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AN EQUIFMENT FOR DET}illMINING THE RELATIVE 

VISCOSITY OF AQUEOUS SOLUTIONS. 

Introduction. 

In order to calculate accura. tel~r the degree of 

ionization of many electrolytes in solution, it is nec­

essary to take into account tt.e re la ti ve viscosity of 

their solutions. The viscosity of the medium undoul)ted­

ly has an effect upon the mobility of the ions, and 

hence, a correction must be applied to tl1e simple formu­

la usually em·ployed for calculating the degree of ion-

ization from conductance date. 
1 2 3 

Washburn·, Noyes, Kraus, 

and others, have discussed the nature o·f this correction. 

There is some doubt as to its exact form, but the rela.­

t:i.on 

probably gives the degree of ionization as accurately 

as the conductance data 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 . 34 , L15 7 , ( 1912 ) . 

3. Ibid. 36, 35-65, (1914). 
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Altbough many investigators 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 ionization. As a rule the investigators had 

other ~purposes in view; and, until quite recentl~l, the 

attention paid to certain details in the experimental 

determination was insufficient to yield results compara­

ble in accuracy with good conductivity d£-tta. 

A viscosimeter as ordinarily constructed does not 

obey Ioiseuille's law of flow, and hence, a considerable 

correction factor should often be applied to the relative 

viscosity as given by the sim1)le formula 

dT -dTo 

where f and 7,, are the viscosities of the solution 

and pure vva ter re spec ti vely, d and d. 0 the corresponding 

densities and t and t 0 the corresponding kinds of flow. 

But few investigators determined whether Poiseuille's 

law was obeyed by their viscosirneters. In man~, cases the 

time of flow was not accurately determined; a stop 

watch ·which reads fifths of a second onl~1 , has been 

usually employed. 

Hence it follows, that although there has been 



accumulated a considerable amount of data upon the vis­

cosity of aqueous solutions of electrolytes, but little 

reliable data is available. Greneisen
1 

is the only in­

vestigator who has made an extensive series of careful 

measurementst and all of his determinations were made at 
0 0 

18 c. More complete data at 18 C should be known, and the 
. 0 

relative viscosity at 25 C of nearly all salts remains to 

be determined accurately. 

It is planned to undertake such an investigation 

in this laboratory, so that t here may be available fair­

ly complete viscosity data for solutions, normal and more 

dilute, of the common electrolytes. It will not be nec-
o 

essary to determine the data for all salts at 25 C, yet 

very few investigations conducted at this temperature can 

be said, a priori, to be of high accu.ra·cy; for while t h e 

viscosimeters of many may have obeyed Poiseuille's law, 

but few took the trouble to investigate this point. By 

redetermining the relative viscosity of :.::,_ few salts which 

a given investigator used in a viscosimeter which obe;ys 

Poiseuille's law, it will be :possible to form an opinion 

as td the accuracy of h is vvark. If it is accurate, t Len 

it will not be necessary to r epeat t he determinations 

1. Gruneisen. Wiss. Abhandl. Phys. Tech. Reichsanstalt. 
4, 159, 241, (191,±). 
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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 
l 

and G. Y. Williams. As noted in their paper, the advantages 

of a quartz viscosimeter are:- first, its dimensions do 

_not chane;e with the tempera. ture, as do those of glass a:p­

para tus t and as a result t}1ere i:3 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 s..s 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. 

(without the three way stop cock). The capillary we.s a-

bout 19 cm. long and 0.5 mm. in diameter. '11he tu1)e was 

marked on both sides of the small bulb b~, a fine wire 

fastened around it with kotinsk:y cement. The·viscosi­

meter was constructed according to the relations recom­

mended by Gruneisen so that there would be a rnL1inrmn de-

viation from Poiseuille's law. 

1. Jour. Am. Chem. Soc. 35, 737, June 1913. 



1:he c nter of t~-- o 1 r e b11-b 11c. s 20 cm. belo t1-

ce ter o_._ tLe snall bulb; t' is 1 1(.,\, the 11E.L.n ne·l.d of fl v­

dn£in · a -..otermi:nr... tion, -bec,.:use the amount o:f solution 

--r-o:r run , - a taken so that tl e 1 r...,e ulb 1.!~ ic} ,·a? 

O nm . wi ~e \.ould c .... illed -o the CLnter vvren t c S':1 ... 11 

bu o -.1 ,s fill..,d to t} e ceIJ"ter . 



The viscosimeter was mounted on a sheet of bakelite 

6 mm. thick, places being cut out for the two bulbs. A 
0 

mirror placed in brackets at an angle of 45 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. In order that the viscosi-
,,// 

meter would always be l)laced in t he same perpendicular 

position for each determination, a small spirit level 

(similar 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 t he thermostat and also to disconnect 

the three wtJ.,.y stop cock. The same amount o:f soh1tion 

(50 cc.} measured by a pipette was put in the viscosi-

meter each time. 

By means of the three- way stop cock, (See Fig. 1.) 

it was possible to malrn any number of determinations with 

a given solution without · removing the viscosimeter from 

the thermostat. Thus after the completion of a determina­

tion the three way ·stop cock was turned so that upon ap­

plying suction to the side arm, the solution was drawn 



up into the small bulb; the air entering t h e other arm 

of the viscosimeter was filtered through a cotton wool 

plug. During a 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. 

TEivlPERATURE CONTROL. 

The viscosity of water changes about 2% per de­

gree centigrade and it is therefore very necessary to 

have goo~ temperature control. A porcelain-lined thermo­

stat was used, the water was kept in continual motion by 

means of a turbin stirrer. The temperature was regulat-

ed by an improved automatic regulator and heating lamp. 

The temperature was observed by a th_ermometer graduated 

to tenths of a degree and was often checked with a 

thermometer (#11154) which ·had been calibrated and stand­

ardized by the Nation.al Bureau of Standards '. · The change 

in temperature dur·irig a determination~ _ which was only 

two or th~ee thousa:?d ths . o:f a_:. degree,· ·was observed by a 

Beckman thermoufe-t er ··wh:L_eh was kept in the thermostat con­

tinually. For -this work it is necessary that. t h e tempera­

ture shall not vary from one run to another, but it is 

not so necessar:Y- to know it exactly be ca.use the relative 
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vms fastenoc1 to t} ·, e revolving drum. A small resistance ,ge,s 

r,12.ced. in the ;rtotor circuit so that the s_peeL1 of the c:run 

changed and this distance neo usually about 6 ~t. 

ed. in a circuj_t whic}i U ,e oriorc,t.or co1.1.lci elose l)y ne2,ns of: 

t11 e clock nade a, j o,:_:; V.j enever t}rn circuit vn: s clo sec1. 

of a seco:nD. 

"T"J, '· ( :1 TT"T r:, .- ... 
l 1. .i..n.J u J..J .L ~J • 

loving datu for water. ~ -o Boc~~~n rea&in5 -Z.899 cor­

o,\ responded to 25 G 
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suddenl:v change bzr several seconds and t h e only explanation 

which could. ·b e found for this dj_screrienc~y rms t ba t small 

particles of dust had become lodged in t h e capillary. 

Several weeks a fter the first deter~inations with 

water were made it was found that a constant value for the 

ti r:1 e of flow of water was obtained wh ich we,s about eight 

seconds higher than the value previously found and at this 

time t h e viscosimeter was cleaned b~r filling with cl1romic 

acid and i mmersing the a11J:)B .. retus in a bucket of boiling 

water for t h ree hours. Nitric acid containj_ng alcoh ol 

was also used but the values could. not. be :ceduced to t h ose 

obtained a.t the beginning. No setisfa.ctory exrilanation of 

tr..is behaviour can be offered. 

A gree~ t number of determ:Lna tions were ma.de vvi th a 

normal solution of h:?drochloric acid and tbe follov,:i.ng 

results were obtained at the tirr:e when the vreter constant 

of the viscosimeter was as g iven in the above table. 

Beclrman Reading Time of Flow 

3.898-3.907 662. 3 6 sec. 

3. 907-:5. 911 662.15 " 

3. BUS -3.898 662. 5 ?5 ll 

3.898-3.910 662. :3c IT 

From the above data the relative viscosity was 

calculated and found to be 1.063 assuming the density 



of the 0.9777 normal hydrochloric acid to be 1.9146. 
1 

Green gives for the relative viscosity of 0.9955 

normal hydrochloric acid solution 1.0602 and uses as the 

density of the solution the above value. 
C") 

Reyherc, gives for the rela.ti ve viscosity of a ch/on·, ·a c 'd 

normal solution 1.0520, using 1.0485 a.s the density of 

his solution. When his data is recalculated employing 

1.0146 as the density of the solution the relative viscosi-

ty becomes 1.067. 

A grea.t deal of trouble was encountered vvi th the 

hydrochloric acid solutions, however, because they were 

found to contain small particles of dust, though the utmost 

care was taken in mal.::ing up the solutions, and filtering 

them through hardened filters; even after this treatment 

they wer still foun.d to contain small fiber like particles. 

An arrangement of apparatus is escribed by which 

the relative viscosity of solutions can be accurately 

determined, provided that the solutions can be made up in 

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

1. Jour. of Chem. Soc. Trans. 93, 2023, (190 8 ). 

2. Zeit. Phys. Chem. 2, 744, (18[W). 




