
- 1 -

Huygens Institute - Royal Netherlands Academy of Arts and Sciences (KNAW)
 
 
 
Citation:
 
F.M.Jaeger & Smit, M.J., The temperature-coefficients of the free surface-energy of liquids at
temperatures from -80º to 1650ºC III. Measurements of some aromatic derivatives, in:
KNAW, Proceedings, 17 I, 1914, Amsterdam, 1914, pp. 386-394 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This PDF was made on 24 September 2010, from the 'Digital Library' of the Dutch History of Science Web Center (www.dwc.knaw.nl)

> 'Digital Library > Proceedings of the Royal Netherlands Academy of Arts and Sciences (KNAW), http://www.digitallibrary.nl'



- 2 -

12 2 ;; 

(Jhemistry. - "The Tempemture-coejficients 0/ the j1'ee Su]'jace~ 
enel'gy 'of Liquicls, at TemZJe1'atw'es /1'0112 -800 to 16500 C. 
lIl. jJ;leaSlt1'ements of some Aromrrtic De1,ivatives." By Prof.­
Dl'. F. M. JAEGIi]]t and lVI: J. SMIT. (Communirated by Prof. 
P. v. ROMBUHGH). 

§ 1. In rontinnation of om' measurements of organic Jiquids, the 
data obtamed m tile btnd)' of a series of aromatic compounds, are 
reviewed here in tables, quite in t11e same way as in our former 
commnnications 1). This series of subsfances incllldes the following te1'ms: 

N itrobenzene; ort/w-Nitl'otoluene; Aniline; Dimethylaniline ; 01,tllO­
Toluidine; Thymol; Methyl-, Ethyl-, anel Jjallzyl-Be7zzoates; Salicylic 
Aldehyde; Acetophenone, and the non-aromatic compound: a-Cam­
p/lOlenic Acid. 

With respect to the detel'mination of the speciflc gravities and the 
pllrification of the stlldied slIbstances, we can refer to the preceding 
communication; the diagrams also have the same significanee, as 
indlCated thel'e. 

§ 2. Aromatic De1,ivatives. 
I. 

Nitrobenzene: C6H5(NO~). 

Cl) 

Maximum Pressure H 
I 

1-0 Surface- Molecular ;:! 

~u tension 1- Specific Surface-1-0 
aJO 

in Erg. pro energy I' in 0..: in mmo mer- gravity d4J E.- in Dynes I cm2 
•• 

Erg. pro cm2• aJ cury of OJ C E-< 
~ 

0 
5 1.538 2050.5 44.4 1.215 964.7 

26.6 1.473 1965.8 42.5 1.197 932.7 
34.9 1.448 1930.5 41.7 1.190 918.7 
55.3 ' 1.371 1827.8 39.5 1.171 879.7 
70.8 1.314 1751.8 37.8 1.156 849.0 

100 1.198 1596.0 34.4 1.125 786 8 
110 1.156 1541.6 33.2 ).115 763.9 
126 '1.089 1459.8 31.4 1.097 730.4 
145.5 1.014 1351.9 29.0 1.075 683.7 
172.5 , 0.903 i204.0 25.8 1.042 621.0 

Molecular weight: 123.06. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mmo 

The nitrobenzene was carefully dried, several times frozen, and 
distiUed; it boils at 2090 C. constantly. At this temperature x = 21.2 
Erg. pro cm2• At 00 C. it solidifies completely. The specific gravity 
at 25° C. is: d40 = 1.1988. 

1) 1". M. JAEGER and M. J. SMIT, Preceding communication, (1914), 
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11. -
Ortho-Nitrotoluene: OH3 • OeH4 • (N02)· 

(1) (2) 

-CII 

I 
Maximum Pressure H l- Surface Molecular :::l • 

~u tension x Specific Surface-l-
ClIo 

in mm.mer- in Erg. pro energy pin c, gravity d40 E.5 cury of in Dynes cm~. Erg. pro cm2• CII 
f- 0' C. 

O~ 1 1.505 I 2006.8 43.3 1.177 1032.8 
9.6 1.465 

I 
1953.1 42.1 1.170 1008.1 

* 25 
, 

1.416 1887.5 40.9 1.156 987.3 
* 34.8 1.375 1833.1 39.7 1.147 963.3 
** 49.3 1.257 1675.8 38.2 1.134 934.0 

70 1.252 1669.4 35.8 1.115 885.2 
101.6 1.132 1509.8 32.4 1.086 815.4 
122.6 1.055 1406.5 30.1 1.067 766.5 
144 . 0.971 1295.4 27.7 1.047 714.3 
148.6 0.954 1272.4 27.2 1.044 702.8 
170 0.864 1151.9 24.5 1.025 640.8 

Molecular weight: 137.1. Radius of the Capillary tube: 0.04385 cm.; 
in the observations, indicated by *, R was 
0.04408 cm.; in these with ** it was: 
0.04638 cm. , Depth: 0.1 mm .. 

The compound boils at 218 0 C. constantly; the meltingpoint is 
_40 C. At the boilingpoint, the value of x is about 18.1 Erg. pro cm2• 

III. 

Aniline: Oe Hs(NH2)· 

CII 
Maximum Pressure H l- . Surface- Molecular 

~u tension /. Specific Surface-l-
ClIO 

in mmo in Erg. pro energy IJ in c,s:: gravlty d40 E._ mercury of in Dynes cm2
• Erg. pro cm2• 

~ OJ C. -

0 

0 1.573 2096.5 45.4 1.038 909.3 
5.3 1.552 2069.8 44.8 1.032 900.8" 

26.2 1.473 1963.8 42.5 1.015 864.0 
34.7 1.452 1935.8 41.8 A:~~ 853.7 
54.8 1.371 1827.8 39.5 816.5 
70 1.320 1759.8 38.0 0.976 793.0 

tOo 1.190 1586.5 34.2 0.949 727.2 
109.5 1.156 1541.6 33.2 0.941 709.9 
126 1.089 1459.8 31.4 0.924 679.6 
143 1.027 1369.2 29.4 0.907 644.3 
148.8 0.998 

I 
1331.8 28.6 0.902 629.0 

173.7 0.889 1185.8 25.4 0.877 569.2 

Molecular weight: 93.04. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 lOm. 

The Iiquid boils at 1840 C. constantly. It is colourless, and onlyat 
higher temperatures it gets somewhat yellowish. At the boilingpoint, 
x is: 24.3 Erg. pro cm2• 
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tv. 
Dimethylaniline ; 06HS' N(OH3)2' 

MOI""I.J (]J 

Maximum Pressure H I 
... Surface. :::l 
~u tension y. 

Specific Surface-... 
(]JO in mmo in Erg. energy {J 
~::: gravity d40 !::.- mercuryof in Dynes pro cm2• 

in Erg. 
(]J 

f-< 0° C. pro cm2• 

0 
1553.2 I 26 J .165 36.6 0.951 926.4 

45.5 1.087 1449.1 34.1 0.935 873.0 
66.5 1.018 1357.5 31.9 0.917 827.3 
86.5 0.959 1278.4 30.0 0.900 787.8 

106 0.893 1190.8 27.9 0.884 - 741.5 
125.8 0.831 1107.6 25.9 0.867 697.3 
146 0.768 1024.4 23.9 0.850 652.0 
166 0·709 945.3 22.0 0.832 608.8 
184 0.650 866.1 20.1 0.817 563.0 

-
Molecular weight: 121.11. Radius of the Capillary tube: 0.04803 cm. 

Depth: 0.1 mmo . 
The Iiquid boi1s at 1910 C. constantlYi it solidifies easi1y and the 

crystals melt then at 0°.5 C. The value of /. at the boilingpoint is 
about: 19.3 Erg. per cm2• 

Molecular Surface·energy 
in Erg pro cm!!. 
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Fig. 1. 



- 5 -

389 

V. 

Ortho-Toluidine: OH.I • OaH4' (NH2) • 

(1) (2) 

I , 
0) Maximum Pressure H Surface- Molecular I-. 
;:l • Specific êiî u tension /. Surface· ao 

in mmo mer- in Erg. pro gravity d40 energy I' in o.c 
cury of in Dynes E·- cm2• Erg. pro cm2• 0) 
o~ C. E-< I 

_200 1.573 2098.0 45.4 
1 

1.027 1005.8 
0.6 1.492 1989.1 43.0 1.013 961.4 
9.3 1.465 1953.1 42.2 1.006 947.9 

25 1.403 1870.5 40.4 0.992 915.9 
34.6 1.375 1833.1 39.6 0.985 902.1 
50.1 1.310 1765.8 37.7 0.973 865.8 
70.5 1.234 1645.2 35.5 0.957 824.4 

101.4 1.133 1510.5 32.5 0.933 767.6 
123.2 1.043 1391.0 29.9 0.916 714.9 
144 0.957 1277.0 27.4 0.899 663.3 
149.51 0.937 1249.8 26.8 0.895 

1 

650.8 
172 0.831 1108.2 23.7 0.877 583.3 

Molecular weight: 107.09. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mmo 

The ortho-toluidine boils at 197.(4 C. constantly. It is perfectly 
colourless, but above 180 C. it gets gradually reddish brown. At 
the boilingpoint /. = 19.9 Erg pro cm~. 

VI. 

I 
ThymoI: (OIf3)zOH. OaH3' OH(OH3). 

0) I Maximum Pressure H I I-. Surface- Moleculal' 
~u tension /. Specifié Surface-I-. 
0)0 

in mmo mer- in Erg. pro energy I'- in o.c gravity d40 E._ cury of in Dynes cm2• Erg. pro cm2, Q) 

E-<. o~ C. I I 
00 1.176 1567.9 I 34.2 I 0.986 975.1 

25 1.109 1478.5 32.2 0.968 929.4 
45.7 1.054 1405.7 30.6 0.952 893.1 
70.7 0.991 1321.9 28.6 0.933 846.0 
90.1 0.943 1257.0 27.3 0.920 815.2 

115 0.875 1156.6 25.3 0·901 766.0 
135.3 0.825 1099.3 23.8 0.887 728.2 

*160 0.703 935.9 21.9 0.867 680.3 
* 190.1 0.628 

I 

837.0 19.5 0.845 

I 
616.2 

*211 0.578 770.3 17.9 0.829 572.9 

Molecular weight: 150.11. Radius of the Capillary tube: 004439 cm.; 
in the determinations indicated by ", R 
was: 0.04803 cm. 
Depth: 0.1 mmo 

The substance melts at 51 °.5 C .• and boils at 231. c5 C. constantly . 

I 
it ean be undercooled to a high degree. At the boilingpoint )( is 16.6 
Erg. The specific gravity at 24.;)4 C. is 0.9639. 

26 
Proceedings Royal Acad. Amsterdam. Vol. X VII. 
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VII. 
- -

Methylbenzoate: C6Hs . CO. O(CHa). 

aJ 
Maximum Pressure H .... Surface- Molecular ::l 

CijcJ tension 1. 
Specific Surface-.... 

aJO 
in Erg. pro energy pin o..t:: in mmo mer- gravity d40 a·- in Dynes cm 2• Erg. pro cm2• aJ cury of 0° C. ~ 

E-
I I 

00 1.405 1873.1 41.0 1.106 1014.1 
*25.1 1 306 1741.2 37.3 1.080 937.4 
*45 1.222 1629.2 34.8 1.059 886.1 
*74.3 1.110 1479.8 31.6 1.028 820.7 
*94.5 1.034 1378 7 29.4 1.006 774.6 
115.2 0.946 1261.2 27.4 0.984 732.7 
135.3 0.875 1166.9 25.3 0.964 684.8 
160 0.791 1054.6 22.8 0.937 629.9 -
192.5 I 0.686 914.6 19.7 0.902 558.2 

Molecular weight: 136.06. Radius of the CapiIlary tube: 0.04439 cm.; 
in the observations indicated by *, the 
radius was: 0.04352 cm. 
Depth: 0.1 mm. 

The boilingpoint of the compound lies at 195.0 2 C. The liquid can 
be undercooled as far as -21 u c.; then it crystallizes, and the crystals 
melt at about -15 C. At the boilingpointthe value of 1. is: 19.4 Erg. pro cm2

• 

VIII. 

Ethylbenzoate: CeHs . CO. O(C2Hs). 

aJ 
Maximum Pressure. H ... Surface- Molecular ::l • 

"'<ij U tension /. Specific Surface-... 
aJO 

in Erg. per energy pin o..t:: in mmo mer-

I 

gravity d40 a·- in Dynes cm2• Erg. pro cm2• aJ (ury of 00 C. E-

o I -205 1.338 1783.8 39 0 1.081 1045.7 
0 1.271 1694.1 37.0 1.066 1001.3 

* 25 1.213 1617 .6 34.6 1.047 947.7 
* 45.1 1.148 1530.4 32.7 1.032 904;3 
* 75 1.044 1392.4 29.7 1.009 833.8 
* 94.4 0.972 1295.9 27.6 0.995 782.1 

114.6 0.892 1189.4 25.8 0.980 738.5 
135.4 0.833 1110.6 24.0 0.964 694.6 
160.2 0.740 986.7 21.3 

I 

0.945 624.7 
192.1 0.649 865.0 18.6 0.921 554.9 
200 I 0.628 838.0 18.0 0.914 I 539.7 

\ 

I 

Molecular weight: 150.08. -Radius of the Capillary tube: 0.04439 cm.; 
in the observations indicated by * this 
radius was: 0.04352 cm. 

The compound boils at 21O.r 8 C. It can be undercooled as far as 
-79 > c., and then slowly crystallizes to a white mass, which melts 
at - 57° C. At the boilingpoint, 1. is 17.4 Erg. pro cm2• The great 
viscosity ofthe liquid at -700 C. makes accurate measuremê"nts impossible. 

i 2 ; 4&1211:: :(; U a 
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IX. 

Benzylbenzoate: G6Hs . GO. 0(GH2 • G6 Hs)· 

(\) 

Maximum Pressure H I I.. Surface- Molecular 
~u 

I tension /. Specific Surface-I.. 
(\)0 

in mm.mer- in Erg. pro energy fJ in 0..: gravIty d40 E·- cury of in Dynes cm2• Erg. pro cm~. (\) 

E-< 0' c. I 
-21~81 1.622 2162.4 47.4 1.153 I 1533.2 

0 1.548 2063.5 45.2 1.136 1476.6 
25 1.456 1941.9 42.5 1.115 1405.7 
45 1.384 1851.8 40.5 1.099 1352.5 
70.8 1.294 1725.8 37.6 1.078 1271. 9 
90.8 1.230 1640.0 35.8 1.062 1223.2 

106.2 1.179 1572.4 34.3 1.042 1186.9 
135.1 1.092 1455.2 31.7 1.027 1107.6 

*159.9 0.949 1265.9 29.8 1.006 1055.6 
*190 0.890 1186.7 27.9 0.982 1004.4 
*211.5 0.849 1132.6 26.6 I 0.965 968.8 

Molecular weight: 212.10. Radius of the Capillary tube: 0.04439 cm.; 
in the observations indicated by *, this 
radius was: 0.04803 cm. 
Depth: 0.1 mmo 

The substance boiIs constantly at 308" c.; it can be undercooled 
as far as -70" c., and then crystallizes. The meltingpoint is some­
what higher than + 12° C. At the boilingpoint /. is 22.6 Erg pro cm2

• 

The density at 25 J C. is: d40 = 1.1151 . at 50 J c.: 1.0940' at 750 c.: 
1.0724; at t J c.: d40 = 1.1357 - 0.000814 t. 

X. 

Salicylic Aldehyde: GeHs • GOH. 

(\) 

Maximum Pressure H I I.. Surface- Molecular ,E. Specific (\jU tension 1- Surface-@o 
0..: inmm.mer- in Erg. pro gravity d40 energy p. in 
E·- cury of in Dynes cm2• Erg. pro cm2

• (\) 

E-< 00 C. I 
0 I 0 1.534 2045.5 44.8 1.176 989.4 

25 1.443 1923.8 42.1 1.152 942.6 
45.5 1.368 1823.8 39.9 1.132 903.9 
70.7 1.274 1698.6 37.1 1.108 852.5 
90.5 1.205 1606.5 35.0 1.090 813.1 

116.2 1.115 1486.8 32.4 1.066 764.0 
135.4 1.053 1403.8 30.6 1.052 727.9 

*160 0.896 1195.1 28.1 1.030 677.9 
*190 0.796 1061.9 24.9 1.002 607.2 

Molecular weight: 122.05. Radius of the Capillary tube: 0.04439 cm. ; 
in the with • indlcated observations, th is 
radius was: 0.04803 cm. Depth: 0.1 mmo 

The boilingpoint is constant at 192.°5 C.; the substance soon solidifies, 
and melts at -7J C. At 25° C. the specific gravity is: d40 = 1.1525; 

at 50 c.: 1.1282 i at 75) C.: 1.1036. At t J in general : d4~ = 1.1765-

0.000954 t-0.00OO0024 t2, At the boilingpoint, the value of X is: 25.4 
Erg. pro cm2• 

26* 
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XI. 

Acetophenone: OH3 • 00. 06HS' 

Cl) 

Maximum Pressure H .... Surface- M ~ . 
Specitic "iiiU tension 1- ~ .... 

Cl) 0 
in mmo mer· in Erg. pro o.s;:: gravity d40 en 

E.~ cury of in Dynes cm2
• - Erl Cl) 

E- O? C. 
I I 

° 24.8 1.375 1833.6 40.1 1.024 
44.7 1.277 1703.1 37.2 1.007 
71 1.169 1558.9 34.0 0.984 
90.3 1.098 1464.2 31.9 0.967 

117 1.017 1356.2 29.5 0.945 
135.3 0.966 1288.6 28.0 0.929 

"160 0.824 1099.3 25.8 0.907 
'189.9 0.750 999.4 23.4 0.881 
*200 0.728 970.2 22.7 0.872 

Molecular weight: 120.06. Radius of the CapilJary tube: 0.04' 
in the observations indicated by 
radius was: 0.04803 cm. 
Depth: 0.1 mmo 

The compound boils constantly at 201. 5 c.; and becomes 
-20) c.; it melts at + 20°.5 C. At the boilingpoint the valUE 
22.6 Erg. rro cm2• The specific gravity at 25° C. is: d40 = IJ 

50~ c.: 1.0026. 

XII. 

(OH.h: O.OH. OH2 00 OH. 
a-Campholenic Acid: I >OH2 

(OHa). 0: OH 

Cl) 

Maximum Pres5ure H .... Surface- M ~ . 
"iiiU tension 1-

Specific 
~ 1iio 

o.s;:: in mmo mer- in Erg. pro gravityd4 
en 

E~ cury of in Dynes cm2• Eq Cl) 

E- 00 c. I I 
0 

-19.8 (1.695) {2259.8) (53.6) 1.030 ( 
0 1.177 1569.2 37.0 1.016 

25 1.077 1436.6 33.8 0.999 
45.4 1.019 1358.5 319 0.985 
70 0.953 1270.5 29.8 0.969 
85.3 0.915 1220.1 28.6 0.960 

117 0.846 1128.5 264 0.939 
138.1 0.805 1073.2 25.1 0.925 

I 

156 0.771 1027.9 24.0 0.913 
172 0.728 970.2 22.6 0.902 
191. 7 0.664 885.2 20.6 0.889 
212 0.608 810.6 18.8 0.876 

Molecular weight: 168.13. Radius of the Capillary tube: 0.04 
Depth: 0 1 mmo 

Under a pressure of 12 mm., the compound boils consb 
153=> C. Below 0) C. the liquid is extremely viscous; althoI 
growing of the gas·bubbles 1asted about 50 seconds, the measul 
at -19J C. cannot be consldered to be very reliable. The su 
solidifies at -79 C ; above 160) C. it gets yell ow by a slowly I 
ing decomposibon. 

sz: 
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Moleculal' Surface-energy 
in Erg pro cm9• 

7'Z20 

rfflO 

1160 

II.JO 

//(J(J 

ftJTO 

fOM 

70/0 

!76'O 

9';0 

920 

ti90 

860 

ti3Q 

StJ(J 

170 

T~Q 

7/0 

680 

&30 

620 

590 

560 

530 

393 

Fig. 2. 

§ 3. Va lues of t!te Tempemtw'e-coefjicients of the molecular 
Sw'face-ener,qy ~. 
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Nitrobenzene. o-Nitrotoluene. 

Temperature-znterval: alL in Erg: Temperature-interval: 
d[.t c 

at ät in Erg: 

between 5° and 35° 1,53 between 0" and 25° 1,81 
35° 

" 
71° 1,93 25° 49° 2,19 

71° " 
110° 2.16 49° 123:> 2,29 

110° 
" 

145° 2,25 1230 1440 2,42 
145° " 

173° 2,31 144° 1700 2,82 

Aniline. Dimethylaniline. 
between (P and 35° 1,57 between 26° and 46° 2,72 

35° " 
70" 1,73 46° 

" 
1840 2,23 

700 

" 
174° 2,16 

o-Toluldine. Thymol. 
between -200 and +101 0 1,98 between 0" and 1600 1,83 

10t<~ 
" 

1440 2,44 1600 

" 
211° 2,09 

144° " 
1720 2.85 

Above 1600 a gradu~ 1 decomposition 
with colouring of the IIquid, sets in. 

Methylbenzoate. Ethy lbenzoate. 
between 0° and 25° 3,0 between -20:1 and +200° 2,29 

25° " 
45') 2,6 

450 

" 192° 2,21 

Bem,ylbenzoate. Salicylic Aldehyde. 
between -22° and +135° 2,70 between 0° and 1600 1,98 

135° " 
160° 2,08 1600 

" 
1900 2,19 

160° 
" 

211° 1,66 

Acetophenone. (/..Campholenic Acid. 
between 25° and 45° 2,99 between -190 ,8 cannot be determined 

45° " 
71° 2,45 and 0° independently of 

71° 
" 

90° 2,19 the viscosity 
90° " 

160° 1,76 0° 25° 3,39 
160° 

" 
2000 1,61 25° 45° 2,42 

" 45° " 85° 2,12 
85° " 117

0 1,76 
117° " 138° 1,59 

Above 138° (decomposition) ca. 2,6 

Besides some straight lines, there are f'ound here sevel'ai curves 
fol' the c1ependence of ~t and tJ showing in contradistinction with 
the formerly descl'ibed ones, the shape of that of water. 

Groningen, June 1914. Labomt01'Y for Inol'ganic Clwmist1'Y 
of the University. 


