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Physics. - ,( On the Fundameutal TI a lues of the Quantities band 
Va fo]' J)~tt'e1'e1ü ltlements, in Connection witlt the Perioclic 
System. lIl. DiSGussion of the D~{le1'ent Groups of Elements 
Separruely." By DI'. J. J. VAN LAAR. (Oommunicated b.v Prof. 
H. A. LORENTZ). 

(Communicaled at the me('ting of May 27, 1916). 

1. In the preceding Paper I) in ~ 3 we saw f hat bl. can be 
obtained from thE' liquid volume ~\ (at sueh a low temperatme 
that the -vapoul' density may oe neglectecl) through the formula. 

hk = VI X 2y [1 - -y- miJ, (I) 
1 + y _ 

in \V hieb 1 l'epresents the (recluced) coefficient of di l'ertion of the 
straight diameter between Dl and DI:; in a D, .T-diagram, and mI 
is the l'ednced (absolute) telllperature .Tl : lt 

We might even con tinne to nse this fOl'tnllla, wllen VI l'E'presents 
the volume in solid ,state - when namely the Jaw of the val'iability 
of v with .T does not deviate too muel! from tbat holding for the 
liquid state. But in case VI is only known fol' the solid sta.te, we 
can also fil'st reclnce VI to the value of V at the triple point (by 
means of the expel'ilpentally cletel'minad formlliae fOl' the expansivit.r), 
and then apply the above fOl'mnla (1) starting from that point: 

A great difficnlty is expel'.ienced fol' elements the melting point 
of which lies vel'y high, anel for which the value of y is pel'feetly 
unknown; besieles - wllen also that of tJ at the melting' point is 
nnknown --- the ,-alne of 1 ean in man)' eases no longer be 
calcnJatecl from the empirie fOl'l1l1lIae of expansion in the soliel state, 
seeing that mostly these are onl,)' valicl fol' tempel'atmes fal' below 
the melting point. In slleh cases tbel'e is of ten nothing left bnt to appl)' 
formula (1) as a fil'SL appl'Oximafioll also to the solid state, and 
cletermine the nt! ne of y from othel' data. In many r[tses the fOl'muJa 
(valid fol' the liquicl state) 

2y = 1 + O,Oi:l8 Vl'L . (2) 

can he used fol' it, which fOl'mula was lateI)' del'h'ecl by me 2). It 
will be remem bel'ed that 21 is also = bk : bo, and therefore expl'esses 
the degl'ee of the variability ,of b. 

1) Denoted by II in what follows; cf. These Proc. of March 25, 1916. Paper 
I appeared in These Proc. of Jan. 29, 1916. 

Of. also Journal de Chimie physique. T. 14, N°. 1 (March 31, 1916). 
2) Cf. the series of papers, cited by me already in I (Foolnote 3) on p, 1221, 

particularly lhe 3,d paper of May 29, 1914, p. 1051. 



- 3 -

288 

Tt is to be expecteel that !)I'obably the value of bI: VI at the 
t?'iple point will possess the ~ame vallle for ce!'tain gl'OllpS of elements. 
!P/uzt in otlte1' 1IJol'cls tlw soliel state then occW'S 1IJlwn ti/(} moleculm' -
volume slwll have become a dqfinite fraction of t/ze total volume. 

To IJwestigate ihis wé shall determine the genera! valne ot b-l : VI 

fl'om the eqnatioll of state (when, lutme!.r,~at the triple point p can 
be neglerteel) 

al , 
- (v1-b,) = R'l l' v 2 -

I 

from whieh follows: 

V l
2 a,. al 

N R m 8 ((T.. 1 '! - I' b 1 - d "/ f' ow .L k = - ). -, 111 W 11C 1 A res etween an 2, 28 (Ol' 
27 b,c 

sub8tances with high cr~tica! temperature). Fo!' most substances with 
whieh we shall occnpy oUl'selves in what follows, we m~y pllt 

2 a!.. 
UT = - ~ hellee 07, .• = ; 2 R, T;' . . bI,. In eonseclllellce we get: 

I ,. 7 bI: . . 

1'1 - bi 2 ak m l mi 
--0-=---= (P-, 

t'l - 7 al blo b7. 

III whiell (a/~ anel al not ditfel'ing mnch) the f~etol' (f' will nevel' be 
far from 2/;. Henee we lind: / 

vI-bI VI 
--=(P- mi' 

v' bk 
I l 

Jf, therefore bI: VI Ol' (vI-bi): VI has a constant vallle, also the_ 
va!ue of VI: b,c )( mI must be conRtant. In th is bic: VI is the factor 
of the above fOl'ml1la (1), which we shall eall }p so that 

fl = 2y [1 - _Y- mIJ . (a) 
1+1 

Hence 
VI --bI mi 
--= (P - .;. • (3) 

VI fl ' 
If e.g. 11: Tn 1 = 6, then (VI - bI) : VI = 2/; X 1/0 = 1/21' ~o that 

then the solid state would OCCUl', vrhen the fl'ee (available) space 
bet ween the molecules has berome 1/:'1 of the total volume. 

lf instead of mi = 'PI : 'lj~ the l'ecip.'ocal ql1antity ftl = lJ~: '1'1 is 
intl'oduced, then becomes: 

vI-bI (P --, 
VI /1(1.1 

"'" . . (3a) 

in whieh: 

.. 
- I 

\ , 
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.tI = 2y 1 -- -- - , . [ Y IJ 
. 1 +1 ~tl 

. . • • . , ([3) 

hence 

. (r) , 

Fot' the vet'Ïfication of the possible constancy 9f the ratio (v i - "I) : VI 
at 'tbe t1'iple point we shall try to detel'luine in wha,t follows the 
vall1e of /1 X !tl fol' evel'y gl'OUp of bomologons elements. It wiJl 
then appeal' at the same time what law the ratio (t) = 'Tk : 'TI obeys, 
about wbich l'atio we I?OW only know that it ('an val'y between 

51/3 and 11/3' 
Let us now pt'oceed LO examll1e the different gl'OUpS of tlte pel'iodic 

system sepal'atel,y. 

Il. The Hydrogen-Helium group. 
a, Hydrogen. 
If d/ may be negleèteçl at the triple point, it follows from 

Ij 2 dl = 1 * Y (1- mJ, as dl = DI : Dk, that: 
d l -2 TI. DI-2Dt. 

21'=--'=-'-r-, -----;-;-. 
I-mI DI. '1 k-'1 1 

\Vitb llc = 31,95, Dk = 0,03025, 'TI = 13,95, DI = 0,07709 we 
find : 

0,01659 
21 = 1056 X ---= 0,9734, accordingly Y = 0,487, 

18,\,0 

80 that wecba\'e~according to (a) with mI =0,437: 

j~ = 0,973 1 -- -- >~ 0,437 = 0,973 (1 - 0,143) = 0,834. [ 
0,487 J' 
1,487 _ 

As VI (expl'essed in normal units) is = 1)8,3 X 10-5 aCCOl'cÜng 
to the subjoined 'table A, it would foIlow from tbis that bk = 58,3 X 
X 10-1 X 0,834: = 48,7 'x iO-n. 

The value 48,5 X 10-5 bas been found directi,)' fl'om T,~ and pk(see I). 
We find 2,29 tOl' [tl = TI. : TI' henee we nave here: 

/1 X ftl -= 0,834 X 2,29 = 1,91. 

b. Helium, 
As the value of 1 cap.l1ot be calculated here yeJ with certainty 

fl'om th~ few data concerning dl al)d d~ (fl'om them a. theol'etically 
impossihle vaJue of y would namely t'ollow, muclJ smaller than 0,5), 
I have calcula.ted the theoretical \'alue from (2). We find 2)' = 1 + 
+ 0,038\/)),2 = '1 + 0,038 X 2,28 = 1,0866, hell('c Y == 0,lJ4:3. 

19, 
Proceedings Royal Acad. Amsterdam, Vol. XIX. 
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JFol' FI 2 we' should' have foimd 2y - '1 ,2148,y · O;6p~7l5y >. -' 
mèans of this'fol'LU1.1Ia,: witl! 1/31,95= 5,65.With D; -:-0,07709 (v} - "', ~ 

" -'58,3 X 10-5) this valüe would, ho\vevel', have j'ielded l~l1ch' too-:, 
, high a \'alue for bk]. , " " , _' " " ' , -' 

, 'Fol" He' with m =-1,48 :'5,20~ 0,285 (1' =1,48,:lies abovè tl~e ," 
tdple point tempera'tlll'e, bi.lt is' t!ie loweat' tèLUperatll~~e 'at- whieh a " 

,density determination' has as Jet been made) we gel :' ,-' 

!= 1,087' [1 - 0,543 X O,285J' = 1;'O~7'( 1-~O,100) '0,978. 
1,543, "" ", 

As v =122,1 X'10-fi is fPUlld frQm'D=0,146,\~efi~dthevalne, 
'lt9x10,-5 for b,~, 105 Xl0-5 hàvjng been found directly fl'pm 'P,. 
and pl. .. HeIlce tbe given value of 'D at 1°,48 (absollüe)' is f)l'obabl,); , 
somewhat t.oo lovv, ,- " " 

U'we calculate thev,alue" of Ju which, wo'u'ld eOl'l'espond wilh 
Uw' probable triplepoint(± 1° absoliJte);'\Ve fiild withm, ~0,192: 

./1' ' 1,087 [1 0,352 X 0:192]'= 1,087 (1~0,0677) ~'l;~l$:-. 
As ~(} -.:... 5,20, we findfoi' He (ap'proxim'ately) : 

, ' - 'f1 )<t-tl = 1;013 X 5,20~, 5,27~ 

,'I' , " 

.• ,I, 

l' ".r: . r,' , ," 

" \ " , 

, : "':i'" '-" :" "'",, .. ,,' ':; .. >.: (' '" '" ;,;,;,:/,_,~Ü :;',<' 
~~~~~~==~~~~~~ 

, . .;. , 
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,e. Krypton.; - ' 
, 'B'Ol'lU;lila (2)ji~~ds \vit\h 1/210,6= 1,4,5.1, 'the "àllle 2y , 1,5514, 
y , 0,776, 'giying: 

. j;~,551[ 1 ~ ~: ~;:2<O,49411.551(1 - 0216). 1:216, 

aS'm;~104,1: 210,"6 " O,494. ' . 
, Nbw ,RAMSAyen TRA\Tiws 1) give thedensity 2;155 fOI','127°,1 abs. 

(li1- = 0;603"5)., .The factQI' f' cOl'I'espon,ding, with t.his ten) P01'atl1l'e i's 

'f-,J;~51 (l~ 0,437 ,X',O,603 5
) = 1,551 (i ~~ 0;'264) = 1. (12. ' 

, With D-,'2,155 corl'espondsv 171,7 ,'X 10-~5, so, that b,.:,would 
:become :-,196 :><10-5, \vhil~177 X 10"':5 ,vasfOllud directlyfl'om-

17.: and 1Jk. Thegiven"density is thel'efore too smal!.' 
W,~, find.' fol' 'thepl'oduct /1 X ~tl:" • i , 

, .fl X' (1.1" 1 ,216 X 2,02 ...:... 2,46. , 
,.',' '. 

" f. Xenon. 
Fl'om ,the 'ex-pedments of PATTEHSON, (JRIPP'S I:tnd WHY'l'LA"; 'Gi~AY , 

(191,2) foliOws y 0,780, ,while f't'om' (2) i~ealbllated 2y, .1 ,6468~ 
r = 0!82'3, as 'v 289',7' 17,02:, '", ,',' , 
, : With '/ ,b, 780 wefin'd f'I'Ol11 1/2 dl =1' + y (1-' 111 1)' iri which " , 

m:\ " 133,1: :'28§l,7"':""" 0,459, fol' dl the~alu~ 2,843. Hence tlJe "alue '~) 
3,281 is fonnd fol' DI,vithD'e ~ 1,154, bence VI -...:. J 77,J ,x 10-5• ' 

N6'\~ ", : ' " . . " ' . ' ',' . , , 
. , 

, .tI' . LS60 U ~(i:~:><O,4.S91', 1,'560(1- ~;201) , 1,2~46 . 
. 1Ience ,b7.:becomes .....:. 22t X 10 .5;, \vh'ile t!Je value 228 X 10-5 

, b~s been rlir~ctlJfound fl'öni:Tkand ' Ijle. ' , 
. We have fluithei; :. " 

, ' 't'l'X (tl =1,246 X2,18 ' 2,71. 
I., :, ',', .. ' 

. ,",I:" . \: :':.' ,', : [" :' ... : . ,,' 

g.Niton (Radium-emanation). 
Wecàn againc:alcufatethe.value o(y fl'omVTk-V377,6= . 

',19,43; \~qieh, givp.s 2y ,1,738, y 0,869. :F01' the boiling" 
püï'nt" ,,~hel'e j), ,'1\'0,2281=4,384" hen ce v, -..:. 226,a' X,10-:-5 bas 
been _: fOl1nd 'byRuDOIU' ,(1910)' (all .lhè' other 'l'ecol'ded ,;aluès 

, l)Zeits~hl"~ f.phy~ik:Ch.B8, 674 (1901)""', ' ." 
:', 2) SOme 'timeago\ RAlIrSAY and TRAVERS (Ioc.ci't.) foul1d D=3,52 at,Ül0 ,l 
abs. As'fûfthe boiling p~irit(l66o,2 abs;) the Iiq,niel den~ity was found only;:;: 3,06 ' 

. by 'P.,~.C., w:a.,: D ',must be foundsómEl\vhal smallerlhan 3,06for 171°,1. In . 
liis i'nl€l:esting study \ o~ .the periodÎc syslem lZeilsèhl'. Jürphysik: Ch. 76,577 

:{1911'))BAUR,is.very neàr thC3truth,wlie~ he su'rmises lhat thë'much too hir;It 
'vtl'Jue 3,52, lP'USt. be, replaced by about 3,07. 

". ,; , ,0,' \ , •. '. 

, 19*.' 

:i 

" "',r 
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TABLE A. 

The Hydrogen-Helmm Group. 

I 
\ 

I A A VI = id.' 
A 

I 
N Dl 

Dl Y y' 
22412 I 

1,01 I1 0,07709 (K. 0., Cr) I 0,487 1 H1 1,008 13,07 58,3.10-5 0,607 

2 He 3,994 2,00 0,146 (K.O.) I) 27,36 122,1 0,543 

10 Ne 20,200 2,02 1,251 (Cr.) 16,15 72,1 - 0,627 

18 Ar 39,945 2,22 1,413 ~K. 0., Cr.) 28,27 126,1 0,745 0,733 

36 Kr 82,92 2,30 2,155 (R., Tr) 2) 38,48 171,7 - 0,776 . 
54 X 130,22 2,41 3,281 (P, Cr ,W.G.) 39,69 177,1 0,780 0,823 

86 NI 222,4 2,59 4,384 (RUDORF)3) 50,73/ 226,3 0,869 (Eman.) -
, , 

1) \'<'01' 10 ,48 abs. 
2) 1"01' 127°,1 abs. RUDORF (Das pellochsche System, 1904) glves the somewhat 

higher value 2,185 (p. 317). 
3) Fo1' 211 0\1 abs. 

\ , 

-, 

-" 

"-

bk ·105 b k.l05 Vak' 102 

mi fl 
calculated found id. 

0,437 I 0,834 

, 
48,7 48,5 3,2 (1,6) 

0,192 1,013 119 105 0,8 

0,543 0,992 71,5 71 2,7 

0,556 1,136 143 144 I 5,2 

0,494- 1,216 196 177 6,9 

0,459 1,246 221 228 9,1 

0,535 1,305 291 277 11,5 
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have been fonnd by RAlIiSAY and GRAY, Z. f. ph Ob. 70, p. 121) 
th,is ylelds lhe eq llation . 

. [- 0,869 ] .t = 1,738 1--
1

,869 X 0,559 = 1,738 (1 - 0,2fiO) = 1,286. 

Fol' 'l~ we have namely-m = 211,1 377,6 = 0,559. We thel'efol'e 
ralclllate bk = 291 X 10 5, whel'eas bic = 277 X 10-'j is dlreetly 
fOllnd from 'l'k and Ple 1). ' 

At the tl'lple point m 1 = 202,1 377,6 = 0,535, throllgh which 
j~ beeomes = 1,738 (l - 0,249) = 1,305, and fllrthel': 

fl X [J.l = 1,305 X 1,87 = 244. 

If we SUmlill:tl'lZe the values found and used in wh at preeedes -
in the Hydrogen-Hellllm grollp, we get· the followll1g sl1l'vey. (See 
Table A p. '"292). "-

The . value N placed on tbe lefthand of the slgn for tbe erement 
denotes the value of the "co re charge", in eonneetion wüb the 
ft'eql1eneIes of the 'so-called lllgll freqlle11cy spectra of the elements 
(lVIOSELEY). N IS also sometimes ealled the atom nwnbe1' of the 
elements coneel'Iled. We shall later on make a few more remat'ks 
on \ the l'atw A (atomic weighn: .N. 

The eoeffiClents of du'ectIOn y refer to t11e valups of ]) and 1)' 
~etel'mined expernnentally, the quantlties y' have been ealculatcd 
fJ'om formula (2). 

We sub,joll1 the valnes Tt" 'l's, 1'1. etc. usecl, and also the abo\'e 
determll1ed pl'oduC'ts fl X ~lll wbieh are a measure fol' the ratw 
(v1-b 1) : v1 at the triple pomt. 

1) L~lOm b7c = RTk . 8Pk we, nal1lely, calculate with Pk = 62,43 atm. bIc = 
= 276,8 X 10 -'jo And from al. = RTl X bk X (27: 8>.) we find further ( . = 0,98) bl. = 
= 131,8XlO-4, hence Vak = 11,5 X 10-2. In the ;)th series of the periodlC 
system a value for ble IS expected somewhat greater than 275 X 10-5, whlCh 
wouLd be valrd for Supra-lOdme (277 X 10-5 satlsfies thls demanel), and fOI Val.: a 
value = ± 11 X 10 -2, as was found among others for Hg (see land 11). Also 
thls last expecLatIon IS agmn very nearly fulfilled. 

We pomt out here, 'that whl'J1 for Neon not the critIcal tempel'aLure eshmateel 
last by K. ONNES, VIZ. ± 45° abs, but the somewhat higher value found before by 
K O. and CROMMELlN (1911), VIZ some eleglees below 550 abs. - or the value 
lount! by RANKU-lE also m 1911, VIZ. 61°,1 abs, or the value fouud by RAl\1SAY 
anel TRAVERS lil 1900, VIZ. < 68,1 IS taken, we find somewhat higher values for ak anel 
ble thal1 the bef Ol e glVen values bIc = 71 X 10 - 'i, ~/ at.. = 2,0 X 10-2• lf we assume 
Tt.. = 60° abs., pI. = 29 atm, then wlth À = 0,998 bic becomes = 94,7 X 10 -\ ak = 
= 7,035 X 10-4, VaJc=2,65XIO-2. This latter vulue for Vale fits in already a 
good deal better wIlh the system drawn up by us than the too low value 2,0, where 
a value 3 or slrghtly smaller than :5 was expected. WIlh Tk = 65° abs. we should 
have. found bI. = 102,6 X 10 5, Vak = 2,9 X 10-2, whlClr would be stIll mOl e 
satisfactory. 
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Tir Ts 

I -
Iiil p,95 20,33 

'. 

He . '±I .4,20 " .-

Nè 24,42 27,17. 

Ar 83,79. 87;25 

Kr l'O4,1 "121;4 
" 

X 133,1 . 166,2. 

Ni ~02,l 211,1 

.. 

-

, '. ~ 

" 

T k 

31,95 

5,20 

451 

150,65 

210,6 

289,7-

377,6 

" 
'Pk 

15,0 

>2,26 
.' 

29 

48,0 
I 

54,3 

. 58,2 

62,4 

I 
'-

D .k 

I 
. ,0,03025 

. 0,066 

' . -

0,531 

'-
1;154 

-

< 

., : 
, 

: Tk 
" '-

Tiz '. /1 X /;'1 AuthQrs 
Ts 

I':I'=Y -. -.-

tr -
, -... 

,( 

-.. 
:-

1,57 2,29 
, ' 

. 1,91 . K.O., Km., Dew. 
.' - .. '. .. . 

'1,24, 5,20 ,5,27 K.O. - : 

, , -' 
1,66 1,84 1,83 . ·.K.~.;:Cr. .. 

1,73 1,80 .2,04 Cr.; M., .«.0.., Cr.' 
-

1,73 2,02 2,46 . R.; R., Tr. --
-

1,74 2;18 2,71. '. R;;,P.; C, W.G;-· 
I •. ::--. " 

1,79 1,8T '_,2,44 Gr., R. 
" . 

. 1 " In thefollowirig paper the ele~ent 'groups of the Hn,iógens;óf 

" ..... ' 

the Oxygen ,andNitrogen' 'gronp, ,and als'o ,thosè. ,'of :the:(jal'DOn \" ;.:--.. 

. .~., 

.. ~ .: . 

. !' .. grOllp will' be tl'eat~d:Fol' the';Hydrogën-Heliurri' gl'onp coilsidered 
'. herè' we~' h~ve . r1ot' found 'anything special ~: JOL' '. the fóilowillg 
·gl'oups; how(wer, we shall,find the rernal'kable fac:tt:hat;evè,rwhel'e. 
'where (spec!ally fol'. metals) .tlie • molecUles of' the ·eiëment.s. 'cénlsist 

, ; ... 

.. /. 

onlJ7 of on~ atomat n;" the \;alueofVa,~ becomes ,n~clz [J1'~atel; 
than . the normal one, .calculated by' Lis in r. These al~e only valiä . 
wben, t~vo or moee atoms ai~è bonnd tq:e8;ch oiheÎ.· '.'i~ , thëm()lèc.ule; 
so that the attt'action c~nnotlIlakeits~lfJutz.V',Jelt ~in conseqUence: :' 
of' the 'IntltLlally' 'shado~vingaction .. What, we . have' fOllnd thel'e 
(Vale ,. re~p .. 1,. 3,~, 7, • 9, ,iJ X' :1.0-2)' must. beconsiclel'ed a~'a: 

. kin:d of'. rest attráction. IJ, nal11ely, N 2, wel;e elitil'ely' d.issociated fo . 
NI' the 'attl'acti'onfolind by IlsforN 2 , di., va;~ . ··2,9.10""~1, would at' 

. . pTlcerise to about 30 (X 10'-:2), henc~ to thetènfoldvalue . .. ' . 
. Weshall even ,hayeán OPpol'i~1~1i(yto ias~e~'ta{n,tba(wh~l'e Îll' 

compoLlnds,às Tedl4 and Te012 ., ·the'sl;ado.wing' a~tiqngtadually, 
decl'eáses" the \ialue of, Vak will all'eadr 1 nerease'/rhi.ls Vakfor 
1'eOl

4 
has the norrnall'estvàlüe9,.But fOL'TeCl

2 
V.alc~viljah;eady 

h'ave dse~l to' tlie valne :l3. rhe nçn-;atitmte' vale1zcies; therefol'e,i - : " >, 
~Il'eadymfike their influence' fel L If" howèvel', also the last chló~'irÏè' • ".. " 

. atoms' have been. remo\red, the:attractiOlI' ot' theTellüÎ'lurnl'is~s still' 

. '.", ··i. 

':,'.:,:. 

lin'ore; ~i1d, 'l'~aches the', \,:alLie 2(L·e. .,', . .,'. '. ' 

"We 'shall·· find'back this l:emal'kable phenom61~ónfQl' àllmetais,; 
.. : thé,' exceeding1.Y high values 'of', melting .• point,' .. boiling pöi~t,~aI!d,~

çl'itical tempemtlll'e fOl'many., met als are owing to' the' high ,ialueS', 
of. Vak ''in consequetice· of the~ monatol;ni~ stat,e,·ft·om ,.,~ hièll. e~lsues'·. .. 
,that the :valenc~~att1'aèiion eàn lIlal~e itself feit ti'ee'ly' to\val'ds the oLlt~ide;' ..... ' 

. . .." : '. ,j... .' '.. .' " :.' ... ,:. .' ' ..... " " 

, l 

. ( .. 
, ' . 
. , .; ,: ~.: 

. ." 

,.".:', . 

,-
'.0"" ) ,C.' •.•. ' 

-

/ .. 

. \. ' 

"'.': ' 

. " 

1\, 

: ...... ,,...;.. .. " ".\' '.,' .. : ..... :, ... , ..... ' ."',' 

. '~ . 

(,'. 

.. r. 

,· ... 1' 
',C. , 

. '. i 



- 10 -

" '",' 

'\ , 

tI ' 

/1 

'/ .,' 

", i' 

';'~, ,': 'f 

" "295' 

' .. \'.', ; ".,:: ,'.:,.':, ' 

, 

.', ' 

\ That, fol" the,' H~lill'm gTOllp, wliel'ethemólecllies afso consist of 
onJy one atorn, only the ol'dinm'Y rest attl'action assel'ts' it~elf" and 
~ . ~ . -'.. . . 
'not the so' mue'h' gl'eatel' valenee-atti'actioi1s; i~ owing' ta this that 
the n'oble gases nlentioned are valenceless_ ' 

Cla1'ens, May19'16. 

J?hysics.. ,"Ontlte P'ltnda1nental. Values' of t!te, Quäntities IJ anc! 
, ,Va lor DUfe1'ent' Ele1nenis, in" Conneèti01i, with tfte' Pel'iodic 

System.IV. TIt~ Elements of thé Halogen~ o.'ljygen~,' dncll'vitl'ogen 
(}roups." By Dl'. J. J. ,VAN ,LAAR. (Uommunieated by Prof. 
H. A. LOREN'rz.),' . 

(Communicated in the meeting of Junè 24, 19i6). 
, , 

I. ,The Halo~en Group:' 
, After'tlie tl'eatment of the valenceless, eightli gl'OUp of' the period'ie . 

" , " \, , ' 

system, . i.e. ofthe grollp of lhe noble,gases(to which we have, 
a~ded ' the 'hydl'ogen,,f'ol' cónveniènce; sake) I), 'we shall nOw discuss ' 
the, seventh gl'onp, that 'ófthe Halogens: We, r~mindtl1e readei' ihat,' 
OUl; èhiefairi'l is 'a10W to 'de'tel;mii'le tlle vàIlles of 1/ a/~,of the elements 
t/z.~msélves,'independent of, they'ailles ealculated beforë in r t~11d lP) 
from their c011'/'poitncls. . . 

, """, " ) 

a.Fluor., .,Tlle criticaitempel~atlll'e is 9nlmown; I Iind some-
, ,vhel:e statecl' --:-1700 C. =:103?, abs.; . but, tbis ~ cannot possibly be 

tI;ue, as the boiling point tem [>eratu re lies already àt -187° C.= 
" ,,' '\ ' 

, . '860 àbs., accol'ding to, MOJSSAN,ancJ DEWt\R (1,903;. Now for the 
Halogens the' ràtio.' ftc : 'l's (Cf.· the 'tàblè in II mi p. 18) is' resp: 
1,72 fol' 10, 1,73 f'ol'Br",and 1,75 for '01 2 , If, thei'efol'e,fol' F. we 

\'aIso 'assul~e'1,75 fo'r-Ü;. l'k would beçome =1510 àbs. Ta- tbis 
dOl~l'esp@ds2y , 1 + 0,038 V'151 = 1,467, hence y, =-= 0,733. Tt', 
thel'eJol'e;, the tr~ple point tempel'ature' lies ,at - 2230 C. ' '500

' abs . 
. (l\fOl~'SAN ,and DNwAR; Ü103) 3), thell11~I' ' .. ,50: 151 ' 0,331, anel Ihe 
factor 11 ,< 'bi,: Vi be~omes:" , ", 

.. j~, 1,46( [1 ~i:~::XO,331 ] .. ··1;467(1-0,140) .. 1,262... 

Henèe t6·, find b'é=,55 .10 -5 f9l': 1 GI'. atom Fluor,the' at.omie 
, ,vohl'rneái the tl'iplepoint ~mus~ be= (55 : 1,262) 1 0~5 =43,6.10-5 . 
. No"" J;Ol' ~ 2000 C.MorssAN, and·DEWAlt (1897) found D "':""1,14, 

1) Se~ lIl, These Proc. p. 287. ,,' , ' ,... 
2) These P1:OC; of JUli. :3\ll1.nd MUl'ch 25. 1916: p. 1228 and 2. 
'~) In the ~.'Chemisch' Jaarboekje" fol' 1915 --: U:i16, I find, ,-:-,2330 C. given .. 
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