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The rrystals are uniaxial and negative. 
ThA optically active components are &0 highly soluble that it was 

impossible np to now, to obtain crystals smtable for meaSlll'ements. 
About the general concll1siOl~S, relaling to the fa.cts here described, 

vid. Publication I (lVlarch 1915) on th is same subject. 

G1'oningen, lVIal'ch 1915. 

Laboratol'Y for Inorganic ancl Physical 
Chernistry of the Unive1'sity, 

Chemistry. - "[nvestigations on the Temperatul'e-Coefficients of 
tl/,e free Molec~tlct1' Su?'face-Ene1'fJY of Liquids at Ternpera­
tures f1'01n -800 to 1650° C." IX. 1'lIe Sw'face-Enm:qy of 
lwrnologolls A1iplzatic Al1Ûnes. By Prof, F. lVI. JAEGER and 

Dr .. JUTJ. KARN, (Oommunicated by Prof. P. VAN ROMBURGH). 

(Cornmunieated In the meeting of April 23, 1915). 

§ 1. During the continua/ion of our studies regarding the influence 
of special substitutions in the "IDolecllles on the specific and mole­
culal' surface-energy of homojogous compounds, our attention was 
drawn 10 the fact, that Ihe free surface-enel'gy and its temperatUl'e­
coefficient in the case of organic derivalives ofthe trivalent nitl'ogen of ten 
show l'emal'kably Iow ,'altles. We therefore determined to study 
systematically a greater numbel' of the homologous series of the 
aliphatic amines in tlle way previously described. The results of these 
investigations at'e comJllllnicated in Ihe followmg' pages. 

A single determinaiion of the yalue of the free surface-energy of 
carefully purified and dried anhydrous áin;monia: .rNHa taught us 
th at wUh· this mother-substance itself, eVell at 10wel' temperatllres, 
the vallIe of X is a relati vely small one. 

We fOllud at - 73° C. fol' the specific surface-tension of liquid 
ammonia: about 37 Erg pro cm J

• 1), a value considerably different 
from the spal'sely publishecl data in litel'ature l'egal'ding the surface­
energy of t111S. Jiquid. As we had at the moment no means of 
maintaining constant lowel' tempel'atul'es fol' a longer time, we could 
not fOl' the present continue thE'se expel'iments furthel'; howevel' we 
hope 10 be able 10 return 10 these researches later on. 

1) The radius of the eapillal' lube was: 0.04595 e.m., lhe deplh of iml11ersiol1 : 
0.1 mmo I The maximum pl'essul'e ohsetved was: UHO mmo of meleul'y of 0° C, 
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The 23 compounds of Ih is homologotls series studied here are' -; 
Methyl-, Dimethyl-, and Trimethylamine j Ethyl-, Dietllyl-, and 

T1'iethylamine; norm. Propyl-, Dipl'opyl-, and T1'ipropylamine; Iso­
propylamine; Altylamine; norm. Butylamine; Isobutyl-, Diisobutyl-, 
and Triisobutylamine; tertial'y B'lltylamine; norm. Amylamine, Isoa7nyl-, 
and Diisoa7nylamine; tB1,tiary Amylamine; nOl'm. Heteyl-, and lsohexyl­
amine; norl11. Heptylamine; while for the purpose of compal'ison 
the measl1l'ements of F01'mamide are I'eprodllced hE'l'e also. 

The pure amine& were first dried by means of metallic sodium Ol' 

potassillmhydl'oxide, then fractionaterl in vactlo over KaB; becallse 
of the mevitable bumpmg of the liqllid, the thermometer-readings 
os('ilIated within limits of about 2u

• 

The specific gravity must be determinated with most of these 
substances by means of a volumetel', be('ause of their volatility and 
their tendency to attract cal'bondioxide and watel'-vapour from the 
atmosphere. Espeeially in the case of the lower-boiling amines these 
experiments appeared to be highly cumbersome and demanded m neh 
time; however we think the obtained l'esltlts to be exaet within 
about 0.1 0/0, wbieb must be quite suf'ficient fol' tbe use here" made 
of them. 

Molecular Surface·Energy 
p. in Erg pro c.m2• 
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Fig. 1. Primary Amines . 
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§ 2. 
I. 

I Monomelhylamine: OH3 • NH2• 
) 

al Maximum Pressure H .. 
Molecular =' Surface--;0 Speclfic Surface-.. - tension / in al 0 

s::Io= in mm. mer- Erg. pro cm2• gravity d40 energy p. in a ..... cury of in Dynes Erg. pro cm2. al 
Eo! 00 C. 

0 
-70 1.324 1764 8 29.2 0.759 346.7 
-49 1.225 1633.2 26.5 0.736 321.2 
-20 1.068 1423.9 23.0 0.705 286.9 
-18 1.049 1399.8 22 7 0.702 283.9 
-12 1.005 1340.1 21.7 0.696 272.9 

Molecular weight: 31.05. Radius of the Capillary tube: 0.03343 cm. 
Depth: 0.1 mmo 

Tbe dry amine boHs under a1mospheric pressure at _60 C. At -790 it is 
still a thin Huid ma8s, without any trace of beginllinjZ' Grystallisation. 
At the boilingpoint the value of /.. can only sIightJy differ from: 20.9 Erg. pro cm2• 

The specific gravity was d~termined by meaDS of a volumeter : at -790 C. 
it was: 0.7691; at 00 C. 0.6831. At ta it may be calculated from: d40 = 
= 0.6831- 0.00109 t. -

The temperature-coefficient of I' iDcreases gradually at higher temperatu-
res: between -700 and -200 C. it is: 1.20; between -200 and -180 C. it 
is: 1.50; and between -180 and -120 : 1.83 Erg. per degree. 

11. 

Dimethylamine : (OH3)2 NH. 

al Maximum Pressnre H lol Molecular =' - Surfácll-=0 SpeCIfie Surface-lol tension / in al 0 
in mm. mer- gravity d40 s::Io= Erg. pro cm2• energy I' 1D 

EI .... eUly of in Dynes Erg. pro em2. al 
Eo! 00 C. 

0 
-78 0.842 1121.4 25.2 0.757 384.2 
-50 0.745 995.5 22.5 0.730 351.4 
-23 0.672 897.0 20.2 0.703 323.5 

0 o 606 807.9 18.1 o 680 296.4 
5 0.586 783 . .5 17.7 0.675 291.3 -

Molecular weight: 45.06. Radius of the Capillary tube: 0.04595 cm. 
Deptb: 0.1 mmo 

The liquid hoila at + 7.°5 j at _760 C. it is not yet solidlfied. At the 
boilinjZ'pomt /. haR th~ vaJuf': 175 Erl!'. per cm2. Tbe sp(>cifie weight at 00 C. 
WilS: 0.6804; at -790 C : 0758; at tO C.: it is: d40 = 0 6804-0 0009886 t. 

Ths tt'mperature,cofffici~nt of p.. has ft mf'an value of 1.10 Erg pf'r of'grl'l'. 
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lIl. 

I -- - - - - Trim-ethjlamlne: (OHa)aN. - - - - - -..--- -

Q) Mäximum- Pressure H - - - --- - -
J.o Molecular 
~ó Surface- ~ 

ál 0 ten SIon / III 
SpeClfic Surface-

1=1.= in mmo ml'r- Erg. plO cm2• 
gravity d40 energy l' in 

S .... cury of In Dynes Erg pro cm2• cD 00 C. Eo; 
, 

0 
-73 0.827 1102.5 24 8 0.748 456.6 
-52 0.737 983 7 22 2 0.725 417.4 
-32 0.678 897.8 20.0 0.704. 383.5 -
-19 o 627 834 8 18 6 0.691 361.0 
-4 0.583 777 2 17.3 0.675 341.1 

Molecular welght: 5910. RadiUS of tbe Caplllary tUl?6 0.04595 cm. 
Depth 01 mmo I 

Tbe IlqUld bOlls at about - 30 C. j even at -75° C. lt was ótlll as thm 
as water, and no lrllce of crystaJhsatllln clluld be obsprved. Thl' sp'clfic 
gravlty at 0° C was o 6709, 1\ t -79° C 07537 j at tO C is d40 = 06709-
-0001048 t. The t~mperatUle coeffiClent of fJ decreases slowly with rismg 
témperature: bet ween -730 anu -520 C. lt IS: 1.89; between -520 C. and 
-190 C.: 1.71 j and between -190 and _40 C . 133 Erg. pel degree. 

~ 

IV. 

- - - - --- - - Etbylamme: (02Hs) NH2• -- -

I Q) - MaXImum Pres~ure H - - - -
J.o MolE'cular I.E!Ó Surfac~-
~ Spec,fic J 

Surfllce-!à 0 
IU mmo mer-I tenslOlI /1ll 

11=1.= Erg. pro cm2• 
graVlty d40 encrgy l' In 

I 8 ~ cury of I lU Dynes Eig Ploèm..2• 
I~ 00 C. 
I 
1 I I 0 "- 0.785 -74 0.961 1281.2 29.1 433.1 
-33 o 807 1078.1 24.6 0.741 380.5 
-21.5 0.773 1030 6 23.4 o 729 365.9' 

0 0.709 945.2 21.4 o 708 341 1 
9 9 0.676 901.2 20.4 0.698 328.4 

I 
I Molecular weight: 45.07. Radius of the Capillary tube: 0.04595 cm. 
I Depth: 0.1 mmo . 
I I The amine boIls at 20° C.; even at -760 lt IS Hquid stllL At the b01ling-

point I. 18 about: 19 9 Er~. pro cm2• The ~peClfic weight at 00 C. WilS volu-
I metrically determined to be: d(o = 0.708 at UO C ; and 0790 at -790 C. At 
J te C. it IS: d40 = 0.7085-0 001032 t. - -
I The temperature-coefficlllnt of l' IS constant and 1.25 Erg. per degrec. 

_ .... _= ...... 
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V. 

Diethylamine: (02II5h NII 

~ Maximum Pressure II .... 
Molecular 1:1 ~ 

SUlfdce -;0 Speclfic Surface-.... teil sion / In ~ 0 

~;::I 
8 .... 

lD mm.mer 
lD Dynes '. Erg. plO cm2• 

gravüy d40 energy p. m 
cury of Erg. pro cm2• ~ 

E-; 0° C. 

-
" 

I ° 21 5 0.765 1019 9 23.0' 0.752 486.2 -. 
0 I 0.693 923 9 20.8 0.731 448.1 

10' J- O 655 873 8 19.7 o 720 428.8 
23.4 I 0.616 819 5 18.3 o 708 402 8 
35 I 0.587 781 4 17.4 0.695 387.7 
45 j o 568 754.5 16 6 o 686 373.1 

Molecular weig h t· 73.10. Radius of lhe Capillary tube: 0.04595 cm. 
Depth 0.1 mmo 

The amIne b~)lls at 56° C aDu cJystaIlises at about -40° C. AttbebolllDg'­
point / posses~es the vaIue' 162 Erg_ pro cm2. The speclfic gravity 8t,00 O. 
was' 07315; at 25° C 07045; at 50° C. 0677. At tO iu genera!: d4,o = 
= Oa3!5-0.00107 t-O 0000001t2 _ ; 

Tne temperature coefficlent of " bas a mean value of: 1.69 Erg. per"degree. 

VI: 

Trielhylamine: (G2Hs)3 N. 

~ MaXimum Pressuro H .... -= SUl face- Molecular 
~o .. 

!PIlSlOn /111 
SpCClfic Surface-

al ° 

-

graVlty d40 P-;::I lD mmo mel- Erg plO cm2• 
enel gy I' III 

El .... J1l Dynrs Erg. pro èm2. cmy of or 
E-; 0° C. C I 

° -70 0.929 . 1238 5 28.1 0.816 698.5 
-20.5 0.740 985.5 22.1 o 769 571.5 

0 0.658 887.0 20.0 0.749 526.4 
25.6 0.596 794.6 17.8 0.725 478.8 
41.~ 0.572 753.1 16 7 o 710 455.5 
55 7 0.505 - 681.1 15.8 o 695 r 437.1 
70.4 , 0.478 637.3 c 14.1 0.681 395.4-
84.3 0.453 603.9 13.3 o 667 378.2 - . - -

1 , 
1 Molecular weight: 101.13. Radms of the Capillary tube: 0.04676 cm. 

Depth: 0.1 mmo 

The hqUld bolls under 762 mmo at 87° Ol' 89° C. Even at -72° the amme 
is 'siall a thin liquid Tbe Rpec1fic welght wa~ determmed voIumetrically: 

I at 0° C: lt was: 0.7495; at 25° C : 0.7255; at 50° C : 0701 At tO C: d40 = 
= 0 7495-0.00095 t-O 0000004 t2• At tbe boIlmgpomt /. has the value: 12.8 Erg. 
Th~ temperature-coëffiClent of I' decreases gradually wlth lllcreasing t~m· 

peraturl" betWI'(,11 -=-70° !lnrT -20° C it iR' 2.56, hplwpen - 200 C nnrl 0° C : 
12.20; between 0° and 26° C: 1.86, and between 26° and 84° C : 1.71 Erg. 
pèr degree Celsius. - I 

-

" 

I 

I 

I 

I 

1 

I 

I 
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VII. 
{ 

normei Propyle,"ln.: 03H7NH2' 

... Maximum Pressure H S Molecular 
-;;0 Surface- - Specific Surfaêe-
~ ° tension /. in 
Ilol!l in mm.mer- Erg. ptO cm2 gravity d40 energy {J. in 
El ... cury of in Dynes Erg. pro cm2• ctl 

E-i 0° C. 

0 -I, -71 0.951 1267.9 29.3 0.817 508.6 
-21 0.795 1059.9 24.5 0.763 445.1 

0 0.125 966.6 22.3 0.741 412.8 
15 0.665 889.6 20.7 0.724 

_I 
389.4 

25.6 0.639 851.9 19 7 0.714 374.1 
42 

I 
0.585 179.8 18.0 0.696 

I 
341.7 

Molecular weight: 59.08. Radius of the Capillary tube: 0.04676 cm. 
Depth: 0.1 mmo 

The liquid boils under a pressure of 760 mmo constantly at 47.05 C.; at 
-720 C. it is stIll very tbiD. Tbe deDsÏly at (,0 C. is: 0,741; at 250 C.: 0,714; 
at 40° C.: 0.698. At tO in general : d40 == 0.741-0.001075 t. At the boiliDgpoint 
tbe value of r. is: 17.5 Erg. 

The temperature-coefficient of IJ is fairly cODstant and equal to: 1.54 Erg. 
per degree. 

Vlll. 

Dlpropyllmin.: (03H7)2NH. 

ctl Maximum Pressure H ,.. 
Molecular 

~o Surface-
Specific Surface-

lil ° tension 'I in 
Ilol!l inmm.mer- Erg. pro cm2• 

gravity d40 energy pin a ... cury of in Dynes Erg. pro cm2• ctl 0° C. E-4 

0 .. -19.5 0.816 1087.9 25.7 0.115 661.0 .. 0 0.146 994.6 23.5 0.156 614.6 
29.9 0.652 878.0 20.4 0.128 5.1.1 
48.3 0.596 195.4 18.4 0.112 500.8 
65 0.546 128.5 16.8 0.696 464.2 
80.9 0.505 674.0 15.6 0.682 434.2 

104.5 0.453 603.9 13.8 0.662 394.3 

Molecular weight: 101.10. Radius of the Capillary tube: 0.04777 cm; in the 
measurements indicated by *, tbe radius was: 
004839 cm. 
Dtlptb: 0.1 mmo 

Under a p,re88ure of 762 mmo the Iiquid boils at 110.°5 C. Even at -78° C. 
it remained cleaT, but solidrfies afterwards into a mass of white crystals, 
meltiDg at -450 C. At ths boilingpoint X = 13.9 Erg. pro cm2• The s8ecific 
weigbt at 0° C. was: 0.7565; at 25° C : 0.733; at 500 C.: 0710. At tO • itis: 
d40 = 0.7565-0.00095 t +0.0000004 t2• Tb.e temperature-coefficient of,. decreases 
gradually with increasing temperature: it is 2.38 between -200 and 480 C; 
between 48° and 650 C.: 2.19 i bat ween 65° and 81°C: 1.89; between 81 Q 

land 1040 C.: 1.69 Erg. 
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Tripropylamina: (OgH7 )3N. 

/11 Maximum Pressure H .. Molecular B . Surface-alO Specific Surface-.. tension )( in /ilO 
in mm.mer· gravity d40 energy I' in ê.e - Erg. pro cm2• 

/11 
cury of in Dynes Erg. pro cm2• 

E-t 00 C. 

0 
-71 0.977 1302.5 30.6 0.830 948.2 
-20.5 0.816 1087.9 25.6 0.789 820.6 

0 0.758 1010.4 23.6 0.773 766.9 
25.6 0.693 923.9 21.5 0.753 710.9 
40 5 0.647 862.6 20.1 0.741 671.8 
55.5 0.607 810.5 18.8 0.729 635.2 
80.2 0.545 726.6 16.8 0.709 578.3 
92.2 0.513 684.4 15.8 0.699 549.0 

116.1 0.460 613.5 14.1 0.680 499.0 
*136~ 0.421 561.3 12.6 0.664 453.1 
*149.5 0.385 513.9 11.5 0.653 418 2 -

Molecular weight: 143.18. Radius of tbe Capillary tube: 0.04792 cm.; in the 
observations 10dicated by *, the radius was: 
0.04670 cm. 
Depth: 0.1 mmo 

The amine boHs constantly at 1570 C. and 765 mmo pressure. Even at -790 

it remains liquid. Tbe specific goravlty was determincd with the aid of a 
volumeter: at 00 C. it was 0.773; at 250 C.: 0.753; at 500 C.: 0.733. At tO 
generally: d40 = 0 773-0.0008 t. At tbc boilingpoint /. was about: 10.9 Erg. 

The temperatm'e ct1efficient -of '" IS fairly constant; its mean value is: 
241 Erg. per degree. 

o 
-79 
-10.5 

Maximum PIessure H 

in mmo mer-I 
cu'y of 1' 
00 C 

in Dynes 

x. 

SUlfdce 
!f'I1SiOIl )( in 

Erg. pro cm2• 

Molecular 
Specific Snrface-

gra\'ity d40 energy", 10 , 
Erg. pro cm2• 

I 5 

0.929 
0.734 
0.636 
0.596 
0.564 

1238.5 
975.7 
852.0 
794.6 
751.9 

28.1 
21 8 
19.4 
17.7 
16.8 

0.781 
0.728 
0.709 
0.694 
0.684 

502.7 
408.7 
370.1 
342.6 
328.3 

1 
25.2 

I Molecular weight: 59.09. Radius of tbe Capillary tube: 0.04q76 cm. 
Depth: 0.1 mmo > 

,Thc amine boils at 33 -350 C., under 760 mmo .The specific gravity at 
180 C. is: 0691; the other values were caiculated by adopting 0.001 ss the 
mean temperature coefficlent, which m8y Dot dElvi8tEl much from tbe 
truc value of it. At thA boilingpoÏl t /. has the value: 16.0 Erg. 

, The temperature-coefficient of p. is fairly constant, and in mean: 1.76 Erg. 
per d('gr~e Ctllt!ius. _ 

6 
Proceedjn~s Royal Acad. Amsterdam. Vol. XVlll. 

e 
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XI. 

Allylamina: 03"5' NH2• 

° -75 
-15 

o 
9.7 

20 
29.5 
40 
50.5 

Maximum Pressure H 

in mm.mpr­
cury of 
0° C. 

1.547 
1.265 
1.180 
1.122 
1.072 
1.031 
0.979 
o 935 

in Dynes 

2064.0 
1681.1 
1573.4 
1495.1 
1429.8 
1376.0 
1304.2 
1245.1 

Molt'cular weight: 57.07. 

Surface­
ten sion xin 

Erg. procm2 

34.2 
27.9 
26.0 
24.1 
23.6 
22.7 
21.5 
20.5 

Molecular 
Specific SUl face-

gravity d40 energy I'- in 
Erg. pro cm2• 

0.867 
0.801 
0.785 
0.111 
0.763 
0.752 
0.741 
0.730 

557.5 
479.5 
452.9 
433.2 -
418.9 
406.9 
389.2 
374.8 

Radius of tbe Capillary tube: 003343 cm. 
Deptb: 0 1 mmo 

Under a pressure of 751 mmo the substarce boils at 53° C. At the boiling'­
point x has the value of 20.6 Erg'. pro cm2• The specific gravity at 0° C. 
was: 0.785; at 25° C.: 0.757; at 50° C: 0.730. At tO in general : d40 = 0.785-00011 t. 

The temperatUle-cofificient of IJ. oscillates round n mean value of: 1.40 
Erg. per degree. 

XII. 

normal Butylamine: 04"oNH2 • 

. 
cP Maximum Pressure H 
~ Molecular ~ . Surface--';0 

tensIOn x in SpeClfie Surfaee-a; ° 
Po= in mmo mer- Erg. pro cm2• 

graviiy d40 energy p. in 
Ei .... cury of in Dynes Erg. pro cm2• cP 0° C. 8 

° I I -21 o 853 1137 6 26.1 0.785 536.2 
0 0.779 1038.6 23.8 0.764 497.9 

25.3 0.695 926 6 21.2 0.739 453.5 
41 0.650 866.6' 19.7 0.723 427.5 
55 0.606 808.4 18.4 0.709 404.6 
70.8 0.574 765.2 17.4 0.693 I 388.5 

-
MolëCular weight: 73.1. Radius of the Capillary tube: 0.04676 cm. 

Dppth: 01 mmo 

Under a pressure of 760.5 mm., the boilingpoint was 76° -78 0 C. The 
liquid ely,;tallises in a bath of solid c81bondioxlde and !tIeooi, RDri then me~s 
at -46° C. At tbe boihngpoint X has the value: 170 Erg. The spl'cifie wei~ t 
at 0° C. is: 0764; at 25° C : 0.739; at 40° C : 0.727. At tO C.: d40 = 0.764-0.00lt. 

The temperature-copfficient of IJ. deereases grádually with inereasing tem-
pf'rllllire: bptween -210 IlTlil 0° C. it is: 1.82; betwepn 0° and 25° C.: 1.75; 
between 25° and 55° C.: 1 64; and between 55° and 71° C.: 1.02 Erg. per degree • 
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XIII. 
-

Isobulylamina: C4 H9NH2• 

~ Maximum Pres su re H ,.. 
Molecular ::I Su,face--;0 

ten sion I. in SpeCIfic Surface-
~ 0 

in mm.mer- grllVlly d40 energy IJ in s::a.= - Erg. pro cm2• 8· ... cury of in Dynes Erg. pro cm2• ~ 00 C. Eo! 

0 > 

I -70 0.931 1243.5 28.9 0.812 580.5 
-20.5 0.779 1038.5 24.0 0.771 499 0 

0 0.730 973.2 22.4 o 750 474 4 
25.3 0.666 887.9 20.4 0.724 442.3 
41.8 0.626 831 2 18.8 0.706 414.5 
55.8 0.574 761.0 I 17.7 0.692 395.5 

Molecular weight: 73.10., RlldlU'l of the Caplllllly tube: 004676 cm. 
- Dl'pth: 0.1 mmo 

Under 1\ prpssure of 760.5 mm the Ilminl1 boila at 67'-680 C. At -700 

it is still 11quid and not V1SCOUfl. At 0 C. the speClfic weight was: 0.750; 
at 25° C.: 0.724; 'at 500 C: 0.698. At to C it can be caJculated from the 
formula: d40 = 0 7505-0 0010~ t. • 

The tE'mperature-coefficient of p. osciIJates somewhat round a mean value 
of: 1.44 Erg. per degree. 

XIV. 

Maximum Pressnre H 
Surface- Molecular 

Spectfic Surface-
in mmo mpr-

cury of in Dynes 
0° C. 

t en sion 1. in 
Erg. pro cm2• 

gravity d40 energy fJ in 
Erg. pro cm2• 

o 
-72 
-22.5 

o 
10 
23 
35.2 
45 
56.7 
63 

* 80.9 
* 104.5 
* 125 

0.994 
0.838 
0.769 
0.731 
0.691 
0.660 
0634 
0.605 
0.583 
o 515 
0.459 
0.408 

Molecular _weight: 129.16. 

1325.2 
1124.4 
1026.4 
974.9 
924.0 
819.9 
842.8 
802.6 
775.2 
686.6 
611.9 
544.3 

29.9 
25.4 
23.2 
21.9 
20.7 
19.1 
18.8 
17.8 
17.2 
15 9 
14.1 
12.5 

I ' 0.825 
0.782 
0.763 
0.754 
0.743 
0733 
0.724 
0.714 
0.709 
0.693 
0.673 
0.656 

868.5 
764.6 
709.9 
675.5 
644.8 
619.2 
595.8 
569.3 
552.7 
518.8 
469.1 
423.1 

Radius of the Capillary tube: 004595 cm.; with 
the measurements, indicated by *, the radiUS 
was: 004777 cm. 
Depth: 0.1 mmo 

Under a presenre of 760 mmo the amine boils constantly Ilt 142°C. At-78° 
the I'quid becomes vl1ry \'i~crruo, but dMS not clystalhz!'>. At tbe bOllmgpomt 
;.: ha'! the vahlfl: 11.3 Erg. pro cm2• The dtinslty was voJumptrically deter­
miuld; it was fou"d at 0° C.: 0763; at 25° C.: 0.741; at 50~ C.: 0.72(}. At t' 
therefore: d40 = 0.763-0.00086 t. The temperature-coefficient of fJ. is 111 gene-
ral: 2.40 Erg. per degree. 

6* 
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r 
Triisobutylamina: (C4H9)3N. 

I 

I 

Cl) Maximum Pres su re H ... Molecular ::s Surface-~ó SpecJfic Surface-... teDsion x in Cl) ° in mm.mer· gravity d40 energy p. in I:I.~ Erg. pro cm2• El .... curyof in Dynes Erg. pro cm2• Cl) 

Eo! 0° C. 

° -21 1.026 1367.9 24.5 0.797 926.2 
0 0.982 1309.1 23.4 0.782 895.9 

20.5 0.932 1243.1 22.2 0.767 861.0 
35.3 0.894 1191.9 21.3 0.757 833.4 
50 5 0.862 1149.2 20.5 0.745 810.6 
65.5 0.825 1100.1 19.6 0.733 783.5 
75.5 0.798 1063.9 18.9 0.725 761.1 
90.3 0.758 1010.6 18.0 0.713 732 9 
99.8 0.726 968.1 17.2 0.704 706.3 

115.1 0.684 911.9 16.2 , 0.692 - 672.9 
124.5 0.652 869.2 15.4 0.683 645.3 
139 0.612 814.0 14.4 0.672 610.0 
155.8 0.563 751.0 13.3 0.654 573.6 
170 0.519 693.0 12.2 0.640 533.9 
185 0.471 627.0 11.0 0.626 488.5 

Molecular weight: 185.26. Radius of the Capillary tube: 0.03636 cm. 
Depth: 0.1 mmo 

The amine boHs under a pressure of 754 mmo constantly at 1890 C. In a 
bath of solid earbondioxlde and alcooi it sOlidifiea, and will melt afterwarde 
at -24° C. At the bOllingpoint the value of J. is: 10.6 Erg. The speeifie 
weig-ht was determineci by mesne of IL volumeter: at 0° C. it was found: 
0.782; at 25° C.: 0.764; at 50° C.: 0.745. At tO generaUy: d40 = 0.782-
-00007 t-0.0000008 t2• The temperature·coefficient of fJ. inereases gradually 
with rl se of temperature: bet ween -21° and 0° it is: 1.44 i between 0° and 
100°: 1.86; between 100° and 185 0 C. its mean value i~: 2.61 Erg. per degree Celsius. 

XVI. 

tartiary Butylamlna: (OH3)3' 0 • N H2• 

Cl) Maximum Pressure H ... Moieeular ::l • Surfaee-~o 
ten sion J. in Specific Surface-

~ 0 

I:I.~ in mm. mer- Erg". pro cm2• 
gravity d40 eDcrgy IJ. in 

El .... cu,y of iu Dynes 
, 

Erg. pro em2• Cl) 

Eo! 00 C. 

° 
I -30 1.023 1364.0 22.5 0.747 477.8 

-15 0.956 1274.5 21.0 0.732 452.0 
0 0.884 1177. 7 19.4 0.716 423.8 

10 o 840 1120.2 18.4 o 706 405.7 
20 0.791 1061.0 17.4 o 694 388.1 
29.5 

I 
. 0.749 999.0 16.4 0.685 369.0 

40.5 0.698 930.6 15.3 0.672 348.6 

Molecular weight: 731. Radius of the Capillary tube: 0.03343 cm. 
Depth: 01 mmo 

The amine boHs at 440 C. under a preS8ure of 757 ~m. lu a bath ofsolid 
carbondioxide and alcohol, it crystalhz(ls readily at -54° C At the boilin,-
point X bRS Ilbout the val ne : 14.9 Erg. pro cm2• The density at O· C. was: 
0716; at 25°: 0689; at 40° C.: 0.672; in generalat tO C.: d4o =0.716-
-0.Q01048 t-O 000U01 t2• The temperll.ture·coefficient of p. is between -300 

Ilnd 0° C. about 1.85 i afterwards: 1.25 Erg. per degree. --
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XVII. 

normal Amylamina: G5HlI NH2• 

a:> Maximum Pressure H I .. Molecular .g • Surface-
0: 0 

tension /. in SpeCIfie Surfaee-:go 
1=1.= in mm.mer- Erg. pro em2• 

gravity d40 energy I' in 
EI .... eury of in Dynes Ergproem2• a:> 0° C. E-i 

0 
-21 0.861 1146.7 25.9 0.791 595.1 

0 0.789 1054.7 24.1 0.770 563.5 
25.5 0.730 913.2 21.9 0.146 523.2 
41.2 0.669 895.3 20.4 0.731 494 0 
55.5 0.641 858.1 19.2 0.718 470.5 
70.9 0.601 800.7 17.9 0.705 444.1 
85.0 0.568 762.1 17.0 0.692 427.0 
99.8 0.526 701.1 15.6 , 0.681 396.0 

I 

Molecular weight: 87.11. Radius of the Capillary tube: 004676 cm. 
Depth: 0 1 mmo 

The liquid boils at 103°-1040 C. under a pressure of 762 mmo At -79° 
it Bolidifies and erystallizes in needIes, whieh melt at - 38° C. The specific 
gravity was determined by means of a volumflter; at 00 C. it was found 
to be: 0.770; at 250 C.: 0.746; at 500 C.: 0723. In general at fO C.: d40 = 
= 0.770- 0.00098 t+0.0000008 t2• 

The temperature·eoefficient of p. has a mean value of 1.68 Erg. per degree. 
- - -

XVIII. - -
Isoamylamina: G5Hl1 NH2• 

Cl) Maximum Pccssure H .. Molreular ::s • Surface· -;0 , Sp eCl fie SUl face· 
~ 0 tensioD i.in 
1=1.= inmm mer- Erg. pro em2• 

gravity d40 energy p. m 
!3 .... eury of in Dynes Ergproem2• <Il 

E-i 0° C. 
I 

0 

I 
I -69 1.010 1346.5 30.9 0.840 682.1 

-205 0.780 1042.0 25.9 0.791 595 1 
0 0.779 1038.6 23.7 0.771 553.9 

25.5 0.701 934.6 21.2 0.747 506.1 
41.3 0.661 879.5 19.8 0.734 418.2 
55.8 0.612 818.8 18.6 0.720 455.1 
10.5 0.589 184.0 11.6 0.705 436.1 
85.8 0.520 693 3 15.6 0.692 391.9 

Moleculnr weight: 87.12. Radius of the Capillary tube: 0.04676 cm. 
Depth: 0,1 mmo 

Under a pressufe of 76l mmo the 'amine boils at 95°-97°. At -720 C. it 
is IltIll a thin hquid. Thc Fpeelfic graVlly at 0° C. was: 0.771; at 250 C.: 
0747; at 500 C : 0724. At te C. in general : d40 = 0.771~0.00098 t + 0 0000008 t2• 

I 
The temperature-coefficient of I' oscillates .Bl'mewhat round a mean value 

of 1.88 Erg. per degree. 
JI I ....... r J 
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° *-20 
* 0 

29.9 
48.8 
65 
80.8 

104.5 
124 
151.5 
178.5 

XIX. 

Dlisoamylamine: [( (! fI3)2 OH. 0 H2 • 0 H2h N H. 

Maximum Pressure H 

• I mmm.mer-
eury of 
0° C. 

0.838 
0.778 
0.698 
0.647 
0.612 
0.578 
0.518 
o 475 
0.413 
0354 

in Dynes 

1117.2 
1037.4 
930.6 
862.6 
816.4 
770.3 
690.8 
633.3 
550.6 
471.9 

Surfaee 
teDsioD x in 

Erg. pro cm2• 

26.5 
24.6 
21.7 
20.1 
19.0 
17.9 
16.0 
14.6 
12.6 
10.8 

Moleeular 
Speeifie Surfaee-

gravity d40 energy IJ in 
Erg. pro em2• 

0.801 
0.784 
0.760 
0.746 
0.732 
0.721 
0.705 
o 691 
0.675 -
0.659 

894.9 
842.7 
759.0 
711.7 
681.3 
648.4 
588.3 
544.0 
476.9 
415.4 

Moleeular weight: 15719. Radius of the Capillary tube: 0.04777 e.m.; with 
the ob3ervAtions indlCated by *, Ule radius 
was: 0.04839 e.m. 
Depth: 0.1 m.m. 

The liquid boHa constantly at 1880 C. And 760 m.m. In solid carbondioxide 
and aleol101 thc amine 80lidifies, and mclts then at -440 C. At the boiling­
poiot x has the vallIe : 10.2 Ergo. pro em2• The speeifie weight was volume­
tricl\lIy determined; it was 0.784 at 0° C ; 0.764 at 25° C. ; 0.745 at 00° C. 
At t O C. in generaI: d4o =0.784-0.00084t+0.b000008t2• Tbe temperature-
cot'ffieient of fJ. has a meau value of: 2.37 Erg. pro degree. 

xx. 
tertiary Amylamine: (OH3)2 (02H5) a. NH'),. 

4) Maximum PceB~ure H 
'" MoIeeular ::I Surfaee-~d 

tension X in Speeifie Surfaee-
~ 0 
~= in mm.mer- Erg. pro cm2• 

gravity d40 energy fJ. in 
S .... eury of in Dynes Erg. pro ern2• 4) 00 C. E-4 

° 27."6 -70 1.252 1669.1 0.830 695.9 
-19 1.101 1466 5 24.2 0.786 605.0 

0 1.018 1357.2 22.4 0.756 554.7 
9.5 0.983 1310.5 21.6 0.747 530.3 

20 0.935 1245.1 20.5 0.736 498.2 
29.3 0.895 1199.3 19.7 0.727 474.9 
40.5 0.854 1138.5 18.7 0.716 446.3 
50.5 0.812 1082.9 17.8 0.707 421.5 
60 0.758 1011.0 16.6 0.697 383:0 
70 0.709 945.2 15.5 0.688 344.9 

Molecular weight: 8711. Radius of lhe CllpUlaly tube: 0.03343 em. 
Depth: 0.1 mmo 

UQder a pressure of 757 mmo the amine boiIs at 76°.5 C. At -780 it is 
still a th in liqtlid, without any trace of erystallisation. At the boilingpoint 
X has about tbe value: 15.0 Erg. Tbe speeific grllvily was determined by 
means of a viJlumeter. At 0° C. lt was: 0.756; at 25'=' C.: 0.731; at 50° C.: 
0.707; at to C. in generaI: d40 == 0.756 - 0.00102 t + 0.00000v8 t2• 

The temperature-eoeffieient of fJ. is between -700 and 600 C. fairly 'con-
'stant; Us mean value is: 2.54 Erg. Above 50° it increases to about: 3.9 Erg. 
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XXL 

normal Hexylamine: 06HI3' NHz. 

~ Maximum Pressure H I ... Molecular ~ . Surfaëe-..,0 Specific Surface· !Do tension I. in 
P<= inmm.mer- Erg. pro cm2• 

gravity d40 energy p. in 
8 .... cury of in Dynes Erg. pro cm2• ~ 

E-! 0° C. 

-180 1.171 1562 1 28.0 0.801 704.7 
0 1.125 1499.8 26.9 0.785 686.2 

20.4 1.058 1410.5 25.2 0:767 652.8 
35.1- 1.010 1347.6 24.1 0.754 631.5 
50 0.956 1274.6 22.9 '0.740 607.6 
65 0.911 1215.6 21.7 0.725 583.7 
74.8 0.884 1179.3 21.0 0.715 570.1 
90.4 0.832 1109.2 19.8 0.700 545.2 
99.8 0.795 1059 9 18.9 0.689 525.9 

116 0728 972.5 17.4 0.673 491.8 
124.5 0.696 929.3 16.5 0.664 470 6 

Molecular weight: 101.13. Radius of the Capillary tube: 0.03636 cm. 
Depth: 01 mmo 

I 
The substance boils at 129°-130° C. under a pressure of 742 mm.; it 

solidlfies in solid carbondioxide and alcohol and melts th en at -190 C. At 
the boilingpoint X has the value: J 6.0 Erg. Tb.e specific gravity at 0° C. is: 0 7855; 
at 25° C: 0.763; at 40° C.: 0.749. At tO C.: cl40 = 0.7855-0.00088 t-O 0000008 t2• 

The cOl.'fficient of p. is original'y smaIl: about 1.03 between -180 and 0° C.; 
between 0° and 75° C. it is aJmost constant, wUh 1 55 Erg. as a mean val UI.'; 
above 75 0 C. it increases gradually from 1.55 Erg. to 2.50 Erg. per degree . 

.. 
XXII. 

Isohexylamlne: (OH3)2 OEI. GH2 • GH2 • OH2 NEIg. 

al Maximum Pressure H .. Molecular ;::1 • Surface-1\;0 
tension x in Speci:lic Surface-

al ° P<= in mm.mer- Erg. pro cm2• 
gravity d40 energy p. in e .... cury of in Dynes E~gprocm2. ~ 0° C. 

I 
'E-! 

-750 1.397 1862.5 30.8 0.840 751.0 
-20.8 1.203 1603.8 26.5 0.798 668.6 

0 1.126 1501.6 24.8 0.780 635.3 
10 1.096 1461.2 24.1 0.771 622.2 
20 1.074 1430.2 23.3 0.762 606.3 
29.8 - 1.021 1359.7 22.5 0.754 589.5 
40.5 0.991 1321.2 21.8 0.744 576.3 
60 0.924 1231.9 20.3 0.724 546.5 
70 0.894 1191.9 19.6 0.716 532.1 
80 0.861 1148.6 18.9 0.707 516.9 
90 0.828 1103.9 18.1 0.698 499.3 

100 0.795 1059.9 17.4 0.686 485.6 
110.2 0.765 1019.9 16.7 0.676 470.6 
121 0.726 969.1 15.9 0.665 453.0 

Molecular weight: 101.13. Radius of the Capillary tube. 0.03343 cm. 
Depth: 0.1 mMo 

'l'he amine boils at 123° C. under a pressure of 751 mmo Even at -790 

I it 1::1 bUll a thlll liqllld. At the bJiliJgpoint tho \'I!.lUU of I. will be ab out : 
15.8 Erg pro cm2• Tne speCIfic gravity was determined by the aid of a 

I volumeter ; at 00 C. it is: 0.780; at 25° C.: 0.758; at 50° C.: 0.735. At tO 

I generally: d.40 = 0.780-0.00086 t - 0.0000008 t2• The temperature·coefficient 
~L!!~éillatM...roun!:l.!!. 'm~n value of:J..p.1,~~~~_.l!~te~-,-_. __ .. ____ . __ . 
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XXIII. 

normal Heptylamine: 07 HlS NH2• 
-- - - --

- -
,2: Maximum P,essure H 
,::S Surface- Molecular 

äjÓ Specific Surface-
1D ° ten sion i! in 
~i::I in mm.mer- Erg. pro cm2• 

gravity d40 energy p. in 
S .... cury of in Dynes I Erg. P!O cm2. Q;> 

0° C. Eo! / 

° -18.5 0.902 1202.4 27.5 0.804 752.8 
0 0.857 1142.5 26.1 0.787 724.7 

25.3 0.793 1057.2 24.1 0.765 681.9 
41.5 0.744 993.0 22.7 0.750 650.9 
56 0.714 950.8 21.5 0.737 623.7 
70.9 0.663 886.2 20.3, 0.723 596.4 
84.5 0.634 845.2 19.1 {).711 567.5 

100 0.607 809.2 18.3 0.697 551.0 
*115.2 0.541 724.1 17.0 0.684 - 518.3 
*130.8 0.545 723.8 - 15.7 0.669 485.8 
*145.5 0.507 673.2 14.4 0.657 451.0 

/ 

Molecular weight: 115.15. Radius of the Capillary tube: 0.04676 cm. ; in the 
mea~urements indicated by *, th is radius was: 
0.04529 cm. 

_ Depth: 0.1 mmo 
DIlder a pressure of 761 mmo the amine bons at 152°-·154° C. The liquid 

can be undercooled, but finally solidlfies in a bath of carbon dioxide aud alcohol 
ioto a colourless crystal·aggregation, metting at -18° C. Above 1300 a slow 
decomposition is observable. At 00 C. the density is: d40 = 0.7875 j at 25° C.: 
0,7650; at 40° C.: 0.7515. At tO C. it can be calculated from the formula: 
d40 = 0.7875-0.0009 t. _ 
Th~ temperature·copfficient of ,'J. incrl'ases gradually at higher temperatures: 

Ij between -180_ and (,0 C.: 1.52 Erg.; between 00 and 25° C.: 1.69; between 
25° and 71°C.: 1.87; and between 7l 0 and 145): 1.96 Erg. per degree, as 
a mean value. _ 

XXIV. 
--h Fo.m •• ld" HCONH,. 

a;> Maximum Pressure H ... Molecular .a ó Surface· 
l1li 

tension i! in Specific Surface· 
~ 0 
~i::I in mmo mer· - Erg. pro cm2• 

gravity d40 energy I' io a· ... cury:of in Dynes Erg. pro cm2• a;> 
0° C. Eo! , 

0 I 
*0 1.875 2499.7 59.6 1.167 596 
29.9 1.806 2407.3 56.6 1.136 566 
48.1 1.755 2340.3 55.1 1.120 551 
65 1.702 2269.2 53.4 1.107 534 
80.7 1.661 2214.8 52.1 1.094 52l 

104.5 1.598 2131.0 50.1 1.080 501 
123.2 1.551 2068.2 48.6 1.071 486 
152 1.460 1946.8 45.7 1.058 456 

Molecular weigb.t: 4503. Radius of the Capillary tube: 0.01777 cm. ;~in the 
observations indic1.ted by *, the radius was: 
004839 cm. 
Dppth: 0.1 lIlID. 

Doder a pressure of about 18 mm., the liquid boHs at 114°. 10 a freezing 
mixture it solidifies into an aggregate of white crystals, which melta at I 5° C. Above 145° C. a gradual decomposition under development of gas· 

I bubbles, is observed; the x-t-curve then fapidly falls towards the t-axis. 

1-
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§ 3. The resuIts obtained are reviewed in the Tables I --XXIV 
above, wbile the relations of the corresponding [L"t-curves can be 
seen from the fig. 1-3. 

Molecular Surface-Energy 
p.. in Erg pro c.m2• 

9d't7 
f160 
fl20 
B90 
860 
830 
800 
TlO 
140 
110 
ti&} 

ó3P 
620 
590 

~~~~~~~~~~~~~~~~~~~~. -8()'llT-(;(J'-5Q'Jg Jtr:uJ"IO' 0' Itr.?D'3INO· JlJ'6d 70' 3/J'!JIJ"/IKJ'II0'l2tl'/JO'/ftT/.7P,//j(J" Temperature 

Fig, 2, Secondary Amines, 

Fl'om these experiments it appears in the first instance, that the 
substitution of H-atoms in the ammonia-molecule by hydrocarbon­
radicals, makes the surface-energy of the liquid compounds at the 
same tempe~atl1res increase regularly; and that, - pecularities left 
out of question, - th at increase goes in geueral parallel to the 
augmentation of the number of C· and H-atoms. That however, 
even with the same nurnber of C- and B-atoms, the special con­
figllration of the molecule phtys an important röle in this, can soon 
be seen: e. g. the r--t-cunres for (CS H7)NH2 are not only situated 
above those for (CBS)8N. etc., but it is also quite clear from fig,l-3 
that generally in tlze case of c01'responclingly built-up i~omel' a1nines, 
tllOse with normal- hyd1'oca1'bon·chains genemlly possess at any tem­
per'atw'e a greate1' swiace-tension than tlwse with mmijiecl hyd1'ocarbon­
cltains; and, that genemlly the surface-tension of such iso1ne1,ides unde1' 
the same condition.~ appea1W to be the lowe1', the 11W1'e ramified the 
hydroca1'bon-cltains are (e.g, butyl.:, isobutyl-, and 3ary butyl-amines; 
in the. same. way the cOl'resp. amylamincs between10° and 70°; etç,.) 
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Molecular Surface-Energy 
IJ. in Erg pro cm2• 

980 
fKj(J 

9.2IJ 
890 
860 

BJO 
800 

TJO 
T#O 
T/O 
1i80 
650 

610 
590 

560 
530 
$(lO 

#70 

##O~ 110 
~~ 380 -~ 

3517 ;:;:?~ .. :':---.. 
320 - . -~ 

~ 

2§0 ~----

2~~~~~~~~~~~~~ __ ~~ ______ ~ 
SO"'O' M' j(J"1/l",J0"./{r!0· 0- /0'./0'.10" 1rIJ" J7J" (j(J'l0" &rf/O'/m" //0"/?0'lJO" /{O"/W /tX7'll0" Temp erat ure 

Fig, 3. Tertiary Amines. 

On a comparison of the primary, seeondary and tertiary ammes 
of the same alkyl-radical, it appears that the temperatu7'e-coefficients 
of p. a're of ten analogous f07 , l ary anc! 3my amines, but smalle7' than 
tlwse /01' the 2m y amines. 

However it beeomes also elear, that a direct eomparison of the 
p.-t-curves with the aim of studying the influence of the substitution 
by bydrocarbon-radicals in homologous compounds, may properly 
be made only in the case of amines of the same fl1ndamental con-' 
figuration; as e.g. by eomparison of all primary, or all seeondary, 
resp. tertiary amines, with each othel'. (fig. 1, 2 and 3). ReaUy then 
the regular increase of the values of p. in these cases, if substitIltion 
oecurs by more complicated hydl'ocarbon-radirals, ('omes to the fore 
in a most striking way. 

With respect to the temperatllre-coeffieients of (..t it may be remarked 
that these gene rally appeal' rather smrtll; the smallest values being 
present in the case of prima?'Y amines (1.2-1.8), while in the case 
of secondary arnines these values are often somewhat greater (1.7-2.3), 
and .illst as with tlle tertiary amines, approach gmdllally to tbe 
values obsel'ved wlth other organic compounds. Howevel', these rules 
are uot without exceptions: e.g. in tlle case of dimethylamine tbe 
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af.' 
value of Öt appears beyond doubt to be smaller than with mono-

methy lamine. 
Finally the increase ol the snrfare-energy by subsfitution of H­

atoms also appears here, as formerly stated, to be appreciably greater 
if substitution occurs by unsatumted, than by saturated hydrocarbon­
radicals: a comparison of the data for allylamine on the one side, 
and of propyl-, and i.90p1'opylarnine on the other side, soon con vin ces 
of the trllth of this. 

J.,jastly we may dl'aw attention hel'e to tbe data regarding the 
f01'marnide, which are aJso l'eproduced among tbose of the derivatives 
of trivalent nitrogen. AlttlOugh th is compound does not possess more 
than a single C-atom, the value of f.' nevertheless appears bere to 
be much greater than e.g. for (CHs).1VH2 , demonstrating the special 
influence of the strQngIy electronegative oxygen-atom, and more 
especially of tbe unsa,turated carbony l-radical, in a perfectly clear way. 

Moreover tbis liquid, wbich in several respects sbows' some ana­
logy with the strongly dissociating Boh'ents, appears to possess a 

. af.' 
very srnall temperature-coeffiment Öt: on an average about_O.89 Erg. 

per degree. It would be of interest to study the behaviour of inorganic 
salts if dissolved in this liquid, with respect to tbe electric current. 
In analogy to tbe case of water, one would be inclined to conclude 

in this case from the exceptionally small value of :~, that the Iiquid 

formamide might be highIy associated. 

Groningen, April 1915. 

Labomtory f01' lnoT'ganic and 
Physical Chemistry of the University. 

ChemistI'Y. - "The Allotropy of Sodiwn." I. By Prof. EHNST 

OOHEN and Dr. S. WOU'F. 

(Communicated in thlil meeting of April 23, 1915). 

1. Some time ago ERNST COHI<]N and G. Dl!] BRUIN 1) l'elying on 
the determinations by EZER GRIF.I!'ITHS 2) of the true specific heat of 
sodium, pl'oYed that this metal shows allotropy and that the sub­
stance known hitherto as "sodillm" )s a metastable system in con­
sequence of the siml1ltaneous presence of a- and ~-sodil1m. 

1) These Proc. 23, 896 (1915). 
2) Proc. Boy. Soc. London 89, (A) 561 (1914), 


