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460 DR.  C. H. LEES O N  THE VISCOSITIES OF 

XXIX.  On the Vi.scosities of iW.z.t?wes of L i p i d s  and of 

IN recent years many deterininations of the viscosities of 
mistures of liquid3 and of qolutions have been made in 
the endtlnrour to di-cover the law of connesion of the vis- 
cosity 01' a mixture with the relative amounts and visco>itip- 
of its constituents. As a result several empirical forinul~t: 
have been proposed which represent tho observations n r i  tli 
more or less accuracy. Of these formulz, the one first ured 
by Arrhenius in 1887, and since then by Reyer, Wagner, 
Lauenstein, and Kanitz, for weak salt-solutions or for 
mixtures of liquids when one liquid is present to the extent of 
90 per cent. or more. seeing to bc the in04 valuable. Accord- 
ing to it the viscosity q at a temperatiire t, of a mixture which 
contains in 1 c.c., wl C.C. of a liquid of viscosity ql, t i 2  C.C. 

of one of viscosity q2, &c., at temperatiire t ,  is given by the 

Solutions. B y  CHARLES H. LEES, D.Sc.* 

PqLl a t' I011 
17 = 7llt'' , 721'2 . q 3 L ' 3  , . . . . 

or 
l o g : q = v , l o ~ q , + w , l o g q ~ + w , l o ~ ~ ,  + . , , . . 

$0 long as one constituent is present to the extent of 90 per 
cent. or more. I t  is the object of the present paper to con- 
sider whether this forrnula can be supported on theoretical 
grounds, to see how far it agrees with the observed facts for 
mixtures generally, and if the agreement is unsatisfactory 
to  replacc it by a more suitable expression. 

To arrive at  a theory for mixtures of fluids which have no 
cheniical action on each other, we may suppose the volnme of 
a niisture to  be divided into elementary volnuies by, cay, 
three series of' parallel planes. Each of these elementary 
r o l n m e s  we inay suppose occupied exclusively by one coii- 
stittiout. The litnit of tlic calculated viscosity of :L medium 
so built up when the elementary parts are taken indefinitely 
small, may be taken as the Tiiscosity of the mixture. 

The fundamental equation of the theory of Yiscositj O F  
d V  

a fliiid is F=s.  - where clri is the difference of the parallel ti" 
velocities of tmo plane layers of fluid situated a t  a distance 
dz apart, F is the tangential force ti-ansmitted through an 

* R e d  June 8, 1900. 
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area of 1 sq. cin. between the layers and parallel to them, 
and 7 is the viscosity of the fluid. 

If the motion t h r o u g h o ~ t  the fluid is steady and parallel 
to the ,y axis, and there is no variation of i t  along that nsis, 
the equation 

muat hold throughout the fluid. A t  :L surf'we of separation 
of two fluids of viscosities vl  and vel if there is neither 
chemical nctioii nor slipping, we rnust h a w  

211'2'2 . * . . . . . (2) 
and 

wliero aiid u2 are the velocities close t o  the surfacc in tho 
two fluids, and dn is an element of the normal to the surface. 
A t  a solid surface touched 1)y a flnid there mnst he no re1 a t' tve 
motion of solid and fluid. 

These are the necessary and sufficient conditions for the 
.elution of any " plane " probleni on the motion of viscous 
fluids, and the difficulty of finding a solution in  any  special 
case is a inathematicnl one which increases with the number of 
different fluids present in the space considered, and the C O I ~ -  

plexity of their lines of separation. We proceed to consider 
a few siiiiple stable arrangements of the fluids for which tho 
solutiolis can be readily obtained. 

I. Taking the velocity throughout 
parallel to  the y axis, let 11s assume 
that i t  is independent of z ,  equal to 
W O  throughout the plane E= x0, and to u t  
throughout the plane x=xl, and that  
the surfaces of soparationof the various 
fluids present betweeu those planes, 
are t,he planes x=xz, z3, &c. 

If there are only two :fluids of vis- 
cosities q1 and r12 present in equal 
lrolumes (fig. l), the cyuatiolis (l), (2),and (3) above, give for 
the viscosity 7 of the mixture, 
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I€ eticli c. c. of' the mixture contains vuI C.C. of the f i i ' y t  

medium and 2r2 of the second, t,lieii 

- 1 - - 1;2 + '5> 
77 771 772 

In tlie general ciise where q, v 2 ,  v3, dzc. C . C .  of the coiistitnelite 
ql ,  T,J~,  v3, $c, are preeeiit in 1 C.C. of the mixture 

- + - + A + * . .  
- 1 __ 3 2'2 'P 

17 71 772 773 

This result is independent of the number of layers of each 
constituent present. I n  the tables which follow it will he 
referred to as the (' mobility formula." 

11. Making the same assumptioils 
:is to the velocit,ies, but taking the 
pl:ines separating the fluids as z=z,,, 
rI, .iz, &c., if the fluids are present 
in equnl volumes (fig. 2) we have 

Fig. 2. 
Y 

7 7 = 4 ( r l 1 + r l 2 )  ; 

z 

:uiJ in the general case 

it' 1. C . C .  contains v1 volumes of tlie 
first a i d  r2 of the  second 

q = w7, + 0 2 7 2 ,  

7 7 = ~ v ; 7 1 + ~ 2 7 2 + 2 ' 8 7 3 +  . . . 
A result again independent of the number of layers of each 
constituent present. I n  the following pages this will Le 
referred to as the " viscositJy forninla." 

111. Thirdly, le t  there be two systems of separating planes 
mutually perpendicular to each other. 

If there are two fluids of viscosities q,, 77a present in equd  
volunies, distributed as shown in fig. 3, or in fig. 4, the 
solution of the equations (l), (2), (3) above, for this c:we 
gives for the viscoaity T,J 

log 77 =&(log 71 4- log q 2 ) .  

If 1 C.C. of the iuixture contains w ,  C.O. of' the l;ll a n c l  C.C. 
oi' the q2 coiistitnont 

log 77=01 log 7 ,  + L'2 lug 7,. 

For a mixture contairiiiig in 1 C . C .  v l ,  v2, v3, &e. C.C. of' ineclia 
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of viscosities T ~ ,  q,, 173, &e.* 
lOg77-VvllOg771 + V , l o g ~ 2 + c 3 1 0 g q , + .  . . . 

This result is independent of the number of the elementary 
I n  the tables which prisms of each constituent present. 

follow this will be referred to as the '( logarithmic formula." 

Fig. 3. Pip. 4. 

X 

% 

The number of mixtures of liquids, of which the viscosities 
have been observed and are available for comparison with the 
results of theory, is small, and some of them, for which the 
observed values of the viscosities d o  not fall within those of 
the constituents, e.g. mixtures of water and alcohols or certain 
acids j., are seen to be outside the limits of the above theory. 
Of the rest some, e.g. chloroform or carbon bisulphide and 
ether $, have points of inflection on the curve connecting 
viscosity and constitution, and of such siiigularities none of 
the above formulae can take acconnt. The conclusion niay at 
once be drawn that the T-iscosity of a mixture of liquids is in 
general not dependent solely on the viscosities and amounts 
of the collstituents present, but is influenced by some other 
action of which none of the above theories hkes  account, 
Notwithstanding this fact, it may be of use in the case of 
mixtures in which the action of' this unlinomn disturbing effect 
appears to be least, to  compare the values given by the three 

* Lees, Phil. Mag. xlix. p. 226 (1900). 
t Wijlrander, Wied. Ann. Beibl. iii. p. 8 (1879) ; Thorpe & Rodger, 

J. Chem. Soc. Ixxi. p. 367 (1897). 
1 Traube, Ber. Chem. Ges. xix. p. 871 (1886) ; Pagliani & Battelli, 

An?&. R. 1st. Torho, xiii. pa 37 (1885). 
VOL. XVII. 2 K  
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formule with those found by experiment ; and in the following 
Tables these observed values are compared with the values 
calculated from the recorded percentage compositions by 
weight, and the densities, on the assumption that no contrac- 
tion occurs on mixing. 

THORPE A-UD RODGER'S EXPERIMENTS *. 
Carbon Tetrachloride and Benzine, at ciOo Cy. 

____I. . . 

i Per cent. Benzine. Viscosity. 

1 1 Weight. 
, 

I- 

' 0  
234 

~ 43% 
i 677 

l- 
; 100 

Calculatecl. 

470 452 
431 420 

I I__-I 

100 

Methyl Iodide and Carbon Bisulphide, at 0' C. 

- 
I 

cent. 
rror. 
- 

-1 
-1 
-1 

Per cent. 
Bisulphide. 

I 

i iI I 

90533 1 +3 QO526 ~ $1 

481 469 489 

824 1 89.4 
I 

I 1  

The character of the results is unaltered if' the comparison 
is made with the values given by Thorpe and Rodger for 
other temperatures. 

* Journ. Chem. Soc. lxxi. p. 360 (1897). 
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LINEBARGER'S EXPERIMENTS *, 
Ethyl Ether and Benzine, at  25' C. 

465 

- - 

per cent. Benzine. ' I  Viscosity. 
1 

I I 

I.  cent.' 
error. ~ 

I 

i + 18 
17 
14 

' Weight. 

--- 
0 

28.6 
56.9 
75.7 

100 

~- 

Log. 
formula. 

-- 

-00293 
360 
459 

I 

formula. ! 

0 ' I  .0023U 
25.2 282 
52% 362 
72.4 438 

100 I 599 
I 

I 90323 
424 , i 497 

I 

Calculated. 

I 1  I 0 1 0 *00358 
8.9 1 122 ' 

75.9 81.7 544 1 555 1 2 

376 i 00Y87 1 +3 
34.9 43.3 1 446 11 462 4 

! 

0 1 535 -2 

~~- 
p. aent.iI Mob. Ip. cent. 
error. formula. error. 
--- ll I 

-3 
6 
5 

/ I  I 

Carbon Bisulphide and Benzine, at 25' c'. I 

I 
I -~ 

Per cent. Benzine. I ~ 

Nitrobenzine and Benzine, at 25' C. 
I1 

___ 

+ 13 ' *0014Sf3 
25 ' 1104 

I /  
+5 1 W1323 

950 

-i 

-7 i 
2 6 i  
- 

* Anier. Journ. Sc. 8er. 4, voL i i  p. 331 (1896). 
2 K 2  
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Linebarger's Experiments (continued). 
Ethyl Benzoate and Toluene, at  2 5 O  C. - - __ - - _______- 

VlRCocl ty. I '  Fer cent. Tolocue 1 
- 

Calculated 

I 
'-I_-// ------- 

0 
15.3 18 1 I /  

762 79.6 I 

I 

4i.3 324 , 
I 

~ - -  I /  
100 1 C@ 
- __ -- - 

Turpentine and Toluene, a t  85' C. 

Acetic Ether and Nitrobenzine, at 25' (3. 
I 

Per cent. 
Kitrobenzine. 

I ._ - - .-- - -  
I i I 

- 13 
23 
1 ,rl 
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Linebarger's Experiments (continued). 

.I 
Carbon Bisulphide and  Toluene, at 25' C. 

Vi scwity. per cent. Tolucne. 1 1 

-. ___ - - _ _ I  

467 

__ 
1 1  
I 

I - ,  , 

+l 5 I 
3 j 

Weight. 

_- 
0 
7.3 

40.0 
6 3 9  

100 

I 

I 
429 + l  3 ; 
472 , 1 

Vis. 
formula. 

I Per. cent. Ether. 

Ca!culated. I 

_- _ _  

+6 W590 +4 
710 8 
800 5 

l1 

p. Mub. Ip. oent.1 
error. 'I formula. 1 error. , 

_- 

*00581 
690 
787 

- 1 1  I +-/ 

I -  
O 

13.1 
34.4 
62.8 

100 

0 
21.1 
48.2 
75.0 

100 

-- 

~00358 
338 
306 
269 
230 

,00331 
296 
262 

Chloroform aiid Carbon Tetrachloride, at 25' C. 

-5 
8 
6 

+2 
6 
3 

Several mixtures of liquids having nearly equal viscosities 
Were investigated by Linebarger, but are not given here, 
as the differences between the values calculated by the three 
formuh are in such cases too small to warrant conclusions 
as t o  the rehtive merits of the three being drawn. 
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WIJRANDER'S EXPERIMENTS *. 
Benzine and Aniline, at 25' C. 

. -. 

er cent. Aniline. Viscosity. 
- 

Calaulated. 
1 
I 

'er cent. Alcohol. 

25 1 23.7 

75 73.7 

0 

50 1 483 

100 100 

1 

0 0 

____ .___ __ 

______ -~ - 
I 

,00258 1 1 1  
360 00499 ~ +39 1 *U0377 +B I W317 -12 
537 

1375 1 
I 1  I I 

3.cent.'i Mob. j p . c e n l  
error. formula. 1 error ! I  

* Wied. Ann. Rd. iii. p, 8 (1879). 
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Wijkander’s Experiments (continued) 

Benzine and Alcohol, a t  2 5 O  C. 

Viscosity. 
- ____ 

I 
1’. cont. Alcohol. 

Calculated. 

0 

1 
_ c _ ~  ---- / I  - 

100 

An exairiinatioii of these tables shows that no one of 
the three formulae represents correctly the variation of the 
viscosity with constitution in every case. The most unsatis- 
factory of the three is that which makes the viscosity a 
linear function of the constitution, and of the other two that 
which makes the logarithni of the viscosity follow the linear 
law seems somewhat less unsatisfactory than the one which 
makes the mobility follow that law. I n  general the observed 
viscosity is less than that given by the logarithmic and 
greater than that given by the mobility law, i. e. the con- 
stitution shown in fig. 3 or 4 gives too great, and that in 
fig. 1 too small a value for the viscosity. If  the observed values 
for different mixtures divided the interval between these two 
calculated values in some fairly constant ratio, it would have 
justified the conclusion that the viscosity of a mixture was a 
definite function of the amounts and viscosities of the con- 
stituents present, but it will be seen from the tables that the 
observed values are to be found in B different part of the 
interval for each mixture, and for some even outside it. 
Hence, even in mixtures of liquids which are generally 
understood to  have no chemical action on each other, i. e. to 
be physical mixtures purely, there is some interaction of the 
liquids which prevents the viscosity of the mixture being a 
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function of the amounts and viscosities of its constituents 
only. 

I n  those cases where the observed viscosity is less than 
that calculated for fig. 3 or 4, a reduction of the calculated 
value might be made by assuming that there is a finite slip 
a t  each surface of contact of the two constituents, The 
~7iscosity would then diminish as the size of each element of 
the pattern of fig. 3 or 4 was decreased, and we should 
have sotlie approach to the known fact that the viscosity in 
general decreases as we go from liquids with larger t o  liquids 
with snialler molecules. If we may take the molecular 
volumes of the liquids of the preceding tables as indications 
of the magnitude of the component parts of the pattern of 
figs. 3 and 4, the tables show no evidence of this decrease of 
viscosity for mixtures of liquids with small molecular volumes : 
in fact one of the most marked cases of small viscosity is that 
of turpentine and toluene, both with comparatively large 
molecular volunies ; and in neither case would it be legitimate 
fo assiiine that the molecules had dissociated. 

Those cases in which the observed viscosities are higher 
than the normal can be more easily accounted for by some 
kind of loose chemical combination or '' association " of the 
two constituents. The case of acetic ether and nitrobenzine 
may be instanced. Here there is a contraction of -8 per cent. 
for a 50 per cent. by volume mixture, which shows that soine 
action has taken place, and the viscosity is greator than in U 

normal mixture. 
The experiments of Arrhenius *, which enabled him t o  

establish the logarithmic law as an empirical liiw, were made 
on aqueous solutions of alcohols and other substances of 
concentrations not exceeding about 10 per cent., and Reyer t 
found that the law held for aqueous solutions of acids. 
From what precedes i t  will be seen that in these cases, if' the 
observed value of' the viscosity of a 10 per cent. mixture is 
used to calculate by means of the formula that of a 5 per 
cent. mixture, and this value compared with the one found 
by experiment, the range over which the law is tested is too 

* Arrhenius, Zeitsch. f l irphys.  Cherii. i .  p. 285 (1837). 
t Reyer, ibid, ii. p. 744 (1868). 
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lilliited to furnish a sufficient test of its generality, and the 
deviations from it found in the above tiibles would not make 
themselves evident. 

For salt-solutions in which the concentration does not 
exceed 10 per cent., Arrhenius e, Reyer f ,  Wagner $, Lau- 
enstein 0, and Knnitx I [  have found th::t the logarithmic 
formula applies. Briickner B has found that the formula 
which makes the viscosity a linear function of the concen- 
tration applies; and Mutzel** uses a formula which introduces 
an additional unknown constant for each mixture. 

I t  is therefore necessary to turn to stronger solutions for 
a comparative test of the three formula corresponding to 
the three models of a mixture represented a t  the beginning 
of this paper. The only available observations are those of 
Burkhard quoted in Landolt and Bornstein's Tabellen (2nd 
edition, p. 294) Tt. 

15 
20 
25 
30 

P. cent. Sugar. 

9.9 46.5 j 1.56 
13.5 63.4 j 1'89 
17.2 80.8 I 2.35 
21.3 100 , 3.07 I 

I 

j 
Weight. 1 vol. 

0 1 0  

Sugar Solution a t  20' C. 
____-  - 

I1 

I !  8pe.nific Viscosity. 

C.Llculatec1. 

i I1 

vis. ~ p .  cent.1' ~ o g .  
brml. I error. I /  form]. 

I 

1.31 1 + 1 4  I /  118 
1.63 I 23 1 1.41 
1.96 26 1,68 
231 22 2.04 
2.67 14 1 247 

t Loc. cit. 
J Zeitsoh. fiir p h p .  Chem. v. p. 31 (1890). 
§ I6id.  ix. p. 417 (1892). 
l T  Ann. der. Phys. xlii. p. 287 (1891). 

11 Ibid.  xxii. p. 336 (1897). 

tt Since this was written the  observations of Hosking have been 
published (Phil. Mag. xlix. p. 274, 1900) and are considered pp. 475,476. 

** Ibid. xliii. p. 15 (1891). 
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As was f'ound in the case of most of the mixtures of 
liqnids, the linear viscosity law gives much too high, the 
logarithmic law somewhat too high, and the mobility law 
somewhat too low values for the viscosity. 

The failure of the three forxnuls deduced theoretically on 
the assumption that the constitueiits of a mixture are dis- 
tributed as shown in figs. 1, 2, 3, and 4 respectively, to 
express the results of obseriations, leads one to attempt to  
find an empirical formula capable of so doing. As the 
deviations from the three formulae are found to be different 
iu different mixtures, i t  is evident that any such formula will 
involve an additional constant depeiiding o n  the particular 
mixture considered. 

The forms of the above three for lnuh :- 

77 = V l r ] l +  2'2772, 

log 77 = U1 log 8, + 'U2 log 772, 

1 1 1 = 711 - + 21, --, 
77 771 772 

- 

suggest irrirnediately the empirical foriiiula :- 

where n is a constant to be determined for each mixture. 
In  the following tables the values of n are given and the 
calculated and observed values of for various mixtures are 
compared *. 

77" = u1771n + v2772q 

Carbon Tetrachloride and Benzine at 60' U. n= -*41. 
I I 

Calculated q. Per cent. 
Benziue by volume. Observed 71' 

I I -__---- ~ - ~ - -  
I 

0 .U0382 .U05e2 
34'4 jus 502 
5s.5 456 45G 

79.2 422 322 
100 39 1 391 

.*: In most of the cases which follow no attempt has been made to 
determine n to a greater degree of accuracy than 2 or 3 units in the 
second decimal place. 
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Ethyl Ether and Benzinc at 25' C. n= -*50. 
I 

Per  cent. 
1 Benzine by volume. Observed I]. Calculatecl I ] .  

- -. ---, 

.00230 
282 
36 1 

I 

438 
599 

- 
Nitrobeuziuo and Benzine at  25'. n= -*50. 

---- ,.- __--- 
0 .OM34 I .OH34 

18.8 1417 1410 
432 1017 1020 
846 68 1 689 

100 509 599 
_______-__- -_ ____ ._ --___ 

Ethyl Benzoate and Toluene at 25'. P E =  --N. 

0 .01954 
18.1 1495 
524 93'3 
79% 679 

100 539 

.01954 
148'3 
938 
076 
539 

I I 

Benzine and Aniline at 20' C. n= --.33. 
1 I I 

I--- ----- -_-_-, 

Observed t]. , Calculated pl .  Per  cent. 
j Aniline by rolume. 

0 %Q65 ,0065 
17.6 84 85 

7 7 4  27 1 259 I 
j 

447 I 

~ 46.1 138 138 I 

100 -147 
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Ether and Alcohol ab 20° C. n =  - a l l .  
I 

I Per cent. 
Alcclhol by solume.  

1 ------ 
Observed 1). 

I .--- - 
tlO258 

368 

812 
53a 

100 i 1275 13'75 

The success of the attempt to represent the viscosities of 
these mixtures by means of the formula proposed, leads to the 
attempt being extended to mixtures of glycerine and water, 
in which the range of viscosity is very great. The following 
results have been obtained :- 

Glycerine and Water at 8 O . 5  C. (Schiittner) *. 
11 = --22. 

Per cent. Glgcwiiie. 
- 

I 
Volume. , i Weight. 

,---- ---- 
0 I -  0 

49.5 
1 64.0 

76.0 
80-3 
89.9 
94.5 

I 

100 

43,9 
5 8 4  
70.5 
76.3 
86.5 
93.1 

100 

3.553 3.16 
7437 7-59 

23 98 t 23.98 

* Wien. Ber. ii. 79, p. 477 (1.879). 
t Calculated from Schottner's numbers. 
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Per cent. Glycerine. 

Glycerine and Water at 20' C. (Archbutt & Deeley)*. 
TL= -.25. 

~~~~ ~ 

/ I  1 Per cent. of Viscosity. I 
97.5 per cent. I Glycerine 

By volume. 1 by volume. 
1 ;  

By weight. 

0 
40.0 
71.0 
78.8 
82.4 
85.5 
94.0 
98.0 

-- 

- ____ 

Ohserved. 

0 
34.5 
66.0 
74.6 

8'2.4 
'78.7 

I 
--I --.- 1 

Weight. , Volume. 1 

0 
35.4 
67 4.i 
76.5 
808 
84.5 

1 Calculated. Observed. 
-----I 

1 
I Oalculated. j 

,0103 
-040 
.253 
-518 
.76 

1.09 
3 9 3  

--- 

Applying the forinnla to the sugar and the sodium- 
chloride solutions investigated by Hosking j-, and to the 
sugar solution tested by Burkhard, we have the following 
results:- 

Sugar Solut,ion at 0" C. (Hosking). n= -*50. 

* ' Lubrication and Lubricants,' London, GriEn, 1900, p, 133. 
f Phil. Nag. xlix. p. 286 (1900). 
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Sugar Solution at 40' C. n= -*50 (Hosking). ___ ___ - ___ 
4 

Per cent. Sugar. Viscosity. 
_ .  - -  -_ . -  

I Volume. l l  Observed. 1 Calculated. 
I 

Weight . 
-_ I-___. - 1  I 

0 0 4Jo057 -0Oti57 
I 

5 I 3% 1 532 742 
10 I 6 5 843 , 848 

1170 20 1 13.5 1180 
40 I 29.3 3132 , 3132 

I 
I 

I 

0 0 .0179 

-------_ 
9 l i 9  

Socliuiii Chloride Solution a t  40" C. ri= --.33. 
._ . - __ ~ 

1 

0 o '00657 ~ooci67 
1 3.44 I 1 -.J 734 

10 6.03 1 80'7 805 
20 10.64 102.5 1 025 

?.>? 

- 
I ___ 

Socliuiii Chloride Soliition at SOo C, n=*25.  
~~ ~ ~ 

I 
0 0 I OX360 *00360 
5 2.44 1 399 402 

10 5.03 I 455 451 
20 10 64 571 571 

I 

I I 
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Sugar Solution at 20° (7. (Burkhard). 
n, = -*50. 

0 
5 

10 
15 
20 
2 5 
30 

1 *o 
1,14 
1 5 3  
1.56 
1 B9 
2.54 
3.07 

The agreement between the calculated and experimental 
values in all the above cases is sufficient to  justify the use of 
t8he empirical formula 

('>" =.,(')'" +"Z (T 8 2  

71 81 

as, at any rate, a first approximation towards a representation 
of the viscosity of a physical mixture in terms of the viscosities 
and natures of its constituents. Like other empirical formula?, 
i t  will in time be replacecl by a foriiiulu fotiiided on theory 
and capable of including cases in which the liquids, owing 
to some chemical action on each other, give rise to mixtures 
having viscosities outside the limits of' those of their con- 
stituents. 

' Since a liquid at temperature t iiiay be regarded as pro- 
duced by a mixture of suitulle amounts of the liquid at 
temperatures 0 and tl respectively, the above formula for the 
viscosities of mixtures should be capable of expressing the 
variation of the viscosity of B liquid with temperatare. 

If 1 C.C. of a niisture at temperature t is supposed t o  result 
from mixing wo C.C. of liquid a t  0" C. and wl C.C. of liquid at 
tlo C., t=vltl ; and if the viscosity is vo at 0' C . , q  at to C., and 
91 at tI0 C., then 
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where 

Hence 770 
?= 1' 

(1 +at) ;  

an empirical formula proposed by Slotte *, and found by him, 
and more extensively by Thorpe and Rodgert, to be applicable 
to all liquids on which experiments have been made. 

The values of m for most of the mixtures mentioned in the 
preceding tables vary between *20 and -50 ; and Thorpe and 
Rodger have found its values in  Slotte's temperature-variation 
formula to lie between *22 and -3  for alcohols, and to be about 
*6  for water, benzine, ether, and chloroforin. I n  the following 
table (p .  479)  the values found suitable for expressing 
the viscosity of B mixture in terms of the viscosities of its 
constituents, are compared with those found best for ex- 
pressing the variation of the viscosity of each constituent 
with temperature. 

Although in the examples of non-electrolytic mixtures 
and solutions there seems to be some connexion between the 
values of m in the formula for the teinperature-variation of 
the viscosities of two liquids, and its value in the formula for 
the viscosities of mixtures of the two, the number of instances 
is too sinall to warrant ageneral conclusion being drawn. In 
the case of the electrolytic solution (NaCl) the values of v z  for 
the mixtures at  different temperatures vary greatly froiii one 
another, although the values in the temperature formula are 
practically identical. Possibly the magnitude of the heat of 

* Ofv. Finrka J'et. Soc. Fiirhnnd. xxsii. p. 127, formula (11) (1890). 
Phil. Trans. A, 189. p. 96 (1897). 
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Values of m. 

l Variation Formula. ~ l $ ~ ~ k ~ ~ !  
I 

Liquids. 
In  Temperature 

Carbon Tetrachloyide and Benzine ...... 
Nitrobenzine aud Benzine ............... 
Ethyl Ether and Benzine ................. 

I 
Ethyl Ether and Alcohol.. .......... ......I 
Ethyl Benzoate and Toluene ....... .....I 

..................... I 

I 

Glycerine and Water 
40-per-cent. Siignr solution aud water. I 

20-per-cent. NaCl solution and water.. .I 
I I 

* The numbers in these two columns, with the exception of those for nitro- 
benzine, ethyl benzoate, and glycerine, are taken from Thorpe and Rodger'spapers. 

t Calculated from observations of Pribram and Handl, Wiem. Ber. 11. Ixxoiii. 

$ Calculated from observations of Rellstab, biaug. Diss. Bonn, 1868. 
5 Calculated from Schottner's values, 1. c. 
/ /  Calculated from Hosking's values, 1. c. 

p. 113. 

The agreement between obeerved 
and calculated values may be seen from the following tables :- 

40-per cent. Sugar Solution. 
I 

Viscosity. 

Observed. Calculated. 
I 

I 

__I- ------ i Temperature 

00 c. ' .148 .148 
10 +I05 903 
20 I %07 ,605 

I YO .433 .430 
40 1 .313 .320 
50 I -341 .247 

70 .155 .I58 
,189 .130 80 

I 

I 60 '191 ' -195 

1 

1 

I 

I I 

1 20-per cent. XaC1 Solution. I 

0 ,0267 -0267 I 

10 I 197 ' 197 
20 154 ' 153 
30 124 123 
40 102 102 

, 50 87 86 
ti0 '74 74 

80 57 57 
I 90 51 51 
I 

, 70 65 ($5 1 I 

1 

2 L  VOL. X Y I L  
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solution of NaCl places it outside the class of simple mixtures 
considered i n  what precedes. 

The result of this iiivestigation inay be suinnied up as 
follows :- 

(1) No one of the three theoreticdl forinulze (l), (2), (3) 
represents the viscosity of a mistnre with sufficient closeness. 

(2) The empirical formula (:T=w, (i)".v2(:)m with :I 

suitable value for n z  gives a satisfactory representation. 

viscosity of :t liquid with temperatnre. 
(3) It leads also to Slotte's formula for the varintion of 

XXX. On tlie Law of Cuilletet and illatliias and the Cv-itical 
B y  SYDNEY YOUNG, DSc., F.R.S., Univemity 

IN a very interesting paper (M61n. de la Soc.  X O J .  d e s  
Sei. de Lihge, sQr. 3, ii. 1899) M. E. Mathias discusms the 
law of the Rectilinear Diameter, discovered in 1S86 by 
M. Cailletet a i d  himself, and the law of the corre:.ponding 
states of matter. The law of Cfailletet and BIathias inay Le 
stated simply in this way:-The iiieaiis of the densities of 
liquid and saturated vapour for any stable substance are n 
rectilinear fuiiction of the temperatnre. 

It has been slio~vii  (Mathias, A m .  de la FUG. des Sei. de 
Toulouse, 1892 ; Young, Phil. Map. Dec. 1892, p. 506) th:Lt 
if the generalizations of van der W a d s  regarding Corrti- 

spondiiig temperatures, pressures, and volumes are correct, 
the angular coefficient a [Dt= Do +at, where Dt and Do are  
the means of the densities :it 2" and 0' respectively] of tlie 
diameters of different substances should be directly propor- 
tional to their critical densities, and inversely proportional to 
their nbsolnte critical temperatures; or that for any suhtancr  

Density.  
College, Bristol  *. 

* Read June 22, 1900. 


