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THE CONDUCTIVITY OF MIXED SOLUTIONS.

In an earlier paper! I gave some illustrations of the variations
in the conductivity of the urine through a period of several days,
the urine being collected and examined at definite short inter-
vals. As this conductivity depends mainly on the sum of the
inorganic constituents present and as sodium chloride is the most
abundant of these, the determination in itself has but a limited
importance. In some cases the value of the conductivity would
be merely a rough measure of the salt consumed with the food,
and the salt consumption is extremely variable.

Nearly all the other substances found in the urine have a sig-
nificance very different from that of the salt. The latter is con-
sumed and excreted as such, while the other important urinary
constituents are products of metabolism, that is, of the breaking
down of the digested and absorbed food materials. The organic
products of metabolism are practically non-electrolytes or bodies
with a very low conducting power; indeed the conductivity of
a weak salt solution is materially lowered by the addition of urea
and the effect of the purin bodies is practically in the same direc-
tion. Aside from the chlorides, the inorganic salts of the urine
are mainly phosphates and sulphates of the alkali or alkali-earth
metals and these are made up largely from the oxidation of sul-
phur and phosphorus of protein foods. We consume a certain
amount of complex phosphoric and sulphuric acids in organic com-
bination, in the lecithins and chondroitins for example, and small
amounts of mineral sulphates and phosphates are also found in
some of our foods, but these amounts are not large enough to
vitiate the truth of the general proposition that the sulphuric and
phosphoric acids as detected in the urine are results of certain
kinds of metabolism. Now the conductivity measures the com-
bined effect of these products of oxidation and, if it could be
determined apart from the effect of the chlorides, a factor of
considerable practical importance would be secured. In my

1 This Journal, 24, 996 (1902).
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previous paper I indicated how that may be done approximately
and below I wish to present further data bearing on the matter.

Approximately, the conductivity due to metabolic products may
be found by subtracting from the observed conductivity that due
to sodium chloride in the same solution. The chlorine may be
accurately determined and calculated as chloride: then from
tables the conductivity for a solution of this concentration may be
found and used as a correction to be taken from the total ob-
served conductivity, leaving the desired residual or meta-
bolic conductivity. In this plan, however, an error is involved,
because the conductivity of the chloride taken from the tables
directly is that tound in pure aqueous solution in absence of other
salts, and is larger than the true conductivity of the chloride as it
exists in the urine. It is necessary, therefore, to use as a correc-
tion the value of the salt conductivity, not in aqueous solution,
but in a solution of a concentration correspouding to that of
urine.

Several attempts have been made to measure the conductivity of
mixtures of electrolytes and formulate the results. Most of the
experinients have been made with dilute solutions and can not be
used well in cases like the present one. The literature of the
more important older determinations is given by Kohlransch and
Holborn,* while the more important recent discussions of the
subject are those of Barmwater® and Wolf.® \Vhile the experi-
mental data of these papers is not available for use in what follows,
some of the suggestions of a theoretical nature were found of
interest.

The non-electrolytes have some effect also, especially urea. The
effect of urea on the conductivity of sodium chloride has been con-
sidered in a paper by Hantzsch.! but the solutions used were much
less concentrated than is urine, and the results, besides, somewhat
irregular. I have therefore made some new experiments in this
direction which will be detailed first.

CONDUCTIVITY OF SODIUM CHLORIDE WITH UREA.

The conductivity of a pure urea solution is verv low. Most of
the data given are for very dilute solutions. For v == 32 Triibs-

1 *Leitvermdgen der Elektrolyte,” p. ro9.
2 Barmwater: Zischv. phys. Chem., 28, 424.
3 Wolf: 7b7d., 40, 222.

4 Hantzsch: Zischr. anorg. Chem,, 25, 332.
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bach! gives 4= 0.08, which is probably high. From a much

stronger solution, § grams to I0o cc, or v=1.2, I find
& = 0.000012 or 4= 0.0144. The urea used for this purpose
was a product of great purity and the determination was made
with fresh distilled water carefully prepared and stored to avoid
outside contamination. This value is probably only a maximum.
The work of Triibsbach shows a remarkable dissociation change
or increase in the conductivity in his dilutions. Between v = 32
and 256 liters the 4 change is from 0.08 to 0.28. It will be seen
below that such small values may be neglected in comparison with
the conductivity of the other important urinary constituents.

Now as to the influence of the urea on these conductivities. In
the paper by Hantzsch, referred to above, the molecular con-
ductivity given for mixtures of sodium chloride with increasing
amounts of urea are so irregular as to lead to the conclusion that
the urea employed could not have been pure but must have con-
tained some inorganic salts, as is usnally the case. The first effect
is, apparently, an increase in conductivity with addition of urea,
followed by a decrease, which, however, is not marked. I have
made several determinations with solutions of different urea
strengths, with the following results. A standard salt solation
was made containing 18 grams in 500 cc. This solution was
made and used with precautions to secure the greatest accuracy.
All the tests given below are based on this or similar solutions.
50 cc. of this solution diluted to 100 cc. gave, at 20°, as a mean of
many close tests,

kK = 0.027315

Two dilutions were made with g0 cc. of the standard solution,
2.5 grams of urea being added in each case, and the volume di-
Iuted to 100 cc. At 20° I found

(E)eveeviinne vuene kK = 0.02683
(2) e vevnerniniinnins k = 0,02684
Mean vvee vrvrennens = 0.026835

The decrease in « is here 0.000480. With a solution containing
the same amount of salt and 1 gram of urea in 100 cc., I found

(I)vevnsnnnnnnnnnas kK = 0.027126
(2)reeevnnniainanns kK = 0,027128
Mean cveeeeetnnees = 0.027127

1 Triibsbach: Ztschyr. phys. Chem., 16, 708.
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The loss for the gram of urca is here 0.000188. The influence
of the urea is therefore marked, the decrease in conductivity for
the stronger urea solution being 1.76 per cent. and for the weaker
0.68 per cent. For 1 gram of urea and 2.5 grams of sodium chlo-
ride in 100 cc. the decrease in conductivity is about 0.00019, the
results for the two solutions agreeing closely.

CONDUCTIVITY OF SODIUM CHLORIDE WITH OTHER SALTS.

To find the effect of other salts on the conductivity of the
sodium chloride, I have taken as illustrations ammonium sulphate
and sodium phosphate. A sulphate solution containing 9 grams.
in 300 cc. was prepared and the conductivity of this first deter-
mined in a cell having a capacity C = 8.368. The conductivities
were found in a number of dilutions of this ammonium sulphate, a
cell having a capacity C = 2.835 being used for the weaker solu-
tions, the final volume of the dilution being always 100 cc. by
addition of pure water. Then in a second series of tests a con-
stant volume of sodium chloride solution was used, from the solu-
tion with 18 grams to 300 cc., along with the ammonium sulphate,
the salt amounting in each case to 1.8 grams in the final volume of
100 cc. The table below gives the composition of the mixtures
and the conductivities found. Some further determinations were
made with stronger sulphate solutions, the results being necessary
for the calculation finally required. The Kohlrausch method was
followed. A large bridge with wire corrections known, was used
throughout and a standard temperature of 20° maintained.

TABLE 1.—Soptun CHLORIDE AND AMMONIUM SULPHATI.
Na(l solution == 18 grams to 500 cc,
(NH,),80, solution == ¢ grams to 300 cc.

(NHy)o80,; NaCl Suni of
solution. solution. Water Kan conduc-
ce. ce. ce. observed. Agg. tivities.

5 = 95 0.001604 17,6 eennn
10 .. 90 0.,003023 15 § X< TP
20 .. 8o 0.005694 104.6 o
30 . 70 0,008100 99.1  ee.-e
40 . 60 0.01256 96.9 ...
50 . 30 0.0127§ 93.6 ...
5 50 45 0.02839 ces 0.02892
10 50 40 0.02935 e 0.03033
20 50 30 0.03151 S 0.03300
30 50 20 0.033350 . 0.03541
40 50 10 0.03560 . 0.03787
50 50 [e] 0.03742 e 0.04006:

50 30 0.027315 e e
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With stronger ammonium sulphate solutions I have found the

following data:
TABLE Ia.—AMMONIUM SULPHATE.

(NH{)3SO04 K20
Grams per liter. observed, Ago.
15.0 0.01965 86.5
20.0 0,02600 85.6
25.0 0.03140 82.9
30.0 0.03651 80.3
33.0 0.03950 79.0
35.0 0.04150 78.3

The conductivity found for the mixtures is seen to be consider-
ably below the sum of the conductivities observed separately,
The same is true for the next mixtures containing sodium chlo-
ride and phosphate. Here the same chloride solution was em-
ployved containing 18 grams to 500 cc., the dilution, by mixing,
giving therefore always resultant products with 1.8 gram to 100
cc., or 18 grams to the liter. The phosphate solution was made
with 20 grams of the ordinary salt, HNa,PO,.12H,0, twice puri-
fied by crystallization, dissolved to make 500 cc. The volumes
of this taken gave finally in the mixtures made 2, 4, 6, 8 grams,
and so on, to the liter. Some stronger phosphate solutions were
also investigated as the data were needed for certain reductions to
follow. These figures are not given in the Kohlrausch tables
guoted above.

TABLE II.—Sop1uM CHLORIDE AND SODIUM PHOSPHATE.
NaCl solution = 20 grams to 500 cc.
HNa,PO,.12H,0 solution == 18 grams to 500 cc.

HNayPOy.
12H;0. NaCl
solution. solution. Water. K20 Sum of
ce. cc. cc. observed. Aogpe conductivities,

5 o 95 0.000925 82.8

10 . 90 0.00175 78.3

15 .. 85 0.00251 75.1

20 o 8o 0.00323 72.4

25 . 75 0.00394 70.5

30 . 70 0.00462 68.9

40 . 60 0.00590 66.0

50 .. 50 0.00720 64.4
5 50 45 0.02779 e 0.02824
.10 50 40 0.02825 e 0.02906
15 50 35 0.02869 e 0.02982
20 50 30 0.02921 e 0.03054
25 50 25 0.02977 e 0.03125
30 50 20 0.030TI e 0.03193
40 50 10 0.0311t e 0.03321
50 50 o 0.03199 0.03451

50 50 0,027315
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With the stronger phosphate solutions I found the following
values:

TABLE Ila.—SODIUM PHOSPHATE.

HNayPO4.12H;0. Kap
Grams per liter. observed. Aoy
25.0 0.00880 63.0
37.5 0.01245 59.4
50.0 0.01567 56.1
62.5 0.01868 53.5
75.0 0.02152 51.4
100.0 0.02650 47.4

Having found the effect of certain weights of urea, sodium
phosphate and ammonium sulphate, mixtures were made contain-
ing the three substances at the same time with sodium chloride.
Two solutions were used, one with 18 grams of the chloride to
500 cc., and the other with g grams of ammonium sulphate, 20
grams of sodium phosphate and 25 grams of urea to 500 cc. This
in the table below is described as “mixture.” Certain volumes of
these solutions were then taken to make 100 cc. as shown in the
tables, and the conductivities found.

TABLE III.—SopiuMm CHLORIDE AND MIXTURE.
NaCl solution = 18 grams in 300 cc.

(NH,),S0, 9 grams in
HNa,PO,.12H,0 } mixture ::{ 20 grams in }500 ce.

CON,H, 25 grams in
Sum of Sum of
NaCl conductivities, conductivities
Mixture, Sol. Water. K20 salt and taken
cc. cc. cc, observed. mixture, separately.
5 . 95 0.00234
10 .- Q0 0.00436
15 .. 85 0.00622
20 .. 8o 0,00797
30 .. 70 0.01136
40 .. 60 0.01441
50 . 50 0.01733
5 50 45 0.02873 0.02965 0.02984
10 50 40 0.03031 0.03167 0.03209
15 50 35 0.03170 0.03355, e
20 50 30 0.03309 0.03528 0.03624
30 50 20 0.03559 0.03867 0.04003
40 50 10 0.03811 0.04172 0.04377
50 50 o 0.04052 0.04464 0.04726

50 50 0.027315
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Expressed as grams per liter, the solutions finally used contained
as follows:
Mixture. NacCl. NH;.SOq. HNagPO,.12H,0. CONgH,.

cc,  Grams per liter. Grams‘per liter, Gramsper liter, Grams per liter.
5 18 0.9 2 2.5

10 18 1.8 4 5.0

15 18 2.7 6 7.5

20 18 3.6 8 10.0

30 18 5.4 12 15.5

40 18 7.2 16 20.0

50 18 9.0 20 25.0

In the last mixtures we have a complex case in which the con-
ductivities of each of the four constituents are modified by the
presence of all of the others. The resultant observed conductiv-
ities are the sums of the modified individual conductivities. It
will be noticed that in the stronger mixtures the observed conduc-
tivities are about 10 per cent. lower than are the sums of the
“mixture” and chloride conductivities taken alone. In the weaker
mixtures, the discrepancies are naturally less. If we compare the
observed values for the complete mixtures with the sums of the
separate conductivities, the differences become very pronounced.
For the strongest solution, the sum of the individual conductivities
is over 15 per cent. greater than the value actually found for the
mixture. This is in accord, of course, with what is well known
about the conductivity of mixtures. ‘The molecular or equivalent
conductivity of a salt decreases with the number of molecules dis-
solved and this change follows in nearly the same proportion
whatever the character of the salts, as long as they exhibit approx-
imately the same dissociation and do not act on each other chem-
ically. In expressing the conductivity of a mixture as made up
of the sum of component conductivities, we can use a formula of
this kind:

k =pl’7141 + pllnlldll + plllnllldlll + etc"
in which p,, p,,, p11, are factors containing the effects of dissocia-
tion and viscosity in modifying the normal 4 values. 4 here
represents the equivalent (or molecular) conductivity and # the
concentration. In the case in hand, and probably for many
similar cases, a simpler method of calculation leads to good re-
sults as the following will show. This is based on the assumption
that in diminishing the conductivity of sodium chloride the addi-
tion of a relatively small amount of ammonium sulphate or sodium
phosphate has the same effect as the addition of the same number
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of sodium chloride molecules, and on this assumption I have calcu-
lated the modified conductivities in the following manner: If,
using the Kohlrausch symbols, 4 is always the derived equivalent
conductivity, & any observed conductivity and » the correspond-
ing concentration in gram-molecules per cubic centimeter, then we
have:

4 = K»;

”

or, if we take 4 from the tabulated results as known,

K= 4,

In the formula # corresponds to a given 4, since 4 is calcu-
lated from a given # always. I have used the relation arbitrarily
in a somewhat different way and have calculated « from a given
77 and a J corresponding to a greater #. This nse of 4 amounts,
of course, to using a modifying factor, but a simple one. To
illustrate, assume the following relation which I have found ex-
perimentally for two salt solutions:

Sol. 7. Aap.
AoOra, . ...... 0.00005 99.92
Bevevwrnonin 0.00010 96.07

We may consider the second solution, B, as made up of two
solutions, A and A, with # = o0.00005 for each. To find the con-
ductivity of A in presence of A, we have, following the assump-
tion referred to above,

K == 0.00005X96.07.
and for the conductivity of A, in presence of A, we have the same
K = 0.00005 X 96.07.
The sum of these gives the conductivity of B, or:
K = 0.0001 X §0.07 = 0.009607.

Consider in general two substances A and B in concentrations

given below under 7.

0. A,

Substance A, C P
C—+a P,
C -9 Py
C+c P

Substance B, R b
R, 2
Rll Pll
Rlll Plll
Rn /7w
R, D
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a, b and ¢ represent the equivalent concentrations R, R,, R,,,
..... expressed in terms of C, so that C 4- a represents a con-
centration of substance A equal to the sum of C <+ R. The con-
ductivity of substance A of concentration C in presence of sub-
stance B of concentration R is given by xk=#nJ=CP,. In
presence of B of concentration R, we have x = C P,, and so on.

Next cousider the conductivity of substance B in varying
proportions in presence of A in concentration C. R, expresses
the concentration of the sum of the substances considered in terms
of R and is, of course, equivalent to C + 2. The equivalent con-
ductivity of substance B of this concentration is not, however, P,
but some other quantity as p,,. The conductivity of B in concen-
tration R in presence of A in concentration C is therefore R X ppm.
In the same way R, X p, expresses the conductivity of B in con-
centration R, in presence of C, and R,; X p, the conductivity of
R, in presence of C. We have then for the total conductivity
the sum of these modified conductivities, or,

K =CP, + Rpn
CPll + Rlp"
CPun + Rupe
while the simple sums of the conductivities would be
CP + Rp
CP + Ry
P+ Rufue
Similar relations will obtain for other mixtures of A and B.

In the following table are given the calculated conductivities of
mixtures of sodium chloride and ammonium sulphate similar to
those employed in the experiments recorded, the method of calcu-
lation being that just suggested. In the column headed “m sum”
we have the values of C, C 4 ¢, C 4 b, etc,, and under ‘4 sum”
we have the equivalent conductivities, P, P,, P,,, etc.

TABLE IV.—CONDUCTIVITY OF NaCl IN PRESENCE oF (NH,),S0,.

NaCl.  (NHS04. x from
Grams Grams Sum as o for NaCl. mforsum, A for sum gof NacCl
per liter. per liter. NacCl, m=1000 7. m=I0007n. as NaCl. and A of sum.
18 0.0 18.00 0.3077 0.3077 88.7 0.027315
18 0.9 18.80 . 0.3214 88.2 0.02714
18 1.8 19.60 ceee 0.3350 87.7 0.02698
18 3.6 21.19 ceee 0.3623 87.2 0.02683
18 5.4 22.79 cene 0.3895 86.7 0.02668
18 7.2 24.38 AN 0.4168 86.1 0.02650

18 9.0 25.95 0.4441 85.6 0.02634
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Table V is analogous to the above, but gives the conductivities
of the sulphate in presence of the chloride by the same method of
calculation.

TABLE V.—CONDUCTIVITY OF (NH,),80, IN PRESENCE OF NaCl,

NaCl. (NH{)SOs. m for A for x from » of
Grams Grams Sum as (NH).SO0,. m for sum. sum as (NH4).SO, and

per liter, per liter. (NH{),SO4 m=10007. m=1000 7. (NH4)9S0;. a4 of sum,

0.0 0.9 0.90 0.013636 0.013636 117.6 0.001604
18 0.9 21.21 0.013636 0.3214 85.0 0.00116
18 1.8 22.11 0.02727 0.3330 84.5 0,00230
18 3.6 23.91 0.05454 0.3623 83.5 0.00453
18 5.4 25.71 0.08182 0.3895 82.6 0.00675
18 7.2 27.51 0.10909 0.4168 81.5 0.00888
18 9.0 29.31 0.13636 0.4441 80.6 0.01099

By adding the separate « values, we obtain the values for the
mixed solutions as calculated. These are shown in Table VI.

TABLE VI.—CALCULATED AND OBSERVED CONDUCTIVITIES OF MIXED
NaCl aNp (NH,),S0,.

NaCl. (NH,);50;,
Gramsper liter. Grams per liter. « calculated. x ohserved. Difference.
18 0.9 0.02830 0.02839 0,00009
18 1.8 0.02928 0.02933 0.00007
18 3.6 0.03138 0.03151 0.00013
18 5.4 0.03343 0.03350 0.00007
18 7.2 0.03538 0.03560 ©.,00022
18 9.0 0.03733 0.03742 0.00009

The differences are very low and are within the limits of errors
of experiment. Similar observations made with mixed chloride
and phosphate solutions are given in the tables following:

TABLE VII.—CONDUCTIVITY OF Nall IN PRESENCE oF HNa,PO,.
NaCl. HNa;POQ,.12H0. x from 9

Grams Grams Sum as m for NaCl, m forsum. A forsum of NaCland

per liter, per liter. NaCl, Mm=I000 M.  M=1000 7. as NaCl. A of sum.
18 2 18.653 0.3077 0.3189 88.3 0.02717
18 4 19.307 . 0.3300 88.0 0.02708
18 6 19.961 ceen 0.3412 87.7 0.02698
18 8 20.614 vees 0.3524 87.3 0.02686
18 10 21.268 ceee 0.3636 87.1 0.02680
18 12 21.922 e 0.3748 86.9 0.02674
18 16 23.229 ceen 0.3971 86.4 0.02659

18 20 24.536 ceen 0.4194 86.0 0.02646
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TABLE VIII.—CONDUCTIVITY OF HNa,PO, IN PRESENCE OF NaCl.

HNa, PO,. m for x from 5 of
NacCl. 12H,0. Sum as HNa, POy, A for sum as HNagPOs
Grams Grams HNayPO,. 12H,0. m for sum, HNagPO.. 12H,0.
per liter, per liter.  12H,0,. M==1000 7. M==1000 W. 12HO. and A of sum.
18 2 57.08 0.0I117 0.318¢9 54.6 0.00061
18 4 59.08 0.02235 0.3300 54.2 0.00121
18 6 61.08 0.03352 0.3412 53.8 0.00180
18 8 63.08 0.04469 0.3524 53.5 0.00239
18 10 65.08 0.05586 0.3636 53.1 0.00297
18 12 67.08 0.06704 0.3748 52.8 0.00354
18 16 71.08 0.08938 0.3971 52.1 0.00466
18 20 75.08 0.11173 0.4194 51.4 0,00574

TABLE IX,—CALCULATED AND OBSERVED CONDUCTIVITIES OF MIXED
NaCl anp HNa,PO,.

NaCl HNa,PO,.12H50. k, Sum
Grams per liter, Grams perliter.,  calculated. x observed. Difference.
18 2 0.02778 0.02771 0.00007
18 4 0.02829 0.02815 0.00014
18 6 0.02878 0.02812 0.00016
18 8 0.02925 0,02911 0.00014
18 10 0.02977 0.02967 0.00010
18 12 0.03028 0.03007 0,00027
18 16 0.03125 0.03101 0.00024
18 20 0.03220 0.03189 0.00031

The results given in the last table show a remarkably close
agreement between the observed and calculated values. The
variations are not greater than should be expected from calcula-
tions in which the 4 values are partly interpolated. In the next
tabulation we have the combined effect of chloride, sulphate,
phosphate and urea, the results being compared finally with those
observed directly.

TABLE X.—EQUIVALENT CONDUCTIVITIES IN THE MIXTURES.

HNa,PO,.
NaCl, (NH,)2S0,. 12H;0. A for
Grams Grams Grams Sum as A for Afér totalas

er per per Sum as Sumas HNa,PO, totalas totalas HNagPOy.
{iter.  liter. liter, NaCl. (NH{)SO4 12H0. NaCl. (NH{)3SO4 12H30.

18 0.9 2 19.45 21.95 59.52 87.8 84.6  54.1
18 1.8 4 20.90 23.59 63.96 87.3 83.6 53.2
18 3.6 8 23.80 26.86 72.84 86.6 81.9 51.8
18 5.4 12 26.71 30.13 81.74 85.6 80.2 50.3
18 7.2 16 29.61 33.47 §0.61 84.5 78.8 49.0
18 9.0 20 32.52 36.68 99.49 83.2 77.7 47.4
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TABLE XI.—COMPARISON OF CALCULATED AND OBSERVED CONDUCTIVITES.

2 £ . 2 = < . Z

A - g = 3¢

g L. T oosd g _I4 3 < ¥
gt zp §8 5@ §EE §Zz & < g%
&= Za &g S &8 EEZ g & £

Z = pegde] ¥ ¥ x €T x Q

18 0.9 2 0.02702 0.00115 0.00060 0.02877 0.02873 0.00004
18 1.8 4 0.02686 0.00228 0.00119 0.03033 0.03031 0.00002
18 3.6 8 0.02665 0.00446 0.00232 0.03343 ©0.03309 0.00034
18 5.4 12 0.02634 0.00655 0.00337 0.03626 0.03559 ©.00067
18 7.2 16 0.02600 0.00860 0.00438 0.03898 0.03811 0.00087

18 9.0 20 0.02560 ©0.01060 0.00530 0.04150 0.04052 0.00098

Here, as in the simple cases, the calculated conductivity is not
far from the observed. For this mixture, the conductivities found
are lower throughout than are the calculated values. But in the
experiment made a certain amount of urea was present in each
case and this, of course, lowers the conductivity. Assuming for
calculation that the effect of this falls wholly on the sodium chlo-
ride, the following approximate corrections may be made, taking
the mixtures in order.

TABLE XII.—FINAL CALCULATED CONDUCTIVITY.

Sum of Effect Difference. Cal-
No. « values. of urea, x corrected. x found. culated —found.
0.02877 0.00005 0.02872 0.02873 —0.00001
0.03033 0.00009 0.03024 0.03031 —0.00007
0.03343 0.00019 0.03324 0.03308 —+0.00015§

0.03620 0.00028 0.03598 0.03559 +0.00039
0.03898 0.00038 0.03860 0.03811 —+0.00049
0.04150 0.00047 0.04103 0.04052 +-0.00051

AU N

It appears, therefore, that a very close approximation to the real
conductivity of certain mixtures can be made by the method of
calculation as suggested above, a closer approximation, in fact,
than is given by some of the more complicated procedures which
have been described.

As would naturally be expected, the departures from the ob-
served values increase with the concentration of the solutions
mixed. While the experiments were begun as a contribution to
the question of the conductivity of urine, it is evident that the
results obtained may find general application in cases where mix-
tures of moderate strength only are considered. The higher con-
centrations here are greater than are found in normal urine.
The chiorine, calculated as sodium chloride, rarely reaches 18
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grams per liter and the sulphate, calculated as ammonium sul-
phate, is usually below 4 grams per liter. The phosphoric acid
of the urine as PO,, is generally below 3 grams per liter, with the
phosphate calculated as HNa,PO,.12H,0, consequently below
about 12 grams per liter. These amounts are therefore well with-
in the weights of salts taken in the experiments. In addition the
conductivity of the urine is rarely above 0.025 or 0.03 at most.
From all this, taken in connection with the results of Table XI,
it follows that with the salt of a urine known and the conduc-
tivity at 20° accurately determined, the conductivity of the non-
chloride constituents may be found with a considerable degreee of
certainty by diminishing by about 3 per cent. the chloride con-
ductivity as calculated from tables for the given concentration,
and subtracting this corrected salt conductivity from the observed
urine conductivity. The remainder must give very nearly the true
conductivity of the remaining substances in solution and must
measure, in a manner, the amount of the electrolytes. The 3 per
cent. correction for the chloride conductivity covers the average
effect of the other salts present in normal urine., It is not to be
supposed that the method would suffice to give a quantitative de-
termination, but as an independent factor the non-chloride con-
ductivity has a bearing and importance of its own, irrespective of
the character of the salts which produce it.

NORTHWESTERN UNIVERSITY,
CHiICAGO, November, 1903.
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IN a recently published paper by Kutscher and Steudel,! the
reliability of the Kjeldahl method for estimating nitrogen in
various organic compounds of physiological-chemical importance
has been called in question. These investigators have failed to
obtain satisfactory results in the analysis of such substances as
creatine, creatinine, uric acid, lysine and histidine by this widely

1 Rutscher and Steudel: Ztschr. physiol. Chent., 39, 12 (1903).



