 
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to resolve salicylic acid. Decreasing the pH over the range 5-2 
tends to increase its separation from paracetamol but dec­
reases its separation from aspirin. Increase the acetonitrile 
content to give a selective decrease in caffeine retention time. 

Calculate the concentration of aspirin (or paracetamol or 
caffeine) in the sample by multiplying the mass in the standard 
solution by the ratio of the peak area of sample to standard, 
and express it (for the purpose of this study) as a percentage of 
th~ amount added. Calculate the concentration of salicylic 
actd m the same way usmg a standard of similar concentration 
and express the results as parts per million (milligrams per 
kilogram) of the added aspirin level. 

Results and Discussion 

The rever~ed-phase HPLC separation has been applied with 
mmor vanat10ns over a period of several years to the analysis 
of a wide vanety of formulations. Common excipients and 
acetylsalicylsalicylic acid give no interfering peaks. To investi­
gate the effect of the sample solvent on the rate of conversion 
of aspirin into salicylic acid four products were chosen. Their 
composition is given in Table I. 

The products were selected to cover a wide range of possible 
formulatiOns. Products 1 and 2 are conventional formulations 
similar to Aspirin and Caffeine Tablets BP and Dispersibl~ 
Aspmn Tablets BP, respectively. Product 3 is a soluble 
efferves_cent aspirin formulation and 4 a combination product 
of aspmn, paracetamol and caffeine. 

They were each prepared for this study by grinding an 
ahquot of the same blended batch of aspirin containing a 
measured (HPLC) level of740 p.p.m. salicylic acid with a mix 
of the remaining product components just before dissolution 
m the sample solvent. The sample solutions were kept at 30 oc 
dunng the expenment to simulate the maximum laboratory 
temperature that is likely to be encountered. As has been 
previously observed in the reversed-phase HPLC of analgesic 
compounds,t2 the sample solvent composition affects the peak 
sha~es. In this study it was noted that solvent B (methanol) in 
particular gave broader peaks but that resolution was still 
a~e~uate_ and that the areas of corresponding peaks were 
Similar with all three sample solvents. Analyses obtained after 
various time intervals are shown in Tables 2 and 3. 

Product mixes with the aspirin omitted were dissolved in 
each of the solvents and chromatographed showing that any 
mterference with the salicylic acid peak is equivalent to not 
more than 150 p.p.m. The results in Table 2 show the 
following: 
. (i) The clear superiority in minimising salicylic acid forma­

tiOn of the proposed solvent A over the conventional solvents 
with methanol (B) being the better of the other two, but still 
giving hydrolysis rates about 20 times that of A. 

(ii) That, except for the highly reactive product 3, solvent A 
stabilises the salicylic acid level close to that found in freshly 
prepared solutions ofthe aspirin raw material (740 p.p.m.) for 
at least 1-h. From this it may be predicted that for the majority 
of products at typical laboratory temperatures (20-25 OC), 
solvent A will stabilise sample solutions for several hours and 
permit the accurate analysis of salicylic acid to be performed 
out of working hours using an autoinjector, and substantially 
increase the throughput of samples on the HPLC. 

(iii) That with the reactive product 3, the hydrolysis rate in 
solvents B and C is too great to permit accurate salicylic acid 
measurement, even with minimum sample preparation times. 

(iv) That any acetylation of salicylic acid back to aspirin by 
solvent A is insufficient to cause a decrease in measured 
salicylic acid levels. The absence of appreciable acetylation by 
solvent A was confirmed in a separate experiment in which a 
solution of salicylic acid alone in solvent A was stored at room 
temperature for 2 d and then re-analysed. No formation of 
aspirin or change in the salicylic acid concentration was 
detected. 
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Table 2. Levels of aspirin and salicylic acid found at various times after 
the addition of solvent A, B or C 

Salicylic acid, p.p.m. with 
Aspirin,% respect to added 

o f amount added aspirin level 

Product Time A B c A B c 
5min 99 103 105 560 950 1360 

I h 99 104 101 620 1930 4 840 
24h 105 101 87 1190 22300 89700 

2 5min 99 101 106 700 1350 3470 
I h 98 101 99 710 2200 34900 

24h 106 100 32 1500 29000 519000 
Smin 97 95 97 690 3 510 8860 

I h 96 92 87 11 80 40500 126000 
24h 92 21 0 28500 610 000 819000 

4 5min 98 102 103 640 1880 I 730 
1h 101 100 97 740 2600 4320 

24h 102 94 89 960 32100 95800 

Table 3. Levels of caffeine and paracetamol found at various times 
after the addition of solvent A, B or C 

Caffeine,% Paracetamol,% 
of amount added of amount added 

Product Time A B c A B c 
1 Smin 106 103 105 

I h 109 104 104 
24h 101 103 104 

4 5min 105 98 101 103 100 98 
1h 108 103 102 103 99 100 

24h 103 100 97 101 99 103 
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Tables 2 and 3 together show that the HPLC system yields 
results close to the theoretical values for aspirin, paracetamol 
and caffeine in combination with any of the sample solvent 
systems with no degradation over the 24-h period (apart from 
those examples with solvents B and C where a significant 
proportion of the aspirin has been lost by conversion into 
salicylic acid) . 

We gratefully acknowledge the technical assistance of Mr. M. 
P. Chattaway. 
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Identification of Monensin, Narasin, Salinomycin and Lasalocid in 
Pre-mixes and Feeds by Thin-layer Chromatography 

Penny J. Owles* 
Lilly Research Centre Limited, t Erl Wood Manor, Windlesham, Surrey, UK 

A procedure is described for the qualitative identification of the four ionophores monensin, narasin, 
salinomycin and lasalocid in pre-mixes and feeds at levels from 3 to 100 mg kg- 1• These ionophores are 
extracted with 90% methanol, separated by thin-layer chromatography and detected either by spraying with 
vanillin reagent or, for low levels, by bioautography. 

Keywords: lonophores; monensin, narasin, salinomycin and lasalocid identification; animal feeds; thin-layer 
chromatography; bioautography 

Monensin, narasin , salinomycin and lasalocid are all poly­
ether, monocarboxylic acid ionophorous antibiotics. I A 
general characteristic of these compounds is that they possess 
unique structural properties making them capable of acting as 
carriers of cations across biological membranes.2 These 
compounds are used prophylactically in animal husbandry as 
anticoccidial agents-' and growth promoters. • 

The increasing use of this class of compound and the 
introduction of narasin and salinomycin have produced a 
requirement for a qualitative test to recognise the presence of 
each ionophore and to distinguish one from another. The 
present methods available for monensin.'·" narasin and 
salinomycin 7 identification are based on either their reaction 
with an acidified vanillin reagent to yield coloured compounds 
or bioautography with Bacillus subtilis A TCC 6633 as the 
detecting organism. 

Experiments undertaken at the Lilly Research Centre have 
shown these methods to be unsuitable for the purpose of 
identifying the four ionophores in current formulations used in 
the European animal feed industry. The reaction of lasalocid 
with vanillin is neither sufficiently sensitive nor selective, as 
the yellow product is frequently masked by a co-extracted feed 
excipient with a similar RF value. In order to achieve adequate 
sensitivity for the analysis of samples at the lower inclusion 
levels, it is necessary to concentrate the extract. Several feeds, 
particularly those of northern European origin, incorporate a 
high level of animal fat derivatives, which has been found to 
interfere in the previously published methods.>.? 

Experimental 

Jonophore pre-mixes were added to a range of blank broiler 
and cattle rations to give samples with levels from 3 to 100 
mg kg- 1 of active ingredient. These levels of ionophores 
reflect those found in commercial use. 

Reagents and Materials 

Analytical-reagent grade reagents were used unless stated 
otherwise. 

Monensin and Narasin standards. Analytical Development 
Division , Eli Lilly and Company, Indianapolis, IN, USA. 

Sa/inomycin standard. Dr. K. Heil. Hoechst Ag, Pharma 
Qualitatskontrolle, Mikrobiologie. Frankfurt am Main, 
F.R.G. 

Lasalocid standard. Roche Products Limited, Welwyn 
Garden City, Hertfordshire, UK. 

• Present address: Lilly Industries Limited.t Kingsclere Road. 
Basingstoke. Hampshire, RG21 2XA. UK. 

t Lilly Research Centre Limited and Lilly Industries Limited are 
subsidiaries of Eli Lilly & Company. Indianapolis. IN. USA. 

Table I. Sample masses 

Concentration 
Formulation range Sample mass/g 

Pre-mix 6l)...l25gkg I 1.0 
50- 125 mg kg 1 10.0 

Final feeds 30-50 mg kg · • 25.0 
<30 mg kg 1 50.0 

Vanillin reagent. 3% m/V vanillin in 2% VIV concentrated 
sulphuric acid in methanol. 

Bacillus subtilis. ATCC 6633 spore suspension. 106 organ­
isms ml- 1. 

Bioautographic medium. Dissolve 0.69 g of dipotassium 
hydrogen phosphate, 0.45 g of potassium dihydrogen phos­
phate, 2.50 g of yeast extract, 10 g of glucose and 12 g of agar 
No. 3 (Oxmd) in 1 I of distilled water. Adjust the pH to 6.0 
with 1 N HCI. Autoclave at 15 lb in -2 for 15 min. 

MTT reagent. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl­
tetrazolium bromide (MTT), 0.25% m/V in water. 

Alumina. Laporte UGI 100S or Merck 1076 activity II. 

Extraction 

As the formulations vary in concentration, the masses are 
taken as indicated in Table I. 

Extract the sample with 100 ml of methanol- water (9 + 1) 
by shaking for 30 min. Dilute the lasalocid pre-mix extract to 
10 ~g ml-1 and the other pre-mix extracts to 100 ~g ml- 1 with 
methanol. The feed extracts of samples containing lasalocid or 
other active ingredients below 50 mg kg- 1 are used directly. 
For feed samples containing no lasalocid or above 50 mg kg- 1 
of active ingredient, the following fat-removing clean-up 
procedure is used: shake a 5-ml extract with 750 mg of alumina 
for 5 min, decant off the extract, evaporate to dryness and 
dissolve the residue in 0.5 ml of methanol. 

Standard Solutions 

Prepare standard solutions in methanol at concentrations of 10 
and 100 ~g ml-1. 

Chromatography 

Shake 3.0 ml of water with 100 ml of ethyl acetate until a single 
phase is produced and allow the solution to equilibrate in a 
lined developing tank for at least 30 min . Note: for optimum 
separation, use freshly prepared solvent. 

Apply 10 ~I of each of the reference standard solutions, the 
100 ~g ml - 1 standard for plate A and the 10 fig ml-1 standard 
for plate B. Spot the sample volumes as shown in Table 2. 
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Table 2. Sample spotting volumes 

Plate A-vanillin detection : 

Pre-mixes and feeds >50 mg kg- 1. excluding lasalocid formulations 
Formulation concentration . 60- 125 g kg- ' 5!)-125 mg kg 1 

Spotting volume I "' 10 1'1 

Plate 8-bioautography: 

Lasalocid formulations and other formulations <50 mg kg - 1 
Formulation concentration . 60-125 g kg - ' 3()-125 mg kg- 1 < 30mgkg- ' 

20!!1 Spotting volume 10 "' 10 111 

P!ateB 

Standard 10119 ml - 1 
bioautography 

(See Table 2 
for spotting volumes) 

Final sample 
concentration 

Plate A 

Standard 100119 ml- 1 
vanillin detection 

(See Table 2 
for spotting volumes) 

Fig. l. Schematic diagram showing a summary of the procedure 

Detection Methods 

Plate A 

Spray the dried plate with the vanillin reagent , air dry and then 
place the plate in an oven at 60 oc for 5-10 min. Monensin 
gives two pink spots and narasin and salinomycin give a single 
purple spot (see Fig. 2) . 

Plate B 

Place the dried plate in a 21 x 21 em sterile plastic bioassay 
plate. Spray a thin layer of uninoculated bioautography 
medium over the surface of the plate, ensuring the edges are 
well sealed, and allow it to set. Add 1% of magnesium 
chloride to the remaining medium, inoculate with 1% Bacillus 
subtilis A TCC 6633 spore suspension and pour 100 ml into the 
assay plate. Incubate overnight at 37 oc. Clear inhibition 
wnes identify the ionophores. To enhance these inhibition 
wnes, spray the plate with MTT reagent. 

A summary of the procedure is presented in Fig. 1, and Fig. 
2 shows typical plates for the identification of the four 
ionophores by both detection methods. 

Results 

No difficulty was found in identifying any of the ionophores in 
the feed examined. 

The vanillin reagent reacts on heating with these ionophores 

(a) 

(b) 

0 
0 

M 

0 

M 

0 

0 
0 

N S L 

0 
0 

0 

N s L 

Fig._ 2_. TLC plates for the identification of the four ionophores: (a) 
vandhn detectton ; and (b) bioautography detection. M = Monensin; 
N = narasm; S = sahnomycm; and L = lasaloc1d 

to give colours. The two monensin factors A and B are 
distinguished and both give a pink colour. Narasin or 
salinomycin are identified by a purple spot. Lasalocid stan­
dard reacts with the vanillin to give a pale yellow colour. Some 
of the feed components also react with the vanillin reagent, 
but monensin, narasin and salinomycin are easily distin­
guished. 

The bioautography method gives four or five easily identifi­
able, clear zones of inhibition that match the RF values of the 
compounds detected by the vanillin reagent (monensin, 0.38; 
salinomycin , 0.51; narasin , 0.60; and lasalocid, 0.71). With 
monensin, factor B can sometimes be seen at higher loading 
levels. 

Interferences 

Other antibiotics commonly used in animal feed formulations, 
e.g., avoparcin, bacitracin, flavomycin, tylosin and virginia­
mycin, were checked for potential interference on the TLC 
systems using bioautographic detection. The RF values were as 
follows: avoparcin, 0; bacitracin, 0; flavomycin, 0; tylosin, 0; 
and virginiamycin, 0.17. 
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Discussion 

The method described identifies the four ionophores in 
pre-mixes and feeds down to a level of 3 mg kg-t. It is 
important that the chromatography solvent is prepared freshly 
because, if the ratio of water to ethyl acetate is changed, the 
separation is adversely affected. Other workers have used 
water-saturated ethyl acetate," but we found more consistent 
results using 3% water in ethyl acetate. This is especially 
important with the separation of narasin and salinomycin. The 
temperature to which the plate is heated to react the vanillin 
reagent with the ionophores is crucial because, at higher 
temperature (100 oq, other feed components react with the 
vanillin reagent and can obscure the ionophores. 

The use of two detection systems is required to enable 
lasalocid and the wide range of concentration levels to be 
detected. Each detection method has its advantages. 

The vanillin detection method is far quicker and simpler and 
is selectively reactive to give characteristic colours with 
monensin, narasin and salinomycin. The bioautographic 
method is not affected by interference from feed components , 
whereas the vanillin may react with some of them and so mask 
an ionophore. This problem is exemplified with lasalocid, 
which, with vanillin , gives a pale yellow colour that is totally 
masked in some animal feed samples. A disadvantage of the 
vanillin procedure is that the feed samples require concentra­
tion and interfering fats must be removed as they will interfere 
in the chromatography. Alumina is used to remove interfering 
excipients but retains lasalocid completely. 

Conclusions 

The lowest level of detection with the vanillin method is 30 
mg kg- J of active ingredient for monensin , narasin and 
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salinomycin. The bioautographic system limit, without con­
centration or clean-up procedures , is 3 mg kg- 1 for the four 
ionophores but is not specific to these. as it will also detect 
other antibacterials. Therefore , the best procedure is to use 
the results from the two systems together to confirm the 
identity of the ionophore present. 

I thank a number of colleagues within the Lilly organisation 
who have contributed to this study, especially at Lilly 
Research Centre: Mr. G. F. Snook, Dr. M. Spink, Mr. P. F. 
Washbrooke and Mr. S. A. Webb. 
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Determination of a-Chloralose Residues in Vertebrate Tissues by 
Gas - Liquid Chromatography 

Edward M. Odam, Hilary P. Wardall and Sidney Bailey 
Agricultural Science Service, To/worth Laboratory, Ministry of Agriculture, Fisheries and Food, 
Hook Rise South, To/worth, Surrey, KT6 7NF, UK 

and Elizabeth Findlay 
Department of Agriculture and Fisheries for Scotland, Agricultural Science Service, East Craigs, 
Edinburgh, EH12 BNJ, UK 

A method is described for the analysis of residues ofthe narcotic o:-chloralose in vertebrate tissues. Following 
solvent extraction and gel permeation clean-up, residues are converted into the trimethylsilyl (TMS) 
derivative for the analysis by gas- liquid chromatography. Recoveries are greater than 65% and the limit of 
determination is between 0.2 and 1.0 mg kg-1, depending on the type of tissue analysed. Methods for the 
confirmation of ex-chloralose residues using thin-layer chromatography of underivatised o:-chloralose or mass 
spectrometry of the chloralose · TMS derivative are described. 

Keywords: Chloralose determination; solvent extraction; gas - liquid chromatography; vertebrate tissue 
analysis 

Chloralose is the British Standards Institution common name 
for ex-chloralose [ R-1 ,2-0-(2.2,2-trichloroethylidene )-ex-D· 
glucofuranose], also known as glucochloralose. It has two 
approved uses in pest control, either as a rodenticide or as a 
narcotic agent used under licence to control avian pests. In 
order to determine whether ex-chloralose can be implicated in 
the death of non-target species, a reliable and sensitive 
method for detecting ex-chloralose in vertebrate tissues is 
necessary. 

Despite the extensive use of ex-chloralose as an anaesthetic 
in veterinary practice , little work has been undertaken on the 
analysis of residues in body tissues and the existing methods 
are generally suitable only for the analysis of blood and urine. 
The methods of Cheramy,l Mascre et a/.,2 Mirjolet et a/.,3 
Fauran eta/. 4 and Lespagnol et a/.5 were found unsuitable for 
the analysis of tissues , from the point of view of both recovery 
and sensitivity. In seeking a suitable procedure , a modification 
of the Sweeley et a/. • derivatisation technique was used , in 
which chloralose was converted into the trimethylsilyl com­
pound for its determination by gas - liquid chromatography 
(GLC) using an electron-capture detector 7 This derivatisa­
tion has also been used for the determination of o:-chloralose 
in rodenticide formulations by Theobald" utilising a flame­
ionisation detector. Daenens" also used the trimethylsilyl 
derivative to assay o:-chloralose in biological samples using 
GLC with flame-ionisation detection . In this instance, a 
Florisil clean-up procedure was used. 

Results obtained using the method of Sweeley et a/. 6 with 
the pure compound were satisfactory but it was necessary to 
develop a method for removing substances from animal tissue 
extracts prior to derivatisation, which interfered with the 
chromatography. Originally, paper chromatographic separa­
tion was used , but recoveries of ex-chloralose were inconsis­
tent. Thin-layer chromatography using silica-gel plates gave 
some improvement , as reported by Knapp and Russel , 10 but 
column chromatography using Sephadex LH-20 proved to be 
a more efficient clean-up procedure. The method in regular 
use in this laboratory utilises a small disposable gel permeation 
column , although the size of the column may be scaled up to 
allow larger sample sizes to be analysed. 

As one of the major uses of ex-chloralose is as a narcotic for 
pigeon control, the method was applied to the analysis of 
residues in tissues from pigeons orally dosed with ex-chloral­
ose . 

Crown Copyrighl. 

Experimental 

Reagents 

o:-Chloralose. BDH Chemicals Ltd. 
Methanol. HPLC grade. Rathburn Chemicals (Walker-

burn) Ltd. 
Sephadex LH-20. Pharmacia (GB) Ltd. 
Tri-Sil in pyridine. Pierce & Warriner (UK) Ltd. 
2-Phenoxyethanol. AnalaR grade. BDH Chemicals Ltd. 
Acetone. AnalaR grade. BDH Chemicals Ltd. 
Silver nitrate. AnalaR grade. BDH Chemicals Ltd. 
Chloroform . AnalaR grade. BDH Chemicals Ltd. 

Apparatus 

Homogeniser. Ultra-Turrax Model K45, capable of macer­
ating 1-5 g of tissue in 10-50 ml of solvent. 

Rotary evaporator. Corning Model 349/2. 
Vacuum filtration equipment. Buchner funnel (Hartley 

type) (10 em) connected to a 150-ml round-bottomed flask via 
a vertical receiver adaptor fitted with a vacuum connection 
(Quickfit & Quartz RA 13/23). 

Clean-up column. All-glass syringe barrel (10 ml) (80 mm x 
15 mm i.d .) with central outlet hole and fitted with a sinter. 

Syringes. With capacities of 1 and 100 ~l [Scientific Glass 
Engineering (UK) Ltd.] 

Dry glove box. Laboratory made. 
Graduated test-tubes. Capacity 10 ml with joint and stopper. 
Thin-layer chromatography plates. Silica gel G pre-coated , 

with a layer thickness of 250 ~m (Anachem Ltd.). 
UV lamp. Wavelength setting, 254 nm. 
Gas -liquid chromatography. Pye Unicam 104 chromato­

graph , fitted with a 10-mCi 63Ni electron-capture detector . 

Procedures 

Preparation and calibration of Sephadex columns 

Using a mass of 1.5 g of dry gel per sample, place sufficient 
Sephadex LH-20 in a beaker with an excess of methanol and 
allow the gel to swell for at least 2 h. 

Take the barrel of an all-glass syringe (10 ml) and place a 
sinter at the bottom. Pour in swollen Sephadex to obtain a 
settled ge l bed of 50 mm height. Wash the Sephadex column 
with methanol (20 ml) before use and allow the level of 
methanol to fall to 2 mm above the Sephadex bed before 
introducing a sample. 
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To calibrate the Sephadex column, introduce 0.5 ml of 1 
mg mi-l standard cx-chloralose in methanol on to one column 
from the batch and allow this to permeate into the gel before 
adding further methanol. Use a fraction collector to collect the 
eluate as 20 1-ml fractions. Reduce each fraction to 0.1 ml 
under N2 and load on to a silica gel thin-layer chromatographic 
plate (250-~m thick). Do not run the plate, but spray with the 
silver nitrate reagent as described under Confirmation by 
thin-layer chromatography. Place under an ultraviolet lamp at 
254 nm and allow the spots to develop. It is normal to find 
most of the cx-chloralose contained in fractions 8-13. Once the 
system has been calibrated, only occasional checks of the 
Sephadex columns are required. 

Extraction 

Weigh accurately up to 5 g of tissue into a macerating tube and 
homogenise with 25 ml of methanol. Filter the extract under 
vacuum through a Hartley funnel containing a What man No . 1 
filter-paper that has previously been washed with solvent. 
Retain the extract in the collecting vessel. Return the solid 
fraction to the macerating tube and homogenise again with 25 
ml of methanol. Filter through the same apparatus , combining 
the two solvent extracts. Reduce the volume of the filtrate 
slightly using a rotary evaporator before quantitative transfer 
into a 50-ml calibrated flask. Dilute to volume with methanol. 

Clean-up 
Take 1 ml of extract and place in a pre-weighed vial. 
Evaporate to dryness under nitrogen. Weigh and calculate the 
amount of extracted material in the total extract. To avoid 
overloading the Sephadex column , take an aliquot of the 
extract as described under Extraction containing less than 40 
mg of extracted material and place in a tapered graduated 
tube. Evaporate under nitrogen until the volume is reduced to 
approximately 0.5 mi. Transfer the concentrated sample on to 
the prepared Sephadex column and commence collection of 
the eluate in a graduated receiver. Wash the sample tube twice 
with 2 ml of methanol and add the washings carefully to the 
column. Add methanol to the column as required ensuring 
that the gel is covered with methanol at all times. Collect a 
volume of eluate in a graduated receiver according to the 
calibration above. Change the collector to a graduated 
test-tube at the appropriate stage to collect the cx-chloralose in 
the sample. Discard the first fraction as this contains most of 
the unwanted co-extracted materials. Evaporate the fraction 
containing cx-chloralose to dryness under a stream of nitrogen . 
The sample is now ready for derivatisation. 

The Sephadex columns can be used up to three times, 
provided that they are washed with at least 20 ml of methanol 
between samples, although, it has been our practice to discard 
the Sephadex after each sample to eliminate any risk of 
cross-contamination . 

Derivatisation 

Place the dried, cleaned-up extracts into a dry glove-box 
containing silica gel. The box should also contain stoppers for 
the graduated test-tubes, sufficient ampoules of Tri-Sil for 
derivatisation , a 100-f.ll syringe and a set of graduated 
test-tubes containing 200-2000 ng of cx-chloralose. Leave 
overnight to ensure complete dryness. It is essential to ensure 
that the sample is dry before adding the silylating agent or 
incomplete derivatisation will occur. 

Open an ampoule and add 100 f.Ll of Tri-Sil to each tube and 
stopper firmly before removing from the dry box. Seal the 
stoppers with adhesive tape and heat at 80 oc in a water-bath 
for 10 min , agitating the tubes occasionally. 

Add methanol to all of the graduated test-tubes to give a 
volume of 10 mi. 
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Gas - liquid chromatographic determination 

Inject 1 f.Ll of solution on to the chromatograph fitted with a 
1.5-m glass column (4 mm i.d.) packed with 100-120-mesh 
Supelcoport coated with a 3% mlm SP2401 and 3% mlm 
SP2100 mixed stationary phase. Maintain the column at a 
temperature of 180 oc with the carrier gas (oxygen-free 
nitrogen) having a flow-rate of 60 ml min- 1. The chromato­
graph is operated with an injector temperature of 210 oc. a 
detector temperature of 300 °C, the electron-capture supply 
with a pulse space of !50 f.LS and an amplifier attenuation 
setting of x200. Under these conditions, the cx-chloralose­
TMS derivative has a retention time of 7.5 min. 

Confirmation by thin-layer chromatography (TLC) 

Take a 20 x 20 em silica-gel thin-layer chromatographic plate 
and activate it by heating for 2 hat 100 oc. As the cx-chloralose 
is confirmed in the underivatised form , a second aliquot from 
the original methanol extract is cleaned up using Sephadex 
LH-20. 

Concentrate the eluate and, if possible, apply to the plate an 
amount containing 5-10 f,Lg of cx-chloralose. A range of 
standards (0.5- 10 f,lg) should also be loaded on to the plate for 
a semi-quantitative appraisal. 

Equilibrate a chromatography tank (lined with paper) with 
100 ml of 10% methanol in chloroform (AnalaR grade) prior 
to the development of the plate. The solvent takes between 45 
and 60 min to travel approximately 17 em, at which point the 
plate is removed and allowed to air dry. 

Prepare the spray by dissolving 0.4 g of silver nitrate in 1 ml 
of distilled water. Add 1.5 ml of 2-phenoxyethanol and dilute 
to 50 ml with acetone. This solution must be freshly prepared 
and kept in the dark even for the short periods of time between 
sprays. When the plate has been lightly sprayed place under a 
UV lamp at 254 nm for approximately 45 min to develop. The 
presence of cx-chloralose is shown by black spots at an RF of 
0.31. 

Confirmation of silylation by mass spectrometry 

The cx-chloralose-TMS standard was examined by GC- mass 
spectrometry using a Kratos MS30 instrument coupled to a 
DS50 data system. The mass spectrometer was interfaced to 
the gas chromatograph with an all-glass jet separator and 
ionisation was produced by electron impact. Spectra were 
obtained at operating voltages of 20 and 70 eV at a source 
temperature of 200 °C. The spectra were obtained from the 
DS50 data system with a magnification of x20, but an increase 
in magnification to x I 00 was necessary to observe the ions 
with high m!e values owing to their weak intensities. The mass 
spectrum showed that the three free hydroxy groups of 
cx-chloralose had been derivatised (Fig. 1). This technique can 
also be applied to confirming the presence of cx-chloralose in 
tissue samples. 

Results 

The reproducibility of derivative formation was found to be 
good, as standards derivatised on different days yielded 
responses on the gas chromatograph within 5% of each other. 
Care, however, must be taken to ensure the stability of the 
cx-chloralose-TMS. Compared with a stable external standard 
of DDE, the cx-chloralose derivative was found to be stable for 
at least one week, provided that it was stored at 4 oc in a 
refrigerator. However , when left in strong sunlight, or in a 
warm environment overnight, the chromatographic response 
decreased significantly. The linear GLC response to 
cx-chloralose-TMS was obtained using cx-chloralose standards 
in the range 20-640 mg ml- 1 and a calibration graph was 
prepared, although the normal working range of the standard 
was 20-200 ng ml-1. 
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Fig. 2. Typical gas chromatogram of a-chloralose-TMS for standard solutions and fortified tissue extracts: (a) a-chloralose-TMS, 
80 pg; (b) control pigeon muscle; (c) pigeon muscle fortified with a -chloralose; (d) fortified pigeon kidney; (e) a-chloralose-TMS, 
160 pg; and (f) control pigeon kidney 

The recovery of standard <t-chloralose following the clean­
up and derivatisation procedures was 80-85%. To ascertain 
the recovery of <t-chloralose from tissues , samples of liver, 
kidney , muscle and brain from pigeons (Columba Iivia) were 
spiked at 0.2, 1.0 and 10.0 mg kg-1 . Tissues were injected with 
solutions of <t-chloralose in methanol and were stored at 4 oc 
for 16 h prior to analysis . The results are shown in Table 1 and 
typical chromatograms are shown in Fig. 2. 

The method of analysis has been applied to tissues from 
pigeons that were fed <t-chloralose. Six pigeons were orally 
dosed with gelatine capsules containing <t-chloralose, three at 
130 mg kg- I body mass and three at 260 mg kg- 1 body mass. 
At the lower dose one pigeon died approximately 5 h after 
dosing and the other two recovered after being comatose for 
24 h. These were killed by cervical dislocation 2 d after 
administration of <t-chloralose. Two of the pigeons dosed at 
the higher level died after approximately 2.5 h and the other 
recovered after 3 d and was killed 2 d later. The muscle , 

Table l. Recovery of a-chloralose from spiked pigeon tissues 

a-Chloralose a-Chloralose 
added recovered 

Tissue mgkg-• J!g J!g % 

Kidney .. 0.2 0.36 0.29 81 
1.0 1.8 1.75 97 

10.0 18.0 13.50 75 
Muscle .. 0.2 1.0 0.7 70 

1.0 5.0 4.5 90 
10.0 50.0 42.5 85 

Brain 0.2 0.4 0.28 69 
1.0 20.0 14.60 73 

Liver 0.2 0.98 
1.0 4.80 2.46 72 

10.0 48.0 36.48 76 

• The limit of determination for pigeon liver is greater than 0.2 
mg kg- • because of interfering peaks. 
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kidney , liver and brain were analysed and the results, not 
corrected for recoveries , are shown in Table 2. 

Table 2. Tissue residues from pigeons fed with o:-chloralose 

o:-Chloralose residues found/mg kg- 1 
Dose/ 

Pigeon mg Remarks Muscle Liver Brain Kidney 

I 43.5 Died 33.9 36.9 44 .1 75.0 
2 39.5 Recovered N.d .* N.d. N.d. N.d. 
3 42.6 Recovered N.d. N.d. N.d. N.d. 
4 91.4 Died 36.1 40.0 21.8 76.7 
5 82.6 Recovered N.d. N.d. N.d. N.d. 
6 73 .8 Died 35.7 31.3 20.0 82.0 

• N.d. = none detected ; limit of determination = 0.2 mg kg- 1, except 
liver = 1.0 mg kg- '-

Discussion 

Recoveries from samples fortified with ex-chloralose indicate 
that this analytical method is suitable for all of the four tissues 
studied. The limit of determination in the brain , kidney and 
muscle is 0.2 mg kg- I but in the liver, because of interference 
from co-extracted material , the limit is 1 mg kg- 1• 

The experimental data (Table 2) showed that pigeons that 
had died contained residue levels of ex-chloralose well above 
the limits of determination for this method. Hence this is a 
convenient method of analysis as it is quick , reliable and an 
individual column clean-up can be used per sample , elimin­
ating the possibility of cross-contamination. Residue levels 
greater than 2 mg kg- 1 can be confirmed by the TLC method 
described. 
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The method of analysis has been successfully used for 
several years in these laboratories to investigate the involve­
ment of ex-ch loralose in cases of poisoning in mammals and 
birds and the results have been discussed elsewhere. 11.12 
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Application of Gas - Liquid Chromatography to the Analysis of 
Essentia I Oi Is 
Part X.* Fingerprinting of Specified Essential Oils by Standardised 
Procedures 

Analytical Methods Committeet 
Royal Society of Chemistry, Burlington House, Piccadilly, London, W1V OBN, UK 

This introductory paper reports the background to a collaborative study of the GLC of various authentic 
essential oils. The GLC fingerprints of the essential oils will appear as individual monographs in subsequent 
papers. 

Keywords: Essential oils; gas- liquid chromatography; fingerprints; collaborative study 

The Analytical Methods Committee has received and 
approved for publication the following report from its 
Essential Oils Sub-Committee. 

Report 

The constitution of the Sub-Committee responsible for the 
preparation of this Report was Mr. A. M. Humphrey 
(Chairman) , Mr. D. J. Bevis, Mr. E. Cummings, Dr. D. 
Farley, Mr. D. M. Forshaw, Mr. J . R. Harris, Mr. W. S. 
Matthews, Miss D. M. Michalkiewicz, Mr. M. Milchard , 
Mr. D. A. Moyler , Mr. A. Osbiston, Mr. J. Ridlington and 
Mr. D. Silvester, with Mr. J. J. Wilson as Secretary. 

Introduction 

The provenance and quality of an essential oil is often 
established using a range of analytical techniques varying from 
physico-chemical methods, through non-specific chemical 
methods to chromatographic methods. The physico-chemical 
and non-specific chemical characteristics are defined in a 
range of National and International Standards and the 
methods used to determine them have been studied exten­
sively in the past by this Sub-Committee. These methods will 
be published in the Third Edition of the "Official, Standard­
ised and Recommended Methods of Analysis" (1985). 
Although essential oils are. by their nature. ideally suited to 
analysis by gas - liquid chromatography, the puulication of 
reliable methods in the past has been confined to the 
quantitative determination of specific components only. 

Following the publication of Parts VIII and VIIF in this 
series, giving recommended procedures for the fingerprinting 
of essential oils using temperature-programmed gas - liquid 
chromatography with packed columns. the Sub-Committee 
has undertaken the collaborative examination of a number of 
authentic essential oils with a view to publication of their 
fingerprints. 

Having overcome the problems of defining the GLC 
procedures in such a way as to make them reproducible, there 
are also the difficulties of locating samples of essential oils for 
examination which are at the same time authentic and typical. 
In turn, it then becomes necessary to phrase a suitably precise 
definition for them. Whilst it is clear that any definition should 
minimise the inclusion of oils of a fraudulent character, it 
should be realistic and not specifically exclude oils that have 
been made commercially desirable by a simple fractionation. 

• For Part IX of I his series, see Analyst, 1981, 106, 456. 
t Correspondence should be addressed to the Secretary, Analytical 

Methods Committee, Analytical Division. Royal Society of 
Chemistry. Burlington House. Piccadilly. London. WlV OBN. UK. 

It must include details of the complete method of preparation 
and the provenance and description of the vegetable material 
used. 

All true essential oils are secondary metabolites of plant 
products and in some instances the oil produced in one part of 
a plant is different from that produced in another. In some 
instances the oils are stored in specialised oil cells, whilst in 
others they are not specifically located. Nor are the essential 
oils the only secondary metabolites that may be present and 
the loose definition of the volatile part is usually applied. This 
character of their volatility forms the basis of their isolation 
from vegetable material by some forms of water or steam 
distillation processes , although for those oils which occur in 
specialised oil cells, such as in the pericarp of citrus fruits , they 
may be isolated by cold expression. In these instances, the oils 
are of different characters to those produced by distillation 
and are often considered superior. 

In addition to these processes, it is now becoming clear that 
the appropriate application of fluid-phase extractions with 
compressed sub- or super-critical gases can also yield volatile 
oils that are substantially free from the non-volatile com­
ponents normally associated with extractions by conventional 
organic solvents. Such oils may subsequently form the subjects 
of investigations by the Sub-Committee. 

In the commercial isolation of essen tail oils, many of their 
constituents may undergo chemical changes. These may occur 
during the storage or preparation of the raw plant material, 
the isolation procedure itself or the subsequent storage of the 
finished product. The changes may include polymerisation, 
oxidation, hydrolysis or thermal decomposition. Further, 
essential oils are not totally immiscible with water and some of 
the more highly oxygenated and polar components may have 
considerable solubilities in water, thereby giving the potential 
for changes in composition resulting from partition fractiona­
tion. 

It can therefore be seen that essential oils of nominally 
similar descriptions may have different compositions, but 
whose character may be determined by analyses. It is the 
intention that the publication of standardised and collabora­
tively agreed GLC fingerprint tracings for a range of authentic 
essential oils produced under defined conditions should form a 
series of valuable analytical references. 

Following this preamble , the Sub-Committee proposes that 
the following definition should be applied: 

"Essential oils are the substantially volatile, water­
immiscible portions of the secondary metabolites of plant 
products. They are normally prepared either by water or 
steam distillation processes from specified parts of plants of 
defined origin and species, or by cold expression from the 
pericarp of citrus fruits, where the essential oil will contain 
proportions of non-volatile products. The natural composi­
tion of essential oils may vary slightly from sample to sample 
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and, in addition, some essential oils may have been 
subjected to a simple fractionation or purification proce­
dure, such as distillation, crystallisation or washing. Details 
of such additional processing must be included in the 
descriptive title of the essential oil." 

Experimental 

For the purpose of the present studies, only those oils which 
have been obtained under the personal supervision of a 
Sub-Committee member and have not been subjected to 
further treatment following the primary production were 
chosen for use. 

Samples of different oils were distributed to all members of 
the Sub-Committee with instructions to prepare standardised 
fingerprint chromatograms for each using polyethylene glycol 
20M and methyl polysiloxane stationary phases, according to 
the methods described in Parts VII and VIIJ.l.2 Each member 
was asked to return the chromatograms for the oils on each of 
the columns, together with the completed column operating 
check sheets, giving details of the analytical conditions. The 
check sheets were studied to ascertain the absence of 
anomalies and the chromatograms reduced photographically 
to a standard size for comparison purposes. 

The identification of the components of the oils and their 
relative peak area percentages was carried out in a separate 
exercise using a coupled GC - MS system equipped with 
support-coated open-tubular (SCOT) capillary columns. The 
transfer of information from this exercise to the agreed 
standardised chromatograms using packed columns was 
achieved by inspection. 

The usual analytical tests were applied as appropriate to 
each oil to establish its conformity with published standards. 

Results 

Results for individual essential oils will be published as 
separate monographs in subsequent papers in this series. The 
published fingerprint tracings are representative of those 
obtained by the individual Sub-Committee members using the 
two different stationary phases. Each chromatogram will be 
presented with simultaneous tracings at two sensitivities, 
adjusted in such a way that an equivalent volume of sample 
containing 5% hexadecane gives approximately 100% and 
10% of full-scale deflections in the two instances. The 
identification of the major peaks and positions of the 
reference n-alkanes will also be shown. 

These compounds will further be tabulated for the two 
stationary phases, giving their identities, relative retention 

Table 1. Average column operating parameters 

Properties 
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indices with reference to the appropriate n-alkanes and 
quantitative presence in the oils as determined by the method 
of peak-area normalisation and without the application of 
response factor corrections. Relative retention indices deter­
mined on poorly resolved peaks are less reliable and will be 
marked with asterisks. 

A summary of the collaboratively determined column 
operating parameters from six different laboratories is shown 
in Table 1. 

Discussion 

The work of the Sub-Committee to date has shown that 
reproducible fingerprint tracings can be obtained using 
packed columns, but in contrast, the reproducibility using 
capillary columns is less satisfactory. Although the greatly 
increased resolving power of capillary columns can be used in 
conjunction with mass spectrometry to identify a large number 
of components that would otherwise remain unresolved on 
packed columns, the Sub-Committee is of the opinion that 
reproducibility should not be sacrificed thereby. Accordingly, 
the indentity and quantification of the peaks to be shown in 
the published chromatograms were obtained by careful 
reference to analyses on SCOT columns and it has thus been 
possible in some instances to identify the individual com­
ponents of compound peaks shown in the packed column 
fingerprints . The relative retention indices, however, were 
measured directly from the packed column fingerprints and it 
will be found that these values are subject to small variations 
in different oils owing to experimental error, but all should fall 
within the limits given in Parts VII and VIII1.2 in respect of the 
test mixture components. It must be noted that relative 
retention indices are temperature dependent and may be 
compared only under reproducible conditions of elution. 
Hence it is not possible to compare relative retention indices, 
determined on a packed column, with relative retention 
indices determined on a capillary column with the same 
stationary phase, as the elution temperatures of the com­
ponents will be different. 

The quantitative determinations of the components were 
made by peak-area normalisation and are subject to the errors 
normally associated with the technique, e.g., no corrections 
made for relative response factors or for the presence of 
non-volatile or degradable components. The figures are given 
as a guide only and have only been applied to peaks that have 
been positively identified. Thus, the sum total of the percen­
tages given may not reach 100%. Further, the figures given for 
any one compound on the two stationary phases may also 
differ owing to experimental error and some compounds 
identified on one stationary phase may not have been 
identified on the other. 

Relative 
retention 

index Column 

Methyl polysiloxane g-pack = 1.003 ± 0.0014 

Compound 

Limonene 
Acetophenone 

Linalol 
Naphthalene 

Linalyl acetate 
Cinnamyl alcohol 

1027 ± 0.8 
1041 ± 1.7 
1085 ± 1.8 
1172 ± 2.3 
1242 ± 1.9 
1279 ± 2.4 

Polyethylene glycol 20M 

RRI (275 oq = 2394 ± 9 
Resolution > 95% 

Programme time= 100.4 ± 1.3 min 

g-pack = 1.276 ± 0.0014 
RRI (225 oq = 2399 ± 6 

Resolution> 95% 
Programme time= 75.6 ± 0.9 min 

Limonene 
Linalol 

Linalyl acetate 
Acetophenone 
Naphthalene 

Cinnamyl alcohol 

1212 ± 2.2 
1540 ± 2.9 
1559 ± 2.3 
1652±3.1 
1746 ± 5.3 
2260 ± 8.2 
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Each monograph to be presented in later papers will include 
a brief description of its derivation and general characteristics, 
the two chromatograms with peak identities, tables of the 
relative retention indices and approximate concentrations of 
identified components and a table of published standards. 

In the tables giving details of published standards, these are 
drawn from International Standards, British Standards, 
Essential Oil Association of America Standards and British 
Pharmacopoeia Standards. The actual figures obtained for the 
oils used for the collaborative fingerprinting studies are listed 
under AMC/EO sample. 
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Application of Gas - Liquid Chromatography to the Analysis of 
Essential Oils 

Part XI.* Monographs for Seven Essential Oils 

Analytical Methods Committeet 
Royal Society of Chemistry, Burlington House, Piccadilly, London, W1 V OBN, UK 

Fingerprint tracings for essential oils of citronella (Sri Lanka), clove bud (Malagasy Republic), juniper berry 
(Hungary), lemon (Sicily). lime (Cuba), nutmeg (East Indies) and black pepper (Sarawak) are presented. 

Keywords : Essential oils; gas -liquid chromatography; fingerprints; collaborative study 

The Analytical Methods Committee has received and 
approved for publication the following report from its 
Essential Oils Sub-Committee. 

Report 

The constitution of the Sub-Committee responsible for the 
preparation of this Report was: Mr. A. M. Humphrey 
(Chairman), Mr. D. J. Bevis, Mr. E. Cummings, Dr. D. 
Farley, Mr. D. M. Forshaw, Mr. J. R. Harris, Mr. W. S. 
Matthews, Miss D. M. Michalkiewicz, Mr. M. Milchard, Mr. 
D. A. Moyler, Mr. A. Osbiston, Mr. J. Ridlington and Mr. D. 
Silvester, with Mr. J. J. Wilson as Secretary. 

Introduction 

In accordance with the programme outlined in Part X, 1 GLC 
fingerprint chromatograms of seven authentic essential oils , 
namely oils of citronella , clove bud, juniper berry , lemon 
expressed, lime distilled , nutmeg East Indian and black 
pepper, were obtained in a collaborative study and are 
presented here . 

Experimental 

Samples of seven different oils were distributed to all members 
of the Sub-Committee with instructions to prepare standard­
ised fingerprint chromatograms for each using polyethylene 
glycol 20M and methyl polysiloxane stationary phases, accord­
ing to the methods described in Parts VI£2 and VIII. 3 The 
seven oils were citronella, clove bud , juniper berry , lemon 
expressed , lime distilled , nutmeg East Indian and black 
pepper. Each member was asked to return the chromatograms 
for the oils on each of the columns, together with the 
completed column operating check sheets, giving details of the 
analytical conditions. The check sheets were studied to 
ascertain the absence of anomalies and the chromatograms 
reduced photographically to a standard size for comparison 
purposes. 

• For Pan X, seep. 1339. 
t Correspondence should be addressed to the Secretary, Analytical 

Methods Committee, Analytical Division. Royal Society of 
Chemistry. Piccadilly, London, W1V OBN . U K. 

The identification of the components of the oils and their 
relative peak-area percentages was carried out in a separate 
exercise using a coupled GC - MS system equipped with 
support-coated open-tubular (SCOT) capillary columns. The 
transfer of information from this exercise to the agreed 
standardised chromatograms using packed columns was 
achieved by inspection. 

The usual analytical tests were applied as appropriate to 
each oil to establish its conformity with published standards. 

Results 

The results for each essential oil are presented in the form of 
monographs , each including a brief description of its deriva­
tion and general characteristics, the two chromatograms with 
peak identities, tables of the relative retention indices and 
approximate concentrations of identified components and a 
table of published standards. Where any essential oil chroma­
togram was found to have finished before the elution of the 
C24 alkane, it has been shortened in order to avoid publication 
of a blank trace. 

The published fingerprint tracings are representative of 
those obtained by the individual Sub-Committee members 
using the two different stationary phases. Each chromatogram 
is presented with simultaneous tracings at two sensitivities, 
adjusted in such a way that an equivalent volume of sample 
containing 5% hexadecane gives approximately 100% and 
10% of full-scale deflections in the two instances. The 
identifications of the major peaks and positions of the 
reference n-alkanes are also shown . 

The identifications of the peaks are mostly given by their 
accepted trivial names, although some examples exhibit 
mixtures of nomenclatures , but which nevertheless conform to 
common practice , e.g., 1-terpinen-4-ol is reduced to terpinen-
4-ol. 

These compounds are further tabulated for the two station­
ary phases giving their identities , relative retention indices 
(RRI) and quantitative presence in the oils as determined by 
the method of peak-area normalisation (RPA) and without 
the application of response factor corrections. Relative 
retention indices determined on poorly resolved peaks are less 
reliable and are marked with asterisks. 

Tables 1 and 2 1ist the determined relative retention indices 
for all the compounds identified in all seven essential oils using 
the two different columns. As these figures were determined 
from the agreed chromatogram from one laboratory, a 
comparative set of relative retention indices determined by all 
the collaborating laboratories in respect of selected com­
pounds is shown in Table 3. This table includes some 
compounds that have been found in only one of the oils, as 
well as some other compounds which have been more widely 
found. 
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Table I. Relative retention indices on methyl polysi loxane stationary phase 

Peak identity Citronella Clove Juniper Lemon Lime Nutmeg Peppe r 

IX·Thujene 919 917 921 916 
a· Pinene 930 930 928 929 931 930 
Camphene 944 944 945 942 94R 944 
Sabinene 968 965 966 971 
fl·Pinene 976 973 979 975 
Myrcene 981 979 97R 
IX· Phellandrene 1004 1000 1000 
.13-Carene 1009 
IX· Terpinene 1014 1016 1007 1013 
p·Cymene 1017 1014 1016 1014 
Limonene 1026 1026 1032 1029 1028 1025 
fl·Phellandrene 1026 
cis-Ocimene 1039 
y· Terpinene . 1051 1055 1052 1052 1050 
2·p· Tolylpropene . 1077 
Terpinolene .. 1084 1081 1083 1081 1083 1082 
Fenchol 1104 
Terpinen·1·ol 11 22 
cis·fl· Terpineol 1130 
Citronella! .. 1133 1131 
trans·fl· Terpineol . . 1148 
Borneol 1157 1157 
Terpinen·4·ol 1168 1165 1165 1170 1169 
IX· Terpineol . . 1178 1176 1176 1178 1180 1179 
y-Terpineol 1184 
Citronellol 1210 
Neral 1217 
Nero! .. 1217 
Geranial 1245 
Geraniol 1237 1245 
Safrole 1269 
Geranyl formate 1277 
Bornyl acetate 1277 1278 
4-Pentylanisole 1290 
Chavicol 1294 
Terpinyl acetate 1316 
Citronellyl acetate 1336 
Eugenol 1341 1335 
Neryl acetate 1341 
li-Elemene 1344 
IX·Cubebene 1356 1359 
Gerany1 acetate 1360 1359 
IX·Copaene .. 1388 1384 1382 1385 
fl·Eiemene .. 1393 1391 1394 
Isoeugenol .. 1423 
fl·Caryophyllene 1427 1431 1429 1431 1430 1430 
IX·Bergamotene 1439 1439 1439 1436 
IX·Humulene 1466 1461 1462 
lrans·Methy1isoeugenol 1465 
Eugenyl acetate .. 1492 
Myristicin 1497 
trans, trans-a·Farnesene 1498 
fl·Bisabolene 1508 1508 
li-Cadinene .. 1521 1525 1523 1521 1525 
E1emo1 1540 
Caryophyllene alcohol 1559 
Caryophyllene oxide 1576 1577 
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Table 2. Relative retention indices on polyethylene glycol 20M stationary phase 

Peak identity Citronella Clove Juniper Lemon Lime Nutmeg Pepper 

Tricyclene 1016 
a-Pinene 1027 1035 1023 1026 1033 1027 
<>-Thujene 1035 
Camphene 1066 1076 1068 1063 1072 1068 
~-Pinene 1114 1111 1113 1117 1110 
Sabinene 1118 1124 1123 1122 
6'-Carene 1155 1156 
Myrcene 1159 1165 1154 1147 1155 
<>·Phellandrene 1172 1173 
<>· Terpinene 1195 1188 1174 1189 
Limonene 1209 1213 1211 1204 1210 1210 
~-Phellandrene 1220 1226 1232 1219 
cis-Ocimene 1236 
Y· Terpinene .. 1256 1250 1244 1250 1248 
trans-Ocimene 1251 
p·Cymene .. 1275 1282 1272 1269 1275 1268 
T erpinolene .. 1289 1293 1284 1283 1288 1292 
2,6-Dimethylhept-2-en- 1-al 1356 
Nonanal 1394 
2-p-Tolylpropene . . 1448 1444 
<>-Cube bene 1473 
6-Eiemene 1480 
Citronella! 1485 1481 
Bicycloelemene 1482 
Decanal 1506 
<>-Copaene 1505 1510 1503 1510 
~-Eiemene . . 1540 
Linalo1 1547 1541 1541 1542 1540 
Isopulego1 . . 1564 
Terpinen-1-o1 1576 
Bornyl acetate 1578 
Fenchol 1585 
<>-Bergamotene 1600 1590 1605 
Terpinen-4-ol 1615 1612 1614 1614 
~-Caryophyllene 1615 1614 1600 1607 1597 1614 
cis-~-Terpineol 1628 
Citronellyl ace tate 1671 
trans-~-Terpineol .. 1672 
Neral 1678 
<>-Humulene 1688 1687 1686 
<>-Terpineol .. 1689 1689 1698 1693 
Borneol 1704 
Germacrene D 1724 
Geranial 1730 
~-Bisabolene 1730 1737 
Neryl acetate 1735 
Geranyl acetate 1764 1753 
trans, trans-a:-Farnesene 1754 
a-Farnesene 1754 
Citronello l 1764 
Terpinyl acetate 1764 
6-Cadinene 1775 1771 1770 1771 
Nero! 1800 1788 
Geraniol 1845 1836 
p-Cymen-8-ol 1846 
Safrole 1883 
Geranyl butyrate 1901 
Caryophyllene oxide 2000 2000 1992 
Elemol 2078 
cis-Methylisoeugenol 2091 
Eugenol 2161 
lrans-Methylisoeugenol 2173 
<>-Cadinol 2224 
Eugenyl acetate 2253 
Myristicin 2264 
Chavicol 2373 
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Table 3. Average relative retention indices 

Column Compound Citronella Clove 

v 
Juniper Lemon Lime Nutmeg Pepper l: 0 

Methyl polysiloxane a-Pinene 

Polyethylene glycol 

y· Terpinene 
a-Terpineol 
P·Caryopbyllene 
cis·Ocimene 
cis·~· Terpineol 
Citronellol 
Safrole 
Bomyl acetate 
Chavicol 
Eugenol' 
Eugenol' 
Neryl acetate 
1\-Elemene 
a-Cube bene 

20M . . . .a-Pinene 
y· Terpinene 
Terpinolene 
a· Terpineol 
cis-Ocimene 
Nonanal 
a-Cube bene 
b·Elemene 
cis·P· Terpineol 
Citronellyl acetate 
Borneol 
Geranial 
trans, trans-o:-

Farnesene 
Safrole 
Eugenol 
b·Cadinol 
Myristicin 
Chavicol 

v 
v v 
v 
v 

v 
v 
v 
v 
v 

v 
v 

v 
v 

v 

v 

v 
v 
v 
v 

v 

v 

v 
v 
v 

v 

v 

v v 
v v 
v v 
v v 

v 

v 

v v 
v v 
v v 
v v 
v 

v 

v 
v 

v 
v 
v 

v 

v 

v 
v 
v 
v 

v 
v 
v 
v 

v 

v 
v 
v 
v 

v 

931 
1053 
1178 
1432 
1040 
1137 
1211 
1272 
1278 
1293 
1337 
1340 
1343 
1344 
1359 

1028 
1252 
1289 
1692 
1237 
1397 
1473 
1478 
1625 
1671 
1699 
1729 

1751 
1876 
2154 
2215 
2254 
2369 

4.1 
3.6 
3.4 
4.3 
1.2 
3.0 
0.9 
2.4 
0.4 
1.9 
2.4 
2.4 
4.1 
2.3 
2.4 

3.1 
3.5 
3.2 
3.0 
0.5 
2.4 
1.1 
1.3 
3.1 
0.8 
5.0 
2.0 

2.3 
3.9 
5.4 

10.9 
7.3 
4.0 

' Compares the average difference when measured in two different essential oils. 

In the tables giving details of published standards, these are 
drawn from International Standards, British Standards, 
Essential Oil Association of America Standards and Britsh 
Pharmacopoeia Standards. The actual figures obtained for the 
oils used for the collaborative fingerprinting studies are listed 
in the AM ClEO sample columns. 

Essential Oil of Citronella, Sri Lanka 
Essential oil of citronella is prepared by the steam distillation 
of the fresh or partially dried leaves of citronella grass. In Sri 
Lanka the variety of grass is Cymbopogon nardus Rendle and 
the oil produced from it can be differentiated from oil 
distilled in Java using a different variety of grass. The yield of 
oil is about 0.5% in both instances, but the Sri Lankan oil 
contains 25-40% of geraniol and 5-15% of citronella, which 
are lower levels than those normally found in the Java type. 

The Sri Lankan oil is a pale yellow to yellowish brown liquid 
with a characteristic odour of citronella. Its principle use is in 
inexpensive perfumery applications for household products. 
In commercial trade, the description citronella Ceylon is still 
used. 

The quality and value of the oil are traditionally assessed 
by a determination of "total alcohols" by the standard method 
of acetylation, but this procedure is known to give erroneously 
high results because of interference from the citronella!. 
However, the results by this method are precise and as the 
levels of citronella! tend to follow those of the alcohols, the 
results give a useful guide . A more accurate determination of 
the geraniol can be achieved by GLC and details of this 
specific determination are given in Part III of this series. 4 

Citronella oil is subject to changes during storage resulting 
from polymerisation. The presence of polymers will not be 
revealed by any GLC fingerprint procedure which applies the 
method of peak·area normalisation, but is more readily 
revealed by a decrease of solubility in 80% ethanol and an 
increase in the specific gravity. Because of the possible 
presence of polymeric material, any quantitatively accurate 
measurements of components by GLC must be made using the 
method of internal standards. 

Typical chromatograms for the Sri Lankan type oil, distilled 
in Sri Lanka, are shown in Figs. 1 and 2 and the identification 
of components and their approximate proportions in the oil 
are given in Tables 4 and 5; Table 6 shows the physico­
chemical standards that are applied. 
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Fig. I. Essential oil of citronella (Sri Lanka) on methyl polysiloxane (non-polar) stationary phase 
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Fig. 2. Essential oil of citronella (Sri Lanka) on polyethylene glycol 20M (polar) stationary phase 
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Table 4. Essential o il of citronella , Sri Lanka: methyl polysiloxane 
(non-polar) stationary phase 

Peak identity RRI RPA, % 

Tricyclene 919 1.2 
a -Pinene .. 930 2.2 
Camphene 944 7.6 
Sabinene . . 968 0.3 
Myrcene .. 981 0 .8 
a-Phellandrene . . 1004 0.1 
p-Cymene . . 1017 0.1 
Limonene . . 1026 11.3 
cis-Ocimene 1039 2.1 
Terpinolene 1084 0 .6 
Citronella! 1133 14.7 
Borneol 1157 4.8 
Terpinen-4-ol 1168 0 .3 
a-Terpineol 1178 0.5 
Citronellol 1210 6 .2 
Geraniol .. 1237 17.0 
Bornyl acetate 1277 0.5 
Geranyl formate 1277 0.2 
Terpinyl acetate 1316 0 .4 
Citronellyl acetate 1336 1.1 
Geranyl acetate .. 1360 2 .1 
~-Elemene 1393 0.7 
~-Caryophyllene 1427 1.0 
a-Bergamotene . . 1439 0.8 
trans-Methylisoeugenol 1465 10.1 
b-Cadinene 1521 0 .6 
Elemol 1540 0 .7 
Caryophyllene oxide 1576 0.3 

Table 6. Essential oil of citronella, Sri Lanka: published standards 

Property 

Apparent density (mass per ml) at 20 'C: min. 

Refractive index at 20 'C: min. 
max. 

Optical rotation at 20 'C: min. 
max . 

max. 

Carbonyl value (free hydroxylamine) : min . 

Ester value after acetylation: min. 
max. 

max. 

Miscibility with 80% V/V ethanol at 20 ' C 

• Sp. gr. 25/25 'C. 
t Calculated as citronella! 
t Calculated as geraniol. 

Essential Oil of Clove Bud, Malagasy Republic 
Essential oil of clove bud is prepared by the water distillation 
of the dried flower bud of Syzigium aromaticum L. This is an 
evergreen tree and and is native to the tropical islands of 
Molucca, Zanzibar, Reunion, the Malagasy Republic, 
Indonesia and Comores. The best quality clove buds are 
harvested only when they are fully developed, but before they 
open. They are then sun-dried under conditions that prevent 
fermentation and mould growth. Other parts of the tree, such 
as twigs, stems and leaves, will also yield essential oils on 
distillation, but these oils are of an inferior quality. Further, 
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TableS. Essential oi l o f citronella. Sri Lanka: polyethylene glycol 20M 
(polar) stat ionary phase 

Peak identity RRI RPA,% 

Tricyclene 1016 1.2 
et:-Pinene .. 1027 2.2 
Camphene 1066 7.6 
Sabinene .. 1118 0.2 
Myrcene 1159 0.8 
Limonene .. 1209 11.3 
~-Phellandrene 1220* 0.4 
cis-Ocimene 1236 2.1 
trans-Ocimene 1251 1.1 
p-Cymene . . 1275 0 .1 
Terpinolene 1289 0.7 
2,6-Dimethylhept-2-en-1 -al 1356 0 .2 
Citronella! 1485 13.3 
Linalo1 1547 0.5 
lsopulegol 1564 0.4 
Bornyl acetate 1578 0.5 
a-Bergamotene .. 1600* 1.0 
~-Caryophyllene 1615* 0.9 
Terpinen-4-ol 1615* 0.4 
Citronellyl acetate 1671 1.2 
a· Terpineol 1689 1.1 
Borneol 1704 5.2 
Geranyl acetate .. 1764* 2.1 
Terpinyl acetate 1764* 0.4 
Citronellol 1764* 6.5 
li-Cadinene 1775* 0.6 
Nero! 1800 0 .6 
Geraniol 1845 17.5 
Geranyl butyrate 1901 0.6 
Caryophyllene oxide 2000* 0.1 
Elemol 2078 0 .7 
cis-Methylisoeugenol . . 2091* 0.4 
lrans-Methylisoeugenol 2173 11.3 

BS2999/18 EOA AM ClEO 
(1972) No. l2 sample 

0.893 0.891* 0.902 
0.910 0.904* 
1.479 1.479 1.484 
1.485 1.485 
-18' -18' -15' 
-9' -9' 
25 7% t 26 
55 15% 

185 55%t 191 
201 65% 
I in2 I in 2, Passes tests 

1 in 4, remaining remaining clear 
clear for 24 h when di luted to 

10 

the finest quality oil of clove buds is obtained by water 
distillation of whole or lightly crushed buds, rather than steam 
distillation, which introduces an undesirable harsh odour and 
flavour . 

The oil is a pale yellow, highly refracting and slightly viscous 
liquid with a characteristic warm , spicy odour and flavour of 
clove, without any harshness. The colour may vary according 
to the degree of any bleaching in the light or contact with any 
trace metals, such as iron or copper , which cause considerable 
darkening. Essential oil of clove bud is used in the flavouring, 
perfumery and pharmaceutical industries. 
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Fig. 3. Essential oil of clove bud (Malagasy Republic) on methyl polysiloxane (non-polar) stationary phase 
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Fig. 4. Essential oil of clove bud (Malagasy Republic) on polyethylene glycol 20M (polar) stationary phase 
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The clove buds yield between 16 and 21% of essential oil, 
containing typically 90% of total phenols, principally eugenol 
and including eugenyl acetate. The fine odour and flavour of 
the best oils are attributed to very small amounts of other 
oxygenated compounds that are difficult to detect by GLC. 
Some clove oils, particularly those from Comores, may have 
an even higher content of total phenols. 

Adulteration of clove bud oil is usually by the addition of 
clove leaf or clove stem oil, or by the addition of clove 

Table 7. Essential oil of clove bud , Malagasy Republic: methyl 
polysiloxane (non-polar) stationary phase 

Peak identity RRI RPA, % 

Chavicol 1294 0.2 
Eugenol 1341 72.8 
a-Copaene 1388 0.2 
~-Caryophyllcne 1431 15.7 
a-Humulene 1466 1.6 
Eugenyl acetate 1492 7.8 
11-Cadinene 1525 0.2 
Caryophyllene alcohol 1559 0.2 
Caryophyllene oxide . . 1577 0.3 
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terpenes obtained as residues from the extraction of eugenol 
from the poorer qualities of clove oil. These types of 
adulteration are difficult to detect by GLC and an organolep­
tic evaluation may be a preferable guide. 

Typical chromatograms are shown in Figs. 3 and 4 for an 
English distilled oil and the identified components and their 
approximate proportions in the oil are given in Tables 7 and 8; 
Table 9 shows the physico-chemical standards that are 
applied. 

Table 8. Essential oil of clove bud, Malagasy Republic: polyethylene 
glycol 20M (polar) stationary phase 

Peak identity RRI RPA, % 

a-Copaene 1505 0.2 
~-Caryophyllene 1614 15.8 
a-Humulene 1688 1.6 
cx-Farnesene 1754 0.2 
11-Cadinene 1771 0.2 
Caryophyllene oxide 2000 0.3 
Eugenol 2161 73.3 
Eugenyl acetate 2253 6.3 
Chavicol . . 2373 0.2 

Table 9. Essential oil of clove bud, Malagasy Republic: published standards 

IS03142 852999/20 BP AM ClEO 
Property (1974) (1972) (1980) sample 

Apparent density (mass per ml) at 20 "C: min. 1.044 1.041 1.041 1.044 
max . 1.057 1.054 1.054 

Refractive index at 20 •c: min. 1.528 1.528 1.528 1.532 
max. 1.538 1.538 1.537 

Optical rotation at 20 •c: min. -IS -IS -IS -0.40 
max. 00 00 o· 

Total phenols: min . . . 85% 85% 85% 86% 
max . .. 93% 93% 90% 

Miscibility with 70% VIV ethanol at 20 •c I in2 I in2 I in2 I in4 
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Essential Oil of Juniper Berry, Hungarian 

Essential oil of juniper berry is obtained by the distillation 
with wet steam of the fruits of Juniperus communis L. This 
shrub grows wild in the mainly dry areas of Europe, Asia and 
the Americas, but there are several geographical varieties. 
The essential oil from the European form ( var. erecta) is 
considered superior to that from the North American form 
(var. depressa). The oil is a colourless to faint greenish or 
yellowish liquid, with a characteristic odour and flavour. The 
odour is described as balsamic and resembling pine needles, 
whilst the flavour has an aromatic, bitter taste that persists 
even at very low concentrations. The berries may be ripe or 
partially ripe, dried or partially dried, and are usually crushed 
prior to distillation with wet steam. The yield of oil varies from 
0.5 to 2.5%, according to the quality and condition of the 
berries. Its main constituent is ex-pinene, with a wide range of 
other mono- and sesquiterpene hydrocarbons and minor, but 
important, amounts of oxygenated compounds. 

The production of the essential oil by the direct distillation 
of the berries accounts for only a minor proportion of the so­
called essential oil of commerce, most of which is obtained as a 
by-product from the distillation of gin or from the distillation 

Table 10. Essential oil of juniper berry, Hungarian: methyl poly-
siloxane (non-polar) stationary phase 

Peak identity RRI RPA,% 

a-Thujene 919 2.8 
lt'-Pinene .. 930 35.0 
Camphene 944 0.3 
Sabinene .. 965 5.0 
Myrcene .. 979 9.3 
a·Phellandrene 1000 0.4 
a-Terpinene 1014 2.1 
p-Cymene . . 1014 1.2 
Limonene .. 1026 3.7 
13·Phellandrene 1026 0.7 
y-Terpinene 1051 3.7 
2-p·Tolylpropene 1077' 0.3 
Terpinolene 1081 1.8 
Terpinen-4-ol 1165 9.6 
a-Terpineol 1176 0.9 
Bornyl acetate 1278 0.3 
a-Cubebene 1356 0.4 
a-Copaene 1384 0.5 
13-Elemene 1391 1.9 
13-Caryophyllene 1429 1.9 
a-Humulene 1461 1.5 
1\-Cadinene 1523 2.8 

Table 12. Essential oil of juniper berry: published standards 

Property 

Apparent density (mass per ml) at 20 •c: min. 
max. 

Refractive index at 20 •c: min. 
max. 

' Sp. gr. 25125 •c. 

Optical rotation at 20 •c: min. 
max. 

Miscibility with 95% VIV ethanol at 20 •c 
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of fermented berries. These oils are deficient in the oxygen­
ated compounds and are inferior in quality. Such oils are not 
covered by the general description of essential oils, but are 
often confused with, or used to adulterate, the genuine article. 
In addition, the oils may be adulterated with Juniper wood oil, 
turpentine or other terpene fractions. GLC fingerprinting can 
be a useful guide to adulteration, particularly if attention is 
paid to the level and presence of the trace amounts of 
oxygenated compounds, but organoleptic testing and the 
physico-chemical properties are also important guides. On 
ageing, the oil becomes viscous and denser, and develops an 
odour recalling that of old turpentine. Its solubility in aqueous 
ethanol decreases . 

Essential oil of juniper berry is used in perfumery and 
pharmaceutical products, but in flavouring it is usually used 
after the partial removal of the mono- and/or sesquiterpene 
hydrocarbons in order to increase its solubility. 

Typical chromatograms are shown in Figs. 5 and 6 for an oil 
obtained in England by the direct distillation with wet steam of 
crushed Hungarian berries, Juniperus communis L. var. 
erecta. Identified components and their approximate propor­
tions in the oil are given in Tables 10 and 11; Table 12 shows 
the physico-chemical standards that are applied. 

Table ll. Essential oil of juniper berry, Hungarian: polyethylene 
glycol 20M (polar) stationary phase 

Peak identity RRI RPA,% 

a-Thujene 1035 2.9 
a-Pinene 1035 35.1 
Camphene 1076 0.3 
13-Pinene .. 1114 1.9 
Sabinene .. 1124 5.0 
Myrcene .. 1165 9.5 
a-Terpinene 1195 2.2 
Limonene .. 1213 3.7 
13-Phellandrene .. 1226 0.7 
y-T erpinene 1256 3.7 
p-Cymene .. 1282 1.3 
Terpinolene 1293 1.8 
2-p-Tolylpropene 1448 0.3 
a-Cubebene 1473 0.4 
a-Copaene 1510 0.4 
13-Caryophyllene 1600 1.9 
Terpinen-4-ol 1612 9.5 
a-Humulene 1687 1.9 
Germacrene D 1724 2.7 
1\-Cadinene 1770 2.9 
a-Cadinol .. 2224 0.7 

EOA FoodChem. AMC/EO 
No.113 Codex, USA sample 

0.854' 0.854' 0.871 
0.879' 0.879' 
1.4740 1.4740 1.480 
1.4840 1.4840 
-15. -15. -4.8° 

00 o• 
I in4 Not given I in4 

with turbidity with turbidity 
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Fig. 5. Essential oil of juniper berry (Hungarian) on methyl polysiloxane (non-polar) stationary phase 
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Fig. 6. Essential oil of juniper berry (Hungarian) on polyethylene glycol 20M (polar) stationary phase 
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Essential Oil of Lemon, Sicilian, Obtained by Expression 

This oil is prepared by the cold expression from the fresh 
pericarp of the ripe fruit of Citrus limon L. and is native to the 
Far East . Its cultivation has spread to such Mediterranean 
regions as Spain, Italy, Israel and Greece and in America to 
California and Florida. 

Isolation of the oil by cold expression was traditionally 
achieved by the "sponge" process, but although this yields the 
finest quality of oil, it is not capable of mechanisation and 
alternative mechanical devices have been developed to 
produce a similar product. These mechanical processes have 
developed separately in different countries and as they yield 
oils of slightly different characteristics, it is necessary to define 
an oil by its country of origin and method of production. 

The underlying reason for these differences in characteris­
tics lies in the change induced in the oil by the extent of its 
contact with the lemon juice, which is acidic and enzymically 
active. In addition, the oil is affected by its contact with water, 
which preferentially dissolves the oxygenated components, 
and contact with air, which induces oxidation and poly­
merisation. The combined effect of these factors particularly 
reduces the citra( content, which should normally be of the 
order of 3.5% when determined as total aldehydes. 

Table 13. Essential oil of lemon, Sicilian, obtained by expression: 
methyl polysiloxane (non-polar) stationary phase 

Peak identity RRI RPA,% 

O<-Thujene 917 0.4 
cr-Pinene .. 928 1.8 
Camphene 945 0.1 
Sabinene 966 1.9 
fl-Pinene .. 976 12.1 
O<-Terpinene/p-cymene 1016 0.5 
Limonene .. 1032 67.0 
y-Terpinene 1055 8.6 
Terpinolene 1083 0.4 
Citronella! 1131 0.1 
O<-Terpineol 1176 0.2 
Neral/nerol 1217 1.1 
GeraniaVgeraniol 1245 1.8 
Neryl acetate 1341 0.5 
Geranyl acetate . 1359 0.5 
fl-Caryophyllene 1431 0.2 
O<-Bergamotene .. 1439 0.4 
fl-Bisabolene 1508 0.5 
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The cold pressed essential oil of lemon is a pale to deep 
yellow or greenish yellow liquid with a characteristic odour 
recalling that of fresh lemon peel. The principal constituent of 
the oil is limonene, but the important flavour components are 
the isomeric citrals, together with other minor oxygenated 
components. The oil contains a proportion of dissolved waxes 
and other non-volatile components which may separate as 
flock or sediment on storage, particularly under cold con­
ditions. 

Traditional analyses of the oil depend on determination of 
the citra( content and the non-volatile residue, as well as a 
range of physical constants. A list of applied standards is given 
in Table 15, but the application of GLC gives far more detailed 
information about the composition of the volatile portion of 
the oil, whilst spectrophotometric analyses and various forms 
of liquid chromatography can be applied to the non-volatile 
part. 

The adulteration of lemon oil is facilitated by the availability 
of a range of by-products arising from the further processing of 
genuine oil in order to reduce its terpene content and improve 
its solubility. These "terpenes" are often added back to 
genuine oil and the aldehyde balance adjusted by the addition 
of citra( from external sources. Similarly, the non-volatile 
residue content can be adjusted by the addition of other 

Table 14. Essential oil of lemon, Sicilian, obtained by expression: 
polyethylene glycol 20M (polar) stationary phase 

Peak identity RRI RPA,% 

n:-Pinene 1023 2.2 
Camphene 1060 0.1 
fl-Pinene .. 1111 12.2 
Sabinene 1123 1.9 
Myrcene .. 1154 1.5 
O<-Terpinene 1188 0.2 
Limonene .. 1211 66.5 
fl-Phellandrene 1232 0.3 
y-Terpinene 1250 8.8 
p-Cymene. 1272 0.3 
Terpinolene 1284 0.4 
Nonanal . . 1394 0.1 
Citronella! 1481 0.1 
Linalol 1541 0.2 
O<-Bergamotene .. 1590 0.4 
fl-Caryophyllene 1607 0.3 
Neral 1679 0.9 
O<-Terpineol 1689 0.2 
Geranial/fl-bisabolene 1730 2.0 
Neryl acetate 1735 0.7 
Geranyl acetate . 1753 0.7 
Nero! 1788 0.1 
Geraniol .. 1836 0.1 

Table 15. Essential oil of lemon, Sicilian, obtained by expression: published standards 

IS0855 
Property (1981)* 

Apparent density (mass per ml) at 20 oc: min. 0.849 
max. 0.858 

Refractive index at 20 oc: min. 1.474 
max. 1.476 

Optical rotation at 20 °C: min. +57° 
max. +65° 

Residue on evaporation: min. 1.6% 
max. 3.9% 

Acid value 3max. 
Carbonyl value: min.t II 

max. 17 
Miscibility with 90% VIV ethanol at 20 oc Not given 

* In addition, the ISO specification includes two spectrophotometric standards. 
t Carbonyl value x 0.2713 gives percentage as citra!. 

BP AMC/EO 
(1980) sample 

0.850 0.852 
0.856 
1.474 1.475 
1.476 
+57° +600 
+65° 
2% 2.2% 
3% 

Not given 2 
3.5% 3.6% 

(as citra!) (as citra!) 
I in 12 Passes BP test 
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natural or synthetic waxes possessing the correct physical 
characteristics. These types of adulteration are difficult to 
detect by conventional analyses, even though organoleptic 
testing may give clear indications of a poor quality of oil. The 
situation is further complicated because very minor changes in 
the composition ofthe oil may give rise to major changes in the 
organoleptic qualities and may arise not only from adultera­
tion , but also from a poor manufacturing process or poor 
storage of an otherwise good oil. 

Table 16. Essential oil of lime, Cuban, distilled: methyl polysiloxane 
(non-polar) stationary phase 

Notwithstanding these difficulties, an authentic sample of 
winter crop lemon oil from Barchelona in Sicily and prepared 
by the "Sfumatrice" process was used for the chromatograms 
shown in Figs. 7 and 8, which are therefore representative of 
an unadulterated top quality oil from this region. A list of the 
identified components and their approximate proportions in 
the oil is given in Tables 13 and 14; Table 15 shows the 
physico-chemical standards that are applied. 

It should be particularly noted that a polyethylene glycol 
20M stationary phase was used , and not one of its close 
equivalents, such as those terminated with terephthalic acid , 
which are known to decompose aldehydes at elevated 
temperatures. This does not pose a problem when these 
phases are used in capillary columns, because the elution 
temperatures are lower and decomposition of the aldehyde is 
reduced. 

Peak identity 

a--Pinene 
Camphene 
~-Pinene .. 
Myrcene .. 
O<-Terpinene 
p ·Cymene .. 
Limonene .. 
y-T erpinene 
Terpinolene 
Fenchol 
Terpinen-l ·ol 
cis-~-Terpineol 
trans-~-Terpineol 
Borneol 
Terpinen-4·ol 
O<-Terpineol 
y-Terpineol 
~-Caryophyllene 
O<-Bergamotene .. 
trans, trans-a:-Farnesene 
~-Bisabolene 

RRI RPA,% 

929 0.8 
942 0.4 
973 0.9 
978 1.1 

1007 1.8 
1014 3.4 
1029 46.6 
1052 8.7 
1081 7.0 
1104 1.1 
1122 1.1 
1130 0.9 
1148 0.3 
1157 0.6 
1165 1.3 
1178 8.7 
1184 1.4 
1430 0.7 
1439 0.9 
1498 1.0 
1508 1.2 

Essentail Oil of Lime, Cuban, Distilled 

Essential oil of lime is prepared by the steam distillation of the 
unclarified juice obtained from strained fruit . The limes are of 
the "acid" variety, Citrus aurantifolia Swingle, and are widely 
grown throughout the tropics . This particular type of lime oil 
should not be confused with that obtained on a lesser scale 
from the "sweet" lime or from those obtained by cold 
expression from either variety of limes. Essential oil of 
distilled lime finds extensive use as a flavouring, particularly in 
sof~· drinks. 

Table 17. Essential oil of lime, Cuban , distilled: polyethylene glycol 
20M (polar) stationary phase 

In the original commercial processing of "acid" limes, the 
distilled oil was a by-product from the production of lime juice 
and citric acid, but the market demand for lime oil favoured 
the distilled oil in preference to the cold pressed oil up to the 
point where contemporary production now treats the distilled 
oil and the juice as equally desirable products. The oil is a 
colourless to greenish yellow liquid with a characteristic 
odour. The best qualities are obtained from the slow, 
prolonged steam distillation of the juice from green limes. The 
yield of oil may be as high as 0.3%, of which the main 
constituents are limonene and other monoterpene hydrocar­
bons, with smaller amounts of sesquiterpene hydrocarbons 
and oxygenated compounds, the principal oxygenated com­
pound being a-terpineol. Better quality oils are characterised 
by a higher density and a lower optical rotation, but 
adulteration is rife, the usual adulterants being lime terpenes, 

Table 18. Essential oi l of lime, Cuban, distilled: published standards 

Peak identity 

o::-Pinene 
Camphene 
~-Pinene 
Myrcene .. 
O<-Terpinene 
Limonene .. 
y-Terpinene 
p-Cymene . . 
Terpinolene 
2-p-Tolylpropene 
Bicycloelemene . 
Decanal 
Linalol 
Terpinen-1-ol 
Fenchol 
~·Caryophyllene 
0<-Bergamotene . . 
Terpinen·4-ol 
cis-~-Terpineol .. 
trans-~· Terpineol 
O<-Terpineol 
~-Bisabolene 
trans,trans-cx-Farnesene 
p-Cymen·8-ol 

ISO 3519 BS2999/45 
Property (1976) (1972) 

Apparent density (mass per ml) at20 •c: min. 0.856 0.856 
max. 0.865 0.862 

Refractiveindex at20 •c: min. 1.474 1.475 
max. 1.478 1.477 

Optical rotation at20 •c: min. +34° +34° 
max . +45° +45° 

Residue on evaporation 2.5% max. 3% max. 
Carbonyl valuet 1.5% min. 1.5% min , 

as citra! 5.5 max. 
Miscibility with 90% VIV ethanol at 20 •c Not given Not given 

• Sp. gr. 25/25 ·c. 
t Carbonyl value x 0.2713 gives percentage as citra!. 

RRI RPA,% 

1026 0.8 
1063 0.4 
1103 1.2 
1147 1.1 
1174 1.9 
1204 46.9 
1244 8.9 
1269 3.5 
1283 7.3 
1444 0.3 
1482 0.1 
1506 0.2 
1542 0.3 
1576 1.2 
1585 1.4 
1597 0.9 
1605 0.9 
1614 0.8 
1628 0.9 
1672 0.3 
1698 9.0 
1737 1.5 
1754 1.0 
1846 0.4 

EOA AM ClEO 
No. 78 sample 

0.855* 0.860 
0.863* 
1.4745 1.476 
1.4770 
+34" +38" 
+47" 

Not given 2.2% 
0.5%min ., 4.0% 
2.5% max. 

I inS 



1356 ANALYST, OCfOBER 1984. VOL. 109 

0 ~ ~ " 0 u u u u u u cJ 
I I I I I I I 

Ac 
}\,J 'VJ l.vwv\_.r- ~ ~ .A 

II II 111\00\ 1 111 rn 
~! ~~ ~sm~m ~ m ~~i~ 

11 II !!! l~llll! 111!1 ~i H ~~ HJHHH f Hf UH :!"' 
Eo~ 

:~ :~ 

''" 
Fig, 9. Essential oil of lime (Cuban, distilled) on methyl polysiloxane (non-polar) stationary phase 

;! N ~ ~ ~ " I~ 0 

u u u u u u u cJ 
I I I I I I I I 

uJw I~ ~~Ill 1 
I 1I111Jm\ ·1 TT I Ill 
~ ~s ~ ~ ~~~~~@~ ~ ~ i §~~ ~s~ ~ ~ ~ 

I 11 I~ 11!l1 I I 
11111\111 0 ~~ 

i i 
~ H !Ubi~ 

~ ~ 
1 ~ll ~~ " JU HHil (; j! i • ~m 

Fig. 10. Essential oil of lime (Cuban, distilled) on polyethylene glycol 20M (polar) stationary phase 



ANALYST. OCTOBER 1984. VOL. 109 

obtained from the manufacture of " terpeneless" oils, and 
ex-terpineol, obtained synthetically. The addition of these has 
the effect of reducing the level of the other minor com­
ponents , which can serve as a guide to the level of adultera­
tion . In particular , the levels of sesquiterpene hydrocarbons 
are difficult to adj ust by adulteration. 

Typical chromatograms, for an oil distilled in Cuba, are 
shown in Figs . 9 and 10 and the identified components and 
their approximate proportions in the oil are given in Tables 16 
and 17; Table 18 shows the physico-chemical standards that 
are applied. 

Essential Oil of Nutmeg, East Indian, Padang 

Nutmegs are dried , ripe seeds of the fruit from a large 
evergreen tree , Myristica fragrans Houttuyn , native to 
Indonesia , but now cultivated in both the East and West 
Indies . When the fruit is ripe, it falls naturally from the tree 
and , in so doing, splits along a lateral groove. The fallen fruits 
are collected and the seeds, which are covered with scarlet 
arillode (mace), are removed. After drying, the mace is 
detached from the shells, which are then further dried until the 
inner kernel rattles within the shell . The brittle shell is then 
removed by cracking to reveal the nutmeg of commerce. 
Essential oil of nutmeg finds extensive use in flavouring , 
perfumery and pharamceutical products. 

Table 19. Essential oil of nutmeg. East Indian , Padang: methyl 
polysiloxane (non-polar) stationary phase 

Peak identity RRI RPA. % 
<>-Thujene 921 2.2 
a:-Pinene 931 22.8 
Camphene 948 0.3 
Sabinene .. 971 18.6 
13-Pinene 979 15.7 
n-Phellandrene .. 1000 2.4 
n-Terpinene 1013 3.4 
Limonene . . 1028 3.7 
y-Terpinene 1052 5.1 
Terpinolenellinalol 1083 1.7 
Terpinen-4-ol 1170 7.7 
a-Terpineol 1180 1.0 
Safrole 1269 2.1 
4-Pentylanisole 1290 0.3 
Eugenol 1335 0.2 
n-Copaene 1382 0.2 
Isoeugenol 1423 0.2 
n-Bergamotene . 1436 0.1 
Myristicin . 1497 5.3 
o-Cadinene 1521 0.3 
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The dried nutmegs not only contain the essential oil, but 
also considerable amounts of seed fat, mainly composed of 
trimyristin . The essential oil may be recovered from ground 
nutmegs by steam distillation, but the oil is obtained only in 
low yield , because of the "fixative" effect of the seed fat, and 
prolonged distillation hydrolyses this fat to give an essential oil 
of poor quality and containing considerable amounts of free 
fatty acids. Improved qualities of essential oil are obtained in 
higher yield from ground nutmegs that have had their seed fat 
content reduced. In commercial practice, the dried nutmegs 
are very susceptible to insect attack, which consumes a 
proportion of the fat, whilst leaving the essential oil un­
changed, and it is these nutmegs , described as "distillation 
grade," that are used for essential oil production. Yields of oil 
vary considerably from 7 to 16% and the oil obtained from 
East Indian nutmegs is significantly different from that 
obtained from West Indian nutmegs. The main differences lie 
in the lower monoterpene content of the East Indian oil, with 
a correspondingly higher content of oxygenated compounds, 
notably safrole and myristicin. The oil is a colourless or pale 
yellow liquid, having an odour and flavour characteristic of 
nutmegs. Adulteration is usually confined to the addition of 
monoterpene hydrocarbons, or turpentine, which is difficult 
to detect unless gross amounts are added. 

Typical chromatograms for an East Indian oil prepared in 
Padang from distillation grade nutmegs are shown in Figs. 11 
and 12 and the identified components and their approximate 
proportions in the oil are given in Tables 19 and 20; Table 21 
shows the physico-chemical standards that are applied. 

Table 20. Essential oil of nutmeg, East Indian , Padang: polyethylene 
glycol 20M (polar) stationary phase 

Peak identity RRI RPA ,% 
ct-Pinene 1033 22.6 
Camphene 1072 0.3 
~-Pinene 1117 15.4 
Sabinene 1122 18.5 
Myrcene/ /13-carene 1155 3.2 
n-Phellandrene .. 1172 0.9 
n-Terpinene 1189 3.5 
Limonene .. 1210 3.9 
13-Phellandrene 1219 2.4 
y-Terpinene 1250 5.1 
p-Cymene . . 1275 1.1 
Terpinolene 1288 2.4 
n-Copaene 1503 0.2 
Linalol 1540 0.4 
Terpinen-4-ol 1600 8.0 
<>-Terpineol 1693 1.0 
Safrole 1883 2.0 
Myristicin . 2264 6.9 

Table 21. Essential oil of nutmeg, East Indian, Padang: published standards 

Property 
Apparent density (mass per ml) at20 "C: min . 

max. 
Refractive index at 20 "C: min . 

max . 
Optical rotation at 20 "C: min . 

max. 
Residue on evaporation 
Miscibility with 90% VIV ethanol at 20 "C 

1503215 
(1974) 
0.883 
0.917 
1.475 
1.488 
+8" 
+25" 

Not given 
I in5 

(lin3or4 
for fresh oils) 

BS2999/37 
(1971 ) 
0.885 
0.915 
1.475 
1.488 
+8" 
+25" 

3%max. 
I in3 

BP 
(1980) 
0.885 
0.915 
1.475 
1.488 
+10" 
+25" 

3% max. 
I in3 

AM ClEO 
sample 
0.892 

1.479 

+15" 

2.5% 
I in3 
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Essential Oil of Black Pepper, Sarawak 

Essential oil of black pepper is prepared by the steam 
distillation of the dried immature berries of Piper nigrum L. 
The main exporting countries are India, Sri Lanka, Indonesia, 
Brazil and Malaysia,the source of the berries being designated 
by the port from which they were exported or the region where 
they were grown. The pepper plant is a perennial climbing 
vine and is extensively cultivated in tropical areas. The oil is an 
almost colourless to bluish green liquid with a characteristic 
odour recalling that of the freshly crushed spice, although it 
completely lacks the pungent quality. The berries are usually 
crushed prior to distillation and yield between 1 and 2.6% of 
an essential oil, which is composed mainly of mono- and 
sesquiterpene hydrocarbons with minor amounts of oxygen­
ated compounds and trace amounts of nitrogenous com­
pounds derived from the alkaloids. The colour is due to the 
presence oftrace amounts of azulenes and the quality of an oil 
has often been related to its colour. However, this can be 
misleading because the colour fades rapidly on exposure to 
light and the inclusion of pepper dust obtained from the 
preparation of decorticated pepper during the distillation can 
be used as a way of increasing the content of azulenes. 
Essential oil of black pepper finds use in both flavouring and 
perfumery. 

The monoterpene hydrocarbons account for as much as 
70-80% of the oil with <X-pinene, 13-pinene and limonene 
predominating, whilst the rna jor sesquiterpene hydrocarbon is 
13-caryophyllene. The relative proportion of the monoterpene 
hydrocarbons to the other constituents may vary considerably 

Table 22. Essential oil of black pepper, Sarawak: methyl polysiloxane 
(non-polar) stationary phase 

Peak identity RRI RPA, % 

o:-Thujene 916 0.2 
o:-Pinene .. 930 5.8 
Camphene 944 0.1 
P-Pinene 975* 10.4 
6'-Carene 1009 20.2 
Limonene .. 1025 17.0 
y-Terpinene 1050 0.2 
Terpinolene 1082 0.9 
Terpinen-4-ol 1169 0.1 
a:-Terpineol 1179 0.1 
0-Elemene 1344 2.6 
o:-Cubebene 1359 0.2 
o:-Copaene 1385 2.4 
~-Elemene 1394 0.5 
~-Caryophyllene 1430 28.1 
o:-Humulene 1462 1.4 
o-Cadinene 1525 0.7 

Table 24. Essential oil of black pepper: published standards 
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in commercial samples as a result of the quality of the berries 
used for distillation and the care taken in their drying and 
storing. . 

Adulteration of pepper oil is usually confined to the 
addition of terpene hydrocarbons from a totally dtfferent 
source or by the addition of "pepper terpenes" o_btamed by 
fractionation from oleoresin production. DetectiOn of thts 
type of adulteration is difficult, but me~sur~ments ~f the 
physical constants and comparative exa~mnattons of fing~r­
print gas chromatograms can be reveahng,. ~!though maJOr 
changes in the terpene hydrocarbon composttton may not be 
significant. . . . 

Typical chromatograms are shown for an Enghsh-dtsttlled 
oil in Figs. 13 and 14 and the identified components and thetr 
approximate proportions in the oil are given in Tables 22 and 
23; Table 24 shows the physico-chemical standards that are 
applied. 
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Table 23. Essential oil of black pepper, Sarawak: polyethylene glycol 
20M (polar) stationary phase 

Peak identity RRI RPA,% 

cr-Pinene 1027 5.8 
Camphene 1068 0.1 
~-Pinene 1110 10.4 
6 ' -Carene 1156 20.2 
Limonene. 1210 17.1 
y-Terpinene 1248 0.2 
p-Cymene .. 1268 0.8 
Terpinolene 1292 1.0 
b-Elemene 1480 2.5 
o:-Copaene 1510 2.3 
~-Elemene 1540 0.4 
~-Caryophyllene 1614 27.8 
o:-Humulene 1686 1.4 
b-Cadinene 1771 0.8 
Caryophyllene oxide 1992 0.6 

IS0 3061 BS2999112 EOA AMC/EO 
Property (1979) (1965) No.102 sample 

Apparent density (mass per ml) at 20 'C: min. 0.870 0.868 0.864* 0.872 
max. 0.890 0.907 0.884* 

Refractive index at20 'C: min. 1.480 1.480 1.4795 1.4835 
max. 1.492 1.492 1.4880 

Optical rotation at 20 'C: min . -16' - 15' -23' -7.2' 
max. +4' +4' -1' 

Estervalue : max. II II Not given 4 
Miscibility with 95% VIV ethanol at 20 ' C I in 3 I in3 I in 3 I in2 .8 

* Sp. gr. 25/25 'C. 
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SHORT PAPER 

Gravimetric Determination of Ouinalphos by the Direct Precipitation 
of the 2-Hydroxyquinoxaline - Copper Chloride Complex with 
Copper(l) Chloride 

Ramesh C. Rastogi, Nibaran C. Dey and Probin Baruah 
Regional Research Laboratory, Jorhat 785 006, India 

Keywords: Quinalphos determination; copper{/) chloride; 2-hydroxyquinoxaline; gravimetry 

Quinalphos (0,0-diethyl 0-2-quinoxalinyl phosphorothi­
oate) is an importan t organophosphorus pesticide whose 
widespread use as an effective pesticide has created a demand 
for a quick , easy and reliable method for its determination. A 
few papers have recently described GLC methodsl.2 for the 
quantitative determination of organophosphorus pesticides. 
The methods are, however , inadequate for quinalphos as the 
compound is very sensitive to heat , and a GLC analysis leads 
to its decomposition on the column, which results in its 
inaccurate determination. Elemental analysis. e.g .. of nitrogen 
and phosphorus. is not always conclusive , because technica l 
grade quinalphos is usually contaminated with other nitrogen 
base impurities such as 2-ethoxyquinoxaline and phosphorus 
impurities such as ethyl phosphorodithioate and 0 ,0-diethyl 
phosphorochloridothioate. Therefore. a quick and reliable 
method for the determination of this pesticide is lacking. In a 
previous paper3 reactions of copper(!) chloride with 
2-hydroxyquinoxaline and copper(II) ch loride with 
quinalphos have been reported to give a brick­
red 2-hydroxyquinoxaline - copper chloride complex 
(CuCI.C8H6N20). The former reaction was found to be 
quantitative and has been reported as a method for the 
determination of 2-hydroxyquinoxaline,4 but the latter did not 
give quantitative results, even after prolonged digestion. 
Recently , it was found that copper(!) chloride reacted directly 
with quinalphos to give the same copper complex as above. 
This paper describes a gravimetric method for the 
determination of quinalphos based on its reaction with 
copper(!) chloride. A direct gravimetric method for the 
determination of quinalphos has not previously been reported. 

Experimental 

Reagents 

All chemicals were of analytical-reagent grade . Ethanol was 
distilled once before use . Acidified H20 2 solution was 
prepared by mixing 6% H20 2 solution with 10 N HCI. 

Preparation and Purification of Quinalphos 

Quinalphos was prepared by condensing 2-hydroxyquinoxal­
ine with 0 ,0-diethyl phosphorochloridothioate in the 
presence of anhydrous potassium carbonate and acetonitrile 
according to the method of Schmidt and Hammann.s To 
obtain a technical grade sample of quinalphos, the above 
product was diluted with xylene (2+ 1) and stabilised by 
adding epichlorohydrin . The technical quinalphos (sample A) 
thus obtained would be expected to contain 65-70% quinal­
phos, 25-30% xylene , 3% epichlorohydrin and trace amounts 
of other impurities. Sample A was further diluted with a 

different amount of xylene to give samples B, C and D. 
Commercially formulated samples, Ekalux and Suquin (25% 
m/m), manufactured by Sandoz India Ltd .. Bombay, India 
and Sudarshan Chemical Ltd. , Poona, India , respectively , 
were used as supplied. 

Procedure 

The stock solution of quinalphos in xylene or Ekalux or Suqin 
was accurately transferred into a 100-ml round-bottomed fl ask 
so as to contain approximately 50--500 mg of quinalphos. A 
50--500-mg mass of finely powered anhydrous copper(!) 
chloride was then added followed by 10--25 ml of ethanol and 
the mixture was refluxed on a water-bath for 3 h using a water 
condenser. The mixture was cooled and the precipitate filtered 
through a weighed G4 sintered-glass crucible. The precipitate 
was first washed with benzene- hexane- diethyl ether followed 
by acidified H20 2 solution until the filtrate was free of Cu2+ 
ions. It was then washed with distilled water and rinsed with 
ethanol. The precipitate was dried at 120 oc for 1 h and 
weighed. The percentage of quinalphos in the complex is given 
by the following equation: 

% Quinalphos = (meMo) x 100 
moMe 

where me and m0 are the masses of the complex and quin­
alphos and M e and Mo are the relative molecular masses of 
the complex and quinalphos , respecti vely. 

Results and Discussion 

As is evident from the results presented in Tables 1 and 2, the 
reaction of copper(!) chloride with quinalphos to produce a 
2-hydroxyquinoxaline - copper chloride complex is quantita­
tive because it can be analysed for its nitrogen content. The 
samples used in this study were free from 2-hydroxyquinoxaline 
and other nitrogenous impurities. but if present . 
2-hydroxyquinoxaline can be determined in the presence of 
quinalphos by a previously reported method; in this procedure 
it is necessary to carry out a blank experiment. 4 The amount of 
complex thus obtained is subtracted from the amount of 
complex obtained by the proposed method to give the actual 
amount of complex formed with quinalphos. Other nitrogen 
impurities do not interfere with the proposed method of 
analysis . 

It was reported earlier.l that copper( II) chloride also reacted 
with quinalphos to give the brick-red complex. The react ion, 
however , was not quantitative even after prolonged refluxing. 
Copper(!) chloride reacted readily and the brick-red 
precipitate had good filtration properties, was stable to heating 
up to 250 oc without decomposition and was sparingly soluble 
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Table I. Gravimetric determination of different samples of quinalphos using direct complexation with copper( I) chloride powder 

Mass of Mass of 
Sample sample/g complex/g 

A 1.1070 0.5949 
1.0706 0.5747 
1.2324 0.6636 

B 1.7100 0.5144 
2.6737 0.8006 
3.2230 0.9548 

c. 0.9285 0.2198 
0.9657 0.2262 
0.8584 0.2015 

D 0.8979 0.1530 
0.9990 0.1670 
0.8781 0.1474 

E(Ekalux) 1.0068 0.2154 
1.0366 0.2241 
1.0074 0.2183 

F(Suquin) 1.1231 0.2378 
1.0892 0.2284 
1.0754 0.2261 

Table 2. Gravimetric determination of various amounts of quinalphos 
(sample B) by direct complexation with copper( I) chloride power 

Sample No . 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 

Mass of 
Sample/g 

0.0175 
0.1530 
0.1798 
0.2254 
0.2875 
0.3880 
0.3596 
0.3785 
0.3907 
0.4152 
0.5 160 
0.7683 
1.0075 
1.5223 
1.9868 

Mass of Quinalphos. 
Complex/g % 

0.0324 36.60 
0.0460 36.57 
0.0533 "36.03 
0.0681 36.73 
0.0867 36.66 
0.1010 36.35 
0. 1069 36.17 
0.1134 36.43 
0.1200 36.51 
0.1236 36.22 
0.1559 36.75 
0.2323 36.77 
0.2993 36.13 
0.4566 36.48 
0.5933 36.52 

Mean ± s.d : 35.45 ± 0.23 

in most organic solvents. It was observed that copper(I) 
chloride reacted with an ethanolic solution of quinalphos even 
at room temperature and the reaction was completed in about 
48 h . It was observed that emulsifier, stabiliser and colouring 
matters present in commercial samples (Ekalux or Suquin) did 
not interfere with the determination of the active ingredient . 
When emulsifier was present it was necessary to wash the 

Quinalphos. Mean+ s .d .. Quinalphos content 
% % from total N.% 

65.37 65.38± 0.08 65 .25 
65.29 
65.49 
36.58 36.24 ± 0.23 36.59 
36.40 
36.03 
28.79 28.61 ± 0.13 28.46 
28.49 
28.55 
20.73 20.50± 0.18 20.49 
20.33 
20.42 
26.02 26.22 ±0.15 25.98 
26.22 
26 .36 
25.75 25.61 ± 0.10 25.42 
25.51 
25 .57 

precipitate thoroughly with benzene - hexane - diethyl ether, 
before using acidified H 20 2 solution, otherwise the complex 
was partially carried by the emulsifier. 

It can be concluded. therefore. that the proposed gravi­
metric method for the determination of quinalphos provides a 
unique, simple and alternative method for the determination 
of technical and formulated grades of quinalphos. 

The authors are grateful to Dr. J. N. Baruah. Director, 
Regional Research Laboratory, Jorhat, for the interest he has 
shown in this work. 
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BOOK REVIEWS 

HPLC Analysis of Biological Compounds. A Laboratory 
Guide. 
William S. Hancock and James T. Sparrow. Chromato­
graphic Science Series, Volume 26. Pp. x + 361. Marcel 
Dekker. 1984. Price SwFr110. ISBN 0 8247 71400. 

This book is Volume 26 in the Chromatographic Science 
Series. The information given commences before opening it, 
as there is a diagram on the front cover that illustrates 
separation procedures. This leads one to expect that good 
practical details and applications will follow in the pages 
enclosed, and one is not disappointed. 

There are five chapters: one introductory, then discussion 
of column types, mobile phases, practical details of separ­
ations and finally applications (which cover amino acids, 
peptides, proteins, nucleotides, carbohydrates and lipids). 
There is an appendix containing a list of suppliers, a good 
index and 200 references. 

Useful tables include those giving characteristics of com­
mercial phases of various polarities, care of columns, advan­
tages and disadvantages of types of separations, etc. The 
chapter on applications includes helpful detail and is described 
as insights into the "minds" of chromatographers (the 
quotation marks being those of the authors and not the 
reviewer-which is puzzling). 

Good details are given of those separations which are 
included and the text in general is clear and concise. It is a 
book both for libraries and the practical person inexperienced 
in the technique. 

D. Simpson 

Microcolumn High-performance Liquid Chromatography 
Edited by Paul Kucera. Journal of Chromatography 
Library, Volume 28. Pp. xvi + 302. Elsevier. 1984. Price 
$63.50; Dfl165. ISBN 0 444 42290 0. 

In recent years considerable interest has been shown in the use 
of narrow-bore columns for HPLC. Indeed, microbore 
columns and their associated equipment are now available 
commercially from a number of manufacturers. This book, 
edited by Paul Kucera, is one of the first to concern itself with 
a detailed study of such columns and includes both packed and 
open-tubular capillary varieties. Eight chapters, from a 
number of well known authors, cover various aspects of the 
subject. 

The book commences with an overview by Guiochon and 
Colin , which details the basic properties of the different kinds 
of columns, their performances and limitations from a 
theoretical standpoint and the specifications required for the 
equipment associated with them. The practical advantages of 
using semi-microbore columns of 2 mm i.d. are also noted. 
The following chapter, by Kucera, deals in detail with I mm 
i.d. columns, the most usual diameter for commercial micro­
bore columns. One disadvantage of microbore columns is 
their generally longer analysis times, and in Chapter 3 
Hartwick and Dezaro provide a useful exploration of the 
theory and practice of using these columns for high-speed 
separations. In Chapter 4 Kucera and Manius discuss the 
advantages of, and practical procedures for, using column 
coupling and recycling techniques. Kucera is joined by 
Umagat in the next chapter to detail the use of chemical 
derivatisation techniques, and in Chapter 6, together with 
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Hartwick, he presents various applications of microbore 
HPLC to "real" separation problems. Both of these chapters 
contain a number of interesting chromatograms that will allow 
the practising analyst to make a useful visual evaluation of the 
technique. In the penultimate chapter Novotny describes the 
theoretical and practical use of capillary columns, i.e., those 
using very low flow-rates, typically around 1 !!I min-1. The 
unique detection opportunities offered by these columns are 
also discussed. Finally, Henion introduces the use of micro­
columns for on-line LC - MS using both belt-transport and 
DLI interfaces. 

In a book such as this, where each chapter has its own 
author, there is usually some variation in the quality of the 
text. In this instance each chapter is written to at least a good 
standard and some are particularly lucid. The various advan­
tages and disadvantages of microcolumn HPLC are well 
documented throughout with many useful diagrams and 
photographs. The text is liberally sprinkled with numerous 
equations detailing the theory of the subject. The references 
are fairly comprehensive, although there are some omissions, 
with the latest being early 1983. One unfortunate aspect of this 
book is that each chapter is very much in the form of a 
monograph, and there appears to be little or no cross­
reference between them. As a consequence, there is a high 
degree of repetition, especially concerning details of 
instrumental requirements . This criticism apart, however, this 
book provides a useful introduction to microcolumn HPLC 
and will answer many analysts' questions about this increas­
ingly important technique. 

C. R. Loscombe 

Control of Food Quality and Food Analysis 
Edited by G. G. Birch and K. J. Parker. Pp. xi + 332. 
Elsevier Applied Science. 1984. Price £35. ISBN 
0 85334 239 3. 

I am sure it has been said before that symposia do not transfer 
easily to the written page. Some speakers clearly are trying to 
instil controversy into the meeting, an admirable aim, which, 
however, may not come over quite so pungently on paper, 
lacking the speakers' personality and with no chance to 
question. Other speakers may have attempted to cover such a 
large topic that they cannot do justice to it in a few pages. 

Both types are present in this book, which presents the 
papers read at the 14th Annual International Industry -
University Symposium held at Reading in the spring of 1983. 
Eighteen papers are reproduced and they cover a very wide 
range of subjects, with food quality as the linking topic. 
However, food quality itself has a variable interpretation, 
some speakers talking of nutritional quality and others 
viewing quality as assessed by the analyst, the microbiologist 
or market research. 

It would be tedious to try and comment on all eighteen 
papers and some are, as already mentioned, a bit thin, but 
other authors presented their subject in a thorough way and 
have added to the spoken text a list of references that make 
their chapters akin to a review. I shall single out eight papers 
that have a particular interest to me, although other readers 
will no doubt find that different chapters hold their attention. 

Ann Walker explores the nutritional content of the national 
diet, its excesses and deficiencies and shows what steps are 
required to meet national guidelines. The story is developed 
concisely but clearly (62 references). 

R. Sawyer discusses the problems of relating analytical 
information to legal standards with particular reference to 
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lean meat, water in meat, butter fat and dietary fibre ( 42 
references). 

Three papers cover the old and new in analytical method­
ology. Olga Flint describes newer developments in light 
microscopy, which enable it to hold its place as a valuable 
analysts' aid, whilst speakers from the Norwegian Food 
Research Institute discuss the use of NIR to predict food 
quality, and C. Hitchcock reviews the potential of immu­
nology in the solution of difficult analytical problems (25, 19 
and 22 references. respectively). 

Microbiological quality is dealt with in two complementary 
papers by R. Spencer and C. S. Gutteridge, respectively. The 
first equates microbiological quality control with process 
hazard control while the second reviews rapid assay tech­
niques (42 and 65 references, respectively) . 

Finally , there are a series of papers dealing with specific 
food products-potatoes, meat, starch, fruit and vegetables 
and a particularly thorough review, considering the space 
limitations , on dairy products by speakers from the Depart­
ment of Dairy and Food Chemistry. University College of 
Cork (267 references). 

Although the book may not be read from cover to cover, it 
will be an addition to the library shelf of interest to many 

readers. A. G. Croft 

Developments in Food Colours--2 
Edited by John Walford. Developments Series. Pp. x + 
257. Elsevier Applied Science. 1984. Price £28. ISBN 
0 85334 244X. 

The first volume in this series covered the history of the use of 
colours in foods and included chapters on synthetic colours 
and some of the more important natural colours that are used 
in the industry. The second volume represents a natural 
progression dealing with subjects that could not be included in 
the first volume. 

The first chapter, by Lynne Parker, covers the important 
subject of worldwide legislation in the use of colours in foods, 
including an interesting history of the subject. It is clear from 
the first chapter that regulations differ widely from country to 
country, so that the second chapter dealing with analysis of 
colours is particularly welcome . G. Wadds is to be especially 
congratulated on the depth of knowledge that he brings . 
Analysts will be especially pleased that detailed analytica l 
methods are presented to the reader. 

A further chapter describes the influence of colour on 
customer choice and acceptance of food. The considerable 
influence of colour on apparent taste thresholds is particularly 
revealing. The fourth chapter reviews the history of synthetic 
food colours in North America and includes sections on 
specifications and certifications together with legal and 
toxicological aspects. 

A. J. Taylor is the author of the next chapter. dealing mostly 
with novel sources of natural colorants. Two authors from the 
British Industrial Biological Research Association discuss 
toxicological aspects of food colours with particular reference 
to allergy. The book closes with a chapter on future trends in 
the use of food co lours . 

Libraries who already have a copy of the first volume will 
need to add the second book to their shelves. It will be in 
considerable demand as both a reference and source book on 
food colours. Many companies are likely to find a need to 
purchase two copies in order to provide laboratory workers 
with a second book for their own practical work . The 
publishers should be urged to consider a third volume in the 
future to cover some practical aspects of the subject. including 
the analysis of natural colours in foods. 

M. J. Saxby 
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Treatise on Analytical Chemistry. Part 1. Theory and 
Practice. Second Edition. Volume 10. Section I. Magnetic 
Field and Related Methods of Analysis 
Edited by Philip J. Elving, Maurice M. Bursey and I. M. 
Kolthoff. Pp. xxx + 533. Wiley-lnterscience. 1983. Price 
£61.75. ISBN 0 471 89688 8. 

This reviewer knew, and occasionally used, Kolthoff's 
Treatise in earlier days and he was interested to see how it had 
grown and expanded. He was disappointed in what he found . 
Clearly its expansion has caused problems so that only 
volumes I , 2, 3, 5, 7 , 10 and 12 of the Second Edition of Part I , 
"Theory and Practice," are so far in print. This book is 
Volume 10, Section I. The important subject title, "Magnetic 
Field and Related Methods of Analysis, " regrettably does not 
appear on the dust cover, the cloth cover, the first or second 
title pages or anywhere on the page relating to copyright and 
cataloguing; it can eventually be found on the third title page. 
This book (Section I) contains six chapters covering NMR of 
1H, NMR of DC. ESR, quadrupole resonance , secondary ion 
mass spectrometry (SIMS) and Miissbauer spectroscopy. 
SIMS is hardly a related technique. whereas NMR of other 
nuclei, the natural bedfellow, was not written in time and is 
promised for Volume II. The probable contents of Volume 
10, Section II. are not divulged. 

The subjects are by now well known generally and this 
review is too short to comment ()n the individual chapters 
separately; each is a reasonable free-standing review in its 
own style . However . this book is not proffered as an "annual 
advances" type of series but rather as part of a coordinated. 
authoritative, expensive Treatise . and greater uniformity of 
presentation and understanding of the needs of analytical 
chemists could be expected. Even minor matters. such as 
ensuring that al) spectra contained a scale. are not covered. as 
exemplified by Figs. 1.32, 2.8, 3.21 and 4.18. amongst others. 
No uniformity of units. let alone SI. is imposed and Table 
3.1, giving some fundamental constants. quotes e (called the 
charge of the electron rather than the proton) in e.s.u .. the 
approximate conversion factor of which to coulombs will not 
be known to many readers in 1984. The same table also had a 
value of the nuclear magneton that is too high by a factor of 10. 
Not all Americans or even Europeans will recognise J as the 
German symbol for iodine (Jod) in Fig. 4.4. Blemishes of this 
kind can always creep in , but the late Felix Bloch. Nobel 
Laureate as co-founder of NMR. surely deserves better than 
consistently to be called Block throughout a whole chapter 
and the index. 

More important is the difficulty for a casual reader in 
finding specific items. Such a reader interested in quantitative 
analysis might find page 212, with its section heading 
"Quantitative Analysis by DC NMR. " There are only three 
pages of text and four figures. of which the last three look very 
alike. They refer to different detailed pulse sequences and 
their relative merits are not evaluated . Indeed, they refer to a 
pure compound and refer to the number of IJC in each site in 
natural abundance and not to qu antitative evaluation of a 
mixture. Similarly. one page altogether covering fuels. lipids, 
other biomolecules and polymers conveys very little informa­
tion. This section , and indeed the whole book , is lacking in 
details concerning accuracy , precision. capital costs . running 
costs , suitable states of matter . amount of material , concentra­
tion required, time required, suitability for industrial sites, 
incorporation in automated control loops, quality of staff 
required. merits and demerits of the method and much else 
that this reviewer would expect to extract conveniently from a 
"Treatise on Analytical Chemistry ." If this series is to re tain a 
major position in analytical chemistry it needs . in my view. a 
re-think of its objectives and tighter editorial control to see 
that they are achieved. 

D. H. Whiffen 
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There is a general section introducing aspects of statistics, 
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reference to trace analysis. Though several monographs 
deal with inorganic trace analysis, none has hitherto been 
published on organic trace analysis, this book rectifies the 
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THE DESIGN AND APPLICATION OF 
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systems. As the first monograph to combine in-line 
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cells, electrodes, and basic procedures used in analytical 
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Specialist Periodical Reports 

Nuclear 
Magnetic 
Resonance 
Vol. 13 

• 

Senior Reporter: 
G. A. Webb 

. 

This volume reviews the literature 
published on the subject between 
June 1982 and May 1983. 

Brief Contents: 
Theoretical and Physical Aspects of 
Nuclear Shielding; Applications of 
Nuclear Shielding; Theoretical 
Aspects of Spin-Spin Couplings; 
Applications of Spin -Spin 
Couplings; Nuclear Spin Relaxation 
in Fluids; Solid State NMR; 
Multiple ·Resonance; Natural 
Macromolecules; Synthetic 
Macromolecules; Conformational 
Analysis; Oriented Molecules; 
Nuclear Magnetic Resonance in 
Heterogeneous Systems; 

''This volume and its predecessors 
are useful because references to 
papers on similar techniques or on 
similar systems are organised in a 
logical format. The interested reader 
can easily find references to papers 
of immediate interest as well as to 
papers on related topics. The editor 
and his reporters are to be 
commended for the manner in 
which they have organised their 
material . .. . " 
-G. R. Miller. J. Am. Chem. Soc .• 
reviewing Vol. 11 

Herdo;over 415pp 0 85188 362 0 
£88.00 <•122.00) 
RSC Members £38.00 

Organometallic 
Chemistry 
Vol. 12 

[I] Senior Reporters: 
E. W. Abel 
F. G. A. Stone 

This twelfth volume in the series 
reviews the literature published on 
the subject during 1982. 

Brief Contents: 
Group 1: The Alkali and Coinage 
Metals; Group II : The Alkaline 
Earths and Zinc and its Congeners; 
Group Ill : Boron; The Carbaboranes, 
including their Metal Complexes; 
Aluminium, Gallium, Indium and 
Thallium; Group IV: The Silicon 
Group; Group V: Arsenic, Antimony 
and Bismuth; Metal Carbonyls; 
Organometallic Compounds 
Containing Metai-Meial Bonds; 
Substitution Reactions of Metal and 
Organometal Carbonyls with Group 
V and VI Ligands; Sigma- Bonded 
Organometallic Compounds of 
Transition Elements of Groups 
IIlA-VIlA; Complexes ·Containing 
Metal-Carbon u-Bonds ofthe 
Groups Iron, Cobalt and Nickel; 
Metal- Hydrocarbon n-{;omplexes; 
n-Cyclopentadienyl, n·Arene and 
Related Complexes; Homogeneous 
Catalysis by Transition-metal 
Complexes; Diffraction Studies of 
Organometallic Compounds; 

"This is basically a no-nonsense 
book, devoted to complete coverage 
with minimum supplementary 
comment. It achieves these goals 
admirably." 
J. H. Srocker. J. Am. Chom. Soc .• 
reviewing Vol. 10 

Hardcover 618pp 086'N8 801 8 
£82.00 (*147.00) 
RSC Members £41 .00 

Spectroscopic 
Properties of 
Inorganic and 
Organometallic 
Compounds 
Vol. 16 

Senior Reporters: 
G. Davidson 
E. A. V. Ebsworth 

This volume reviews the recent 
literature published up to late 1982. 

Brief Contents: 
Nuclear Magnetic Resonance 
Spectroscopy; Nuclear Quadrupole 
Resonance Spectroscopy; Rotational 
Spectroscopy; Characteristic 
Vibrations of Compounds of Main­
group Elements; Vibrational Spectra 
of Transition-element Compounds; 
Vibrational Spectra of Some 
Coordinated Ligands; Mossbauer 
Spectroscopy; Gas-phase Molecular 
Structures Determined .by Electron 
Diffraction: 

"Very few practising chemists can 
be unaware of this series and the 
material it covers .. . as a reference 
source, this work must find a place 
in the library of every active 
inorganic chemistry department." 
-K. R. Sneddon. J. Organometallic 
Chem. reviewing Vol. 14 

Hardcover 379pp 0 85188 143 1 
£78.00 (f140.00) 
RSC Members £39.00. 
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Trtle 
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Black and White or Colour 
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Running Time 
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Free Loan or Hire 
Brief Contents 
Film Sponsor 
Distributor 
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of films, and associated materials in chemistry. It will be of interest to teachers, manufacturers and 
training officers in chemistry and related areas. 

Softtover 488pp 0 85186 499 6 Price: £19.00 ($34.00) RSC Members: £12.50 

RSC Members thould send their orders to : 
The Membership Officer, 
The Royal Society of Chemiatry, 30 Austell Square. 
london WC18 5DT. England. 

Non·ASC Membere thould send their ordert to: 
The Royal Society of Chemittry. 
Distribution Centre. Bleckhorae Road. Letchworth, 
Horta SGI1HN. Englond. ----=· 
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CHALLENGES TO CONTEMPORARY 
DAIRY ANALYTICAL TECHNIQUES 
CltAllENGES 
TO COIITEPFORIIRV 

DAIRY 
ANI\LVTICI\l 

TECitNIQUES Softcover 350pp 0 85186 925 4 
Price £16.00 ($29.00) 
RSC Members £12.00 
Special Publication No. 49 

Over many years international organizations, national organizations and private concerns have 
prepared standardized methods of analysis for food products, including milk and milk products, 
for purposes of quality control, assessment of nutritive content, enforcement of legal 
requirements and affirmation of safety. This activity is concerned with identifying the most 
appropriate current methodology and codifying it in authoritative documents. 

The object of this book is to appraise the problems that will be faced by analysts of dairy 
products in the future and examine the means that are likely to be used to solve them. 

Brief Contents: Collaborative Studies and Reference Materials; Determination of Major 
Constituents: Automated, Instrumental Methods; Determination of Micro-constituents: Advanced 
Methods; Determination of Compounds Formed during Processing and Storage (Artefacts) and 
Contaminants. 

Non-RSC members should send their orders to: The Royal Society of Chemistry, Distribution 
Centre, Blackhorse Road, Letchworth, Herts SG6 1HN, England. RSC members should send their 
orders to: The Royal Society of Chemistry, Membership Office, 30 Russell Square, London WC1B 
SOT. 

The Periodic Table 
of the Elements 
The Royal Society of Chemistry has produced a 
colourful wall chart measuring 125cm x 75cm 
covering the first 105 elements as they exist today. 
Each group is pictured against the same tinted 
background and each element, where possible 
photographed in colour and discussed with regard 
to its position in the hierarchy of matter. Additional 
information for each element includes chemical 
symbol, atomic number, atomic weight and orbits 
of electrons. 
The chart is particularly useful for both teachers 
and students and would make a worthwhile 
addition to any establishment. 

Price £2.35 ($4.50) RSC Members £1.18 
Teacher Members £5.90 for 10 
Prices subject to VAT in the UK 

RSC members should send their orders to: The 
Royal Society of Chemistry, The Membership 
Officer, 30 Russell Square, London WC1 B 5DT. 
Non-RSC members should send their orders to : 
The Royal Society of Chemistry, Distribution 
Centre, Blackhorse Road, Letchworth, Herts 
SG6 1HN. 

BUREAU OF ANALYSED 
SAMPLES LTD 

announce the availability shortly of 

new 

EURONORM CERTIFIED 
REFERENCE MATERIALS 

ECRM 096-1* Low S, Low Ca Node Steel 
ECRM 097-1* High Purity Iron 
ECRM 585-1 Ferro-Chromium (Charge 
Chrome) 

For full details of these, and for copies of BAS 
catalogue, write, telephone or telex to: 
BAS Ltd., Newham Hall, Newby, 
Middlesbrough, Cleveland, TS8 9EA 
Telephone: Middlesbrough (0642) 317216 
Telex: 587765 BASRID 

*These samples available both in finely divided form for 
chemical analysis and disc form for spectroscopic 
analysis. 

A201 for further information. See page viii . 
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