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THE DETERMINATICON OF WATER BY COULOMETRIC TITRATION

ABSTRACT

A coulometric method has been developed for the determination of traces
of water in organic solveuts. The water is titrated by Karl Fischer reagent
which is produced by the electrolytic generation of iodine in a solution of
the depleted reagent in ethylene glycol. The stoichiometry of the reaction
corresponds to one mole of iodine per mole of water, or 10.7 coulombs of
electrical current per mg of water. The effect of side reactions which
consume iodine is eliminated by the use of a supplementary generating current
which is adjusted to maintain the solution at the end point before the
addition of the sample.

The method has been applied to the determination of water in propane-
diamine, 1-2 by neutralizing the strong amine with a solution of salicylic
acid in ethylene glycol, rather than acetic acid in methanol, to reduce the
rate of esterification. Concentrations of water as low as 50 ug/ml have
been determined in one-ml samples of propanediamine, 1-2, while concentra-
tions of 5 ug/ml have been measured in other solvents. The absolute standard
deviation of the titration is approximately 2 ug of water. For samples
which contain concentrations of water in excess of 0.1 per cent the coefficient
of variation is less than 2 per cent.




THE DETERMINATION OF WATER BY COULOMETRIC TITRATION

A. S. Meyer, Jr. and C. M. Boyd

INTRODUCTION

A great number of methods have been developed for the determiﬁation of
water. The separation of the water from a sample by oven drying, distilla-
tion, or absorption are the bases of most methods. In many cases the
determination may be based on a chemical reaction or a measurement of a
physical property. The method developed by Karl Fischer(e) has proved to
be the most widely applicablevmethod available for the determination of
water. The reagent, a solution of jiodine, sulfur dioxide, and pyridine in
methanol, is known by the generally accepted name, "Karl Fischer Reagent.”
It has been demonstrated(e) by a thofough study of the stoichiometry of the
Fischer method that the main reaction in methanol solution appears to take
place in two distinct steps which are as follows:

SOp

N
N1 + CON-502 + N + Hx0 =3 ECN: +<on (1)
- 1 0

S0z H
Q\I(' + CHg0oH —» {7’ (2)
0

™ S0,CH5

Only the first reaction (1) involves the absorption of water in which one mole
of water is removed by each mole of iodine Introduced. )

With this reagent,the accurate determination of water 1s possible in
nearly all classes of orgsnic compounds. Some classes of orgahic‘compounds
interfere by reacting with one or more of the components of the reagent to

form water. In these cases, precautions must be taken to eliminate the effects

of these reactions.
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. Of particular interest in this study was -the use of this method for the
determination ofrwater in strong amines. The strongly basic propanediamiﬁe,
1-2 was used in this work. The titration of water in a@ines with Fischer
reagent is possible, but with amines stronger than benéylamine (K = 2.4 x 1072)
results vwhich ere slightly high were obtaiﬁed. It is ususlly recommended that
the more bﬁsic amines be neutralized by treating them with an excess of glacial
acetic aeld which is dissolved in methanol, before titrating with Karl Fischer
reageutélg?. Acetic acld reacts slowly with the methanol present to form
water gnﬂ the corresponding ester. This amounts to a significant error when
only traces of water are presemt in the sample. In a study on methods of
eliminating this error due to esterification, Lee(h) found that neutralization
of?ﬁhé amine with salicylic acid in which ethylene glycol was used as a dilu-
ent gave much less Interference.

rThe precigion and accuracy that can be attained by the use of the Karl
Flacher method, using a visual end point on & macro scale, is of the order of
0.5 mg of water. The use of a mlcrotechmique for this titration can increase
the pensitivity to less than 0.1 mg of water(é). In describing an lmproved
procedure. for Karl Fischer microtitrations, Wibefle;(la)reported a limiting
sensitivity of 0.01 mg of water which corresponded to 0.0l ml of reagent.

The feasibility of indirect coulometric analysis was first demonstrated
by Szebelledy and Saﬁogyi(ll). Their procedure depends on the eleectrolytic
genera¥ion of bromine with 100 per cent current efficiency, and ﬁhe subse--
néﬁent reaction of the bromine.with the substance being determined. This
process consists essentially in the titration of a sample with an electro-
“lytleally generated reagent, and has been given»the;name of coulometric
titration(s). It has been demonstrated that iodine may alsb be generated

with 100 per cent current efficiency(g); thereforé, the coulometric titra-

tion of water by the electrolytic generation of iodine from depleted Karl
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Fischer reagent appeared to be feasible. This coulometric method would offer
significant advantages over the standard solution method in that the problem
of preparing, standardizing, storing and measuring the standard reagent is
eliminated, and minute quantities of the reagent may be generated with high

precision.

(lO) it was also

In the study of the stoichiometry of the Fischer method
established that the 1l:1 stoichiometry of water to iodine was valid provided
the ratio of the constituents of the reagent exceeded the minimum ratio of
I15:505:3CsHsN:CH30H. The recommended reagent(lb) is made to contain at least a
threefold excess of a mixture of SO0z, CsHsN and CHgO0H to iodine. Since sulfur
dioxide and pyridine are consumed in the reaction of Fischer reagent with the
water in the diluent, the amount of these comstltuents is increased to a
fourfold excess to assure sufficient amounts for the proper reactions during

the generation step. In the generation of iodine from iodide the anode

reaction is:

2I- —3 Io + 2e. ’ (3)
Assuming 100 per cent current efficiency and a one to one stoichiometry of
lodine tp water, each molecule of water consumes two elect;ons in the overall
reaction. It follows that 2 x‘96,500 coulombs will be required for each mole,

or 10.71 coulombs for each mg of water titrated.




EXPERIMENTAL

The coulometric, titration method which was used in this wofk was of the
internal generation type. 1In this technique, both the sample and the generator
electrolyte are contained in the electrolysis vessel. The ﬁse‘of externally
generated titrant does not appear to be practical for this titration because
of the difficultles which are encountered in maintaining an electrolytic
solution at a negligible moisture content. The titration cell consisted of
a two-compartment cell containing a platinum gauze anode immersed in the
solution into which the sample was added. A platinum gauze'céthode was
isolated in a separate compartment which was filled with the same solution that
was in the anode compartment. Electrical connection was made through a
sintered-glass disk, A drawing of the cell is shown in Figure I. The de-
mountable design was selected so that the position of the,generating electrodes
could be adjusted to minimize the cell resistance without impairing the circu-
lation of electrolyte. A total volume of approximately 7O Ql‘of?sélﬁtion was
used.

The determination of the end point with Fischer reagent hés-beén made by

(3)

applying the electrometric "dead-stop™ technique . In a'ﬁodification of

1)

this method( two platinum electrodes are maintained at a poténtial of
approximately 10 mv. As long as water is present, the iodine whi;b is
generated reacts to form hydriodic acid. The applied potenﬁia;vof,a few
millivolts polarizes one electrode and no current flows.  A$‘th§vénd_point,
free iodine depclarizes the electrode and the resulting flbw of éurreﬁt is
then measured with a microammeter.

The source of constant current which was used for the generation of
iodine was a 110-volt a-c power supply resgiified to produce dse enamgyswith a

capacity . up to 50 smperes and 50 volts. It was found that a more constant
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current could be maintained if the supply was maintained at a high voltage
and if a 250-ohm dropping resistor was used in series with the cell. The
value of the average current during a titration was determined by making
several potentiometric measurements of the voltage drop across a standard
5-ohm resistor in series with the cell.

To check the stoichiometry of the reaction of iodine with water, aliguots
of a standard solution of water in methanol were titrated. The solution was
standardized by titrating with standard Karl Fischer reagent which in turn
had been recently standardized against sodium tartrate dihydrate(7).

The coulometric titrations were carried out in the generation cell which
contained a solution of depleted Karl Fischer reagent in anhydrous methanol.
The water in the methanol was reacted by the addition of approximately five
ml of Fischer reagent. The solutions were adjusted to the end point by the
addition of more methanol or by the generation of iodine with electric
current. Prior to the titrations, the solution was mixed by transference
from one compartment of the cell to the other by forcing through the sintered-
glass disk. This was done in order to assure a moisture-free solution in
each compartment at the start of the titration. At this point, the anode
compartment was closed to the atmosphere by a serum-type, rubber diaphragnm
containing a 22-gage hypodermic needle which acted as a pressure equalizer
during the addition of the sample. The solution in the anode compartment was
stirred magnetically with a Teflon-covered bar.

When the solution was near the end point, the microammeter reading was
approximately 50 microamperes. Immediately before the addition of the sample
the reading of the microammeter was noted and established as the end point
value. Then, aliquots of a standard water-methanol solution were added to

the anode compartment of the cell by means of 1l-ml tuberculin syringes which




had been dried at 120° C. The time of the generation period: was measured
by an electric timer which was coupled to the generating current switch.

In the titration of 1l-ml aliquots of a standard water-methanol solution
(1L.62 mg per ml), it was found that as the time required for titration was
increased,by decreasing the current from about 0.2 to 0.05 ampere, the number
of coulombs required for titration increased, as shown in Table I.

| Table I

Effect of Titration Rate on the Coulometric Determination
of Water with Kerl Fischer Reagent

One ml of Standard Water-Methanol Solution (1.62 mg Hz0/ml)

Current, Time, Coulombs /mg H>0
amp sec Coulombs Theory Found
0.203% 87 17.7 10.71 10.9
0.110 163 17.9 10.71 11.0
0.0576 314 18.1 10.71 11.2

A possible explanation of this trend towards higher values as the titration
progressed 1s that the solution produced in the cathode compartment was of
a reducing nature and diffusion of this solution into the anode compartment
caused an Increase in the quantity of electrical current required to titrate
a given amount of water. If the solution in the cathode compartment at the
start of the titration contained an excess of iodine, diffusion of this
solution into the anode compartment should cause a decrease in the number
of coulombs required. Thils was found to be the case, as shown in Table II.

Table II

Effect of Diffusion Between Compartments on the Coulometric
‘ Determination of Water with Karl Fischer Reagent

One ml of Standard Water-Methanol Solution (1.62 mg Ho0/ml)

Iodine in Cathode Current,  Time, _ Coulombs /mg Hz0
Compartment amp sec Coulombs Theory - .. Found
No excess 0.110 163 17.9 10.71 11.0

Excess 0.121 132 16.7 10.71 10.3
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The effect of the presence of glaclal acetic acld is shown in Table IIT.
In this experiment, 1t is shown that the formation of water by esterification
caused an Iincrease in the number of coulombs required per mg of water. As the
time of titration was made longer, this deviation became progressively greater.
Table III
Effect of Titration Rate and Glacial Acetic Acid on the

Coulometric Determination of Water with
Karl Fischer Reagent

One ml of Standard Water-Methanol Solution (1.62 mg Hz0/ml)

Current, Time, Coulombs /mg Hz0
amp sec Coulombs Theory Found
0.208 86 17.9 10.71 11.1
0.11% 168 19.2 10.71 11.9
0.065 322 21.0 10.71 13.0

It was found that by counecting a supplementary source of current to the
generating electrodes, jodine could be generated at a rate sufficient to
balance the effect of esterification and diffusion. This source of current
consisted of a 45-volt battery connected to the generating electrodes through
a variable resistor. As the impedence of this circuit 1s very high compared
to the resistance of the cell, thls supplementary current remains essentlally
constant even during titrations which are made at maximum rates of current.
Results obtained by the use of this techﬁique are shown in Table IV. It can
be seen from the values in the fifth column that the theoretical value of
10.71 coulombs is approached most closely in those cases where the effects of
esterification and diffusion are minimized. This agreement Iindicates a one

to one stoilchiometry for the iodine-water reaction.




Table IV

Effect of Supplementary Current on the Coulometric
Determination of Water with Karl Fischer Reagent

One ml of Standard Water-Methanol Solution (1.62 mg Hp0/ml)

Current, Time, Coulombszgg Ho0

Conditions amp sec Coulombs Theory Found

No C3Ho0p present 0.0876 200 17.5 10.71 10.8

C3Hz0» present 0.1024 174 17.7 10.9

CgHs05 present 0.0496 338 16.8 10.4
CHsCH(NH,)CH(NH5) and

C3Ho0- present 0.109 166 18.1 11.2

The presence of propanediamine, 1-2, hereafter referred to as PDA, in
the solution of methanol, acetic acid, and spent Fischer reagent effectively
increased the rate of iodine consumption. This effect might be attributed
to a catalytic acceleration of either the esterification resction of the
acetlc acid or the parasitic side reactions which are normally associated
with the decomposition of Fischer reagent. Addltional water could also be
produced by the dehydration of amine salts to amides. The above sources of
iodine consumption were not distinguished. In this report, the total error
intreduced by side reactions is designated as an effect of esterification.
It was possible, by the use of the separate source of current, to balance
the effect of esterification reasonably well, but the rate of esterification
varied with the amount of PDA present and difficultles were encountered when
attempts were made to tltrate water 1n PDA. If the effects of esterification
were "blanked™ before the addition of the sample, the added PDA caused an
inerease in the esterification rate and thils Increase could not be convenlently
cancelled. This effect produced high results and in the determination of water
in the range of 0.1 per cent thls change in esterlification rate is very
significant. As this Incremse can be of the same order of megnitude as the
rate of generation of iodine, it is obvious that titratlion under these conditions

is impossible.
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During this study on methods of eliminating the error due to esterifi-

(%)

cation, Lee found that when sallcylic acld was used to neutralize the
amine with ethylene glycol as a diluent, much less esterification was noted.
Amperaﬁetric methods of end-point determination, such as the "dead-stop"
technlque, could not be applied to these solutlions because of thelr low con-
ductivity. It was found that a potentiemetric type, indicator system(9)
provided a sensitive indicatlion of the end polnt. This system required the
use of two platinum electrodes which were polarized by a constant current of
approximately one microampere from a 45-volt battery with a L4O-megohm
resistor connected in series. The electrodes developed a potential of
approximately 400 millivolts in solutlons containing water, while the potential
dropped to zero when excess lodine was present. This potential was measured
with a Beckman Model M pH meter with a potential of approximately 200 milli-
volts belng used as the end point. A schematic diagram of the electrical
clrcults 1is shown 1In Figure 2.

Scme titfations of standard water-methanol solutions were made in
ethylene glycol which contained PDA in the presence of excess salieylic
acid. These titrations were made wlthout using the separate current to
cancel the effect of slight esterification. Results which were only 2 to 3

per cent greater than the theoretical value were obtained. These results

are shown In Table V.
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Table V

Effect of Salicylic Acid in Ethylene Glycol Medium in the Presence
of PDA on the Coulametric Determination of Water with
Karl Flscher Reagent

One ml Standard Water-Methanol Solution (1.62 mg HpO/ml)
Salicylic acid, 10 g

PDA, 1 ml

No supplementary current

Current, Time, Coulcmbs/mg H0
amp dec Coulombs Theory - Found
0.109 165 18.0 10.71 11.1
0.111 159 17.7 10.9

The stabllity of these solutions mey be lmproved further by allowing
them to stand for several hours at the Karl Fischer end point after the
addition of a small quantity of PDA. The preparation and ageing of the
solutions can be carried out more conveniently by using a storage vessel

connected directly to the titration cell.
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RESULTS
A comparison of the results of determinations of water in a sample of
PDA that were carried out in two different electrolytes are shown in Table VI.
Table VI
Comparison of Results of the Coulometric Titration of Water in a

Sample of Propylenediamine in Methanol and
Ethylene Glycol Media

PDA, 0.50 ml
Current, Time, Water
No. ' amp sec Coulombs Per Cent

Methanol -excess acetic acid

1. 0.040 60 2.40 0.052
2 0.042 54 2.29 0.049
3 0.097 20 1.94 0.042
4 0.088 26 2.30 0.050
> 0.04k 84 3.70 0.070
Average 0.053
Ethylene glycol-excess salicylic acid

6 0.067 28 1.86 0.040
T 0.050 30 1.50 0.03%2
8 0.051 36 1.85 0.040
9 0.063 35 2.20 0.047
10 0.065 31 2.00 0.044
i Average  0.041

Ethylene glycol - insufficient salicylic acid
11 0.029 287 8.35 0.180

The results of the first five determinations which were carried out in
an acetic acid-methanol medium are significantly higher than those of the
latter analyses in which the salicylic acid-ethylene glycol solutions were
used. The greater titration values are attributed to the increase in the
rate of esterificatlion after the addition of the samples. This effect was
most pronounced in the fifth determination in which the current required to

maintain the end point, changed from an initial velue of 0.04 to 0.06 amperes
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at the end of the titration. In determinations 6 to 11, which were carried
out in the presence of ethylene glycol and salicylic acid, the rate of esteri-
fication was found to be only about one-fifth as large as that which was
obtained in solutions of acetic acid in methanol. The addition of PDA to
these solutions did not change the esterification rate appreciably, therefore,
the blanking with the supplementary current was effective. The last determina-
tion (No. 11) is included to illustrate the effect of incomplete neutraliza-
tion of the PDA. In this case the solution contained 3 ml of PDA and only
10 g of salicylie acid.

A series of determinations of water in a sample of PDA which had recently
been distilled over calcium carbide is shown in Table VII.

Table VII

Reproducibility of the Titration of Water in

Propylenediamine
Water
PDA Current, Time, Water Corrected
Day ml amp sec Coulombs Per Cent
1st 1.00 0.0420 13.7 0.575 0.0062 0.0062%
1.00 0.0204 36 0.735 0.0079 0.0079
1.00 0.0234 32 0.750 0.0081 0.0081
1.00 0.0250 30 0.750 0.0081 0.0081
2nd 0.90 0.0250 30 0.750 0.0090 0.0079
3rd 1.00 0.0174 5% 0.922 0.0099 0.00T7
1.00 0.0140 70 0.980 0.0105 0.0083%
hth 0.95 0.0124 80 0.990 0.0113 0.0080
0.95 0.0200 50 1.000 0.0114 0.0081
Average 0.0080
Standard Deviation 0.0002

Coefficient of Variation, per cent 2

& this result was not included in the calculation of the precision
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The increase in water content, as shown in the sixth columm, is believed
to be due to the entrance of molsture into the sample bottle during sampling
and while standing over a period of several days in a desiccater containing
anhydrous magnesium perchlorate. If a correction of 0.0011 per cent is made
for the dally increase in water concentration, the results so corrected show
good reproducibility of water content. At this concentration of water the
hygroscoplcity of FDA is very evident, but the practicabllity of the sampling
technique 1is shown by the reproducible results obtained on any one day. The
precision of the methoed at different concentrations of water in PDA is shown
in Table VIII.

Table VIIT

Titration of Water at Different Concentration Levels

1.00 ml Propanedismine, 1-2

Coefficlient of

Cuwrrent, Time, Water Variation
a3p see Coulembs Per Cent
0.0234 18 0.42 0.0045
0.0230 20 0.46 0.0050 7.5
0.0406 T1.1 2.89 0.0310
0.0390 T3.7 2.87 0.0309 2.7
0.0400 5.7 3.03 0.0325
0.0580 246 14.3 0.153
0.0580 245 14.2 0.153%
0.0590 23h 13.8 0.148 1.4
0.0580 242 14.0 0.151
0.0550 25% 13.9 0.150

The first determinations were carried out on the driest sample of FDA
which was obtalnable during thls investigation. The concentration of water
in the sample increased rapidly after two aliquots were withdrawn. No further
Increase in the precision of the determination was noted in the analyses of
samples of higher water concentration, and the precision probably corresponds

to the precision of measurement of sample allquots. A coefficlent of variation
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of 1 to 2 per cent In the measurement of the samples was determined by
welghing allquots of PDA that were delivered by one.ml syringes.

Since 1t was not possible to prepare a standard solution of water in
PDA the standard addition technique was used to establish the accuracy of
the method. When quantities of water which corresponded to 0.198 and 0.061
per cent water were added to samples of PDA, the concentration of water was
found to be increased by 0.197 and 0.062 per cent, respectively. This represents
a recovery of 99.5 and 102 per cent of the added water. The method was also
tested by determining the water content of other organic reagents which were
available in & relatively anhydrous state. Six determinations were carriled
out on each sample by both the coulometrlc and conventional XKarl Fischer
Titration methods. The results of these analyses are shown in Table IX.

Teble IX

Determination of Water in Various Organic Compounds by
Coulometric and Conventional Karl Fischer Methods

Karl Fischera

Coulometric Method Method Difference
Sample Water Coefficlent of Water

Compound  Volume, ml A,%  Variation, % B, % A-B
Methyl Alcohel 0.2 0.26 k.5 0.25 +0.01
Isopropyl Alcohol 1 0.065 k.5 0.058 +0.007
Ethylene Glycol 0.5 0.158 3.2 0.13 +0.03
Methyl Acetate 0.2 0.089 1.6 0.091 -0.002
Dioxane 0.2 0.39 1.2 0.%6 +0.03
Diethyl Ether 1 0.009% 1.0 0.007 +0.002
Analine 0.2 0.42 1.5 0.41 +0.01
Hexane 1 0.0038 1.2 0.006 -0.002
Toluene 1 0.039 3.6 0.025 0.014

a"rl'za.te::' determined by direct titration of 10-ml samples with standardized
Karl Fischer reagent.

Becauge of the small volumes of titrant used in the conventional titration
and the small sample aliquots which were analyzed by the coulemetric procedure,
the observed differences are not truly representative of the agreement between

the two methods; however, the agreement 1s reasomable for all the compounds
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except toluene. Since the concentration of water in the toluene was near satura-
tion, the concentration may have been altered by a change in temperature of the
samples. The reproducibility of the determination of water in these substances
(1 to 4.5 per cent) is comparable to that observed in the analysis of PDA. The
somewhat poorer precision in the analysis of the alcohols may be due to an
increase in the rate of esterification after the addition of the samples or may
be indicative of a tendency towards less precise measurements of these liquids
in syringes. The use of salicylic acld is not required for the analysis of
samples which do not contaln strong amines, but ethylene glycol should be used
as a diluent for solutions of maximum stablility. An inorganic salt such as an
alkeli halide must be added to provide an electrolyte of adequate conductivity.
The stability of such solutions is at least equivalent to that of the solutious
which contain salicylic acid.

Samples of toluene which had been dried by fractional distillation and
by refluxing over calcium carblde were analyzed to determine the ultimate
Bensitivity of the method. Concentration of water of approximately 30 pg/ml
were found in the distilled toluene while concentrations as low as 5 ug/ml were
obtalned after refluxing over calcium carbide. It was noted that the additiom
of a 2-ml sample of the most thoroughly dried material produced only a 50 milli-
volt change in the potential between the indicating electrodes.

The absolute standard deviation for the determination of water on molsture-
free solutions corresponded to 1 to 2 ug of water, which represents a coefficient
of variation of approximately 20 per cent on the calcium carbide-dried samples.
After three aliquots had been withdrawn from each sample bottle the concentra-
tion of water in the samples Increased rapidly. This increase is probably
due to the introduction of moist alr into the sample bottles and is 1ndicative

of the hygroscopic nature of the samples. It would appear, therefore, that a
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part of the variation comes about as a consequence of sample contamination
during transfer rather than from the inherent uncertainty in the titration
procedure, but in consideration of the small change in the potential of the
indicating electrodes, the assignment of 1 or 2 pg for the deviation of the
titration is reasonable. Similar values for the standard deviation of the
titration may be calculated from the analyses of thase other samples which
contain less than 100 pug/ml by applying a correction for the deviation in

measurement of the sample volume.

DISCUSSION

Coulometric titration is the only method which is applicable to the
precise determination of water which is present in PDA in concentrations
below 0.1 per cent. The titration of such samples by the conventional Karl
Fischer nethod . is impractical because of the limitation on the volume of
sample aliquots which is imposed by the exothermic neutralization reactiom.
The method also appears to be applicable to the determination of water in
all liquid samples which can be titrated with Karl Fischer reagent, but 1is of
limited value in the analysis of solid materials because of the contamlnation
of both the sample and atmosphere of the titration vessel by water during the
addition of the samples. The volume of PDA which can be neutralized in a
given volume of solvent is limited by the solubility of sallicylic acid in
ethylene glycol. When a volume of generator electrolyte of 70 ml is used the
solution must be replaced after the addition of three ml of PDA.

No such limitation exlsts for samples which do not contain strong amines.

In the titration of the PDA sample containing 0.005 per cent water, the
driest cbtained to date, the coefficient of variation was found to be approxi-
mately 7 per cent. With samples containing water in the order of 0.0l per
cent the coefficlent of variation is reduced to 2.5 per cent. When the water

is above 0.1 per cent the coefficient of variation is 1.5 per cent.
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The precision of the method is primarily determined by two factors;
the precision of the titratiom, which is limited by the sensitivity of the
indicating electrodes, and corresponds to a standard deviation of 1 to 2 ug of
water; and the relative devliation in the measurement of the sample volume of
a l-ml syringe. Since the coefficlent of varlation of the measurement of
samples 1s less than 2 per cent it 1s apparent that the ilnherent uncertainty
of the titration is the more important factor in the analysis of samples which
contain less than 100 ug of water. When larger quantities of water are
titrated the precision approaches the precision of sampling.

Additional factors which affect the precision 1nclude the error in the
measurement of the integrated (1 x t) product, and the errors introduced by
contamination of the samples during transfer. The first factor is not
significant when an appropriate titration current is used. The effe¢t of
contamination is difficult to evaluate but can be minimized by carrying out
the transfer as rapidly as possible with oven-dried syringes.

The absolute deviatlion of the titratlon compares favorably with the
1imiting sensitivity of 10 ug of water which was reported by Wiberléy(lz) for
micro titration with Karl Fischer reagent. The absolute precislon of the
coulametric titration could undoubtedly be reduced by carrying out the titra-
tions 1n a smaller volume of electrolyte. Thls technigue would be of limited
value In the analysis of PDA because a minlmum ratio of the volume of
electrolyte to sample must be maintained to insure complete neutralization
of the strong amine.

While the lower 1limit of water concentration 1s determined by the sensi-
tivity of the indicating electrodes, a practical upper limit is imposed by the
tlme required for the titration. With the sample power supply used in this in-

vestigation a maximum stable current of approximately 100 ma could be obtailned.

At this rate of generating current the tiltration of 1 mg of watér requires
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approximately 100 seconds. For the repetitive titration of one.ml aligquots

the time required for the analyses of samples which contain more than 0.5 per
cent water becomes prohibitive since the generating current must be measured
repeatedly throughout the titration. The theoretical upper limit of the
titration which is determlned by the quantity of sulfur diexide In the electro-
lyte solution was never exceeded during these experiments.

The proecedure has been used extensively for the determination of water
in PDA and for occasional analyses of other organic solvents which include
higher alcohols, carboxylic acids, hydrocarbons, and halogenated hydrocarbons.
An autamatic coulometric titration apparatus has been used to provide a more
constant current and to reduce the degree of attention required during both
titration and standby periods. This instrument consists of a constant current
power supply which Is actuated, together with a timer, when the potential of
the indicating electrodes exceeds a preset value. The generating current is
automatically terminated when the potential of the electrodes is reduced to
the Initial value. The apparatus will deliver a maximm generating current of
270 ma and a maximum supplementery current of 10 ma. The construction and use
of this instrument will be described in detail in anether report.

It is suggested that the use of a constant supplementary current can
readily be applied to the coulemetric titration of other systems in which an
Interfering substence 1s introduced at a constant rate. An obvious application
is the pretltration of interfering contaminants in the generator electrolyte

in coulometric titrations wilth an externally generated reagent.
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SUMMARY

The feasibility of the coulometric determination of water by the
electrolytic generation of iodine in a solution of depleted Karl Fischer
reagent has been demonstrated. It was found that iodine is generated
with 100 per cent current efficiency and the stoichiometry of its reaction
with water is the usual one mole of water titrated by each mole of iodine.

Water was successfully titrated in strongly basic PDA and in other
organic solvents. The interference of side reactions that comnsume iodine
1s minimized by neutralization of the amine with & solution of salicylic
acid in ethylene glycol, rather than neutralization with acetic acid in
methanol. The residual interference of side reactions and diffusion»of
water into the anode compartment of the titration vessel are effectively
eliminated by a constant supplementary generating current, which is adjusted
to maintain the solution at the end point.

The coulometric method offers increased precision over the conventional
Karl Fischer titration in the determination of trace quantities of water.
Samples which contained 10 pug of water have been titrated with a coefficient
of variation of approximately 20 per cent. The increased sensitivity of the
method is of prime Importance in the analysis of strong amines for which the
sample volume is limited to a few ml by the exothermic neutralization
reactions. The coefficient of variation of the determination of water in
one-ml samples of FDA was found to vary from 7 per cent for samples which
contained 0.005 per cent water to 1.5 per cent for samples which contained

0.1 per cent water.
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