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This could fUl'thel' be pro\'ed by cal'efully~ oxydising the trinitl'o
compound (m.p. 154°) with chromic acid in acetic acid solulion, 
which yields the monomethyl compound melting at 147°. This gives 
with alcoholic methylamine-solution the m-phenylene-derivative melting 
at 169°. 

A continued oxidation wlth chromic acid yields ti'om the tl'initl'o
compound m.p. 154°, a 2.3.4.-trinitroaniline- (m.p. 1\:)0°), whicl! on 
tl'eatment with ammonia gives the above cited 2.4.-dinitl'ophenylene
diamine. 
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Chemistry. - "Tlte inflttence of the hydmtion and of the deviations 
fl'oJn the ideal gas-huvs in aquernts solutions of salt" on thIJ 
solidifying and the boilin,q 7Joints." By Dr. C. H. SLUl'l'lm. 

(Communicated by Prof. A. F. HOLI,]o\!IIAN.) 

(Communicated in the meeting of December 30, 1914). 

When, accol'ding to VAN 'rr HOFl', we detel'mine the irl'ationality 
eoeffiClent (faeLm' i) of good electrolytes in the well-known ma11l1el' 
with tlle telcphone bl'idge of KOHLRAUSCll, fol' different solutions 
1'1'0111 the fOl'lllUla i = t + (n-'l) cc, in whieh n l'epl'esents the nl1mbel' 
of ions that ean be yielded by one molecule, and {( the dissociation 

'1 Av ( . ld" . 1" c egl'ee = - A = eqmva ent con uctlvlty power), tBS étppeal'S to 
Aa:> 

fn,irlJ incl'ease witll the gl'owing dilntion until almost the theol'etical 
limit lias been attained. 
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If by otller men.ns, nn.mely by men.snring the depl'esslon of the 
solidifying point, Ol' the l'ise in tlte boiling point of the solntions, 
we try to detel'mine, n.ppl'oximately the vaJue of i n.crordillg to the 
formllla' 

. Obsel'ved depression S.p. Ol' I'i se iri Rp. 
Z = Molecnlar c!epressioll S.p. Ol' 1'i se in B.p. X c' 

in which c' l'epl'esents the nurnbel' of gmm-mol& per 1000 gmllls 
of wa(Ol', the vahles thns fonnd, particnlarl,r in the case of concen
tmte'] solntions appeal' to agl'ee veJ'y badly with thE' thst named 011e&. 

Two different causes can be addured fol' these divel'gencies. First, 
the hydmtions of the salt molecules and of thell' ions, owing to 
whH'h a part of the wn,tel' has been rendered i11active as a solvent. 
Hence, in the labt fo1'mula a ~lIIalJer value wiJl be .found fol' c' 
than it \Vould have been if the salt had been really calculatecl on 
1000 grams of solvent. The cn,lcnlated valne of i will thus be gl'eatel' 
than it \Vould have been without hydration. At high eOl1centrations 
the amOUl1t of solvellt Wlthdmwll as \'vater of hydration will be 
largel' titan at low concelltrations,' so that the intluence on i will 
be most pl'onolll1ced in the th'st case. AIso, strongly hycll'ated salts 
such as MgCI 2 anc! CaOl

2 
wiII exhibit greater diffel'ences of i thn.n 

the but httle hydl'n.ted ones snclt as NaCI anel KCI. 
The second canse of the divel'gencics lIes in the l'elative appli

cabtlity of the so-calied "ideal gas-laws". When, according to VAN DER 

WAALS, the intluence of tbe factors Cl and b on tbe gas pressul'e 
also applies to tlte osmotie pl'essl1l'e of the solutions, tbeil' solidifying and 
boiling points will also be affecteu tIJet'eb,)'. We may cOl1lpa,l'f' solutions 
of salts to ga,ses of lllgil molecular wejght be('aURe the mass of 
hydrated pal'ticles wiJl be comparatively larger. With concentl'ations 
of about one gram-mol. per litl'e we may th en exped that tbe 
factor b (volnme of the partides) wIIl exert a stl'onger infll1ence 
than the factor ((, (propol'tional to the mlltual attraction of the pal'
tieles). Tile osmotie pl'essme, therefore also i wiJl thell be greatel' 
than one would expect it 10 be without those factors. At these lal'ge 
roncentrations the hydl'a.tion anel tbe last named Cil'C1ll11stance thus 
act on i in t he same dIrection. 

When at smallet' concentrations, a uecOlnes pI'edominant, the 
osmotic pl'esRure, ben ce also i, will become smaller than would be 
the case according to the ideal gas-Iaws. Now, as a l'ule, the ql1estion 
is whether a can ovel'come not only the influence of b but also' 
that of the ltydl'ation of some kind of salt, so that i really 
becotpes smaller tItan would be the case \'i'ithOllt one of these pel'· 
tQl'bing' factors. 

-- ~ --------
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!n tlte determination of A we ~t1'e only concerned Witl1 the l1nmbel' 
of ions present in a cel'tain volume of lhe solution so that the said " 
rel't111'bing factors exel't no influence on tbe calcmlation of i. The 

l'elation A v therefore indicates- the aCÎllal value of i when V l'epl'e-
A"" 

sents the l'eciprocal vallle of the nnmbel' of gram-mols pel' 1000 cc. 
of solll tion. 

I have endeavo11l'ed to ascel'tain, by the measurement of A the 
depl'ession of the solidifying ]Joint and the rise in tbe boiling point at 
equal concentrations and tempel'atures, in how fal' tllese consideralions 
are in agreement with the l'esuJt of i in tbe case ofNaOI, KOl, MgC12 

and Oa 01 2 , 'rhe al'l'angement of the experiments did not admit of 
malnng direct experiments at equal concentl'ations. I ha' e, tberefore 
approximated Ihe valnes of i as accul'ately af:. posslble by graphic 
interpolation. Pl'operly speaking I onght to have determined A at 
the solidifying alld boiling points of the solntion instead of at 00 and 
1000. As, however, the change of i with the temperature is very 
slow, tbis correction would not counterbalanre tbe inaccuracies which 
would f hen he introduced owing to thö great experimental difficulties. 

I have also occupied mJself witb the calculation of i from satur
ated vapoul' determinations of saline solulions, were we can expect 
the same dive,'gencies as in the dynamic determmalions. Notwith
standillg dettüled and IabOl'ious expel'irnents I bave not succeeded ü, 
obtaining, 111 this m,tnner, l'esults snfficiently aCClll"ate for controUing 
(he above mentioned "alnes of i. I wiU only mention th at i, when 
accurately determined within one decimal, /gave the same results 
witJt the statical and the dynamical method. 

In the "Chemisch HTeelcblad" (1915) will appeal' ft, more elaborate 
description of the appal'atus employed by me and the cOl'rections 
applied t'or the calculation of i, whilst the agreement and the dif

. fel'ences of my resuIts with those of other observers will also be 
discussed. 

The following points of a more genet'al importance, I wish to 
mention her~. 

The mannel' in which the conductivity power of the water, used 
in the .-1 determinations, is computed is generally carried out by 
mnltiplying the specific condllctivity power of the water with the 
dilution of the solution expressed in cc. 

This empirical method, howe"e1', keeps no account with the position 
of the sliding contact on thé meaf:.ul'ing bridge. The following 
deduction may demonstrate, however, that this position exel'ts astrong 
influence on the correction to be applied. Sllppose: 



- 5 -

tfó = l'esistal1ce of the solution. 
lYn = comparisoJl lesistance on the bridge. 
TVw= I'esistance of the "eondnctivity 1l)rtter", 
TV = eOl'l'ected l'eE,istance of the solution in case the water 

possessed an infinitely gl'eat resistance. 
If we assnme th at the conduetivity power of the water is inde

pendent of t1le nature of the solntion (as will be cel'tainly the case 
witlt nentral salts) we bave: 

111 111 
Ww + W= Wo Ol' TV Wo -W . (1) 

If we call the pal'is of the bridge wire, when the solntion is 
shunted in a and band those when the water only is shunted in 
c anel cl we have: 

Wo b 

Wn - a 

1 Cl 1 
Ol' - X Wo-Z; W' , (2) 

and 
WIV d 1 c 1 

Ol' -=-X-, ," (3) 
Wn e IFIV d Wn 

Sn bstitntioll of (2) alld (3) in (1) gi ves : 

~T= ~n (~--~) , (4) 

lf we put x the cOl'l'ection to the left, hence the diminnlion of 
rt, which mnst be applied in the case when the wnter had an infi
nitely gl'eat resistance, we find in a similar mannel' : 

1 a-tIJ 1 
W=b+tIJ X Wn' 

, , (5) 

Sllbstitution of (4) in (5) gives: 
a-m a e a-lu ad-be b2 c 
b+lu = b - d Ol' b+lu = bd' llence tV = d(a+b)-bc' 

Tf L = a + b = c + cl = length of the bridg'e wÎl'e alld if we 
b2 b2 

neglect be in l'egm'd to dL we have: m=cX-=e X -
L
-. 

Ld L( .J-c) 
If, herein we ngain neglect Le in regard fo L2 we get: 

.v=c X (~J. 
Oonsequently the further the sliding contact is sitnated fowal'Cls 

the l'ight, tho smaller will be the corrections to be applied. In my 
meaSUl'ements Wn was always ehosen in sueh a mannel' that b 
was as small al:> possible without the telephone minima becoming 
less sharp. Not a single other observel' appeal's to have applied this 
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correction in th is mannel', wbicll, WWl great dillltions, can cause ~ 
c1/fference in the yalue of .A of several percentages. When now we _ 
represent their resuIts of A, graphicall,r as a flll1ction of the logarithm 
of' the c1ilution, the curvec1 Enes in the vicinity of V = 2000 alld 
higher often exhibit very pecnlial' bends so that sometimes tbe 
gmphical approximation of A'IJ becomes imr)05sible. '[Ibe curved 1illes 
c1ec1l1ced ft'om mJ resnlts all appeal' to rl1n asymptotically witl! a 
line parallel to the dil n tion axis, a3 reqnil'ed by theory. 

The apPl'oximation of A"", pal'ticl1lal'lyat 1000, is rather uncel'tain, 
because witl! very gl'eat diIntions the above describeel correction 
methoel for the conductivit.r water also fails. In order to get COl11-

pumble resnlts, I have appliec1 tbe empil'i('aI lllethod of BREDlG 1
) 

alld of NoYES 2) taking A en = A 1000 + 2,5 lV at 25° (N = proclnct 
of the valencies of anion anel ('ation). I have choseu the coefficient 
of lY at 0° so lUncb smaller anel ai 100° so man,)' times larger as 
the propol'tional (lecl'ease and increase of A 1000 amounts to at thos~ 
temperatures. 

In the meaSUl'pments at 1000 which were carried out in a 5team
bath, the solution being kept under a pl'essure of 3 atm. to preveJ1Î 
evolution of vapolU' at thc electrode.::, a ('orrection had to be applied 
fol' the influence of the barometer inclication on tbe steam-temperatUl'e. 
For this purpose tbe 'temperatnre cocfficlent of A of the diffel'ent 
salts as determilled by .10NES 3) between 0° and 65°, \\'as nsed with 
a }Jl'oportional l'eduction to 100°. 

Hel'è follow the tllUS C'ol'rected results of i at different dilutiOIIS 
(V) at 00 and 100°. For each measurement the concentration at 
15") was determined separately anel 111 this way eventual errors 
caused by pipetting off and elelivering into the measllring vessel 
were avoic1ed, 

The depression of the solidifying points was determined accol'ding 
to the mctllod of ROI3ERTSON anel W AI.KER 4) in which corrections fOl' 

the infhtence of the l'aeliation anel fol' the slowness wiih which the 
tempel'atU1'8 exchange takes place, are done away with. Tbe liquid 
siphoneel off from the ice-saltsol vent mixture was rapid1y brought to 
the iemperatul'e of the J'oom and titratecl. The tliermometel; in the 
DEWAR vessel l'emained constant for a considerabIe time when this 
vessel was properly sl1l'l'ounded by iee. ' 

The concentrations all relate to a temperature of 15°. 

1) Zs. phys. Chem. 13. 191. (1894). 
2) Technol. Quart. 17. ~93 (1904). 
S) Carnegie Inst. of Washington, publ. 170 (1912) . 

. I). Proc. R9yal Soc. 24, 363 (1902). 
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v I Aa:> I iOo 11\1000 I i1000 AOo I iO' I A1000 I i 100° 

Sodium chloride Poiassium chloride. 

-

1 48.41 1.7191 219.3 1.6094 63.83 1.7773 267.1 1.6704 

2 51.53 1.7656 2424 1.6736 66.41 1.8089 286.9 1. 720t' 

4 54.28 1.8063 260.7 1.7244 68.69 1.8366 306.4 1.7686 

10 57.72_ 1.8576 283.1 1.7868 71.50 1.8709 329.2 1.8262 

20 60.04 1 8921 298.8 1.8305 73.52 1.8954- 343.8 1.8628 

40 61.81 1.9183 315.2 1.8760 75.44 1.9187 361.3 1.9067 

100 63.47 1.9430 331.5 1.9210 77.46 1.9432 374.1 1.9389 

400 65.32 1.9703 346.3 1.9625 79.63 1 9699 385.9 1.9685 

1000 65.82 1.9777 351.8 1.9777 80.61 1.9817 391.0 1 9813 

2000 66.04 1.9811 355.0 1.9865 

<Xl 67.32 2 359.8 2 

81.00 I 1. 9865 392.7 1.9856 

82.11 2 398.5 2 
I 

, Magnesium chlOride. Calcium chloride. 

- 1 68.02 2.0552 306.2 1.8860 76.33 2.1128\326.2 1.9356 

2 77.03 2.1950 373.8 2.0816 85.02 2.2392 394.3 2.1308 

4 85.71 2.3296 430.3 2.2452 93.10 2.3570 445.7 2.2786 

10 96.50 2.4970 491.9 2.4234 103.2 2.5042 506.1 2.4518 

20 104.4 2.6196 534 4 2.54-62 110.5 2.6108 546.2 2.5668 

40 110.6 2.7156 567.2 2.6416 116.8 2.7030 587.8 2.6838 

100 1117.0 2.8152 611.8 2.7702 123.8 2.8048 621.9 12.7838 

400 123.3 2.9126 657.1 2.9016 131.3 2.9144 664.5 2.9060 

1000 125.9 2.9532 675.0 2.9532 1342 2.9562 682.1 2.9566 

2000 127.1 2.9716 680.5 2.9690 135.0 2.9680 686.2 2.9680 

<Xl 128.9 3 691.1 3 137.2 3 691.4 3 , 

For the caJc111ation of t!1e number of gl'am~mols pel' 1000 gl'aIUS 
1000 c 

of watel' the fOl'mnla c' = was llsed, in which C l'epl'esents 
1000d-dl 

tile dit'ectlr-titrated con cen tratioll , d tlle sp. g'l'. of the solutioll and 
Jlf tge moleculal' weight of the salt. 

69 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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For' ~ the ~ carculation . of i the theoretical value 1;855° was chor:;en 
for the molecular depl'essioIl. in 1000 cc of water, 

t 
Wethen have i = ----" when t is the depres&ion of the 

1,855 . c 
solidifyiug poin t. 

The graphic l'epl'esentatï'on, in which t is -l'epresented as function 

C' 
Depres-. t 

sion ~fS.p. t = 1.855c
' 

Sodium chloride. 

0.9539 3.180° 

0.6224 2.095 

0.4011 1.361 

0.3772 1.283 

0.1702 0.586 

0.1501 0.518 

0.04014 0.142 

0.03042 0.109 

0.01161 0.042 

1.797 

'1.814 

1.829 

1.833 

1.857 

1.861 

1.91 

1.93 

1.95 

Magnesium chloride. 

0.9583 6.063° 

0.9795 4.726 

0.7078 4.033 

o 5322 2.847 

0.4889 2.577 

0.3852 1. 972 

0.2280 1.146 

0.1917 0.964 

0.08023 0.408 

0.03135 0.163 

0.01352 0.074" 

3.410 

3.185 

3.012 

2.883 

2.841 

2.759 

2.710 1) 

2.711 

2.741 

2.80 

2.95 

1) Minimum value of i. 

c' 
Depres-

sion ~fS.P. i = 1.8~5C' 

Potasslum chloride. 

0.9486 3.201° 

0.7964 2.696 

0.6120 2.078 

0.5016 '1.710 

0.3047 1.051 

0.1571 0.549 

0.07565 0.269 

0.02283 0.082 

0.01301 0.047 

1.819 

1.821 

1.830 

1.838 

1.859 

1.884 

1.918 

1.94 

1.95 

Calcium chloride. 

1.0092 5.966° 

0.8156 4.494' 

0.6285 3.243 

0.4840 2.401 

0.3422 1.645 

0.2992 1.424 

0.1968 0.933 

0.1384 0.664 

0.07150 0.354 

o 03555 0.181 

0.01297 0.070 

3.188 

2.970 

2.782 

, 2.674 

2.590 

2.565 

2.556 1) 

2.586 

2.669 

2.14 

2.91 

0.00611 0.034 3.0 
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of the concentration, yields for NaCI and KCI almost straight lines 
whel'eas those for MgCJ 2 11lld CaCl2 exhibit a slight bending upwarels 
at the greater concentrations. 

The valnes of i exhibit with MgC1 2 and OaC1 2 a minimum fol' 
c = ± 0,2, whilst also here, contI'ary to the calculation from A, 
thoRe of lVIgCl2 are larger than those of CaC1 2 , Also the difference 
between N aCI and KCI is here smaller than followed from the A 
determinations. 

The most trustworthy observations of other investigators mostly 
agree weU with those of mine for KCI" and NaCI, whereas t110se 
fol' MgOl 2 and CaCl 2 exhibit at both sides deviarions of at most 
2 % of the value of t accol'ding to the graphic repl'esentation. 

The detel'minations of the bOlling points were carl'ied out in metal 
vessels internally silver plated and surrounded by a steam jacket. 
In order to avoid cOl'l'ections for the barometric pl'essure, a second 
vessel with pure water was always boiled uncler exactly the same 
conditions as the one eOlltaining the saline solntion. An exchange 
'of t11e thermometers in the two vessels çOllld always take place without 
an}' dangel' of escape of vapoul' by placing these thermometers in a 
thin-walled tube containing meJ'cury. Tbese tubes were placed in 
the two vessels at an equal clepLb so that no cOl'rection for the hydro
statir. pressme was l'equirec1, By lellgthening thc l'efl'igerating tube 
nntil it penetrates 10wer into the boiling ves6el it was avoided that 
the colder l'eflux water had an intJuence on the thermometer bulb. 

A retal'c1ation of boiling was coumeractcd by placing in each 
vessel 200 grams of clear glass beac1s and 10 silvel' tetraheclrons. 
A eorrection of the concentration for the water withdl'awn from t1le 
solution by evaporation was applied. By experimenting this was 
detel'minec1 a'3 0.2 % of the concentl'ation when the vessel ~ontained 
250 cc. of liquic1. The concentration was determined befOl'e as weIl 
as aftel' the boiling and th en yielded no measnrable differenres. 'l'he 
necessary scale corrections were introduced on the thermometer. The 
calculation of c' from c was exeeuted as c1irected above. Here also, these 
quantities l'elate to a temperature of '15°. 

The graphic representation in which t was again plotted as 
functión of c shows tha,t the faintly bent cnrved lines for N aOI anel 
KCI almost coincic1e, NaCI now being situated a little higher than 
KOL JllSt as with the solidifying points, l\'IgOlz is again higher than Oa01 2 • 

In the calculation of i the theoretical value 0,52° was again chosen 
for the moleenlar increase of the boiling point in 1000 cc. of water. 
The values of i now exhibit witb all salts a minimum, with NaOl 
and KCI for c' = ± 0,3 and with Mg01 2 ancl Oa012 fo!' c' = ± 0,2 .. 

69*' 
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The l'esults of other in vesjigators exhibit in a graphic repreeen
tation, aIso mntualIJ', mnch strongel' cliffel'ences than with the depl'es
SlOns of the solidlfJ'ing point. As a l'ule the ,'aiues fOlll1c1 bJ me are 
situatecl lower, pl'obably Ül consequence of a l'etltl'dation of boiling 
tlul'ing measnrel11ents in glass apparatns accorcling to BI\CKlIIANN. My 
observations show a gooe! relative agreemenr with those of S~1I'l's 1), 
although this obsel'ver, notwithstanding metal vessels, al ways found 
somewhat higher values. In part, these small diffel'ences are pt'obably 
due to the correction of Cl fOt' the water evaporated, which SlIUTS 
does not seem to have appliecl. HerE' follow my resnlts. 

Fot' the purpose of compal'ison of the l'esults bere obtainecll ha, e 

C' 
B.p. t c' B.p. t 

increase t i= 0.52 c' increase t i = 0.52 c' 

Sodium chloride. Potassium chloride. 

1 0342 0.950° 1.767 1.0263 0.932° 1. 748 

0.7729 0.694 1.726 0.7751 0.686 1.703 

0.5147 0.454 1.697 0.5106 0.445 1.675 

0.3532 0.310 1.688 0.3482 0.301 1. 663 2) 

0.2601 0.228 1.686 1) 0.2622 0.227 1.664 

0.1721 0.153 1. 710 0.1703 0.148 1.670 

0.0962 0.089 1 78 0.1053 0.094 1. 72 

0.05128 0.049 1.84 0.05619 0.052 1.78 , 

Magnesium chloride. Calcium chloride. 

1.0151 1.633° 3.094 1.0052 1.562° 2.988 

0.7698 1.116 2.785 0.7499 1.054 2.704 

0.5146 0.672 2.510 0.5101 o 657 2.477 

0.3551 0.435 2.356 0.3482 0.421 2.326 
\ 

0.2558 0.304 2.282 I) 0.2528 0.298 2 264 

0.1671 0.199 2.286 0.1712 0.202 2.270 

0.0946 0.115 2.34 0.0972 0.117 2.32 

0.04832 0.060 2.39 0.05183 0.064 2.37 

1) Zs. phys. Chem. 39, 385 (1901). 
2) Minimum value of i. 
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C 
0.0 

lifrOmA 
I 

ifromA !::: . , . i' from 
., . 

~:&:5 l-l l-l 

Gram mol. p. .- 0 boiling 

L. soIution at 0° ::...:9 0- at 0° I at 100=> point 
I 

at 100° 
Ö 
en 

Sodium chloride 

1.000 1.719 1.795 0.076 t 1.609 1.764 0.155 t 
0.750 1.742 1.807 0.065 1.642 1.725 0.083 

0.500 1.766 1.821 0.055 1.674 1 697 0.023 

0.250 1.806 1.846 0.040 1.724 1 687 
-0.

0071 
0.100 1 858 1.884 0.026 1.787 1.776 -0.011 

0.050 1 892 1.905 0. 013 1 1.831 1.840 0.009 

Potassium chloride 

I 
1.000 1.777 I 1.816 

o m'r 
1.670 1.748 0.078 

0.750 1.793 1 823 0.030 1.695 1.702 0.007 , 

0.500 1.809 1.837 0.028 1. 720 1.674 -0.046 

0.250 1 837 1 869 0.032 I 1.769 1.665 -0.104 . 

0.100 1.871 1.906 0.035 I 1.826 1.723 -0.100 1 
0. 050 1.895 1.928 o 033 : 1.863 1.784 -0.079 

Afa~esiunt chloride 

1.000 2.055 3.485 1.430 1.886 3.094 1.208 

0.150 2.125 3.140 1.015 1.984 2.773 0.789 
-

0.500 2.195 2.858 0.663 2.082 . 2.498 0.416 

0.250 2.330 2.718 0.388 2.245 2.282 0.037 

0.100 2.491 2.736 0.239 2.423 2.338 -0.085 

0.050 2.620 2.780 0.160 2.546 2.390 -0.156 

Calcium chloride 
/ 

1.000 2.113 3.195 1.082 1.936 3.006 1.070 

0.750 2.176 2.913 0.737 2.033 2.719 0.686 

0.500 2.239 2.684 o 445 2.131 2.470 0.339 

0.250 2.359 2.562 0.205 2.279 2.264 -0.015 

0.100 2.504 2.632 0.128 2.452 2.318 -0.134 

0.050 2.611 2 710 0.099 2.567 2.373 -0.194 
/ 
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l.'epl'esented i graphically -fl'om tlle solidifying and the boiliJlg points_ 
as a function of c. 

Fl'om tbis I have interpolated the values of i at the same concen
tratiol1s as n5ed in the determillation of A. The third decimal of -i' 
is, however, ve'l'Y vague on account of the powel'ful benels in the 
vicinity of the minima, which the thus obtafned lines exhibit. From 
the differences of the dynamirally obtained va lues cf i' and those of 
i fl'or; A at co1'responding temperatmes we can con trol thf' pl'eviously 
mentioned views witb a snfficient accu1'acy. From this appea1's the 
following. 

At 0° i' is always greater than i anel the difference increáses 
reglllarly with tlle concentration (with KCI we found small oscillatió~s 
in the third elecimal, so within expe1'imental erl'ors). With the most 
hydrated salt, nameJy MgCI2 , the incl'ease of i'-i is the strongest, 
then follows CaCI2 , then NaCI, whilst the feeblest hydl'ated salt KCI 
shows the least increase of i'-i. With MgCl 2 and CaCI 2 the factor 
b seems to pl'edominate in the large concentrations for there the 
decrease of z'-i with tbe clHution is much stronger than it is in the 
case of N aUl. Not in the case of a single salt does the factor a 
become so predominant that the inflnence of the hydl'atiou becomes 
also ,subdned. At 100°, 011 the othe1' hand, i'-i, in the case of all 
salts, oecasionally becOlnes neg'ative, so that the influence of a is 
the1'e st1'onge1' than that of band the hyd1'ation together. With NaCI 
and KCI i' -z even exhibits a minimum, so that with these salts in 
the slÏiallest concent1'atioïls the bydt;ation -seëiûs -to gain the bëst of a. 

With l\1gC12 and CaUJ 2 the cliffel'ences at 100° are smaller than 
at 0° owing to the lesser hydratiol1 of these salts at a higher tem
peratul'e. At tbe smallest concentrations the pl'edominance of a 
steadily incre?-ses so that finally i'-i becomes ütirly strongly negati ve. 

As in the calculation of, i tbe ('hoice of A CfJ had to be rather 
a1'bitrary, wheJ'eas the 1l10lecnlat' depl'ession of the solidifying points 
and the 1'ise of the boiling points conlcl, not be determined in a 
direct mal1l1er in consequence of the same pel'tnrbing inflnences that 
occu1'recl in t11e solutions investig'ated, I cannot credit tbe results of 
i' -i wHh possessillg absolute values, 'fhe cln'ection in which i'-i 
changes with the concentl'ation will, howevel', l'emain tlle, same 
when another choice is made from the saicl constants. This dil'ection 
anel the velocity with which the change takes place can, however, 
.just give us some insight into the strength of the inflllellce of the 
pertul'bing causes, each separately, Fo1' a more detailed cliscussion 
011 this point, I must ag'ain refer to the 1110re elabol'ate a1'ticle in 
the Chemisch TtJTeekbZad (J 915). 

Dec. 1914. Citem. Labomtory of tite H.B.S. Bois Ze ])ue. 


