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15. Nectar from ~ Nicotiana affinis, aftel' 'dllution to about the 
thl'eefold of the ort"ginal volume, was fermented with S. cel'evisiae, 
Two drops from tbe same flower were brought mto two small platinum 
scales and hereÏ11 the water was added. (The weighings were made 
with a torsion-balance, accurate 10 0,1 mgr.). Tbe two analyses, 
made separately gave as results . 33,9 and 3"",,4 per cent. of sugar 
in the undlluted nectar i the sugar being calculated as hexose. 

In studying the numbers pl1blished here, one will see, th at on the 
wbole 'the l'esults obtained with the microsacchal'lmeter, were quite 
satisfactory. - Add to this, th at sugal' detel'minations by chemical 
analysis too are of no great accuracy, whIlst here we took on1y a 
few rnilligrarnmes of sugar. For the study of a large number of 
biological problems the accuracy that was reached here, cel'tainly 
wil! be ql1ite sllfficient. 

Laborat01'Y for J.l1icroscopicfll Anatomy of t!te 

I 

Delft, July 1915. 
Teqlmical Academy. 

EXPLICATION O~' PLATE. 
flgure 1. Longltudmal secbon of the glass apparatus of the microsacchanmeler. 
FJgure 2. General vIew of the microsac<.harlmeter (the glass apparatus-, fixed 

m the COl k clamp), 
Figure 3. Longitudinal sechon of lhe neck (enlarged) of the mlCrosacchanmeter, 

filled with mercury, as for lhe Hh. readmg. 
!<'Igure 4. Auxlhal y apparatus, WhlCh may be useCl 10 place the mercury m the 

tube aIJd the reservOIr on the same level, 

Chemistry. - "Investigations on the Tempm'ature-Coefficients of the 
Pree Molecula1' SwjlCe-Energy of Liqzdds between -800 

and 1650° C." X. 1I1easw'emmls Rela!ing to a Series oj Ali
phatw Compounds. By Prof. F. M. JAEGER and Dr. JUL. KAHN. 

§ 1. For the pUl'pose of compal'lson of the varlations, which 
occnr in the values of the molecular surf'ace-energy of several deri
vatives of tbe aliphàtic sel'les, when simple substitutions have been 
made 111 thern, it appeal'ed neressary also to i~veshgate in detatl the 
surface-tension and lts tempeJ'atUle-coefficient of the following COID

pounds: Et!tyl-iodide, Ethylene-cMoride, Ethylidene-cld01'ide, Acetylene
tetmchloride, Acetylene-tetrabl'omide, EpicMoroltydl'ine, Cal'bonóisulpldde, 
Methylalcoltol, FOl'rnic Acid, JIIlono-, Di- and Tl'icldol'oacetic Acid, 
Levulinic Acid, Nitrometltane, Bromonit1'ometltane, Capronit1'ile, Di
rnethylsuccinate, Diethylbromoisosuccinate, and Acetylacetone. 
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In the following we publish the l'esults of the measurements with 
these del'ivatives. ' 

The determination of the specific gravity was made either by means 
of the pyenometel', or by means of volumeters especially constl'ueted 
fol' that purpose, and whieh were pl'eviously accurately calibl'ated. 
If bath the5e methads could not be applied, the deiel'minations wel'e 
made by the aid of a hydl'o&tatie methad, whieh same lime ago 
was developed by the fil'st-named of us originally for the purpose 
of measuring' tile densities of molten salts and liquid magmata at 
Yery high temperatul'es, and which wiJl be desC'l'ibed in detail on 
a futul'e snitable occasion. By pt'eliminal'Y expel'iments and by com
pal'lson of the results th us obtained with those rollected by other 
methods, the applicability and l'eliability of the method were pl'oved 
and the degl'ee of aCClll'acy established; the Jast appeal'erl to be no 
less than tlmt reached by the usual way of' measurillg. .. 

~ 2. 
1. 

[ Ethyl-Jodide: C2HsJ. 

<l) Maximum Pressure H \.. Molecular ::s Surface· "dU Specific Surface-\.. tension ï( in QJ 0 
in mmo mer- gravity d40 energy I' in c.~ Erg. pro cm2• S .- cury of in Dynes Erg. pro cm2• <l) 

E- 0° C. 

° -20.5 1.427 1903.1 32.5 2.024 580.7 
0 1.337 1782.7 30.4 1.979 551.4 

20.4 1 238 1650.9 28.1 1.934 517.6 
40.4 1.143 1524.8 2-5.9 1.895 483.6 
64.8 1.023 1364.3 23.1 ·1.845 439.0 

I 

Molecular weight: 152.88. Radius of the Capillary tube: 0.03489 cm. 
Depth: 0.1 mmo 

This carefully purified hquid boils under a pressure of 760 mm at 72°.5 C ; 
according to TIMMERMANS it solidlfies at -110°.9 C. At the boilingpoint ï( has 
the value: 22.3 Erg. 

The temperature-coefficient of !~ is between -20' and 0:> C.: 1.43; between 
O' and 20°,4 c.: 1.65; and between 20° and 65° C.: 1.84 Erg per degree: 
evidently therefore it gradually increases with rising temperature. 
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Il. 
, 

Ethylene-chloride: C2H4Clz. 

~ Maximum Pressure H 
Molecular ::I , 

Surface-~cj - Specific Surface-to tension I. in 
Q.I:: in mm mer- Erg pro cm2• 

gravity d40 energy fJ. in 
E .- cury of in Dynes Erg pro cm2• 
~ 0° C. -

• -20 ° 1.176 1567.8 37.2 I 1.311 664.4 
• 0 1.080 1439.8 34.1 1.283 _ 611.9 -

29.9 o 961 1281 2 30.1 1.239 558.2 
48 0.880 1113.8 21.5 1.213 511.2 
58.9 0.831 1107.7 25 9 1.191 491.5 
86 0.133 971.2 22.1 1.158 440.4 

-
Molecular weight: 98.95. Radius of the Capillary tube: 0.04839 cm.; in the obser-

vations indicated by *, the radius was: 0.04861 cm. 
Depth: 0.1 mmo 

Under a pressure of 170 mmo the Iiquid boils constantly at 86° C. In solid 
carbondioxide and alcohol it crystallizes and melts at -31°C. At the boiling-
point ;( has the value: 23.6 Erg. . - -

The density at 15° C. was: 1.2609; at 25° c.: 1.2463, at 50' c.: 1.2103. At 

I 
Pc.: d40 = 1.2826-0.001446 t. 

The temperature-coefficient of I' 'has a mean value of: 2.16 Erg per degree. 

Hl. 

I Bthylidene-chloride: CH3 

-
CHCI.. 

Cl) Maximum Pressure H 
Molecular 100 

::I • Surface-"tU U 
tension / in Specific Surface-

t ° in mmo mer- gravity d40 energy p. in Q.~ Erg. pro cm'. E .- cury of in Dynes Erg. pro cm2• 
~ 0° C. 

° I -76 1.144 1525.2 35.9 1.329 635.4 
• -21 0.903 1203.9 28.3 1.240 524.5 
• 0 0.819 1091.1 25.1 1.201 485.0 

3004 0.722 963.0 22.4 1.159 434.3 
47 8 0.663 884.4 20.6 1.130 406 2 
60.9 0.626 834.9 19.4 1.109 381.4 

Molecular weight: 98.95 Radius of the Capillary tube: 0.04839 cm.; 
in the observations indicated by " the radius 
was: 004861 cm. 
Depth 0.1 mmo 

The liquid boils at 60°.9 C. under a pressure of 770 mmo At -80~ C. it 
becomes turbid, but does not crystallize. According to TIMME~MANs the sub-
stance melts at -96°.6 C. At the boiling-point the value of ;( is 19.4 Erg. 
pro cm2 The density at 15' C. was: 1.1830; at (0 c.: d40 = 1.2069-Q.0016 
t+ 0.00000015/2• 

The temperature.coefficient of I' decreases gradually with rise of temperature: 
, between -16° and -21°C. it is: 2.00; between-21°andOoC.:I.88; between 

0° and 30°.4 c.: 1.66; between 30::>.4 C. and 41°.8 C.: 1.61; and between 47°.8 
and 60°.9 C.: 1.43 Erg. per degree. The p.-t-curve is therefore a concave one. 
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IV. 

Acetylene-tetrachloride: C2HzCI4• 

IJ) 

I 
Maximum Pressure H ... Molecular :$ Surface· 

"til U Specific Surface· 1i:io 
in mm.mer-J 

tension ;: in 
Cl. c in Dynes Erg. pro cm2• 

gravity d40 energy p. in 
E·- cury of J Erg. pro cm2• 
~ 0° C. 

• ° I -21 1.254- 1672 4 39.4 1.651 856.2 
• 0 1 171 1561.5 36.7 1 620 809.6 

29.9 1.054 1405.2 32.7 1.570 736.6 
47.4 0.983 1310.2 30.5 1.544 694.7 
58.3 0.936 1248.2 29.0 1.526 665.8 
81.1 0.834 1111.8 25.1 1.488 600.0 

I 103.2 o 184 1045.7 24.1 1.468 567.7 
111.7 0725 967 1 22.2 1.452 526.8 
127.8 0.694 925.8 

I 
21.2 1.440 505.9 

Molecular weight. 167.86. Radius of the Capillary tu be: 0.04839 cm.; 
with the measurements indicated by ., the 
radius was: 0 04867 cm 
Depth: 0.1 mmo 

The Iiquid boils at 146°.3 under 758 mmo mercury. In solid carbon dioxide 
and alcohol It sohdifies. and then melis at -50 J C. At the bolling-pomt / IS 
about: 20.5 Erg. pro cm2• The specific'gravity at 25' C. IS: 1.5719; at 50° c.: 
15394; at 15~C.: 1.5042; at {J: d40 = 1.6191-0.001738 t+ 0.00000264 t2• 

The temperature.coefficient of p. is fairly constant; its mean value is 2.36 
. Erg. per degree 
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Molecular Surface-1:nergy 
I'- In Erg. pro cm2• 
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Fig. 1. 
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Acetylene-tetrabromide: C2H~Br4. 

dJ Maximup1 Pressure H .. Molecular ::l Surface-1iîU Specific Surface- -to tension x in 
c:l.s;: in mmo mer- Erg pro cm2• 

gravity d40 energy fJ in 
E .- curyof in Dynes Erg pro cm2• Cl) 

(-0 0° C. 

° I 
"-21 1.698 2264.2 53.1 3.039 1246.1 .. 0 1.624 2165.6 50.7 2.996 1201.2 

30.4 1.510 2012.8 46.7 2.934 1122.0 
47.6 1.445 1926.0 44.6 2.897 1080-.5-. 
59.6 1.398 1864.0 43.1 2.871 1050.5 
87.2 1.296 1727.6 39.8 2 814 983.1 -

102.1 1.240 1653.2 38.0 2.780 946.3 
117.8 1.178 1570.6 36.0 2:747 903.6 
127.3 1.144 1525.1 34.9 2.736 878.4 
154.1 1.042 1388.7 3f.6 2.669 808.6 
175.5 0.964 1285.4 29.1 2.620 753.8 

Molecular weight: 345.46. Radlus of the Capillary tube: 0.04839 cm.; in the 
observations indicated by , it was: 0.04867 cm. 
Depth: 0.1 mmo 

The bromide boils constantly at 132° under a pressure of 20 mmo In iee 
and salt it solidifies, after undercooling to -24) C., and melts at -3° C. On 
heating above 190" C. it is decomposed. 

The density was at 50) c.: 2.8920; at 75~ c.: 2.8390; at 100° C : 2.7852 At 
t C. in general : d40 = 2.9956 0.00204 t-0.00000064 t2• 

The temperature-coefficient of I'- is fairly constant; its mean value is: 
2.51 Erg. per degree. -

VI. 

/0" 
Epichlorohydrine: CH2CI. CH . CH2• 

Maximum Pressure H 
Molecular 

Specific Surface-

-

in mmo mer· I 
cury of I 
0° c. 

in Dynes 

Surface~ 
tension x in 
Erg pro cm 2• 

gravity d40 energy I'- in 
Erg pro cm~. 

° "'-21 
.. 0 

30.3 
46.5 
59.S 
86.2 

102.8 
117.5 

1.288 
1.196 
1.079 
1.014-
0.958 
0.865 
0.815 
0.772 

1717.7 
1594.5 
1438.3 
1351.5 
1211.1 
1153.1 
1087.0 
1029.1 

41.0 
38.0 
34.0 
31.9 
30.1 
27.1 
25.5 
24.1 

1.228 
1.205 
1.170 
1.147 
1.131 
1.095 
1.071 
1.049 

731.2 
686.4 
626.3 
595.5 
567.1 
521.7 
498.2 
477.5 

Molecular weight: 92.50. Radius of the Capillary tube: 0.04839 cm.; in the mea
surements, indicated by", the radius was: 0.04867 cm. 
Depth: 0.1 mmo 

Under a pressure of 758 mm., the liquid boils at 117° C. i in a bath of solid 
earbondioxide and alcohol it crystallises, and melts then at _48° C. At the 
boilingpoint x is about: 24.1 Erg. 

The density at 20~ C. was: 1.1812; at 50' C.: 1.1436; at 75~ c.: 1.1101. 
At t J C.: d40 = 1,2046 -0.00114 t-O 0000016 t2• 

The temperature-coefficient of p. is originally: 2.04 Erg; but from 86° C. 
upwards it decreases continually to 1.41 Erg per degree. 
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VII 

-
Carbonbisulphide: CS2 

---- -
Cl) Maximum Pressure H 1-0 Ma/ecu/ar ::! Surface-

, 

"t<îcJ 
1-0 Specific Surface-

tension x in 
Cl) ° in mmo mer- gravity d4D energy I'- in Oot:: Erg pro cm2• E .- in Dynes. cury of Erg pro cm2• Cl) 

f-' 00 C. 
-

° -72 1.931 2574.4 44.3 1.398 636.5 
-21 1.602 2146.0 36.8 1.323 548.6 

0 1.483 1977.1 33.9 1.292 513.4 
21.5 1.354 

I 
1805.1 30.9 

I 
1.262 415.3 

40.9 1.245 1659.8 28.3 1.232 442.3 
c 

Molecular weight: 76.14. Radius of the Capillary tube: 0.03489 cm. 
Depth: 0.1 mmo -

The Iiquid was distilled several times, th en shaken with mercury and 
again subjeeled to fradional distillation in an atmosphen' ,,~ .. Hl IJ,:!,':1 dtr: 
being completely dried. It boils at 46'.8 C. constantly; it . ,)!." 1., - 1,1'·.1·.·.' p-
1IIANS) at - III °.6 C. At the bOlling-pomt /. has the value: 273 Erg. The 
specific gravIty at 0' C. was: 1.2921; at 20 '. c.: 1.261; at 46° c.: 1226. In 
general at t c.: d4D = 1.2921 -0.00147 t. 

The temperature-coefficient of {J is constant; its.value is 1.75 Erg per degree. 

VIlI: 

Methylalcoh<?l: CHaOH. 

f: 
~cJ 

Maximum Pressure H 
Surface- Molecular 

1-0 Specitïc Surface-
Cl) 0 
Coc 
E·-

in mmo mer· 
cury of 

tension i: in 
Erg pro cm'. gravity d40 energy p. in 

~. o C, 
in Dynes Erg pro cm2• 

° -75 
-20 
, 0 

20.8 
, 35.3 

50.1 
6t, , 

1.246 
1.043 
0.986 
0.924 
0.882 
0.84\ 
0.794 

1661.2 
1391.8 
1314.6 
1232.0 
1177.0 
1121.2 
1058.6 

29.8 
24.9 
23.5 
22.0 
21.0 
20.0 
18 8 

-
0.878 327.8 
o 828 284.8 
0.810 272.8 
0.792 259.2 
0.778 250.4 
0.765 241.2 
0.752 229.3 . -- - - . 

Molecular weight: 32.03. Radius of Capillary tube: 0.03636 cm. 
Depth: 0.1 mmo 

The alcohol w~s obtained in an anhydrous state by boiling with dry calcium· 
oxide' for several days; then it waê cal:efully distilled. U nder a pressure of 
752 mmo it boils at from 65 .5 to 65 ).8 c.;' at this temperature the val ue of ï. is: 
187 Erg. lt solidifies at -97 .1 C. (TII.fMERMANS). The specific gravity was 
calculated from tlle formola: dio = 0.8102 -0.000905 t-o.o00000085 12• .. 

The . ",(' ~I'.·, -,' r ... • :t of /' is very ~mall: as a mean value about 
0,67 Er", i',' , 'b ,'. 

<, 

\I 
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I 
-

Formic Acid: HCO. OH. 

Q,J Maximum Pre!:>sure H ~ .... 
Molecular = Surface-1ûU SpecIfic Surfare-.... tension x in ll.I ° in mmo mer- gravlty d40 energy fJ. in 0.;::: Ergprocm2• E ... cury of in Dynes Erg pro cm2 

~ 0° C 

° 9.2 1.596 2128.6 38.1 1.233 425.5 -21.2 1.555 2073.7 37.2 1.218 418.8 
35.3 1510 2013.2 36.1 1.200 410.5 
50.4 1.444 1925.1 34.5 1.181 396.5 
64.8 1.386 1874.6 33 1 1 162 384.6 
75.3 1.354 1787.6 32.0 1.149 374.6 
90 1.263 1684.9 30.1 1.130 356.3 
99.8 1.217 1622.5 29.0 1.117 346.0 

Molecular weight: 46.02. Radius of the CapilJary tube: 0.03636 cm. 
Depth: 0.1 mmo 

The acid soJidifies below 0° C, and then meJts agaln at + 6° C. It boiIs 
under a pressure of 762 mmo at 101 0 C ; at th is temperature / has the valuc: 
28.8 Erg. The density was calculated from the equation: d40 = 1.2441-
-0.001249 t-0.000000181 t2• -

The temperature-coefficient of p. I~ between 9° and 35°: 0.57 Erg.; between 
35° and 75° C,: 0.90 Erg.; between 75° and 100' C.: 1.15 Erg. per degree. 

X. 

Monochloroacetic Acid: CH."Cl. COOH. 

I 
, 

C1I Maximum Pressure H .... 
Molecular = Surface-~u J Specific Surface-.... tension I. in Q,JO 

0.;::: in mmo mer- Erg procm2• 
gravity d40 energy p. In 

E ... cury of in Dynes Erg pro cm2• 
~ 0" C. 

° 80.2 1.072 1429.2 33.3 1.352 565.0 
92 1.042 1389.8 32.4 1.339 553.3 

1185 0.970 1293.8 30.1 1.305 522 9 
*136.2 0.932 1242.0 28.1 1.285 493.2 
·149.4 0883 1175.3 26.6 1.260 473.0 
*1763 0.784 - 1045.0 23.5 1.235 423.5 

Molecular weight: 94.49 Radius of the CapiJlary tube: 0.04792 cm.; the mea-
surements indicated with * were made with a tulJe 
wItose radius was 004670 cm. 
Depth: 0.1 mmo 

At a pressure of 20 mmo the acid boils constantly at 101° C. The melting-
point was 62°.5 C. The density was at 75°·C.: 1.3576; at 1000 C.: 1.3261; 
at 1251 C.: 1.2933. Ingeneral att1 C.: d40 = 1.3878 0.001182 (t-500)-000000104 
(t-500)2 

The temperaturecoefficJent of p increases gradually with nse of tempera-
ture: between 80° and 92' C.: 0.96; between 92° and 118' C.: U4; between 
118° and 149) C.: 1.61; and between 1490 and 176° C.: l.S. Erg per degr ee. 
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xl. -
-Dlchloroacetic Acid: CHCI2 • eooH. 

Cl) Maximum Pressure H ... Molecular ::l Surface-~u 
tension j( Jn Specific Surface-

~o 
0.." in mmo mer· Erg pro cm2• 

gravity d40 energy I' in E .~ cury of in Dynes Erg procm2• <IJ 
Eo< 0° C. 

0 
0 1.228 1637.2 38.1 1.592 796.5 

25.7 1.143 1523.4 35.5 1.557 726.5 
41 1.096 1460.6 34.0 1.535 691.8 
55.9 1.052 1402.3 32.6 1.515 655.3 
80.2 0.980 1306.4 30.3 1.488 605.3 
92 0.945 12605 29.2 1.444 571.8 

117 0.905 1206.2 27.9 1.431 539.8 
*136.6 0.842 1122.1 25.1 1.405 481.4 
*149.3 0.803 1070.7 24.0 1.387 . 456.0 
*176.2 0.719 959.3 21.4 1.349 400.6 

Molecular weight: 128.95. Radius of the Capillary tube: 0.04792 cm ; in the obser-
vatIOns indicated by *, this radius was: 0.04670 cm. 
Depth: 0.1 mm 

The acid boiIs at 192°.5 C. under a PI essure of 763 mm.; on cooling it 
solidifies and melts again at + 10' C. 

The density at 12" C. was. 1.5759; at 75') c.: 1.4891; at 100° C. 1.4547; 
t':J c.: d40 = 1.5924-0.001378 t. The temperature-coefficients of}J oscillates 
beyond a mean value of about 2.30 Erg per degree. 

XII. 

TrichJoroacetic Acid: eel3 • eOOH. 
-

<IJ Maximum Pressure H ... Molecular :::I - Surface-'tûU Specific Surface· t 0 tension j( in 
Cl. c in mmo mer· Erg procm2• 

gravity d40 energy I' in 
5 .~ curyof In Dynes Erg pro cm2., <IJ 

E-< 0° C. 

° 80.2 0.902 1202.0 27.8 J .575 613.8 
92 0.876 1168 6 27.0 1.556 601.0 

117.5 0.814 1085.2 25.1 1.515 568.7 
*136.5 0.784 1045.0 23.4 1.484 537.6 
*149.2 0.746 994.6 22.2 1.465 514.4 
*176.1 0.665 886.5 19.7 1.415 467.1 
*196 0.607 809.2 17.8 1.378 429.6 

Molecular weight: 163.40. Radius ofthe Capillarytube: 0.04792 cm.; in theobser-
vations marked by Oo, the radius was: 0.04670 cm. 
Depth: 0.1 mmo 

Under a pressure of 765 mmo the acid boiIs at 195.°5 C.; under 21 mmo 
at 107' C. The melting-point was 57°'5 C. 

The specific gravity at 750 C. was: 1.5829; at 100) C.: 1.5451; at 125) C.: 
1.5082; at fO C. d40 =1.6216-0.001566 (t-50::l)-0.00000072 (t 50;)2. 

The temperature-coefficient of ,u originally increases with rise of tempera-
ture: between SO? and 92° C.: 1.09 i between 92° and 117J C.: 1.27; between 
117° and 136' C.: 1.63; afterwards it remains fairly constant at 1.82 Erg 
per degree . 

. 
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XlII. 

LevuJinic Acid: CHa• CO. CH'}.. CH'}. • COOn. 

Q.l Maximum Pressure H 
'"' Molecular ::s Surface· "tU U 

tension "/..' in Specific Surface· to 
0.= in mmo mer· Erg pro cm2• 

gravity d40 cnergy p. in 
e·- cury of in Dynes Erg procm2• 
~ 00 c. -

° 25.5 1.304 1738.2 39.7 1.135 868.1 
41.1 - 1.268 1691.0 38.6 1.123 850.1 
60.1 1.220 1626.6 37.1 1.109 823.9 
81.5 1.166 1554.5 35.5 1.093 796.0 
95.1 1.130 1506:4 34.4 1.083 776.1 

lt5 1.082 1442.1 32.9 1.068 I 749.2 

Molecular weight: 116.06. Radius of the Capillary tube: 0.04660 cm 
Depth: 0.1 mmo ~ 

Under atmospheric preRsure the acid boils at 1530.5·e. Above 100° C. it 
is soon coloured yellowish and gets aspecia! odour; the measurements were 
thus stopped because of the evident decomposition. The melting-point is 
33° C. At 25° C. the denslty is: d40 = 1.1351; at 50° c.: 1.1140; at 75° e.: 
1.0924; at to in genera!: d4o=1.1557-0'()()OBI4t-0.000OO04t2. I The temperature-coefficient of f1 ie:; almost constant and has the smaIl mean 
value: 1.33 Erg per degree. 

XIV. 

Nitromethane: CH3N02• 

Maximum Pressure H 
Mo!ecular 

·--21 ~5 
• 0 

30.1 
46.3 
58.7 
86.2 

101.4 

in mmo met· 
cury of 

0° C. 

1.279 
1.202 
1.091 
1.026 
0.979 
0.868 
0.812 

Molecu!ar weight: 61.03. 

Specific Surface· 

in Dynes 

Surface· 
tension x in 
Erg pro cm2• 

gravity d4~ energy p. in 
Erg pro cm2• 

1705.4 
1602.6 
1454.8 
1368.1 
1306.0 
1157.3 
1082.9 

40.6 
38.1 
34 3 
32.2 
30 8 
27.2 
25.4 

1.199 
1.166 1 

1.123 
1.100 
1 086 
1.056 
1.040 

557.6 
533.1 
492.1 
468.4 
451.9 
406.6 
383.6 

Radius of the Capillary tube! 004839 cm.; in 
the observations indicated by ., the radiwii 
was: 0.04867 cm. 
Depth: 0.1 mmo 

The nitromethane boits at 102° C. under a pressure 01760 mmo On cooling 
bel ow -24° C. it solidifies and meUs at -17' C.; according to WALDEN the 
me!ting point is -26°.5 C. At the boiling-point x has the value: 25.3 Erg 
pro cm.2 The specific gravity at 15 C. is: d40 = 1.1431 at 25°: 1.1297; 50° c.: 
1.0970; in genera!: d4o=1.1657-00015052t f-0.OOOO02629t2• 

The temperature-coefficient of p. evidently Increases with rising temperature; 
between -21° and 00 it is: 1.14; between 0° and 59°: 1.38; between 59:> and 
101 ~ C.: 1 SS; being thus apprt!ciably under Eö!vös' normal·value of2.2 Erg. 

19* 
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ocv. 

r-= Bromonltromethane CH2(N02)Br. 

~ Maximum Pressure H 

~cJ -- Surface· 

à:i ° in mmo mer-
tension x in 

0.:: Erg pro cm2. E .- cury of in Dynes 
~ 0° c. 

0 I 48.3 -18.5 1.512 2015.9 
0 1 431 1907.2 45 7 

25.7 1.337 1782.1 42.7 
40.5 1.280 1707.0 40.9 
55.5 1.227 1636.1 39.2 
80 1 139 1519.2 36.4 
92.2 1.105 1473.2 35.3 

116 1.002 1335.6 32.0 
*135 8 0.919 I 1224.8 28.6 

Molecular weight: 139.99. Radius of the Capillary 
tube: 0.04792 cm; with the 
observations indicated by *, 
theradiuswas:R=0.04670cm. 
Depth: 0.1 mmo 

Under a pressure of 765 mmo the Iiquid boils at 
152°.5 C.; in a bath of solid carbondioxide and 
alcohol it soon sohdifies into a hard mass of 
crystals, melting at - 280 C. 

XVI. 

Capronltrile: OSH11 CN. 

<IJ Maximum Pressure H .... Molecular :;l Surface-~cJ 
tension /. in Specitic Surface· à:i 0 

0.:: In mmo mer- Erg pro cm2• 
gravity d40 energy p. in 

E .- cury of in Dynes Erg pro cm2. <IJ 
E- 00 C. 

° *-22 0.903 1204.1 28.7 0.854 673.6 
* 0 0.854 1138.3 27.1 0.835 645.6 

29.9 0.781 1041.5 24.6 0.810 598.1 
47.9 0.735 979.5 

1 

23.1 0.793 569.6 
59.7 0.704 938.2 22.1 0.182 550.0 
86 0.635 847.3 19.9 0.757 506.1 

101.8, 0.592 789.4 18.5 0.740 - 47:1.1 
117.5 0.555 739.8 17.3 0.723 453.7 
127.4 0.530 706.7 16.5 0.713 436.8 
151.8 0~465 J 619.9 14.4 0.684 391.9 

~ 

Molecular weight: 97.10. Radius of the Capillary tube: 0.04839 cm.; in the mea-
surements indicated by *, the radius was: 0.04867 cm. 
Depth: 0.1 mmo -

This_ very lilI-smelling Iiquid boils constantly at 157-' C. under a pressure of 
762 mmo In solid carbondIOxide and alcohol, it solidifies and melts again at 
-450 C. 

The density is at 24° C.: 0.8147; at 50" C: 0.7914; at 75° C.: 0.7675. At 
fO C.: d40 = 0.8347 - 0.000806 t-0.0000012 t2• • 

I 
The temperature.:coefficient of p. has between 00 and 127° C. a mear. válue 

of about l1.63 'Erg per degree, and above the last temperature a somewhat 
greater vatue:·1~'-Erg. - ---- , 
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Molecular Surface.Energy 
I'- in Erg pro cm2• 

900 

860 -"- ~ 

620 -

780 

740 

660 

620 

580 

. ?'t0 

500 

460 

420 

380 

:. 

--, 

Temperature 
0° ZOo 40° 60° 80° 100° 1200 1400 1600 1800 ZOO° 

Fig. 4. 

XVII . 

. Dimethyl-Succinate: CH30. GO . CHz . CH2 • CO . OCHs. 

41 Maximum Pressure H \.0 Molecular ::s Surface-~U Specific Surface-
~ ~ tension /.. in 
Clol:: in mm.mer- Erg pro cm2• 

gravity d40 el)ergy p. In 
e .- cury of in Dynes Erg pro cm2• 41 

E-< 00 C. 

0 I 1497.2 1.115 25.2 1.123 34.1 879.6 
40.4 1.085 1446.5 33.1 1.097 863.1 
54 - 1.015 1353.2 30.9 1.082 813.2 
75.9 0.932 1242.5 28.3 1.058 756.0 
95 0.870 1160.6 26.4 1.032 717.0 

116 0.806 1069.5 24.3 1.014 667.8 
135 0.745 993.6 22.5 0.995 626.2 
150 0.694 925.0 20.9 0.980 587 6 
176.2 0.585 779.9 17.5 0.955 I 500.5 

Molecular weight: 146.08. Radius of the Capillary tube: 0.04670 cm. 
Depth: 0.1 mmo 

Under a pressure of 25 mm the Iiquid bOlls at 103">.5 C. i the melting·point 
of the crystals is 18°.2 C. The specific gravity at 25° C. was: 1 1l49; at 500 c.. 
1.0865; at 750 C.: ).0589; at f:O In general. d40 = 1.1441- 0.001184 t+ 0.00000064t2• 

\ Tpe., temperature.coefficient of p. is fairly constant up to 1500 C. its mean 
~alue- being: 2.32 Erg. per degree. Above 1500 however it increases rapidlYI~ • 
'per~ap~...Ea!1_~~c!._b.L a ~eW!!iI!KAefqmgQ§ition. • • _ ..., _ __ 
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XVIII. 

Diethyl-Bromoisosuccinate: CH3 • -OBr (CO. 002H5)2' 

I I 
, 

Q) Maximum Pressure H .... Mol ::s Surface-~u 
tension /. in Specifîc Su 

lii ° I 

0.1:: in mm mer- Erg 'pro cm2• 
gravity d40 ener 

E .- cury of in Dynes Erg I 
~ 0° C. 

° -21 1.155 1539.8 35.0 1.377 11: 
0 1.079 1439.0 / 32.7 1.350 10 

25.1 1.005 1340.5 30.4 1.318 IO 
40.3 0.960 1280.5 29.0 1.300 9 
52.~ 0.918 1223.9 27.8 1.284 9 
75.5 0.861 1147.7 26.0 1.257 8! 
95.4 0.809 1079.2 24.4 1.232 & 

114 0.752 1002.6 22.6 1.211 7! 
134.1 0.698 930.6 20.9 1.189 7· 
152 0.652 869.4 19.5 1.169 71 
176 0.581 775.1 17.3 1.144 6: 
197 0.499 665.3 14.7 1.121 5· 

Molecular weight: 253.03. Radius of the Capillary tube: 0.046' 
Depth: 0.1 mmo • 

Under a pressure of 13 mmo the Iiquid boils at 1220 C. At -79' 
becOlnes turbid and very vis co us, but does not solidify. Above 176° ~ 
decomposition sets in, and the x-t-curve then rapidly falls towards the 
The specific gravity at 25° C. is: 1.3183; at 50° c.: 1.2875; at 75° C.: 
At tO in generaI it is calculated from: d40 = 1.3499-0.00128 t+ O.OO()()( 

The temperature-coefficient of p. is fairly constant up to 176°; its 
value is about: 2.54 Erg. per degree. 

XIX. 

Acetylacètone: CH3 • 00 . CH2 • CO -OH3• 

Q) Maximum Pressure H .... ::s _ 
~u 

t ° inmm.mer- I 

o,c \ 

a .- cury of in Dynes Q) 

f-< 0° C. 

° 
I -21 1.124 1498.9 

0 1.041 1387.7 
25.2 0.956 I 1274.5 
40.5 0.912 1216.3 
5 .5 0.861 1156.3 
7 1 0.805 1013.3 
9-1 8 1 0.752 lC02.6 1 
I, 

I 
06\7 916.5 

35 I 
l 6)~ 830.6 

Molecu.dr welght: 00.06. 

Mol Surface-
Specific Su tension )( in 

gravity d40 Erg pro cm2• 
ener: 

Erg I 
-

34.2 1.020 7: 
31.6 0.998 6: 
29.2 0.972 6· 
27.7 0.957 - 6 
26.3 0.943 5: 
24.4 ~ 0.923 5i 
22.7 0.906 5: 
20.7 0.889 4: 
18.7 0.873 4· 

Radius of the Capillary tube: 0.046' 
Dep h: 0.1 mmo 

Under a pressure of 755 mmo the liquid boils at 131 .5 C. In a b 
solJd carhondioxlde and alcohol it crystalhzes; the crystals melt at -; 
At 25 . C. the specIfic gravity is: O.9ï21; at 50° C.: 0.9475; at 75~ C.: ~ 
At 1° c.: d40 -= 0.9979 -0.00 1056 t + 0.00000096 t2• 

The {J-t-curve has a peculiar shape, which is probably connected wi 

transformation of the keto ~ enol-equilibrium: between - 21° and 

is: 2.17 Erg., and decreases between 54° and 76° to 1.60; afterwe 
increases gradually to 2.06 Erg. 
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Molecular Surface-Energy 
p. in Erg pro cm2, 

1140 

HOO 

1060 

102.0 

980 

940 

900 

860 

820 

780 

740 

700 

660 

620 

580 

540 

283 

500~ ______ ............. ____ --"-_....:.._ ....... ---... Temp. 

-40·-20° 0° 20· 40° 60· 80· 100° 12.0"140·160· 180·200· 22.0. 

Fig. 5. 

§ 3. The l'esults reviewed in Tables 1-19 and graphically repro
duced in Fig. 1-5, gi"e rise to the following genera! remarks. 

In g'eneral the shape of the tt-t-curves, as detel'mined by the mInes 
of the tempel'atl1re-coefficients of (1., appears to be quite analogons 
in the case of derivatives of similar constitution : it is so in the 
case of all halogen-derivatives of the hydrocal'bons (Fig'. 1), in the 
('ase ~f the al('ohols and water (Fig'. 2), and in that of the neutral 
elhers of two-basic acids (Fig. 5). 

In the case of ethyle17e-, and of etltylidene-ddo1'ide (Fig. 1), the 
diifel'ent sitllation, of the two chlol'ine-atoms in their molecules, 
appeal's . in these cases to canse an appreciable diffel'ence of tbe values 
of (1. ttt cOl'responding tempel'atures: thl1s sl1ch isomel'ides evident!y 
do llOt possess the same slll'face-enel'gy, as has been occasionally 
sllspected by previolls allthol's (FEUSTEI,). With the incI'ease of the 
atomie weight of the halogen (cf. acetylene-tetl'abl'omicle and -tetra-

I' 
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chlol'ide) the surface-enel'gy '/l also increases. Substitution of b.ydl'ogeI!~ . 
atoms by thc negative oxygen-atom has in the same way. a 'wagni
fying influenee on the original vaIue.:; of /l. 

In the case of the alcolwls (fig. 2) the values of /l, and also those 
of the temperature-coefficient of (-', increase regularIy with the 
increase of the alkyl-radical; water bowever has evidently a special place. 

In the case of Acetic and MonocMoro-, and T'l'l'cMm'oacetic Acids, 

(-' increases regularly with the content of halogen, wbile :~ in these 

cases is quite analogous. Dicldoroacetic Acid however shows a m~ch 
lat'ger tem}Jerature-coefficient, as a consequence of which the values 
of ti below 1260 C. appeal' to be greatel', above 1260 however -to 
be smalle?' than in tbe case of monochloroacetic acid. It m\lst be 
mentioned also as a remarkable fact that the (-'-t-curve for FOl'mic 
Acid is entirely situated above that for Acetic Acid, while at the 

same time the vaIue of Ö(-' for the fOl'mic acid appears to be at 
unnsnally small. The special and tliverging character of tbe formic 
aCld shows itself in a most striking way in this fact too. 

Diethylmalonate and Dimethylsuccinate (fig. 5) show witbin a 
rat her considerable temperature-range, almost the same values of,(-'; 
furthermol'e a comparison of the' (-'-!-curves of dimethylsuccinate 
and dimethyltm'imte clearly demonstrates the strongly mágnifying 
power of tbe substitution of two hydrogen-atoms by tbe typically 
negatl ve ,hydl'oxy l-grou ps. Tbis increase of the molecular surface
energy by the substitlltion of negatlVe elements of l'adicals into the 
origmal moleC'ules, acC'ol'ding to these data and those formerly published 
5eelllB to be a qllile geneNû phenomenon. 

Wllh 1\:<"pP('1 to Lhcliemller'atllle-('oefticients~(-' tbemsel\'es, it may 
ut ' 

he lell,ll'ked 'h,L' 111 Ih\ "ase lil' the halogen-derjvatives ofthe 
hIel'iJ ('a h()l1~ Ih,·\., 11 , .. l/ pot IIl1appreelably var'iahle wlth the 

, ('I 1 11 \' n "(' 1 'I io lidi' ,Lil;' etlll/lidenech!o1'ide, and 
,t I I I I e cl JJ .; t • 11 (1,43 to 1.88 Erg,). In the 
c I.,e Itt tUe "/ IIOn t, i //Ij C In illl,e i ('ulIlpollnd5: ethylenechlo1ide, 
,Llld 1, t, /1 MOl 0, 1 e-'II. (d,' ,lil /llntl I(ce/I/letle, they ma'y be consldered 
I" be c/ln)/ant, wltile hey ftll'tllel'Il11)18 appeal' to increase regularly 
\Vlth Ihe allgmeillmg coulellt of the halogeIl . 

FOI' C9 I1J)/2 : 2,16 Erg Pel' deg .. ee. 

Fol' C,HJ.-'14: 2,36 Erg pel' degree. 

For C,H2BI'4: 2,51 Erg per degree. 
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28.1 

Ol-' 
In- the case of the alcolzols and water, the values of at are 

remarkably smalI; also in 'the case of the alcohols a reglllar increase 
with growing molecular weight is observable: 

t a 
WhiIe in the case of water the value of : is :1,0 Erg per degl'ee, 

it is for CRa OR: 0,67 Erg per degl'ee. 

for C2R. OH: 0,94 Erg per degree. 

and for CaH7 OH, 1,10 Erg per degree. 

On later occasions othel' regularities of this kind will be pointed out. 

Groningen, Bolland, June 1915. 

LaborCftol'Y for Physical and 1 norganic 
'Chemistry of the- Unive1'sity. 

( 

Chemistry. - "lnvestlgations on the 'lè1npemtu1'e-Cuejficients of 
the fl'ee .J.l{oléculal' 8u1jacc-Energy oj Liqztids between - 80° 

ancl 1650° C." XI: Tile -SUl' face- Tension of lwmologous 
T1'iglycel'ides oj the jfltty Acids. By Prof. F. 'M. JAEGER and 

Dl'. JUL. KAB~, 

§ 1. In the following we give the - measUI'ements made with 
the neutral etheJ;s' of glycerol and the fatty acids. • The information 
abollt the sul'face-enel'gy _of the rsimple fats and Hs temperatllre
coeftlcient mnst be consldered of high importance fol' pmrticall'easons, I 

because it allows conclusions to be made about the corresponding 
valnes for the natura.! fats, those being mixtures of the simple fats. 
The tempel'ature-coefficlent of (L appeal'& fmthermol'e fo ha,-e very 
exceptioqal values fOl' some of these derJ\'atives wIllch may be con
sldel'ed as a fact in many respects also of Interest from a theoretIcal 
point of view. 

Fmally we gl\'e here aga.in some measurements of the specific 
surface-energy X and ils temperature-coefficient, for natural butter 
and -for margarine, whieh measlll'ements were made witb the 
plll'pose of finding out, if a reliab1e criterion could perhaps be 
oblained for the discriminafion of pure natural bniter from that 
which had been adlllterated by vegetable fats, Although the temperature
coeffit'ient of X in the case of mal'garine evidently differ& from that 
for natural b1:!tter, _we think these differences too slight to found 


