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Chemistry. — “Velocity of ions at 0° C” By Duvmxpra Nars

BuarTacHaryya and Nicratan Dgar. (Communicated by
Prof. Ernst CoHEN).

-

From time to time attempts have been made to determine accu-
rately the mobilities of ions at 0°. But there is no systematic work
in this line; only isolated cases have been investigated. Even the
velocity of hydrion at 0° is uncertain. An exact idea of our very
much incomplete knowledge would be obtained from the following
summary of the work previously done. -

Woobp ') was the first investigator in this line. Het determined the
molecular conductivities of sodium chloride, potassium chloiide,
dichloracetic acid, and trichloracetic acid at 0°, and at various
dilutions. But his measurements are inaccurate as will be shown
subsequently. ARcH1BALD ®), Barnus ®) and Kosr.ravscH *) also stndied
some electrolytes. WarTHAM °) accurately determined the conduetivi-
ties of some electrolytes at 0°; but he did not attempt in deducing
the veloeities of wndividual ions at 0° from bhis measurements.
KanrenBere ), and JoNws and his pupils 7) also studied some cases,
but thenr measurements are not accurate. The measurements of
Noyes and CooLmer ®)~ agreed with those of WarraaM. Evidently
no systematic work is done in this line.

The ionic mobilities of various ions are fairly aceurately known
at 18° or at 25° (Noves and Fatk — J. Amer. Chem. Soc. 38
(1911), 1436). But the value for hydrion (H°) is not exactly certain
even at 18° or 25° OstwarLp?’) first used the value 342 at 25° and
then raised it to 347 in Lehrbuch der Chemie 1893, 2, 675. Kont-
RAUSCH’s ) provisional value was 318 at 18° or 352 at 25°. Until
recently, these values were accepted. Noyes*'), and then Novms and
SsmMET **) obtained the unexpectedly high value of 365 at 25°. Rorn-

1) Phil. Mag. 1896 (5) XLI, 117.
2) Trans. Nov. Sco. Inst. Sci X, 33, 1898.
8) ibid X, 139, 1899.
4) Afin. Phys. Chem. 1898, 66, 785525 -
b) Phil. Trans. 1300.

Proc. Roy. Soc. 71, 334 (1908).
6) Journal. Phys. Chem. 5, 339 (1901).
7) Amer. Chem. Journ. 25, 349 (1901); 26, 428 (1901); 34, 537 (1905).
8) Carnegie Instilution Publications 63, 47 (1907).
9) Zeit. Phys. Chem. 1888, 2, 842.
10} Leitvermogen der Elektrolyte pp. 107110, 200.
1) Zeit. Phys. Chem. 1901, 36, 63—83.
12) Zeit. Phys. Chem. 1903, 43, 49.
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muND and Drucker') suggested the value 338 at 25° and then -
Drucker *) used the value 312 at 18° and 345 at 25°. Again,
Druckes ), Goopwix and Hasguit ), and WaersaM ®), by combining
their molecular conductivity measurements with the transference
ratios obtained by Jamn and his pupils,vand Tower deduced the
mean value for hydrion equal to 313 at 18° or 346 at 25°. KonL-
RAUSCH °) again, and JAHN and his pupils ), declared the most
probable value of hydrion to be 315 at 18° or 348 at 25°. Gorkr )
obtained the value 353 at 25° from measurements of picric acid.
Noves and Karo °) came to the value 315 at 18° or 348 at 25°
from migration ratios of nitric and bydrochloric acids. Druckur and
Kisngair *°) again gave the valne 313 at 18° or 346 at 25°. It
would be quite evident from these that the value for hydrion is
far from being correctly known.

Now, by a,ppiying Konrravses’s formula for the temperature
coefficient of mobility we can get the values of ions at 0° from the
values given at 18 or 25°. But this empirical formula holds good
with rigidity in the neighboarhood of 18°; so results deduced at
0 are rather uncertain. Moreover KonarLrauscH himself has changed
these values of temperature coefficients many times. For comparison,
are added below the tables (see p. 416) of temperature coefficients («)
as published by Komrrauscy'!) in 1901, and 1908. -

Thus extrapolation to 0° is rather uncertain. With a view to deter-
mine exactly the ionic velocities at 0°, this investigation was under-
taken. Noyes and FaLk'*) have given very accurate tables collected
from the work of numerous investigators for the transference numbers
of various substances at almost infinite dilution and at 0°. From the
molecular conductivity determination at 0°, the sum of the ionic

., - . . u 3
velocities at 0° is obtained (since woo = u -4 ), and — is taken
v

from Novis and Fark’s tables; thus « and v are obtained. .

1) Zeit. Phys. Chem. 1903, 46, 827.

2) Zeit. Phys, Chem. 1904, 49, 563.

8) Zeit. Elektrochem. 1907, 13, 81.

4) Proc. Amer. Acad. 1904, 40, 399.

5) Zeit. Phys. Chem. 1906, 55, 200.

6) Zeit. Elektrochem. 1907, 13, 833.

") Zeit. Phys. Chem. 1907, 58, 641.

8) Zeit. Phys. Chem. 1908, 61, 495.

9) Zeit. Phys. Chem. 1908, 62, 420.

10y Zeit. Phys. Chem. 1908, 62, 731.

11y Sitzungsber. d. Berl. Akad. 1901, 1026; 1902, 572; Proc. Roy. Soc. 71, 338
(1908). Zeit. Elektrochem. 14 (1908), 129.

1) loe. cit.
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Tonis 1901 190
18 18
Lio + 0.0261 + 0.0265
Na°® - 4 0.0245 + 0.0244
Ko + 0.0220 + 0.0217
= | RIS 4+ 0.0217 .+ 0.0214
Ag® -+ 0.0231 - 0.0229
He + 0.0154 -+ 0.0154 .
. cr + 0.0215 + 0.0216
F + 0.0232 + 0.0238
r + 0.0206 + 0.0213

The water used in these experiments was carefully purified by
Jones and Mackay's?) method, and collected in wellsteamed resistance
glass vessels. Freshly purified water was used in all experiments.
The conductivity of the water used varied from 4 X 10—% to
5 X 106 at 0°.

The measurements were carried out by the alternating current-
telephone method in a closed well platinised cell, with a thermo-
mefer tightly fitting its mouth. In our
bot and moist climate, moisture con-
denses in the interior of vessels sur-
rounded with ice; so there is the danger
of dilution of the solutions in open N
mouth cells; but this difficulty is removed
by having closed vessel for putting in
solution. The bath was of pure melting ice.

The temperature as indicated by the
thermometer was kept constant for
nearly half an hour, and then readings
were taken. The cell was now taken
out of the bath and made to attain the
ordinary laboratory temperature, and
diluted with calibrated standard pipettes.

Mzrck’s chemically pure substances were purified by repeated crystal-
lisation and dried according to the nature of the substance in question.

Hydrochloric acid was prepared by dissolving in conductivity

! Zeit, Phys. Chem. 22, 237, (1897).
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waler hydrochloric acid gas evolved out of the ordinary pure con- °

centrated hydrochloric acid. ,

Concentrations of solutions were obtained in most cases by volu-
metric method, and the results were mostly checked by the con-
centrations obtained from the weights of the salts dissolved. )

The following tables give the values of the molecular conductivities

obtained :
1. Hydrochloric acid. Il Ammonium Chloride,
Molecular e,
Dilution | conductivity Dilution v -
Py
31.963 237.0 9.984 66.5
63.926 259.8 ) 19,968 73.8
127.852 231.5 39.936 75.3
255.704 262.9 79.812 16.0
511.408 263.8 159.744 18.4
1022.816 264.2 319.488 79.2
2045.632 264.3 - 638.976 79.17
4091.264 264.4 _1271.952 79.9
. 2555.904 80.0
Thus # obtained = 264.4.

The value of py calculated with

- . KoHLRAUSCH’s ijomic velocities and
temperature coefficients = 265.8.

WL Lithium Chi ride.

Thus r4 oObtained = 80.0
#o calculated from KOHLRAUSCH’s
data = 81.7,

V. Strontium Chloride.

Dilution oy \ E?jlillil‘xltaigﬁlt Equi\f:lent
7.437 47.0 19.576 53.2
14.874 53.2 39.152 61.3
29.748 55.6 78.304 64.0
50.496 - |  57.5 156.608 66.0
118.992 59.2 313.216 66.7
237 984 Y| 59.7 626.432 68.8
475.968 59.9 1252.864 0.7
951.936 60.1 2505.728 1.9
1903.872 ||  60.1 5011.456 72.3

/o Obtained =60.1
/g calculated from KoHLRAUSCH’S
) data = 60.5,

!« is taken to be 72.5
#o calcnlated from KoHLRAUSCH’S
data=173.1, -
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V. Magnesium Chloride. VI. Ammonium Nitrate.
Equivalent | Equivalent 1o

dilution y ~ Dilution Fy
30.396 58.8 30.231 11.1
-.60.792 59.5 60.462 8.6
121.584 60.5 120.924 79.2
243.168 62.3 241.848 19.7
486.336 64.0 483.696 80.0
972.672 65.3 ' 967.392 80.2

1945.344 66.1 1934.784 80.2

3890.688 66.4 3869.568 80.3

2o is taken to be 66.6 #o obtained =80.3

#q calculated from KoHLRAUSCH’S /o calculated from KoHLRAUSCH's
data=68.3 data =80.3

VII. Sodium Nitrate. VIII. Potassium Nitrate.

Dilution #y Dilution #y
22.277 62.6 39.068 78.4
44.554 63.7 78.136 80.3
89.108 65.1 156.272 81.3
178.216 65.8 312.544 82.5
356.432 66.0 625.088 83.0
712.864 66.5 1250.176 83.2

1425.728 66.8 2500.352 83.3

2851.456 66.9 5000.704 83.4
ko Obtained = 66.9 # Obtained =83.4

to calculated from KoHLRAUSCH'S #on calculated from KoHLRAUSCH’s
data =66.1 data = 81.1
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IX. Ammonium Sulphate.

Equivalent | Equivalent

dilution “y
53.633 735
107.267 76.7
214.53¢ 9.2
429.068 80.6
858.136 81.3
1716 272 81.6
3432.544 81.7

#on taken to be 81.8
# o calculated from KOHLRAUSCH’s
data =824.

XL. Sodium Sulphate.

Equivalent | Equivalent

dilutton  {conductivity
17.325 55.9
34.651 58.2
69.302 61.6
138.604 63.8

277.208 65.9 )

554.416 67.1
1108.832 67.9
2217.664 68.1
4435.323 68.2

/e Obtained = 68.2
7 calculated from KoHLRAUSCH'S
data = 68.3.

X. Potassium Sulphate.

e emmn—
Equivalent | Equivalent
dilution #y
33.156 72.9
66.312 5.7 -
132.624 79.0
265.248 81.9
530.496 83.5 -
1060.992 —~84.0
2121.984 84.2

Iy taken to be 84.4
Fo calculated from KOHLRAUSCH's
data =83.2.

Xl. Calcium Sulphate.

*  Equivalent | Equivalent
dilution »y
467,913 63.3
935.826 671.7
1871.652 1.0
3743.304 n.a

ry i3 taken to be 72.

-,




XIlI. Magnesium Bromide. XIV. Calcium Bromide.
Equivalent | Equivalent Equivalent | Equivalent
dilution ” B dilution ”y
44.182 59.3 21.333 62.7
88.365 61.8 42.667 65.0
176.730 63.7 85.334 66.8
353.460 65.1 170.668 68.4
706,920 66.1 341.336 69.5
1413.840 66.9 682.672 70.4
2827.680 61.3 1365.344 1.0
21730.688 .
ro 15 taken to be 67.5 6 n.2

o calculated from KonLrAuschH”
® data = 69.3 ? ® re Obtained =71.2

Now, Noves and Farx') give the cation transference numbers
for HCl and NH,Cl at 0° at almost infinite dilution as 0.847 and
0.490 respectively. By using these values, the ionic velocities are
calculated from gy, determinations for HCl and NH,Cl. Thus,

Substance Cationr:l[gggsport Ionic velocities
H* 223.9
HCl 264.4 0.847
CI’ 40.5
NH,; 39.2
N H,Cl 80.0 0.490
Ccl 40.8

Now, the ionic velocity of Cl’ is taken as 40.8 as the more
accurate figure, and from it the following ionic velocities are deduced
by applying KonLrausce’s law pyp=u -} v

, Substance | Equivalent rq, Ionic velocities
i
LiCl 60.5 Li" =19.3
Sr Cl, 12.5 Yy Sr*" =31.7
Mg Cl, 66.6 /Mg =25.8

Again, by using these values, other ionic velocities are calculated
as is shown in the following table:
1) Lac. cit.
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Equi- - Required ionic
Substance |valent Kgglwogit‘iggm velocities by dif- Remarks
Peo . ference from v . -
- (NH,),;S0, | 81.8 NHy =39.2 | 1,50, =42.6
B Na;SO, | 68.2 | 1,50,” = 42.6 Na =25.6
K-S0, 84.4 504" =42.6 K =41.8 <
CaS0, 2.0 | 1,50,/ =42.6 | 'yCaw =29.4
- NH,NO; 80.3 NHy =39.2 NO; =41.1 -
NaNOQ; 66.9 Na- =25.6 NO; =41.3 ' | NOy =4l1.1 from
NH,NO,
KNO; 83.4 NOs’ =41.3 K =4.1 K‘K=Sol.8 from
MgBr, 67.5 | 1, Mg~ =25.8 Br =41.7 N
CaBr, 71.2 Br =41.17 1oCa' =29.5 | 1,Ca =29.4
from CaS0,
BaBr, -

It would be noticed from the column headed “Remarks” that in
no case have ionic velocities differed by more than 0.3, as obtained
from different sources. ‘

Below, is added a comparative table of the ionic velocities as
obtained by this direct method, and as obtained from KomLrauscH’s
table') by calculating with his temperature coefficients:

o | Vil 1 G et it
H' 223.9 224.3
NH, 39.2 "40.2
, Li- 19.3 19.0
Na® 25.6 26.0
K 2.1 40.9
1), Ca” 29.5 ~ X
‘ 1 St 31.7 31.6
1, Mg ™ 25.8 ) 26.8
cr 40.8 41.5 -
NO/s 41.3 40.1
Br 41.7 42.5
11, SO, 42.6 42.2
1 \

1) Loc. cit.
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Evidently _then, the temperature coefficients of KOBLRAUSCH can
not be relied on to obtain accurate values at 0°C.

Woop') has given the following values for py at 0°: for KCl =
77.8, for NaCl = 65.0, for dichloracetic acid = 227.0, for trichlor-
acetic acid =224.7. Thus from the values obtained by me it is
seen that his values for KCl and NaCl are a little too low, whilst
his values for the acids are very much too low, since the most
probable value of H° is 223.9.

JomNsToN’s?) rough estimation of the value of H® at 0° =240 is
also far from being correct.

Noyes and StewarT®) have deduced values for H° in an indirect
way which can hardly be relied on. Whilst from data for HCI they
obtained the velocity for H° at 0° = 224, they, at the same time
obtained, by considering H,SO, in the same way the value 235 at 0°.

Noyes and CooLipGk ¢) give 81.4 as the value of py, for KCI at
0°; but it is a little too low. -

Joxgs and Wesr®) have given pg, at 0° for NH,Cl=74.84;
evidently it is too low.

Jones and CarpwerL®) give the value for ammonium nitrate
= 78.0, which is a value~a little too low.

KAHLENBERG ') obtains for strontium nitrate the value 66.1. Evidently
it is too low, since the correct value would be about 31.7 4 41.3 =
73 (loc. cit). .

Hitt and Sircar®) take a very high value for H® at 0°. They
write: For u, in the case of hydrogen fluoride, we have taken
the number 364 at 18° and 325 at 0°. The ficst number is derived
from the ionic conductivities at 18° which are 318 for the hydrogen
ion and 46.6 for the fluorine ion. The second number is derived
from the following data:

“OsTwALD gives 325 as the ionic conductivity of the hydrogen
ion at 25°; at 18° the value is 318 (KoHLrAauscH and v. STEINWEHR,
Sitz.-ber. Berlin. Akad. 1902), being a fall of one unit per degree.
Hence at 0° the value: would be approximately 300. Correcting
the ionic conductivity of fluorine for temperature, the temperature
coefficient being 0.0238, we get the value at 0°=26.6. The sum

1) Loc. cit.

) J. Amer. Chem. Soc. 31, 1015 (1909).

8) J. Amer. Chem. Soc. 32, (1910), 1140—1141.

4) Carnegie Institution Publications 63, 47 (1907).

%) Amer. Chem. Jour. 34, 557 (1905).

6) Amer. Chem. Jour. 25, 349 (1901).

7) Jour. Phys. Chem. 5, 339 (1901).
8) Proc. Roy. Soc. Vol. 83 A, p. 130.

-10 -
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of these ionic conductivities is 326. This number may be derived
in another way. H. E. Jonss gives 380 as the limiting value for
HF at 25°. The value as calculaled above for 18° is 364. The
difference per degree is 2.3 units, hence_the value at 0° is 324.
The approximate correctness of the number 325 is shown by the
fact that if we assume the amount of dissociation to be liitle affected
by temperature, at any rate in the more concentrated solutions, we

o° 18
get = L= H2 = gubetituting 0.0576 for « and 18.30 for
Vo Uy

u, which is the value for the acid of 29.83°/,, we get uq =318
(at 07). o

“The temperature coefficient for H at 18° is about 0.0153. If this
is used to calculate the limiting value for the hydrogen ion at 0°,
the number for u® becomes very much lower than any of these
8 numbers given above, and as a coefficient is only correct in the
neighbourliood of 18° we discard this method of calculating.”

It is evident that Hirn and Sircar have calculated py, at 0° for
HE assuming a very high value for H°. Their value for H® at 0°
is about 100 nnits higher than the value obtained in this investi-
gation in the direct way. Consequently all their calculations for
the degree of dissociation of HI with this value for H° are not
reliable.

Chemical Laboratory,

Presidency College, Calcutia.

Chemistry. — “Properties of elements and the periodic system”. By
NugataN Daar. (Communicated by Prof. Ernst CoHr).

In a former paper (Dmar Zeit. Elektro-Chem. (1913) it has been
shown that the heats of ionisation of elements and the temperature
coefficient of mobility of ions are periodic functions of their atomic
weights. In this paper it will be shown that some other properties
are also periodic functions of their atomic weights.

Surface tension, capillary rise ofc.

The surface lension of liquids being an imporlant property has
been investigated by vavious workers. There are several methods
of determining the value of the surface tension of liquids, the most
important ones are (1) the rise in a capillary tube, (2) measurements

-11 -



