
J-"..-,

ABSTRACT OF~THESIS

Name of Candidate Sarfaraz Husain Zaldi
Address Department of Chemistrjr, West Mains Road, Edinburgh, 9.

Degree Doctor... Of.. PMl.QSQp.h3r. Date October .196-3
Title of Thesis Diiysico-Chemical ..and. analjttical.. studies with, particular

reference to. Vapour-Phase Infrared Spectroscopy

The first part of this thesis gives a general introduction to

theoretical and practical considerations in the application of

infrared spectroscopy to analytical problems.

Part 2 gives the results of several investigations made with the

aid of vapour-phase infrared methods. Following (a) a brief

description of the general experimental procedure, sections

describe the results obtained in investigations of (b) the behaviour

of thioalkyl compounds under Zeisel reaction conditions (c) the

behaviour of propoxyl and butoxyl groups in the Zeisel reaction

(d) the Zeisel determination of tert-butyl groups and the anomalous

reaction of tert-butyl phenols (e) the determination of small

amounts of alcohols in aqueous solution (f) anomalous results

arising from cleavage by hydriodic acid (g) the determination of

1,2-diols by a modified Zeisel reaction (h) simultaneous

determination of uronic acid and alkoxyl groups in polysaccharides

by reflux with hydriodic acid.

Part 3 presents the results of a study of the infrared spectra of

some carbohydrates in aqueous solution. Several figures indicate

the type of spectra which can be obtained. In general the

differences between the spectra of simple sugars are not

sufficiently distinctive to facilitate the analysis of unknown

mixtures of several sugars such as commonly occur in studies of

natural products.

Part 4 presents a comparison of the results obtainable for the

analysis of some of the inorganic components of the ash obtained

from natural carbohydrate materials such as plant gums. The

Use other side if necessary.



methods used included x-ray fluorescence, flam© photometry and

chemical analysis using ethylene diamine tetraacetate.

Comparisons of the results obtained are presented and the

advantages and limitations of the methods are discussed.
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No.l. GENERAL INTRODUCTION

In analysis, infrared spectroscopy has found extensive

use for the study of molecular structure and for the quantitative

and qualitative analysis of a very wide range of organic and

inorganic molecules. Most rotational and vibrational spectra

lie in the infrared region, and the term infrared spectroscopy

is indeed almost synonymous with molecular absorption

photometry. Practically all infrared molecular studies have

been made by absorption, both because of the low dissociation

energies of organic molecules and because of general

experimental convenience.

Qualitative analysis by infrared methods is carried

out by the identification of characteristic absorption bands

and band systems. Because of the large number of bands

usually given by any one compound as a result of the sum of

all the molecular and atomic interactions occurring within it,

a -unique molecular finger-print is produced upon which

unequivocal identification of the molecule can be based,
/re

provided that the spectra of/unknown and authentic reference

samples are run consecutively on the same spectrometer, and in

the same physical form* The comparison of data taken under

different conditions and with different spectrometers is more

difficult for infrared bands than for line ©mission spectra

because of the effect of slit width and scattered light on the

relative intensity.



Quantitative analysis by infrared spectroscopy is

particularly useful in quality control and purification

processes since it is usually quicker, simpler and more

specific than ordinary chemical methods; it is also very

useful in investigating anomalous reactions and in developing

analytical methods# A further advantage lies in the fact

that infrared spectroscopy enables quantitative analysis

of the individual components of a mixture to be carried out

without the need (generally) for prior separation of these

components, provided that the components of the mixture are

known or can be identified by reference to standard spectra#

As usual in spectroscopy, analysis is based on two

physical laws# The first, proposed by Lambert, states that

"when a beam of radiation passes through a homogeneous

absorbing medium the intensity of the radiation is reduced

by the same fractional amount in each succeeding unit length

of the path, provided the quality of the radiation remains

unchanged in passing through the medium," (this means that in

general the law applies to monochromatic radiation only).
This statement is expressed in the equation

_ ~ = kl (1)

where I is the intensity at any point and k the fraction by

which the absorbing material reduces the intensity for ur.it

path length, k is known as the absorption coefficient.

Integration of this expression between the limits o and x,

where x is the total path length by radiation, gives the



ratio is
X

log10 *£ - Kx (2)

or Ix * I0 (3)
Where lo is the Intensity of the incident radiation and Ix

the intensity transmitted hy a thickness x, £ is a constant

which Is known as the extinction coefficient.

The second law, enunciated "by Beer, states that

"the absorption depends only on the number of absorbing

molecules through which the radiation passes. If the

absorbing substance is dissolved in a non-absorbing medium,

the extinction coefficient will then be proportional to the

concentration of the solution."

If lo is the intensity of the incident radiation

and Ix is the intensity after passing through a thickness x

of a solution of concentration e, then Beer's law can be

expressed

Ix - I oTcxX o

Here cl is a constant for the absorbing solute and is obviously

the ratio of the transmitted intensity to the incident

intensity for unit thickness and for unit concentration. If

1! is written for then E is the extinction coefficient for

unit concentration and is an important term, known as specific

coefficient. Equation (3) expressing Lambert * s law can now

be combined with Beer's law in the form

Ix - I0 10-Eox (4)
The numerical value of E obviously depends on the units of



concentrations and length used. When the concentration is

expressed in gramme-molecules per litre and the length in

centimetres, then the specific extinction coefficient is known

as the molecular extinction coefficient, and the symbol £ is

used,

The factor ~ in expression (2) is usually known as

the density of the medium mid is expressed "by d» If Ix and I0

have the same significance as expressed "before, then d, the

density of the medium, is defined by the equation

Ix - I0 10-a (5)
d is obviously related in a simple way to the molecular

extinction coefficient, since

d - £cx (6)

The absorption coefficient k is obtained from (1) using

natural logarithms# Integrating (1) gives

log is » kx
*x

and Ix = IQ exp (-kx)
obviously the two coefficients are related by

k * 2.3026 K (7)
There are certain factors which influence the determination of

absorptivitys-

(a) In dilute solutions, validity of the law holds in

multlcomponent systems. As absorbent concentrations

increase, interaction effects become Important and the usual
1

equation is no longer valid*



(b) Influence of slit width.

Beer's law applies strictly to monochromatic

radiation, but the spectrometer slit always passes a range

of frequencies. Provided, that the slit width is not

excessive, Beer's law is found to be applicable in practice.

The ratio ^-S is usually measured at a band peakj at
x Io

frequencies on either side of the peak ~ decreases. The
X

spectrometer records an average value of —2 throughout the
Ix

frequencies passed by the slit. Consequently, the determined

values of ^ aud absorptivity fall with increasing slit
width on any spectrometer#

(c) Influence of resolving power.

If the resolving power is poor, the instrument fails
X

to distinguish between the frequency at which is a
Io

maximum, and an adjacent frequency at which is less»

Thus the values of absorptivity and are less when the

resolving power is poor. Different spectrometers vary

considerably in resolving power, and the determined values of
*

-2 and absorptivity vary accordingly.
Ix

(d) Influence of instrument response time«

Low values of may be obtained for the same
lx

sample on the same spectrometer by traversing the spectrum at

an excessive speed so that the detector and amplifier system do

not have time to respond fully to the incident radiation. This
lo

effect is particularly pronounced when is determined on a
•*-x

double beam spectrometer. The speed of response of a double



beam instrument is a function of and, when this is mm1,1,
X0

the response time increases* A plot of ~ against slit
xx

width for constant traverse speed shows a maximum for a

particular slit width. With narrow slits, X* is small and

the response time is so long that the true value of is
Ix

is never reached; with wide slits, the response time is
X©

adequate, but the value of has fallen because the

instrument is now averaging this over a considerable frequency

range.

{«) Stray light.

If part of the energy reaching the detector is str%

light, this will form a constant addition to all values of Ix

and Io measured. Since I0>IX, all values of and
the value of absorptivity will be too low.

When analysis is performed by a comparative method,

there remain certain errors of reproducibility which are

common to all quantitative analyses in the infrared region.

These are as followst-

(a) Error due to sample thickness measurements.

Tiie percentage error in measurement of sample thickness

produces the same percentage error in the result. Gas analysis

is performed la cells of considerable thickness and any lack of

flatness of the windows is of no consequence. These effects

may, however, introduce appreciable errors in work with

liquids in thin cells, and may be the predominant error in the

analysis unless precautions are taken to ensure that the
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spectrometer beam always traverses the same part of the cell.

The same considerations apply to solid films, when their

surfaces are neither flat nor parallel,

(b) Error in determination of abaorbance.

The percentage error in the determination of the

component estimated is the same as the percentage error in

the absorbance value for which it is calculated. Errors in

abeorbance arise for two reasons. The first is the lack of

reproducibility in optical settings, principally slit settings,

and second is the lack of reproducibility in the amplifier

and recorder, when all optical settings are held constant.

Errors due to lack of reproducibility in optical

settings can be controlled by running one or more known samples

on each occasion when the spectrometer is set for a particular

analysis. By this procedure, the error due to optical settings

becomes the same as the error in amplification and recording.

The effect of errors in amplification and recording may be

diminished by adjusting sample thickness or concentration to

ensure that the majority of samples produce transmittance

values which are least Influenced by these errors.

Substances may be studied in either the gaseous,

liquid or solid state* Solutions may also be used, but

great care should be taken to choose a solvent that will not

absorb in the region in which measurements are required. By

preparing solutions in CC1^,CS2,CHC1^ and CH2C12 in cells of
0,1 mm - 1 cm, thickness, the entire range from 2 - 15 U can be



covered. Concentration effects may "be studied using tlie same

thickness cell, and the intensities of both weak and strong

absorption "bands can be determined at one concentration by use

of thick and thin cells respectively. It may be difficult to

find a suitable solvent, since many compounds do not dissolve

satisfactorily in the preferred spectroscopic solvents. For

example, sulphonic acids gave difficulty in this way, but
"| 53

treatment of such compounds with a liquid anion exchanger

gives an acid-resin salt which is soluble in CS ?. It may be
2

necessary to use quite unusual solvents, such as liquid S02
or SbCl-j , which melts at 73°0 and is a good spectroscopic^
solvent for water and deuterium oxide.

Water is a poor solvent for two reasons: it causes

dissolution of sodium-chloride plates, and it absorbs throughout

much of the near infrared region. This does not mean that It is

impossible to examine aqueous solutions, although it is certainly

less convenient to do so.

Aqueous solutions were first examined in 1905 by

Coblena, and the use of optical silver chloride cells was

described in 1949The technique has been used more frequently
5 6

since 1956, becoming almost common place around 1959 • Barium

fluoride, calcium fluoride and thallium bromoiodide ( KRS-5)
are all suitable window materials for aqueous solutions and

special glasses, such as Irtran -1, -2, -3, and 4» have

recently become available. This glass is also useful when
7

reactive compounds such as sulfur trioxide are being examined.



8 Q
Active hydrogen * can also "be determined by exchange with

deuterium, and the determinations can be completed in

30 minutes with an accuracy of 2$.
As is apparent from the intensity of absorption in

aqueous solution work, determinations of trace amounts of
O 1 A

water can easily be obtained by near infrared spectrometry * *

The near infrared region extends from 1 — 2.5^ (10,000 - 4,000 cm
Spectra in this region arise from overtones (which arise from

integral multiples of the fundamental frequencies) and

combination bands (which arise from both sum and difference

combinations of the fundamental frequencies and their integral

multiples). These spectra were first observed photographically
11

in 1881, but their potential analytical applications have yet

not been fully exploited, despite strong recommendations by
12

Miller and Willis, who showed that water in acetone could

be determined at the 0.01 ~ 0,2$ level.

The early method of obtaining spectra was to use a

prism spectrometer in which the prism material was selected to

suit the part of the spectrum being investigated, for there is

no one substance which is transparent, and has a reasonable

dispersion, throughout such a range. The most suitable

materials for the different parts are as followsj-

Glass 0*64 ** 2*8
Quartz ............ 0,97 - 3*5 11

Lithium Fluoride .. 2.5 - 5.9 ••

Calcium Fluoride *• 2.6 - 8.3 "

Fluorspar ••«....•• 3*9
Rock salt 2*5 - 16
Potassium Bromide ,5-26

Caesium Bromide ..... 10 - 40
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Of these materials quartz and fluorspar can. only

be obtained as natural crystals> but the others can now be

made artificially by crystallising them from a melt. In

order to focus the infrared radiation in such a spectrometer,

one uses mirrors instead of lenses, since a mirror system

is suitable for all wavelengths. For production of mirrors,

almost any metal will do, tin and aluminium"are now largely

used, being easy to deposit by condensation, and less apt to

tarnish. Although the prism spectrometer has now been

superseded for high resolution work by the grating spectrometer,

it is still indispensable in the preliminary stages of an

investigation, when one is simply concerned with finding the

approximate positions of the main absorption bands of a molecule.

Such a survey enables one to decide which regions of the

spectrum or even which particular absorption bands, are

likely to repay the labour of examination under higher

dispersion with a grating spectrometer.
11

Excellent reviews have been published * . However,

much pioneer work in the near infrared was carried out by

Coblentz14*1^*16 and Donath17. Brackett18, in 1928 was the

first to study large organic molecules under high resolution

in the infrared and showed that primary, secondary and

tertiary hydrogen atoms attached to carbon give rise to
'•VI .*:>/. ■ • # , ' . 4 .

bands at slightly different wave lengths near 1.2y^. Hear
1 0||

infrared has been used for determinations of water,

unsaturation1^, hydroxy! numbers20, aldehydes21, moisture

determination on solvents22, and for hydrogen-bonding studies.23
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Although water Is strongly absorbing in some of the

infrared, in other regions it is relatively transparent,

especially when very thin layers are used. By using D2°
instead of water it is possible to shift the angular vibration

from 1640 to 1210 cmT1 and the 3300 cmT3" 0 - H stretching

vibration is shifted to 2500 cm!1, leaving the OH and NH

vibrations in the specimen under study free of solvent

absorption. Thus by the combined use of water and deuterium

oxide it is possible to cover the spectral region from 700 to

4000 cmT3". Water and deuterium oxide can best be used as

solvents in double beam instruments, which permit "differenceM

spectra to be obtained as a result of solvent compensation

in the reference beam.

Par infrared, which nominally covers the region

from 16 - 100jJL, give an extended "fingerprint" and should be

particularly useful in solving analytical problems when the

molecules differ only slightly in structure. Difficulties

in designing an instrument for far infrared arise from the low

energy available, atmospheric absorption and stray radiation.

The low energy limitation has recently been overcome by the use

of interferometry

Although most widely used to study organic molecules,

infrared can be used to study inorganic substances, and this

often yields information of considerable value, particularly

in the study of co-ordination compounds and of complex ions.

Recent papers have described studies made on water soluble

inorganic carbonates^ ^ on the simultaneous determination
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pi
of sulphate, nitrate and nitrite in water samples. Recent

analytical applications have also included the determination
27

of traces of sulphates and the identification of niobium and
?8 2Q

tantalum phosphates. Structural information on oxines 5

and other divalent metal chelates^ has been obtained, and

the number of molecules of water of hydration can be

determined.

(rat©house observed^1 that reaction occurred between

rock-salt windows and reactive inorganic materials such as

nitrate co-ordination compounds; the difficulty was overcome

by coating the windows with thin films of polystyrene. It has

now bear suggested^ that inexpensive polyethylene cells can

be used to obtain infrared spectra of mulls, liquids, aqueous

solutions and commercial products.

fhe precautions used for the safety of expensive

cells are not needed with polyethylene cells, which can be used

in solvent compensation work if the thin polythene sheet used

is of regular thickness.

For fundamental reasons it is preferable to examine

solids in solution and good quantitative results are most

readily obtained in this way. Sometimes, however, there may

be good reasons why examination cannot be mad© in solution.

Ihe alternative methods of preparing samples for examination
u

have been reviewed.

A common practice for studying solids involves the

MmullM technique, using a purified mineral oil such as Hujol.
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Pluorolube (perfluorokerosene; a mixture of fluorinated

hydrocarbons) or hexachlorobutadiene can "be used as mulling

agents when it was desired to study frequency ranges in which

Nujol absorption bands appear. Mulls can be used on the

microscale*^, and the addition of an internal standard gives

the basis of a quantitative method, probably accurate to

about i 5$« Calcium carbonate, lead thiocyanate^, sodium

azide-^ and potassium tMocyanate-^ are all suitable internal

standards. The mull is made by grinding a sample (1 - 5 nig.)

in a few drops of the oil and placing the suspension between

two sodium chloride plates. The grinding is essential in

order to obtain a homogenous mixture of the sample and oil and

to destroy the orientation of the crystal structure which

causes strengthening and diminishing of certain bands^.
Insufficient grinding, or a large difference between the

refractive index of the solid and the mulling agent, causes

excessive energy losses; asymmetrical peaks also arise through

the Christiansen filter effect,

Instead of liquids, alkali halides may be used to make

a solid suspension in the form of a fused glassy disk.

Potassium bromide or potassium chloride disks of the sample

have been used for infrared absorption measurements; from

the point of view of reproducibility and precision in

quantitative analysis it is preferable to the use of mulls.

This technique consists in mixing the material with
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analytically pure potassium "bromide or chloride in the ratio

of about li100, both components being ground to pass -through

a fine mesh screen. The mixture is then placed in a die,

the die is evacuated and a pressure in the range of 20,000 -

50,000 lb/in2 is applied. The disk is mounted in a suitable

holder placed in the sample beam path. Disks have an

advantage over mulls in that the concentration and the thickness

of the specimen can easily be determined, thus permitting their
use in quantitative analysis. However, scattering losses

through refmotive index differences can be serious, and

homogenous dispersal of the sample is not always easy. The

die must be cleaned after use to remove all traces of alkali

halide, which corrodes stainless steel. Anomalous spectra

due to physical or chemical changes induced by grinding have

been reported in the chemistry of carbohydrates^"0,
polyhydrosteroids^1, and some simpler molecules^2. The

41
advantage and limitations of the method have been reviewed ,

and Duyckaerts^ has discussed fully the sources of anomalies

which can occur. The influence of moisture^*^ can be a

source of error, and care must be taken to avoid misleading

results• Potassium bromide disks are being increasingly used

in the study of polymeric materials and fibres, both natural

and synthetic^"'1 . Single fibres can be studied with the
40 50

aid of beam condensing optics , and a recent paper describes

the examination of samples as small as 0.05ytf<j. The application
51 52

of polarised radiation is an established technique * for the
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examination of proteinaeeous fibres.

Gas-phase spectra differ fundamentally from

condensed-phase spectra, principally because the molecules

are free to rotate in a gas and molecular interaction is at

a minimum. This gives rise, in simple molecules, to fine

structure arising from rotational energy transitions. For

this reason gases such as carbon dioxide, ethylene and ammonia

are valuable for frequency calibration. Gas cell path-lengths

are described in centimetres rather than in the fractions of a

millimetre -used for condensed phases. Special techniques have
5 %

been developed^-* for weighing small quantities of gas and

effecting total transference to the gas-cell. In a common

procedure, however, the quantity of gas admitted to a standard

volume cell is known from measurements of its pressure. If the

pressure of the gas is increased, the individual lines of the

fine structure of the bands become broader. The more frequent

collisions, which occur due to overall decrease in the

average separation of the molecules, cause the rotational

energy bands to be less discrete and the rotational energy is

generally less. This causes not only broadening, but also a

change of intensity distribution over the band. Thus the

absorption bands of a gas may change drastically in shape

according to the total pressure of all gases in the absorption

cell.

Absorption results are also frequently obtained in

the liquid phase. In the liquid phase, molecular collisions



- 16 -

are so frequent that the rotational energy is not quantised

and, therefore, the absorption hands of a liquid show no fine

structure. They are usually symmetrical bands which are

narrower than the complete band from a heavy gas, yet broader

than the individual peaks in the fine structure of a light gas.

The molecules in the liquid are closer than in the gas and

intermolecular forces cause marked changes in the frequency

and the intensity of many absorption bands. In addition, the

molecules become slightly distorted due to proximity of their

neighbours, and vibrations which were inactive in the gaseous

spectrum produce a simple dipole change so that weak absorption

bands occur in the liquid spectrum. If the liquid spectrum

is recorded at various temperatures, the bands are observed to

broaden as the temperature is raised. This effect is due to

changes in molecular movement as the molecules of the liquid are

given more energy, but the width of the band does not always

vary as the square root of the temperature, as it does with

gaseous phase absorption bands. Other spectral differences

observed on heating are due to changes in the relative

concentrations of different rotational isomers and changes in

hydrogen bonding or electrostatic attraction with temperature.

If the liquid cools to an amorphous glass or rubber and does not

crystallise, the spectrum will not change except in the way

liquid spectra change with temperature. In the glass condition,

molecular rotation is severely restricted and all the absorption

bands are reasonably narrow. This is the case in many polymers
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and long chain hydrocarbons which have been frozen to a glass.

Crystallization sometimes takes place on slow warming and the

process may be followed by recording the accompanying spectral

changes. Comparison of the absorption properties of a

substance in the vapour phase and in solution shows that the

substance in solution weakens the molecular rotation, producing

broad absorption bands where fine structural peaks can be

observed in the vapour spectra.

A similar transformation is noticeable in "solvent-

solute" interaction, when solutions of substances in non-polar

and polar solvents are compared. In addition, frequency

shifts and splitting of bands may occur with change of solvent.

The absorption spectra obtained using the vapour phase should

theoretically be free of the many disadvantages introduced by

"solvent effects", but little use appears to have been made of

this approach. The purpose of this discussion is to outline

some of the analytical possibilities of this approach and to

illustrate the application of vapour phase spectroscopy.

The examination of substances in the vapour phase

is the quickest, cleanest, most accurate, and generally the

most satisfactory and reliable technique of all, from which

samples are most easily recovered if required.

Calibration curves can be constructed by both

weighing and manometrie methods, and quantitative results

are usually accurate and reproducible to within ±1$, the

limit set by the instrumentation and pen-recording devices.
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For general use, milligram quantities can "be

analysed by the use of gas cells of simple construction.53*54-
For more sensitive work cells of longer-path length^ and

57 58
cells of special construction s can "be used. In order

to study reaction at low temperatures5^,60or to study

decompositions^"1*02 e.g. of plastics, at high temperatures^
there are numerous examples in the literature of cells

especially designed ^ for particular purposes, and for the

collection of eluates from G.L.C. columns. Recent advances

in the application of vapour phase spectroscopy to the

identification of gas chromatography fractions have "been
65

reviewed. Errors arising from non-resolution of

components within single peaks continue to come to notice

and the importance of combining G.L.O. with infrared in
fi7

organic composition analysis lias been discussed.

The greatest advantage offered by vapour-pha.se

infrared spectroscopy lies in the ability of the experimenter

to study all reaction products directly as spectra. During

an analytical procedure, any decomposition of the substance is

easily detected by taking its vapour spectrum. An important

application of the vapour phase technique is in the

determination of organic functional groups. It can be

applied to investigate undesirable side-reaction in analytical

procedures such as Zeisel reaction^*^ and it is also a
70

powerful method of investigating anomalous analytical reactions' *

Furthermore, with simple mixtures of known components

there is generally no difficulty in determining each component
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simultaneously. ®hus the vapour phase infrared method is

undoubtedly the most convenient of available methods for the
<7-1

simultaneous determination of mixed alkoxyl groups'J or for

investigations of the physical retention of organic solvents'^,
a process which can cause inaccurate analytical results in

natural product chemistry.
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No.2. APPLICATIONS OF VAPOUR PHASE INFRARED METHOD

(a.) General Experimental Procedure

Apparatus:- The apparatus used for analysis is depicted

in fig.(l). It consists of a combined reaction flask, with

a side opening for nitrogen gas used as a carrier, a water

condenser (as described in B.S.1428 part CI 1954 (type 2

apparatus) a delivery tube and a trap^ with Vigreux-type

indentations in the inner absorption tube. To exclude the

water -vapour the delivery tube was packed with anhydrone and

soda asbestos, and an anhydrone guard tube was fitted to the

exit of the trap as shown in fig.(l). Ground-glass joints

were lightly coated with silicone grease, in order to make

the system air tight, as slight loss of volatile reaction

products would cause serious errors.

Reagentss-

Hydriodic acid — M.A.R., sp.gravity (1.7),
6 ml ampoules.

Phenol — AnalaR

Anhydrone — M.A.R. , 14-22 mesh

Soda Asbestos — M.A.R.,

Nitrogen — R.O.F."grade" used as a
carrier gas

Alkyl iodide (apectroscopically pure)— for
calibration purposes.

Infrared gas cellss-

Two gas cells'^ were used. One of length 12.5 cm.,

approximate diameter 2.3 cm., and internal volume 58.0 c.c.,
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permitted determination of 4-10 mg, quantities of alkyl

iodidej the second cell, 31.5 cm. long and 51.5 c.c. internal

volume, permitted determination in the range 1-4 mg.

Infrared measurements t -

A ELlger H-8G0 double beam spectrometer, fitted

with a rock salt prism, was used. It has a large area

available for the Introduction of sample cells and can

accommodate cells up to 60 cm. in length. For estimation

of alkyliodides to be of maximum accuracy, the standard

instrumental conditions had to be carefully selected initially

and there should not be any change during operation. The

gas-cell carrier was fitted with a locating device to ensure

replacement of the gas-cells each time in identical position

with reference to the infrared beam. Reproducibility of

percentage absorption depends on the recorder zero stability,

therefore all peak heights were measured every time with

respect to an arbitrary fixed base line at the wave length

involved. With all spectrometer conditions constant, small

local fluctuation in the base line were found to occur, due to

small energy losses caused by fogging and scratching of the

rock salt cell windows, which had to be kept in good condition.

Such fluctuation could be satisfactorily compensated by

adjusting an iris diaphragm located in the reference beam.

Weighing of samples.
75

For solids, a long-handled weighing spoon' was used.

Volatile liquids were conveniently weighed in a long handled

weighing bottle fitted with a leak-proof ground glass stopper.
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Sine© the accuracy claimed for the infrared technique cannot

be better than t 1$ (although agreement for a number of
• - * ; v i ' /»"''■ « . 4

determinations is usually within £ 0.5$) it is necessary to

use a semi-micro balance having an accuracy of10Jl<^.
Construction of calibration curves8-

The required amount of alkyliodid© was weighed

in a micro weighing bottle (12 x 4 m.m.) fitted with a leak-

proof ground glass stopper. The bottle was placed in a

specially designed trap shown in fig. (2). The evacuated
'

■

: ' ' ' ' ' • ' " .. ?

gas-cell (by using the simple manometer system as shown in

fig* (3))» was attached at A, and the limb of the trap

immersed in liquid nitrogen. B was connected to a suitable

vacuum line"*"* and the system evacuated, the trap still being

Immersed in the coolant. Tap T was closed and the system
• f «

removed from the vacuum line. The coolant was removed, the

trap allowed to reach room temperature, then warmed gently

over a hot plate* This causes ejection of the weighing-bottle

stopper and volatilisation of the alkyliodide. With an

anhydrone guard tube attached to B, T was slowly opened and air

allowed to sweep through the trap into the cell. By using this

technique, quantitative transfer of the alkyliodide to the cell

was easily achieved, within the experimental limits of £ 1$.
The particular absorption peak selected for calibration was

then drawn three or four times. This minimised any error

caused by the pen recorder. The mean peak height was then

calculated, It was found that, at the very low partial
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pressures used, peak heights were very sensitive to small

changes in concentration and were, under standard conditions,

very easily measured. Bg-s (4&5) shows a series of typical

alkyliodi&e, and on which all determinations were "based,

are as followsi-

Bfficiency of Trapping.

Various weights of alkyliodides were added to the

reaction flask charged with 6 ml. of hydriodic acid and
• ' ' *

volatilized using nitrogen flow-rates between 4 and 20 ml/min.
At each flow rate recoveries ranged from 99*0 and 101.0$,

with an equal distribution of high and low results. In

several experiments, two absorption traps were connected in

series; in no case was any alkyliodide detectable in the

second trap. These experiments led to ±1$ being claimed

as the accuracy of the method.

Recovery of samples8-

analysis, recovery of the sample into the trap and collection

therein of the identical peak from a second chromatographic

separation generally permits sufficient material to be collected.

iii n-Propyl Iodide
iv iao-Propyl Iodid
v n-Butyl Iodide

vi sec -Butyl Iodid
vii Teht-Butyl ladid

i Methyl Iodide
ii Sthyl Iodide •

1325cm""1
1260cm""1
1240cm""1
1230cm"1
1275cm""1
1210cm""1
1150cm""1

When insufficient material has been available for
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Quantitative recovery of the sample can easily be achieved by

the undermentioned procedure. First replace the cone of the

gas cell in a socket A, as shown in fig. (6), and attach B to

the vacuum line. With tap Tg closed, evacuate XI and immerse
it in liquid nitrogen. Close tap and open Tg. Close tap
Tg and after 10-20 sees, open tap T^ and re-evacuate trap XI.
Repeat this cycle several times, then finally evacuate

completely with taps T^ and Tg both open. Quantitative
recovery has been repeatedly proved by returning the recovered

product to the gas cell in the usual way and re-running the

spectrum, when the peak heights previously obtained are

duplicated. No undesirable retention of products in the traps

or gas cells has been observed if continuous evacuation for

10-15 minutes is carried out between analyses. The amount of

silicon grease on taps and ground glass joints, should, however,

always be kept to a minimum.

Carrier Gas.

Nitrogen (N.O.F) grade was used as a carrier gas.

The gas was passed through soda-asbestos, silica gel and

anhydrone to effect complete purification. The flow rate,

which was stabilised by needle values and passage through a

large reservoir fitted with a capillary outlet, was adjusted

by a rotameter, Type 704, calibrated over the range

4-50 ml./min.
Heating of reaction flask.

An electrothermal flexible heating mantle, type
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M.B.J.1822, was used, and gave very steady ebullition of the

reaction mixture•

Conditioning of the Apparatus <■*

The contents of a 6 ml. ampcule of hydriodic acid

(M.A.R.) was added to the reaction flask and refluxed for

30 minutes, under a steady flow (6—8 ml./min.) of nitrogen.

This conditioned the apparatus, ensured that the acid was

constant-boiling, and decomposed any excess of hypophosphorous

acid which may have been added as a preservative. With the

infrared method, all traces of byp©phosphorous acid must be

removed, since its decomposition product phosphine has an

absorption peak which may overlap the particular alkyliodide

peak used for calibration.

Technique used for Alkoxyl determination.

The sample was weighed in a long-handled weighing
75

spoon . 5-10 mg. phenol was then added to the spoon, which

was warned very gently over a hot plate to fom a homogenous melt

at as low a temperature as possible. The spoon was placed in

the reaction flask to which 6 ml. hydriodic acid had been

added. The delivery tube was connected to the reaction

condenser and the other end attached to a clean trap fitted

with an anhydrone guard tube, the trap being immersed in

liquid nitrogen so assembling the apparatus as shown in fig.(l).
Ground glass joints were lightly coated with silicone grease.

Soda-asbestos and anhydrone were used as solid scrubber,

particularly when sulfur-containing compounds were analysed,
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to prevent excess of H^S and iodine vapours from leaching the
cold trap. The nitrogen flow rate was adjusted to 6-8 ml./min,
and the heating mantle switched on. After ebullition had

commenced, the trap was then removed and stoppered, keeping it

immersed in coolant. The trapped products were volatilised

into the appropriate gas-cell by the method already described;

the absorption peak on which calibration was based was drawn

three or four times and the average peak height calculated*

Reference to the calibration curve gave the weight of the

alkyliodide liberated.

Reagents and Solvents

Bydripdie acid

The strength of the hydriodic acid is an important

factor in the determination of aikoxyl groups. Hydrogen

iodide forms an azeotrope with water which contains 57$ HI,

has a sp.gravity (1.7) and boils at 127°G. This strength of

acid is universally accepted for alkoxyl determinations,

although the use of more concentrated acid (sp.gravity 1.94,
76

67$ HI) has been recommended despite the increased

difficulties involved through evolution of HI vapour. For

quantitative analysis, the purity of the acid must be high,

and it is recommended by several workers that the acid used

should be colourless and fresh^'^^*^. Elek®® showed that

the addition of a few crystals of iodine to the reaction

mixture converts combined sulfur to the elementary form,

thus preventing interference. There has been much controversy

over the colour of the acid and some investigators, e.g. Elek
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and Steymark * , found that when reagent grade hydriodic

acid (sp.gr.1.7) was refluxed for several hours in a stream

of CO2 or nitrogen, satisfactory results were obtained even
if the reagent were almost black in colour, A few firms

make hydriodic acid of micro-analytical reagent purity, but

some analysts prefer their own preparations, as the commercial

products often contain hydrogen sulphide, phosphine etc.

Simple methods for obtaining a good quality of hydriodic acid

have been described81'82,S3,84#
Solubilisers and Solubilising Technique.

The outstanding trouble encountered in the Zeisel

method seems to be the difficulty of obtaining complete
85

reaction of the compound with the hydriodic acid, Bruckner

obtained correct data in some cases without the use of any

solvent, but it is generally agreed that the complete solution
Oa

of the substance is necessary . The most common solubilising
O/f * Oij oc

agents are phenol , acetic anhydride , propionic anhydride ,
OO

phthalic anhydride and carbon tetrachloride , but the most

suitable solvent was the mixture of phenol and propionic

anhydride originally suggested by Elek80. The solubilising

procedures used in the studies reported here are based on the
'

?

following two techniques 1 either

(a) the weighed sample is added to a reaction mixture

containing solubilising agent

or (b) the sample is completely dissolved in the

solubilising agent before the addition of hydriodic acid.

Elek^°f Wk0 used the latter technique, suggested that for the
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"best results the dissolution process should extend over a

period of half-an-hour. The quantities of solubiUsing

agents used "by different analysts vary considerably, and

depends on the technique employed. If the weighed sample

to he analysed is added directly to the hydriodic acid, the

latter should contain a high proportion of the soluhilising
EAi-EcCA Oq

agent. ICS reten and Sar^-Bogozonisky ^ used(60 g. phenol,
100 g. HI (sp.gr.1.7) 2 g red phosphorous, 5 ml. propionic

acid) were refluxed for 30 minutes in a slow stream of

nitrogen. Heron et al*^ (use 2.5 g. phenol per 5 ml. ampoule

of HI), Mayer^0 describes a series of compounds which require

a large amount of phenol to be present before correct analyses

are achieved. It was found preferable to dissolve the sample

in a suitable solvent (phenol^1) before the addition of

hydriodic acid, but the quantity of this solvent had to be

kept to a minimum so as to avoid any possibility of diminishing

the effective strength of hydriodic acid.

Flow ratest-

Nitrogen or Carbondioxide are used as inert carrier

gas. The optimum flow rate depends upon apparatus design but

most analysts prefer a flow-rate of between 4 and 8 ml./min.
Sata EAtUck- ^

Kirsten anc/ Eogosinsky have used flow rates between 3 to
25 ml/min? the blanks varied between 0.01 and 0,03 ml, of

0.Q5N sodium thiosulfate, and they seemed to be independent of

the flow rates. Inglis^2 however, considered that a flow

rate of 12-15 ml./min, was desirable to overcome the stability

of methyliodide in aqueous scrubbing solutions.
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Duration of Analysis and Temperature of Condenser Water*

For alkoxyl determination of sulfur containing

compounds, it is always safer to extend the time of reaction to

several hours''^Baernstein's earliest procedure"^
recommended a reaction period of 15 hours for methionine, "but

this was later (1934) "brought down to 3 hours* For the
qg

determination of propoxyl and butoxyl groups, Shaw-' suggested

that a period of 3 hours was necessary to ensure complete
• ; 07

evolution of propyl and "butyl iodide. Kuck exceptionally

used a period of one week for the "butoxyl determination*
Qg

Kirsten and Nilsson"^ required distillation times of 40

minutes for propoxyl and 60 minutes for "butoxyl groups. In

most of the above cases cold condenser water was used, although

some of the early investigators used an air condenser. Shaw^
used a reaction time of 3 hours for the estimation of butoxyl

with hot water flowing through the condenser*

Wash LiqLiids:-

Many wash liquids have been recommended for removing

gases and vapours from the alkyliodide. The aim of using wash

liquids is always to increase the accuracy in the result

obtained and to achieve this at least fourteen different wash

liquids have so far been recommended*

The main impurities which can be carried over the

reaction mixture are hydrogen iodide, free iodine and HgS (from
sulfur containing compounds). Distilled water^ proved efficient

as a scrubber except when the compound contained sulfur, or when
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up to 10 mg, of sodium thlosulphide were added to the flask. The
100

original analytical procedure of Seisel used an aqueous

suspension of red phosphorous at 50-60°C as a wash liquid.

As it was found that this wash liquid is not very efficient

for sulfur containing compounds, Bamerger and Benedikt101
recommended the use of a red phosphorous suspension in 10$

102
aqueous cadmium iodide in such cases. Slotta and Haberland

proposed 5$ sodium thiosulfate and 5.0$ cadmium sulfate as

wash liquids. Several distillions are carried out until the

last distillation requires only 1 to 2 drops of sodium-

thiosulphate (0.G2R). For sulfur free compounds, as a general

wash liquid Friedrich10^ suggested 3$ a^queous sodium

thiosulfate. This was commonly used, "but Franzen10^ et al

questioned its efficiency and it was shown later that

methyliodide reacts with aqueous sodium thiosulfate to form
105

sodium methyl thiosulfate . Other workers have recommended
a-5 qp 106

5$ aqueous cadmium sulfate +5$ aqueous thiosulfate solution 3 9
sodium thiosulfate/sodium chloride106, and sodium thiosulphate/
cadmium sulfate/red phosphorous. Stritar106 first proposed

aqueous sodium antimony1 tartrate as an efficient wash liquid,
and recently Franzen et al10^" have also suggested that 5$

aqueous solutions of hydroxylamine hydrochloride, sodium

carbonate, and L-ascorbic acid all act as efficient wash liquids.

Eirsten and Sara Ehrlich-Bogozinsky39 have used aqueous sodium
bicarbonate in the absence of sulfur.

In short, the choice of wash liquids in the absence of
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sulfur is not required to be very critical; distilled water,

dilute hydrochloric acid, sodium bicarbonate, sodium antimonyl-

tartrate or cadmium sulfate solutions all behave equally well.

When sulfur compounds are present, however, then there is the

possibility of interaction between the liberated hydrogen

sulfide and alkyllodlde leading to mercaptan formation10^, a

reaction favoured by alkaline110 conditions. Consequently,

solutions of sodium bicarbonate and sodium acetate should not

be used as wash liquids. Under these conditions the most

satisfactory reagents were sodium antimony! tartrate and cadmium

sulfate, the later being more efficient when large amounts

of sulfate are present. An aqueous solution of cadmium
i s t . .. ...

sulfate was first proposed as an efficient wash liquid In the
ill

presence of sulfur in 1915 by Kirpaland Buhn .

Solid Scrubbers.

In 1945 Fierz-Bavid et al11^ were the first to

investigate the use of solid scrubbers to replace wash liquids

in connection with the analysis of alkamide groups. In spite

of its higher efficiency as an absorber and greater ease of

handling, it was not brought into practice for routine alkoxyl

determination until very recently, Fierz-Bavid favoured the

use of a scrubber composed of 755^ soda asbestos and 25^ calcium

chloride, the latter to absorb water vapour liberated during
v v' "} X \

distillation. Filipovio and Stefanac J have demonstrated

that soda asbestos quantitatively absorbs iodine, hydrogen

iodide, and hydrogen sulfide vapours, and it has no effect on

the flow of carrier gas. The accuracy of their results is
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of the same order as those previously reported for wash liquids*
V V V v. "| "1 VI

However Yecera and Spevak ^ did not agree on the efficiency of

soda asbestos, and proposed a dry scrubber of sodium antimonyl

tartrate on Keiselguhr dried at 60°C.
Methods of Estimation.

The original Zeisel methoxyl macromethod, as adapted
115

and modified for microdetermination by Pregl , depends on

heating the substance with byfiriodic acid, driving off the

alkyliodide with C02 and absorbing it in alcoholic silver
nitrate forming the complex salt of silver nitrate and silver

iodide.

For the final estimation of the alkyliodide the
116

titrimetrie method based on an investigation by Leipert and
117

developed by Yiebock, Schwappach and Brecher lias been widely

used. The liberated alkyliodide is absorbed in a potassium

acetate/glacial acetic acid solution containing some bromine,

which causes iodate to be quantitatively formed.

The reactions involved are:-

CH3I + Brg > CH^Br + I Br
I Br + 3 H20 + 2 Br2 4 HI03 + 5 H Br
HI03 + 5 HI ——•» 312 + 3 HgO

The excess of bromine required should be destroyed by adding a

few drops of formic acid. It is important to use the sodium

acetate and sulfuric acid in the iodine flask before titration

With standard thiosulfate solution using starch indicator.
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117
Viebock and Sehwappaeh ' observed that, when the usual amount

(0.5g) of sodium acetate is omitted, the addition of formic

acid is not sufficient to destroy the colour (i.e. bromine of

the solution). The addition of 0,5 g. of sodium acetate and

3 ml, of 10$ HgSO^ gives good results.
Conclusions

At the outset of this work, it appeared that no

absolutely standard method for the estimation of thio-alkyl

groups or higher alkoxyl groups existed. An effort was

therefore made to select the best possible procedure satisfying

the criteria of accuracy, rapidity and reliability and also to

clarify some of the reported anomalies.

The sensitive and specific infrared technique'*
for the quantitative determination of substances in the vapour

phase opens another avenue of approach to the determination of

higher alkoxyi groups. Milligram quantities of alkyliodide

can be quantitatively trapped in liquid nitrogen and by

carefully transferring into the gas-cell, the characteristic

infrared spectrum can be obtained, on which both qualitative

identification and quantitative determination can be based.

The quantity of the trapped alkyliodide can easily be

determined from a previously constructed calibrated curve,

obtained under carefully standardised spectroscopic condition

by quantitatively volatilising weighed amounts of

spectroscopically pure alkyliodide into the infrared gas cell.

The greatest advantage offerred by infrared

spectroscopy lies in the ability to study all volatile reaction
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INVESTIGATION

(b) The "behaviour of Thio-alkyl compounds under Zeisel reaction

conditions*

INTRODUCTION

Functional group analysis is of special value in

elucidating the structure and assessing the purity of organic

compounds. With the great advances and refinements made in

apparatus, techniques and balances, macro methods have become

obsolete and are replaced by the more elegant and reliable

»emimicro and micro methods. The first functional group

analysis, the alkoxyl determination, was developed by Zeisel100
in 1885. Since then, several attempts have been made^'0^ to

extend Zeisel's method of analysis to the determination of

alkyl groups attached to sulfur (thioalkyl groups).
In 1932 Baemstein^ published a method based on

the recovery of methyl iodide for determining methionine in

proteins. Alcoholic silver nitrate was used as absorbent,

and the excess of silver nitrate was titrated with thiocyanate

after filtering off silver iodide. This method was quite

satisfactory^ and has been used by Baritte11^ for the

determination of methionine in wool. Certain difficulties

in the handling of alcoholic silver nitrate and in the

treatment of silver iodide were reported later^. In 1934
95

Baemstein introduced mercuric chloride as a new absorbent

to remove the phosphine arising from the hypophosphite
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frequently used to keep the liydriodic acid colourless. A

better result was claimed, hassel and Brand10^ suggested

improvements to Baernstein's method, and corrections have

been applied for the determination of methionine, and of

cystine plus cysteine; they also pointed out that small

amounts of methyl mercaptan are formed during hydriodlc acid

digestion of methionine. Methyl mercaptan may also be formed

in traces by the interaction of methyl Iodide with HgS or
with CdS if an aqueous scrubber of CdSO^ is used. A method
of Kuhn11^ et al was modified by Holasek et al120 so that both

alkoxyl and thiomethyl groups could be analysed simultaneously.

Early investigators121®122 reported applications of a modified

Zeisel reaction to aromatic thiomethyl compounds in which

longer reaction periods were required^-*; it is apparent that

these investigators were involved in considerable experimental

difficulties, particularly when gravimetric methods were used.

fission of the C-S bond has been more extensively
110

studied in alkaline solution than in acid solution. It has

been concluded110 from quantitative studies that alkaline

hydrolysis of thioethers (sulfides) proceeds by nucleophllic

attack by the hydroxyl ion on the sulfur atom. Increase in

concentration of the alkali increases the rate of reaction.

Hamish and Tarbell12^ pointed out that the carbon sulfur bond

is cleaved by acidic reagent much more slowly than the

corresponding carbon-oxygen bond.

The ease of cleavage of the carbon-sulfur bond

in mercaptans, as well as in other types of sulfur compounds,
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is affected by the presence of substitution12^" and

/3 - unsaturation12^ in the molecule. An unsaturation group

on the /-carbon to a carbon sulfur bond does not seem to have

much effect on the ease of cleavage of a carbon-sulfur bond;

however there is a rapid rate of cleavage of the carbon-sulfur

bond when an unsaturated group is attached to the -carbon

atom. A similar effect is shown by thiols. An interesting

comparison of the strength of the sulfide bond and of the

oxygen ether linkage was made by Pollak and Spitzer121. These

workers showed that the Zeisel procedure for splitting ethers

with hydriodie acid failed to cleave alkylsulfides

quantitatively; even under much more drastic conditions

cleavage was very slow and incomplete.
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EXPERIMENTAL

Strength and Colour of Hydriodio Acid,

6 ml. of M.A.R. constant boiling acid, conditioned

as already described, was found to be quite satisfactory in all

analyses, with 6-8 ml./min. flow rate. The use of more

concentrated acid (sp.gr. 1.94) would give increased amounts

of distilling acid vapour, so introducing a possible source
"**

121
of error. In agreement with previous investigators , the

more concentrated acid did not cause any faster liberation
107

of methyl iodide. Previous investigators have reported

that the use of fresh, colourless acid was essential.
Q-i

Steyersark however found that the colour was non-critical

if the acid was refluxed before use. It has been recently

observed that the addition of few crystals of iodine was in
Q/\

fact advantageous . Experiments performed by the infrared

technique confirm that the acid colour has no effect on the

yield of aklyliodide.

Use of fresh acid in unknown analysis.

When the decomposition characteristics of a

compound are not known, it is important to change the acid

after every determination and the kinetics of the

decomposition of each compound should be individually

investigated. This is particularly important for thio-

alkyl compounds.
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Period of reflux and temperature of condenser water.

Experiments were performed to find the rat© of

release of methyl or ethyl iodides from S-containing compounds.

The flow rate of carrier gas was 6-8 inl./min, and a normal flow

of cold water throned the condenser was employed. A very wide

rsege of reaction time has been observed. Some unusually

labile compounds react quantitatively in less than three hours.

Many titLo-methyl compounds, however, do not yield methyl iodide

at all, and others react very slowly, giving variable, non

quantitative yields of methyl iodide6^ after reflux for

16-20 hr.

The use of prolonged reaction times^ (which were

not specified) has been recommended for aromatic thio methyl

compounds. The observed rat® of formation of methyl iodide

from methionine agrees with that of previous investigators^ •

laerastein*©^ earliest procedure (1932) recommended a reaction

period of 15 hours, but this was later (1934) amended to 3 hours.

Compounds investigated.

The majority of compounds investigated were reagent

grade commercial samples which conformed, after reorystallisation

or distillation when necessary, to literature description. The

other compounds investigated wore research specimens (kindly

provided by Br, D, Leaver of this Department and by Dyeatuffs

Division, Messrs, Z,C*X, Ltd,) for which satisfactory elemental

analyses existed or were obtained (Messrs, Woiler and Strauss,

Oxford, Bagland),
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Procedure

The sample is weighed in a long handled spoon^,
and then dissolved with care in molten phenol^ "before

addition to the reaction flash, which contained 6 ml. of

hydriodie acid. A recent report has confirmed the"

effectiveness of this technique . IIsing a nitrogen flow

rate of 2-4 ml./min, the flash is heated gently so that

ebullition commences after a few minutes. The nitrogen flow

rate is then increased to 6-8 ml./min. The mixture of

volatile products was collected, after passage through ashydrone

and soda asbestos, in a trap immersed in liquid nitrogen. The

results obtained on a variety of different compounds are listed

below.

Results

All compounds containing sulfur produce some

hydrogen sulfide on reflux with hydriodic acid; only volatile

products other than hydrogen sulfide are reported below.

1. Compounds giving no reaction

The following thiolesters and thioethers gave no

volatile products under Zeisel reaction conditions for reflux

periods of up to 18 hours s methylchlorothiolfornate,

ethylchlorothiolformate, methyl phenyl sulphide, methyl-cx-

naphthyl sulfide, 2-thiom©thyl-l,4-naphthoquinon®, 3-m©thyl-2-

thiomethyl-1,4-naphthoquinone.
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The following volatile compounds distilled

unchanged from the reaction flasks -

a. Methyl and Ethyl mercaptan

to, Dimethyl and Diethyl sulfide

c. Dimethyl and Diethyl disulfide

2, Compounds which react tout do not

iodide,

Dimethyl sulfide was produced from dimethyl

sulfoxide (fast) and from dimethyl sulphone (slow), whilst

compounds, of the type

r v,

s nso2c6h5
R,J

Where R*R** « methyl or ethyl, liberated the

corresponding dlalkyl sulfide,

Phenaeyl methyl trithiocartoonat© gave cartoon

dioxide, cartoon monoxide, and methyl mercaptan.

3. Compounds which react, yielding alky! iodide
inniiini www win*

and other volatile products.

Compound Volatile Product

Thio~&iglycol and Ethyl iodide -+• ethylene
compounds containing in 1-2 hours.

the-S(CHgCHgOH)2
grouping.

Such compounds react similarly to glycols and
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glycol ethers . Thiocyanato-methane gave 1 mole of methyl

iodide in 2.5 hours, together with some thiocyanogen. The

same product was also given by (I) which gives 1 mole of

methyl iodide (from the alkoxyl group) in 0.5 hours, the total

yield of methyl iodide reached 2 moles after reflux for 20 hours.

O-v0CH.

NH - C
-NH.HI

SCH,

(I)

4. Compounds which yield only methyl iodide
Table li¬

berate of production of methyl iodide from some thiomethyl compounds
Compound Moles of Methyl iodide produced/mole

of compound

2-(Methylthio)
benzothiazole

0.44(0*5hr); 0.76(lhr); 0.87(2hr);
0.99(3hr)? 1.12(4hr).

S«Methylthi ouronium
sulfate

0.35(2hr); 0.60(3hr)j 0.98(4hr)j
1.05(4.5hr)

II

1

0.30(lhr)| 0.45(2hr); 0.55(2.5hr);
0.76 (3-4 hr. constant)

* r js »

III 0.50(l6hr); 0.52(20hr)
IV 0.49(20hr)
V 0.25(12hr); 0.30(18 hr)

Methyl-p-tolyl
sulphide

a.25(l6hr)

Methy1-p-nitrophenyi
sulphide

0.15(17hr)

Methionine 0.86(0.5hr); 0.96(lhr); O.S9(2hr);
1.15(2.5hr); 1.25(3hr)

N-Acetyl-DL-
metMonin©

0.86(lhr); 1.00(1.5hr)? 1.22(2hr)

Glycyl-DL-methionine 0.1(15hr)
S-Methyl-D(+ )

cysteine
0.15(2hr): 0.36(4hr)j 0.60(8hr)j
0.70(16hr); 0.76(22-40hr.constant)

S-Methylglutathione 0.14(2hr): 0.46(8hr); 0.57(12hr)j
0.66(l8hr)j 0.75(22-40hr,constant)
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/
NH.HI

V_/NH~\
SCH,

M Hi

c t-/ V-N —C ^
NH.CN HC

"SCH. Xr
SCH3

iv v

5. Investigation of Amino-Acids

Table I shows the rate of production of methyl

iodide from methionine and S-methyl derivatives of amino-acids.

In connection with the possible over production of methyl

iodide, it was observed that Baernstein had found1^ all

samples of leucine to give small amounts of methyl iodide.

Whilst Baernstein considered that this indicated the presence

of methionine, the methyl iodide could have arisen from general

decomposition of amino-acid molecules. On examination, one

sample of L-leucine (shownby paper chromatography to contain

some methionine) did give approximately 0.1 mole of methyl iodide.

Ho methyl iodide, however, was given by two different commercial

samples of DL-leueine, which gave only one spot when examined by

paper chromatography. Similarly no methyl iodide was evolved

from the following!- cystine, homocystine, djenkolic acid,

glutathione (reduced), taurine, glycine, alanine, DL- o< -amino

-n-butyric acid, DL- o< -amino-iso-butyric acid, DL- ft -amino-
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iso-butyric acid, 1-valine, 33L-valine, DL-nor-valine,

DL-nor-leucine, DL-iso-leucine.

Conclusions

It la considered that the foregoing survey has
l

helped to clarify the rather confused situation in the
literature on the determination of thiomethyl compounds, it

would be misleading to suggest that the determination of

S-methyl groups generally follows the procedure for O-methyl

groups, even if the time be extended by several hours^®^.
Ho generalisations regarding reaction conditions or reflux

period required can be made$ obviously the kinetics of each

thiomethyl compoundmust be investigated individually3"2®.
Conditions would be expected to vary, depending on the

compounds, since the reactivity of the S-CH^ groups depends
on the configuration and composition of the molecule.

Therefore one set of conditions cannot be expected to be

adequate for all thioalkyl compounds (cf.ref.128) and this
129

is in agreement with the report that S-methylamine ^ gives
■

only 33$ of the theoretical yield of methyl iodide. After

refluxing for 7 hours with HI, p-CH^CgH^SCH^12"* gives half
the theoretical amount of methyl iodide, but p-thiocresol has

been decomposed completely. Indeed, as might be expected from

the known stability of the carbon-sulfur bond1^0*1^"3"*12^, the

few liable compounds which do give quantitative yields of

methyl iodide can be regarded as exceptions to the general rule,

and those compounds which react rapidly must be regarded as a

possible source of anomalous alkoxyl determination.
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c. The behaviour of Propoxyl and Butoxyl groups

in the Zeisel reaction.

INTRODUCTION

for the determination of propoxy and butoxy

groupss different investigators have proposed different

apparatus and techniques. For butoxyl determinations,
QgShaw-' used the same apparatus as that used for lower

07
alkoxyl groups, and Kuck^ used an additional reflux

condenser. Cundiff and Markunas^ proposed the use of

xylene in propoxyl/butoxyl determinations, and claimed that

xylene not only dissolves the test compound hut also hoils

at a sufficiently high temperature to aid in carrying the

alkyliodide to the receiver. G. Gran1^2 gave a description

of a modified apparatus for higher alkoxyl groups, and

proposed a longer time of distillation, a higher gas rate,

and passage of hot water in the condenser. M.Yeeera and
114 Q6

A.Spevak ^ used a modified version of Shaw's apparatus
77

for propoxyl and butoxyl determinations. Hoffman

described a method for the determination of methoxyl, ethoxyl

and iso -propoxyl groups in volatile ethers, esters, aeetals,

ketals and organic silicon compounds.

The modified Zeisel procedure described by Kirsten

an^Ehrlich Rogozinsky^ was found suitable for normal

isomers onlyj in particular, iao-propoxyl compounds gave low
qg

results. Kirsten and Nillson extended this work, and

showed that the reaction rates for propoxyl and butoxyl

compounds varied from compound to compound. Inglis had
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earlier pointed out a similar effect for methoxyl compounds,

which react much more quickly.

All these investigators used the Viebock

titrimetric finish, hut their other reaction conditions

varied so widely that it is difficult to draw any critical

comparisons. For example, the reaction time recommended for

n-butoayi groups varied from 7~i to 3 hours^. Non

aqueous titration*^ and gas chromatography""^ have also been

used more recently to determine the alkyl iodide formed in

Zeisel reactions} reaction periods of 1 hour1^ (at Ng flow
rate of 1-2 bubbles/sec.) and 2 hours-^ (at 2-3 bubbles/sec.)

were proposed for iso-propoxy groups. Rearrangements and

decompositions of proposyl and butoxyl groups are known to

be caused by the action of hydriodic acid, but the extent to

which these effects occur under the conditions operative in

a Zeisel determination had not been investigated. Since

standard analytical reference compounds for propoxyl and

butoxyl groups have not yet been proposed, the present study

was based on an investigation of as wide a range of compounds

as could conveniently be obtained.
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Apparatus

section.

Reagents

Hydriodic acid M.A.R. sp. gravity (1.7)
Phenol -— AnalaR

Soda asbestos —— M.A.R.

Anhydrone —— M.A.R., 14-22 mesh
Hydrobromic acid — AnalaR, about 48$, sp.gr.

1.46-1.49

Reference Compounds
.inn w—m n <i rjww—aw.

Propyl and Butyl alcohols and iodides: reagent

grade (B.D.H. Ltd.) samples were re-distilled immediately

before use. Secondary butyl iodide was particularly

difficult to obtain sufficiently dry (spectroscopically) for

calibration purposes? distillation of the vapour through

a packing of anhydrone was required.

Specimens of propane and propylene (purity > 99$

by G.L.C) were kindly provided by Dr.J.H, Ehox.

Compounds investigated

The range of compounds investigated included

alcohols, esters and ethers? their origin is shown in

footnotes to the Tables. The research specimens kindly

gifted by Messrs. I.C.I. (Dyestuffs Division) Ltd., by

Dr. W.J. Kirsten, and by Dr. E.S. Lane were used as received.

EXPERIMENTAL

The apparatus used has been described in a previous
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Commercial samples were recrystallised or redistilled

"before use.

Procedure

Earlier investigators have found that double

distillation®^*^ or the use of a modified apparatus^ was

necessary for quantitative analysis for volatile liquids*

Using the infrared method, a technique has "been evolved

which gives quantitative yields of alkyliodides from volatile

liquids without the necessity for double distillation or any

modification to the apparatus. The sample (2-6 mg.) is
\

weighed in a long handled micro weighing-bottle fitted with

a leak-proof ground-glass stopper. The bottle is transferred

to a reaction flask charged with 6 ml. of hydriodic acid

(constant boiling azeotrope, preconditioned as described

before) or with hydrobromic acid (48$w/w), to which phenol

(200 mg.) had been added prior to the addition of the sample.

The weighing-bottle must submerge completely in the reaction

mixture. Per some samples (e.g. di-n-propyl ether, tri-iao-
*

propyl phosphate, di-n-butyl ether, tri-sec-butyl phosphate)
the addition of a few drops of propionic anhydride was also

required to prevent their distillation, unreacted, from the

reaction flask. Using a nitrogen flow-rate of 2-4 ml./min.,
the flask is heated gently so that ebullition commences after

5-10 min. The nitrogen flow rate is then increased to

6-8 ml./min.
For crystalline samples, careful dissolution in

68molten phenol is necessary before addition to the reaction
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flask. In all the experiments kinetic readings were taken

from the start of ebullition of the reaction mixture, and a

steady flow of cold water was passed through the reaction

flask condenser.

RESULTS

1. Iso-Propoxy Compounds

(a) Recovery of iap-propyl iodide from reflux with hydriodic
acid.

When iso-propyl iodide (freshly re-distilled,

2-5 mg.) was refluxed with constant boiling hydriodic acid,

the recovery of iso-propyl iodide was 76$ after 30 min. and

92% after 1 hour (average of several runs). The use of

(a) reflux for longer periods, (b) increasing the nitrogen

flow-rate to 15 ml./min., (c) passing warm water through the

condenser jacket and (d) adding xylene to the reaction flask

as a "carrier" did not, in separate experiments, increase the

percentage recovery.

(b) Reaction of i^o-propoxy compounds with hydriodio acid.
In experiments with iso-propanol. the molar recovery

of iso-propyl iodide did not exceed 92$, and the infrared

spectrum of the vapour products showed that iao-propanol

had not distilled unchanged from the reaction flask. Similar

results were obtained from experiments with the esters and

ethers in Table I#
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This low hut constant recovery of iso-propyl

iodide indicated that some decomposition or re-arrangement

was involved rather than incomplete reaction of the compounds

with htydriodic acid. To facilitate the detection and

identification of any decomposition product, experiments

using large samples (50-60 mg.) of iso-propyl iodide were

carried outs small amounts of propylene were indicated in

the infrared spectrum of the reaction products, and this

was confirmed independently by gas chromatography. (In order

to eliminate the possibility of thermal decomposition of iso-
«

propyl iodide to propylene in the chromatography column, the

propylene was separated (by vacuum-line distillation) from

the iao-propyi iodide in the Zeisel reaction products prior

to the chromatographic examination).

(c) Recovery of iso-propyl bromide from reflux with hydrobromic

acid.

Kinetic experiments showed that the recovery of iso-

propyl bromide when refluxed with hydrobromic acid (48$ w/w)
was quantitative in 1 hour. The recovery was 99.2$ (average
of several runs).

(d) The reaction of iso-oropoxy compounds with hydrobromic acid.

A number of iso-propoxy compounds were refluxed with

constant boiling hydrobromic acid. As shown in Table I,

quantitative recovery of iso-propyl bromide was given in

1 hour for many of the compounds studied, although iso-propanol
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required a reaction period of 3 hours/"and di-iso-propyl

ether required 4 hours. Analysis of the volatile compounds

was carried out in the same manner as already described•

2. n-Prppoxy compounds

(a) The recovery of n-propyl iodide from reflux with

hydriodic acid.

Kinetic experiments showed the recovery of n-propyl

iodide to he,

83.555 (0.5 hr.)j 89.555 (1 hr.); 9555 (2 hr.)g 98.055 (3 hr.
mas.) •

(b) Eeaction of n-propoxy compounds with hydriodic acid.

The recoveries of n-propyl iodide from several

compounds are shown in Table II *

(c) Recovery of a-propyl bromide from reflux with hydrobromic

acid.

The recoveries of n-propyl bromide from reflux with

hydrobromic acids-

83.555 (1 hr.)j 92.655 (2 hr.); 98.055 (3 hr. max.)

(d) Reaction of n-propoxy compounds with hydrobromlc acid.

The recoveries of n-propyl bromide from the compounds

studied are shown in Table III.

(a) Recovery of i

hydrobromic acid.
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The recoveries obtained were:-

n-butyl bromide: 86.5$ (0.5 hr.); 90.2$ (1 hr.)j
95.5$ (2 hr.); 98.2$ (3 hr. max.)

iao-butyl bromide: 96.3$ (1 hr. max.)

sec-butyl bromide: 96,6$ (1 hr. max.)

(b) Reaction of butyl alcohols with hydrobromjc acid.

The recoveries of butyl bromides (as percentage of

theoretical yield) were:-

n-butyl bromide from n-butanol: 68.8$ (1 hr.); 70.5$ (2 hr.);
75.6$ (3 hr. max.)

sec-butyl bromide from see-butanol: 77.5$ (1 hr.);
83.3$ (2 hr. max.)

iso-butyl bromide from iso-butanol: 66.5$ (1 hr.);
67.7$ (2 hr. max.)

These low recoveries indicated that reflux with hydrobromic

acid does not give a quantitative analytical reaction for

n-, iao-, and sec-butyl compounds. There was no increase in

yield in experiments in which small amounts of the catalysts
135

zinc chloride and sulfuric acid were added to the reaction

mixture. Further experiments using the "carrier" technique^
were also made; toluene, mesitylene, ©(nsaethylmaphthalene,

nitrobenzene and carbon tetrachloride were all tested for

carrier activity, but with no significant success.

(0) Reaction of butyl alcohols with phosphoric acid +

potassium iodide.

Cleavage of simple aliphatic ethers by ortho-

phosphoric acid + potassium iodide is well-known1"^ as a

reagent for converting ethers into the corresponding iodide^



as illustrated toy the following equations-

R-O-R + 2KI + 2H3P04 2RI + p$gP#4 + E?0
117

This reaction was proposed recently for the determination

of methoxyl and ethoxyl groups. This reaction mixture

gives a much higher reflux temperature than hydriodic acid

or hydrotoromic acid, and it appeared that its use might lead

to quantitative recoveries of the butyl iodides. This was

found not to toe the case. Stone and Shechter1-^ also

reported yields of only 80-90$ for the conversion of di-

toutyl ether and di-iso propyl ether to the corresponding

iodides.

(d) Recovery of "butyl iodides from reflux with hydriodic acid.

The recoveries obtained were:-

n-toutyl iodides 74.1$ (0.5 hr); 80.3$ (1 hr,);
91.2$ (2 lir.); 96.4$ (3 hr. max.)

iso-toutyl iodides 90.2$ (0.5 hr.); 94.5$ (1 hr. max.)

sec-butyl iodide: 81.3$ (0.5 hr.); 85.5$ (1 hr.);
94.1$ (2 hr. max.)

(e) Reaction of a-butoxy compounds with hydriodic acid.

The recoveries of n-toutyl iodide from a number of

compounds are recorded in Table IY, which shows that the

reaction time required for maximum recovery of iodine depends

on the compound under study and varies from 1-4 hr.

(f) Reaction of iso-toutoxy compounds with hydriodic acid.

When iso-toutoxy compounds were refluxed with

hydriodic acid it was observed that reaction was complete in
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1 hr. and that the volatile reaction product was a mixture of

lao-butyl and sec-butyl iodides. The relative yields varied

with the compound studied, as shown in Table V, Since iso-

butyl iodide can be recovered unchanged from reflux with

hydriodic acid, partial rearrangement involving a earbonlum

ion probably occurs during a step-wise reaction mechanism

with the formation of a mixture of iso- and sec-butyl iodides,

which then distil unchanged.

(g) Reaction of sec-butyl compounds with hydriodic acid.

Only two compounds of sufficient purity were

available for study. The molar yields of sec-butyl iodide

were as followss-

Tri-sec-butyl phosphates 85.7$ (1 hr.); 89.8$ (2 hr.);
96.7$ (3 hr.)

* • « • * f f * r 'i * ■- : - t

sec-butanols 89.7$ (1 hr.); 95.8$ (2 hr.)5 97.9$ (3 hr.)
-• '. ; i . « »

f 'f * \ < * .

COHCHJSIQNS

The Zeisel method of determining liberated alkyl

iodides by vapour-phase infrared spectroscopy not only gives

results for n-propoxy, iso-propoxy, n-butoxy, iso-butoxy and

sec-butoxy groups comparable in accuracy and reproducibility

with those obtained by the more conventional methods, but also

indicated the reason for the low results given by reaction of

iso-propoxy compounds with hydriodic acid.

The thermal decomposition of iso-propyl iodide to

propylene has been extensively studied1-^*1-^ in the gas-phase

but the reaction conditions involved are not directly



- 55 -

applicable to the comparatively low temperature of the Zeisel

reaction. Evidence has been obtained that, under our Zeisel

reaction conditions, iso-propoxy compounds give a maximum

yield of 92.0# of the theoretical yield of iso-propyl iodide.

Traces of propylene were detectable in the infrared spectrum

of the reaction products. The equilibrium

iso 03^ HI + 03H6
is involved in the determination of Iso-propoxy compounds

with hydxlodic acid and this causes the low recovery of iso-

propyl iodide. The molar amount of propylene present is

equivalent to 6-8 moles # of Iso-propyl iodide, and this

small amount of propylene could only be detected satisfactorily

when the weight of iso-propyl iodide taken was increased from

5 to 50 mg.

Reflux with hydrobromie acid gives a more

quantitative analytical reaction since iso-propyl bromide is

more stable to reflux with hydrobromic acid than iso-propyl

iodide is to reflux with hydriodie acid. Unfortunately the

comparative thermal stability of iso-butyl bromide cannot be

invoked because of the inadequate reactivity of hydrobromic

acid to give an alternative method of analysis for iso-butyl

groups•

n-propoxy, n-butoxy and sec-butoxy groups can be

determined successfully with hydriodic acid, but in the

determination of iso-butoxy groups a rear rangement occurs and

the reaction product is a mixture of iso-butyl and seo-butyl

iodides.
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SABLE I

Yields of iso-prop.vl bromida (as percentage of

theoretical) from reflux of iso-nro-poxy compounds

with 48^ aq. hydrobromic acid.

Reaction period, hr. *
Compound 1 f 3 V~

1. Propan-2-ol 90.7 94.5 99.6(max)

2. iso-Propyl-/5 -glue0side
tetra acetate 100•2

3. Tri-iso-'Propyl phosphite 99.5

4. Tri-iso-propyl phosphate 99.4

5. iso-Propyl-N(©< -naphthyl) -
carbamate 99»6

6. iso-Propyl-(2,4,5-
trichlorophenyl5 acetate 100.2

7. 1so-Propyl-N-phenyl-
carbamate 97.4

8. iso-Propyl-(2,4-dichloro-
pKenyl) acetate 100.2

9. 2-iso-Propoxy-ethanol 98.3

10. p-iso-Propoxy-diphenyl 100.2

11. 2-iso-Propoxy-benathiazole 100.2

12. Bi-iso-propyl ether 77.8 89.4 95.6 98.0(max)

Ori/dn of samplesi Commercial samples - l,3»4»6,8t12.
Research specimens - 5»7,10.
Gifted by Messrs. I.C.I. Ltd, - 9,11.
Gifted by Br. W, Kirsten - 2
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TABLE II

Yields of a-propyl iodide (as percentage of theoretical)

from reflux of a^propoxy compounds with 55% hydriodie acid,

Compound
Reaction period, hr.
i 234

1. Propan-l-ol 92.8 95.5 99.4
2. n-Propyl-2 Chloro-3,5-

"Hinitrobenzoat© 99.6
3. p-n-propoxydlphenyl 99.4

Origin of samples! Commercial sample - 1
Research specimen - 2,3.

TABLE III

Yields of a-propyl bromide (aa percentage of theoretical)

from reflux of p-groposy

acid*

with 48^ ag. hydrobroinie

Compound
Reaction period, hr.
—i r®— — i—s

1. Propan-l-ol 69.8 76.5 88.2 94.5 99.8
2. Di-n-propyl ether 57.6 68.9 77.5 86.8 93.7

3, p-n-propoxy-diphenyl 82.2 89.3 99.6
4. n-propoxy-aeetic acid 90.0 94.0 100.2
5♦ n-propyl-c<-naphthyurethane 84.0 90.3 99.3
6 • n-propyl-3»5-dinltrobenzoat@ 97.6
7. n-propyl-2-chloro-3,5-

cklni trobenzoate 99.7
8. 2-n-propoxybenzthiazole 99.5

9. Ih-n»propoxypentaerythritol 100.0

Origin of samples:- Commercial sample - 1,2.
Gifted "by Messrs. I.C.I. Ltd. - 4,8,9.
Research samples - 3,5,6,7.
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Yields of a-butyl iodide (as percentage of theoretical)

from reflux: of n-butoxy compounds with 55% ag.

hydriodic acid.

Compound Beaction^eriod, hr. ^

1. Piperonyl butoxide 98.6(max)
2. 2-butoxy-ethanol / 97.4
3. Tri-butyl phosphite 93.9
4. Allyl dibutyl phosphate* 95.5
5. Biethyl-dibutyl-ether 93.5 95.5(ma«5
6. BLbutyl hydrogen phosphonate 96.8 97.7
7. Dibutyl butyl phosphonate 95.7 97.7
8, Butyl lactate 92.8 92.9

9. Butyl salicylate 72.4 93.2
10. Butyl-vinyl ether / 85.2 92.8
11. l-Butoxy-3-K,N-diethyl-

carbamoylbenzene 84.3 96.2
12. Butyl-phenyl ether 86.6 99.0

13. Butyl-chloromethyl ether 82.7 93.6 97.5(msu$
14* Butan-l-ol 78.6 91.3 97.6
15. 2-Amino-21 -butoxydiethyl

©ther / 71.5 91.3 97.2
16. Titanium-tetra-butoxide 65.6 82.0 93.2
17 * H'-bisbutoxymethylurea 66.1 88.6 97.8
18. 1,1' -dibutoxy-n-butane 56.5 63.5 78.2 92.6(max)

Footnotes8 at Also gives iao propyl iodide
/ Also gives ethylene + ethyliodide

Origin of samplesz Commercial samples - 1,2,3,8,9,10,14.
Research sample - 12.
Gifted by Messrs, I.C.I.Ltd. - 11,13,15,16,17.
Gifted by U.K.A.E.A.Harwell - 4,5,6,7.
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TABLE V

Yields of butyl iodides (as percentage of theoretical)

from reflux of iso-butoxy compounds for 1 hr. with 55%

aa» hydriodic acid.

Compound * recoreiY
as iso-hutyl iodide as sec-butyl

iodide

1. Vinyl iso-butyl ether 63 35

2. iso-hutyl-chloromethyl
ether 54 45

3* Boron-trl~isobutoxide 58 42

4. iso-Butanol 86 12

5. Tri-iso-Butyl phosphate 60 38

Origin of sampless Commercial samples - 1,2,3>4.

Gifted by U.K.A.E.A., Harwell - 5.
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(d) The Zeisel determination of Tert-butvl croups and the

anomalous reaction of tert-butyl phenols.

INTRODUCTION

The 2eisel reaction gives non-quantitative and

variable results for tertiary butoxyl compounds. A further

complication arises since tert-butyl phenols react
70 14.0

anomalously in the Zeisel determination * , and some of

the analytical difficulties have been reported1^"1. Tert-

butyl iodide decomposes thermally to iso butene + hydriodic

acid at 103°5 during the Zeisel reaction (reflux temperature

127°C) an equilibrium involving text-butyl iodide, iso-

butylene and hydriodic acid is therefore set up. Few

previous investigations cf tert-butoxyl analyses have been

made. Houghton and Wilson1^ used Glarks1^ apparatus

after slight modification and reported a recovery of 18.8$
of the theoretical yield of tert-butyl iodide from tert-

butanol, under different reaction conditions. Kirsten and

Nilsson^ obtained 60-70^ recoveries, stating that "tertiary

butanol appears to give a fairly stable volatile iodide,

although the reproducibility of recovery is, however, not good."

The use of hydrobromic acid in place of hydriodic

acid gives more satisfactory results. Tert-butyl bromide

suffers ^j> 2$ decomposition with constant boiling hydrobromic
acid. Since tert-butyl compounds are dealkylated almost as

quickly in hydrobromic acid as in hydriodic acid, the reaction

periods required are not significantly longer. Tert-butoxyl

compounds react rapidly"^^»with aqueous hydrobromic and
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hydrochloric acids, and tert-butyl bromide and chloride

are more stable thermally than the iodide. In view of

the discrepancies between the recoveries reported^®*
a spectroscopic"^ study basing on analytical reaction from

reflux with these acids was therefore investigated.
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EXPERIMENTAL

Apparatus and Procedure

The apparatus and procedure used is the same as

described for the alhoxyl determination of thiomethyl

compounds. Particular care is necessary at the time of

transferring the contents of the trap to the gas-cell,

as tert-butyl iodide decomposes immediately if the trap is

heated directly over the flame. Satisfactory results

were obtained by immersing the trap in water at 80-90°C,
the sodium chloride windows being suitably protected

(plastic covers) during this operation. A slight reaction

occurred between tert-butyl halides (particularly the iodide),
and the sodium chloride cell windows, so that the cell windows

"fogged" much more quickly than usual. The validity of the

calibration curves had therefore to be checked more frequently

than in previous investigations.

Reagents

6 ml. of constant boiling hydrobromic acid

(sp.gravity 1.47) was added to the reaction flask and

refluxed for 30 minutes, under steady flow of (6-8 ml./min.)
of nitrogen? this conditioned the apparatus, Weight of

phenol added « 30 mg. Sample weights yielding 2-4 mg.

of tert-butyl iodide were taken.

Calibration and duration of reflux.

A calibration curve for tert-butyl bromides can

easily be constructed by direct weighing, as previously
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described. The tert-butyl bromide absorption peak at
<p»1

1X50 cm. was selected for calibration, on which all

determinations were based. As constant boiling hydro-

bromic acid (sp.gr.1.47) is effective in cleaving alkoxyl

groups, it produces alkyl bromides quantitatively in 2-3 hr.

from tert-butyl eaters and ethers.

The use of solid acrubbers.

Aqueous solutions hydrolyse tert-butyl halides

to tert-butanolj hydrolysis of the iodide occurs very

rapidly1^" . Campbell and Chettleburgh1^0 recommended

aqueous sodium thiosulfate as a scrubbing liquid and this

may therefore have been a source of error in their work.

It is essential to use a solid scrubber in determinations

of tert-butyl halides. Soda asbestos1^ haif given

satisfactory results throughout this investigation.

Compounds Investigated.

(a) samples of tert-butanol1^ and tert-butyl

halides confirming to literature description were obtained

by redistillation, under reduced pressure, of reagent grade

commercial samples. Since tert-butyl iodide quickly

develops a dark colour, small amounts were redistilled daily.

Iso-butylene was prepared by dehydration (conc. sulfuric acid)
of purified tert-butanol.

(b) Tert-butyl esters- tert-butyl 3s5 dinitro-

benzoate was prepared? the specimen confirmed to literature

description.
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(c) Tert-butyl ethers- tert-butyl phenyl ether,

tert-butyl tolyl ether and tert-butyl naphthyl ether were

prepared by Grignard reaction with tert-butyl perbenzoate1^'1^0
The specimens gave satisfactory elemental analysis (Weiler
and Strauss; Oxford). Dark colour developed on storage,

and these specimens were re-distilled under reduced pressure

as required.

(d) Tert-butyl phenolss- These samples were kindly

supplied by Dr. D.R.L. Williams, by Messrs. Eodak Ltd., and by

Messrs. I.C.I. (Dyestuffs Divn.) Ltd. Liquids were purified

by redistillation. The majority of the samples, however,

were low-melting solids which were not easily purified by

recrystallisation; these were purified by Zone-melting.

RESULTS

1. Experiment with constant boiling hydriodic acid.

(a) Rate of reaction of tert-butoxyl compounds.

Tert-butanol, tert-butyl 3s5 dinitrobenzoate and

tert-butyl naphthyl ether were analysed under Zeisel

reaction conditions. The samples were weighed in a long

handled spoon, dissolved in molten phenol, and then added

to the reaction flask charged with 6 ml. of hydriodic acid

(sp.gravity 1.70, preconditioned as already described).
The nitrogen flow rate was 6-8 ml/min. The liberated tert-

butyl iodide was collected, after passage through anhydrone
and soda asbestos, in a trap Immersed in liquid nitrogen.

The results obtained for the different reaction times stated
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were as followss-

Compound lime and jt yield
Tert-butyl 3«5 dinitro- (1 hr.) 76.0$} (2 hr.) 80.8$ (max.)
benzoate

$ert-butyl naphthyl ether (1 hr.) 40. 5$; (2 hr.) 66.6$ (max.)
$ert-butanol

1st determination (1 hr.) 42.5$} (2 hr.) 48.7$}
(3 hr.) -

2nd determination (1 hr.) 39.5$} (2 hr.) 45.0$}
(3 hr.) '

56.6$ (max.)
39.5$} (2 h
60.9$ (max.)

151
Burwell et al ^ have already commented on the fact that esters

are not always less reactive than alcohols.

(b) Recovery of tert-butvl Iodides

Samples of tert-butyl iodide were analysed under

Zeisel reaction conditions. These samples were weighed in a

small weighing bottle fitted with a ground glass stopper , and

then added to a Zeisel reaction flask containing 6 ml. of

hydriodic acid (sp.gr.1.7) + 30 mg. of phenol. Using a

nitrogen flow rate of 6-8 ml./mln, the recovery from reflux

with hydriodic acid was investigated. The maximum recovery

varied from 58 to 80$, and about 80$ of the total recovery in

each determination distilled within 20 minutes. By keeping

a fixed sample weight of tert-butyl iodide and by changing

the reaction conditions, small variation in recovery resulted.

The reaction conditions were varied as follows:-

i. Volume of hydriodic acid decreased from 6 ml. to 1 ml.
ii. Plow rate varied from 4 to 12 ml./min.
iii. Weights of phenol varied from 0 to 100 mg.
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Little variation in the rate of recovery was found when the
QO ISjO

temperature of the condenser water was increased5 * 5 .

(c) Production of iso-butylene.
v ' >

t ■ " • t ( : h ~ . ' ' t . *

In all determinations with hydriodic acid some
* ft 1 i 11

iso-butylene was produced, the suia of the molar recoveries

of tert-butyl iodide and iso-hutylene accounting for the
• •' t .$ :

weight of tert-butyl iodide taken. A kinetic experiment

with 2:6 dltsrt-butyl-4 methyl phenol, using Campbell and

Chettleburgh's experiment conditions1^, gave results in

good agreement with their results. The ratio of the

molar yields of iso-hutylene and tert-butyl iodide was,

however, constant over the whole reaction period; eg. reflux

for 10 min gave approximately 70$ of the total yield of iso-

hutylene and also approximately 70$ of the total yield of

tert-butyl iodide. This does not support Campbell and

Chettleburgh,s view1^5 that the iso-butylene results from

decomposition of some tert-butyl iodide which does not

distil in the earlier stages of the reflux period.

The molar ratio of iso-butylene to tert-butyl

iodide was also much greater than in any of the previous

experiments. It was suspected that this resulted from the

changes made in the reaction conditions in order to duplicate

Campbell and Chettleburgh*©1^0 experiment. Using four

different reaction conditions, Campbell and Chettleburgh

had found four different values, ranging from 18,06 -

22,56$, for the recovery of tert-butyl iodide, and they

ascribed these to scrubber hydrolysis effects. These
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ranges were confirmed when these experiments were repeated

using a solid scrubber. Changes in the reaction conditions,

and not scrubber hydrolysis effects, therefore cause the

variation in results. These effects were further investigated

as followss*
i • l » ) •' ' ! • ' • * ' ' <> > =•*

(d) Variation in yield of tart-butyl iodide with

reaction conditions,
"

1 "IJ
- ; i

A set of experiments was carried out under Zeisel

reaction conditions in which a constant sample weight of

tert-butyl-4 hydroxy-anisole (mixed 2 and 3 isomers)
was taken} the results are shown, together with the yield

of tert-butyl iodide obtained, in Table I, Further sets

of experiments showed that cresols and other phenolic

compounds caused similar variations in the results. The

use of solubilisers other than phenol, such as propionic

anhydride and hypophosphoroua acid, further complicated the

effect. Other experiments indicated that phenolic compounds

formed in the reaction medium during the de-alkylation

reaction, contributed to the decomposition of the tert-butyl

iodide.

(a) tert-butyl-4-hydroxy anisole (5 mg.) was

reacted in hydriodic acid (6 ml.), without phenol. The

recovery of tert-butyl iodide was 80$ in agreement with the

result of Table I.

(b) After boiling the reaction medium for a further

4 hours to eliminate all traces of alkyliodides, the mixture
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was cooled* A further 5 mg« sample of tert-butyl-4-hydroxv

anisole was then added, together with 30 mg, phenol; the

recovery of tert-hutyl phenol was then 52$ compared with 62$

(see Table I) for the corresponding "straight" reaction with

30 sag. phenol*

(c) After "boiling again for 4 hours and cooling, a

further 5 rag* sample + 30 mg. phenol was added* The recovery

of tert-butyl iodide was now only 42$, as compared to 50$ for

the 60 mg. phenol experiment shown in Table I. Thus the

effect of the total phenol added (60 mg.) was apparently

increased by the sum (approx, 6 mg.) of the weights of

phenolic compounds formed in determinations (a) and (b).

TABLE I

The yield of tertiary-butyl iodide from 5 mg* samples of
butylated hydroxy anisole under different reaction conditions*

H2 HE Phenol added Yield
flow rate (sp.gr.1.7) (mg.) ($ of theoretical)
(ml. per min.) ml*

4 1 30 19
4 6 30 51

6-8 1 10 53
6-8 6 0 80
6-8 6 10 72
6-8 6 30 62

6-8 6 60 50

12 - 15 1 30 45

12 - 15 6 30 73



2. (a) Experiments with constant boiling

hydrobromie acid.

A weighed quantity of tert-butyi "bromide, in a
fkR

small weighing bottle fitted with a ground glass stopper,

was added to the Zeisel reaction flask containing 6 ml. of

hydrobromic acid + 30 rng. of phenol. On using a nitrogen

flow rate of 6-8 ml,/min.# the recovery of the samples

(2-5 mg.) of tert-butyl bromide after reflux for 1 hour was

90,7$ and after 2 hours was 98.4$ (max. yield)• An

equilibrium of the form C^H^Br C^Hg + HBr must exist,
but under the stated reaction conditions (reflux temp,* 115°),
the extent of decomposition to iso-butylene does not exceed

2$. Indeed, only traces of iso-butylens were detectable

in the infrared spectrum of the reaction products; some

polymerisation1"*^ of iso-butylene may occur. The recoveries

of tert-butyl bromide were reproducible and were not strongly

influenced by small changes in reaction conditions or in the

amount of phenol added.

(b) The rate of reaction of tert—butoxyl compounds.

Using the same reaction conditions as in (a) above,

the rate of recovery of tert-butyl bromide from some tert-

butoxyi compounds was determined. The results are shown in

Table II#



- 70 -

TABLE II

Compound Yield, $ of theoretical
Reflux period,

1 2
Er.

3

Tert-butanol 95.4 98,3(max.)
Tert-butyl-3s 5 dinitro-
bensoate 97.0 98,6(max.)

Tert-butyl phenyl ether 86.5 91.1 96.2(xaax.)
Tert-butyl tolyl ether 86,8 93.3 95.6(max.)
Tert-butyl naphthyl ether 90,8 93.6 97.5(max,)

The reaction time required varies from 2 to 3 hours,

depending on the compound being analysed. Correcting these

results by +1.6$ (the $ loss of tert-but.yl bromide during

recovery), only the results for two of the ethers are

slightly low, and this may well reflect the actual state of

purity of these specimens.

(c) A number of tert-butyl phenols were refluxed in

constant boiling hydrobromic acid for 2-3 hours. Nearly

quantitative yields of tert-butyl bromide were produced.

Such compounds cannot therefore be distinguished from tert-

butoxyl compounds by this reaction.

3, Experiments with constant boiling hydrochloric

acid.

Using the reaction conditions in 2(a) above, reflux

with constant boiling hydrochloric acid for 2 hours gave the

following results?-

(a) Recovery of added tert-butyl chloride was

nearly quantitative. ( )>98$) (cf.ref.154)
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("b) Terfc-butanol and tert-butyl 3i5 dinitro-

benzoate gave 985^ of the theoretical yields of tert-butyl

chloride,

(c) Tert-butyl ethers gave 60-65$ of the

theoretical yield of tert-butyl chloride.

(d) Tert-butyl phenols reacted as follows

(i) Ho tert-butyl chloride fomed

2i4 ditert-butyl phenol
5 methyl-2-tert-buty1-4s 6-dini troanisole
4-tert-butyl phenol

(ii) ( 10$ tert-butyl chloride formed

5-methyl-2-tert-butyl phenol
tert-butylated-4-hydroxy anisole (mixed

2 and 3 isomers)
2:6-ditert-butyl phenol

(iii) < 20$ t^rt-butyl chloride formed
2t4 dimethyl-5 tert-butyl phenol
3 methyl~4:6 ditert-butyl phenol

QOHCLUSIQHS

Beflux with constant boiling hydrobromic acid

produces a quantitative yield of tert-butyl bromide from

tert-butoxyl compounds. In the above mentioned reaction

conditions the decomposition of tert-butyl bromide does not

exceed 2$, and the appropriate correction factor is

applicable to analytical results. The reaction period

ranges from 2 to 3 hours depending on the compound under

investigation. Prolonged reaction periods are not
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critical when the infrared method of determination is used;

with volumetric or gravimetric determinations, however, any

increase in the reaction period is inadvisable.

not distinguish between true tertiary-butoxyl compounds and

tertiary-butylated phenols. However a method for making

this distinction is available by refluxing with

hydrochloric acid (constant boiling). The yields of tert-

butyl chloride vary from 60-98$ for tert-butoxyl compounds,

and from 0-20$ for the range of tert-butyl phenols studied.

The possibility is that a rearrangement of the form

occurs in acid solutionf 'the degree of rearrangement is

dependent on the acid strength and on the nature of

substituent groups and substitution pattern in the phenolic

compound. The foregoing results make it clear that reflux

with hydriodic acid does not produce a satisfactory

analytical reaction for tert-butoxyl groups. The

equilibrium C^H^I —^ C^Hg + HI is obviously
dependent on the ratio of sample weight to volume of acid

used, on the flow rate of carrier gas, and on the amount of

phenolic compounds, (a) added as solubilisers, (b) formed

during the reaction medium as a result of dealkylation.

Our results show that production of iso-butylene does not

increase in the later stages of a determination; there is

Reflux with constant boiling hydrobromic acid does
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no significant decomposition of undistilled portions of

tert-butyl iodide#

A distinction should be made between two effects?^

In the recovery of tert-butyl iodide the yield ranges from

58-80$ and was not dependent extensively on changes in flow

rate or on the addition of phenolic compounds, A rapid

rate of distillation was observed (approx. 80$ in 15 min.)

and the recovery of tert-butyl iodide seems to be related

to the thermal decomposition equilibrium. In the

formation of tert-butyl iodide from tert-butoxyl compounds,

however, several differences are obviouss-

(a) The yields of tart-butyl iodide show a much

greater range (19$ to 81$)

(b) The distillation rate (now being dependent on

the rate of formation ) is much slower (approx, 50$ in 1 hr«)

(c) The relative amounts of tert-butyl iodide and

iao-butylene formed are determined to a large extent by the

reaction conditions, especially the presence of added

compounds#
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(e) The determination of small amounts of alcohols

in aqueous solution.

INTRODUCTION

A simple method was required for the identification

and determination of small concentrations (approx. 0.05$) of

lower alcohols in aqueous solution. Since simple mixtures

of alcohols were liable to "be present, many of the standard

methods of analysis were inapplicable.

A literature survey indicated that methanol and

ethanol are still most frequently determined by distillation
155 156

or diffusion , followed by oxidation with permanganate ^
157

or dlchromate ' • Although such methods can be extended to

butan-l-ol1*^ and to secondary alcohols1^,166, errors are

liable to occur through incomplete reaction or over-
161

oxidation . Some Investigators prefer to determine the

aldehydic or acidic oxidation products1"^'2 J others

determine the excess dlchromate electrometrically1^ or

spectroscopieally1^1 •

Considerable attention has been devoted in recent

years to the development of new methods of analysis,

including those based on the use of acetylation1^,
eolorimetry1^ »166^ ehemiluminescence1^, reaction with

vinyl cyanide16®, conversion to nitrite16^, formation of

vanadium-oxinate comp^exes1^0 *1^1, and gas-liquid

chromatography1^2""1^.
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For mixtures of alcohols, differential rates of

reaction can he used17**, hut gas-liquid chromatography1'^
undoubtedly provides an extremely sensitive method (detection

limit177 of 0.1^ in water for a 5yul sample). For positive
identification of the chromatographic peaks, a non-aqueous

solvent extraction method17^ and a combined infrared-GLC

technique17^ have been described.

When only a small number of determinations are

required, however, it is not always economic in time and

cost to pack and standardise a specialised gas chromatography

column and to carry out the modifications to basic apparatus

necessary for the analysis of aqueous solutions. This se¬

ct ion describes a simple modification to the Zeisel reaction

which has been found to give satisfactory results for the

analysis of aqueous solutions containing low concentrations

of alcohols.
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EXPERIMENTAL AND RESULTS

Compounds

For development of the method, dilute solutions

(1 ml* alcohol per litre distilled water, i.e. approx.

0.079$ w/v) were prepared from methanol and ethanol (B.L.H.

Ltd.; Mspecial for spectroscopy"). In later work, similar

dilutions of the propanols and butanols were prepared from

reagent-grade samples after re-distillation. Finally,

independent test solutions were prepared both on a weight/
volume and volume/volume basis, the concentration being

calculated from the density of the alcohol used.

Zeisel apparatus and reagents

These have been described*^, together with details

of the technique for trapping volatile reaction-products and

of the infrared vapour-phase method for their subsequent

identification and determination.

Procedure for determinations as iodides

An aliquot (1.00 ml.) of the solution for analysis

is placed, by pipette, into the reaction flask of the micro

Zeisel apparatus. A few crystals of phenol (about 25 ig.,

weight not critical) are added, followed by 3 ml. of

hydriodic acid (AnalaR, about 66$, sp. gr. 1.94). The

reaction flask consequently contains the unknown amount of

alcohol(s) dissolved in 4 ml. of hydriodic acid of sp.gr.1.70

1.e. closely approximating to the constant boiling azeotrope.

Small differences from the azeotropic composition are not
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critical whan the liberated alkyl iodides are determined

spectrosccpicallyj in deteminations where a volumetric or

gravimetric finish is used, some eare should he exercised

to ensure that the sp. gr» does not exceed 1.70, so that

water, and not hydriodic acid, distils with the volatile

reaction products. (In this connection we have found if

advisable to determine the sp. gr. of the commercial acid,

since this is frequently lower than 1.94)«

Reaction periods required

She reflux periods required are:- methanol and

ethanol, 1 hi".; n-propanol and n-butanol, 3 hr, as shown

in Table 1. If the alcohol(s) present are not known, a

preliminary qualitative analysis should be based on the

products from a 3 hr. reaction.

Sensitivity and accuracy of the method

The sensitivity depends on the gas-cell used^.
The procedure described here can be carried out adequately

with the aid of the less expensive, bench-type spectrometers

now available commercially. Such instruments can usually

accommodate a gas-cell of about 10 cm, length. With a simple,

conventional cell of this length 1-5 mg. methyl iodide can be

determined to within Because of the very favourable

factor incurred through conversion to the iodide, methanol

concentrations within the range 0.2-1.1 g./l. can be

determined. The ranges for ethanol, propanols and butanols

are slightly less sensitive, since the conversion factors are

progressively less favourable (4.4 for methanol, 2.5 for
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"butanols) •

Limitations on determinations as iodides

When determined as iodides, t-butanol*1'®0 and iso-
l8l

propanol give low results as a result of olefin© formation.

Determinations as "bromides overcome this difficulty**"^
Any of the lower alcohols can, of course, b© determined as

bromides, although some loss of sensitivity results. This

is because (a) the conversion factor for bromides is less

favourable than for iodides (b) the intensity of absorption

is less for alkyl bromides than for iodides. Thus 2-6 mg,

of methyl bromide, for example, can be determined in a 10 cm.

gas-cellj taking 1 ml, aliquots, methanol concentrations

in the range 0.5-2g./l. can therefore be determined.

Procedure using hydrobromic acid.

The procedure is similar to that described for

hydriodic acid, except that 4 ml. hydrobromic acid (66$

sp. gr. 1.70) is added to a 1 ml. aliquot of the unknown

aqueous solution. This gives a reaction mixture (5 ml.)
which is virtiially azeotropic in composition (sp.gr.1,48).
The results by HBr is shown in Table 2.

Analysis of mixtures of alcohols as iodides and bromides

The possible binary mixtures of the alcohols

are shown in Tables 3 and 4s in only a few mixtures is a

component not determinable.
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CONCLUSIONS

The simple modifications described allow the Zeisel

reaction to he applied to the analysis of dilute aqueous

solutions of the lower alcohols. Results accurate to within

MI.$ were obtained for teat solutions. Analyses of solutions

containing only one component can, of course, be made using

any of the conventional finishes to the Zeisel reaction; for

mixtures of alcohols, the) spectroscopic method undoubtedly

offers great advantages. Determination as iodides is not

satisfactory for iso-propanol and jt-butanol, which require
the use of hydrobromic acid.

Concentrations greater than about 0.1$ can readily

be determined by making an appropriate dilution; concentrations

greater than about 10$ can be found by normal Zeisel

determinations. Concentrations less than about 0.02$ can be

analysed (l) by using longer conventional gas-cells, minimum

volume gas-cells, or scale-expansion devices, etc. (ii) by

taking larger allquots and scaling up the volumes of
reactants proportionately, using a larger react!on-vessel

(iii) by adding a known weight of the alcohol under test to

the unknown solution, subsequently calculating the weight

present in the unknown solution from the total weight recovered

(see ref.182). Concentrations down to about 0.002$ can be

determined by careful choice of the weight of alcohol added

so that the most sensitive portion of the calibration curve

for the gas-cell is involved.
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The method is limited to systems known to contain

alcohols only. At the low concentrations involved, ethers,

esters and aeetals may he sufficiently water-soluble to

interfere. Ethylene glycol and its derivatives also

interfere, hut their presence is revealed hy the formation

of ethylene on reaction1^ with hydriodie acid.
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TABLE 1

Yields of alkyliodide (as percentage of theoretical)

from reflux of alcohols with 55% Hydriodic acid.

Alcohol Reaction Period,
1 2

hr«
3

1• Methanol 90.8 99.0 98.8 98.8

2.'Ethanol 90.6 98.9 98.7 98.5

3. n-Propanol 92.1 94*9 98.7

4. iso-Propanol 92.0 91.9 90.9

5. n-Butanol 77.9 90.8 98.1

6. Tert-butanol 40.6 49.2 58.9(siax

TABLE 2

Yields of alkyl bromide (as percentage of theoretical)

from reflux of alcohols with 4-Q% aq. Hydrobroxnic acid.

Alcohol Reaction Period, hr.
* 1 2 3 4 5

1. Methanol 88.7 98.8 98.6 98.5

2. Ethanol 89.9 98.8 98.7 98.3

3. n-Propanol 69.1 77.3 87.9 94.7 99.6

4. iso-Propanol 91.3 95.7 99.5

5. n-Butanol
•

mtm
68.8 70.5 75.6

6. Tert-Butanol 96.2 98.8(max.)



IAB1E 3

Determlnacy of binary conMnationa of the lower alcohols

as iodides,

Mixture Iodides liberated
of Methyl Ethyl n- iso- n- lap- sec- (tert-

iodides Iodide Iodide propyl propyl Uutyl butyl butyl butyl
Iodide Iodide Iodide Iodide Iodide Iodide)

Me/Et B D(CF)
Me/nPr 33 B

Me/iPr I) t B
<•

Me/nBu NB « B ■

Me/iBu B B

Me/sBu B B

(Me/tBu) D t
■

s

(B)
Et/nPr KB B(MP) t 1 • i ' ? •

Et/iPr NB D -

f

Et/nBu NB NB

Et/j^Bu NB NB

Et/aBu B B

(Et/jBu) B(CP) (B)
nPr/iPr B(MP) B

nPr/nBu B(iP) B(MP)
<

nPr/iBu«N» * «■*»
B(MP) B(MP)

nPr/sBu NB
} i

B

(nPr/tBu) B (D)
jLPr/nBu B B(MP)
iPr/iBu B(C3?) NB

iPr/jiBu NB D(MP)
(iPr/tBu) B(CP) (NB)
nBu/iBu B(MP) NB

nBu/s^Bu Kmp&cf) B

(nBu/tjBu) B (B)

iBu/aBu NB B(CF)

(iBu/tBu) B (B)

(^Bu/tBu) B (NB)

B ■ determinate? D(CF) - determinate using
NB ■ not determinate? correction factor?

D(MP) - determinate using minor peak
tert-butyl iodide - low results through decomposition
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Determinacy of binary combinations of the lower alcohols as
bromides " "' ■

Mixture of Bromides liberated
alcohols Methyl Ethyl n- iso- n- iao- sec- t-

propyl propyl "Butyl butyl butyl butyl

Me/Et D D

M@/n~Pr D D

Ue/l-Pr D D

Me/n-Bu D D

Me/i-Bu D D

Me/s-Bu D D

Me/t-Bu 33 D

Et/n-Pr WD D(MP)
Et/i-Pr D(CF) D(MP)
Et/n-Bu ND ND

Et/i-Bu D(CF) D(MP)
Et/s-Bu WD D

Et/t-Bu D D

nPr/i-Pr D(mp) D(MP)
hPr/n-Bu D(MP) D(MP)
nPr/i-Bu d(mp) d(jfip)
nPr/s-Bu 33(MP) D(MP)
nPr/^t-Bu D D

iPr/n-Bu D D(MP)
IPr/i-Bu D(MP) D(MP)
iPr/s-Bu D(MP) D(EP)
iPr/t-Bu D WD

nBu/i-Bu D D(JGP)
nBu/§-Bu D(MP) D

nBu/t~Bu D D

iBu/s-Bu D D

iBu/t-Bu D(MP) WD

_§Bu/t-Bu D ND

Legend; Ds determinate
NDs not determinate
D(CF) t determinate using correction factor) R
D(MP) * determinate using minor peak )
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(f) Anomalous results arising from cleavage "by

Hydrlodtc acid.

INTRODUCTION

Several cases of anomalous behaviour "by non-alkoxyl
Cft »TA

compounds in the Zeisel alkoxyl reaction have been reported *' •

Gysel1®^, reported that abnormal values were given by certain

N-methyl compounds, Karpitschka1®^ reported that quarternary

trimethyl ammonium pyrimidine chlorides gave high values

under normal Zeisel reaction conditions, and Steyemark1^,
has also mentioned that occasionally an NCH^ or group
might react similarly to an OCH^ or OC^H^ group.

In addition to anomalous reactions, solvent

retention1^ is also a potential source of error, Anderson
71

and Duncan have recently reported that polysaccharide

samples tenaciously retain small amounts of organic solvents,

particularly alcohols and ethers used in their preparation or
*1

isolation, Jansen warned that pectic materials were

particularly liable to give this effect, which lias also been

reported for wood products1®^.
Results and Discussion*-

2,3-dimethyl-2,3~diphenyl butane (I,X= H)» and
certain of its derivatives (i,X = ohjrog)» were reported to
react anomalously1^0 in the Zeisel reaction, giving

»oPO Ch ch
CM3 CH3 3 3
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an apparent methoxyl content of 3.3$« These compounds had

heen prepared by a method1^1 involving crystallisation from

ethanol, and it appeared that the reported anomaly might be,
in effect, a further example of solvent retention. If so,

the use of vapour phase infrared would show ethyliodide and

not methyliodlde as the reaction product.

2,3~Dimetiiyl~2,3~diphenyl butane, prepared by farmer

and Moore's1^1 method was recrystallised from ethanol. After

drying in the normal way, the product had m.p.1180 (lit.118-

119). Analysis (Weiler and Strauss; Oxford), England gave

JS0 = 90.51, 5® « 9.34; (required $>Q = 90.75, » 9.25). When

treated with constant boiling HI under Zeisel reaction

conditions this compound gave no volatile products, even

after prolonged reflux over night. Indeed, this hydrocarbon

was so stable, that it was recovered unchanged (identity of

infrared spectrum) from the hydriodic reaction medium.

This compound therefore neither retains solvent of

crystallisation nor reacts anomalously under normal Zeisel

conditions. It is perhaps significant that Huang and

Morsingh"3*^® reported that neither the dimethoxy derivative
, ' ' • - ' " ' • . ' ' * ■

(1,X • OCH,) nor compound II reacted anomalously, and that

drastic conditions, normally reserved for the analysis of

M-methyl groups, were used in their analysiz. the sample

was dissolved in phenol and acetic anhydride and refluxed

with hydriodic acid; after evaporation to dryness, the residue

was heated above 300°. It is quite unreasonable for results
obtained by such a procedure to be described^2 as anomalous

Zeisel methoxyl determinations.
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(g) The determination of Is 2 diols by a modified

Zeisel reaction.

INTRODUCTION

In recent years, derivatives of ethylene glycol

have attained considerable technical importance as solvents,

plasticizers, detergents and emulsifiers, There is a need

for an analytical method by which these compounds may be

determined and identified. Specialised methods have been

reported for the analysis of ethylene oxide condensates1^.
Roserberger and Shoemaker1^ used azeotropic distillation

for the separation of simple glycols and their derivatives.

In an azeotropic distillation, a three component mixture of

water, ethylene glycol and glycerol was successfully

separated quantitatively by employing benzene, tetraehloro-

ethylene and d-limonene as selected entrainers; the water

and ethylene glycol were estimated simultaneously by use of

tetrachloroethylene and the percentage of each was determined

from the refractive index of the distillate. Sargent and

Rieman1^ employed ion-exchange chromatography for diethylene

glycol, ethylene glycol and glycerol. This separation allows

the determination of each of six compounds present in the

mixture by oxidation with dichromate. Recently Ottenstein1^
has shown that close boiling glycols, including ethylene and

propylene glycols, can be separated by the use of gas
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chroxaatography employing tetrahydroxyethyl ethylene diamine

(TKEEED) on Chromsorb as the analytical column. Ottenstein's

woxk indicated that water was necessary on the inert support

to act as a deactivator. Working along these lines Nadeau
197

and Oak® J have separated ethylene and propylene glycol in

mixtures "by themselves and in aqueous solutions using 5% (THEED)
in Ohromosorh W,

Conventional methods based on oxidation by periodic

aeid3*^® or dichromate1^ are non-selective for mixtures

containing compounds with vicinal type hydroxy groups*

Ethylene glycol has been determined in diethylene glycol by a
900

differential oxidation procedure using potassium chrornate •

Methods based on oxidation201*2^32 by periodic acid have been
20 20 A.

used and other investigators have used cerate oxidation,

which releases formic acid.

Quantitative determination of ethylene glycol in water

is based on the well-known periodate scission of vicinal glycols
205

originally proposed by Malaprade . A more general method,

however, involves the well-known Zeisel reaction, in which a

It2 diol yield an olefine and alkyl iodide. The method has

been used on the microscale . Although early attempts to

use this reaction quantitatively were unsuccessful, it has

been claimed120'20^'20 ^ that reasonable results are obtained

if the sum of the molar yields of both the volatile products

is taken. The relative yields of the two reaction products

appear to be dependent on the compound under investigation and
208

on the precise reaction conditions. Although Etienne - found
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that iodinechloride was more satisfactory than "bromine as an

absorbent for ethylene, all attempts to simplify the analysis,

by introducing a simple chemical absorption system for both
pOq

volatile products, have failed. A method based on

determination of the iodine liberated in the reaction medium

through decomposition of the primarily formed di-iode
23D

alkanes has been adapted to the micro-scale •

An investigation of the Seisel determination of

glycols was undertaken since vapour-phase infrared

spectroscopy gives a simple method for the simultaneous

determination of ethylene or propylene together with alkyl

iodides.
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EXPERIMENTAL

Apparatus

The analytical apparatus required has "been described

Reagent

Hydriodic acid
Hydrobromic acid

1.46 — 1 • 49
- AnalaR, about 20$, w/w
- AnalaR
- M.A.R.

- M.A.R., 14-22 mesh

- M.A.R. sp# gr. 1.7
- AnalaR, about 48$, sp. gr.

Hydrochloric acid
Phenol

Soda asbestos

Anhydrone

Spectrophotonetrie determination of Ethylene and alkyllodide.

The collection of reaction products, and their

quantitative transfer to a gas cell for determination, have

been described previously. All aspects of the determination

of alkoxyl groups by this method have been described. Por

ethane-diol, calibration is based on the absorption by

ethylene at 955 cm*"1 and by ethyliodide at 1215 cm"*1.
Routine analysis can be made without difficulty on 5-6 rag.

samples.

Construction of calibration curve for ethylene.

a partial pressure of ethylene equal to 76 m^m* of mercury is
admitted to the 58 mg. gas cell, this pressure being read

from the scale (graduated in millimeters) attached to the

manometer limb. Accurate halving of the pressure in the

gas cell which in turn gives partial pressures of 38, 19 and

9,5 mm. and so on of mercury, is subsequently conveniently

Calibration can be done manometrically^ Initially



WEIGHT OF SAMPLE, *»3
FIG-1
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done with the aid of the manometer. When the partial

pressure of the gas under examination has been halved,

air is admitted to restore atmospheric pressure in the gas-

cell, the infrared spectrum for this concentration is then

recorded. Fig (l) shows a calibration curve obtained in

this way, together with the calibration curve, for the same

cell, for ethyliodide,
1 i ' ;

Procedure

6 ml, of hydriodic acid (55$ w/w) was added to the

reaction flask and refluxed for 30-60 minutes, under a

steady flow of (6-8 ml. per mini) of nitrogen; this
.4 •

conditions the apparatus. The sample (5-6 mg.) is weighed
.-it ■

accurately in a long-handled weighing bottle fitted with a
-

, ■ ■ . • • • ' ... . • ......

leak-proof ground-glass stopper. The bottle is transferred

to the reaction flask which has previously been charged with

6 ml. of hydriodic acid + 10-20 mg, of phenol. The

weighing bottle must submerge completely in the reaction

mixture.

RESULTS

1. Ethylene Glycol

a. Recovery of (ethylene + ethyliodide) from reflux with

hydriodic acid (55$) Kinetic experiments showed the recovery

of (ethylene + ethyliodide) to be,

Ethylene Glycol + HI only

Ethylenes 85.7$ (10 min. max.)
Ethyliodide; 9.6$ (10 min.); 11.48$ (20 min.);

13.6$ (30 min.); 13.6$ (60 min.);
14.1$ (90 min.); 14.1$ (120 min.)
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Ethylene Glycol + HI +10 mg-. Phenol

Ethylene? 85.7$ (10 min. max.)

Ethyliodide; 10.1$ (10 min.); 11.67$ (20 min,)?
14.1$ (30 inin,)? 14.1$ (60 min. 5 ?
14.1$ (90 min.)| 14.1$ (120 min,)

to. Recovery of (ethylene + etiiyliodl.de) from reflux

with different time and temperature.

Temperature 100°C? Ethylene? 85.7$ (2 nr.)? 85.5$ (12 hr.)

Ethyliodide; 14.1$ (2 hr.); 13.7$(12 hr.)

Temperature 80°C; Ethylene? 58,9$ (2 hr,);57.8$ (12 hr.)

Ethyliodide; 5.2$ (2 nr.); 5.3$ (12 hr.)
o. Recovery of (ethylene + ethyliodide) from reflux with

HI (55$) +A° (1*5$).

Ethylene; 83.9$ (30 min.); 85.7$ (2 hr.)

Ethyliodide? 13.6$ (30 min.); 14.1$ (2 hr.)

8. Recovery of (ethylene + ethyliodide) from reflux with

orthonhosnhorio acid (6 ml.) + Potassium iodide (1 am.)

Ethylene; 80.3$ (2 hr. max.)

Ethyliodide; 9.6$ (2 hr, max.)
e. Reaction of ethylene glycol with hydrochloric acid.

It does not react to any significant extent with constant

boiling hydrochloric acid. Traces of ethylehloride and

ethylene gas were obtained.

f. Reaction of ethylene glycol with hydrotoromic acid.

Reaction with constant "boiling hydrotoromic acid gives

Is2 dxtoromoethane, ethyl "bromide and ethylene, furthermore

the total molar yield of these products is only 50$ after

reflux for 2 hours.



NORMALITYOF 'HYDRiODlC ACID

FIG.2
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2. Is 2 11 iodoethane

a. A pure sample of Is2 dilodoethane decomposed readily

(a) in "boiling water, giving a quantitative molar yield of

ethylene (b) in liydriodic acid, giving 90 moles per cent of

ethylene and 10 moles per cent of ethyliodide.

b. When ls2 dibromoethane is reacted with constant

boiling hydrobromic acid, 3ome dibromoethane distils unchanged

and some is decomposed to ethylene, a small proportion of

which (as shown in a separate experiment) is converted to

ethyl bromide.

3. Study of the decomposition of Ethylene glycol with

different concentrations of hydriodic acid.

A constant weight of ethylene glycol and a reflux

period of 30 minutes was used for each concentration of

hydriodic acid. 6.2 mg. of ethylene glycol was refluxed with

6 ml. of HI (55$)* using nitrogen as a flow gas at (6-8 ml)

per minute; the products were 85.7 moles per cent of ethylene

and 13.6 moles per cent of ethyliodide. There was no

apparent change in the percentage of ethylene and ethyliodide

when higher concentration i.e. 67 and 61$ of hydriodic acid

were used. Reflux with 50.0$ of hydriodic acid, however,

gives the maximum recovery achieved, i.e. 94.6 moles per

cent of ethylene and 6 moles per cent of ethyl iodide as

shown in table 1* Fig (2) shows a curve obtained with

different concentration against percentage yield of ethylene

and ethyl iodide.
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TABLE I

Hydriodic Recovery of wt, w>, wt. i.e. ...

acid of possible of molar total
used ethylene ethylene yield ethyl yield molar

conver- of iodide ($ of recovery
Cam. l<e. Th. »% ted to ethyl found ethyl (ethyl-
(w/w) appxox. yield Fouid yield ethyl iodide (mg.) iodide ene +

norma- (mg.) (rag.) (males) iodide (mg.) ethyl
li% iodide

67 8.6 2.8 2.4 85.7 0.4 2.22 2.1 13.6 99.3

61 7.8 2.8 2.4 85.7 0,4 2.22 2.1 13.6 99.3

55 7.2 2.8 2.4 85.7 0.4 2 • 22 2.1 13.6 99.3

50 6.56 2.8 2.65 94.6 0.15 0.84 0.9 6.0 100.6

46 6.12 2.8 2.60 92,8 0.20 1.10 0.4 2.58 95.38

43 5.87 2.8 2.35 83.9 0.45 2.50 0.25 1.61 85.51

41 5.62 2.8 2.0 71.4 0.8 3.34 0.13 0.83 72.23

39 5.35 2.8 1.75 62.5 1.05 5.85 0.06 0.38 62.88

37 5.12 2.8 1.40 50.0 1.4 7.80 » 50.0

A graph between concentration and molar absorption

was drawn which gives the sun of the total molar yields of

(ethylene + ethyliodide) as shown in Fig. (3). In order to

see the maximum yield of ethylene reflux with 50$ HI, i.e.

(6.56H) using a different flow rate with and without phenol,

it was found that there was no significant change in the

maximum yield of ethylene, as shown in Table 2.

Ho combination of conditions was found which yield

100$ ethylene in a period of time suitable for an analytical

method.
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TABLE 2

Hydriodic
acid
used flow

rate
Occceui.e, ml./
(w/f?) apprax min.

norma¬

lity

Recovery
of

ethylene

$h,
yLeLdfound yield
(mg) (mg.) (axiM

,% wfc.
of

conver¬
ted to
ethyl
iodide

*
• +

possible
yield

of
ethyl
iodide
(iag.)

wt,
of
8ML
iodide
fouad
(iag)

i.e.
mcM"
yield
($of
ethyl
iodide

•
• •

total
nv>1 or

recowy
(ethyl-

) en® +
ethyl

iodide)

50 6,56 6—8

15

25

2.8

2,8

2.8

2.64

2.65

2.64

94.2

94.6

94.2

0.16

0,15

0.16

0.89

0.84

0,89

0.85

0.90

0.87

5.4

6.0

5.6

99.6

100.6

99.8

Hydriodic
acid
+ 10 mg.

Phenol

■

2.65

2.65

2.64

94.6

94.6

94.2

0.15

0,15

0.15

0.84

0.84

0.89
L

0.90

0.89

0.89

6.0

6.0

6.0

100.6

100.6

99.9

50 6,56 6—8 2,8

15 2,8

25 2.8

Conclusions

Vapour-phase infrared spectroscopy offers a simple,

sensitive and specific method for simultaneous determination

of the defines and alkyliodides liberated in Zeisel

determinations on 1j2 diols. Reflux with 6 ml, of 55$

hydriodic acid gives 85,7 moles per cent of ethylene and

13,6 moles per cent of ethyliodide# This agrees well with

the observations of Kains20^ but not with those of Morgan12^,
The evolution of ethylene is extremely rapid. From start

of reflux the evolution of ethylene is complete within 10

minutes? evolution of ethyliodide is slower, being complete

in 30 minutes, a time slightly less than is usual in

determinations on ethoxy compounds (cf,ref*206).
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h. Simultaneous determination of Uronic acid and

Alkoxyl groups in Polysaccharides by reflux with Hydrlodic

Acid.

IDTRODUCTI ON

Uronic acids are carbohydrate derivative possessing

two functional groups - an aldehydic group at and a

carboxyl group at Cg. If the internal configuration is
favourable, internal lactonisation can result e.g. with

glucoronic and mannuronic acids (formation of glucurone and

mannurone respectively.)
There are two general methods for the synthesis of

uronic acids (1) the reduction2"1'1 '212 of the monolactones

of saccharic acid, in which the monolactones of dibasic acid
21

is reduced by sodium amalgam in acid -' solution,
c*o :ho

(CHOH)a o np-/H^ (<j;HOH)4
h<J-oh co oh

or (2) by the oxiuauPon of primary alcohol groups of sugars.
c^2oh coqh

^H'OH
h oh jtovj

The Decarboxylation of Uronic Acid.

Decarboxylation is the replacement of the carboxyl

group of an acid by hydrogen. The quantitative evolution

of one mole of carbon dioxide was first observed by Lefevre

and Tollens21^ in work which was based on Mann and Tollen's21^
earlier experiment with glucuronic acid and 12$ (w/w)
hydrochloric acid. The formation of carbon dioxide is

quantitative, according to the following equationt_
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C6H10°7 — C5H4°2 + C02 + ^2°
A hexuronic acid furfural

The yield of furfural is always much less than

theoretical216 at the particular reaction time which

gives 1 mole of carbon dioxide. Hydrochloric acid is

considered the best mineral acid for decarboxylation, but

sulfuric acid21^, hydrlodic acid21® and phosphoric acid21^*220
have also been used. It was reported that uronic acids

could be thermally decarboxylate^on heating for 15 minutes
o 222

at 255 » but Anderson et al were unable to substantiate

this finding.

Decarboxylation can be achieved by using 12$ HCl

for reaction periods of 3 to 4 hours214*216*22®, but the

use of 19$ HC1224, was reported to require a reflux period

of only l-§ hours. This has been increased In more recent

papers to 2 hours22^ and 2§ hours226. Various analysts22®*22^
have proposed that 19$ HC1 introduces error by increasing

the carbon dioxide produced from side-reactions and from the
OQA

decomposition of non-uronic acid material, but McCready et al

reported that there was very little difference in carbon

dioxide produced by glucose when refluxed in 19$ HC1 or

12$ HCl.

The formation of carbon dioxide from non-uronic acid

carbohydrate materials

The liberation of carbon dioxide has been observed

from non-uronic carbohydrates, but the amounts evolved are

generally small21^. Side reactions, which are complex21®*219
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take place concurrently with decarboxylation of the uronic

acid molecules. If the mixture is boiled for long periods,

carbon dioxide continues to be liberated from side reactions

even although all the carboxyl groups present in the original

starting material must have been eliminated. Since carbon

dioxide is liberated from the side reactions slowly and

approximately linearly with time, values of over 100$ are

commonly found J for the uronic acid content of

polyuronides.

There is no known method of eliminating these side

reactions. The analytically correct time for pure

reference uronic acids, is therefore, by compensation of

errors, slightly less than the full time required for complete

decarboxylation.

Norman and Martin2^5*, during analysis with pectins,

found that other naturally occurring carboxylic acids,

e.g. oxalic acid and lactic acid gave rise to small amounts

and pyruvic acid to a large amount of carbon dioxide.

Guanzon and Sandstrom2^2 suggested a negative correction

factor of 0.45$ of the weight of carbohydrate, to allow for

carbon dioxide from non-uronic sources. A comparative study

of the production of carbon dioxide from various individual

sugars was first made by Hirst and Co-workers2-^, who found

that on using 12$ HC1, rhamnose gave the highest yield, while

rnannitol gave no carbon dioxide. Norman2^ repeated some of

this work, and found that the rate for uronic acids was much

greater than for non-uronic materials. Whistler et al2^5
found that the evolution of carbon dioxide from glucose was
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proportional to time in various strengths of acids.

Tracey2-^ decarboxylated a large variety of compounds

in a sealed tube in 12$ HG1 at 110°C, and compared the
2P1

results with those of previous workers. Perlin found

that ascorbic acid, mucic acid, and gluconic acid all gave

carbon dioxide when heated under conditions which he claimed,

gave theoretical yields of carbon dioxide from uronic acid.

The colorimetric estimation of uronic acid content of

carbohydrate materials

Colorimetrie methods depend on the reaction of a

reagent with either the uronic acid or, more generally, with

its decomposition products. A possible colorimetric

reaction is»-

ECOOH + M* =s RGOOM + H*
coloured

The absorption of methylene blue from solution is

an example of this type of reaction and has been thoroughly

investigated by Davidson2^, but he found errors in carbonyl

values at low carboxyl content, due to absorption by -OH

groups. Kay© and Kent2have used the well known reaction

between an ester and hydroxylamine (to give a hydroxamle acid,2^
which then reacts with ferric ions to give stable ferric

complexes) for uronic acid determinations. This reaction is

equally suitable for internal esters (such as lactones) and
240

so glucurone can be used as a standard. Hilf and Castano

have also used hydroxamic acid formation as a means of

estimating reducing sugars by first converting the sugars
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to the cyanohydrin derivative, which then gives the acid

(or lactone under acid conditions), leading to hydroxamic

acid formation. Although this method is clearly complex,

the authors claim quantitative results. Lien2^"1 also used

the iron hydroxamate method, the free acids "being converted

to the lactones at 120°0 in an autoclave (15 lb./sq.ln) at

1,5 and then treated with alkaline hydroxylamine, the

final "being 1.2 as used in the Kaye and Kent2procedure.
It is evident from the literature that there are a

large number of colorimetric methods of estimating uronic

acids based on the formation of coloured compounds from the

decomposition products of uronic acids in strong acid solution.

These reactions are non-stoichiometric, and so the methods

depend on standardisation of the method with a pure uronic

acid.
OAO

Tollens first used naphthoresoclnol as a reagent

for the colorimetric determination of galacturonic acid, but

many conflicting reports regarding the specificity of the

reaction exist243,244^
Other similar reactions based on the formation of

coloured compounds with many reagents in acid or alkali are

known2^, but they are all -non-specific, suffering from
interferences from other carbohydrate materials.

Anthrone2^ with the addition of concentrated

sulfuric acid can be used for the estimation of both pentose

and hexuronic acids, although the interference of amino-acids

has been reported*^.
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Garbazole (dibenzopyrrole) was first used as a

qualitative reagent2^, "but Dische2^ recommended the reaction

for quantitative analysis. Using approximately 85$ HgSO^
and a 0,1$ solution of carbazole, he compared the optical

densities of uronic acid solutions after heating at 60°C
and at 100°0 for 90 sec.» and found that the reaction of

galacturonie acid was 30 times more intense than glucuronic

acid* Sugars do not interfere to significant extent,

galactose giving the largest error24^. Stark2^0 used the

first Dische2^ method to determine the total uronic acid

content in cotton pectins "by heating the mixture for

20 minutes at 100°C and compared the results with those

given by a decarboxylation method2-^ (12$ HOI), the results

being corrected for the carbon dioxide given off by the same

weight of cellulose. The values obtained by the earbazole

method were slightly lower than those by decarboxylation.

McCready and McComb2''"*" used the carbazole reaction for the

determination of uronic acids in pectins. The authors

modified the method, but even then they found that esterified

galacturonie acid gave low results. They also agreed that

decarboxylation with 19$ HCi gave higher results with pectins

of low uronic acid content, but with high uronic acid pectins

the results agreed closely. Glucuronic acid was not

estimated in this work.

Estimation of glucuronic acid in the monomer and

polymer form by the carbazole method was carried out by
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252
Bovmess , who estimated both glucuronic acid and glucose

)

after 2§ and 24 hr. reactions,

A comparative study "by carbozole and decarboxylation2^
was done to determine the uronic acids in soil, but the

results were not in agreements no attempt was made to find

if the source of relatively large amounts of carbon dioxide

from soil layers was organic or inorganic. A method based

on ultraviolet examination of the degradation products resulting

from heating with (90$ w/w) sulfuric acid solution has been

proposed2*^.
The foregoing review therefore makes it sufficiently

clear that although colorimetric methods of estimating uronic
255

acid groups are appropriate under certain conditions they

do not give absolute values and are influenced by interferences

when dealing with heterogenous materials. She probability

of error is also appreciably magnified when proteinaceous

materials are present2*^. Therefore for analytical222
purposes acidic decarboxylation is preferable, since the

accompanying side reactions liberating carbon dioxide from

non-uronie acid residues give comparatively small errors.

These rarely exceed 3$ absolute and are always positive. The

kinetics and mechanism involved in acid decarboxylation of
256

uronic acids have been investigated ^ *

OOf\
Although the analytical reaction based on reflux

with 19$ (w/v) HC1 for 2i hours2^ has produced satisfactory

results for several years, it became obvious that the

introduction of the following modifications would improve
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the method. (a) a reduction of the required reaction time,

(h) increased specificity and sensitivity of determining the

carbon dioxide evolved (c) development of apparatus simpler
OQfL

than that previously described . The modifications involve

(a) the use of constant boiling HI (55$ w/v) as the

decarboxylation medium (b) the use of vapour phase infrared

determination^ of the carbon dioxide evolved, (c) the use

of a combined reaction flask and reflux condenser (commercially

available) as the reaction vessel. The assembled apparatus

is therefore identical to that already described for alkoxyl

determinations, and it is consequently possible to determine

the alkoxyl and uronie acid contents of a sample

simultaneously•

The present analytical method includes parts of the
258

procedure of two earlier workers. Buston used a modified

2eisel apparatus for uronic acid determination with hydrochloric

acid and Vollmert^1® used hydriodic acid (57$) as decarboxylating

medium. A reaction period of 1-2 hours was considered
An Q

appropriate by Volimiert ; our experiments with characterised

reference materials indicate that constant boiling hydriodic

aciu gives complete decarboxylation in li hours.



- 103 -

EXPERIMENTAL

Apparatus

The combined reaction flask and condenser ^S.S.1428
part 01, 1954 (part 2 apparatus]/ delivery tube, and vapour

trap have been described before# The apparatus assembled

as shown in part 2 (alkoxyl determination of thioalkyl

compounds) except that the delivery tube is not packed with

soda asbestos and anhydrone.

The omission of anhydrone was found to give more

complete and more reproducible recoveries of carbon dioxide.

The traces of water vapour collected and subsequently

transferred to the gas cell do not interfere with the

spectroscopic determinations required, and do not cause

significant "fogging'* of the cell windows.

Carrier gas

The use of nitrogen as a carrier gas is also of
2 V5

comparatively recent innovation Carbon dioxide free

air contains oxygen, which is considered to increase the

oxidation of non-uronic acid materials, so giving extraneous

carbon dioxide. Some workershave reported that there is

no significant difference in results obtained by using air or

nitrogen. In our spectroscopic work nitrogen (6-8 ml./min.)

is used as flow gas; the method of pretreatment and

stabilising the flow rate have been described.

Spectroscopic determination of carbon dioxide and alkyl iodide

The collection of reaction products and their
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^5 4-
quantitative transfer to a gas cell for determination,

5
have heen described^ previously. All aspects of the

determination of alkoxyl groups by this method have been

described before.

Construction of calibration curves for carbon dioxide

Calibration can be achieved laanometrically^, or by

talcing the required amount of sodium carbonate (M.A.R) in a
75

long handled weighing spoon , and reacting it with acid in

the decarboxylation apparatus. The evolved carbon dioxide

is collected in a trap immersed in liquid nitrogen. After

carefully transferring the carbon dioxide from the trap to

the gas cell, dry air should be admitted so that the cell
K-i

contents are at atmospheric pressure. This minimises

pressure broadening effect and the trace amount of carbon

dioxide so introduced is compensated by the double-beam

operation of the spectrometer. The characteristic carbon

dioxide peak at 2350 cm""1, on which calibration was based,

was drawn two or three times. Very few other gases give

any absorption in this part of the spectrum. Fig. 1 shows

a calibration curve obtained in this way, together with the

calibration curve, for the same cell, for methyl iodide.

Reagents and Compounds

AnalaR hydriodic acid (about 55$, B.D.H.Ltd.) was

used throughout the analysis. Batches (250 ml.) of the
68

acid are preconditioned before use by refluxing, with a

continuous flow of nitrogen at 6-8 ml./min, for 1 hour.
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The standard samples of glucurone, galacturonic acid, and
260

alginic acid have been described .

Procedure

The weight of sample should be sufficient to give a

yield of carbon dioxide which falls within the range of

sensitive response for the calibrated gas cells with the

cell normally used in our experimental analysis, the suitable

range of carbon dioxide is 1-6 rng.

6 ml. of hydriodic acid (55$ w/w) was added to the

reaction flask and refluxed for 30-60 min., under a steady

flow of (6-8 ml./min.) of nitrogen; this conditioned the
75

apparatus. A long-handled weighing spoon can be used

for the addition of samples, but this was not possible with

bulky, freese-dried specimens or with materials (e.g. gums,

pectins), which formed McakesM or gels on the addition of

aqueous solution. The following technique was therefore

applied for all samples. Weigh the desired amount in a small

weighing tube, then dissolve the material in 2 ml. of

hydriodic acid. The solution (or suspension in some cases)
is transferred quantitatively to the reaction flask with the
aid of a further 4 x 1 ml. portions of hydriodic acid.

Then the sample is refluxed for !#• hours.

Aqueous solutions may be analysed as follows. Take

a suitable concentration of the solution, so that 1 ml. will

yield a suitable weight of carbon dioxide, then transfer 1 ml.

of solution into a reaction flask which contains 3 ml* of

hydriodic acid of sp. gravity 1.94 (about 66$). The total

volume is therefore 4 ml. and the acid is virtually of
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azeotropic composition.

RESULTS

1. Determination of the reaction time required for

quantitative results.
260

Well characterised samples of glucurone,

galacturonic acid and alginic acid were used as standard

compounds. Kinetic experiments showed that reflux for

1-J hours gave quantitative decarboxylation. Reflux for

longer periods gave very little "over production" of carbon

dioxide in marked contrast to previous experiences with

hydrochloric acid.

Table (l) shows the agreement given by hydrochloric

and hydriodic acid reaction.
« 1 ■

2. The "apparent uronio content" given by non-uronic compounds.

All carbohydrates suffer some decomposition when

refluxed with strong mineral acids, due to liberation of

carbon dioxide from side reactions. In a typical heterogenous

material containing say x$ of uronic acid, y$ hexoses, and z$

pentoses, where (x+ y +z) « 100$ decomposition of hexose and

pentose will increase the yield of carbon dioxide, and

therefore increase the apparent percentage content of uronic

acid residues. For this reason it is important to know that

how much carbon dioxide is produeed/hon-uronic acid materials.

This effect was fully investigated261 for hydrochloric acid,

and some of the values obtained are compared in Table II with

the corresponding values given by reflux for !-§- hours in
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55$ hydriodic acid2^2* 2^.
3, Identification of other volatile reaction products*

file infrared technique-^»54 for isolating and

examining the volatile products at various reaction times

offered a splendid opportunity of carrying out such a survey.

The volatile reaction products given off in reflux periods

of up to 24 hours have "been investigated, in 19$ hydrochloric

and in 55$ hydriodic acid. With "both these mineral acids,

hexuronie acids and pentoses give small amounts of furan,

acetone and acetaldehyde 5 hexoses and methyl pentoses give

some 2:5 dimethylfuran and some 2-methyl furan respectively.

Proteins give some furan and a very small quantity of acetone

and 2:5 dimethylfuran.

4. The simultaneous determination of uronio acid and methoxyl

content.

The quantitative infrared technique can he extended,

without modification or loss in accuracy, to the simultaneous

determination of uronic acid and methoxyl groups. Results

correct to within ± 1$ for both can he obtained on a single

weight of sample. The procedure used was exactly as

described for the independent determination of alkoxyl groups,

except that soda asbestos and anhydrone are not added to the

delivery tube.

The gas cell used (length 12.5 cm. internal volume

56 ml.) gives the sensitives of carbon dioxide and methyl

iodide shown in Pig (1). In infrared spectroscopy, the
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most reliable results are generally obtained from absorptions

of 30-70$. Under the conditions described, however,

absorption at 2350 cm.""1 is most sensitive to changes in

concentration for small amounts of carbon dioxide, i.e. those

giving 15-50$ absorption. As shown in Fig, (1), the gas cell

gives its most sensitive response for 1-6 mg. quantities of

carbon dioxide. The range of sample weights required is,

therefore,

4-24 mg. for pure uronic acid or polyuronides.

20-120 mg. for materials containing 20$ uronic acid.

The gas cell used also gives a sensitive response to 1-4 mg.

of methyl iodide.

Nominal 50 mg. samples therefore permit the

simultaneous determination of uronic acid and methoxyl content

in the range 8-48$ and 0.2-2$ respectively. Methoxyl contents

outwith this range can be determined by transferring the cell

contents to a more sensitive or less sensitive gas cell, as

necessary, Transferring the gas cell contents from one gas

cell to cold trap and then transfer to a different cell have

been described"^. Although reflux periods in excess of 1 hr,

during Zeisel determinations on carbohydrates can lead to
71

error if a volumetric finish is used , longer reflux periods

are not detrimental when the specific spectroscopic method

is used to determine alkyl halides collected in a cold trap.

Conclusions

The use of hydriodic acid as a decarboxylating agent

combined with vapour phase infrared spectroscopy for the
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determination of carbon dioxide, offered a very simple method

for the determination of uronie acid and alkoxyl groups.

The reaction time (!•§- hr.) for the simultaneous determination

of alkoxyl and uronic acid groups is of value in routine

determination and in research investigations. The method is

particularly useful for determinations on pectins (50-70$

uronic acid, 1-5$ methoxyl), and plant gums (5-50$ uronic

acid and 0-20$ methoxyl). Methoxyl content of 1$ are of

structural significance2^1*? recent studies on a number of

Acacia gums have shown the presence of methoxyl groups, of

which earlier investigators, particularly those dealing with

gum arabic (Acacia Senegal), appear to have been unaware.

A further advantage of the present method is its

ability to differentiate between methoxyl and ethoxyl. This

is useful in investigations of artifacts arising from

(a) solvent retention2^'^ (b) attempted reductions by

potassium borohydride or diborane.

It is noted that the amount of carbon dioxide

evolved from non-uronic acid materials by the hydriodic

method differs from the amount evolved by hydrochloric acid,

but percentages of carbon dioxide are not significantly

different from either method and are unlikely to be high by

more than 3$ absolute, even if nitrogenous materials are

present.

The relative yields of other products also differ

from those evolved in hydrochloric acid decarboxylation.

The slight changes which occur may be due to changes in the
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mechanism of the decomposition stages which follow the

decarboxylation step. In particular decarboxylation with

hydriodic acid produces large quantities of acetone (cf,

ref. 266,267).
For complex multistage reactions, spectroscopic

determination of carbon dioxide ins considerable advantages

over the conventional chemical methods. The spectroscopic

method is specific and sensitive. Errors caused by the

evolution of other acidic products are eliminated; the

possibility of traces of the decarboxylating acid being

carried over by the flow gas is no longer an inherent source

of high results. Other investigators have recently

discussed the limitations of conventional methods of

determining carbon dioxide in reactions which release other

acidic vapour as a result, the use of non-aqueous solvent ,

carbonic anhydrase25^ gas chromatography2"^0 , and infrared
271 27? 27^

technique have all been recommended. Non-
271

aqueous solvent methods may require purification of the

carbon dioxide prior to its absorption.

The sensitivity of the present method may be increased
5 a 55

by the use of more sensitive gas cells ' , but the following

simple technique is of value when a determination is required

on an inadequate amount of sample which, by itself, would

give an infrared absorption (say<^15$ absorption) too small
for accurate measurement. The weighed sample is pre-

dissolved in the usual way and added to the reaction flask,

to which had been added a known weight (sufficient to give
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20-*30$ absorption) of the carbonate used in constructing

the calibration curve. The weight of carbon dioxide from

the polysaccharide is obtained as the difference between

the weight recovered and the weight expected from the

amount of carbonate taken#
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TABLE 1

The Uronic Acid Content ($) of some materials

Specimen By decarboxylation
with hydriodic
acid (55$) for 1-g-hn

By decarboxylation
with hydrochloric
acid (19$) for

2i hr.

Glucuronolactone

•L. Light'
'Commercial product Y24'
•Sigma'
'Kodak'

•Roche'

Galaeturonic acid

♦B.D.H.•
* Eastman'

'B.D.H.' Y

•B.D.H.* Z

Pectic acid

•Kodak'

'B.D.H1

•H.O.W.' 40 grade
Pectin N.F.

Acacia Senegal gum (bulk)
A. Senegal

non-nodule fonn (a)
non-nodule form (b)
non-nodule form (c)
Acacia Seyal gum (bulk)
A. Se.yal A

A. Seyal B

A. Seyal R

Acacia Dealbata

A. Arabics

A. drenanolobium

A. Laeta Haalxab A - 124
A. Laeta Melifera C - 360
A. Campylacantha

98.2
98.2
99.4

97.8
96.7

97.2

98.0
98.0
97.5

62.8

62.2

62.2

56.0
16.1

12.2

12.0

17.5

12.0

11.0

11.2

16.5

14.8
11.6

12*3

15.4

16.5
12.0

97.2

96.0

61.8

15.9

11.9
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TABLE II

The "Apparent uremic acid" content of some non-uronic
materials given "by reflux with (a) 19$ HC1 (b) 55$ HI

Apparent Uronic acid content ($) from
Specimen Reflux with 19$ Reflux with 55$

HOI for 2t hr. HI for hr.

Melezitose 1.6 1.8
Sucrose 2*6 3.2
Lactose 1.7 2.0

Glucoheptose 4.2 3.2
Mannose 3.5 3.4
Glucose 2.0 2.8
Galactose 2.8 2.5

giose 1.9 2.4
Arahinose 2.1 2.9
Rihose 2.2

. 3.4
Rhamnose 3.5 3«1
Pucose 3«0 2.2

Erythrose 4.8 3.2
ErythHtol 0.1 0.4
2-deoxy-glucose 1.2 2.4
Potato starch - 2.5

Glycogen - 3.1
Agar t 6.4
Carrageenan - 3.7
Inulin 3*0 3.1
Glucosamine hydrochloride 0.3 1.0
Bone gelatin Ho.112 2.3 1.7

No.188 3.5 3.5
Edestin * 0.4
1 : 5~gluconolacton© 9*9 14.8
Ascorbic acid 99.4 99.2
Dulcitol 0.81 1.0
Trypsin ? 1.3
Pancreatin - 1.8
Bone Glue - 1.7



TABLEIII

TheVolatileproductsgivenbysomecarbohydratesonrefluxwith(a)1#HC1(b)550HI
CompoundPeriodofVolatileproductsonrefluxwithVolatileproductsonrefluxwith reflux190HC1550HI Carbon dioxide

FuranAcetal-AcetoneDiethyl- dehydeketone
Carbon dioxide

FUranAcetai- dehyde

Acetone2Methyl faran

Glucurone (200mg.)

0
3

-

3
9

+++ +

++
tr

tr

+
tr

+++ +

tr

-

++
+

9

-

12

+

+

+

+

tr

-

•¥

-

12

-

2k

tr

+

++

tr

tr

-

cm

Galacturonic acid (250mg.)

0 6 9

mm

6 9 12

+++ + +

++
+ +

tr

+

+ + tr

+++ +
tr

tr

tm

cm

tr tr

+4-
tr

12

-

2k

tr

tr

tr

tr

tr

-

tr

-

Arabinose

0

-

12

+

++

-

cm

-h

++

tr

(1g.)

12

-

2k

+

++

+

-

tr

-

-

-

Ribose (180mg.)

0

-

2k

+

+

+

-

+

-

tr

++

2DeoxyD- Glucose (70rag.)

0

2*t

-

2k

k8

+ +

-

-

tr tr

tr tr

tr

-cm

-

tr tr

2DeoxyD- Galactox (110mg.)

0

2k

mm

2k
k8

+ +

-

-

tr tr

tr tr

tr tr

-

-

tr tr



TABLEIII(Continued)
CompoundPeriodofVolatileproductsfromrefluxVolatileproductsfromreflux refluxwith19$HC1with55$HI CarbonFuranAeetal-Acetone2MehjaLCarbonFuranAostal-Acetone2Matbyldicoddsdehydefurandiox&hfuran

L-Fucose (500mg.)

0

2b

■»2b -MB

+ +

tr

MM•

tr

+

tr

+trtr
tr

+♦
tr

4*

Rhamnose (500mg.)

0

2M

-2b -MB

+ +

tr

+

MM

+

4»mmmm +

mm

tr tr

Bonegelatin A

(150mg.)

0

~12

mm

MM

-

'MM

-

tr

mm

tr

Bonegelatin B

(150mg.)

0

-12

—

-

-

—

+--
mm

-

Trypsin (15Cmg.)

0

-12

-

MM

-

-

-

tr

tr

-

a

Paner^ftin---tr+-trtr(180mg.)

Key;+++
++

+

tr

largeamount smallamount minoramount justdetectable
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No.3 THE IffffHA-REP SPECTBA Off CARBQHlflHiATB
KATERIAlfl IN AQUEOUS SOLUTION

INTRODUCTION

That water can Be used as a solvent for i/R absorption

spectroscopy was shown as early as 1905 by Coblentz"^. More

recently Gore et al^8 and Blout and Lenoxmmit^^ have shown

that water, used in conjunction with heavy water, can have

considerable use in this respect, enabling one to obtain an

infrared absorption spectrum throughout almost the entire

rock salt region.

Lithium fluoride. Barium fluoride, calcium fluoride

and Thallium bromoiodide (KRS-5) are all suitable window

materials for aqueous solutions, and special glass such as

Irtraa-2 seems ideally suited for this use, as it is

commercially available, hard, and essentially insoluble in

water.

1 fi
Coblenta appears to have been the first person to

examine infrared spectra of carbohydrates. He studied

D-fructose and D-glucose in the region 3200-833cm»~1. Rogers

and Williams^* extended the series to include D- and L-

arabinose and D~ and L-lyxose, D-galactose and D-.-..annose. They

used the same region as Goblentz and found a few additional

peaks which, they claimed, resulted from an improved technique

of handling the sample. Cobienta had used melted samples,

whereas Rogers and Williams used saturated aqueous solutions

of the sugars and fluorite cells of approximately 0.02 m.m.

thickness together with a compensating cell. Barr and
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277
Chrismass , employing aqueous solutions, examined the spectra

of several other simple sugars. They reported the appearance

of new hands at 4630 and 4349 em.*"1. Because of the

difference in preparation of the samples, it would he difficult

to ascertain if the "new" hands were attributed to the sugars
J ' ' ' . - M . " , ' j ■ - .

or to the physical state of the material.

Aqueous solution spectra of the lactate ion and

lactate esters have heen examined, and the effect of chelation,
i w

vibration coupling and hydrogen bonding have been studied2"^*2^.
} ?

280
Goulden has also made a quantitative analysis of silk and

' • •

V • ■ > ' • *

other emulsions by infrared absorption.
: ' ' •' j - • ■

Infrared spectra of various carbohydrates in water
t

Pfil
have been recorded and found to be characteristic of each

-
.. f , - 1 . ■ • • 1

compound and the technique has been used to determine muta-

rotation constants of <=< -D-giucose, (i -B-glueose and yS-D-mannose.
282

Parker et al employed the aqueous phase for infrared studies

of amino acids. Koegel2^ et al have stated "that the

technique of determining aqueous solution spectra is technically

more difficult and more limited in application than solid state

spectra" Stevenson and Levine20^'2^ compared the spectra of

purified pneumococcal polysaccharides. Samples of the

polysaccharides were prepared by evaporating aqueous solutions

to dryness on the surface of silver chloride plates. They

showed that the use of infrared analysis affords a simple, rapid,

physical test permitting the identification of type specific

polysaccharides. In addition the result may also be used as
pgg

a criterion of purity of the sample. Charlton et al have
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discussed the possibility of a lactone linkage occurring in

sugars. Euhn2^ was the first to make a detailed attempt

for differentiating sugar molecules with infrared spectra.

He published the absorption curves of seventy-nine sugars

and their derivatives, and showed that the anomerie forms of
, . .?

various glucosides are readily distinguished by their infrared

curves. Kuhn also stated "that infrared spectroscopy is an

excellent tool for the identification of sugars and for the

identification of the important functional sugars in carbo¬

hydrate materials Including cellulose."
98ft

Fletcher and Diehl in studying the preparation of

melibiose from raffinose by the fermentative hydrolysis of a
28Q

trisaccharide^ noticed a new form of the disaccharide. By

observing the mutarotation of the new form, and by comparing

the infrared with that of an authentic sample of (S - melibiose,
they concluded that their form must be the o< - modification.
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Apparatus and Technique

The absorption cell is constructed in much the same

manner as conventional rock salt cells. The spacer "between

the "barium fluoride plates is made from polyethylene which is

available commercially in a range of suitable thicknesses♦

The carbohydrate chemist has the difficult job of

identifying the constituents of mixtures of chemically similar

sugars or of determining certain functional groups present in

small numbers in polymeric materials such as starch or

cellulose.

The spectra of large number of carbohydrates and

their derivatives have been obtained using the Hilger H-800

infrared spectrometer. Samples of the crystalline substances

dissolved in water frequently gave spectra containing very

broad and poorly resolved bands. Much sharper and better

resolved bands were obtained when the solid sample was finely

ground in mineral oil then examined as a mull. The mineral

oil gives only three strong carbon-hydrogen bands at about

3000, 1470 and 1390 wave numbers,

RESULTS

Curve 1 of D(+) Glucose in aqueous solution of

thickness 0.025 m.m, shows a very strong band at about 3.1

microns due to oxygen-hydrogen stretching frequency of the

hydrogen-bonded hydroxyl groups and in the region of 9 to 10^
there is one broad band due to carbon-oxygen vibrations.
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Incurve 2 of D(+) Xylose, the absorption hand between

9 to 10 is more sharp than glucose, but still there is no

fine resolution.

The spectra obtained for aqueous solutions of D(-)

Ribose, D(-) lyxose, L(~) Fucose, D(+) Galactose, L(+) Rhamnose

and L(+) Arabinose are shown in Fig, 3-8,

The following curves of c<-Methyl-B-Glucoside, 2,3,

4,6 Tetra methyl D-Glucose and 3*0, Methyl-D-Glucopyranose

are also for aqueous solution#

A comparison of the spectra of derivatives of a

given sugar reveals no band or arrangement of bands that is

characteristic of the particular sugar. For this reason it

has not been possible to identify a substituted sugar by

comparison of its spectrum with that of the corresponding

unsubstituted sugar# In order to compare the fine structures

of sugars, Maltose and Lactose are taken in aqueous solutions,

but the spectra are not markedly distinguishable from each other.

Conclusions

The spectra shown in Figs. 1-13 are

representative of the spectra which are given by sugars in

aqueous solutions in the "finger-print" region (1400-900 cm.""1).
It will be seen that the spectra are broadly similar, and very

few individual sugars give spectra which contain clearly

characteristic features.

The spectra would certainly be suitable for positive

identification of sugar residues, but the test would not be
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very sensitive, since fairly concentrated solutions of the

sugars are required to give spectra having the intensity of

absorption shown in the figures. It is considered that the

differences "between the spectra of simple sugars are too small

to facilitate the identification of the components of an

unknown mixture of sugars.
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No.4 INORGANIC ANALYSIS OP PLANI ASH

a. BY X-RAY FLUORESCENCE

GENERAL INTROIffJCTION

When an element is irradiated with x-rays of

sufficiently high energy, secondary (or fluorescence) x-rays

are emitted that are characteristic of the element.

Measurement of the intensity and wave length of the fluorescence

radiation is now a well known method of analysis and has Been

applied to the determination of the elements from sodium (At.No.*11)
to uranium (92) in powder, liquid or metal samples.

The origin and general characteristics of x-rays

spectra are well known. When a stream of electrons is stopped

"by the target of an x-ray tube, part of the primary x-radiation

emitted is in the form of a continuous spectrum covering a broad

wave-length range. The primary characteristic spectrum is made

up of radiations or lines that have discrete wave-lengths and is

obtained in addition to, and superimposed on, the continuum when

the incident electrons have sufficient energy to eject an electron

from one of the inner shells of a target atom. The resulting

ionized atoms regain stability by successive electronic

transitions from states of higher to lower energy, and the

energy released by each transition appears as a spectral line

having a frequency dependent on the difference in energy of the

electron in the initial and final states. K-series lines are

obtained when a K-electron is ejected and arise by electron

transition from outer shells to the K-shell. The L-electrons

are grouped according to their binding energy into three
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sub-shells L-^, 1 and L111 and each sub-shell lias an associated
spectral series. The complete M spectrum is made up of five series

corresponding to the five sub-shells. The frequency, V , of a

spectral line belonging to a particular series regularly with

atomic number z • This relationship is expressed of Mosely*s Law

V* * K (Z ~ d ) (1)

where K is a proportionality constant, and d is another constant,

the value of which depends on the series.

-The characteristic secondary x-ray spectrum of an

element can be excited by primary x-radiation if this Is

sufficiently energetic to ionise an inner shell. The energy

needed to eject an electron completely from an atom is greater

than that liberated as secondary x-radiation by an electron

transition from the outer shell to the ionised shell# Since

these transitions give rise to the line of highest frequency in

the series, it follows that all the emitted lines will be of

lower frequency or longer wave length, than that of the absorbed

radiation. The phenomenon is therefore termed fluorescence.

If the wave length of x-radiation incident on an

electron is gradually decreased, the x-ray photons become

progressively more energetic until, at a certain wave length,

they are able to ionise one of the inner shells and produce the

characteristic lines of spectral series. At this critical wave

length there is a sharp rise (the absorption edge) in the

absorption of x-radiation by the element. There is one absorption

edge associated with each energy level and as the wave length of

incident radiation is decreased, there is successive ionisation

of the My to L11]L, Lllf Lq and finally, the K-shell, with
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appearance of lines of the corresponding spectral series. A

spectral series will he excited by primary continuous radiation

only when the wave length limit, >min, is shorter than the

absorption edge of the series. Since > min, depends on the

voltage applied to the x-ray tube, there is a critical excitation

potential below which the lines of a spectral series will not be

excited by primary radiation. This critical -value can be

calculated for any series by substituting the appropriate

absorption edge wave lengths for h min. in equation (2).
Ve = — (2)

/mm.
he

Absorption effect and its possible application

Ideally, the intensity of absorption would be

independent of the matrix and would Increase linearly with

concentration over the range of 0 - 100$. It would then be

possible to determine the concentration of an element in any

sample by using the pure element as a standard. Deviations

from linearity are due to absorption of x-radiation, both

primary and fluorescence, by the other elements present in the

sample2^*.
The absorption coefficient for x-radiation increases

between absorption edges as approximately the fourth power of the

atomic number2^ # so the composition of the specimen will

influence the depth of penetration of the primary beam and

therefore influences the number of atoms of a particular element

that will be excited. The fluorescence radiation is affected

by specimen composition in the same way.

The internal standard method, which has been widely

used to avoid absorption problems2^2'2^*2^# involves the
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addition to the sample of a known amount of reference element

that will give a characteristic line close to the analytical

line and whose absorption will be affected in a similar way.

Standards are used to determine the variation in the ratio of the

analytical and reference line intensities with concentration, and

the calibration may be used to determine the element in variable

matrices. The choice of reference element depends on the

relative position of the characteristic lines and absorption

edges of the element to be determined, the reference element

and the disturbing elements being responsible for absorption

effects2^ 1296^ preferential absorption of a line would occur

if a disturbing element had an absorption edge between the

reference line and the absorption edges of the reference element.

These circumstances must be avoided by choosing an appropriate

reference element#

Matrix dilution will also minimise serious absorption

effects. The samples are heavily diluted with a matrix having

a low absorption, so that the resulting specimens have about the

same absorption for x-rays. The concentration and therefore
the effect of the disturbing elements is reduced, and although

the intensity of the measured radiation is also reduced, a linear
297

calibration graph can be obtained. Gunn used a mixture of

equal parts of lithium carbonate and corn starch as a diluent#

The method of fusing the samples with borax and casting the

melt as a glass disc lias also been used2^. By means of a

set of equations, losev2^ used a foimula for the correction of
the mutual effect of ores and minerals? experimental

confirmation of the validity of the formula was shown for a
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mixture of ZrOg and , Mathematical methods for the
investigation of inter-element effects in x-ray fluorescence

analysis have been discussed by Lucas and Price^00 and

investigated experimentally, for the determination of Cu

in brass, bronze and gun metals. Pellen^01 et al gave a

possible solution to the matrix problem in which two methods

of analysis are examined. A dilution method, in which a known

quantity of one of the constituents is added to a definite

quantity of unknown, shows an error as large as 70$. An

internal standard method works well, giving errors of 5$ or

less. Birks and Harris found unusual matrix effects;

certain systems of elements may be postulated in which the

x-ray intensity from some element A will decrease rather than

increase as the concentration of A increases. fhe predicted

phenomenon is observed for the K lines of iron, the intensity

decreasing steadily as the iron content increases from 8 to 17$.

fhe wide spectral application of x-ray fluorescence

analysis is the direct result of improvements in x-ray tubes

and the development of electronic devices as detectors. X-ray

fluorescence has been found particularly useful in routine

analysis and for determining closely related elements e.g. rare

earths, noble metals, niobium, tantalum and hafnium, when other

methods of analysis are difficult or time-consuming.

Methods for the analysis of various types of minerals

have been discussed by Carl and Campbell"*®^. The determination

of thorium in ores and rocks by using thallium^0^ or selenium-^
as internal standard has been described. For nickel, chromium

and iron, the critical thickness associated with maximum yields
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has been experimentally established by Eoh and Caugherty10^ to

be 0.0003 Internal standards10^ of strontium solutions

were used for the aqueous samples. Dyroff and Skiba10^ reported

the determination of trace amounts of iron, nickel and vandiurn

on a given cracking catalyst by means of x-ray fluorescence.

The method is rapid, requiring about 15 minutes for a complete

analysis. As little as two grams of sample are required and

because the method is non-destructive, the sample can be

recovered completely after analysis.

Selenium2^2 is used as an internal standard to

eliminate the interference effects in the detelimination of

barium in liquids. The use of a helium atmosphere extends

the range of x-ray fluorescence to wave lengths beyond those

otherwise available, making the determination of barium and

calcium10^ practicable. Methods have been described for a

number of synthetic systems representing the range of composition

found in biological110 tissues and these have been found to be

independent of matrix variation; experiments were conducted which

indicated that biological tissues may be ashed at 510°C for

8 hours without loss of zinc, copper and iron. Some of the

practical details of sample preparation and instrumental

techniques for the x-ray fluorescence spectroscopy of plant

materials111 have been described and the results correlated

with potassium and calcium determinations by flame photometry.
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BQUIPMEN T

X-ray tubes

X-ray tubes are usually of the sealed-off type having

tungsten, molybdenum or gold targets. They have power ratings

from 1 to 3 kv and operate with half or full-wave rectification.

With Phillips equipment, constant intensity of primary radiation

is achieved by high stabilization of the tube current and

voltage. The focus of the electron beam and the viewing angle

are such that the primary beam is projected on to an area of

about 500 sq. m.m. on the surface of the specimen. The tube

window is of thin (<^1 cum) beryllium which will transmit

x-rays of wave length up to 3 to 4A.

The excited secondary radiation does not include a

continuous spectrumj the primary continuum is scattered by the

specimen and is chiefly responsible for the background radiation.

Characteristic primary radiation from the target material and

from any impurities present in the target material, is also

scattered, and will be recorded; it would therefore be unwise

to choose, for example, a tungsten tube for the determination of

tungsten in a specimen. The spectral purity of the primary beam

can be investigated by taking the complete spectral range of a

specimen such as sucrose which gives no recorded fluorescence

lines.

Specimen Holder

The specimen holder is an aluminium cylinder, 32 m.m.

in diameter and 29 m.m. deep. The specimen is supported by a

thin film of Mylar film, and an aluminium mask restricts the area
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of specimen to a rectangle 18 x 27 rn.nu An alternative specimen

holder made from plastic material is available for acid and

alkaline solutions.

Collimator

The fluorescence radiation is collimated "by narrowly

spaced metal plates. The angular divergence of the x-rays that

reach the crystal is limited by the first collimator (fig* ).
The auxiliary collimator is coarser and is particularly useful

at very low values of 8 for preventing radiation that has not

been reflected by the crystal from reaching the detector. The

width of a spectral line depends on the degree of collimation.

Increased resolution can be obtained by decreasing the separation

of the metal plates and by increasing the length of the collimator,

but this is achieved at the expense of intensity.

Analysing Crystal

According to Bragg's law there is a theoretical limit

of '2d* for the wave length that can be reflected from a crystal

of interplanar spacing ' d' and this limiting radiation will be

reflected when 2© « 180°• This angle is beyond the range of

x-ray spectrographs and in addition the intensity of reflected

radiation decreases rapidly with increasing angle, so It is

usual to select a crystal having an interplanar spacing such

that the desired radiation is reflected in the angular 26 range

10° to 100°. The interplanar spacing of the cyrstal having the

least spacing should be used.

The crystal should be large enough to accept at small

angles all radiation transmitted ^ first collimator and
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must emit no fluorescence lines of its own that would overlap the

spectral lines of interest.

Betectora

Geiger, Proportional and Scintillation counters-*12 5

have replaced photographic film for the detection of fluorescence

x-radiation. The spectral sensitivity of each type varies with

wave lengths-^ and the choice of detectors is governed primarily

"by the radiation to he detected.

The Geiger counter^1-5 is widely used for detecting

radiation in the range 0*7 to 3A, and since it is relatively

insensitive to scattered hard radiation, the background count

is low, A Geiger counter is not normally used for measuring

intensities in excess of 1000 counts per second.

Proportional^1^9and Scintillation^1^ counters

have a short dead time {^0,2 micro-second) so that the response

to x-ray photons is linear up to extremely high rates of count.

In addition, the amplitude of a pulse delivered by the counters

is proportional to the energy and therefore inversely proportional

to the wave length of the absorbed x-ray photons, so it is

possible to discriminate electronically against unwanted radiations.

An important advantage of the scintillation counter is its high

sensitivity over the range 0.3 to 2.5A, but it is not used for

detecting radiation beyond that due to the Ka line of Ti, because

the signal is then indistinguishable from detector noise.



FIG. I
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EXPERIMENTAL

Apparatus and Procedure

The instrument made by Phillips Electrical Ltd. , was

used. The arrangement for exciting and detecting fluorescence

radiation is shown in Pig, (1), A primary "beam of x-radiation

from the tube is projected to the sample, and excites the

elements in the sample to give off secondary or fluorescence

radiation, the wave lengths of which are characteristic of the

elements emitting the radiation. This secondary radiation passes

through a collimator, so that only a parallel beam of the
I V ! ■ • V , J ' ' i \ ■ , • 1 ( »

secondary radiation impinges on the analysis crystal. The
•; ; 4 ■: ' « »•< • '■ ; . ■■ « ' ■ .1

crystal serves as a diffraction grating, separating the radiation

into its various wave length components. The line radiations

are reflected according to Bragg * s law and pass through an

auxiliary collimator to the detector where the energy of the

x-ray photons is converted into electrical impulses or "counts'®.

The Impulses are then amplified and fed into an electronic

counting panel, where they are recorded on a strip chart.

Intensity losses caused by absorption of the longer wave length

(or soft) x-rays by air can be reduced by evacuating the crystal

chamber.

For qualitative analysis, the angle 6 is gradually

increased, and at a certain angle the appropriate fluorescence

lines ar® reflected. The detector and the crystal are rotated

automatically at angular speed in the ratio 2 to 1, and the

intensities are recorded on a moving chart as a series of peaks,

corresponding to fluorescence lines, above a background which is
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due to general scattering of primary radiation by the specimen.

The angular position of the detector, in degrees of

20, is also simultaneously recorded on the chart, so that a peak

can easily be identified from the angle at which it is recorded.

For quantitative analysis it is necessary to measure

the intensity of a characteristic line of the element. This can

be done either hy collecting counts for a certain period of time

(fixed time method) or by measuring the time necessary to collect

a pre-set number of counts (fixed counts method)-^.
For routine analysis, however, the simplest method is

to prepare a calibration curve showing the variation in line

intensity with concentration by using chemically analysed samples.

The range of concentration used in our experiments with iron

and calcium are as followss-

Fe203 <0.3$
and CaO, between 5 to 40$

The curve will be linear only if the absorption effects discussed

above are negligible, and any deviation from linearity may be

minimised by using standards that are closely similar in

composition^^. In addition the intensity of the analytical

line is measured before and after the addition of a known

121
amount of the elementJ .

The angle (as 2©) of the particular Fek^ and Cak^ peaks

selected for calibration and on which all determinations are based

are as follows sp¬

angle Fekrf Cak^
26 33.68 60.34



o

»

n/absorption
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Specimen Preparation

The effects due to differences in the size of the

particles must be considered when powders are examined, because

the absorption of fluorescence radiation increases with particle

size. This problem can be overcome by grinding the sample alone^2",
or with an added abrasive such as silicon carbide.

Sufficient sample must be available to cover the area

of the specimen holder and should present a flat surface to the

primary beam. Solutions are particularly useful as specimens

for many internal standards. The heating effect of the x-ray

beam may result in concentration errors, due to expansion or

vaporisation of the liquid, but such errors are usually small if

the time of irradiation is short. The amount of specimen used is

not important provided (a) that the area defined by the aluminium

mask is completely covered, (b) a critical thickness of sample is

exceeded. The depth required for liquid specimens is several

millimeters.

Procedure for analysis of ash from plant ptubis;-

About (1 - 2 g) of gum is weighed into a wide silica

crucible and ashed in an electric muffle at 550 - 560°0 for 6 hours.

Approximately 200 mg. of the ash is sufficient to cover the required

sample area. The characteristic K ^ lines for Fe and Oa, on which

calibration was based, were drawn three times and the average peak

height calculated. Reference to the calibration curves as shown

in Fig. (2) gave the percentage of Fe and Ga in the sample. Table 1

shows the results obtained for different gum specimens by x-ray

fluorescence. This particular study was undertaken to ascertain
the variation in iron and calcium content present in different
specimens of Acacia gums.



- 134 -

TABLE 1

Determinations on gum ash samples "by X-ray Fluorescence

Gum sample Origin of Sample
Found

Fe $ Ca

A.Senegal SSI2

5513

5514

5515

5516

SSI?

A. Senegal

A. Senegal

Quala en Nahal)First crop I960
(heavy crop I960

I960
I960

}3rd crop
,4th crop\ 1

Umm Ruaha
(sandy soil)

(Early crop I960
|Late crop I960

SS18 Gozel Ganzara (sandy soil) I960

SS40 Early crop 1962

Gozel Ganzara
(sandy soil)

SS33 Darfur province

Nigerian, Commercial (ropy)

Nigerian, Commercial

0.03

0.04

0.05

0.05

0.03
0.03

0.04

0.02

5.7
5.3
6.1

6.8

0.03 7.15

0.03 7.85

0.03 8.5

0.04 5.0

9.3
7.5

7.6
7.6

0.02 9.6

0.03 9.9

A. laeta (var.
melTifera)SS32 Darfur (growing close to specimen

SS33 above)
A. laeta (var.
melilfera;A155
A. laeta (var.
hasiiab) B285
A. campylacantha

A. seyal

A. arabica

A. drepanolobiiaa

0.03 15.0

0.03 20.7

0,02 10.6
0.02 9.9
0.04 20.7
0.15 24.3
0.04 21.4
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Conclusions

The use of x-ray fluorescence for quantitative analysis

depends on the possibility of controlling the effects caused by

other elements present in the matrix. For routine analysis

calibration curves can be made easily and quickly if suitable

chemically standardised reference standards are available.

For accurate quantitative work, the unknown samples

must be placed in the primary x-ray beam in exactly the same

position as the sample used for standardisation. The following

are the advantages and disadvantages of the technique

Advantages

1* It is non-destructive; the sample can be used later

for other tests.

2. It is fast, a quantitative analysis can be carried out

in a few minutes for each element, provided that a calibration

graph for the element has been previously prepared.

3. It can be used for concentrations ranging from 0.01$ to

high concentration (approximately 100$).

4. X-ray spectra are very simple and are associated with

the inner electrons of the atom; the spectral lines depend only

on atomic number and not on chemical properties of the elements

or on the compounds in which they are present.

Disadvantages

1. Inter-element Interference occurs with certain

combination of elements.

2. Like most spectrograph.c analysis the instrument

require calibration and this usually involves a chemical analysis
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and a standard system prepared as close to the sample as possible.

3. It cannot be used at present for the detection or

determination of elements below atomic number 11 (Sodium).

Indeed, in this study, determinations of the amounts of sodium,

magnesium and potassium present in the ash samples would not have

been possible by this method. The intensity of absorption given

by calcium is not strong, but was sufficient to allow confident

analyses for the samples listed In Table 1. The intensity of

absorption given by iron is strong, even at the small concentrations

present in the samples studied, and x~ray fluorescence certainly

offers a rapid and convenient way of determining iron and heavier

metals should these be present.
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b. THB PL&MB PHOTOMETRIC DETERMINATION OF CALCIUM. SODIUM

AND POTASSIUM IN PLANT ASH

INTRODUCTION

In recent years flame photometry has proved to be very

useful, largely because the method is rapid, convenient, simple

to handle and relatively inexpensive.

To study the flame spectra of non-inflammable

substances, it is necessary to vaporize them within the flame.

This can be readily accomplished by atomising solutions of the

substances in suitable solvents and aspirating them directly

into the flame. A method applied for one type of flame

photometer is not directly applicable to another type, even if

the principle of the instrument is the same^2^. Berry et al^2^
pointed out that the results obtained with flame photometry are,

up to a certain degree, dependent upon foreign ions and molecules

other than those being determined. Attoe^2® extracted the

exchangeable potassium from plant material with an aqueous

solution 2N with respect to ammonium acetate and 0.2N with

respect to magnesium acetate, and then evaluated the potassium

directly in a filtered extract. The results obtained agreed

with those by the cobaltinitrite procedure. Toth et al^2^
used lithium as an internal standard in flame photometry for

the determination of potassium in wet-ashed samples of plant

materials and values agreed well with those by the platinic

chloride method. Meyers et al^2® used 0.1N hydrochloric acid

for the extraction of dry ashed samples and obtained the

potassium content of the extracts with both a flame photometric

and the cobaltinitrite procedure, and the results were in
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•J OQ
reasonable agreement* Johnston et al~* J have used three

different procedures to prepare solutions of plant tissues for

flame photometric determination by direct intensity readings and

by the use of an internal standard, Mathis^0 pointed out that

different interference effects may appear in the determination -

of Na and K in such complex materials as a plant ash extract,

but the interferences are not serious and may be compensated by

suitable solutions.

Some authors describe methods for the direct

determination of calcium in plant ash extract, without any

preceding precipitation, e.g. Brown^*51'"^ and Pienaar-^ both

used a Beckman flame photometer of a direct reading type, with

a photomultiplier. These analysts used compensated standard

solutions and. Brown completely eliminated the sodium interference

by a didymium filter, Shoji-^ compensated for Na, K, Mn and Mg

by standard solutions containing exactly the same amount of these

elements as the plant ash extract. Scharrer^ eliminated the

influence of phosphate, sulphate and nitrate by adding these ions

to the plant ash solutions as well as to the standard solution

(radiation buffer technique). Another method of avoiding

interference is to precipitate calcium, dissolve the precipitate

and read the solution in the flame photometer. Amongst others,

Puffeles et al-^ and Riehm-^ describe the precipitation of
■Jig

calcium as oxalate. Gilbert-'-' used soil ground in 2-propanol

and made viscous by adding glycerol as a test material. He

suggested that the method should have wide application to

analytical problems, and used the method for the determination

of potassium in plant material. Mason used direct flame
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photometry of a suspension of ground plant material to determine

potassium in unaslied plant leaves. The method eliminates the

usual steps of ashing and dissolving the ash. Farrow and Hill^®
studied the interference caused "by major metals in flame

photometric determinations of Ha and K in inorganic salts.

Band and Hutton^1 recommended the use of sulfuric acid to

depress the interference of calcium in the determination of Na.

Puffeles and Nessium^^ have compared the flame photometric

and chemical methods for determining Na and K in soil, plant

material, water and serlum.
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EXPERIMENTAL

Apparatus

The flame photometer made by Ivans Electroselenium Ltd#

("EEL") was used. Compressed air is supplied to a small annular

type atomiser, through a control valve, at a pressure of 10 lb/sq.in»
For air supply, a vibration free compressor (manufactured by

Aerostyle Ltd., London) was used. The flow of air through the

atomiser draws the sample from a beaker up to the stainless steel

capillary tube and sprays into the mixing chamber; the larger

droplets fall out and flow to waste through a side tube. Gas is

introduced into the mixing chamber through the inlet tube from

the internal gas pressure stabiliser and control valve# The

gas-air mixture passes to a multiset burner mounted above the

mixing chamber where it burns as a broad flat flame and the hot

gasses pass up through the ventilated chimney#

The light emitted by the flame is collected by a

reflector, and focused by a lens through the interchangeable

optical filters on to an W1ELH barrier layer photo cell. The

current generated by this cell is taken through a potentiometer

to a galvanometer unit. A glass window is interposed between

the lens and filter for cooling purposes.

Operation

With the flame burning at constant air and gas pressure

and with the appropriate filter in position, a 10 ml. pyrex beaker

containing a standard solution is moved up to the capillary tube,

up which the liquid is then drawn. The sensitivity control is

adjusted to give a convenient reading on the galvanometer scale.
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Calibration

Calibration curves are drawn by using an appropriate

filter and standard solutions of either Ca, Ha or K, ranging from

zero to maximum concentration as expected in the unknown solutions.

Distilled water (zero concentration) is then fed into the atomiser

and the galvanometer balanced with the meter at aero. Then the

most concentrated solution is introduced into the atomiser and the

galvanometer again balanced with the meter at the 100 division point.

Intermediate concentrations are then introduced into the atomiser.

By plotting the galvanometer reading against the concentration of

the solution, a standard curve for Ca may be constructed. The

meter reading of an unknown solution can then be compared to the

standard curve and the calcium concentration of the unknown solution

determined. The same procedure is followed in calibrating the

instrument for Ha and K. When a new solution is inserted about

30 seconds are required for the previous solution to be washed

from the atomiser and for the new solution to enter the flame properly,

Procedure

About 0.2 gm« of ash from a gum sample was taken in a

beaker containing 1.5 ml, of concentrated hydrochloric acid, and

was dissolved by heating on a hot plate. The contents of the beaker

were then transferred to a 25 ml. volumetric flask, brought to

volume, and filtered through paper. Approximately 10 ml. of the

solution were transferred into the 10 ml. pyrex beaker. The

photometer was adjusted and the meter reading noted after

30 seconds. Table II shows the percentage of Ca, Na and &

obtained for different samples of gum ash.



TABLE II

Determinations on gum ash by Flame photometry

Gum sample * $ Ca $ K i> Ha

A. Senegal SS12 5.4 13.6 0.45
H SS13 6.8 15.5 0.36
« SS14 6.6 13.4 0.37
« SS15 7.8 13.4 0.37
# SSI6 9.2 15.0 0 . 41
« SSI? 9.3 16.6 0.45
H SS18 9.3 17.4 0.29
H SS40 5.3 16.6 0.46
it SS41 A 10.5 16.5 0.41
n SS41 B 10.5 16.8 0.45
M S3 41 C 9.8 17.4 0.37
It SS41 D 10.0 11.5 0.49

A. Senegal } /10.6 13.4 0.49
A. Senegal 13.0 13.4 0.46

A. laeta (var.mellifera) SS32 12.1 8.2 0.45
A. laeta (var.mellifera) A155 20.0 17.4 0.37
A. laeta (var.hashab) B285 11.1 12.4 0.46
A• eampylacantha 9.6 15.0 0.46
A. seyal 18.8 6.5 0.71

A. arabiea 23.0 1.5 0.80
A. drenanolobium 21.5 5.2 0.70

* fop origin, see Table I



- 143 -

c. DOMINATION OF CALCIUM AND MAUNESIUM IN PLANT

MATERIAL BY TITRATION WITH PISODIUM ETHYLENE

DIAMINE TETRAACETATE (E P T A)

INTRODUCTION

In plant ash, iron, manganese and phosphate ions are

usually present in sufficient amounts to cause interference in

determinations of calcium and magnesium with ethylenediamine

tetraacetate (E D T A). To prevent such interference, Cheng

and Bray-^3 proposed a method for the removal of these ions by

oxidation, precipitation and filtration. Phosphate gives

serious interference in the determination of calcium and

magnesium with E D T A^^, "but can he removed by precipitation^^
with ion exchange resin or by using a dilute solution for

the E D T A titration.

EXPERIMENTAL

All solutions are prepared from analytical reagent

grade chemicals and distilled water.

Reagents required:-

1. E D T A Solution

Dissolve 8.25 g. of disodium ethylene diaminetetra

acetate in 46 ml. of N sodium hydroxide solution and make up to

approximately 2.5 litres with water. Standardize the solution

against 10 ml. of standard calcium solution to which 2 ml. of a

10$ solution of potassium hydroxide has been added.

2* Buffer solution (oH 10)

Dissolve 67.5 g. of ammonium chloride in about 200 ml.

of water. Add 570 ml. of concentrated ammonia solution and make
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up to 1 litre with water,

3. Briochrome Black T indicator

Dissolve 0,5 g. of reagent in a mixture of 1 ml, of

N sodium carbonate solution and 30 ml. of isopropanol and make

up to 100 ml, with distilled water,

4- Ammonium molybdate solution 20$ w/v

5. Hydroxylamine solution 3% w/v
6, Potassium c.yanide solution 2$ w/v

7. Sodium tungstate solution 20$ w/v
8, Ammonia solution 50$ w/v

Procedure

a. Preparation of ash samples

1-2 gm. of material (gum) was ashed in a silica

crucible for 5-6 hrs. at 550 - 560°0. 0,2 ©a, of ash was

dissolved in 1.5 ml. of concentrated hydrochloric acid by

heating on a hot plate. The contents of the beaker were then

transferred to a 25 ml. volumetric flask and brought to volume

by adding water.

b. Titration of Calcium and Magnesium

To a 5 ml. solution add 20 ml. of ammonium molybdate

solution, mix thoroughly, and add 50 ml. of ammonium chloride and

ammonium hydroxide solution, 1 ml. of hydroxylamine solution,

2 ml. of potassium cyanide solution and 4-5 drops of Eriochrome

Black T indicator. Mix thoroughly and titrate with standardized

ED I A solution, until the colour changes from red to blue

at the end-point.
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c* Titration of Magnesium'

To a 10 ml, solution, i.e. twice as much calcium and

magnesium as in the previous titration, add 30 ml. of ammonium

molybdate solution and 10 ml. of sodium tungstat© solution. Mix

thoroughly, add 10 ml. of 50$ ammonia solution, and heat for 30

minutes at 80° - 90°G to precipitate calcium completely. Filter

the solution immediately through a Whatman Ho.2 filter paper, and

carefully wash the precipitate three to four times with 2$ ammonia

solution. Add the washings to the filtrate, then add 15 ml. of

50$ ammonia solution, 1 ml. of hydroxylamine solution, 2 ml. of

potassium cyanide solution, a few drops of Erioehrome Black T

indicator and titrate as before.

The second titre is a direct measure of the magnesium

present in 10 ml. of the solution? the amount of calcium present

is obtained from the difference between the second and twice

the first titre.

In Table III, the results obtained for Ca and Kg

by 1 3) T A are shown, and the results for Ca are compared with

those obtained for the same ash samples by x-ray fluorescence

and by flame photometry.
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TABLE III

Determinations of Mg and Ca by B B T A, with comparison

of results for Ca "by two other methods

Gum sample * Hesuits by E D T A Results for Ca by
?£ Mg. ft Ca X-ray Flame

fluorescence Photometry

A. Senegal SSI2 4.0 6.8 5.7 5.4
" SS13 4.3 7.1 5.3 6.8
M SS14 4.98 7.3 6.1 6.6
«

. SS15 6.8 8.2 6.8 7.8
* SS16 6.6 10.0 7.15 9.2
" SS17 5.1 10.3 7.85 9.3
" SSI8 4 «7 10.0 8.5 9.3
" SS40 4.9 6.2 5.0 5.3
" SS41 A 4.2 10.5 9.3 10.5
» SS41 B 4.2 10.5 7.5 10.5
» SS41 C 4.4 11.0 7.6 9.8
" SS41 D 4.9 10.5 7.6 10.0

A. Senegal 4.8 12,0 9.9 10.6

A. Senegal 4.2

A. laeta (var.
meliifera) J$32 4.8 13.9 11.5 13.0

A. laeta (var.
meliifera) A155 6.4 22.5 20.7 20.0

A. laeta (var.
iiaahab) B285 6.3 12.8 10.6 11.1

A o campylacantha 3.2 11.3 9.9 9.6
A. seyal 2,7 19.3 18.8 20.7

A. arabica 2.4 24.6 23.0 24.3

A. drepanolobium 3.2 22.5 21.4 21.5

* for origin see Table I
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Conclusions

The results presented in Table III show that agreement

between the results obtained for the determination of calcium is

in general only good when the calcium content is fairly high

(approximately 20$) e.g. cf. results for A. arabica, A.drepanolobium,

A. mellifera A155. For lower percentages of calcium

(approximately 5 - 10$) agreement between the three analytical

methods is not very good. In general, the highest results

are given by 1 D T Aj flame photometry also appears to give

results higher than those by x-ray fluorescence.

Ho further work was done to try to find the reasons

for these discrepancies. In very heterogeneous materials such

as plant ash, however, it is reasonable to suggest that the

E 33 T A and flame photometer methods will be less specific

than the x-ray method, whose low results are probably most

nearly the values actually present.
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APPLICATIONS OF INFRARED SPECTROSCOPY—VIP
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Summary—Vapour-phase infrared spectroscopy has been used to study the behaviour of a wide
range of thioalkyl compounds when refluxed with constant-boiling hydriodic acid. A very wide range
of reactivity has been observed. Unusually labile compounds exist which react quantitatively in
less than 3 hr; the kinetics of the decomposition of such compounds must be investigated individually,
since over-production of methyl iodide can occur. Many thiomethyl compounds, however, do not
yield methyl iodide, and others react very slowly, giving variable non-quantitative yields of methyl
iodide after reflux for 16-20 hr. It is therefore concluded that the mere extension of Zeisel reaction
conditions for prolonged reflux periods does not usefully provide a general method for the functional
group analysis of thioalkyl compounds.

Thioalkyl compounds, which are of current interest in sugar chemistry,1 yeast
metabolism,2 choline-esterase inhibition,3 and the chemistry of food-stuffs,4 have
received considerable attention in recent years.

A modified Zeisel reaction5 has long been used in protein studies to determine the
thiomethyl group in methionine. Kassel and Brand6 suggested improvements to
Baernstein's method,5 and the method of Kuhn, Birkofer and Quackenbush7 was
modified8 so that both alkoxyl and thiomethyl groups could be determined.

Much is known of the chemistry of thioethers.9'10-11 The analytical methods
applicable to mercapto groups, disulphides and sulphides (thioethers) have been
reviewed,12-1S-14-15 and special methods continue to be described,1(U7-18 particularly
for biological materials. Many thioethers are cleaved at pH 8-10 by silver or mercury
salts;10 fission of the carbon-sulphur bond has been more extensively studied in
alkaline solution19 than in acids.20 In general, thioethers and thiolesters react much
more slowly in aqueous acids than do their oxygen analogues,20-21 although the ease
of cleavage of carbon-sulphur bonds is influenced by the presence of substitution22
and /5-unsaturation11 in the molecule.

Early investigators23-24 reported applications of a modified Zeisel reaction to
aromatic thiomethyl compounds, in which a longer reaction period (which was not
specified) was required (cf.ref. 25). It has been observed,26 however, that some
compounds do not give quantitative results; S-methylthiamin27 gives only 33% of
the theoretical yield of methyl iodide. It is apparent that early investigators were
involved in considerable experimental difficulties,23'24 particularly when gravimetric
methods were used. A wide range of thioethers and thiolesters has therefore been
studied by the infrared method28 in an attempt to clarify some of the reported
anomalies.

* Part VI: D. M. W. Anderson, Talanta, 1961, 8, 832
611 ">
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EXPERIMENTAL

Apparatus
The apparatus has been described elsewhere,28 together with the technique for trapping volatile

reaction products and the infrared method for their subsequent identification and estimation.

Compounds
The majority of compounds investigated were reagent-grade commercial samples which conformed,

after recrystallisation or distillation where necessary, to literature description. The other compounds
investigated were research specimens (kindly provided by Dr. D. Leaver of this department and by
Dyestuffs Division, Messrs. I.C.I. Ltd.) for which satisfactory elemental analyses existed or were
obtained (Messrs. Weiler and Strauss, Oxford, England).
Procedure

Samples of the compounds listed in Table I were refluxed, for the periods indicated, with hydriodic
acid (6 ml of constant-boiling azeotrope, pre-conditioned28) using cylinder nitrogen ("N.O.F." grade)
as flow-gas (6-8 ml per min). Sample weights giving 1-4 mg of methyl iodide were normally taken:
larger samples were used to permit the identification of minor reaction products. The compounds
were dissolved with care in molten phenol28 before addition to the reaction-flask; a recent report29
has confirmed the effectiveness of this technique. The mixture of volatile products was collected,
after passage through Anhydrone, in a trap immersed in liquid nitrogen. The components of each
mixture were subsequently identified by vapour-phase infrared spectroscopy by reference to spectra
obtained from authentic compounds. None of the mixtures was sufficiently complex for prior
separation of the components by G. L. C. to be necessary, and the presence of other components did
not interfere with the determination of methyl iodide.

RESULTS

All compounds containing sulphur produce some hydrogen sulphide on reflux
with hydriodic acid; only volatile products other than hydrogen sulphide are reported
below.

1. Compounds giving no reaction
The following thiolesters and thioethers gave no volatile products under Zeisel

reaction conditions for reflux periods of 18 hr: methylchlorothiolformate, ethyl-
chlorothiolformate, methyl phenyl sulphide (thioanisole), methyl-x-naphthyl sulphide,
2-thiomethyl-l ,4-naphthoquinone, 3-methyl-2-thiomethyl-l ,4-naphthoquinone.

The following compounds were partially volatilised, without reaction, from the
reaction-flask: methyl and ethyl mercaptan, dimethyl and diethyl sulphide, dimethyl
and diethyl disulphide.
2. Compounds which react but do not yield alkyl iodide

Dimethyl sulphide was produced from dimethylsulphoxide (fast) and from di-
methylsulphone (slow), whilst compounds of the type

R'

\
S -> NS02.C6H5,

/
R"

where R', R" = methyl or ethyl, liberated the corresponding dialkyl sulphide. Phen-
acyl methyl trithiocarbonate gave carbon dioxide, carbon monoxide, and methyl
mercaptan.

3. Compounds which react, yielding alkyl iodide and other volatile products
Thiodiglycol and compounds containing the —S(CH2.CH2OH)2 grouping gave
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ethyl iodide + ethylene in 1-2 hr. Such compounds therefore react similarly to glycols
and glycol ethers.30

Thiocyanato-methane gave 1 mole of methyl iodide in 2-5 hr, together with some
thiocyanogen. The same product was also given by (I) which gives 1 mole of methyl
iodide (from the alkoxyl group) in 0-5 hr; the total yield of methyl iodide reached 2
moles after reflux for 20 hr.

//
-NH-C

OCH,

(I)

NH.HI

SCH,
SCH,

4. Compounds which yield only methyl iodide
Table I lists the kinetic results obtained.

Table I.—The rate of production of methyl iodide from some thiomethyl compounds

Compound Moles of methyl iodide produced per mole of compound

2-(Methylthio)benzo-
thiazole

S-Methylthiouronium
sulphate

II
III
IV
V

Methyl-/7-tolyl sulphide
Methyl-/>-nitrophenyl

sulphide
Methionine

7V-Acetyl-dl-methionine
Glycyl-dl-methionine
S-Methyl-d(+) cysteine
S-Methylglutathione

0-44 (0-5 hr); 0-76(1 hr); 0-87 (2 hr); 0-99 (3 hr); 1-12 (4 hr)

0-35 (2 hr); 0-60 (3 hr); 0-98 (4 hr); 105 (4.5 hr)
0-30 (lhr); 0-45 (2 hr); 0-55 (2-5 hr); 0-76 (3-4 hr, const.)
0-50 (16 hr); 0-52 (20 hr)
0-49 (20 hr)
0-25 (12 hr); 0-30 (18 hr)
0-25 (16 hr)

0-15 (17 hr)
0-86 (0-5 hr); 0-96 (lhr); 0-99 (2 hr); 1-15 (2-5 hr); 1-25 (3 hr)
0-86 (1 hr); 1 00 (1 -5 hr); 1 -22 (2 hr)
0-1 (15 hr)
0-15 (2 hr); 0-36(4hr); 0-60(8 hr); 0-70(16hr); 0-76 (22-40 hr, const.)
0-14 (2 hr); 0-46 (8 hr); 0-57 (12 hr); 0-66 (18 hr); 0-75 (22-40 hr,const.)

//
X /Hm~\

NH.HI

SCH,

(III)

H,C.

SCH,

(V)

CI—X 7—N=Cy
^NH.CN

SCH,

(IV)

5. Investigation of amino-acids
Table I shows the rate of production of methyl iodide from methionine and S-

methyl derivatives of amino acids. In connection with the possible over-production
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of methyl iodide, it was observed that Baernstein had found31 all samples of leucine to
give small amounts of methyl iodide. Whilst Baernstein considered that this indicated
the presence of methionine, the methyl iodide could have arisen from general de¬
composition of the amino-acid molecules. Whilst one sample of L-leucine (shown by
paper chromatography to contain some methionine) did give approximately 0-1 mole
of methyl iodide, no methyl iodide was given by two different commercial samples of
DL-leucine which gave only one spot when examined by paper chromatography.
Similarly no methyl iodide was evolved from the following: cystine, homocystine,
djenkolic acid, glutathione (reduced), taurine, glycine, alanine, DL-a-amino-n-butyric
acid, DL-a-amino-iso-butyric acid, DL-/?-amino-iso-butyric acid, L-valine, DL-valine,
DL-nor-valine, DL-nor-leucine, DL-iso-leucine.

DISCUSSION

The results quoted show that, under the conditions of the Zeisel alkoxyl deter¬
mination, the behaviour of thioalkyl groups is extremely variable. It would be mis¬
leading to suggest that the determination of S-methyl groups generally follows the
procedure for O-methyl groups, even if the time of reaction be extended by several
hours (cf. ref. 25 and 32). Indeed, as might be expected from the known stability of
the sulphur-carbon bond,10-11,20'21 the few labile compounds which do give quanti¬
tative yields of methyl iodide can be regarded as exceptions to the general rule; those
compounds which react rapidly must be considered as possible sources of anomalous
alkoxyl determinations. No generalisations regarding reaction conditions or reflux
period required can be made; obviously, the kinetics of decomposition of each thio-
methyl compound must be investigated individually (cf. ref. 33).

The observed rate of formation of methyl iodide from methionine agrees with that
reported by previous workers,5'6 who observed6 that small differences in reaction rate
can be attributed to variations in the design of apparatus. Baernstein's earliest
procedure5 (1932) recommended a reaction period of 15 hr, but this was later (1934)
amended to 3 hr. Our results show the possibility (which does not appear to have
been appreciated previously) of over-production of methyl iodide from those thio-
methyl compounds which are sufficiently labile to react in short periods.

Theoretical reasons for the failure of aqueous halogen acids to cleave carbon-
sulphur bonds as effectively as carbon-oxygen bonds have been discussed (cf. refs. 11,
p. 36, and 21, p. 677). The very wide range of reactivities observed in thioethers is
not unique: a remarkable range of reactivity is also to be found in their oxygen
analogues.34 It is of interest that compound II is not particularly labile, whereas
methoxy compounds of this type were found34 to be unusually reactive in acid solution.

The behaviour of thiomethyl compounds in Herzig and Meyer's pyrolytic pro¬
cedure35 for alkimide groups has not been studied. Experiments were made, however,
with acid more concentrated (67% HI, sp. gr. 1-94) than the constant-boiling azeo-
trope (55% HI, sp. gr. 1-70). In agreement with previous reports,23 the more con¬
centrated acid did not cause appreciably faster liberation of methyl iodide. The
addition of large amounts of phenol, propionic anhydride, or mercuric chloride to the
reaction mixture23'24 (cf. ref. 11, p. 39) did not influence the kinetic results.

Acknowledgements—We thank Dr. D. Leaver and Messrs. I.C.I. (Dyestuffs Division) Ltd., for
providing samples, and the P.C.S.I.R., Karachi, for granting study leave to S. S. H. Z.
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Zusammenfassung—Infrarotspectroskopie in der Gasphase wurde angewandt um das Verhalten von
Thioalkylverbindungen zu studieren, wenn sie unter Ruckfluss mit konstant siedender JodwasserstofF-
saure behandelt werden. Ungewohnlich labile Komponenten existieren, welche weniger als 3 Stunden
zur quantitativen reaktion benotigen. Die Kinetik der Zersetzung solcher Komponenten muss
individuell studiert werden, da Uberproduktion von Methyljodid auftreten kann. Viele Verbindungen
jedoch geben kein Methyljodid, ander reagieren sehr langsam, sodass die Ausbeute selbst nach
16-20 Stunden nicht quantitativ ist. Es wird daher geschlossen, dass die blosse zeitliche Ausdehnung
der Zeiselmethode keine allgemeine Methode zur Analyse funktioneller Gruppen in Thioalkyl¬
verbindungen ergeben kann.
Resume—Les auteurs ont utilise la spectroscopie infra-rouge en phase vapeur pour l'etude du com-
portement d'un grand nombre de composes thioalcoyles chauffes au reflux avec de l'acide iodhydrique
bouillant constamment. lis ont observe un domaine de reactivite tres large. 11 existe des composes
inhabituellement labiles qui reagissent quantitativement en moins de trois heures; la cinetique de la
decomposition de tels corps doit etre etudiee individuellement, car il peut y avoir surproduction
d'iodure de methyle. Cependant, de nombreux composes thiomethyles ne donnent pas d'iodure de
methyle et d'autres reagissent tres lentement en donnant des rendements variables non quantitatifs en
iodure de methyle apres reflux pendant 16-20 heures. On peut done conclure que le simple developpe-
ment des conditions de la reaction de Zeisel pour des periodes de reflux prolongees n'apporte pas de
methode generate d'analyse du groupement fonctionnel des composes thioalcoyles.
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Applications of infrared spectroscopy—VIII*: Investigation of a
reported anomalous Zeisel alkoxyl reaction

{Received 23 February 1962. Accepted 28 February 1962)

Several examples of molecules which react anomalously in the Zeisel alkoxyl reaction have been re¬
ported,1-2'3 and solvent retention is known4-5-6 to be a potential source of error in alkoxyl determina¬
tions.

Huang and Morsingh7 reported that 2,3-dimethyl-2,3-diphenylbutane (I, X = H) and certain of

ch3 ch3 ch3 c2h5

ch3 ch3 ch3 h
1 u

its derivatives (I, X = OH, NO,) reacted anomalously in the Zeisel reaction, giving an apparent
methoxyl content of 3-3 %. Such a result appeared surprising; when it was observed that the experi¬
mental results quoted7 were somewhat variable, and that the specimen used7 had been prepared by a
method8 involving crystallisation from ethanol, it appeared that the reported anomaly might be, in
effect, a further example of solvent retention. If so, application of the infrared alkoxyl method9 would
reveal that ethyl iodide, and not methyl iodide, was the reaction product.

2,3-Dimethyl-2,3-diphenylbutane, prepared by Farmer and Moore's method,8 was re-crystallised
from ethanol. After drying in the normal way, the product had m.p. 118° (lit., 118-119°). Analysis
(Weiler and Strauss, Oxford,) England gave %C = 90-51 %H =,9-34; required, %C = 90-75, %H
= 9-25. When treated with constant-boilinghydriodic acid,underthe conditions described by Anderson
and Duncan,9 this compound gave no volatile reaction products, even after prolonged reflux overnight.
Indeed, so stable is this hydrocarbon that it was recovered unchanged (identity of infrared spectrum)
from the hydriodic acid reaction medium. This compound therefore neither retains solvent of cry¬
stallisation nor reacts anomalously under normal Zeisel conditions.

It is perhaps significant that Huang and Morsingh reported7 that neither the dimethoxy derivative
(I, X = OCH3) nor compound II reacted anomalously, and that drastic conditions, normally reserved
for the analysis of TV-methyl groups, were used10 in their analyses. Thus the sample was dissolved in
phenol and acetic anhydride and refluxed with hydriodic acid; after evaporation to dryness, the
residue was heated above 300°. It is quite unreasonable for results obtained by such a procedure to be
described10 as anomalous Zeisel methoxyl determinations.

Acknowledgement—Financial support from the Sudanese Government (for M. A. H.) and from the
P.C.S.I.R., Pakistan (for S. S. H. Z.) is gratefully acknowledged.
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The University, Edinburgh 9 M. A. Herbich
Scotland S. S. H. Zaidi

Summary—2:3-dimethyl-2:3-diphenylbutane is stable to reflux with constant-boiling hydriodic acid
under standard Zeisel alkoxyl reaction conditions. A previous report that this compound reacts
anomalously is therefore incorrect.

Zusammenfassung—2,3-Dimethyl-2,3-diphenylbutan ist stabil, wenn es unter Ruckfluss mit konstant-
siedender Salzsaure gemass den Bedingungen einer Alkoxylbestimmuhg nach Zeisel gekocht wird.
Eine friihere Mitteilung, dass die Verbindung abnormales Verhalten zeigt, ist daher unrichtig.

Resume—Le 2-3-dimethyi-2-3-diphenylbutane est stable quand il est chauffe au reflux avec de 1'acide
iodhydrique bouillant constamment dans les conditions de la reaction standard de Zeisel pour les
alcoyles. Un rapport anterieur prevoyant que ce compose reagit de facon anormale est done incorrect.

* Part VII: Taianta, 1961, 9, 611.
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Applications of Infrared Spectroscopy
Part X.* The Zeisel Determination of t-Butoxyl Groups, and the Anomalous

Reactions of t-Butylphenolsf

By D. M. W. ANDERSON, J. L. DUNCAN, M. A. HERBICH
and S. S. H. ZAIDI

(.Department of Chemistry, The University, West Mains Road, Edinburgh 9)

Zeisel determinations on t-butoxyl compounds give non-quantitative
and variable results. t-But3d iodide decomposes thermally to isobutene,
the equilibrium involved being affected by the reaction variables and bv
the addition of phenolic compounds. The over-all effect is therefore particu¬
larly complex for aromatic t-butoxyl compounds, since phenolic compounds
are formed within the reaction medium as de-alkylation occurs.

Results are presented showing that more satisfactory analyses can be
obtained when hydrobromic acid is used in place of hydriodic acid. t-Butyl
bromide suffers >2 per cent, decomposition to isobutene when boiled
under reflux with constant-boiling hydrobromic acid; moreover, this decom¬
position is reproducible under given reaction conditions, and correction
factors can therefore be applied. Since t-butoxyl compounds are de-
alkylated almost as quickly in hydrobromic acid as in hydriodic acid, the
reaction periods required are not significantly longer; the period required
varies from 2 to 3 hours, and is dependent on the nature of the sample.

Boiling under reflux with constant-boiling hydrochloric acid offers a
method of differentiating between true t-butoxyl compounds and those
t-butyl compounds that react anomalously in hydriodic and hydrobromic acids.

The utilisation of t-butyl and t-butoxyl compounds has increased greatly in recent years,
e.g., in antioxidants,1-2 perfumery chemicals,3 free-radical reactions,4'5 graded oxidants8'7
and in chromatographic separations.8 The relatively easy removal9 '10 of t-butjd and t-butoxyl
groups makes them useful in reaction intermediates11 and as protective groups in syntheses,
e.g., of peptides.12 Steric effects,9 rearrangements13 and instability14'15 are factors that
combine with the property of ease of removal to complicate the functional analysis of t-butoxyl
groups. t-Butylphenols react anomalously in Zeisel determinations,16'17 and some of the
attendant analytical difficulties have been indicated.18

Only a few papers have discussed the application of the Zeisel reaction to butoxyl
compounds in general. Of these, only two—so far as we are aware—have quoted results
for the tertiary isomer. Houghton and Wilson19 reported, without comment, a recovery
of only 18-8 per cent, of the theoretical yield of t-butyl iodide from t-butyl alcohol; under
different reaction conditions, Kirsten and Nilsson20 obtained 60 to 70 per cent, recoveries, and
stated that "tertiary butanol appears to give a fairly stable volatile iodide, although the repro¬
ducibility of recovery is not good."

It has long been known that t-butj'l iodide is unstable at its boiling-point (103° C), the
equilibrium—

C4H9tI ^ C4H8 + HI
being established.21 Some decomposition must therefore occur in Zeisel determinations
(compare Campbell and Chettleburgh16), in which the reaction temperature is 127° C. In
view of the discrepancies between the recoveries reported,19'20 a spectroscopic22 study of the
recovery of t-butyl iodide from reflux in hydrioclic acid was undertaken in an attempt to
improve the accuracy of determining t-butoxyl groups.

It became clear that the use of hydriodic acid was analytically unsatisfactory when it
was found that: (i) variation of the reaction conditions gave recoveries of t-butyl iodide
ranging from 19 to 80 per cent.; (ii) under standardised reaction conditions, the yields of
t-butyl iodide were affected bv the presence of phenolic compounds in the reaction medium.

* Tart IX appeared in Talanta, 1962, 9, 661.
f Presented at the Joint Meeting of the Scottish and North of England Sections in Belfast, June

28th and 29th, 1962.
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t-Butoxyl compounds react rapidly23-24 with aqueous hydrobromic and hydrochloric acids,
and t-butyl bromide and chloride are more stable thermally than is the iodide; the possibility
of basing analytical reactions on boiling under reflux with those acids was therefore investi¬
gated.

Experimental
Compounds—

(a) Samples of t-butyl alcohol25 and t-butyl halides conforming to literature description
were obtained by redistillation under reduced pressure of reagent-grade commercial samples.
Since t-butyl iodide quickly develops a dark colour, small amounts were redistilled daily.
Isobutene was prepared by dehydration (with concentrated sulphuric acid) of purified
t-butyl alcohol.

(b) t-Butyl ester—t-Butyl 3,5-dinitrobenzoate was prepared; the specimen conformed to
literature description.

(c) t-Butyl ethers—t-Butyl phenyl ether, t-butyl-/>-tolyl ether and t-butyl-l-naphthyl
ether were prepared by Grignard reactions with t-butyl perbenzoate26-27; the specimens gave
satisfactory elemental analyses (Weiler and Strauss, Oxford). Dark colours developed on
storage, and these specimens were redistilled under reduced pressure as required.

(d) t-Butylphenols—Samples were supplied by Dr. R. L. Williams, Messrs. Kodak Ltd.
and Messrs. I.C.I. (Dyestuffs Division) Ltd. Liquids were purified by redistillation. Most
of the samples, however, were low-melting solids not readily purified by recrystallisation;
these were purified by zone-melting.

Apparatus, reagents and procedure—

These have been described,28-2n together with details of (i) the technique for trapping
volatile reaction products and (ii) the infrared vapour-phase method for their subsequent
identification and determination. Particular care is necessary when transferring the contents
of the trap to the gas-cell; t-butyl iodide decomposes so readily that direct warming of the
trap over a flame is inadvisable. Satisfactory results were obtained by immersing the trap
in water at 80° to 90° C, the sodium chloride cell windows being suitably protected (with
plastic covers) during this operation.

A slight reaction occurred between t-butyl halides (particularly the iodide) and the
sodium chloride cell windows, so that the windows "fogged" much more quickly than usual.
The validity of calibration curves had therefore to be checked more frequently than in
previous investigations.

Use of solid scrubbers—

Aqueous solutions hydrolyse t-butyl halides to t-butyl alcohol; hydrolysis of the iodide
occurs extremely rapidly.30 It is therefore essential (compare Campbell and Chettleburgh16)
to use a solid scrubber in determinations of t-butyl halides. Soda asbestos31 has given
satisfactory results throughout our studies.

Results

Experiments with constant-boiling hydriodic acid—

[a) Rate of reaction of t-butoxyl compounds—Zeisel determinations were conducted on
t-butyl alcohol, t-butyl 3,5-dinitrobenzoate and t-butyl-l-naphthyl ether under standard
conditions. The conditions were: volume of hydriodic acid, 6 ml (sp.gr. 1-70, pre-condi¬
tioned28) ; nitrogen flow rate, 6 to 8 ml per minute; weight of phenol added, 30 mg. Sample
weights yielding 2 to 4 mg of t-butyl iodide were taken. The yields of t-butyl iodide at the
reaction times stated were as shown in Table I. Burwell, Elkin and Maury32 have already
commented on the fact that ethers are not always less reactive than alcohols.

(b) Recovery of t-butyl iodide—Samples of t-butyl iodide (in small weighing bottles fitted
with ground-glass stoppers—see Anderson and Duncan28) were placed in the Zeisel reaction
flask; the recovery from boiling under reflux in hydriodic acid was investigated, the reaction
conditions being the same as those outlined in (a) above. The maximum recovery varied
from 58 to 80 per cent.; about 80 per cent, of the total recover}- in each determination distilled
within 20 minutes. For fixed weights of samples of t-butyl iodide, small variations in recovery
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Table I: Yield of t-butyl iodide from different compounds

Yield of t-butyl iodide (as percentage of theoretical)

Compound After reflux for After reflux for After reflux for
1 hour 2 hours 3 hours

t-Butyl 3,5-dinitrobenzoate . . . . 76-0 80-8 (max.) —
t-Butyl-l-naphthyl ether . . . . 40-5 66-6 (max.) —

■p, , , , ,/1st determination 42-5 48-7 56-6 (max.)t-Butyi aiconoi^2nd determination 39.g 4g.0 60-9 (max.)

resulted when: (i) the volume of hydriodic acid was decreased from 6 to 1 ml, (ii) the flow rate
was varied from 4 to 12 ml per minute and (in) the weight of phenol was varied from 0 to
100 mg. Little variation in the rate of recovery was found when the temperature of the
condenser water was increased (compare Belcher, Fildes and Nutten33 and Inglis34).

(c) Production of isobutene—In all these determinations some isobutene was produced,
the sum of the molar recoveries of t-butyl iodide and isobutene accounting for the t-butyl
iodide taken.

A time - recovery experiment with 2,6-di-t-butyl-4-methoxyphenol in which Campbell
and Chettleburgh's16 experimental conditions were used gave results agreeing well with those
reported16; boiling under reflux for 1 hour gave the theoretical yield of methyl iodide, together
with isobutene and a yield of t-butyl iodide that, calculated as methyl iodide, gave an apparent
methoxyl content of 21 to 22 per cent. The ratio of the molar yields of isobutene and t-butyl
iodide was, however, constant over the whole reaction period, e.g., boiling under reflux for 10
minutes gave approximately 70 per cent, of the total yield of isobutene and also approximately
70 per cent, of the total yield of t-butyl iodide. This does not support Campbell and Chettle¬
burgh's implication16 that the isobutene results from decomposition of some t-butyl iodide
that does not distil in the earlier stages of the reflux period.

The molar ratio of isobutene to t-butyl iodide (i.e., the extent of decomposition of the
t-butyl iodide) was also much greater than in any of our previous experiments. It was
suspected that this resulted from the changes made in the reaction conditions in order to
duplicate Campbell and Chettleburgh's experiments.16 These workers, in testing scrubber
effects, determined the total apparent methoxyl content of 2-t-butyl-4-methoxyphenol under
four different reaction conditions, and found four different values ranging from 18-06 to
22-56 per cent. This range was confirmed when these experiments were repeated with a solid
scrubber. Changes in reaction conditions, and not scrubber hydrolysis effects, therefore
cause the variable results. This effect was further investigated as described below.

(d) Variation in yield of t-butyl iodide with reaction conditions—In a series of experiments,
a constant weight of t-butyl-4-hydroxyanisole (mixed 2 and 3 isomers) was allowed to react
under different conditions; these are shown, together with the yields of t-butyl iodide obtained,
in Table II. Further experiments showed that cresols and other phenolic compounds caused
similar variations in the results. The conjoint addition of other solubilisers, such as propionic
anhydride and hypophosphorous acid, further complicated the effect.

Other experiments indicated that phenolic compounds, formed in the reaction medium
during the de-alkylation reaction, contributed to the decomposition of t-butyl iodide.
(1) t-Butyl-4-hydroxyanisole (5 mg) was allowed to react in hydriodic acid (6 ml), with no
added phenol. The recovery of t-butyl iodide was 80 per cent., in agreement with the result

Table II: Yield of t-butyl iodide from 5-mg samples of butylated
hydroxyanisole under different reaction conditions

Nitrogen Hydriodic acid
flow rate, (sp.gr. 1-70) used, Phenol added, Yield (as percentage

ml per minute ml mg of theoretical)
4 1 30 19
4 6 30 51

6 to 8 1 10 53
6 to 8 6 0 80
(I to 8 6 10 72
6 to 8 6 30 62
6 to 8 6 60 50

12 to 15 1 30 45
12 to 15 6 30 73
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in Table II. (2) The reaction medium was boiled for a further 4 hours to eliminate all traces
of alkyl iodides, and the mixture was then cooled. A further 5 mg of sample and 30 mg of
phenol were added; the recovery of t-butylphenol was 52 per cent., compared with 62 per
cent, (see Table II) for the corresponding "straight" reaction with 30 mg of phenol. (3) The
reaction medium was again boiled for 4 hours, and then cooled; a further 5 mg of sample
and 30 mg of phenol were added. The recovery of t-butyl iodide was then only 42 per cent.,
compared with 50 per cent, for 60 mg of phenol in Table II. Thus the effect of the total
phenol added (60 mg) was apparently augmented by the sum (approximately 6 mg) of the
weights of phenolic compounds formed in determinations (1) and (2).
Experiments with constant-boiling hydrobromic acid—

(a) Recovery of t-butyl bromide—When 6 ml of hydrobromic acid, 30 mg of phenol and
a nitrogen flow rate of 6 to 8 ml per minute were used, the recovery of samples (2 to 5 mg) of
t-butyl bromide after boiling under reflux for 1 hour was 90-7 per cent, and, after 2 hours,
98-4 per cent, (maximum vield). An equilibrium of the form—

C4H9tBr ^ C4H8 + HBr
must exist,35 but under the stated reaction conditions (reflux temperature 115° C) the extent
of decomposition to isobutene does not exceed 2 per cent. Indeed, only traces of isobutene
were detectable in the infrared spectrum of the reaction products; some polymerisation35 of
isobutene may occur. The recoveries of t-butyl bromide were reproducible and were not
strongly influenced by small changes in reaction conditions or in the amounts of phenol added.

(b) Rate of reaction of t-butoxyl compounds—With use of the same reaction conditions
as in (a) above, the rate of evolution of t-butyl bromide from some t-butoxyl compounds was
determined. The results are shown in Table III. The reaction time required varies from
2 to 3 hours, depending on the compound being analysed. When these results are corrected
by +1-6 per cent, (the percentage loss of t-butyl bromide during recovery), only the results
for two of the ethers are slightly low; this may well reflect the state of purity of these
specimens.

(c) The anomalous reaction of t-butylphenols—Some t-butylphenols were boiled under
reflux in constant-boiling hydrobromic acid for 2 to 3 hours. Nearly quantitative yields of
t-butyl bromide were produced. Such compounds cannot therefore be distinguished from
t-butoxyl compounds by this reaction.

Table III: Yield of t-butyl bromide from t-butoxyl compounds

Yield of t-butyl bromide (as percentage of theoretical)

Compound After reflux for After reflux for After reflux for
1 hour 2 hours 3 hours

t-Butyl alcohol. .

t-Butyl 3,5-dinitrobenzoate
t-Butyl phenyl ether . .

t-Butyl-p-tolyl ether . .

t-Butyl-l-naphthyl ether

95-4 98-3 (max.) —
97-0 98-6 (max.) —
86-5 91-1 96-2 (max.)
86-8 93-3 95-6 (max.)
90-8 93-6 97-5 (max.)

Experiments with constant-boiling hydrochloric acid—

Under the reaction conditions specified in "(a) Recovery of t-butyl bromide" above
boiling under reflux with constant-boiling hydrochloric acid for 2 hours gave the results listed
below.

(a) Recovery of added t-butyl chloride was nearly quantitative (>98 per cent.) (compare
Kistiakowsky and Stauffer36).

(b) t-Butyl alcohol and t-butyl 3,5-dinitrobenzoate gave 98 per cent, of the theoretical
yields of t-butyl chloride.

(c) t-Butyl ethers gave 60 to 65 per cent, of the theoretical yield of t-butyl chloride.
(d) The reactions of the t-butylphenols were—

(i) No t-butyl chloride formed—
2,4-di-t-butylphenol;
5-methyl-2-"t-butyl-4,6-dinitroanisole;
4-t-butylphenol.



May, 1963] applications of infrared spectroscopy, part x 357
(m) <10 per cent, of t-butyl chloride formed—

5-methyl-2-t-butylphenol;
t-butylated-4-hydroxyanisole (mixed 2 and 3 isomers);
2,6-di-t-butylphenol.

(Hi) <20 per cent, of t-butyl chloride formed—
2,4-dimethyl-5-t-butylphenol;
3-methyl-4,6-di-t-butylphenol.

Conclusions

Boiling under reflux with constant-boiling hydrobromic acid is a satisfactory method of
analysis for t~butoxyl groups. Under the reaction conditions described, decomposition of
t-butyl bromide does not exceed 2 per cent., and the appropriate correction factor can be
applied to the analytical results. The reaction period varies from 2 to 3 hours, depending on
the compound being analysed. When the infrared method of determination22 is being used,
prolongation of the reaction period is not critical, although this might be inadvisable for
volumetric or gravimetric determinations of the t-butyl bromide. Boiling under reflux with
constant-boiling hydrobromic acid does not distinguish between true t-butoxvl compounds
and t-butylated phenols.

Boiling under reflux with constant-boiling hydrochloric acid, however, offers a method of
making this distinction. The yields of t-butyl chloride vary from 60 to 98 per cent, for
t-butoxyl compounds, and from 0 to 20 per cent, for the range of t-butylphenols studied. It is
possible that a rearrangement27 of the form—

OH OC4H9t

. II > I I!
H+ \/

C4H9t

occurs in acid solution, the extent of the rearrangement depending on the concentration of
acid and the nature of the substituent groups and substitution pattern in the phenolic
compound.

The results presented show clearly that boiling under reflux with hydriodic acid does not
give a satisfactory analytical reaction for t-butoxyl groups. The equilibrium--

C4H9tI ^ C4H8 + HI
is clearly dependent on the ratio of sample weight to volume of acid used, on the flow rate
of scavenging gas and on the amounts of phenolic compounds added as solubilisers or formed
within the reaction medium during the de-alkylation reaction.

Our results indicate that production of isobutene does not increase markedly in the
latter stages of a determination; there is no extensive decomposition of undistilled portions
of t-butyl iodide. Two effects must be distinguished. In the recovery of t-butyl iodide,
the 5Tield varied from 58 to 80 per cent, and was not strongly dependent on changes in flow
rate or on the addition of phenolic compounds. The rate of distillation was rapid (approxi¬
mately 80 per cent, in 15 minutes), and the recovery of added t-butyl iodide appears to be
mainly dependent on the thermal decomposition equilibrium. In the formation of t-butyl
iodide from t-butoxyl compounds, however, several striking differences are apparent.
(a) The relative yields of t-butyl iodide vary much more widely (19 to 81 per cent.); (b) the
rate of distillation (now dependent on the rate of formation) is much slower (approximately
50 per cent, in 1 hour); (c) the relative amounts of t-butyl iodide and isobutene formed are
strongly dependent on the reaction conditions, and, particularly, on the presence of added
compounds.

Mechanisms of the reactions of t-butyl compounds have been extensively studied,37-38
and the relative stability of the t-butyl carbonium ion is well known. Olefine-forming
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elimination reactions involving butyl compounds proceed via competitive SN1 and El uni-
molecular reactions, in which the rate of formation of the carbonium ion (step (a) below)
is rate-determining.

CH.

I (a)
CH3—C—It ^ It-

Slow
CH.

H+ + CH,

It appears that the relative extent to which reactions (b) and (c) occur in Zeisel deter¬
minations is dependent on the reaction conditions and additives employed.

We are grateful to Dr. R. L. Williams, Ministry of Aviation, Waltham Abbey, Essex,
Messrs. Kodak Ltd., Kirkby, Lanes., and Messrs. I.C.I. (Dyestuffs Division) Ltd. for providing
specimens of t-butylphenols. We thank the P.C.S.I.R., Karachi, for granting study leave
and financial assistance to one of us (S.S.H.Z.).
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PRELIMINARY COMMUNICATION

Applications of infra-red spectroscopy—XI*
The determination of 1,2-diols by modified Zeisel reactions

{Received 11 February 1963. Accepted 12 February 1963)

Derivatives of 1,2-diols, and compounds made by condensations with ethylene or propylene oxides,
are becoming increasingly important as solvents, plasticisers, detergents and emulsifiers.

Specialised methods have been developed for the analysis of ethylene oxide condensates,1 and for
the separation, by azeotropic distillation3 and by chromatographic methods,3-5 of aqueous solutions
of simple glycols and their derivatives. For quantitative determinations, the Malaprade6 periodate
oxidation involves the determination of formaldehyde7-8 or silver iodate.9 Other investigators have
used an acetylation method,10 cerate oxidation11 (which releases formic acid), and dichromate oxida¬
tion12 (which produces carbon dioxide).

A more general method, however, involves the well-known Zeisel reaction, in which 1,2-diols yield
an olefine and an alkyl iodide. The method has been used on the micro scale.13 Although early
attempts to use this reaction quantitatively were unsuccessful, it has been claimed14-10 that reasonable
results are obtained if the sum of the molar yields of both the volatile products is taken: the relative
yields of the two reaction products appear to be dependent on the compound under study and on the
precise reaction conditions. Although Etienne16 found that iodine chloride was more satisfactory than
bromine as an absorbant for ethylene, all attempts14 to simplify the analysis, by introducing a single
chemical absorption system for both volatile products, have failed. A method17 based on determin¬
ation of the iodine liberated in the reaction medium through decomposition of the primarily formed
di-iodo alkanes has been adapted to the micro scale.18

Vapour-phase infra-red spectroscopy gives a simple, sensitive and specific method for the simul¬
taneous determination of ethylene, or propylene, together with alkyl iodides. For ethane-diol,
calibration is based on the absorption by ethylene at 955 cm-1 and by ethyl iodide at 1215 cm-1.
Routine analyses can be made without difficulty on 5-mg samples. The analytical apparatus required
has been described (see Fig. I, ref. 19): details of the simple gas-cells,20 construction of calibration
curves,21 and a procedure for the measurement of infra-red absorptions21 have been given.

5- L. j> LCI c«/v\
Part X: D. M. W. Anderson,M. A. Herbich and S. S. H. Zaidi, Analyst, 1963,88, in press.

Under our standard conditions22 for Zeisel determinations, [i.e., 5-mg samples refluxed with 6 ml
of hydriodic acid (55 %) using nitrogen as flow-gas at 6-8 ml per min] ethanediol gives 85 moles per
cent of ethylene and 15 moles per cent of ethyl iodide. This agrees well with the observations of
Kaintz13 but not with those of Morgan.14 The evolution of ethylene is extremely rapid. From start of
reflux, the evolution of ethylene is complete within 10 min; evolution of ethyl iodide is slower, being
complete in 30 min, a time slightly less than is usual in determinations on ethoxy compounds
(cf. ref. 13).

A pure sample of 1,2-di-iodoethane decomposed rapidly (a) in boiling water, giving a quantitative
molar yield of ethylene, (b) in hydriodic acid, giving 90 moles per cent of ethylene and 10 moles per
cent of ethyl iodide. In agreement with Etienne,16 the formation of 1,2-di-iodoethane may therefore he
the essential reaction intermediate (cf. ref. 14). The suggestion10 that low results may be caused by the
loss of traces of 1,2-di-iodoethane fi om the reaction flask must be questioned, however; the decompo¬
sition of 1,2-di-iodoethane in boiling aqueous solutions is so rapid that its existence as a reaction
intermediate must be very short under the analytical reaction conditions. Further experiments are in
progress to investigate all aspects of the determination of 1,2-diols and their derivatives in an attempt
to improve the sensitivity, reproducibility and accuracy of this modified Zeisel method: the results
will be published in due course.

Recently, constant-boiling hydrochloric23 and hydrobromic24 acids have been used to advantage in
modified Zeisel reactions. Because both 1,2-dibromo- and 1,2-dichloroethane are relatively more
stable than 1,2-di-iodoethane, it was suggested23 that reaction of 1,2-diols with hydrochloric or hydro¬
bromic acids might lead to the formation of a single volatile reaction product. Unfortunately, this does
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not occur. Ethanediol does not react to any significant extent with constant-boiling hydrochloric acid.
Reaction with constant-boiling hydrobromic acid gives 1,2-dibromoethane, ethyl bromide and ethy¬
lene: furthermore, the total molar yield of these products is only about 50% after reflux for 2hr.
Hydrobromic acid is therefore less satisfactory than hydriodic acid as an analytical reagent. When
1,2-dibromoethane is treated with constant-boiling hydrobromic acid, some dibromoethane distils
unchanged, and some is decomposed to ethylene, a small proportion of which (as shown in separate
experiments) is converted to ethyl bromide.
Department of Chemistry D. M. W. Anderson ®
The University S. S. H. Zaidi
Edinburgh 9, Scotland

Summary—Vapour-phase infrared spectroscopy offers a simple,
sensitive and specific method for simultaneous determinations of the
olefines and alkyl iodides liberated in Zeisel determinations on
1,2-diols.

Zusammenfassung—Die Infrarotspektroskopie in der Dampfphase
bietet eine einfache, empfindliche und spezifische Methode fur die
gleichzeitige Bestimmung der bei Zeisel-Bestimmungen an 1,2-Diolen
gebildeten define und Alkyljodide.

Resume—La spectroscopic infra-rouge en phase vapeur constitue une
methode simple, sensible et specifique du dosage simultane des olefines
et des iodures d'alcoyle formes dans le dosage des diols-1,2 par la
methode de Zeisel.
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PART IX1. THE SIMULTANEOUS DETERMINATION OF
URONIC ACID AND ALKOXYL GROUPS IN

POLYSACCHARIDES BY REFLUX WITH HYDRIODIC ACID
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Although colorimetric methods of estimating uronic acid groups are useful under
certain conditions1, they do not give absolute values and are subject to interferences
when determinations on heterogeneous materials are required; particularly serious
errors can arise when proteinaceous matter is present1. The random and individual
nature of the interferences makes it difficult for their effect to be predicted and for
suitable corrections to be applied.

Acidic decarboxylation is therefore much preferred analytically2, since the side-
reactions given by uronic materials, and the liberation of carbon dioxide from non-
uronic residues, lead to comparatively small errors. These rarely exceed 3% absolute,
and are always positive; their probable extent can be calculated once the proximate
composition of the polysaccharide is known. In particular, interference from pro¬
teinaceous matter is negligible.

The kinetics and mechanism of the acidic decarboxylation of uronic acids have been
investigated3. Although the analytical reaction4 based on reflux with 19% (w/w)
hydrochloric acid for 2.5 h5 has given satisfactory results for several years, it became
apparent that the following modifications would improve the method: (a) reduction
of the required reaction time (b) increase in the specificity and sensitivity of determ¬
ining the carbon dioxide evolved, and (c) development of apparatus simpler than that
previously described4, preferably eliminating specialised glass-blowing (this sugges¬
tion was made by workers in several other laboratories).

This paper describes how each of these advantages has been achieved. The modifi¬
cation involve (a) the use of constant-boiling hvdriodic acid (55% w/w) as the decar-
boxylating medium, (b) the use of vapour-phase infra-red determinationr' of the
carbon dioxide evolved, and (c) the use of a combined reaction-flask and reflux
condenser (commercially available) as the reaction vessel. The assembled apparatus
is therefore identical to that already described7 for alkoxyl determinations, and it
is possible to determine the alkoxyl and uronic content of a sample simultaneously.

This analytical method combines parts of the procedures of two earlier workers.
Buston8 used a modified Zeisel apparatus for uronic acid determinations with
hydrochloric acid, and Vollmert" used hydriodic acid (57%) as the decarboxylating
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medium. Vollmert recommended a reaction period of "1-2 h"; our experiments
with characterised reference materials have shown that constant-boiling hydroidic
acid gives complete decarboxylation in 1.5 h.

experimental

Apparatus
The combined reaction flask and condenser [B.S. 1428: part Ci: 9154 (part 2

apparatus)], delivery tube, and vapour trap have been described7. The apparatus
is assembled as shown in ref. 7, Fig. 1, except that soda asbestos and Anhydrone are
not added to the delivery tube. The omission of Anhydrone was found to give more
complete and more reproducible recoveries of carbon dioxide: the traces of water
vapour collected and subsequently transferred to the gas-cell do not interfere with
the spectroscopic determinations required and do not cause significant "fogging"
of the cell windows. Nitrogen (6-8 ml per min) is used as flow-gas; the methods of
pretreatment and of stabilising the flow-rate have been described7.

Spectroscopic determination of carbon dioxide and alkyI iodides
The collection of reaction products, and their quantitative transfer to a gas-cell10

for determination, have been described previously6 as have all the aspects of the
determination of alkoxyl groups by this method11.

Construction of calibration curves for carbon dioxide
Calibration is based on the very strong absorption by carbon dioxide at 2350 cm-1;

very few other gases give absorption in this part of the spectrum. Calibrations can
be achieved manometrically6, or by collecting the carbon dioxide given by known
weights of sodium carbonate (M.A.R.) when reacted with acid in the decarboxylation
apparatus. Fig. 1 shows a calibration curve obtained in this way, together with the
calibration curve, for the same cell, for methyl iodide. After the known weight of
carbon dioxide has been transferred to the gas-cell, dry air should be admitted so that
the cell contents are at atmospheric pressure6. This minimises pressure broadening
effects, and the trace amount of carbon dioxide so introduced is compensated by the
double-beam operation of the spectrometer.

Weight of sample

Fig. 1. Calibration curves for carbon dioxide (at 2350 cm-1) and methyl iodide (at 1265 cm-1).
Length of gas-cell = 12.5 cm, volume = 56 ml.
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Reagents and compounds
Analar hydriodic acid (about 55%, B.D.H. Ltd.) gives satisfactory results. Batches

(250 ml) of the acid are preconditioned7 before use by refluxing, with continuous
passage of nitrogen at 6-8 ml per min, for 1 h.

The standard samples of glucurone, galacturonic acid, and alginic acid have been
described12. The origin of other specimens is shown in footnotes to the Tables.

Procedure

The weight of sample taken should be sufficient to give a yield of carbon dioxide
which falls within the range of sensitive response for the calibrated gas-cell: with the
cell normally used (length 12.5 cm; internal volume = 56 ml) in our experiments,
the suitable range of carbon dioxide is 1-6 mg. (Gas-cells giving similar sensitivities
can be used with the less expensive bench-type spectrometers now available.)

The sample is refluxed for 1.5 h with 6 ml of the hydriodic acid. Some materials may
be added to the reaction flask in a suitable long-handled weighing-spoon, but this
is not possible with bulky, freeze-dried specimens, or with materials (e.g. gums,
pectins) which "cake" or gel on the addition of aqueous solutions. The following
technique is therefore recommended for all samples. The sample is weighed in a small
weighing tube, in which dissolution is achieved by the addition of hydriodic acid (2
ml). The solution (or suspension in atypical cases) is transferred quantitatively to
the reaction flask with the aid of a further four 1 ml portions of hydriodic acid.

Aqueous solutions may be analysed as follows. The concentration of the solution
is adjusted so that 1 ml will yield a suitable weight of carbon dioxide. A i-ml
aliquot is transferred to the reaction flask, and then just under 5 ml of hydriodic
acid (s. g. 1.94; about 66%) is added. The final volume is therefore approximately
6 ml and the acid is virtually of azeotropic composition. This procedure often
eliminates drying stages if the isolation of solid material (e.g. in intermediate stages
of a process) is not otherwise required.

RESULTS

Determination of the reaction-time required for quantitative results
Kinetic experiments with well-characterised samples12 of glucurone, galacturonic

acid and alginic acid showed that reflux for 1.5 h gave quantitative decarboxylation.
Reflux for longer periods gave very little "over-production" of carbon dioxide, in
marked contrast to previous experiences4 with hydrochloric acid. Table I shows the
agreement given by the hydrochloric and hydriodic acid reactions.

The "apparent uronic content" given by non-uronic compounds
All carbohydrates suffer some decomposition when refluxed with strong mineral

acids, the carbon dioxide evolved indicating an apparent uronic acid content. In
typical heterogeneous materials containing, say, 20% uronic acid + 30% hexose +
50% pentose, decomposition of the pentose and hexose will increase the yield of
carbon dioxide originating from decarboxylation of the uronic residues. It is impor¬
tant to know the extent to which this occurs. The effect was investigated fully13
for the hydrochloric acid reaction, and some of the values obtained are compared
in Table II with the corresponding values given by reflux for 1.5 h in 55% hydriodic
acid (cf. ref. 14, 15).
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TABLE I

the uronic acid content (%) of some materials

By decarboxylation with
Specimen hydriodic acid (55%)

for 1.5 h

By decarboxylation with
hydrochloric acid (19%)

for 2.5 h

Glucurone*
Galacturonic acid"

Alginic acid*
Acacia Senegal gumb
Acacia seyal gum 1
(Sample VIII)0 j
Pectic acid"

96.7
97.2
96.6
16.1

12.0

62.8

97.2
96.0
97.1
15-9

11.9, 11.6

61.8

a See ref. 12.

" Bulk commercial samples.
0 Anderson and Herbich, J. Chem. Soc., (1963) 1.

TABLE II

the "apparent uronic acid" content of some non-uronic materials*

Apparent uronic acid content from
Specimen Reflux with 19%

HCl for 2.5 h
Reflux with 55%

HI for 1.5 h

Melezitose
Sucrose
Lactose

Glucoheptose

1.6
2.6

i-7
4.2

1.8

3-2
2.0

3-2

Mannose
Glucose
Galactose

Xylose

3-5
2.0

2.8

1-9

3-4
2.8

2-5
2.4

Arabinose
Ribose
Rhamnose
Fucose

2.1

2.2

3-5
3°

2.9

3-4
3-i
2.2

Erythrose
Erythritol
2-Deoxy-glucose
Potato starch

4.8
0.1

1.2

3-2
0.4
2.4
2-5

Glycogen
Agar
Carrageenan
Inulin 3-o

31
6.4
3-7
3-i

Glucurosamine hydrochloride
Bone gelatin No. 112*

No. 188*

°-3
2-3
3-5

1.0

i-7
3-5

Edestin
1, 5-Gluconolactone
Ascorbic acid

9.9

99-4

0.4
14.8
99-2

1 All samples were of commercial origin, except those marked* (research
specimens from B.G.G.R.A.).
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Identification of other volatile reaction products
The volatile reaction products evolved in reflux periods of up to 24 h were investi¬

gated for reactions in 19% hydrochloric acid and 55% hydriodic acid. With both
these mineral acids, hexuronic acids and pentoses gave small amounts of furan,
acetone and acetaldehyde; hexoses and methyl pentoses gave some 2,5-dimethyl-
furan and some 2-methylfuran, respectively. As indicated in Table III, however,
the relative yields of these products were dependent on the mineral acid used.

TABLE III

THE VOLATILE PRODUCTS GIVEN BY SOME CARBOHYDRATES11

perl0(l Volatile products from Volatile products from
oj: reflux with 19% HCl reflux with S5% HI

Carbon
J; r Acetal- Ace- Carbon ,, _ Acetal- Ace-( ) dioxide uran dehyde tone dioxide uran dehyde tone

Glucurone o-3 + + + + + — + + + + tr —

3-9 + tr tr tr + — —

9-12 + — _L + tr — +
12-24 tr _j_ + + tr tr — +

Galacturonic 0 6 + + + + + — + + + + tr —

acid 6-y + T tr + + — tr

9-12 + + + tr tr — tr

12-24 tr tr tr tr tr — tr

Arabinose 0-12 + + + — — + + + tr

-<d-1 + + + + — tr — —

Ribose 0-24 + + + — + — tr

— + +

+ +
tr

+

+ +

a + + + large amount, ++ small amount, + minor amount, tr just detectable.

The simultaneous determination of uronic and methoxyl contents
In spectroscopy, the most reliable results are generally obtained from absorptions

of 30-70%. Under the conditions described, however, absorption at 2350 cm-1 is
most sensitive to change in concentration for small amounts of carbon dioxide, i.e.
those giving 15-50% absorption. As shown in Fig. 1, the gas-cell gives its most
sensitive response for 1-6 mg quantities of carbon dioxide. The range of sample
weights required is therefore: 4-24 mg for pure uronic acids or polyuronides, and
20-120 mg for materials containing 20% uronic acid.

This gas-cell also gives a sensitive response to 1-4 mg methyl iodide; nominal
50-mg samples therefore allow accurate simultaneous determinations of uronic acid
and methoxyl contents in the range 8-48% and 0.5-2%, respectively. Methoxyl
contents outwith this range can be determined by transferring the cell contents to
a more sensitive or less sensitive gas-cell, as necessary. Simple procedures facilitating
quantitative recovery from gas-cell to cold trap for transfer to a different cell have
been described 6. Although reflux periods in excess of 1 h during Zeisel determinations
on carbohydrates can lead to error if a volumetric finish is used16, longer reflux
periods are not detrimental when the specific spectroscopic method is used to deter¬
mine alkyl halides collected in a cold trap.
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discussion

The amounts of carbon dioxide evolved from non-uronic materials in this rapid
hydriodic acid reaction differ slightly from the amounts released by hydrochloric
acid: on balance, however, results by either method are unlikely to be high by more
than 3% absolute, even if nitrogenous materials are present.

The relative yields of other volatile products also differ from those evolved in hydro¬
chloric acid decarboxylation.

This does not influence the analytical determination of carbon dioxide, but indi¬
cates that slight changes occur in the mechanism of the decomposition stages which
follow the decarboxylation step. In particular, decarboxylation with hydriodic acid
produces larger quantities of acetone (cf. ref. 17, 18).

The ability to determine alkoxyl and uronic groups simultaneously in a 1.5-h
reaction is of value in routine determinations (economy of time) and in research
investigations (economy of material). The method is particularly useful for deter¬
minations on pectins (50-70% uronic acids, 1-5% methoxyl) and plant gums (5-
50% uronic acid, 0-2% methoxyl). Methoxyl contents of 1% are of structural signifi¬
cance19; recent studies on a number of Acacia gums have shown the presence of
methoxyl groups, of which earlier investigators, particularly those dealing with
gum arabic (Acacia Senegal), appear to have been unaware.

A further advantage of the present method is its ability to differentiate between
methoxyl and ethoxyl groups7. This is useful in investigations of artefacts arising
from solvent retention 20'21 or from attempted reductions with potassium borohy-
dride or diborane.

For complex multi-stage reactions, spectroscopic determination of carbon dioxide
has considerable advantages over the conventional chemicals method. The spectro¬
scopic method is specific and sensitive. Errors caused by the evolution of other acidic
products are eliminated; the possibility of traces of the decarboxylating acid being
carried over by the flow-gas is no longer an inherent source of high results. Other
investigators have recently discussed the limitations of conventional methods of
determining carbon dioxide in reactions which release other acidic vapours; as a
result, the use of non-aqueous solvents22, carbonic anhydrase23, gas chromato¬
graphy24 and infra-red absorption25-27 have all been recommended. Non-aqueous
solvent methods may require purification of the carbon dioxide before its absorption28.

The sensitivity of the present method may be increased by the use of more sensitive
gas-cells10'29, but the following simple technique is of value when a determination
is required on an inadequate amount of sample which, by itself, would give an infra¬
red absorption (say < 15% absorption) too small for accurate measurement. The
weighed sample is pre-dissolved in the usual way and added to the reaction flask,
to which had been added a known weight (sufficient to give 20-30% absorption)
of the carbonate used in constructing the calibration curve. The weight of carbon
dioxide from the polysaccharide is obtained as the difference between the weight
recovered and the weight expected from the amount of carbonate taken.

We thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest in these methods,
the British Glue and Gelatin Research Association for gifts of standard gelatin
samples, the Department of Scientific and Industrial Research for a maintenance
grant (to S.G.), and the P.C.S.I.R., Karachi, for granting study leave and financial
support (to S.S.H.Z.).
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SUMMARY

A reaction period of 2.5 h is required for the decarboxylation of uronic acid groups with 19% (w/w)
hydrochloric acid, but 55% (w/w) hydriodic acid gives complete decarboxylation in 1.5 h. This
rapid reaction can be carried out in a standard Zeisel reaction flask and condenser. Vapour
phase infra-red spectroscopy gives a specific determination of the carbon dioxide evolved, and
facilitates simultaneous determinations of any alkoxyl groups present. The proposed method is
particularly useful for pectins and plant gums; it gives greater sensitivity and reproducibility
than previous methods.

RESUME

La duree de decarboxylation de groupes uroniques peut etre considerablement reduite, en utilisant
l'acide iodhydrique a 55%, a la place de l'acide chlorhydrique a 19% (1 h. 30, au lieu de 2 h. 30).
La spectroscopie infra-rouge en phase gazeuse permet de doser l'anhydride carbonique degage
et facilite des determinations simultanees de n'importe quel groupe alcoxyle present. La
methode proposee est particulierement utile pour les pectines et gommes vegetales. Elle permet
d'obtenir une sensibilite et une reproductibilite superieures a celles des autres methodes.

ZUSAMMENFASSUNG

Die Geschwindigkeit der Decarboxylierungsreaktion von 1 Jronsauren kann durch Verwendung
von 55%iger Jodwasserstoffsaure an Stelle von i9°/0iger Salzaure betrachtlich erhoht werden.
Das gebildete Kohlendioxyd wird IR-spektroskopisch bestimmt, wobei gleichzeitig die Bestim-
mung etwa vorhandener Alkoxygruppen moglich ist. Die beschriebene Methode eignet sich
besonders zur Untersuchungen von Pektinen und Pflanzengummi. Die Empfindlichkeit und
Reproduzierbarkeit ist grosser als bei den iilteren Methoden.
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