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AN EQUIPMENT FOR DETERMINING THE RELATIVE
VISCOSITY OF AQUEOUS SOLUTIONS.

Introduction.

In order to calculate accurately the degree of
ionization of many electrolytes in solution, it is nec-
essary tc take into account trhe relstive viscosity of
their solutions. The viscosity of the medium undoubted-
ly has an effect upon the mobility of the ions, and
hence, a correction must be applied to the simple formu-
ls usually employed for calculating the degree of ion-
ization from conductance date. Washburn% Noyes? Kraus?
and others, have discussed the nature of this correction.
There is some doubt as to its exect form, but the rela-
tion /’Z

Y‘ Ne %
probably gives the degree of ionizetion as sccurately
as the conductence date is known. This correction for
normal solutions, in some instances, amounts to as much

as seven or eight per cent.

1. Jour. Am. Chem. Soc. 33, 1464, (1911).
2. Ibid. B4, 457, (1912).

3. Ibid. 36, 35-65, (1914).



Although many investigsltors have determined the
viscosity of aqueous solutions, but few have made exten-
sive and careful investigations in the range where the
data is most valuable for the purpose of calculating the
degree of ionizeticn. As & rule the investigators had
other purposes in view, &nd, until quite recently, the
attention paid to certain details in the experimental
determination was insufficient to yield results compara-
ble in accuracy with good conductivity data.

A viscosimeter as ordinarily constructed does not
obey Foiseuille's law of flow, &nd hence, & considerable
correction factor should often be applied to the relative

viscosity as given by the simpnle formula
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where‘77 and ;& are the viscosities of the solution
and pure water respectively, d and d, the corresponding
densities and t and ty the corresponding kinds of flow.
But few investigators determined whether Poiseuille's
law was obeyed by their viscosimeters. In many cases the
time of flow was not accurastely determined; & stop
watch which reads fifths of & second only, has been

usually employed.

Hence it follows, that although there has been



acecunulated a considerable amount of data upon the vis-
cosity of aqueous solutions of electrolytes, but 1little
reliable data is available. Greneisen1 is the only in-
vestigator who has made an extensive series of careful
measurements, and all of his determinations were made at
1800. More complete data at 1800 should be known, and the
relative viscosity at 2500 of nearly all salts remains to
be determined accurately.

It is planned to undertaske such an investigation
in this laboratory, so that there may be available fair-
ly complete viscositj data for solutions, normal and more
dilute, of the common electrolytes. It will not be nec-
essary to determine the data for all salts at 2500, yet
very few investigations conducted at this temperature can
be said, & priori, to be of high accuracy; for while the
viscosimeters of many may have obeyed Poiseuille's law,
but few took the trouble to investigate this point. By
redetermining the relative viscosity of =2 few salts which
& given investigator used in a viscosimeter which obeys
Poiseunille's law, it will be possible to form an owniaion
as to the accuracy of his work. If it is accurate, tien

it will not be necesssry to repeat the determinstions

1. Gruneisen. Wiss. Abhandl. Phvs. Tech. Reichsanstalt.
4, 159, 241, (1914).



for other salts that he may have used.
APPARATUS.

The viscosimeter used in this work was of the
Ostwald type (Fig. 1.) and was made of fused quartz. It
was almost identical with the one used by E. W. Washburn
and G. Y. Williams% As noted in their paper, the advantsges
of a quartz viscosimeter are:- first, its dimensions do
not changé with the temperature, as do those of glass ap-
paratus, and as a result there is no hysteresis when it
is brought from one temperature to another; and second,
water and other solutions used in cleaning do not have
as great a solvent action on quartz as on glass, and thus
there is not as much danger of the diameter of the capil-
lary being changed.

The overall length of the viscosimeter was 35.5 cm.

v stop cock). The capillary wes a-

(without the three wa

11

bout 19 cm. long and 0.5 mm. in diameter. The tube was
marked on both sides of the small bulb by a fine wire
fastened around it with kotinsky cement., The viscosi-
mefer wes congstructed according to the relations recom-

mended by Gruneisen so that there would be & miaimum de-

viation from Poiseuwnille's law.

1. Jour. Am. Chem. Soc. &5, 737, June 1913.



The center of the large bulb waSHZO cm. below the
center of the small bulb; this was the mean head of flow
during & determination, because the emount of solution
for each run was taken so that the large bulb which was
80 mm. wide would be filled to the center when the small

bulb was filled to the center.

Fig. 1.



The viscosimeter was mounted on & sheet of bakelite
6 mm. thick, places being cut out for the two bulbs. A
mirror plaeced in brackets at an angle of 450 to the bake-
lite so that the two marks on the opposite sides of the
small bulb would be reflected up and could be observed on
looking down into the thermostat. A rod fastened to the
bakelite served as a means of rigidly supporting the
apparatus in the thermostat. 1In order that the viscosi-
meter Would always be pleced in tﬁe same perpendicular
position for éaeh determinatibn, a small spirit level
(similer to those used on kodaks) was fastened to the top

of the bakelite.
FILLING THE VISCOSIMETER.

In filling the viscosimeter it was necessary to
remove it from tl.e thermostat eand also to disconnect
the three way stop cock. The same amount of solution
(50 cc.) measured by a pipette was put in the viscosi-
meter each time.

By meané of the three way stop cock, (See Fig. 1.)
it was possible to make any number of determinations with
a given‘solution without removing the viscosimeter from
the thermostat. Thus efter the completion of a determina-
tion the three way stop cock was turned so that upon ap-

ﬁlying suction to the side arm, the solution was drawn



up into the smell bulb; the air entering the other erm
of the viscosimeter was filtered through a cotton wool
plum. During & determination the stop cock was turned
so that the.two arms of the viscosimeter were connect-
ed. In this way the air passed directly from one side

of the viscosimeter to the other.,
TEMPERATURE CONTROL.

The viscosity of water changes about 27, per de-
gree centigrade and it is therefore very necessary to
have good temperature control. A porcelain-lined thermo-
stat was used, the water was kept in continuel motion hy
means of & turbin stirrer. The temperature was regulat-
ed by an improved automatic regulator and heeting lamp.
The temperature was observed by & thermometer graduated
to tenths of a degree and was often checked with a
thermometer (#11154) which hed been celibrated and stand-
ardized by the National Bureau of Standards. The change
in temperature during a determination, which was only
two or three thousandths of & degree, was observed by &
Beckman thememeter'which wasbkept.in the thérmostat con-
tinvally. For this work it is necessary that the tempera-
ture shall not vary from one run to another, but it is

not so necessary to know it exactly because the relative
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suddenly cheange by several seconds and the only explanation
which could be Tound for this discrevency waes that small
partidles of dust had become lodged in the capillary.

Several weeks after the first determinations with
water were made it was found thal a constant value for the
tine of flow of water was obtained which was about eight
seconds higher than the value previously found and a2t this
time the viscosimeter was cleaned by filling with chromic
acid and immersing the apveratus in & bucket of bolling
weter for three hours. Nitric acid containing alcohol
was also used but the values could not be reduced to those
obtained at the beginning. No satisfactory explanetion of
this behsviour cen be offered.

A greaet number of determinations were made with o
normal solution of hydrochloric acid gnd the following
results were obtained at the tire when the water constant

of the viscosimeter was as given in the sbove table.

Beckman Reading Time of Flow
3.898-3.907 662.56 sec.
3.907-2.911 | 66E.16 "
3.800-3.898 662.5%
34898-3,910 662,36 "

From the above date the relative viscosity was

calculated and found to be 1.063 assuming the density

11.



of the 0.9777 normal hydrochloric acid to be 1.0146.

Green1 gives for the relstive viscosity of ©.9955
normal hydrochloric acid solution 1.0602 snd uses as the
density of the solution the above value.

Reyherg gives for the relative viscosity of & chloric
normel solution 1.0520, using 1.0485 as the density of
his solution. When his date is recalculsted employing
1.0146 as the density of the solution the relative viscosi-
ty becomes 1.067.

A great deal of trouble was encountered with the
hydrochloric acid solutions, however, because they were
found to contain small perticles of dust, though the utmost
care was teken in making up the solutions, and filtering

them through herdened filters; even aflfter this treatment

they wer still found to contain small fiber like pesrticles.
SULMLIARY .

An arrangement of apparatus is escribed by which
the relative viscosity of solutions can be accurately
determined, provided that the solutions cen be made up in

such a way as to be absolutely free from all dust particles.

1.” Jour. of Chem. Soc. Trems. 93, 2023, (1908).

2. Zeit. Phys. Chem. 2, 744, (1888).
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