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If now it is t!'I1ce mOl'e remembered that (.t = "/.. . V2
/3 , it must be 

clear, thai the ranse of this phenomenon call OI/ly be found in tbe 
supposition, that v is na longer a comparable thing in these sel'les 
of homologolls salts. A suspicion I al'ises more pal'tieularly that it is 
no' lon~er permissible to take in account fór the moleculal' weight JJ1 

M 
dUl'wg tl\e ca]C'ulation of [I = -, the yalues, following from the 

d 

mere chemiC'al fOl'mula ot' these salts. The significance of this would 
become edJent, if Olle COllid suppose, that the deg1'ee of clissociation 
u of evel'y 011e of these 5alts IS a d~!f'erent one at the same tempemtul'e. 
ThllS an Il1direct indlcation would be fOl1nd here for tile decision 
of the pl'oblem not soh'ed completely up to tills date; if molten 
salts must be considered to b~ electl'olytlCally dissociated only pm'ti
al(lj or totally; and more particularly this ql1estion would be defi
nitively answel ed Il1 favour of the pal,tial disaociation, when a < 1. 
In how fa I' this conclu5IOn with respect to this fundamental problem 
may be consldered 10 be jllstified, we also hope to discl1sS shortly 
in a second way, in connection wlth experimentaI data of anothel' kind. 

Gl'ol1inyen, Holln.ncl, .June J 916. 

\ 

L flb01'lltol'y fol' lnol'ganic and P!tys~cal 
Cltemistl'y of t!te Univel'sity. 

Chemistry. - 1 "Investigations on tlte Temperature-Coefficients of 
the Pree Moleculm' Sm'/ace-Enel:qy of Liquids between - 80° 
and '165~~ C.· XVI. Tlte swj'ace-tension of sorne Haloge
nides of c Sulphll1', Plwsplwl'us, ÁI'senic, Antimony and Bis
mut/min", By Prof. Dl'. F. l\f. JAEGER and Dl'. JUT., KAHN. 

(Communicated in the meetiug of June 24, 1916). 

~ 1. In the following papel' the measnrements of tlJe slll'faee
energy' are \ descl'ib'ed, which were made wlth the substances : 
'\'ltlplntrmonocldO?'ide; plwsplt01,ltstricMoride; lJlzosplw}'llstl'ibromide , 

-phospltOl'ustl'iiodide; Ill'senictl'icltlol'ide; (l}'senicti'ibl'omide; anti1JlOny
t1'icMol'ide j bismutlwmtJ'ic1dol'ide, ancl bismut/mmtl'ib1'omide, In the 
case of mllimony-tl'ibl'omide on heatillg already inmediatel) a decom
position was observed, the l1leasurèments were tbel'efol'e no longer 
couiinued. The detel'mination of tüe speéitic gl't1,\ity of P13 appeal'ed 
not to be pp5sible wlth the desired accuracy owing to the too rapidly 
occllI'ring decomposition of Ihe snbstallee llndel' the influcnce of the 
watcl'-VnpOIIl' of tlte atmosphèl'e. 

I~ 

/ 
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1. 

~ 

Sulphurmonochloride: 52C12• 

Maximum Pressure H I -
CIl .... Molecular ::I • Surface-lii u 

JU mmo mer-I 
tension Î in Specific Surface-

1ü ° 
Clo~ 

in Dynes Erg per cm2• 
gravity d40 energy IJ in 

E· .. I cury of I Erg per cm2 

~ 0" c. 

° 0 1.641 2187.9 45.4 1.709 836.1 
25.4 1.513 

, 
2017.9 41.8 1.670 781.7 

50.1 1 379 1838.8 38.0 1.631 721.9 
75 1.259 1678.4 34.6 1.591 668.3 
90 5 1.198 1598.3 32.9 1.568 641.7 

~105.4 1.139 1518.1 31.2 1.544 614.8 
121 1 075 1433.2 29.4 1.519 585.7 

• 
Molecular weight: 135.06. RadIUS of the Caplllary tube: 0.04242 cm. 

Depth. 0 I mmo 

The dark yellow Iiquid boils under atmospheric pressure at 138:> C. At the 
boilingpoint I. has a value of about: 29.0 Erg The specific weight at 0° C. 
• • 0 IS 1.7094, at 138 .1 C .. 1.4920 (THO~PE). 

The telllperature-coefficlent of p. is onginaIly, up to 50° C. about: 2,24 Erg; 
afterwards Jt dimlOishes to about 1.79 Erg. per degree. 

2. 

Phosphorustrichloride: PCl3 

QJ Maximum Pressure H .... Molecular .. ::I Surface-tU U Specific Surface-
1üo tension I in 
Q.~ in mmo mer- Erg per cm2• 

gravity d40 energy " in E· .. cury of in Dynes Erg percm2• QJ 

E-< 0° C. 

0 
~ 

-70 1.514 2098.4 37.4 1.744 687.4 
-20.5 1.332 1176.6 31.6 l.653 601.9 

0 1.237 1650.2 29.3 1.613 567.3 
20.8 1.155 1540.0 27.3 1.574 537.2 
35 2 1.093 1457 6 25.8 1.547 513.6 
50.3 1.031 1375.0 24.3 1.518 489 9 
64.8 0.973 1298.1 22.9 1.492 467.0 
15.1 

I 
0.932 1243.0 21.9 1.475 450.1 .. I 

Molecular weight: 137.42. Radius of the Capillary tube: 0.03636 cm. 
Depth: 0.1 mmo 

The chloride boBs under a preSSUre of 749 mmo at 75° C. Even at-75° C. 
It IS again'a thin hquid, but solidifies, according to TIMMERMANS, at -900 C. 
At the boihngpoint I has the value: 21.9 Erg. The speclfic gravity at 16°.4 C. 
IS: 1,582; at 46.2 c.: 1,527; the c~ltical tem.peratur.e is: 290° C. (RAMSAY 

I 

and SHIELDS). The temperature-coefficlent of I' IS relatlvely small: about 1,61 
Erg per degree, as a mean value. , 

~ 

I 
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3. 

Phosphorustribromide: PBr3' 
I , 

I 

cu Maximum Pressure H .... Molecular :::l Surface-1ilU , 
Specitic Surface-.... - tension / in cuo 

8': in mm.mer-
Erg per cm2.! gravity d40 energy IJ in 

Q) cury of in Dynes Erg percm2• 
E-< 0° C. 

° I I I 
1-20 _ 1.939 2585.2 

I 

45.8 2.912 fl21.0 
_0 1.894 2525.1 44.1 2.923 914.8 
20.8 1.831 2441.0 43.2 2.811 894.7 
35.3 1.195 2392.8 42.3 2.837 883.0 
50.3 1.149 2332.2 41.3 2.199 810.0 
64.8 1 699 2266.2 40.1 2.162 852.2 
15.1 1.550 2200.2 38.9 2.135 832.1 
90 1.514 2098.4 31.0 2.101 798.1 
99.8 1.526 2035.2 36.0 2.676 181.4 

116 1.438 1916.9 33.8 2.6315 741 0 
125 1.386 1848.1 32.6 2.615 118.5 
140 1.295 1721.1 30.4 2 517 616.6 
154 1.213 1617.1 

I 
28.4 2.542 631.9 

110 1.126 1501.1 26.3 2.502 591.0 
I 

Molecular weight: 270.6. Radius of the CapiIIary tube: 0.03~36 cm. 

I 
Depth: 0.1 mmo 

Under a pressure of 150 mmo the compound bOlls at 170) 2 C The bromide 
solidifies at -50° c., and melts again at -40" C. At the boilingpoint / has 
the value 26.2 Erg. 

The temperature-coefficient of IJ mcreases gradually: between - 20° and 
50° tt is: 0.81 Erg; between 50° anel 65° c.: 1.22; between 65,) and 76) c.: 
1.84; between 76° and 100), 2.03; between 100° and 110°: 2.63 Erg; etc. 
The specific gravities were calculated trom the data given In literature by 
interpolation. 

4. 

~ Phosphorus-Triiodide: PJ3• 

Maximum Pressure H 

Temperature 
Surface-

tension / In 
in o'C. in mmo mer- Erg. per cm2• cury of in Dynes 

0° C. 

, , ° I 75.3 1.999 . 2665.3 56.5 
90 9 1.962 2616.9 55.5 

105.5 1.931 2574.4- 54.6 
121.4 1.898 2530.4 53.6 
135.5 1.852 2469~1 52.4 
150 1.811 2423.4 

I 
51.4 

Molecular weight· 411,8. RadiUS of the Capillary tube: 
0.04242 cm. ) 
Depth' 0.1 mmo 

The red crystals melt at 55°-60° C.; the compound~ 
I sublimes rapidly and is so easily attacked by water;that ~~ 

measurements of the specific weight are almost impossjble~.,( , 
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5. 

Arsenicumtrichlorlde: Asel3• 

<IJ Maximum Pressure H .... \ Molecular ::l Surface-~U Speclfic Surfgce-.... 
in mmo mer-I 

tension / in 
<IJ " gravity d40 energy " in o.s:: Erg. per cm2• E .- cury of I in Dynes Erg. per cm2• <IJ r-- . 0 c. , 

0 
-21 1.842 I 2453.8 43.8 2.245 818.4 

0 1.708 2217.2 41.4 2.205 782.9 
20.8 1.629 2167.2 39.4 2.165 754.3 
35.3 1.601 2134.4 ï 38.0 2 136 734.0 
50.2 1.544 2057.3 35.6 2.105 713.9 
64.8 1.480 1976.2 35.1 2.073 691.7 
75.7 1.445 1924.4 I 34.2 2.051 678.8 
90 1.354 1805.6, 

I 
32.8 2'016 658.5 

110 1.312 ~I 1749.0 31.0 1.968 632.4 
, 

Molecular weight: 181.34. Radius of the CapilIary tube. 0.03636 cm. 
Depth: 0.1 mmo 

The chloride bOJIs at 130" 5 C. under a pressure of 757 mm.; lts melting
point IS - 13' C. The spectfic gravity was calculated from the formula I 
d4 :J = 2.2050 - 0.001856 t- 0.0000027 t2, derlVed from the values given _In lite- I 
rature. At 0'" C. the denslty IS' 2,2050; at 20) C. : 2.1668; at130"'.2 c.: 1.9181. I 
The temperaturecoefficient of I! has a mean v~lue of: 1.40 Erg per degree. . 

o 
49.6 
74.5 
90 

105.5 
121 
135 
149.6 

*165 
*179 7 

6. 

Arsenicumtribromide : AsBr3' 

Maximum Pressure H 

in mmo mer-\ 
cury of I 
0° C. 

1 822 
1. 714 
1.647 
1.587 
1.518 
1.467 
1.417 
1.273 
1.244 

in Dynes· 

2429.1 
2285.1 
2188.1 
2116 9 
2023.8 
1956.6 
1889.1 
1697.6 
1658.3 

49.6 
46.6 
44.8 
43.0 
41.0 
39.6 
38.2 
37.0 
36.1 

Molecular 
Specific Surface-

gravity d40 energy /' in 
Erg per cm2, 

3.328 
3.261 
3 234 
3.184 
3.143 
3.111 
3.076 
3.041 
3.008 

1029.5 
980.5 
947.8 
919 3 
884.1 
859 8 
835 6' 
815.6 
801.6 

�------~--------~--------~---------~--------~---------I 

Molecular weight: 314,72. Radius of the CapilIary tube: 0,04242 cM.; in the obser
vations indicated by *, it was: 0.04583 cm. 
Depth: 0.1 mmo 

Vnder a pressure of 20 mmo the substance boils at 1090 c.; the meltmg
point is 31 c> C. At 500 C. the specific gravity was; 3.3282; at 75° c.: 32623; 
at 1000 C : 3.1995. At fO c.: d4? = 33972 ,-0002822 (t-25~)+0.00000248 
(t- 250)2. ' 

The temperature-coefficient of I' is up to 120'" C. fairly constant; its mean 
value is 2,05 Erg per degree. Afterwards it decreases gradually, and becomes 
about 0,98 Erg at 1800 C. 

/ 

\1 



- 6 -

7. 

Antimonytrichloride SbCl3• 

I 
C1J I Maximum Pressure H s-. Molecular ::I Surface-~u Speclhc Surface-1ii 0 tension lID 
0. ... in mm.mer- Erg per cm2• 

gravity d40 energy IJ ID E .::: cury of In Dynes Erg per cm2• C1J 
r- 0 c. 

° I 

I 
74.5 1.803 2403.7 49.6 2.672 957.4 
90.4 1.739 2319 6 47.8 2.639 930.3 

105 I 678 2242 5 I 46.0 2.606 902.8 
120.6 1.616 2148 0 44.3 2.571 877.3 
137 1.556 2074.4 

I 
42.6 . 2.534 851.8 

149.8 1.506 2008.4 41.2 \ 2.505 830.2 
*165 1.342 1789.2 39.6 2.471 805.2 
-1<178 1.299 1732.5 I 38 3 2.441 

) 
785.2 

I 

Molecular welght· 226,58. RadIUs of the CapiIIary tube 0.04242 cm.; in the 
observatIons IDdlcated by ~, It was: 0.04583 cm. 
Depth: 0.1 mmo 

The beaubfully crystalhsed compound melts at 73°.2 C. i under a pressure 
of 20 mmo Jt bOlls at 111 ° C. 

The specIfic gravIty can be calculated (Kopp) fIom the equatlOn: d40 = 
I = 2.6712 -0 002166 (t- 75°) - 000000072 (t-75O)2. I 

The temperalure-coefficlent of J IS fairly constant and about 1,66 Erg I 
per degree. I 

I 
I I 

8. 

Bismuthchloride: BtGl3-

C1J MaXimum Pressure H .... Moleclllar ::! • Surface-~u 
tensIOn I In 

SpecIfic Surface-
di ° in mmo mer- gravlty d40 energy 'J in 0..::;: Erg pel cm2• E - cury of ID Dynes Erg per cm2 
<lJ 0° C r-

0 

I 
I 

271 2.271 3028. 66.2 3.811 1254.4 
304 2 119 2825 61.8 3.735 1187.0 
331 1.994 2658 58.1 3 682 1126.6 
353 I 896 2528 55.3 3.621 1084.3 
382 1.782 2376 52.0 3.554 1032.4 

Molecular weight: 314.38. Radius of the CaplIlary tube 0.04363 cm. At 18° C. 
Depth 0.1 mmo I 

The salt, whlch melts at 230° c., was purified by distJlIatJon In a stream 
- of dry hydrochlonc aCid. Above 400 J C. na rehable measurements 

were posslble, because of the attackIDg of the platinum caplIlary tube by the 
vapours. The measurements can only be consldered as approxlmatJve 
ones, becallse of the partJal decomposlbon of the BlCl3 by the air, which 
cannot he avolded under these circumstances. The specIfic weight at 254° C. 

I 
was: 3.851; at 281 ° c.. 3789 i at 304° C. 3735. At fO C It IS d40 = 3 860-

0.00232 (t-2500). The temperature-coefficlent of I' is between 271° and 831° C 

l
about 2.14 Erg; between 331° and 353° c.: about 1.92 Erg; and between 
353° and 382° c.. 1.78 Erg. per degree Celsius. 

--- -- ---
26 

Ploceedings Royal Acad. Amstel·dam. Vol. X IX. 
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9. 

Bismuthbromide: BiBr3' 

<ll Maximum Pressure H - Molecular ::l Surface-~rJ 
in mmo mer-I 

tension /.- in Specific Surface-
1ü 0 gravity d40 energy!, in o.~ Erg per cm2• E .- cury of I in Dynes Erg per cm <ll 0° C 1-< 

° 1 I I I 250 2.272 3029 66 5 4.598 1407.6 
281 2.172 2893 63.6 4.525 1360.6 
299 2.103 2804 61.6 4,471 1328.5 
320 2.032 2709 59.5 4.416 1293.8 
346 1.936 2581 56.7 4.348 1245.7 
370 1.836 2448 53.8 4.286 1191.3 
389 1.774 2366 52.0 4.237 . 1162.3 
417 1.668 2224 48.9 4.164 1105.8 
442 1.575 2100 46.2 4.099 1055.8 

I 

Molecular weight; 447,76. Radius of the Capillary tube: 0.04381 cm. 
at 150 C. 

Depth: 0.1 mmo 

The salt was prepared from the purest bismuth and bromine, and purified 
by dIstilIation ; It melts at about 2500 C. into a yeJlow liquid, becoming 
darker at higher temperatures At 271°.5 C. thedensitywas:4.572;at301°C.· 
4.466; at 330° c.: 4.390. At to c. it is generaJly : d4o/= 4.598 - 0.0026 (t = 250°) 

The temperature-coefficient of /' increases slowly from 1,76 Erg between 
2500 and 389° to about 20 Erg per degree at higher temperatures. 

I 

I 

~ 3. If now we review the reslllrs obtainecl, on compul'ison wc 
ean derive from them the follolVing conclnsions (vid. fig. 1). 

Name of the Substance: I Temperature·coefficient of !' : 

Sulphurmonochloride , 2.24 to 1.79 

Phosphorustrichloride 1.61 

Phosphorustribromide 0.81 to 2.63 

Arsenidrichloride 1.40 

Arsenidribromide 2.05 to 0.98 

Antimonytrichloride 1.66 

Bismuthumtrich10ride 2.14 to 1.7~ 

Bismuthumtribromide 1.76 to 2.0 
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Although the valnes of ~~ are nol great, and general!y smalle1' 

than Ihe nOl'mal vft!ue of 2.24 Erg per degl'ee', theJ are however 
in all cases appreClably greatel' than sneh as oC'CUl'l"ed in the rase 
of the inol'gfinJc mol terl sal t'l; these ,alnes here po in t in evel'J' 
respect to close anfilogy \V ith Il1e beba viour of" ol'ganic' Iiqniels. 
Specific Surface·Energy 

% in Erg per cm~. 
70 

JO 

Temp!'l ature M .. __ ~ ____________ ~ ____ ~ ______ ~ __________ ... 

-.10" -io··10° JO· ~O· 70' 90' 110'730· 750'ntr19O"}10'130';!J0' 110' 290':110' 330'350" J70·J90·f/"'/Jd'~() 

F~.J.. 

Doubtless the inflllence of tbe muc" lower boiling- and melting
temperatnres, which are typical fol' these sllbstances in eompal'ison 
with the salts mentioned, makes ilself feit here. 

As fol' tbe mntllal sitllation of Ihe x-t-curves (fig. 1), tbis appears 
to be quite l'eg,ulal', .just as in the case of the alcali-halogenides, 
but j ust in the ?'eVe1'Se di?'e('tion, becrmse at the same tempemtw'e, ï.. 
rtppeal's to inc1'ease with the atumic weigltt of tlte e1ement c017lbinecl 
with t/te /talogen. A comparison of tbe ï.. t-el1l"ves of PCla, AsCla, 
SbCla anel BiCls on one side, fine! of PB1'a, A8BI'a and BiB/'s on 
the other side, shows th is immee!iatelj. It is remm'kable however, 
th at the same is the case here fol' the hfilogens: if the ï..-t-c1ll'ves 
of PCls, PBI'~ and Pl1 fire eompal'ecl \Vilh each other, and also 
those of AsCl~ and !lsB1'3' and of BiCls and BiB?'J' - it fippears" 
th at at tlte same tmnpemtm'es the val'ltes of X a?'e t/w pl'eate1', as the 
rdomic we~q!tt of t/w lu.tlopen J inC1'eases; i.e. jusI in the reverse 
elirection as fOl'l1lOl'ly was fOlmd in tbe ('ase of the halogenides of Ihe 
alcali-melftls 1). 11 IS very pl'olJable that the caLlse ·of this stI'Ïldng 
deviation mnst be art!'Ïbntec1 to the muell less pl'OIlOLlnCec1 contl'ttst 
in eleetl'ochemical chal'aclel', which tbe ruetalloids P, As anel Sb 
'lhow in comparison witl! tlle ltalopem, in compm'ison with IlJat of 
lhe stl'ongly eleC'tl'opositive alcali-metals against those same ImJogens, 

1) I"~. l\\. JAIW'EU. '('hese Pl'occedings 17, 5(iS, 570. (19]4). 

26"" 
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anel the eleg'l'ee of dissocialion ({ (no c1011bt intlnel1ceel by it) oJ the 
molle1l alcali-halogenides on one sicIe, and (he p, As anel Sb-halo-
genides Oll the other sicle. ' 

Tn the case of the Bi-salts, wbich approach all'eacly l1111ch 11101'e 
closf:'ly to (,he real metallie salts, the illfluence or 'thee 'combinecl 

halogen manifests itself immediately in anothe1' way: the x-t-cl1l'\'e 

fol' BiB1'a, although for a greater pal·t roinricling with th at of BiC/a' 
is situa teel! just óenerr Lh the_ latter. Pl'eviously we found in the case 

of orgalJic liqllids, being also componnds, yvhirh do not show in 
electl'olytical c1issociatioll, tllat tile presellce of electronegativc atom

gl'OllpS Ol' elements tends generaJly 10 inrl'ease the values of z. The 

specific inflllence of tile snbstitl1tion of three chlorine-atoms by three 
bromine-atoms, Ol' of As by Sb, etc. in the case of tbebe also only 

slightly associatetl liquicls, pel'haps coulel be thonght comparable witlf 
the mentionecl peC'llliarity. 

For the (l-t-curves the same regulaI'ities as fol' x-t-cm'yes, are present 

in this ('a'3e; contl'al'y to whai was fOU1Id in the series of the alcali

salts also here tbe tt-t-rUl'ves are situated l'egularly above or beneath 

each otlJel', all in connection with tbe atomic weight of the combined 

elements. The C11l've tOl' BiCl~ is here rertainly situatecl completély 

beneath that fOl' 13iB7'a' while those fol' AsB1'a and ShCla are almost 
coinciding. (fig.) 2). 

Thus contral'y to these of the alcali-halogenides, the tH-curves 

Specific SUl'face Ellcrgy 
(.t- in Erg per cm2• 

14~O 

73~O 

1250 

USO 

1050 

950 

850 

750 

650 

550 
TemperatUl'e ~o ~ ____ ~ __ " __________ ~~~_~ ____ ~k ________ _ 

JOD_,O" 11J." JO· so' 70· slJ" 710' 7JO·150'''tl·'9()·II(1·2Jl)·15r:·2',~'2g0·J'(}· JJ(J'J5()'J?O' WIIW/l'43d'45() 

• FiCJ·:l· 
are here situated in tbe same arrallgement as the x-t-curves; an 

il'l'egulal'ity like that fOl1l1d in the fh'st case, is not obsel'ved here, 

which evielently is connected with (he fad, that no apPl'eciable 

electrolytic dissociation plays a role here. 

lrrbvmt01',Ij in)' Jn01y/rtn/c mul Physi('rtl C/im71istI'JI of t/ie U11I·ve1wity .• 
Ol'ouingen, Holland, .Jllne 19J6. 


