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ABSTRACT 

The solid material obtained upon freeze-drying sea water is not a true measure 
of salinity since it contains 9 or 10 °lo water of crystallization, the exact content 
being a sensitive function of temperature and humidity. The residual water is deter-
minable with Karl Fischer reagent, although the method is not yet capable of yield-
ing salinity with the precision hitherto obtainable through the Knudsen titrat ion. 
Total salt (.E' ), found by freeze-drying and determining residual water with Karl 
Fischer reagent, is the proportion of solid material when all of the bicarbonate is 
dehydrated at the rate of one water molecule per bicarbonate molecule and when 
the boric acid is dehydrated at the rate of three water molecules per boric acid 
molecule; however, the fate of the organic matter is uncertain. Neglecting organic 
matter, the theoretical ratio of .E' to S for ordinary oceanic chlorinities should be 
about 1.0028, compared with the ratio .E to S of 1.0046 found by Lyman and Fleming. 

INTRODUCTION 

In the course of investigations of water metabolism at the Walter 
Reed Army Institute of Research (Wolf, 1958), it became necessary 
to devise procedures for determination of the water and solid con-
tents of various fluids. In many cases, evaporation to dryness at 
low temperatures proved to be a satisfactory method for this pur-
pose, the loss in weight being considered water and the remaining 
solid material solute. 

In the case of sea water, however, where the classical Knudsen-
Mohr titration provided an accurate check on the amount of solid 
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material, results were not wholly satisfactory. Thus when a series 
of samples was freeze-dried simultaneously, the values for total solid 
were very closely proportional to the cblorinities derived from 
titration, but there were large variations in the constant of propor-
tionality between different series, the constant always being signif-
icantly greater than the value 1.8110 derived by Lyman and Flem-
ing {1940). It appears from these results that sea salts hold water 
of crystallization and that the exact water content of these solid 
salts is a rather sensitive function of temperature and vapor pres-
sure, which are not easily controlled during the drying process. 
A method was therefore sought which could determine the water 
of crystallization without leading to hydrolysis of MgCl 2 and MgBr 2 

and the consequent loss of HCl and HBr. Karl Fischer Reagent 
(KFR, a methanol solution of iodine, sulfur dioxide, and pyridine) 
proved satisfactory for this purpose, since the values for water of 
crystallization, when subtracted from the original weights of solid 
material, left differences which were in satisfactory agreement with 
values of total solid calculated from the Knudsen titration. 

Karl Fischer reagent may produce water chemically through 
reactions involving its methanol. Mitchell and Smith {1948) have 
described in detail such reactions with various compounds, two of 
which (bicarbonate and boric acid) are naturally present in sea 
water. An experiment was accordingly set up to determine the ex-
tent to which these two substances may interfere with the deter-
mination of water in sea salt residues and to ascertain the possible 
usefulness of the freeze-drying/Karl Fischer reagent determination 
as an oceanographic tool. 

METHODS 

A 10-ml portion of sea water was delivered rapidly to a tared 
50-ml glass-stoppered Erlenmeyer flask, which was then reweighed. 
Flasks and stoppers were oven-dried and stored in a desiccator 
together with a supply of rubber caps and magnetic stirring bars. 
After the samples were frozen by partially immersing the flasks for 30 
minutes in acetone-dry ice, the flasks were quickly wiped clean of 
excess frost, unstoppered, and placed in a vacuum desiccator over 
fresh CaSO 4 ("Drierite"). If a vacuum of about 300 µ Hg was reached 
quickly, the samples remained frozen, with no foaming or spattering. 
Once the bulk of the water had been removed, a vacuum of 50 µ Hg 
or less was maintained for 24 hours. The stoppers were then quickly 
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repl~ced and the flas~s were again weighed. The loss in weight was 
considered to be entirely water, the residue to be salt plus water 
of crystallization. 

This remaining water was titrated with Karl Fischer reagent 
(stabilized solution, Hartmen-Leddon Co., Philadelphia, No. 3786), 
which reacts with water to reduce iodine to iodide, thereby de-
colorizing the reddish-brown solution. To exclude atmospheric water 
during the titrations, stirring was done magnetically and the glass 
stoppers were replaced with rubber caps (Davol Rubber Co., Sani-
Tab cap). Burettes were fitted with hypodermic needle tips which 
punctured the caps, and with these thick caps a good seal resulted 
when the needle was withdrawn. Before titration, 10 ml of anhy-
drous methanol was added as a diluent and dispersant. During the 
rapid addition of methanol or titrant, venting was provided by 
inserting a # 25 needle through the rubber cap. This fine second 
needle was removed as the end point was approached. 

With sea salt residues the first end point tended to fade rather 
quickly. Arbitrarily the end point was chosen as a color that per-
sisted for two minutes. Since suspended insoluble materials some-
what obscure the end point, a potentiometric end point, which we 
have not tried, might improve the precision. 

A blank was run on 10 ml of the anhydrous methanol to deter-
mine its water content as well as water that may have been ad-
sorbed on the inside of the flask. This blank was then subtracted 
from the burette reading of the samples. 

The water equivalent of the KFR was determined by adding ap-
proximately 100 mg of water with a syringe to a weighed flask con-
taining 10 ml of anhydrous methanol, reweighing, and titrating to 
the same end point as the blank. Although there was considerable 
variability in the value so derived, it did not show any consistent 
trend with time. The standardizations were repeated a number of 
times for several days, and the average of 15, which had a standard 
error of 0.9 °lo, was used for computation. 

The sea water, a surface sample from the western North Atlantic, 
had been filtered upon collection and was subsequently stored in a 
polyethylene carboy. Its chlorinity, determined at the Hydrographic 
Office by the standard Knudsen titration, was 20.24 °loo, equivalent 
to a salinity of 36.56 °loo and to a total salt content I: (as defined 
by Lyman and Fleming, 1940) of 36.73 °loo• Added to two po~tions 
of this water were 402 mg/1 of H 3B03 and Na2HC03, respectively. 
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TABLE I. OBSERVED VALUES OJI' SALT AND WATER CONTENT IN SEA WATER 

Total Solids Water in Total Solids Total Solid 

Run by Freeze-Drying, by Karl Fillcher Re,agent, Water-free Baai8, 

E" (0 /oo) w (°lo) E' (°loo) 

Series I. Sea Water 
1 40.70 9.22 36.94 

2 40.59 9.08 36.90 

3 40.61 9.26 36.85 

4 40.31 8.96 36.70 

5 40.31 8.96 36.70 

6 40.57 9.47 36.73 

7 40.64 10.04 36.56 

8 40.45 9.54 36.59 

Series 2. Sea Water+ 402 mg/l H,BO1 

l 40.72 9.50 36.85 

2 40.69 9.34 36.89 

3 40.73 9.54 36.84 

4 40.91 9.54 37.00 

5 41.01 9.50 37.12 

6 41.11 10.10 36.95 

7 41.16 9.82 37.12 

8 41.21 10.13 37.03 

Series 3. Sea Water + 402 mg/l NaHCO8 

l 40.93 9.52 37.03 

2 40.98 9.55 37.07 

3 40.96 9.60 37.03 

4 41.14 9.45 37.25 

5 40.96 9.28 37.16 

TABLE II. AVERAGES AND STANDARD DEVIATIONS 

Mean Total Solid Mean °lo Mean Water-

Series on Freeze-drying Water free, Solid, 
E" (] w (] E' (] 

l 40.52 .15 9.32 .36 36.74 .14 

2 40.94 .21 9.68 .30 36.98 .11 

3 40.99 .14 9.48 .12 37.11 .10 

Check chlorinities run on these two samples after addition of the 
extra solute showed no measurable change in chlorinity, indicating 
a negligible volume change on addition of these chlorine-free con· 
stituents. The results are given in Tables I and II. 
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DISCUSSION 

As already mentioned, the water content of the solid material 
obtained by freeze-drying is a complicated function of temperature 
and vapor pressure. Hence considerable variation is to be expected 
in v:alues of E" (Table I). However, for aliquots of a given sample, 
a high value of E" should be accompanied by a correspondingly 
high value ofW and the values of E' should show less spread (Table I). 
For Series 1 and 2, this is indeed the case, with standard errors of 
0.15 and 0.21 in E" reduced to 0.14 and 0.11 in E'. In the case of 
Series 3, the standard error in E" is only 0.08, while the value 
0.10 in E' is virtually the same as that in series 1 and 2. 

These results can be illustrated further by deriving equations for 
E" in terms of W for the three series: 

Ei'' = 36.74 + 0.406 W1 

E2" = 36.98 + 0.409 W2 

E3" = 37.11 + 0.409 W 3 

0'1 = 0.12 
0'2 = 0.09 
0'3 = 0.08. 

Of course the constant term in each equation is the value of E', 
the proportion of salt when the water content is zero. The standard 
errors of E" in these equations have somewhat smaller values than 
those of E' in Table II. 

Considering first the results for E", we find that the recovery of 
solid material by freeze-drying from samples of Series 2 and 3 
averaged 0.42 and 0.47 °loo respectively more than that from Series 1. 
Since the actual addition of solid material in each case was 402 mg/1 
or 0.393 °loo, it appears that freeze-drying adequately accounted for 
the added material and that the volume change on its addition was 
in fact negligible, as already inferred from the chlorinity titration. 

Results for W, however, indicate that there was an increased 
content of water in the freeze-dried precipitates of Series 2 and 3; 
results for E' bear out this conclusion. In Series 2, the additive 
was H 3B0 3 , with three molecules of H 20 being derived from each 
molecule of H 3BO3, according to eq. H 3BO3 + 3CH3OH-. B (OCH3)3 

+ 3H2O (Mitchell and Smith, 1948: 256). Thus, if there is no effect 
on the water of crystallization, 0.39 °loo H 3BO3 should produce 
0.34 °loo more water in the freeze-dried precipitate, or 0.83 °lo of 
41 °loo• The observed mean increase in Wis 0.36 °lo, but in view of 
the magnitude of the standard errors of the measurements involved, 
the discrepancy is of little practical significance. The increase in 
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total solid, E', should be 0.05 °/00 ; the observed value is 0.24 °/00, 

the discrepancy again being not much greater than the standard 
errors. 

In Series 3, the additional NaHC03 uses up a molecule of I 2 

(equivalent to producing one of H 20) for each molecule of NaHC03, 

according to eg. NaHC03 + I 2 + S02 + CH30H - KI+ HI+ CO2 + 
HS04CH3 • 

Thus 0.39 °loo NaHC03 should yield 0.08 °loo more water, or 
0.20 °lo of 41 Ofo0 ; the observed mean increase in Wis 0.16 °lo, which 
is in good agreement. The increase in E' should be 0.31 °loo and the 
observed increase was 0.37 °loo• Again, these discrepancies are of 
the same order as the standard errors of the individual observations; 
hence agreement can be interpreted as indicating a roughly equal 
chance of contamination of either sample or reagent solution by 
ambient water. 

Also, in Series I the mean value for E' may be compared with the 
value for E. At chlorinity 20.24 there is about 0.15 °loo of HC03, 

yielding 0.044 °loo H 20, and 0.027 °loo of H 3B03, yielding 0.024 °loo 
H 20, or a total of 0.07 °loo H 20 that will react with KFR. The 
theoretical value of 36. 73 °loo for E should therefore yield a E' of 
36.66. The observed mean value of 36.74± 0.14 is in good agreement. 

Since organic compounds react in various fashions with KFR, 

and since little is known about the chemical nature of the organic 
substances in sea water, little can be said about their probable 
roles in the KFR determination. 

REFERENCES 

LYMAN, JoHN AND R.H. FLEMING 

1940. Composition of sea water. J. Mar. Res., J: 134-146. 
MITCHELL, JoHN AND D. M. SMITH 

1948. Aquametry. lnterscience, New York. 444 pp. 
WoLF, A. V. 

1958. Thirst. Charles C. Thomas, Springfield, Ill. 536 pp. 


