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I. INTRODUCTION

Since the publication of Mitchell and Smith*s monograph?,
the Karl Fischer method for the determination of water has
been improved, and new chemical, physical, and physico-
chemical methods for its determination, which have been
widely used in various fields of science, industry, and the
new technology, have been described.

Simultaneously, the requirements made of the methods
themselves have become more severe, since the modern
tendency in analytical chemistry is directed towards auto-
mation of the continuous control and regulation of techno-
logical processes, with minimal expenditure of effort on the
actual analysis. This has led to the introduction and
development of completely new and highly sensitive methods
of analysis, such as infrared spectroscopy, coulometry,
gas-liquid chromatography, etc.

Published reviews 2-3° of methods for the determination
of water do not claim to examine this problem exhaustively.

In the present paper an attempt has been made to give a
complete review of all methods for the determination of
water in substances in different states of aggregation.

II. METHODS FOR THE DETERMINATION OF WATER
BASED ON ITS SEPARATION

1. The Drying Method. The simplest and
oldest method for the determination of water is based on
the drying of the specimen to be analysed to constant
weight. The water content is estimated from the loss in
weight. The rate and efficiency of dehydration are deter-
mined by a number of factors: the way in which heat is
supplied to the specimen being tested, the rate of removal
of the water liberated, the establishment of an optimal
temperature of drying, at which decomposition of the
specimen being analysed is not observed3!,3 the state of
the water molecules in the material being studied, and
also diffusion conditions.

The drying process is influenced considerably by the
depth of the layer and the friability of the specimen3®. The
reproducibility of the results depends on such factors as
the design of the drying oven, the nature of the material
from which the drying vessel is made, and the shape of the
evaporation dishes. The rate of removal of water from
the surface of a solid phase is a function of the water
vapour pressure and the temperature of drying.

When moist organic substances are heated, changes in
the weight of the substance being analysed may be due not
only to the liberation of water, but also to the liberation
of CO,, CO, H,, and CH,. In the analysis of thermally
unstable inorganic compounds (iron and aluminium
sulphates), selective absorbers for water and sulphur di-
oxide are used.

The temperature at which the specimen is heated during
drying is determined by the nature of the substance being
analysed.

In addition to the determination of water of crystallisa-
tion in salts 3¢, the drying method can be used with dif-
ferent degrees of accuracy for the determination of the
concentration of water in cheese 3, jam3¢, sheeps' milk
cheese ¥ tungstosilicates 3, xanthates 3%, wood ¥»#!, castor
beans #| grainand grain products #»% clay %, natural
glasses 3, cadmium thiobarbiturate ¢, {ironore] charges 7,
carbon black ®, the raw material for opium %, meat
products %°, brown coals %% nuts, raisins, and poppy-
seed %3, dried fruit®¢, and malt5s.

In order to use lower temperatures for drying and hence
prevent thermal decomposition of the specimen, the use of
infrared radiation and reduced pressure has been proposed
for the determination of water in salts 56,5 and serum %8,%,

By combining the drying oven and analytical balance, it
is possible to determine losses in weight during drying,
with elimination of the operations involving the transfer of
the specimen to a desiccator, and the time required to
cool the substance being analysed.

A number of authors have proposed the more rapid
determination of water by the drying method using a com-
bination of hot air circulation, infrared radiation, vacuum
drying ovens, and special evaporating dishes. The methods
cover the analysis of grain, starch, and foodstuffs 8°-62
pharmaceutical products®?, fertilisers®¢, grain and coffee®,
dried grapes®®, and hops .

New apparatus and procedures for studying the mecha-
nism of the drying of colloidal capillary-porous materials
have been published®. The British Standards Institute has
published standards for vacuum drying ovens %,

Various techniques ™, attachments, and automatic in-
struments for the determination of water by drying have
been described 17,71-83,

The drying method has found most extensive application
in the determination of hydrate water in inorganic com-
pounds. The method is less satisfactory for organic com-
pounds. The sources of error encountered in the drying
method have been examined®4.
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The drying method is time-consuming, has a low accu-
racy when the water concentration is low, and for practical
utilisation it requires the establishment of standard condi-
tions for each specific instance. A number of the proposed
improvements (infrared radiation, vacuumdrying apparatus,
automatic balances, etc.), however, make it possible to
reduce the time required for the determination of water to
15-20 min. Theerrorinweighingdetermines the limit of the
minimal quantities of water which canbe detected. The chief
disadvantage of the method is that it cannot distinguish be -
tween water and other volatile substances present. The drying
method is irreplaceable, however, for the routine deter-
mination of water in heterogeneous materials (fresh fruit,
grain, silage, etc.). The drying method can serve as a
relative criterion in the development of new and improved
methods for the determination of water.

2. The Sorption Method. The sorption method
for the determination of water is based on the use of sor-
bents to trap water vapour removed by a current of carrier
gas, with gradual heating of the substances being analysed.
The absorption tube containing the sorbent is weighed before
and after the passage of the carrier gas, and the increase
in weight gives the water concentration.

Various solid and liquid reagents have been used as ab-
sorbents: CaCl,, P,0;, CoCl,, drierite, anhydrone, sul-
phuric acid phosphoric acid, etc.  The characteristics of
various drying agents have been compared .

Dry air or argon are often used as carrier gas.
choice of carrier gas for a particular example of the
determination of water is determined by the nature of the
substance being analysed.

The sorption method is used for the détermination of
water in liquid and gaseous chlorine ®®, liquids®, silicate
and carbonate minerals®,% beryllium carbide®®, wool®!,
and potassium fertilisers®?, and for the determination of
oxides and water in metal powders®® and cable insulating
paper®, In the simultaneous determination of water and
CO, in rocks and minerals®, a mixture of sodium carbon-
ate and asbestos is used as absorbent to trap CO,.

The sorption method is regarded as superior to the
drying method, but it is very tedious and time-consuming,
and cannot be automated. The accuracy of the method
depends on the nature of the substance being analysed, the
concentration of water being determined, the sensitivity of
the analytical balance, and the selective absorbing power
of the sorbent. By varying the absorbent, it is possible
to carry out the separate determination of water and
thermal decomposition products. The sorption method is
also used as a means of separating water for its subsequent
determination by chemical and physicochemical methods.

3. The Distillation Method. A weighed speci-
men of the substance being analysed is boiled in a special
apparatus with an excess of a liquid which is immiscible
with water (C;Hg, toluene, xylene, CCl,, tetrachloro-
ethane, dioxan, perchloroethylene, aniline, mineral oils,
petroleum fractions, etc.). The mixture of vapours dis-
tilled is condensed in a special distillate receiver, the
liquids separate into layers, and the volume of distilled
water is read off from the meniscus. The choice of
solvent and the time for which the specimen is boiled are
determined by the ease with which the boiling liquid pene-
trates into the pores of the finely ground specimen. The
solvent chosen should distil in the form of an azeotropic
mixture at a temperature at which chemical reactions do
not take place. By creating an inert gas atmosphere in
the distillation apparatus it is possible to avoid redox
processes.

The
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The accuracy of the determination of water by the dis-
tillation method depends to a considerable extent on the
design of the condensate trap and the boiling assembly.
Various trap designs cater for instances when the boiling
liquid is lighter or heavier than water. Highly accurate
results can be obtained by fine graduation of the measuring
vessels and by placing the traps in a thermostat. In
order to reduce the consumption of solvent during the
determination and hence decrease the error in the deter-
mination due to the mutual solubility of the liquids, traps
capable of returning part of the distilled liquid, after
separation into layers, into the boiler assembly have been
proposed.

The use of different solvents makes possible the
separate determination of moisture and water of crystal-
lisation in the same material. When azeotropic distilla-
tion with benzene and xylene are used for calcium sulphate
and superphosphate fertiliser specimens, both free water
and water of crystallisation are removed using xylene,
whereas only free water is removed using benzene ®%.

The time required for the distillation varies from 15-
30 min to several hours, and is determined by the proper-
ties of the material being studied (solid or liquid, degree
of s&;bdivision, solvent chosen, temperature of distillation,
ete.).

An extensive review of literature on the distillation
method has been given in a paper ® which describes the
history of the development of the distillation method, gives
various designs of distillation assembly, and examines
critically a large number of practical examples of the use
of the method. The construction of apparatus for the dis-
tillation is being constantly improved ®6-108,

Satisfactory results have been given by the distillation
method in the determination of water in soap °°~1*!  printing
dyes ®°  sugar-containing products !*?, food products 1!3-115,
silage '!®, gypsum and superphosphates %, furfural!!?
diesel fuel, petrol, and sump oils ', glycols and glycer-
ol18  diethylene glycol!*, polyethylene glycol?°, textile
materials 1!, petroleum and petroleum products 2!, poly-
caprolactam 22, and DDT and HCCH emulsions 123, A
USSR State Standard has been published on the distillation
method 34,

The distillation method uses simple apparatus, and all
the operations are straightforward. Analytical chemists
often use this method when the drying and sorption methods
are inapplicable, and also when it is necessary to obtain
comparative results in the development of new methods for
the determination of water. In the last instance, the dis-
tillation method serves as a criterion. When the concen-
tration of water in the substances being analysed is low,
the distillation method is combined with other chemical
and physicochemical methods of analysis.

III. METHODS FOR THE DETERMINATION OF WATER
BASED ON THE USE OF CHEMICAL REACTIONS

1, Gas-volumetric methods. Calciumhydride
reacts vigorously with water with the liberation of hydro-
gen, which can be measured quantitatively by volumetric
or manometric methods. If the water to be determined is
first extracted with a solvent, the reaction can be used for
the quantitative determination of water. The solvent
should be inert towards CaH,. The first material to be
proposed as extracting agent for water was degassed
ethanol'?5-127 and this was subsequently replaced by dioxan
and pyridine 128,128,
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Calculation of the thermodynamic potentials of the
CaH,-H,0 system has shown '* that different quantities of
hydrogen are liberated, depending on the temperature.

In gas-volumetric determinations, strict control of the
conditions of the analysis is necessary. The method can
then be used for the quantitative determination of water
with satisfactory accuracy in a variety of substances:
inorganic crystal hydrates, liquid fuels, furfural,
petroleum products, uranium hexafluoride, etc, 131-139,
The determination of traces of water vapour in gases has
been described . The calcium hydride method is the
subject of a USSR State Standard 14,

The formation of acetylene by the reaction of water with
CaC, has been made the basis of a method for the deter-
mination of water in substances in different states of
aggregation. Since alcohols react with CaC, to form C,H,,
they are unsuitable for use as media in the analysis. Inert
solvents are recommended. The quantity of acetylene
liberated can be measured by gas-volumetric methods,
from the increase in pressure in the system, from the loss
in weight of the reagent after volatilisation of the C,H,, by
flame intensity measurements, or by measuring the
quantity of oxygen required for combustion of the acetylene.
In a number of instances it is considered more rational not
to carry out the reaction between CaC, and the water-con-
taining liquid in a heterogeneous system, and the prelimi-
nary extraction of the water by an inert carrier gas is
recommended.

The carbide method for the determination of water has a
number of disadvantages and limitations 3,139,142 gnd

requires strict control of the conditions during the analysis.

The method is used for the rapid determination of water in
various materials: liquid coking and pyrolysis products 1%,
furfural!!”, ores, brown coals ¥, gypsum !4 rubber %,
ethyl acetate and chloroaldehyde 1%, soils and building
materials 1%, industrial oils !, cresol!®, metallurgical
slags 15, hydrocarbons 15!, leather, paper 52, grain!52,153
groats 54, peat, and wood 153,

The carbide method cannot be used for the determination
of water in substances which react with CaC,, CaO,
or Ca(OH),.

Some authors consider that magnesium nitride is more
convenient for the analysis than CaC,, since the ammonia
formed can be determined quantitatively by acid-base titra-
tion. Ethanol, dioxan, and a CH;OH-C,H;OH mixture have
been recommended as media. The analysis can be carried
out in an ordinary Kjeldahl apparatus. High accuracy can
be achieved in the determinations if the water is removed
beforehand from the materials being studied, using a
carrier gas. The method cannot be used to analyse sub-
stances which liberate NH, when heated. = Temperature
has a significant influence on the course of the reaction
between Mg,N, and water 130,

Noteworthy papers have been published on the use of
magnesium nitride for the determination of water in divinyl
distillate 15157 gases %8, spirits and eau de Cologne %,
and transformer oil 15°.

Tserevitinov's method for the determination of active
hydrogen has been modified for the determination of water.
The substance to be analysed is dissolved in pyridine or
other inert solvent which does not react with CH,MgI.
Various compounds which contain active hydrogen atoms
or which react with the Grignard reagent interfere in the
determination of water. Tserevitinov's method has been
proposed for the determination of water in 0il'®* and
gypsum 44,

Among other gas-volumetric methods, mention must be
made of the determination of combined water in silica gel
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using diborane %2 and in solvents using alkali metals and
their alloys.

Gas-volumetric methods (particularly the carbide and
hydride methods) are distinguished by the rapid reaction of
the reagent with the water being determined, and they have
found extensive application in technology, as a result of
the variety of methods for measuring the gas iiberated.
The required speed, accuracy, and sensitivity can be
achieved.

2, Titrimetric Method. The Karl Fischer
method ! occupies a unique position among titrimetric
methods for the determination of water. Study of the
nature of the Karl Fischer reagent has established ¢3-15
that the quantity of methanol taking part in the titration has
a significant influence on the results of the water determina -
tion. The titre of the reagent is a function of the ratio
H,0:CH,OH. It has been proved experimentally !¢ that for
a solution of the reagent containing no methanol the ratio of
the reacting I, and H,0 is 1:0.53, and that this ratio in-
creases when CH;OH is added. At a CH,OH concentration
of 24 vol. %, the ratio is equal to 1:1.5, and it subsequently
remains almost constant over a considerable range (as far
as 70%). When the reaction medium contains a large
quantity of CH;OH or C,H;N, additional complications,
depending on the quantity of water being titrated, are ob-
served. The deviations from the ratio 1:1.5 are greater,
the smaller the quantity of water being titrated. The
fcllowing equation has been proposed !

2H,0 -4CH;0H +-3C,H,N-50; 315 +6C,H,N —

e 1N 4 e 6CH,
- + + 6CgHgN-HI .
T NsoH T T NsocH, |0t

The observed dependence of the water equivalent of the
Karl Fischer reagent onthe ratio CH,OH : C,H,N requires that
the titration be carried out correctly. The standardisation
of the Karl Fischer reagent and the determination of water
must be carried out in a methanol + pyridine mixture with
the same composition as that used for the Karl Fischer
reagent. The value for the blank titration of the solvent
cannot be found by titrating a smaller quantity and then
multiplying the results of the titration by an appropriate
factor.

The Karl Fischer reagent is prepared by mixing all the
components together at the same time !»!%¢ (in this instance,
however, the reagent may undergo a considerable loss of
activity during storage !57) or by mixing methanol and pyri-
dine solutions of sulphur dioxide and iodine before use 168-172,
To decrease the time required for the preparation of the
reagent, a simplified method for dehydrating the com-
ponents with bromine or chlorine has been described 73, It
has been recommended 1% that the titration be carried out
by dissolving the specimen to be analysed in a pyridine-
methanol solution of sulphur dioxide. The titrant is a
methanol solution of iodine.

A large number of attempts have been made by research
workers to replace the components of the reagent in order
to make it cheaper and to achieve greater stability. The
replacement of pyridine by hexamethylenetetramine has
been proposed %8, but sparingly soluble reaction products
are formed. The replacement of methanol by the monom-
ethyl ester of ethylene glycol i’ gives a more stable re-
agent, which has been shown to have valuable qualities }',
It has been reported ! that methanol can be replaced by
chloroform. The preparation of an improved and stabi-
lised reagent has been described ",
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For work in inert solvents (dioxan, benzene, CH,CN,
etc.), the use of a chloroform solution of bromine and
sulphur dioxide has been proposed '8, Substances containing
HO-groups cannot be titrated with the recommended re-
agent. Pyridine and HCOOH also interfere.

The preparation of animproved reagent 1", designed for
the determination of water in caprolactam and alcohols 80,18
has been patented. An alkoxide, phenoxide, or salts of
organic acids are added to the reagent to combine with the
hydrogen ions formed during the analysis. Patents !82-184
have recommended the addition to the reagent of one or
more of the products of the spontaneous reaction which
takes place in the reagent in the absence of water (Nal,
pyridinium hydrogen, di-iodide, and secondary or tertiary
amines).

The working solution is standardised by titrating accurately
weighed specimens of H,O in an inert solvent 163,164 or
mixed solvent C;H;N + CH,OH (3:7) !, If the reagent is
standardised using a standard solution of water in methanol,
the determination gives its apparent water number 8%, which
may not coincide with the true value. It is recommended
that the modified reagent be standardised using accurately
weighed specimens of water or by titrating accurately mea-
sured volumes of aquebus solutions of methanol or ethanol.

Crystal hydrates have been used to standardise the
Karl Fischer reagent !,188,187,

Allowance must be made for the temperature factor 88
when the temperature of the surrounding medium during
the standardisation differs from the temperature at which
the analysis is carried out.

Methanol and its mixtures with pyridine, ether %,
chloroform ¥, or propanol!’? are most frequently used as
media for the titration. Ethylene glycol and glycerol are
used only if it is necessary to determine water in gases
after its absorption by these solvents. Dioxan has also
been recommended 63,184,191,182  Chloroform is usually
employed for substances insoluble in methanol 13-195, Tol-
uene is used!®® if water is being determined after azeo-
tropic distillation. Formamide ®?, because of its high di-
electric constant, is an excellent solvent and extracting
agent. Acetic acid "7 or its mixtures with pyridine %
are used for special purposes.

The use of N-ethylpiperidine as catalyst to increase the
rate of the reaction between H,O and the titrant has been
recommended 1%°,

The analytical control of the Karl Fischer reagent has
beendescribed?®®. The spent reagent can be regenerated *!.

A variety of methods are used to detect the equivalence
point in the titration. The technique of visual titration
has been described in detail!. A new feature in this field
is the attempt to introduce indicators?2°'-2°3,  Various
modifications of the visual titration technique have been
examined 204,205,

A photometric method for the detection of the equiva-
lence point has been proposed for the determination of
water in coloured liquids 167,206-209

Electrometric titration is widely used to detect the equiva -
lence point. Direct and back potentiometric titration using
a bimetallic electrode couple has been described !»?°. The
so-called “dead stop” method of titration is most widely
used 1,211,212 The mechanism of the titration using polar-
ised electrodes has been examined?'®. The sharp change
in current strength at the equivalence point can be recorded
using a qualitatively-operating electric eye?%. The de-
velopment of electronic apparatus has led to the production
of various automatic assemblies 215-220,

There is a wide range of apparatus for electrometric
Karl Fischer titration?2!¢-23¢ by macro-, semimicro-, and
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micro-methods with complete or partial automation. In
addition to standard cells attached to the titrator, various
original modifications of the cell vessels and pipettes have
been described 222,235-241,

Coulometric titration with the Karl Fischer reagent,
based on the electrolytic generation of iodine, has been
recommended for the automatic continuous control of traces
of water 242-252,

Titration with the Karl Fischer reagent is used for the
determination of water in various forms in the following
inorganic substances: liquid ammonia !»#*3  hydrogen fluo-
ride #4255 crystalhydrates 182,36 concentrated sulphuric 204
and nitric acids and their mixtures 257,258, ammonium per-
chlorate 2%, uranium tetrafluoride and uranium oxide 2%,
mineral pigments 26! contaminated acids in sulphonation
processes 22 minerals ?®%, calcium chloride 24, titanium(III),
and vanadium(IIl) chlorides 23, pigments and paints 266,267
sodium tetraborate 2, granulated fertilisers?®%°~27!  the
inorganic components of solid rocket fuel?’?, complex
salts ?73 | inorganic reagents?’, and sulphuryl chloride
derivatives 275,

In the determination of water using the Karl Fischer re-
agent, it isnecessary to make allowance for the reaction of
the components of the reagent with various inorganic com-
pounds !?%*,  Thus in the determination of water in iron(III)
salts a redox reaction takes place, but this can be
prevented by adding 8-quinolinol?’® and carrying out the
titration in quinoline.

The total concentration of water in sulphuric acid is
usually determined by titrating in pyridine or a mixed
pyridine + dioxan solvent, in order to reduce to a minimum
the participation of methanol in the reaction. Water in
fuming nitric acid is determined by titration in dimethyl
formamide + pyridine 25" or dichloroethane?%®. An original
method has been proposed for the determination of water
and alkali metal oxide with selenium and tellurium?™,

Unsatisfactory results are obtained in the direct titra-
tion of anhydrous sodium carbonate?’®, sodium carbonate,
borate, and perborate, glycerophosphate, CaCO,, calcium
and magnesium oxides, hydrogen carbonate®®, acid salts,
and CuS0O,.5H,0 ?"°. In these instances, preliminary
xylene distillation of H,O or its extraction with methanol28°,
tetrahydrofuran, or dioxan?" are recommended. The
quantity of basic substance passing into solution during
extraction is determined by titration with acid.

It is possible to determine water by direct titrationinanum-
ber of organic compounds: salts of organic acids *¢, sodium
alkylarylsulphonate 28!, dynamite glycerol?2, amines and
amides 1,168,204 rybber 283,284 medical raw materials 285, phar -
maceutical products 22¢-292 | 3 Jkaloids 170+175,288 gntibiot -
ics 288 ,293,29(’ vegetable Oi].S 195,295 ,298, Solvents 171,204,264,287 ,298’
powders and explosives 272,282,282,300 ' getroleum and petrole-
um products 301-303 " jpnsulating and lubricating oils 304-308,
insecticide aerosols ¥7  oils and fats 15,281 gaviation fuel !%°,
xanthates 3%, potassium xanthate %8, cellophane 2% polymers
and plastics 292,309 =311 " golyvinylpyrrolidone 32, vitamin C 168,
milk powder and cheeses 3!3, starch?,%1¢  leather and
tanning agents 3!5-317  dried vegetables !*7»318 grain
products 25,319 textile materials 329,321 gsoap and wetting
agents *22, coals2°4%23, formaldehyde polymers with low
molecular weight 2%, seeds %%, treacle %%%,%7 honey 3%,
cocoa?®, chocolate 3%, flour and flour products 331,332 hydro-
carbons 33, glycol and glycerol frost-resistant solvents ¢,
vinyl esters 3?2, ketones?34-3% tributyl phosphate and
kerosene %7, ion exchange resins3%®, laminated poly-
amides 3°, aerosol coatings 3%, malt5®, serum?3, gelatin 3%,
and alginates 342,
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The determination of water by the Karl Fischer method
in aldehydes and ketones requires appropriate modifica-
tions 1,334-336,343 Agcorbic acid is oxidised by the reagent
to dehydroascorbic acid, and quinone is reduced to hydro-
quinone. Thiols are oxidised slowly, but their influence
can be eliminated by adding alkenes before the titration.

Various silanols react quantitatively with the Karl
Fischer reagent 334, The determination of H,O in sili-
cones in the presence of silanols has been examined 34,

In the determination of water in gases, for example
hydrocarbons 34" ~33°  hydrogen chloride 3%!, the atmosphere
of furnaces used for the annealing of porcelain and enamel 352,
oxygen, nitrogen, and other gases3%9»3%3  the gases are
bubbled through anhydrous methanol and the absorbed water
is determined by titration.

In evaluating the Karl Fischer titration, it should be
noted that the method is applicable to the direct determina-
tion of water in quantities varying from one part per mil-
lion to 100% in all types of compound which do not react
with the components of the reagent. In order to achieve
the highest sensitivity in the determination, it is recom-
mended that the solvent (preferably a pyridine + methanol
mixture) be titrated first, followed by analysis of the speci-
men in the same medium. Direct titration gives the total
concentration of water (free and combined). The Karl
Fischer titration is readily automated. The coulometric
method for the generation of iodine for the Karl Fischer re-
agent has made possible the continuous automatic regulation
and control of moisture content in industry. In view of the
universal and highly sensitive nature of the method, it is
often used as a standard in the development of new methods
for the determination of moisture.

Among other titrimetric methods, mention must be made
of those based on the reaction of water with various in-
organic chlorides and organic acid chlorides. The hydro-
gen chloride liberated is distilled off and titrated. Of the
readily hydrolysed chlorides, aluminium chloride has
proved the most suitable.

The acetyl chloride method 3% is convenient for the
determination of water in substances which present dif-
ficulties in the Karl Fischer method. The method is based
on the difference in the behaviour towards water and alcohol
shown by acetyl chloride, prepared in dioxan, toluene,
or CCl,. In the first instance, 1 mole of water liberates
2 moles of titratable acids (CH;COOH + HC1) whereas in the
second instance 1 mole of CH;OH liberates 1 mole of
acid (HC1). When the reaction of the reagent with water-
containing inert solvents is complete, the excess of
CH,COCl is treated with alcohol and titrated with alkali
solution. A blank titration is carried out for the calcula-
tions.

The method is used to determine water in ligquid hydro-
carbons, esters 4, gaseous hydrocarbons 355, acetone %54,%%¢,
edible oils, margarine, and fats 37, alcohols 3%  and
coals %9,

CH,OH cannot be used as extracting agent in the acetyl
chloride method, because it reacts with CH,COCl. Formic
acid, aldehydes, and high concentrations of lower alcohols
and glycols interfere in the determination. Strong amines
and esters which are readily hydrolysed in the acidimetric
titration may distort the results of the analyses con-
siderably.

The use of p-nitrobenzoyl chloride 3%, lauryl chloride,
stearyl chloride, or benzoyl chloride in place of acetyl
chloride has been proposed, but these are not all success-
ful. Studies have shown %! that the addition of organic
bases facilitates the rapid and quantitative hydrolysis of
acid chlorides by water.
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Succinoyl dichloride has been used as hydrolytic reagent
for the determination of the water content of gases and
crystal hydrates 362,%3,

The hydrolysis of acid anhydrides and chlorides can be
used for the determination of water. The use of acetic %4
and benzoic anhydrides for this purpose has been described.
The water to be determined is collected in = 1:3 anhy-
dride + pyridine mixture by azeotropic distili.tion, for
example with dioxan or toluene, after which the hydrolysis
is carried out and the excess of the anhydride is eliminated
using aniline. A blank titration is carried out for the cal-
culation. The time required for the hydrolysis is reduced
considerably if catalysts (HCIO, or 2,4-dinitrobenzene-
sulphonic acid %%) are added to the reaction mixture.

The reaction of sodium alkoxide with water has been
used to determine small quantities of water in alcohol,
dioxan, crotonylidene-acetone, and anthraquinone®®., The
sodium hydroxide liberated reacts further with ethyl ace-
tate to form CH;COONa, and the excess of sodium alkoxide
is determined by titration.

Lead tetra-acetate in benzene solution reacts with water
to form PbO,, which is determined iodometrically 367,

Organic compounds of the alkali metals (triphenylmethyl-
sodium) react vigorously with water. Since organic com-
pounds of the alkali metals are coloured, and the products
of their reaction with water colourless, water can be
titrated without using indicators %68,

By making use of the limited mutual solubility of the
liquids in the presence of water, it is possible to determine
water in furfural by titration with a mixture of hexanol and
cotton-seed 0il %°  in blood and biological materials with
xylene 3 and in crystal hydrates with a mixture of C,H,OH
and 2-methylpropanol3™. Extensive material on the deter-
mination of the moisture content of substances by titration
of the water has been published 372,

Papers have been published on the determination of
water in organic compounds by a new chemical method
based on the hydrolysis of t-butyl vanadate in the presence
of NH; or acridine 33,374, The precipitate formed in the
reaction—a salt of vanadic acid—is determined by titration
with a solution of Mohr's salt. The method can be used to
determine water in hydrocarbons, alkyl halides, esters,
ketones, benzaldehyde, and pyridine. A semi-automated
version of the method has been proposed.

A method for the determination of water in alcohols has
been developed, based on the hydrolysis of dimethyl oxalate
in alkaline solution 375,

Water can be determined by acid-base titration in non-
aqueous media. Thus water has been determined by
titration in anhydrous sulphuric acid?,%"?, HC1O, was
used as titrant.

Other titrimetric methods have found less extensive
practical application than the Karl Fischer method, due to
the characteristic features of the reagents. The most
widespread is the acetyl chloride method, use of which is
recommended when the Karl Fischer method is inapplica-
ble. The most promising method is that based on the
hydrolysis of t-butyl vanadate.

3. Gravimetric Methods. Methods for the
quantitative determination of water have been based on the
water-removing properties of anhydrous copper sulphate
(in alcohols, aldehydes, and acids). Aluminium and
magnesium ethoxides react with water to form equivalent
quantities of the hydroxides, which are determined by
weighing. Large quantities of water in alcohols and in
mixtures of alcohol with benzene, petrol, and trichloro-
ethylene are determined by making use of the hydrolysis of



52

ethyl formate. The product is weighed as sodium formate.
The determination of water in bromine is based on the oxi-
dation of sulphur dioxide by bromine in the presence of water.
The sulphate formed is determined gravimetrically 3.
Water at concentrations of 10-100 mg per 100 ml speci-
men can be determined in the organic solvents ether,
CHCl,, CCl,, and hydrocarbons using an ethereal solution
of LiBr, which reacts with water to precipitate LiBr.H,0,
determined by weighing 37°,
An automatic gravimetric hygrometer for the determina-
tion of moisture in gases has been described 3°,
Gravimetric methods find only limited application,
because of the tedious nature of the operations, the time
required, and the specific character of the method.

IV. PHYSICAL AND PHYSICOCHEMICAL METHODS FOR
THE DETERMINATION OF WATER

1. Methods Based on Measurement of the
Specific Gravity, Viscosity, Angle of Rota-
tion of Polarised Light, Refractive Index,
Mutual Solubility, Etc. Methods recommended
for the determination of water have been based on mea-
surement of the specific gravity of the substance being
studied (determination of water in alcohols %!), measurement
of the viscosity (in acetone, alcohol®2, concrete, cement,
and other building materials 32), and the ability of an
optically active water-containing substance to rotate the
plane of polarisation of plane-polarised light to an extent
proportional to the water concentration (determination of
water in sugar refinery pulp ** and in sugar 385). A re-
fractometric method can be used to determine water in two-
and three-component systems (analysis of furfural!’’, sugar
products 5436 mixtures of formaldehyde and HNO, %7, and
C,H,OH and ethyl cellosolve %8). Methods of analysis
making use of the difference in the temperatures of boiling
sugar sap and the vapour 3%  the thermal conductivity of
gases ¥° the critical temperature of mixing of liquids (deter-
mination of water in aniline 3!), the change in pressure
accompanying the freezing of water (in air %2 or gases %°)
and the change in the speéific enthalpy of the moist material
during the desorption of water 3¢ have been described.
Surface moisture can be determined by weighing the speci-
men in air and in two liquids which have different densities
and which are miscible with water 395,36,

In the determination of the moisture content of gases,
extensive use is made of the “dew point” method 37,38  for
which a large number of instruments, constructed on dif-
ferent principles, have been described: with thermo-
electric cooling 39%°  with cooling in a Dewar vessel ¥},
pneumatic ¥2, with electrical contact ¥3, and with photo-
electric recording 4. A method % and apparatus** for
controlling the moisture content of organic solvents, based
on measurement of the concentration of water in the vapour
above the solvent, have been patented. The moisture con-
tent of board and other porous materials is determined by
measuring the equilibrium vapour pressure 47,

In the utilisation of the psychrometric method for the
determination of the moisture content of gases, particular
attention is being paid to the theoretical principles of
the method38,%8 particularly at high temperatures ®.
Various psychrometers have been described 404,410-412,

2. Methods Based on Measurement of the
Dielectric Constant. The determination of H,O in
various materials is based on measurement of the di-
electric constant (DC) of the system. The DC of water

Russian Chemical Reviews, 38 (1), 1969

(80.57) differs significantly from that of other solvents.
The theoretical principles of the method based on DC mea-
surements have been described #3»44; the empirical
relationship DC = £(H,0) is used for each specific water-
containing system. The sensitivity of the determination
when the DC of the solvent is sufficiently constant may
reach several parts per million. Measurements of the DC
losses are more sensitive.

For the determination of water in hydrocarbons, dioxan,
which is a common cosolvent for H,O and hydrocarbons, is
recommended, since the DC of dissolved and emulsified
water are quite different4!5, Measurements of the DC of
an emulsion of NaOH solution in transformer oil have been
given*!®, The method is widely used to control the concentra-
tion of water in petroleum and petroleum products 417-428,
Continuous measurement and recording are possible evenaat
water concentrations reaching 60% ©7, The measure-
ments are often carried out by comparing the DC of water-
containing petroleum and anhydrous petroleum #28-43,  The
determination of water in hydrazine and phenylhydrazine 4!,
monohydric and polyhydric alcohols 2, pyridine bases 42,
ethyl acetate 4435 dioxan %33, the diethyl ether of di-
ethyleneglycol 43  the three-component methanol-propan-
2-ol-water system ¥7  and mineral oils 4 has been de-
scribed.

For multi-component systems, determination of water
by loss measurements is in most instances impossible,
since the dielectric loss factor may be altered for reasons
other than a change in the water concentration 43,

To determine water in solids, use is made of prelimi-
nary extraction by a solvent #4, for example in the deter-
mination of water in s0il#®  spinach**, quartz sand,
manganese ores, coal, clay %, wheat, ammonium sulphate,
etc. *2. The limits of applicability of the method involving
preliminary extraction are made narrower when the
extracting solvent does not extract water completely, or
when complete extraction takes a long time. This has led
to the development of the immersion method 4¢3. The sub-
stance being analysed is immersed in a liquid with known
DC value, and the final DC of the system is measured. The
H,0 concentration is found from a calibration curve. This
method has been proposed for the analysis of inorganic
fertilisers 43,444,

Water can be determined in many materials by im-
mersing electrodes directly in the substance being studied:
molecular sieves ¥ grain 45-48 hops 48 peat*® so0il %°,
packing materials %!, tobacco 244 [iron ore] charges %5,
textile fibres ¢, loose materials 748  moulding mix-
tures 48,460 paper and cardboard %!, granulated materials,
Nitrophos %2, and trinitrotoluene 3. In some instances it
is necessary to keep the pressure of the electrodes on the
material being studied strictly constant 2,

The dielectric loss method is particularly promising
for the analysis of loose materials. Thus it is possible to
measure the moisture content of pigments without weighing
a specimen 43,

Special cell designs have been developed, making it
possible to determine the concentration of water in
films 43,494, A portable hygrometer for the determina-
tion of the moisture content of air from DC measurements
has been described 4%:%¢,  An analyser for the continuous
determination of moisture in gases containing HF has been
described 47,

Various types of apparatus for carrying out the deter-
mination have been described 17421468475,

3. Methods Based on Measurement of the
Electrical Conductivity. The moisture content of
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gases absorbed by a solvent is determined by measuring

the electrical conductivity of the water-containing extracting
agent ¥®, Sulphuric acid is used as absorbent for the
moisture in natural gas ¥?. The electrical resistance of
LiCl is a function of the moisture content of the gas in con-
tact with the salt *'.

The moisture content of s0il ® is determined by mea-
suring the electricalresistance of a mixed solvent saturated
with NaCl after the extraction of water from the soil. The
measurement of the moisture content of transformer oil
from the change in the electrical resistance of a fabric
placed between perforated metal plates has beendescribed #°.
Specific resistance measurements have been used for the
continuous control of the moisture content of the rocket
fuel dinitrogen tetroxide !, The method involving elec-
trical conductivity measurements has been used to deter-
mine water in liquids —hydrogen fluoride 2,43, propane %4,
petroleum residue 5, and pyridine %8,

The continuous determination of the electrical conduc-
tivity of solids can be carried out usually at high water con-
centrations. The electrical conductivity depends on the
source voltage, the shape and arrangement of the elec-
trodes, the chemical composition of the material, tem-
perature, the degree of uniformity, the state and the dis-
tribution of the water, the degree of polarisation, the
state of the surface of the individual granules and pieces
and the degree of compactness and contact in the material?.
Methods and apparatus have been described for the rapid
determination of moisture from electrical conductivity
measurements in sawn timber and wood 97-%9  galt 0,
leather ¥!, chromium oxide 2, paper, textiles %3, peat ¥4,
copra *%, and chromatograms %6,

In radiosondes, moisture is determined using a hygro-
meter element of oxidised aluminium, whose resistance is
a function of the moisture content of the atmosphere 497,

Various forms of apparatus have been described 1017521,
460 -471,488-501

4. Electrometric Methods. The coulometric
method is based on the determination of the quantity of
electricity required for the electrolysis of water absorbed
by a thin film of absorbent (H,PO,, H,SO,, or their mix-
tures, P,0,, KOH, K,CO;, etc.)%275 from a measured
quantity of gas. In the analysis of liquids 503,512-515 gpq
solids 17,593 the water is first transferred to the gaseous
phase by evaporation or by using a current of heated dry
gas®2, The quantity of current used in the electrolysis is
recorded graphically from a curve giving the change in
current, by means of integrators!»5'4¢ or from the magni-
tude of the current®5. The rate of carrier gas [flow]
depends on the design of the recorder, the nature and
moisture content of the specimen, and the weight taken.
For solids, a method involving the extraction of moisture
by a gas, combined with heating by high-frequency
currents, has been described 7,512,513,

Procedures 518,317 and apparatus have been described for
determination of moisture by comparing the pressures of
the gas being analysed and a reference gas for the same
resistance of the hygroscopic film.

The efficiency of analysers for the deter mination of water
in gas streams and liquid streams has been studied 5!8.

The coulometric method can be used to determine water
in cracking gases, petrol vapour, natural gas3°%51° ajr 320,
aromatic hydrocarbons 52! organic liquids 512,514,516 the
technological product streams in petroleum refineries 522,
circulating freon refrigerant5!%:%17  and solids 523,524,

Water in e-caprolactam can be determined polaro-
graphically 525,526, It is suggested that water in various
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organic compounds can be determined by the reaction of
the substance with phenylchloro-oxophosphorus, which
leads to an increase in the polarographic current of the
solution at a given potential5?”. An improvement of the
method has also been determined 528.

5. Optical Methods. Water in liquid products
can be detected qualitatively using indicator paper 52053
impregnated with salts CoCl,, CuBr,, Bil;, Sbl, or mix-
tures K,Fe(CN), + CoClL,, K,CrO, + MnCl, + resorcinol,
activated silica gel treated with CoBr, solution%%  or
molecular sieve A B33,

The change in the colour of solutions of a number of
compounds as a result of hydration of the reagent can be
used for colorimetric analysis. Thus cobalt compounds
can be used to determine water with satisfactory accuracy
in CHCI,, salicylaldehyde, crotonaldehyde, and benzalde-
hyde 534, acetone®3¢-5% CL,CF,, C1,CF, CICF,, petrol,
methyl chloride %7, refined sugars®®, alcohols, acetone,
ethyl acetate 3, maize, and Indian corn®®. Water in
solid specimens is extracted beforehand using a solvent.

With increase in the concentration of water in alcohol,
there is an increase in solubility and a development of the
colour of K,Cr;0, 5%, and in reactive fuels, hexachlorane,
and turbine oils a similar effect is shown by the dye
Methylene Blue 55543, The concentration of H,O is deter-
mined from the decrease in the colour of the Karl Fischer
reagent after passage of the moist gas through the re-
agent 544,

The oxidising properties of K,Cr,0, are used to deter-
mine water in various biological materials®%. The in-
tensity of the colour of the reduced form of chromium
depends on the water concentration. Using a scale of
standards, it is possible to determine moisture using
anhydrous copper sulphate 54,547,

Ether and ketones saturated with anhydrous LiCl acquire
the orange-red colour characteristic of LiCuCl; in the
presence of H,O and copper perchlorate®®. Moisture can
alter the colour of solutions of chloranilic acid5#  hexani-
trobenzene 5%, complexes of diethylaluminium hydride
with isoquinoline %%!, and an acetone solution of anhydrous
copper chloride 5%,

Water in gaseous nitrogen can be determined by vacuum
spectrophotometry in the ultraviolet range %52,

Various reagents (SiC1,%5% and TiCl,%%%) in contact with
water -containing solvents form stable suspensions of
hydrolysis products, whose light absorption depends on the
moisture content.

The moisture content of monomers is determined by mea -
suring the optical density of specimens cooled to —50°.
The turbidity is proportional to the water content5%%. The
turbidity at a CH;COOH-toluene interface can be used to
determine the concentration of moisture in the acid 5.

The turbidimetric method is used to determine water in
methyl and ethyl thiols %57 and in fuels for aviation tur-
bines 3. The moisture content of gas is measured from
the light extinction of the aerosol formed by passing the
moist gas through oleum?3®, Water in liquid hydrocar-
bons 5%¢ and motor fuel®® can be determined nephelo-
metrically.

Infrared spectroscopy can be used to determine water in
gases, liquids, and solids over a wide range of water con-
centrations. The choice of analytical absorption band is
determined by the chemical composition of the substance
being analysed and the concentration of water being deter-
mined. At high concentrations of water (fractions of one
percent and above) the bands in the range 5100-5300 cm™!
and 7100-6200 cm™! due to the overtones and combination
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frequencies of the stretching and bending vibrations of the
HO groups of the water molecules are used20»%!-574, The
weak absorption bands at 1550-1650 cm=-! and 3590-

3710 cm~1 due to the symmetric bending and asymmetric
stretching vibrations of the HOH and HO groups are used
to determine traces of water 575582,

Infrared spectroscopy is widely used to determine water in
various organic liquids: alcohols 561,575,577,582-885 = gy
cols 581,582  dioxan 581,582,586,587’ ketones 578,5'15,577,582,583,586,588,
1,1-dimethylhydrazine, diethylenetriamine, monomethyl-
hydrazine 562,563,588  glycerol 595,583  esterss?s, aldehydes 5,
benzene, toluene, xylene5%  CCl, 586:587,500,%1 chloro-
form 582,588,587  ethyl bromide %, homologues of pyridine %2,
aniline 582,586,587  tetrabutyl phthalate 5®, tetrahydro-
furan®’, tributyl phosphate 5°%, dimethyldioxan5®!, freon-
22 refrigerant®®, organic solvents%%-%9, and lubricating
0ils %,  The limits of sensitivity of the determination of
water in non-associated solvents and the relationship be-
tween the limits of sensitivity and the transmission coef-
ficient of the background have been examined 5%,

The methods of molecular spectroscopy are extremely
effective and make it possible not only to determine the
concentration of water in organic solvents but also to
obtain considerable information on its state in solution,
the bonds formed with the solvent molecules, and processes
of hydration and extraction 20,82,

Special procedures are required for the determination
of water in strongly corrosive inorganic liquids. Thus in
the determination of water in liquid sulphur dioxide the
NaCl or KCl1 cells are fitted with polyethylene and lead
linings 3%, The conditions for the determination of water
in liquid bromine 57°s8°2 and fuming nitric acid ! have been
examined in detail.

Alkali metal halide discs, suspensions in Nujol, or
solutions in D,0 have been proposed for the analysis of
salts 568, Methods have been developed for the determina-
tion of water of crystallisation 564,566,570,595,603 ' and water in
carbohydrates %4 and milk fat 85,

In the analysis of vegetable materials by infrared
spectroscopy the water is extracted beforehand with
methanol®%®, and in the analysis of coffee the water is
separated by azeotropic distillation with dioxan!!3, The

determination of water in complex minerals®”, silicates %,

silica gel®"4, polymers %%, elastomers®® films5%,%%¢ and
aluminium acetylsalicylate ®!° has been described.

Infrared spectroscopy is sometimes used to analyse the
products of the reaction of water with various reagents—
2,2-dimethoxypropane 5% (acetone and CH;OH are formed)
and CaC,, which liberates acetylene®®-#!!, Various forms
of apparatus have been described 12,83,571,583,584,595,608,600

Infrared hygrometers for measuring the moisture con- ,
tent of air have been described®!2:¢!3, The conditions for
the analysis of gases at elevated temperatures and pres-
sures have been examined 84,

6. NMR Spectroscopy. Nuclear magnetic
resonance (NMR) can be used to measure the moisture
content of liquids and solids. The determination of the
moisture content of solid, loose, and fibrous materials is
based on the fact that the water molecules are relatively
mobile compared with the molecules of the main hydrogen-
containing substance, so that the proton absorption curve
obtained on a low-resolution instrument has the form of a
very broad signal, on which the narrow line from the
protons of water is superimposed?®!%,%1¢, At a concentra-
tion of water greater than 10%, the amplitude of the signal
is linearly dependent on the moisture content®17-819, At
lower water concentrations, the bonding between its

Russian Chemical Reviews, 38 (1), 1969

molecules and the adsorbent changes, and the dependence
of the amplitude of the signal on the water concentration
becomes more complex. In such instances, a calibra-
tion curve is used. Various instruments have been
described 12,620-624,

The determination of water by the EPR method in wood,
cellulose, fruit, starch?®:8,019,625-627  pectin 818 nylon®28,
various granulated materials ®'®, peat®?®, corn syrup and
chewing gum®%, and a moving stream of coal ®! has been
described. Small concentrations of water can be mea-
sured by determining the width of the absorption line®8,
The relaxation times have been used to determine the con-
centration of water in hardened epoxide resins and poly-
amides %%,

High-resolution NMR spectroscopy can be used to deter-
mine H,0 in acetone ®* and other liquids®**, The depen-
dence of the magnitude of the chemical shift of the protons
of the water on its concentration can be used to determine
water in, for example, CH,CN, piperidine®®, and tributyl
phosphate 836,

The NMR method is effective in the study of the sorp-
tion of water on various materials. It makes it possible
to measure moisture contents over a wide range, rapidly,
accurately, and without decomposition of the specimens.
The control of technological processes from moisture con-
tent measurements is possible 621,622,837

7. The Chromatographic Method. The
chromatographic determination of water can be carried out
either by direct separation of a mixture or by chromato-
graphic study of the products of the previous reaction of
appropriate reagents with water. The first version is
carried out by the gas-liquid method, which is used to
analyse mixtures with high water content. The liquid
phase may consist of polyethylene glycol on refractory
brick®3®  Teflon®?:%4 or porous glass®%, stearic or
12-hydroxystearic acids %45, and diiso-octyl phthalate on
teflon®®, and tetrahydroxyethylenediamine on chromo-
sorb%¢2. The following reagents have been recommended
for the determination of water by the second method:

CaC, 151,639,647-651’ LiAlH, 852 NaAlH, 653,854 (CaH, 939,84 ,858
organic isocyanates ¥, 2,2-dimethoxypropane®©:%® and
lead tetra-acetate®?. The gases formed and the organic
liquids are analysed by absorption or gas-liquid chroma-
tography.

The determination of water in the following materials
has been described: butane®®, alcohols®!, mixtures of
NH; and amines and mixtures of ethanol and butanol and
ammonium carbonate ¥, methanol, ethanol, CH,COOH %,
pyridine 841,862 aliphatic acids®%, hydrocarbons 15!,652,84¢
gases %4983 hydrazine, monomethylhydrazine, 1,1-di-
methylhydrazine, diethylenetriamine, and their mix-
tures %62,8¢¢  mixtures of the gases H,, O,, N,, CH,, and
CO °%1, pharmaceutical products®, liquid alkenes, diene
monomers, and various oxygen-containing compounds 953,866
sodium acetate and copper sulphate (with preliminary
extraction of the water by methanol) %24, CH;OH-aldehyde
mixtures 844850 the products of the manufacture of C;H;OH
from isopropylbenzene %7, fruit®®, and water in the moon's
crust ®6®,

Water in gases and hygroscopic liquids can be determined
by reverse chromatography: a moist carrier gas with a
water concentration greater than that of the substance
being analysed is used, so that negative peaks appear on
the gas chromatogram ",

8. Other Methods. When a beam of 3- or y -
radiation is passed through a material of uniform density,
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a decrease in the intensity of the radiation beam is ob-
served, depending on the moisture content. This phe-
nomenon is used for the quantitative determination of the
moisture content of soils, building materials and other
loose materials, asphalt, wood®1872  textiles®’?, and
petroleum®”4, A portable instrument for this purpose has
been described %75,

A new method has been proposed for the determination
of water in methanol®’® using kryptonates. In the presence
of water, ®Kr is liberated, and this is removed by a stream
of nitrogen into a counting chamber and determined quanti-
tatively.

Methods have been described for the determination of
water by the third-component method using a radioactive
substance in crystal hydrates 7,878 pharmaceutical
products ®’® sesame 0il%°, silica gel, and iron ores ®®.
The concentration of water in synthetic pigments and bio-
polymers can be determined by mass-spectrometric mea-
surements after deuterium exchange %8,

A method for the determination of moisture has been
based on the ability of hydrogen atoms to weaken a beam of
fast neutrons !°»7!, The results of the measurements are
little influenced by the salt content and density of the
material and are not influenced by temperature and the
moisture distribution. The use of the neutron method to
measure the moisture content of lime raw materials %82,
concrete 883,884 50i1%84 wood, sand, moist salts®5:%8¢ and
lamp black®7 has been described. The development of a
neutron moisture meter whose operation does not depend
on the density of the material has been described 888690,

The use of an ultrasonic method for the determination of
small quantities of water in CH,OH has been proposed ®?,

It has been suggested that very small quantities of water
can be determined by hygrophotography. An illuminated
light-sensitive plate (a double complex of mercury and
silver iodide) can undergo a restoration of colour with
time. Moisture increases the rate of this process, and
this makes possible the quantitative and qualitative deter-
mination of water in alcohols, medical products, soil,
etc. 692—697.

A number of papers%8-79° and a draft standard ! have
been published on the determination of the moisture con-

tent of petroleum products and reactive fuel by centrifuging.

Glass-fibre filters have been recommended for the deter-
mination of H,O in sludges "2,

The absorption of radiowaves in the centimetre range by
water has been made the basis of a method for the deter-
mination of moisture in polymers 3, foodstuffs 7045705,
clay, sand, coal, tobacco, fertilisers, and 0il"%. Various
moisture meters have been described 7°4-7%,

The determination of water from the extinction of the
luminescence of 4-chloro-2-sulphobenzalacetophenone in
hydrocarbons has been described 707,78,

The thermal characteristics of the medium can be used
as criteria for the determination of moisture in capillary-
porous 7%%5710  dispersed, and fibrous ! materials,
magnesium perchlorate”'?, sulphuric acid 3, fluorocar-
bons 7', and unsaturated hydrocarbons !5,

A review of methods for the determination of water by
physical and physicochemical methods shows that these
methods extend considerably the possibilities for the con-
trol and automation of production, are extremely rapid,
and also extremely effective in the study of the state of
water in substances in different states of aggregation.
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