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from the liquid. The solid phase between 6o° and 95 ° was found to con­
tain 58.93 per cent, of lead nitrate. The compound Pb(NO3),.3C6H5N 
contains 58.98 per cent, lead nitrate. This is the compound discovered 
and described by Schmujlow in 1897. Above 95 ° a compound was found 
which contained 86.2 per cent, of lead nitrate. Thisis evidently 3Pb(NO3),.-
2C5H5N, which contains 86.27 per cent, of lead nitrate. 

The transition points may be obtained from the curve. At 51 "there 
is a transition point between Pb(NO3)^C5H5N and Pb(NO3)^C5H5N. 
At 96° there is a transition point between Pb(N03)2.3C5H5N and 3Pb 
(N03)2.2C5H5N. 

Summary. 

In the foregoing investigation the solubility curve of lead nitrate and 
pyridine has been established between —19.4 and n o ° . The results 
show that for this range of temperature there are three distinct crystal­
line compounds of lead nitrate and pyridine in equilibrium with the solu­
tion. The three compounds are: Pb(NO3)3.4C5H5N; Pb(NO3)3.3C5H5N; 
and 3Pb(N03)2.2C5H5N. Of these Pb(N03)2.4C5H5N and 3Pb(NO3),.-
2C5H5N have hitherto been unknown. 
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The object of this research was the further testing of the Morgan drop 
weight apparatus, for the purpose of (i) applying to additional substances 
the new definition of normal molecular weight in the liquid state; and 
(2) the direct comparison of the values of surface tension, as found from 
drop weight, with those from the capillary rise. The main difficulty en­
countered thus far in the comparison of drop weight results with those 
from capilliary rise has been the fact that no one agreeing value in many 
cases could be found from the work of the various observers of capillary 
rise, their results varying widely. In order that any such variation 
might be avoided in the capillary rise results used in this research, those 
liquids, the lower esters, were selected, eight of which have been carefully 
studied by Ramsay and Aston,1 each from observations at three tem-

1 Z. physik. Chem., 15, 98 (1894). 



1 0 4 2 GENKRAI,, PHYSICAI, AXI) IXORGANIC. 

peratures, in two capillary tubes of differing bore. One great advantage 
of this form of comparison is that it enables us at the same time to ascer­
tain the degree of accuracy in agreement that may be expected from the 
capillary rise method under ideal conditions, i. e., where all is identical 
except the bore of the capillary used, and that it furnishes us with a 
criterion as to what variation in capillar}' rise results may be expected 
when nothing is identical in the work except the name of the liquid used. 
Another difficulty previously encountered is also done away with in the 
use of these uniform results, viz., that due to the employment, in the 
calculation of a different density or rather difference in density as liquid 
and as vapor, at the same temperature, for the same liquid, for the value 
of Y = 1I2IiT. Id1-(I1) is very decidedly dependent upon that. 

The tip used here was one with a straight, sharp, edge, slightly larger 
than that used by Morgan and Thomssen, and smaller than that of Morgan 
and Daghlian, and was very approximately 5.65 millimeters in diameter. 
Owing to the fact that a number of different weighing vessels were used on 
this apparatus, the total weights of vessel and drops are different in many 
cases for the same liquid at different temperatures. It is to be remembered 
here that in the use of this apparatus no comparison can be made between 
the weights of the 5-drop blanks, except when they refer to the same 
liquid, at the same temperature. This is due to the fact that the blank 
is always held on the apparatus, with a drop hanging, for the same length 
of time that the 25-drop determinations of that liquid at that temperature 
are allowed to stand; and consequently it always represents the weight 
of 5 drops, less the loss by evaporation. Two identical weights, then, 
for the vessel plus 5 drops, for different liquids, at different temperatures, 
do not necessitate that the weight of 1 drop be the same in both cases; 
for that which lias the greater drop weight, by its loss from evaporation, 
due to longer standing or higher vapor pressure, will appear decidedly 
reduced in total weight. It is only when the blanks are considered in 
connection with the determinations to which they refer that comparable 
results, i. e., the weight of 1 drop, are obtained.1 

In Table I are given the experimental results for benzene at two tem-

peratures, together with the values of w I — J and that of kB calculated 

from the relationship w( — J = /eB (288.5—t—6). This is for the purpose 

of standardizing the tip, the value of kB found being then used through­
out for the calculation of the tc of the other liquids, and to prove 
from its constancy, at various temperatures of observation, in any one 

1 This is complicated further here by the fact that a cork stopper was used in the 
weighing vessel in all the cases given with a weight less than 10 grams; and the cork, 
although constant in weight for each determination, was not the same throughout. 
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case, that the molecular weight of that liquid is normal, i. e., is the same 
as a liquid as it is as a gas. 

In Table II are given the experimental, as well as the derived values 
for pyridine, which will serve as a preliminary test of the accuracy of the 
constant of standardization, feB, of the tip. As will be observed, this 
value of kB leads to a value of tc = 346.85°, in place of 346.6°, as cal­
culated by Morgan from the results of Morgan and Higgins. 
result we may regard the value of feB as satisfactory. 

From this 
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I O 0 

4 0 . 7 

t. 

IO° 

40.7 

t. 

o° 

34-25 

;. 
O . I ° 

34-25 

TABLE I . — B E N Z E N E ; M = 

Wt. vessel 
+ 25 drops. 

7-65I5 
7.6516 
7.65I5 
7-65H 

11-0195 

I I . O I 9 4 

I I . 0 1 9 4 

I I . O I 9 3 

d. 

O.88956 
O.85683 

TABLE II.— 

Wt. vessel 
4- 25 drops. 

8.5643 
8.5642 
8.5643 
8.5644 

I I . 7 0 8 6 

I I . 7 0 8 4 

11 .7085 

11 .7087 

1 1 . 7 0 8 8 

d. 

I . 0 0 1 4 

0 . 9 6 7 2 

7 

11 

Av. 

•6515 

.0194 

32 

27 

PYRIDINE; 

8 

11 

Av. 

•5643 

.7086 

43 

VJ, 

7 8 ; tc = 288 

Wt. vessel 
+ 5 drops. 

7 -0063 

7 .0062 

7 . 0 0 6 4 

7 . 0 0 6 3 

IO.4610 

IO.4612 

10 .4611 

IO.4611 

/ M 
w — 

\d 

.260 636. 

. 91 

M 

VJ. 

• 29 

5 564 

= 791 tc =346 
Wt. vessel 
+ 5 drops. 

7.6986 
7.6984 
7.6984 
7-6985 

IO.9472 

IO.9474 

10 .9475 
IO.9472 
IO.9472 

/ M 
w — 

\d 

2 796. 
38.065 716. 

5°. 

Av. 

7 . 0 0 6 3 

IO .461 I 

) ' 
72 

9O 

Av. kB = 

.6° . ' 

Av. 

7.69847 

1 0 . 9 4 7 3 

31 
58 

Wt. i drop 
Mg. 

3 2 . 2 6 0 

2 7 - 9 I 5 

kB. 

2-3374 
2-3373 

2-3373 

Wt. I drop 
Mg. 

43.292 

38.065 

calc. from ks. 

346.8° 
346.9° 

In Tables III to XII I are given the experimental values of the new 
liquids studied, viz., methyl formate, ethyl formate, propyl formate, 

1 See No. IV of this series. 
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amyl formate, methyl acetate, ethyl acetate, propyl acetate, methyl 
propionate, ethyl propionate, methyl isobutyrate, and methyl butyrate. 
These, with the exception of the amyl formate, which was obtained 
from Primer & Amend, and though purified before the determination, 
cannot be considered as satisfactory, were prepared especially for the 
work by the Hoffman & Kropff Chemical Company, and used as received. 
It will be noted here that the maximum variation from the mean, i. e., 
where the " 2 5 " determinations differ by 0.4 mg. and the blanks also 
differ by 0.03, amounts to only about 0.05 per cent., the average varia­
tion being much less. This, naturally, is simply the variable error, the 
absence of a constant error in any one case being shown better perhaps 
by the results given later: 

t. 

I O 0 

33-87 

6 0 . 1 

Wt 
• ! • 2 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

T A B L E I I I 

vessel 
s drops. 

8776 

8775 

8773 
8776 

8085 

8084 

8083 < 

8083 

8087 

7385 

7386 

7387 

7387 

-METHYL ISOBUTYRATE. 

9-8775 

9.80845 

9.73862 

Vt. 
r 5 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 
9 

9 

vessel 
drops 

345^ 

345° 

3451 
3452 

3336 

3337 

3335 
3338 

3338 

3260 

3261 

3^59 

3259 

3259 

9-34512 

9-33366 

Wt. I drop. 
Mg. 

2 6 . 6 1 9 

23-74° 

9-32594 20.634 

TABLE IV.—ETHYL TKOPIOXATE. 

t. 

i o ° 

33-89 

59.15 

Wt, vessel 
-r 25 drops. 

6 .7887 

6 . 7 8 8 8 

6 .7888 
6 .7887 

9 . 8 1 8 5 

9 .8187 

9 . 8 1 8 6 

9 . 8 1 8 6 

IO.7920 

IO.7921 

10 .7920 

IO.7919 

6 

9 

IO 

Av. 

78875 

8186 

.7920 

Wt. vessel 
5 drops. 

6 . 2 4 8 0 

6 . 2 4 8 0 

6 . 2 4 7 8 

6 . 2 4 7 8 

9-3356 

9-3356 

9-3355 
9-3356 

10.3682 

10.3682 

10 .3681 

10 .3680 

Av. 

6.2479 

9-33557 

10.36812 

Wt. i drop. 
Mg. 

27-"43 

24 .152 

2 1 . 1 9 4 
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TABLE V.—METHYL PROPIONATE. 

i o 0 

34-65 

59-75 ' 

Wt. vessel 
+ 25 drops. 

6.8100 

6.8102 

6.8100 

6.8101 

IO.9364 

IO.9362 

IO.9363 

IO.9363 

IO.8000 

10.8002 

IO.8002 

IO.8001 

IO.8000 

Av. 

6.81007 

IO.9363 

I0.800I 

Wt. vessel 
+ 5 drops. 

6.2513 

6.2513 
6.2512 
6.2510 

10.4426 

10.4425 

10.4425 

10.4427 

10.3701 

10.3703 

10.3702 
10.3699 

Av. 

6.2512 

IO.44257 

IO.37012 

Wt. i drop 
Mg. 

27.944 

24.687 

21.499 

TABLE VI .—ETHYL FORMATE. 

t. 

o . i c 

6. 

17 

33-95 

Wt. vessel 
+ 25 drops. 

1827 

1827 

1828 

1828 

3243 

3243 

3242 

3244 

3355 

3358 

3357 

3357 

2888 

2886 

2889 

2889 

9°59 
9058 

9059 
9060 

8.18275 

8.3243 

8.33567 

8.2S 

10.9059 

Wt. vessel 
+ 5 drops. 

,6228 

6230 

6230 

,6231 

.7809 

.7810 

7808 

7809 

.8028 

,8030 

,8029 

.8030 

•7751 

•7752 

•7753 

7-7752 

10.4381 

10.4382 

10.4380 

10.4383 

Wt. i drop. 
Mg. 

7.62298 27.989 

7.7809 

7-7752 

27.170 

7.80292 26.638 

25.680 

10.43815 23.388 

Wt. vessel 
+ 25 drops. 

8.2152 

8.2151 

8.2150 

8.2152 

TABLE VII .—METHYL ACETATE. 

Wt. vessel 
Av. -j- 5 drops. 

8.21512 

7.6292 

7.6291 

7.6291 

7.6290 

A T . 

7.6291 

Wt. i drop. 
Mg. 

29.301 
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34-2 

Wt. 
: 25 

6 

6 

6 

6 

8 

8 

8 

8 

vessel 
drops 
8070 

8069 

8068 

8068 

2822 

2823 

2822 

2824 

TAui.iv VlI (Continued) 

Av. 

6 . 8 0 6 8 / 

8 .28227 

Wt. vessel 
~ 5 drops. 

6 . 2 5 1 0 

6 .2509 

6 . 2 5 0 8 
6 .2507 

7 . 7 9 9 0 

7-7991 
7 .7991 

7-7991 

Av. 

6 .25085 

7 .79907 

Wt. 1 drop 
Mg. 

27 .801 

2 4 . 1 6 0 

TABLE VII I .—PROPYL ACETATE. 

t. 

. 1 ° 

.6 

. i 

Wt. vessel 
+ 25 drops 

8 .1884 

8 .1885 

8 .1886 

8 .1887 

7 .4602 

7-4603 
7 .4602 

7 • 4 6 ° 2 

11 .1213 

11 .1216 

11 .1215 
11.12.15 

8.18855 

7.4602 

I I . 1 2 1 4 7 

Wt. vessel 
4- 5 drops. 

7.6199 

7.6198 

7.6199 

7.6200 

6-9773 

6-9773 

6.9772 

6-9773 

10.6972 

10.6973 

IO.6974 

IO.6974 

7.6199 

6.97727 

Wt. i drop. 
Mg. 

28.433 

24.148 

IO.69732 21.208 

IO° 

Wt. vessel 
T 25 drops. 

8.3627 
8.3626 

8.3627 
8.3625 

TABLE IX.—METHYL BUTYKATE. 

Wt. vessel 
Av. 4- s drops. 

8.36262 

7•8043 

7.8042 

7.8042 

7.8042 

7.80422 

Wt, i drop. 
Mg. 

27.920 

34- 8.2869 

8.2867 

8.2868 

8.2868 

8.2868 
7.7885 

7.7885 

7-7885 

7-7885 

7-7885 24-9I5 

59.85 8.2217 

8.2218 

8.2217 

8.2216 

8.2216 

8.22168 

7824 

7824 

7824 

7824 

7.7824 21.964 
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Wt. vessel 
+ 25 

7-
7-

7-

7-
8 . 

8 . 

8 . 

8 . 

8 . 

8 . 

8 . 

8 . 

8 . 

8 . 

8 

8 

7 

7 

7 

7 

7 

7 

7 

7 

7 

drops. 

5616 

5615 

5615 

5615 
3638 

3639 
3638 

3638 

3492 

3494 

3494 

3494 
3283 
3284 

3284 

3283 

4595 

4593 

4594 

4595 
3903 

3903 
39°2 

3905 
3902 

Wt. vessel 
+ 2 

8 

8 

8 

8 

8 

8 

8 

8 

7 

7 

7 
7 
8 

8 

8 

8 
8 

8 

8 

8 

5 drops. 

2323 

2323 

2325 
2324 

.3898 

.3898 

•3897 

•3897 
•5554 

•5553 

•5554 

•5555 
•3485 
.3486 

•3485 

•3484 
•3071 
.3072 

•3071 

•3073 

T A B L E X . — P R O P Y L F O R M A 

Av. 

7-56152 

8 .36382 

8 . 3 4 9 3 5 

8 . 3 2 8 3 5 

7-45942 

7 - 3 9 0 3 

T A B L E X I . — ] 

Av. 

8 .23237 

8 .38975 

7 -5554 

8 . 3 4 8 5 

8 .30717 

Wt. vessel 
— 5 drops. 
6 . 9 8 9 5 

6 . 9 8 9 5 

6 . 9 8 9 4 

6 . 9 8 9 4 

7 •8050 

7•8050 
7 . 8 0 5 0 

7•8050 
7 . 8 0 2 6 

7 .8027 

7 .8027 

7 . 8 0 2 5 

7 .7992 

7 .7992 

7•7992 
7 .7992 

6 -9733 

6 -9735 
6 . 9 7 3 6 

6 -9735 
6 . 9 6 2 0 

6 . 9 6 1 9 

6 . 9 6 1 9 

6 . 9 6 1 9 

VTETHYL F O R M 

Wt. vessel 
+ 5 drops. 

7 -6345 

7-6345 

7 -6345 
7 . 6 3 4 6 

7 . 8 1 2 5 

7 . 8 1 2 6 

7 . 8 1 2 5 
7 . 8 1 2 6 

6 . 9 9 0 6 

6 . 9 9 0 6 

6 . 9 9 0 4 
6 . 9 9 0 6 

7 . 8 0 1 3 

7 -8013 

7 - 8 0 1 3 

7 . 8 0 1 3 
7 . 7 9 4 8 

7-7949 

7 -7949 

7 - 7 9 5 ° 

Av. 

6.98945 

7•8050 

7.80262 

7.7992 

6-97347 

.96192 

7.63452 

7-81255 

6.99055 

7-8013 

7-7949 

Wt. i drop. 
Mg. 

2 8 . 6 0 4 

27 .941 

2 7 - 3 3 7 

2 6 . 4 5 8 

24-

2 1 . 4 1 9 

Wt. i drop. 
Mg. 

2 9 . 8 9 3 

2 8 . 8 6 0 

2 8 . 2 4 3 

27.360 

2 6 . 6 1 4 
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/. 
1 0 ° 

35 

6 0 . i 

t. 

0 . 1 ° 

3 4 - 6 

6 0 . 5 

Wt. vessel 
-- 25 drops. 

8 .3484 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

.3486 

3485 

•3485 

2813 

2813 
2814 
2814 

2176 

2176 

2177 

2177 

2177 

Wt. vessel 
+ 2 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

5 drops. 

5421 
542O 

5421 

5422 

4442 

4443 
4443 
4442 

4442 

3658 

3659 
3659 
3660 

T A B L E X I I . 

Av. 

8 .3485 

8 .28135 

8 .21767 

T A B L E ; X I I I . -

Av. 

7-5421 

7 . 4 4 4 2 4 

7-3659 

A M Y L F O R M A T E . 

Wt. vessel 
-h 5 drops. 

7 -7993 
7 .7992 

7 .7992 

7 .7992 

7 -7875 

7-7875 

7-7875 

7-7875 

7-7796 
7 . 7 7 9 6 

7-7797 

7-7795 

- E T H Y L A C E T A T E . 

Wt. vessel 
•+ 5 drops. 

6 . 9 8 3 4 

6 . 9 8 3 4 

6 .9832 

6 .9832 

6 .9767 

6 .9768 

6 .9767 

6 . 9 7 6 9 

6 . 9 7 6 6 

6 . 9 6 4 6 

6 .9647 

6 . 9 6 4 6 

6 . 9 6 4 6 

Av. 

7.79922 

7 .7875 

7 .7796 

Av. 

6 . 9 8 3 3 

6 .97674 

6 .96462 

Wt. r drop 
M g . 

2 7 . 4 6 4 

2 4 . 6 9 3 

2 I . 9 0 4 

Wt. i drop. 
M g . 

27.9.40 

23 -375 

2 0 . 0 6 4 

In Tables XIV to XXIV, inclusive, are given the derived values 

w(-) , tc, and T (surface tension) calculated from the above experi­

mental results, together with the corresponding quantities from the 

capillary rise results of Ramsay and Aston and others. 
The densities employed here, except those for amyl formate, which 

were partly extrapolated from those used by Homfray and Guye,1 were 
found by plotting the results of Young.2 

The tc values from drop weight as given are all calculated by aid of the 
value of kB found above for benzene, viz. 2.3373, in the equation 

) = 2-3373(^~6)> while those from capillary rise are obtained 
V d J 

by the use of the specific value of kB found from the work of the investi-
1 J. chim. phys., 1, 505-44 (1904). 
- J. Chem. Soc, 1893, 1191-1262. 

/M 
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gator in question on benzene; or by use of the Ramsay and Shields' con­
s tan t when the observer calibrated the bore of his capillary by aid of 
their benzene values. Naturally, here, the comparison of drop weight 
with surface tension from capillary rise, by aid of 2 equations like the 
above, is made by the identi ty in the values of tc found, for since M is the 
same in both, while d is the same function of the temperature in each, 
identi ty in the tc shows t ha t at the same temperature we would have the 
relation y : w : : kB' : hB. When the comparison itself is made a t the 
same temperature, t, the above relationship is, of course, self-evident, 
since M, d, t and 6 are all alike, so tha t when the tc's are also identical, the 
drop weight in milligrams is related to the surface tension in dynes per centi­
meter, as the respective kB values, i. e., a t the same temperature w : y : : 

One difficulty with respect to this indirect comparison of drop weight 
and surface tension is t h a t the densities used may not be the same, or the 
same function of the temperature ; while another is t ha t the tc found for 
the liquid in question increases or decreases with the temperature. The 
simplest way to avoid these difficulties is to make a direct comparison of 
the surface tensions themselves, a t the same temperature. In the second 
pa r t of each of the following tables will be found the surface tensions as 
observed directly from the capillary rise, together with those values, 
interpolated or extrapolated from the surface tensions calculated from 
the drop weight, a t each temperature of observation, by aid of the equa-

k 
tion Y = w—— dynes, where the value of k„ depends upon the ob-

2-3373 
server of capillary rise. The differing values of y obtained by use of the 
various kB values would best, perhaps ultimately, be made uniform by 
the use of a value of kB from capillary rise which is the average of all 
those which have been observed. This would have a value then of about 
2. i x i i , differing from tha t of Ramsay and Shields (2.1012) by 0.47 per 
cent., and from tha t of Ramsay and Aston (2.1211) by 0.5 per cent., 
while it is practically identical with tha t of Renard and Guye (2.110S). 

All extrapolated values in the tables are marked with *. 

In Table X X V are given the values of tc for the above liquids, as found 
from the modified Walden relationship, 

A a'+ a" 
t = constant — , 

a a" 
where a' and a" are found from the equations 

wt = w0(i—a't), 

and vt = —=v0(i—a"t), 
dt 
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using the values a t the extremes of temperature in order tha t they may 

be as free from error as possible. The value of the constant here, as in 

the previous papers, is t ha t which is found necessary to give t for ben­

zene the value 288.5 °: 

TABLE XIV.—METHYL ISOBUTYRATE; M = 102.08; tc obs. = 267.6°. 

, ., / *R&A\ / *R&G\ 

•m. w[~) . \ 2.3373 J V 2.3373/ 
I. d. MgS. \dj tc. Dynes. Dynes. 

IO.O° O.90033 26.619 623.57 282.8 24.158 24.040 

33.9 O.87328 23.740 567.55 282.7 21.545 21.440 

60.I O.84295 20.634 505.06 282.2 18.726 18.634 

Ramsay and Aston; k& = 2.1212. 

j- •= 0.01708 cm. 1 ~ 0,01046 cm. 

•m , I*. , , 
t. V ^ / *c \ d / tc-

10.0° 563.6 281.7 563.0 281.4. 

46.2 487.3 281.9 486.1 281.4 

78.2 41S-O 279-8 415-1 279.9 
Renard and Guye; k% = 2.1108. 

l) t. 

10.50 563 

30.5 519 
41.0 496 

10. o" 
46.2 

78.2 

10.5" 

30.5 
41.0 

55-o 

75-o 

86.6 

tc-

283 

282 

282 

.2 

•4 

.0 

t 

55 

75 
86 

Surface Tension. 

2 4 . 1 1 

2 0 . 2 9 

1 6 . 7 0 

rR& A. 

i-R&G. 

2 4 . 0 6 

2 1 . 8 2 

2 0 . 6 3 

19 .18 

17 .02 

15-78 

. 0 

. 0 

.6 

t\ 

2 4 

2 0 

16 

. 0 8 

.04 

.64 

\d ) 

467 

4 2 2 

396 

tc-

282 .2 

280.9 

280 .2 

2.1212 
rM&S from w 

j-M & S fro 

24 

21 

2O 

19 

17 

15 

2 4 . 16 

20 . 22 

16.78* 

2.1108 

2.3373 

•03 
.81 
.68 

.18 

.04* 

. 80* 

TABLE XV.—ETHYL PROPIONATE; M = 102.08; tc obs. = 272.90 . 

I. 

1 0 . 0 0 

33-9 
59-2 

d. 

0 . 9 0 1 0 6 

0.87435 

0 . 8 4 5 0 2 

W. 

27.043 
2 4 . 1 5 2 
2 1 . 1 9 4 

\d ) 

633-I6 

576.93 

5 1 7 . 9 2 

tc-

286.9 

286.7 

286.8 

\ 2.337 

24-543 
2 1 . 9 1 9 

I 9 . 2 3 4 
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1 

IO 

34 

59 

t 
0 , 

6 , 

IO 

17 

3 4 

(. 
1 0 . 0 ° 

4 6 . 2 

7 8 . 2 

i o ! o ° 

4 6 . 2 

7 8 . 2 

TABLE X V L -

. o 0 0 

• 7 0 
.8 0 

t. 

1 0 . 0 ° 

4 6 . 2 

7 8 . 2 

t. 
1 0 . o ° 
4 6 . 2 

7 8 . 2 

d. 

.92678 

.89758 

.86692 

Table XV {Continued). 

Ramsay and Aston; k B 

r = 0.0170S 

-GY-
574-O 
4 9 6 . 1 

4 2 8 . 1 

cm. 

tc-

286.6 

286.1 

286.0 

Surface Tension. 

24-57 
2 0 . 5 8 

1 7 . 2 4 

r R & A . 

-METHYL PROPIONATE; M = 

W. 

2 7 . 9 4 4 

2 4 . 6 8 7 

2 1 . 4 9 9 

-GY 
5 8 2 . 3 1 

5 2 5 - 1 4 
4 6 8 . 0 4 

Ramsay and Aston; k-g = 
r = 0.01708 cm. 

/ M \ i 
T\l) 

5 2 4 - 3 

447.3 
378.8 

263.2 

263.1 

262.8 

= 2 . 1 2 1 2 . 

X = 0 01046 cm. 

-GY-
5 7 6 . 2 

4 9 6 . 9 

4 2 7 . 8 

f, 

2 4 . 6 7 

2 0 . 6 2 

17 .22 

tc-

287.6 

286.5 

285-9 

2.1212 
r M & S from ™--J^ 

2 4 - 5 4 
2 0 . 6 0 

1 7 . 2 0 * 

= 88.06; tcobs. = 257.40 . 

U-
265.1 

265.4 
266.1 

2 .1212 c m . 
T-O. 

-GY 
5 3 0 . 2 

4 5 0 . 2 

3 8 1 . 9 

Surface Tensions. 

2 5 - 2 3 
2 0 . 8 5 

1 7 . n 

r R & A . 

TABLE X V I I . — E T H Y L FORMATE; M 

. ' I ° 0 

,0 0 

.0 0 

.0 0 

.0 0 

t. 

1 0 . 0 ° 

4 6 - 5 

7 8 . 5 

d. 

.94697 

•93958 

•93458 
.92618 

.90418 

IV. 

2 7 . 9 8 9 

2 7 . 1 7 0 

2 6 . 6 3 8 

2 5 . 6 8 0 

2 3 . 3 8 8 

-GY 
5 1 1 . 8 2 

4 9 9 . 4 4 

4 9 1 . 4 1 

4 7 6 . 5 9 
4 4 1 . 0 7 

Ramsay and Aston; k-% 

r = 0.01843 cm. 

-GY 
4 4 3 - 5 

3 7 1 - 5 
3 0 9 . 2 

tc-

225.1 

227.6 

230-3 

2 5 - 5 1 
2 0 . 9 8 

1 7 . 2 6 

= 7 4 . 0 8 ; tc 1= 

tc-
225.1 

225.7 

226.3 

226.0 

228.7 

= 2 . I 2 I 2 . 
r = 0.01. 

-GY 
4 4 6 . 0 

375-5 
3 0 9 . 1 

/ 2.1212A 

V. 2 .3373/ 
2 5 . 3 6 0 0 

2 2 . 4 0 5 

I 9 - 5 H 

.01046 cm.. 

tc-

266.0 

264.4 

264.2 

2.1212 
rM & S from w . 

2.3373 

2 5 - 3 6 
2 I .OS 

1 7 . 3 0 * 

2 3 5 - 2 ° . 

/ 2.1212\ 
r\ =w I . 

V 2 .3373/ 
2 5 . 4 0 1 

2 4 . 6 5 8 

24 -175 
2 3 . 3 0 6 

2 1 . 2 2 6 

046 cm. 

tc-
226.3 

229.5 

230.3 
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T A B L E X V I I (Continued). 

Surface Tensions. 

2.1212 
r R & A . i M & S f r o m u . 

2.3373 

2 4 . 1 8 

19 .68* 

' 5 - 7 3 * ( E x t r a p o l a t e d t h r o u g h 4 4 . 5 0 ) 

T A B L E X V I I I . — M E T H Y L A C E T A T E ; M = 7 4 . 0 5 ; tc obs. = 2 3 3 . 7 ° . 

t. 

1 0 . 0 ° 

46-5 
7S.5 

2 4 . 0 8 

1 9 - 5 0 

1 5 . 6 8 

2 4 . 22 

1 9 . 7 1 

1 5 . 6 8 

/. 
0 . 1 ° 0 

1 0 . 0 O 

3 4 . 2 0 

L 

1 0 . o ° 

4 6 . 2 

78-3 

1 0 . o ° 

4 6 . 2 

78-3 

d. 

. 9 5 9 0 0 

• 9 4 6 5 2 

. 9 1 4 9 1 

2 5 -

2 0 . 

1 6 . 

W. 

2 9 . 3 0 1 

2 7 . 8 0 1 

2 4 . 1 6 0 

R a m s a y 

\ d J 

5 3 1 - 2 3 

5 0 8 . 5 4 

4 5 2 - l 9 

a n d A s t o n ; fejj = 

f = 0.01843 c m -

' ( ; ) ' • 

4 6 2 . 8 

3 8 3 - 9 

3 1 8 . 2 

r R & A . 

22 2 5 

32 2 0 

2 8 16 

Ic 

234.3 

233-2 

234-2 

Surface Tensions. 

. 0 6 

• 4 9 

• 3 5 

Ic-

233 • 2 

233 • 6 

233 • 7 

= 2 . 1 2 1 2 . 

j - -— 0. 

459-9 
3 8 7 . 2 

3 1 9 - 5 

2 1212 
rMScS from w- . 

2 5 -

2 0 . 

!5 

2 3 

. 2 9 * 

'\ 

01046 c 

. 8 9 ( E x t r a p o l a t e d 

~ 2 . 3 3 7 3 y ' 

2 6 . 5 9 2 

2 5 . 2 3 1 

2 1 . 9 2 6 

m . 

Ic-

232 • S 

234-7 

234 • 9 

t h r o u g h 4 4 . i ° ) 

T A B L E X I X . — P R O P Y L A C E T A T E ; M = 1 0 2 . 0 8 ; tc obs . = 2 7 6 . 2 ° . 

/ M \ S / 2.1212N 

0 . 

34 • 
6 0 . 

(. 
. i 0 

6 

1 

0 

0 

0 

d. 

. 9 1 0 0 0 

. 8 7 2 2 9 

. 8 4 3 4 5 

t. 

10.0° 

46.2 

7 8 . 2 

IO.O" 

46.2 
7 8 . 2 

W. \ d ) 

2 8 . 4 3 3 6 6 1 . 2 0 

2 4 . 1 4 8 5 7 7 - 6 3 

2 1 . 2 0 8 5 1 8 . 8 1 

R a m s a y a n d A s t o n ; k 

j- — 0.01708 c m . 

r\~d) Ic-

5 8 0 . 2 289.5 

5 0 3 . 0 289.3 

4 3 1 . 0 287.4 

Surface Tens] 

rS.Sc A. 

2 4 . 8 0 

2 0 . 8 6 

1 7 - 3 5 

B = 

ions. 

2 4 

2 0 

17 

Ic 

289.0 

287.7 

288.1 

2 . 1 2 1 2 . 

T 

<e: 
5 8 2 

5 0 2 

4 3 2 

--. 
. 8 8 

. 8 4 

• 3 3 

— 0,01046 

) ' • 

.O 

m <2 

• 3 

,Ui 

V ' " 2 . 3 3 7 3 / ' 

2 5 . 8 0 4 

2 1 . 9 1 5 

1 9 . 2 4 7 

c m . 

tc 

290.4 

289 .0 

288.0 

2.1212 

2.3373 

2 4 . 7 2 

2 0 . 7 7 

1 7 . 2 7 * 

rS.Sc
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T A B L E X X . — M E T H Y L B U T Y R A T E ; M = 1 0 2 . 0 8 ; tc obs . = 2 8 1 . 3 0 . 

(M \ S / 2.1212\ 

dj tc V 2 .3373/ 
10. o.° 0 . 9 0 9 2 5 2 7 . 9 2 0 6 4 9 . 7 6 294-0 2 5 . 3 4 0 

3 4 . 8 0 . 8 8 1 7 5 2 4 . 9 1 5 5 9 1 - 8 2 2 9 4 . 0 2 2 . 6 1 0 

5 9 . 9 0 . 8 5 3 7 5 2 1 . 9 6 4 533-07 294-0 19-93O 

R a m s a y a n d A s t o n ; k& = 2 . 1 2 1 2 . 

r = o 01843 c m - 7 = 0.01046 cm, 

d) ' to- X\d) • tc. 

1 0 . o 0 5 9 5 - o 296-5 591-7 295.0 

4 6 . 2 5 1 4 . 5 294.8 5 1 1 . 8 293.5 

7 8 . 2 4 4 6 . 9 294.9 4 4 4 . 4 293.7 

Surface Tensions. 
2.1212 

r R & A . r M & S f r o m w 
;. , • , 2.3373 

I O . 2 ° 2 5 . 6 3 2 5 . 5 0 2 5 . 3 4 

4 6 . 2 2 1 . 5 0 2 1 . 3 9 2 1 . 4 0 

7 8 . 2 18 .15 18 .05 1 7 . 9 8 * 

TABLE X X I . — P R O P Y L FORMATE; M = 88.06; tc obs. 264.9°. 

t. d. vi. \ d / tc. \ 2 . 3 3 7 3 / 

0.i0 0.92850 28.604 594-88 260.6 25.960 
5.4 0.92251 27.941 583.60 261.1 25.358 

1 0 . 0 0 . 9 1 7 2 6 2 7 . 3 3 7 5 7 3 - ! 6 261.2 2 4 . 8 0 9 

1 7 . 0 0 . 9 0 9 0 9 2 6 . 4 5 8 5 5 8 - ° 5 261.7 2 4 . 0 1 2 

3 4 . 8 0 . 8 8 8 7 3 2 4 . 2 9 8 5 2 0 . 2 9 263.9 2 2 . 0 5 1 

6 0 . 3 0 .85837 2 1 . 4 1 9 4 6 9 - 3 9 267.1 19-439 

R a m s a y a n d A s t o n ; fea = 2 . 1 2 1 2 . 

r = 0.01843 cm. T = 0.01046 cm. 

t. r> d ) ' tc- ' \ d ) ' tc. 

IO.O° 5 2 3 . 6 262.8 5 2 4 . 4 263.2 

4 6 . 5 4 4 6 . 3 262.9 4 4 7 - 1 263.3 
7 8 . 3 3 8 7 - 0 266.8 3 8 5 . 2 265.9 

Surface Tensions. 

2 1212 
rR&A.. rM ScS from w-1 

t. . . 2.3373 
IO.O° 2 5 . 0 2 2 5 . 0 6 2 4 . 8 1 
4 6 . 5 2 0 . 6 7 2 0 . 7 1 2 0 . 8 3 

7 8 . 3 17-52 17 -44 1 7 . 6 1 * 
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;. 
O . I ° 

6.7 
1 0 . 0 

1 6 . 4 

2 7 . 8 

L 

2 0 ° 

3O 

4O 

/. 
2O ° 

3 0 

4 0 

5O 

6 0 

7O 

(. 
10. o ° 

35-o 
6 0 . i 

;. 
4 3 -

77-
109. 

t. 
O . I ° 

34-6 
6 0 . 5 

TABLE X X I I . — M E T H Y L FORMATE; M 

d. 

i . 0 0 3 0 0 

o-99354 
0 . 9 8 8 9 2 

o-97943 
0 . 9 6 3 2 0 

/ M 

Al 
383 

363 

343 

IV-

29-893 
2 8 . 8 6 0 

2 8 . 2 4 3 

2 7 . 3 6 0 

2 5 - 6 1 4 

• (? ) ' • 
457-39 
444-38 
4 3 6 . 2 3 

425 -32 
4 0 2 . 6 4 

Ramsay and Shields; to 
\ 1 

) • 

9 208 

7 201) 

2 209 

8, 

7 5 0 0 

i 6 o ° 

3 70 G 

Surface Tension 

r R & S. 
2 4 . 6 4 

2 3 . 0 9 

2 1 . 5 6 

2 0 . 0 5 

18 .58 

17-15 

rM & S from 

2 4 . I I 

2 2 . 7 2 * 

2 1 . 3 4 * 

1 9 . 9 5 * 

1 8 . 5 7 * 

17 . 19* 

TABLE XXII I .—AMYL FORMATE; M = 

d. 

0 .S882 

0 .8682 

0 . 8 4 2 0 

1. 

43-8° 
77.8 

109 .2 

8° 
8 
2 

W-

2 7 . 4 6 4 

2 4 . 6 9 3 

2 I .9O4 

• ( ! ) ' • 
7 0 6 . 2 6 

645-73 
584-62 

Homfray and Guye; &B = 

AV-
569-5 
497.8 
4 3 2 . 2 

Surface Tensions 

rH & G. 
2 1 . 6 4 

1 8 . 4 0 

15-52 

J-M & S fron 

2 1 . 

18 

15 

TABLE XXIV.—ETHYL ACETATE; M = 

d. 

0 . 9 2 4 2 1 

0 . 8 8 2 7 7 

0 . 8 5 0 1 9 

•w. 

2 7 . 9 4 0 

2 3 - 3 7 5 
2 0 . 0 6 4 

-GY-
5 8 2 . 8 6 

5 0 2 . 7 7 

4 4 2 - 5 1 

= 6 0 . 0 3 ; tc obs 

Ic 

201 .8 

202.8 

202 .6 

204.4. 

206 .1 

= 2 . 1 0 1 2 . 

' ( ! ) • 
3 2 2 . 6 

3 0 2 . 5 
2 8 2 . 7 

2.1012 
IV . 

2.3373 

2 1 4 0 . 

, L - 2 1 0 1 2 V 
V 2.3373 ) 

2 6 . 8 7 3 

25 -945 
25-39O 
2 4 . 5 9 6 

2 3 . 0 2 7 

tc-

209.5 

210.0 

210.5 

(Extrapolated through 43.2 °) 

116. i ; tc obs . = 

k-

318.6 

317-3 
316.2 

= 2 . I O I 2 . : 

2.1012 

2.3373 

5 1 
1 2 * 

3 0 4 - 6 ° . 

r ( - V - 1 0 1 2 \ 
\ 2 .3373/ 

2 4 . 6 8 6 
2 2 . 1 9 9 

19 .691 

tc-
320.8 

32O.7 

320.9 

05* (Extrapolated through 49.1 °) 

88.06; U obs. = 

tc-

2.55 • 4 

255-7 

255 -S 

25O. I °. 
/ 2.1061V 

TX IV I . 
V 2.3373/ 

25-175 
2 1 . 0 6 2 

18 .078 
1 Benzene values not given, but as authors used capillary of Guye and Baud 

who calibrated the bore from the benzene results of Ramsay and Shields, 2.1012 is 

assumed as correct. 
2 Average of 2 .1108 and 2.1012 used for finding j for the comparison. 
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Table XXIV (Continued). 
Ramsay and Shields; &B — 2.1012. 

t. 7\d) tc. t. r\d) Ic-

20° 500.7 264.3 ioo° 321-7 259-1 
80 367.2 260.8 n o 299.0 258.3 
90 344.4 259.g 120 277.0 257.9 

Guye and Baud; ^B = 2.1012. 

t. \ dj Ic- t. \d/ Ic-
9.5° 519.6 262.8 

55.6 413-0 258.2 
77.0 373-° 260.5 

Renard and Guye; £ B = 2.1108. 

/. \d) tc- t. \dj tc. 

12.9° 509 260.0 55-o° 418.0 259.0 
3 i -3 47° 260.0 65.9 394-° 258.6 
46.9 437 259.9 73-5 381.0 260.0 

Surface Tensions, 
t. rR&S. rG&B. rR&G. rM&S. 

10° 24.81* 24-64 24.50 24.00 
20 23.60 23.36 23.27 22.82 
30 22.39 22.08 22.04 21.64 
40 21.18 20.80 20.89 20.44 
50 19.97 I9-52 I9 -7 1 19-29 
70 17-55 17-35 17-39 16.99* 
80 16.32 16.32* 16.47* 15-84* 

TABLE XXV. 

a' T a" 1 
tc= constant ~~ 

a ' a " ' 

Liquid. a'. a". tc- tc from ^B. 

Pyridine 0.003534 0.002624 348.0 346.9 
Methyl isobutyrate 0.004295 0.003321 279.9 282.6 
Ethyl propionate 0.004211 0.003231 286.7 286.8 
Methyl propionate 0.004426 0.003443 270.7 265.5 
Methyl acetate 0.005143 0.003979 233.7 233.5 
Propyl acetate 0.004233 0.003244 285.5 288.3 
Methyl butyrate 0.004100 0.003148 294.5 294.0 
Ethyl acetate 0.004665 0.003630 256.8 255.6 

Ethyl formate 0.004847 0.003681 250.6 225.1-228.7 
Amyl formate 0.003884 0.003070 305.7 318.6-316.2 
Propyl formate 0.004171 0.003060 297.0 260.6-267.1 
Methyl formate 0.005165 0.003888 234.4 201.8-206.1 

' T h e values for benzene are a' = 0.004203 and a" = 0.003201, from which, 
taking tc = 288.5°, the constant is found to be 0.5243. 
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Discussion of the Results. 
Taking up the liquids in the order they are given in the tables, we find 

for methyl isobiityrate (XIV) that the calculated value of t is constant 
from drop weight, but has a slight trend downward according to the re­
sults from capillary rise, though it must be conceded that the numbers 
by the latter method are hardly consistent, for Renard and Gnye find a 
sudden break between 55° and 75 ° of 1.3°, although from 30.5 ° to 35 ° 
there is only one of 0.2°. In other words, it would seem that there is 
some error in the capillary rise, as judged from the /(. value, which occurs 
between 55 ° and 75 ° for Renard and Ciuye, and between 46. 2 ° and 78.2 ° 
for Ramsay and Aston. This may be very well due to the use of density 
values which are not quite consistent at the high and the low tempera­
tures. Comparison of the surface tension values as calculated by 
the two methods, where those from drop weight are free from any effect 
of density, shows an excellent agreement with the results of Ramsay 
and Aston, and one that is truly remarkable, even to the extrapolated 
values, with those of Renard and Guye. 

With ethyl propionate the agreement in the values of tc, which is con­
stant by both methods, is excellent, while the drop weight surface ten­
sions are found to lie between the values found by Ramsay and Aston 
in two capillaries of differing bore. 

The t values for methyl propionate by drop weight may be considered 
as constant, the variation, which is not excessive, being due probably 
to the density. If a trend is assumed here it is certainly in the opposit 
direction from that found from the capillary rise. The tc values in one 
of Ramsay and Aston's tubes is also practically constant, but is slightly 
smaller throughout than the drop weight value, while the other shows a 
higher value even than that, at io0 , and then remains constant at a 
value midway between that of the other and the drop weight. The com­
parison of the surface tension values from the two methods shows an 
agreement which is excellent. 

With ethyl formate the lc values show an increase with the tempera­
ture throughout, the values from the two methods being practically 
identical when with the same density values the tc's are calculated from 
the surface, tension values of drop weight. These latter, except that 
extrapolated through 44.5 °, lie between the surface tensions from the 
two tubes of Ramsay and Aston. We shall return to the trend in the 
tc values again. 

Methyl acetate is the only liquid among those investigated, which leads 
to a tc value in agreement with the observed critical temperature, and is 
found both by drop weight and capillary rise, for the mean of all the 
Ramsay and Aston values is 2340, as compared with 233.5° by drop 
weight, and 233.7 ° observed directly. The surface tensions here also 
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agree in an extremely satisfactory manner, including one of the extra­
polated values, although the other, extrapolated through 44. i0 , does 
not. I t is to be remembered here that the drop weight surface tension 
is one that at 78.3° with the constant 2.1212 would still give 233.5°, 
while the capillary rise value would lead to a higher result. 

In the case of propyl acetate, the slight variation in the tc values is 
probably due to the density used, and is not thought to indicate a trend. 
The means of all the Ramsay and Aston values is 288.9°, while that 
from the drop weight is 288.3°. The surface tensions from drop weight 
are very slightly smaller throughout than those from capillary rise, but 
the difference is less than that often noticed between the values from the 
two tubes of Ramsay and Aston, which should be identical in result. 

In the case of methyl butyrate the drop weight tc is identical at all three 
temperatures, while a slight variation is shown by the capillary rise 
method, the results of which differ, when found from the different tubes, 
by i °. Considering all this as due to variable error in the capillary rise 
values, we find the mean tc to be 294. 7°, as compared to the constant 
294° from drop weight. The surface tensions here, except for 10°, where 
the capillary rise values differ considerably among themselves, is very 
good indeed. 

Propyl formate shows an increase in tc with the temperature by both 
drop weight and capillary rise, the values from drop weight not agreeing 
very well, either with respect to tc or to surface tension, with those from 
capillary rise. The behavior of this liquid was found to be striking, in 
that when heated for a few hours at 60°, a reversible reaction appears to 
take place which increases the drop weight, when it is determined again 
at io°. Thus heating for 2 hours, then allowing the liquid to cool natur­
ally, and determining the drop weight at io°, a value 27.434 is obtained, 
as against 27.337 for the unheated sample. After standing for 16 hours, 
this weight is reduced to 27.430, and after 10 days to 27.366. Heating 
to 6o° and cooling suddenly, as in a distillation, leads to a value of 27.337, 
i. e., one identical with that of an unheated sample. Since nothing else 
in the behavior of the liquid indicated a reason for this, it is assumed 
that a definit reaction takes place on raising the temperature, which re­
verses slowly, unless the cooling is very rapid, when it returns at once to 
its original state. Using the value at io° found after heating, the drop 
weight tc would be increased to 262.2, which is in better agreement with 
one of the Ramsay and Aston values. As far as can be found from the 
paper, Ramsay and Aston always worked at the higher temperatures 
first, gradually lowering the temperature by reducing the pressure over 
the boiling liquid which heated the bath. This would account for their 
higher values at the low temperature—for the actual state at the higher 
temperature would then persist at the lower one. With the drop weight, 
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on the other hand, the weight at the lower temperature was always de­
termined from a sample, which, if it had been heated, had returned to 
its original state. 

Methyl formate is a liquid which had been investigated by Ramsay 
and Shields, and was consequently not studied by Ramsay and Aston. 
Here again a value of tc increasing with the temperature is observed 
by both methods. The drop weight surface tensions here at the low 
temperatures do not agree well with those from the capillary rise, but 
the agreement becomes better and better as the temperature of observa­
tion increases, even though all but one of the drop weight values are extra­
polated, until the agreement is perfect. This would indicate a behavior 
similar to that of propyl formate, the low values of the capillary rise be­
ing 'influenced by the persistence of the high temperature conditions, 
while the drop weight is unaffected by it. When the possibility of this 
effect disappears, the two methods lead to identical results. Here the 
lower values by drop weight, being smaller than they should be, while 
that at 27.8° is less affected, would produce a curve which when combined 
would naturally eliminate at the higher temperatures the effect of the 
heat reaction noticeable at the low temperatures. 

Amyl formate has been investigated only by Homfray and Guye. The 
sample used here was probably not pure, and certainly the densities em­
ployed were not satisfacton-, as the three values given by Homfray and 
Guye did not allow an accurate extrapolation. As will be observed, the 
tc values from capillary rise are very constant, while those from drop 
weight decrease slightly, and are smaller throughout. This may, of 
course, be due either to the effect of density or to an impurity. The sur­
face tensions differ as do the values of tc\ this would seem to indicate 
that the purity of the liquid used for the drop weight is questionable. 
It can be concluded there that through no fault of the drop weight method, 
the results from capillary rise are probably the more correct. 

For ethyl acetate a constant tc is found both from drop weight and 
from capillary rise as found by Guye and Baud and Renard and Guye, 
although the values differ considerably. Ramsay and Shields find a 
downward trend. The difference in the three values of surface tension 
from capillar}- rise is best shown perhaps when all are calculated to the 
same temperature. It will be observed here that it is at the low tem­
peratures especially that the results of the 3 observers of capillary rise 
differ, differences of 1 per cent, and more being common. It is unfor­
tunate that this liquid was not investigated by Ramsay and Aston in 
their two tubes. As it is, there is no apparent reason why drop weight 
and capillary rise should differ as they do, especially in view of the other 
excellent agreements. One thing is certain from the constant tc, both 
from drop weight and from capillary rise, viz., ethyl acetate is to be re­
garded as normal in molecular weight, i. e., it is non-associated. 



WEIGHT OF A FALLING DROP AND THB LAWS OF TATE. VII. I059 

I t will be seen from the above t ha t according to the new definition of 
normal molecular weight the following liquids are to be regarded as normal 
and non-associated: methyl isobutyrate, ethyl propionate, methyl propionate, 
methyl acetate, propyl acetate, methyl butyrate, amyl formate (from capil­
lary rise values of tc), and ethyl acetate. E thyl formate, methyl formate, 
and propyl formate do not satisfy this definition and consequently are 
not to be considered as normal ; bu t their behavior may in all cases be due 
to such a reversible reaction as is indicated above in the case of propyl 
formate when heated. 

A sample of amyl formate was heated to 2300 in the presence of mer­
cury in a closed tube for 4 hours, i. e., submitted to somewhat the same 
conditions t ha t would hold during an observation of the critical tempera­
ture. On opening the tube considerable pressure was observed, while 
the liquid, which had a somewhat different odor, showed a drop weight 
a t 10° of 27.309, as compared to the value 27.464, obtained before heat­
ing. This, of course, is not to be considered as the opposit behavior 
to tha t of propyl formate when heated to 60 °, for here an actual decom­
position takes place. If this decomposition always takes place in the 
determination of the critical temperature, it would account for the differ­
ences between the 304 0 observed and the fictitious critical temperature, 
tc, found above, viz., 321°. 

Table X X V gives the results of tc calculated by aid of the Walden re-
a' + a" 

lationship t = constant -— ;—-, where the values of a' and a" are found c a'a" 
w 

from the equations wt = w 0 ( i—a ' t ) and vt = —1= v0(i—a"t). I t 
dt 

will be observed here t ha t the agreement is as good as can be expected 
(remembering the multiplication of error in finding a' and a"), i. e., in 
all cases where the L found from k„ is constant. 

C a 

Conclusions. 
The results of this investigation may be summarized as follows: 
i . I t is shown by aid of the new definition of normal molecular 

weight in the liquid state, i. e., the finding of a calculated value of tc 
/ M \ s 

from the equation wl — j =kB(tc — t — 6), which does not vajy with the 

temperature of observation, using in all cases the value of feB found 
for benzene and taking tc = 288.5 °, t ha t methyl acetate, ethyl acetate, 
propyl acetate, methyl butyra te , methyl isobutyrate, methyl propion­
ate, ethyl propionate, and amyl formate are normal in molecular weight, 
i. e., are non-associated. 

2. I t is found t ha t only in the case of methyl acetate does the calcula­
ted tc agree with the observed critical temperature, the fictitious critical 
temperatures, tc, being the higher in all the others except ethyl, methyl 
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and propyl formates, where it approaches the observed value with increased 
temperature. 

3. Methyl, ethyl and propyl formates show varying values of tc with 
the temperature. In one of these (it is probably true for all) it is shown 
that apparently a reaction which is reversible is caused by increased 
temperature, which can be reversed by sudden cooling, but which per­
sists on slow cooling, leading at the lower temperatures to a higher drop 
weight (and also tc) than the unheated sample. I t is only after some 
days that this heated sample again returns to its original, unheated value. 
This reaction is probably what causes the drop to be heavier than it 
should be at the higher temperature, and to lead to the value of tc which 
is larger at 6o° than at o0 by 6° in the maximum. We cannot say then 
that these three formates are either associated or normal; but simply that 
increased temperature causes a reaction of an unknown nature to take 
place. 

4. Surface tensions in dynes per centimeter, calculated from the drop 
weight by multiplication by the ratio of the benzene constant for capil­
lary rise to that for drop weight, are found to agree exceedingly well 
with those of Ramsay and Aston. The agreement of methyl formate 
with the figures of Ramsay and Shields is not so good, nor that of amyl 
formate with those of Homfray and Guye (although this is probably due 
to the impurity of the sample used with drop weight), while the values 
for ethyl acetate vary considerably from those of the workers on capil­
lary rise, although these do not agree well among themselves. 

5. The values of te calculated from the modified Walden relationship 
agree as well with those from the fcB formula as can be expected, except 
for ethyl, methyl and propyl formates, where since the kB values are 
variable, no agreement can be expected. 

LABORATORY OF PHYSICAL C H E M I S T R Y . 

[CONTRIBUTIONS PROM THE HAVEMEYER LABORATORIES OF COLUMBIA UNIVERSITY, 

N o . 194.] 

THE WEIGHT OF A FALLING DROP AND THE LAWS OF TATE. 
VIII. THE RELATIONSHIP EXISTING BETWEEN THE 

WEIGHT OF THE DROP, THE DIAMETER OF THE 
TIP FROM WHICH IT FALLS, AND THE SUR­

FACE TENSION OF THE LIQUID. 
BY J. LIVINGSTON R. MOKGAN AND JKSSIK Y. CANN 

Received May 6, ign 

It has been shown in previous papers that for any one tip the laws of 
Tate, viz.: the weight of a falling drop is proportional to the surface tension 
of the liquid; and the weight of the drop decreases with increased temperature, 
are true. The object of this paper is to present the results of a study 


