
Chemistry. - " Tlte lJse of the Z~:Jss Wate1'illte1:ll:1'(lmeler (RAYLEIGH
Löw~:) fol' t/U! Analysis of .Non-Aqueous Solutions" , By Prof. 
ERNST COH~:N and H. R. BRUJNS, 

(Communicated at the meeting of June 25, 1921). 

1. Among the methons fOl' a quantilative detel 'mination of the 
('oneent ..ation of SOlllliollS, I he opt ical methods exeel the ot hers in 
m any cases ill acclll'a('y allu rapidity ofexecutioJl. WiLh very careful 
re~ ulalion of the le mpel'atllre (conslant down to O?,OJ) it is pos~ible 

10 nele l'ln ill e with tlte IIlOSt pl'aelieal measul'ing in strument , the 
refl'aclometer, indices of I'efractio n accllrate 10 :1 Ol' 2 units of the 
tifth pla('e of decimals, whieh about corresponds iJl aqueous salt 
so illtions with an el'l'OI' in the determination of the ('oncentratioJl 

of 0.02 1
/ •• 

In some cases, e.g., for tlle analysis of exeeedingly diluted soill
tiOIlS, Iltis aec lll'aey is, howevel', 1I0t sufficient. An ins t.rument , which 
is eminently fit fol' SIlCIt net.erminations, is the walerinterferometer 
aceOl'ding to R.A YLEIGH-Löwlr. , fJl1t on the market by the firm Z~;ISS . . 
It elIabies liS to measnre the index of ref..action of a Soilltion down 
to 2 unit~ ill Ilte 71h place of decimals, eorrespollding to an error 
ill the detel'lnillation of th e concenlt'ation of a t most 0.0002 t/o' 
This interferometel' is, howevel', a s it.s name indicates, eonstl'llcted 
fol' the use of water as solvent, alld all the investiga tions which 
have heen execllted by the aid of it up to now, eoneet'ned aqueolls, 
Ol' vel'y dilllted alcohol, solntions. 

In conneetion with all investigation , of which we hope soon to 
give fUI't.hel' details, it was necessary to ca .... y out accurate analyses 

of exeeedingly diluted solu
tions in organie liquids, It 

0' 
o 

sr-~~~Lb~~~~~~~ 

Fig. I. 

t.hen appeared that if the 
inre..rerometel' is to be used 

M also in tltis case, a IIlllDber 
of pl'ecautions must be ob

sel'ved , which will be set 
forth more at length in 
what follow8 . 
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We will, howevel', {hst give a short desel'iptioll of the inte..rel'o
meter with the aid of tiglHes J and 2 1) . 

2, Fig. 1 gives a schematic repl'esentation of the instJ'llment. Tbe 

I'ays fllrnished hy a SO li ree of light S, made parallel hy lens r..., 
pass thl'()II~h the idellt.i cu l \'essels Cl anel C. filled with t.he same 
liqllid , and then thl'ol/ gh a S( 'I'ee ll pl'ovideel with two slits Rl and R" 
are I'efleet ccl as two separate heam!'! hy nlirrol' M. anti aft~1' havillg 
been lIuiteel again hy lens L, tlley fOl'm Rn illterfp rellce image in 
O. When while ligltt. is lIt;eJ thii' image ('ollsisls of a celltml bright 
band hOllildeel liJ' I wo Jurk alles ; th e bl'igltt lmllds followillg on 
them on eilher side have ('olollred edges. When now Cl is tilled 
with a solIlIion whieh has a grcn ler illdex of I'efractioll Ihan the pure 

solvent in C" thi s iJltcrfel'elH'e image is displiH'ed in cOllseqllence of 
the lenglhelling of tlt e optintl palll, e.g. 10 0'. lt ean be bl'OlIght 
back 10 tlte zero POSilioll 0 hy tl/lïlÎlIg the compensatol' plate 
PI (P. is immovaLJ le), til rOl/g it wltieh tlte optieltl puih is again 

arliticially sllül'tened . The allgle, over whielt PI has been l'olated, 

is a meaSU l'e fol' the dift'crellce of illdex, hellec illdil'eelly fOl' the 

coneelilralion ot' the su lnlion ill UI' 

Fig, 2, 

Fig. 2 I'epl'esent.s a horizontal and a vertieal cl'oss-sectioJi of the 
interferolllelel' 1II00'e in details . Tlte white light. of all Osrarn lamp 

F is eoncentnttect liJ' lells A alld prislll K. 011 Ille ver,)' nalTOW slit 
S, whieh forllls tlle Se(~OIj(lal'.Y SOIIl'('e of light. The passage of Ihe 

1) A fuller description is found in the following pi aces : 
~', LÖWE, Zeilschr, fül' Instrumentenkllnde 1910, 321; ~'. LÖWE, Physikalische 

Zeitschr.11, 1047 (1910), 
p, HIRSCH, Fermentforschung 1, 33 (1914), 
L. H. ADAMS, Journ. Amer. Chem. Soc. 37, 1181 (19J."i), 

8* 
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mys is fnl'lh el' qllife as in ti g' . 1. Tlle 10Wfl l' parf of fh e beam Ip-Ilving 
lell s L, Ilo we ver, does nof fravel'se lile vessels, but passes uIIdeI' 
thelll flll'oll gh fh e wafel' ill I'esel'voir W, whieh sel'ves as "Tempel'iel' 
harl" of lile vesse ls. A lso fh ese rays of light infel'fere in 0, where 

they fOl'm a fixed image Iyillg below t.he former, sepal'ated fl'om il 

by a lIal'l'OW I i lIe, alld se l'" i lig as "poi IIt de I'epère" ot f he zel'o 
position . Koth illiages a l'e examined hy means of I.he g l'eatly ma.gni
t:y illg cylilldel' nenlal' E. The compensafol' plate PI is I'olated by 
mealls of a level', ""hi('h is wOI'ked by a micromeier sCl'ew will! 
dl'nlTl IJ ; on fhis dl'UlTI a scale is drawIl of a hnndl'ed di\'isiollS. 
With the ill sll'llmenl nsed by liS one intel'fel'enee band cOl'l'esponds 

10 21 s('alar divisiolls. The IIl1ce l't.aillty in lhe adjnslmellt wil .h l'egard 
10 fhe coinciding of lhe two illfel'fel'ellce images i s, aftel' some 
praetice, aboul half a scalal' di,' isioll. 

Fol' the allalysis of SOIIlt.iolls one h a~ ollly pl'eviollsly 10 COllStl'lIct 

a gallgillg CIll've eom pl'isi lig I he concell tl'ation I'egion used, On I he 

shiffillg of the cenlml band which seems 10 fake place in this case, 
compare ADAMs I). 

3. When it is ll'Ïed 10 analyse in t.his way solntions in organic 
liqnids (1'01' which , of COllrse, fhe use of so-en.ll ed "säul'efest \'el'
schmolzen " vessels eonsist illg enlil'ely of glass, is ne('essaI'Y) the 
follow i li g pllell omella al'e in gellel'al obsel'ved i n I he i 11 lel'fel'omelel', 
The lIppel' illtel'fel'enee illu\.ge is hlul'l'ed and shiftecl willt I'egal'd 10 
the 10\Vel' one. The hands al'e pel'lnallelltly ohliqlle alld ('lIl'ved, Ol' 

1'01' a. IOllg time. Shakill~ of t.he liquid ill fhe vessel (by lappillg 
agaillst. lhe illfel'fel'Omelel') inrleed pl'Omol.es the l'apidifJ with whieh 
the image is fonned, bllt I'eproducible I'esulls ('anIlOf he obtailled , 
and aftel' some time lhe lines hecome again shiff ed and clIl'ved. 

The ('auses of fh ese dev iation s, ""hieh I'endel' an a('(,lIl'at.e meaSlll'e
ment of eOlll'se impossihle, n.ppeal'ed 10 be dlle fO the followillg 
ei 1'(, lIlllsfallces : 

A. the natlll'e of the hath-liquid. 
B . I he i 11 f1l1ell( ~ e of the tem peratu I'e on tlle i IIdex of I'efl'aetion 

of the solvent ; 

C. eva)Jo l'utioll and distillatioll against. the glass covering-plat.es 

of the vessels ; 
D. absorption of watel' dUl'ing the conveying alld the staying of 

the liq uill i 11 t he vessels. 
4. Ad A. Tlte wlt1l1'(I, vf the bath. liguicl. 
COlli pal'ed w i th by fat' I he majol'i Iy of tbe ol'gan ie I iq IJ ids t he 

I) ADAMS , JOlJl'I1. Ame!'. Chem. Soc, 37, 1181 (1915). 
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walel' usetl as bu.l!t liquitl p05sesses a ver)' small illdex ofrefl'action, 
Fol' the suhslallces eXltlllilled by liS we have e,g, al 20.~: 

~~.' 

lell'Rehlol'elhane nD = 1.496 
bellzelle : nD = 1.501 
wher'eas fol' wal el': nu = 1,333 

11 is easily seell Ihal Ol/ use of 811Ch solvenls with gl'eally devialillJ/; 
i lid ices of I'efl'u.ctioll, all exceed i ngly smal I departlIre fl'um I he panl,lIel 
posi tioll of IIle plalle-pamllel 1'1'0111 alld hade wal! of I he vessels, 
hl'i IIgs aboll I 11 vel'y gl'eal d isplacelllelli of Ille 11 pper' i IIled'el'ellCe 
i IlIage, Let liS ('all I he i ,,<lex of I'efl'acl iOIl of lhe bath I iq 11 id nl' 

IlIalof Ihe liqllitl ill the "esse l n,; lel fUI'I,hel' Ihe palh ill tllebalh
liqllid (a h + (' d ill fig. 1) passed ovel' by Ihe beam of light wltieh 
pasi>es CIl he /1' thaI ill Ihe vessel I" The oplica,l path is Ihell 1'01' 
\essel C" Ihe beam paRsilIg over the pathlwice '): 

2 (n, I, + n, i,) . 
Wilh perfect pamllelism of the plalle-pal'allel plates, Ihis palh has 

lire sallle lellgth 1'01' Ihe oillel' beam, H, lroweveJ', lire lenglh of 

vessel C, is e,g, rI more Ihu.1I that of G\, the optical palh is here: 

2 [u, (f,-ó) + n. (t. + (r)]. 
Ac(,ol'dillgly Ihe diffel'ellce ill optical path is : 

6. = 2(f (n,-u,), 

and Ihe displa('eillelll of Ille illtel'fel'ellee image bl'ollghl ahollt hy 

this alld expressed In ballds : 

lv = 6. = ~(J (n 2 -u,), 
). ). 

if ). l'epl'eSell1 5 t.lre wave-Iellglh of the liglil II sed . 

In the ease of water alld t.et.l'achlol'eillane u.--u, is = 0,16, 
\:<'1'0111 Ihi s folioWi; 1'01' j, = 0,00058 1I11ll. : 

N = 550 d, Ol' expressed in sealal' divii;iolls: 

N' = 21 X 550 (J = 11550 (fi;calal' di\'isions, 

lf the deviatioll frollt the parallel posilioll Ó is e,g. 0.001 mm ., 
Ihe shifting amount.s 10 no less than ± 12 scalar divisiolli;, The 
displacelllelll, obsel'ved wilh Ihe vesi;e l llsed hy liS appeared 10 be 
aboll t 40 i;ealal' ct i v isiomi. Besides I II is ct ispl aeemelll also I he i 111 pel'fect 
form of l!te uppel' image ii; pal'tly dlle 10 tlle lIoll-pamlielism of 
fl'On tand back wal! of I he vessels . 

5. To ohviale this difficlllty , u. I iqll id must be chosell u.s "Tem pe-

I) We may disregard here the thickness of the plane·parallel plates, the result 
nol being affected by lhis, 
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riel'bad" , whose index of I'efntc tioll lies as elose as possible 10 thai 
of the liql1ids to be invest.igaled, Aqlleolls solulions wilh stl'ong 
I'efmclivily (e.g . of calie-slIgar Ol' cad mium salts), whicll are pl'efel'
able 10 ol'ganic s lIbsla llces, be('ause Ihey do nOl allack Ihe cernellt 
wilh which the willdows a re fasle ll ed in Ilie reservoir W , proved 

Ilnsuitable, 011 accoullt of Iheil' high ,'iscos il y. Afler also a nllmber 
of mixl lJl'es of 1 i ti Ie \'olati le orgall ie I iqll id s (paraffill·oiJ. methy Isali

cy late and methy lllollyl-kelone-methylsl:\.li cy late) had beell tried, in 
which, IlOweve l' , difficllilies a lso presented Ihe mse lves, lelrachlor
ethane itself was takelI 1'01' it. Previoll s ly Ih e rims of Ihe willdows 

had, ho wever, 10 he proIedeo , 1'01' which p"rtJose a !ayer of an 
aqlleolls glue appeal'ed 10 he very effeetive, alld Ihe pain t' had to be 
removed from the reservoir. 

6. Ad IJ, l'lte i1lfl'lle71c~ of the te1lt/Jul1tw'e OH t!te inde.1J of /'~l1'aC
tion 0 f t!te solveIlt, 

The slrollg and always l'ec ul'/'illg cllrvaillres of Ihe bands are 

tJl:\.\'lially owillg 10 Ihe g reat value of lhe temperaillre coefficielll of 
the index of refraclioll ill ol'gallic liqllids, accompanied wilh a ver)' 
smaH specifie heat. 

dil 
Fl'om KANONNIKO~'F'S delel'nlinalions 1) -, = - 0.0005 lila)' e ,g. be 

( t 
calculaled fol' lelmc b!orelhane at ± 20°. 

dn 
Benzene has dl = - 0.00065 al 20°. 

A change of lempemtllre of 0.01 ° g ives, tllerel'ol'e, rise 10 a ehallge 
i" Ihe index of I'e fl'ac lion of 6 IInil s in Ilie 6 th pl ace of deeimaIs, 
which when ft 2 e m. vessel is II sed, cOI'/'esponds 10 I:\. displacement 

of 10 scalar divisioll s . FOI' waler these values are about eight 

times smaller 
Exeeedingly sligllt. ternpel'atll/'e dislllrbances throl/gh addition of 

heat frollJ ouiside, which OCCIl\' especially on a p/'olonged stay of 

the obse/'vel' in tlle neigh boUl'hood of Ihe appal'atus, give mllch 
soonel' rise to Clll'vatUl'es and displacemenls of the bands in slleh 

liquida than in wal er . 

7, To prevent Ibis : 
1, the illtel'fel'omelel' was SIl .... ollllded by a lal'ge thermostat, tilled 

with water. 
2. a stirl'er was plared in tll e bath liqllid . 

1) Journ. für prakt. Chemie, 32, 520 (J 8l:!5J, 
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Tllis last im pl'ovemellt at t lIe sallJe ti lIIe also gl'eatly accelel'tl.t es 

tlle exchange of heat betweell "essel alld bnth, so thaI. already 
afte/' 10 Ol' '15 minutes the readillg call take plaee. To preveIlt 

CUI'/'e/lts in the liqllid during Lhe measli/'ellJellt, th e stiner was 

always stopped a minI/te befol'ehalld . 

8. Ad C. Evap01'lltion of the liquid in t!te 1Hlss/ds. 
0111)' i n more ('OIIcelI traLecl sol u I iOlls is Ille e l'I'Ol' h/'ol/gh t aboll t 

b)' evltpol'atioll, greale/' thall the e lTo/' of IlIeaSl/remellt. If e.g . frollt 

2 (,t', of a 0.1 N.-soilitioll of C,H,~/', ill C,H,CI, 2 /IIgr. of C,H.CI, 
evaporates, I.his gi\"es I'ise ill ol/r apparat.us to Uil eITOI' of 1.6 s('ala/' 

divisiolls . Gl'easillg of the rilll of Ihe glass ('over ('an , howeve /' , 

p/'evell t SI/eli all evapo/'at iOIl. A notIIe/' sou ree of eITOI'S, however, 
still ('ol/tin lIes 10 exist , viz, distillalioll again st tlle glass cove/'. l'his 
eall oft.ell he obser\"ed all'ead)' soon aftel' tlle Ijllillg of the "essel ; 
tlre liquid which is clislilled moves betweell glass (~OVf'l' alld "essel 
I'irn on a('COIIII t of s l/l'face lellsioll , alld at.tacks Ule \"aselille. 1'0 preven I 

t.his il. is 10 he recotnmellded I) in aqueolls soluliolls to keep Lhe 

lempel'allll'e of t.he "Temperierbad" always some degrees lowel' Ihall 

thai of Ihe rooIII ; ill all illvesl.igafioll of 1II00'e "olalile liqllids fhis 

is , 1I0weve /', /lot sllflieienl. 

9. Tt is, ho wever, possible, 10 avoid tllis sOlll'ce of' enOI" P'lIlil'ely 

by I1 sillg fo/' tlle closl1l'e of I.he vessel, illst.ead of glass plates, massive 

closing bodies, whi('h oceujl)' tlle whole vapoul' spa('e . For this plIl'

pose ul'ass blocks we/'e cO/lstrlleted pnnided wiLh a flat dm, whi('h 
tit vel'y lighti)' ill Ihe vessel, alld leave 0111)' a spaee of ± 2 e('. 
fOl ' t.he liq uid. 1'11 is is thell COII veyed to I he "essel b)' the aid of a 

(Jipette of 2 cc, ('apaeit)', pl'Ovided witll a long eapillal'y passed 
tlll'ough a hole bOl'ed th/'ollgll the closillg bloek, Aftel' Ihe filling 

the bOl'ed hole is closed by a copper gl'OUlld-ill lIeedle. Greasi/lg 
of the /'im of lire vessel is now IInnccessal'y ; no evaporatioll takes 

place thl'ough the rernainillg capillary slits. 

10. Ad D. Tlte influence of the wate1' ab,yol'ption, 
DI'y, ol'ganic liqllids absOl'b watel' vaponJ' fl'Om the almosphere 

exeeedillgly 1'8pidly. 011 aeeollllt of the great diffel'ellee ill index 
of I'efl'ac tion uetweell wat.el' and those sllbstanees, added to the 
sensitiveness of tlre melhod of meaSlll'emelll, howeve/', t.lie presclJ(~e 

of exceedingly small qualltitifls of watel' causes already en'ors in the 

I) HlRSCH, Fermentforschung 1, 38 (1914), 
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delel'minatioll whieh exeeerl Ihe e 1'1'0 I' of meaSlIl'ement many times, 
Also when the liquids have not been pl'eviolHily expl'essly dried with 
a view to P~06' bul when they have only been repeatedly ft'actionated 
aftel' pl'eliminal'y drying with CaCI. (which was the case with t.he 
substanees nsed by us) Ihey show already a stl'Ong absorption of 
waler-vapolll', Espe('ially fol' C.H.CI. this appeared to be the case, 
bilt though in a less degl'ee , benzene gave also gl'eatly varying 
val lies, 

When the detel'lninalions are cal'l'ied Ollt with qllite the same 
pl'ecalitions as are obsel'ved fOl' aqlleous solntioIls, two suecessive 
d~lerminalions execnled dil'ectly aflel' each olller, all'eady in conse
quence of this SOlll'ce of el'l'ol' alone, yield greatl,v deviating vallles, 
which e,g, fOl' C.H,CI. ean sometimes diffel' inter se no less than 
40 scalat' divisiorrs , In order 10 ascertaill tlre influerlC'e of Ihe water 
content on Ihe ililerferomeler reading a pl'eviollsly weighed soilltion 
of 5 mgr, wal e l' in 35 gr. of C,H,CI. dried 011 phosphorie acid was 
measlIl'ed against this same C.H.CI. , Tlre displacement was 85 scalal' 
divisions. Fl'olll Ihis follows Ihat Ihe pl'esenee of 0,005 mgr, of water 
in 2 ce, of C,H,CI, al ready eauses all error of a scalar division, 

11. ft is self-evidenl Ihat. with sueh sensitiveness the utmost 
cal'e shonld be laken to prevent any contael of Ibe liquid thaI is 
10 be examined and watel'-VapOI1l', if an acclll'acy is 10 be I'eached 
eompal'able with thai in solnlions in walel'. Therefol'e the liquids 
wel'e always pl'esel'\Ted ovel' phosphol'ic acid which had been heated 

eM.1111111111 

1---1 A 

B 

at 1600 fOl' some days. The storing 
bottles had the shape as indicated in 
fig, 3 . The cOll\'eyance into the vessel 
took place wilh Ihe aid of pipettes 
J, which had been cleaned wilh 

henzene, healed, and filled with dl'y ail'. 
These wel'e fi lied fl'om A by fasten

i ng tlrelll wil h a mbbel' I u be on to 
the tnbe E, and pressing in dry air 

J at F . The solnlions wen! pl'epal'ed by 
weighing in flasks B, wlrich had also 
been pl'eviously rinsed with benzene, 
heated with evacuation , and filled 
wilh dry air. The small quantities of 

~'ig . 3. C,H,CI, wel'e eonveyed inlo them by Ihe 

aid of a glass capillary. The so";ellt was directly pressed ovel' from 
the stol'Îng bottIe inlo B, aftel' the tubes G and E had been eonneeted 
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hy means of a sipholl-shaped tube. The fillingof the ~ipetles J wilb 
the solntion fl'om B took also place by pressing in of dry ail' 
tlll'ollgh tnbe H, afte l' the capillal'y of the pipette had been immel'sed 
Ihl'ollgh G in Ihe solution; a I'ubbel' I'ing, put rOllnd Ihe capillal'Yi 
ensnl'ed ail'-tigh t. closllre . 

When the pipet.le is closed lil the way as is seen in the figllre , 
it is poslSillle to presel'\'e lhe liquid qnile Ilncllanged fol' J 2 hOlll's . 

The vesse ls wel'e al ways cleaned willr benzene ill stead of 'alcohol 
and el hel', hE.wallse I he lattel' callses watel'-\' apolll' 1,0 condense 011 
the glass in case of qllick evapol'atioll. Befol'e the fillillg witlt liqllid 

the vessels wel'e filled wilh dl'y ail'. 
The bl'ass closillg blocks also proleet I.Ile liquid sllffieiently against 

nbsol'ptioll of watel'-VapOIII' fl'om the almosphel'e, so Ihat Ihe intel'

ferom etel' positioll does not I:l.ppl·e('iably change dlll'ing tlre lime 
taken np by a detel'lnillatioll. 1I is trIIe Ihat in the COIIl'se of some 
hou 1'8 lire zel'o pos i tion is si iglr I Iy d isplaced in conseq 11 ell ('e of ab
sOl'ption of watel' hy Ule plll'e so lvent in vessel C.; t lris displacemellt 
ean, however, easily be detel'mined and t.akell inlo aeeount. 

'12. Only when the pl'ecalltions descl'ibed here are obsel'Ved, is 
it possible 10 obtain all accIIl'acy and l'epl'odnCibilil y, almost equal 

to Ihat whieh is l'eae.Iled ful' aqueolls SO llllioll s. 
111 conclusion we ma)' give a sel'ies of mealSllrements I'efel'l'ing to 

solutiolls of C.H.BI', and G, H.CI, of diffel'ent concentrations. Wilh 
evel''y solution two independent meaSlll'emellts wel'e made (also the 
zel'O-posltlon was detel'milled eVp.l'y time anew). The measul'emenls 
are l'edllced 10 vacullm. JlISt as berol'e a vessel of 2 cm. was used . 

concen- observed number of concen-
tration in scalar divisions 

corrected 
tration 

percentages mean calculated (in 
(welghed in) Is! measure- 12nd measure- percentages) 

ment ment 

0.1256 131,0 129 2 130.1 130 1 0 . 1262 

0.1490 116 .3 175.3 115.8 154.8 0.1500 

0.2925 346 .5 345 1 345.8 303 .8 0.2920 

0.3208 374.9 375 .6 375 .3 333 .3 0.3199 

0.4699 556 .9 557.1 557.0 494.0 0 .4700 

0.5409 655.9 654.9 655.4 571.4 0.5413 

0.7166 869.8 869.3 869 .6 764.6 0.7166 
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111 tllis table the concenlration is expressed ill gramIlIes ofC,H.Br. 

present in 100 gr. of solutioll. Tbe values givell lIndel' "COlT." al'e 

the means, diminished by Ihe cOITection for the shifling of lIle 

central band ; it OCCIlI'S hel'e evel'y lime aftel' ± 150 scalar di\ ' isiolls. 

Under "ralclliated" al'e given the vallles satis(rillg the illtel'pola
tion formllla : 

p = 0.0009772 n - 0.0000000523 n', 

whieh has been calclllated fl'OIO Ihe obsel'vations according 10 the 

mei hod of least sq lIal'es. I n til is p I'epl'esell Is tlle cOIiCenll'at ion 

(expl'e~sed in rel'celilages), Tt tlle cOl'I'ected numbel' of scalal' divisiolls. 
Hence it appeal's dlal Ibe l'epl'Oducibilily of Ihe meaSlll'emelllS is 

± 1 st'alal' division, cOlTespollding 10 0.0009 pel' cellt. 

SllMMARY. 

The causes of I.he difficulties met with when il is tl'Ïed 10 use 

tile ZI!:[SS watel'intel'fel'ometel' fOl' the analysis of Solulions in ol'ganic 
liquids, wel'e discllssed and t.he pl'ecantions wel'e melltiolled 

I'equil'ed 10 calTy up Ihe aaclIl'acy of the meaSUl'em ellts to t.he same 

ol'del' as cau be I'eached with aqueou8 solutions. 

Utt'echt, June 1921 _ VAN 'T HOFF-Labomt01'Y' 




