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Physics. - "On tlle Fundamental Va lues oJ the Quantities b 

and Va fol' Different Elements-, in Connection with the 

Periodic System. Vl. The Alkali Metals". By Dr. J. J 

VAN, LAAR. (Commnnicated by Prof. H. A. I.JoRENTz). 

(Communicated in the meeting of June 30, 1917) 

1. Aftel' the gl'OUp of the llobie gas eb, the halogens, the elementr, 
of the oXJ'gen and nitrogen groups, and those of the carbon grollp, 
we will, for prartical reasons, fil'st treat the gl'OUp of the alkali 
metals , and 1I0t until aftel' this can we treat the intermedlate , 
Beryllium and Borium gronps, and the remaimng minor groups 
with some certainty. 

The task undertaken by us to compute with some certainty the 
values of the critical qnantities, and those of Ok and I/ah with the 
required accmacy, gets mOl'e and more difficult. For the alkali 
metaJs e.g. compounds of which the boiling point Ol' the critica! 
temperatUl'e are known, al'e entire1y wanting, and thus we are deprived 
of a valuab1e test. Nothing is known befOl'ehand that could be 
llsed in any wa)' as a foundation; everything must be calculated 
anew, estimated, weighed, and considered. "For an element as 
recalcitrant as e.g. Oarbon Ol' SiliciunJ, the critical temperatllre of 
wltic'h is quite inaccessible, we knowat least the va1lle of Ok from 
cornZJOunds, from which - in connection with other data - the 
vallles of ak, Tk and Pk can be calculated with almost mathematical 
certainty. 

This is not the ('ase for the alkali metals. Here nothing is knowIl 
bèfol'ehand concerning bI" and in most cases we shall therefore 
have to be satisfied with defining limits between which the required 
val nes of Ok and ,/ ak must lie. Fortunately these limits are COIU

pal'atively narrow,. particularly when the course of the vapour 
tension curve is sufticiently lmown, so that the vallles calculated 
by us can yet lay claim to a satisfactol'Y degree of accuracy. 

It will appeal' that fol' the alkali metals we care very near the 
trllth with respect to the critical tempel'3,tme,' whew we multiply the 
absolute temperatnre of the melting point by 51

/ 8 , and that of the 
boiling point bj 1,7. Thus we have the following silrvey. . 
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Na K Rb Cs 

Ttr = 4521 I 370,6 335,6 I 311,6 ,301,3 

I 

I 

T = - 1156,0 1035,3 
I 

911.1 943,1 s -
Ttr X5 1

/3 = I 2411 1911 
, 

1190 
I 

1652 1601 

Ts XI,1 = I I - 1965 
I 

1150 
I 

1651 1603 

TtrX 42/3 = , - 1129 
, 

1566 
I 

1452 1406 

Ts XI,5 =) 
) 

- 1734 1554 
I 

1457 1415 

And now we shall see In what follows that ~ at least fol' Na, 
K, Rb and Cs - the rea I values of lk he between thobe obtained 
with the factors 51

/ 3 and 1,7, and those obtained with the factors 
4~/8 and 1,5. Generally nea~'er to the fh'st group. Besides we know 
aiready from former consldel'ations that the factor by which the 
absolute boiling point temperature must be muItiplied to obtain the 
absolute critical temperature, lies in the neighbourhood of 1,7. This 
factor can also be smaller, but it seldom becomes smaller than 1,5. 
For Lithium ,there is reason to suppose that Tk lies probably higher 
than would follow from T,r X 51

/ 8 , The factor is there with pretty 
great certainty = .5,6. 

It is certainly rather remarkable that the ratio Ts : Tt,· is so 
constant for tbe alkali metals, viz. about 31

/ 8 , 

2. Lithium. The melting point hes at 1790° C. = 452,°1 abs. 
Accordillg to the above we may expect the critical temperatUl'e 
between 452,1 X 51

/ 3 = 2411 0 and 452,1 X 5 = 2713° abs. We 
shall perform the subjoined caiculations for both values of Th 
rounded off to 24100 and 2700°. 

The vaJue of y folJows from our formula 2y = 1 + 0,038 V Tk. 
It gives with V 1ic = 49,09 to 51,96 the values 2,865 and 2,975, 
Le. y = 1,43 to 1,49. This is accordingly the (l'edllCed) coefficient 
of direetlOn of the straight diameter between Dk and Do. 

27 ( y ,\2 1 
From formula À = -8 1 --1)' with -- = O,n89 or 0,598, y- r+ Yi" 1 

hence (~)' = 0,3-:1:7 or 0,358, and with 8}'-1 = 10,46 or 10,90 
1+ 1 

we fllrther find the values l = 0,895 or 0,886 for the factor À in 
8 ak 1 ak 8 

RTk -;- :!. 7 l bk and Pk = 27 À b,c" This renders CJ = 27 l: R with 
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8 . 
R = 1 : 273,1 resp. = 72,44 to 71,67 (the value 27 : RIS -: 80,915). 

I.Jet ,us now caleulate the value of bk. From bk : bo = 2)' follows 
with bo = V o = 1 : Do : • 

bk = 2y or _ 2)' X A 
Do' - Do X 22412' 

when bk is C'aleulated in "normal" units, and per Gr. atomie 
weight. We mnst, therefore, know Do. From the l'elation for the 
ldeal straight diameter (whiie namely the vapour density ean be 

l' D 
negleeted) D = Do - 21' Die - follows with DI<- = 0 

Tic 2(1 +y) 

D=Do(l- _Y_!). 
l+)'Tk 

Unfortunately, however, the liquid density for Lithium is unknown 
But D = 0,5935 holds for '5oIid Lithium at 15° C. For liqnid Lithium 
D is therefore shghtly smaller than this value, perhaps '}}/o smaller. 
Thus we have: .., 

( 
288) 1 < 0 5935 = Do 1-0,589 X -- = 0,930 Do 

2410 

( 
. 288) , 

or = Do 1-0,598 X 2700 = 0,936 Do 

so that Do becomes < 0,638 Ol' < 0,634 (aecording as Tic = 2410° Ol' 

2700° abs.) Rence 

2,865 X 6,94 19,88 
bk> =-- = 139.10-5 

0,638 X 22412 14310 

. 2,975 X 6,94 20,64 
or bk> =-- = 145.10-5 

0,634 X 22412 14210 

The value of bk ean therefore be at most 2 % greater, i.e. from 
142 to 148.10-5 • Now bic = 55 fol' F, = 70 fol' 0, = 85 for N" 
= 100.10-5 for C.; we might, therefol'e, ex peet fol' B the value 
1'15, fol' Be 130, and for Li the value 145.:1 0-5 • If this last value 
is_col'l'ect, Tk wonld have 10 lie between 2400° and 2700° for Lithium, 
e. g. it would be abollt 2550°. 

Now the value ak follöWS1l'om 

Tir X bk 
alt=---

(P 
8 i 

in which tp = 27 R (see above). This gives: 

33* 
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> 
2410 X HI,9. 10-4 33500 

ak = --10-4 =4625.10-4 
72,44 . 72,44 ' 

>
2700 X 14,5.10-4 39150 " : 

or ak = ---10-4 =-'5463.10-4 
71,67 71,67 ' 

from which' we find: -
Vak >21,5 or >23,4.10-r2~(e.g.Vak=21,7 à 23,6.10-2). 

For Pk immediately follows fl'om (as 8: R = 8 X 273,1 = 2185) 
Tk 

Pk = 2185 X bk / 

2410 2410 7 I' Pk = 2185 X 142.10-5 3,103 = 77 _atm. 

2700 2700 - ' 
or, Pk = 2185 X 148.10-5 3,234 = 835 " 

the value 

from w bieh 10g'0 Pk = 2,890 to 2,922 follows, which we should want, 
when a series of vapour pressUl'es above the melting point were 
known of Lithium. But of tbis exeeptional element literally notbing -
more is known thall the rnelting point and the density at 15° C. 
Not even the boiling point or the density at the melting point. 
Still 1ess tbe coefficient of expansion in solid and Iiquid state. 

3. Sodium. Here we tread on firmer ground. The melting point 
lies at 97°,5 O. ' 370°,6 abs. The boiling point lies at 882°,9 O. = 
= 1156° abs. accol'ding to REYCOCK and LAMPLOUGH (1912). (RUFF 

and JOHANNSEN gave 877°,5 C in 1905). Hence the critical tempel'ature 
lies in tbe neigbbourbood of 370,6 X 51

/. = 1977, resp, 1156 X 1,7 = 
= 1965, mean 1970° abs. ; or, as lowest limit, in that of 370,6 X JN. = 
= 1729, resp. 1156 X 1,5 = 1734, mean 1730° abs. We carry out 
the calculations again at these two temperät"ii'rës. . 

With V1k = fl'om 44,38 to 41,59, we find from our fOl'IllUla (see 
for Lithium) 2 y = from 2,686 to 2,580, yielding r = 1,3-:1: to 1,29. 
For r: (1 + r) we find fl1l'ther 0,573 to 0,563, hence for y:: (1 +r)2 
the values 1'1'om 0,329 to 0,317, so th at the factor 1 becOInes fl'om 
0,910· to 0,919, and cp from 73,67 to 74,38, 

VrcENTINI and OMODEI (1888) found 0,9287 (liquid) fOl' the density 
at the melting point 97°,6, 80 tbat. Do ean~ be ealculal:ed ft 'om 

0,9287 = Do (1-0,573 X ~~~;) = 0,892 Dol 

( 
370,7) , 

or = Do 1-0,563 X 1730 = 0,879 Do 

yielding Do = 1,041 to 1,056. 

\ 
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Then bk hècomes: 

~,686 X 23,0 b,,-----
t -1,041 X 22412 

2,580 X 23,0 

1,056 X 22412 

61,78 
--= 265.10-5 
23330 

59,34 = 251 10-5 
23670 . 

We tind for ak: 

1970 X 26,5.10-4 52210 
al. = 10-4 = 7087 10-4 

73,67 73,67 . ,. 

1730 X 25,1.1 0-4 434~0 
or ak = 74,38 74,31 10-4 =583,8.10-4-

90 that we have Vak = 26,6 to 24,2 .10-2. 

We calculate fol' the critical pressure : 

\ 1970 1970 I 
Pk = 2185 X 265.10-5 5,790 = 340 atm. 

1730 1730 {' 
or Pk = 2185 X 251.10-5 5,484 = 315,5 ".1 

which rendel'S loglO pk = from 2,532 to 2,499. 
The found values of "I, viz. 1,34 to 1,29, may be tested, howevel' 

little, by the experimentally found val ue of the coefjicient of expan
sion a in liqttid state. In order to reduce a to "I we can derive the 
following relation. From 

follows immediately: 

1 v,-vi a=--
VI t,-ti 

1 1 

a=DI D, DI=~ DI-D" 
t,-t l D, t,-t l 

so that the quantity 't' in DI-D, = y' (t,--t l ) is found frqm 
y' 

y' = ft X D" or a from a = D . , 
Now (l'ednced) dl-d: = 2 'Y (m,-1n 1), when the vaponl' densities 

ran be neglected, hence as cl=D: Dk and m=T: Tk, also DI-D, = 
= 2 y ~: (T,-TI ), 80 that we have: 

and • 

I Dk 
"f = 21-'1' , 

1ç 
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( 
Y T,) But D, = De 1 --1--- , and + yTk 

so that 

y 1 
---
l+y Tk l.f-y 

a= ']' 
1 - -y- ~ Tk --y- T 

1 + Y '1'k 1 + y , 

1'2 is thel'efore alwa) s the higher of the temperatures, between 
which the experunentally determmed expansibllity holds, When we 
now apply this to SodlUm, where 278, 10-6 has been found for a 

between 101 0 and 168 U, (HAGEN), we calculate (T, = 168+273=441' 

a= =--=334, ]0-6 0,573 0,573 l 
1970-0,573 X 441 1717 

0,563 0,563 , . 
or a = =-- =~80. 10-6 

1730-0,563X 441 1482 
As the coefficient of expansion near the melting point will prob

ably be stul somewhat too small (we need only ihink of water, 
rnercury, etc.), the found value 278 is probably to be raised to 334. 
If we have to make a cnoice, the highe1' of the two assumed critical 
temperatures, viz. 1970°, seems in any case to be nearest the truth. 

If we assnme that the determined coefliplent of expansion really 
holds for the mean temperatUl·e (101 + 168): 2 = 134°,5 C. = 
= 408° abs., we should have calculated the values fl'om 330 to 
375.10-6, whiclJ are only slightly 10we1', 

Also from VANSTONE'S density de,terminations we can determine 
the value of r', bence also of a, VANSTONE found namely at 110°, 
184° and 237° C, resp. the val nes D = 0,9265,0,9058 and 0,8891, 
yielding y' = 280 . 10-6 between tbe two ihst, and y = 315 , 10-6 

between the two last. Ol' 295. 10-6 between the fit'st and the 
third. lf we assume this last value to hold at the mean tempera
ture 173°,5, at whieb D = about 0,909, then 

295.10-6 

a = 091 = 325 , 10-6 foILows from C~ = y': D (see above), , 
hence very near the above calculated value 330. 

I 
If we now assume the newer vaille 325, 10-6 to be more accUl'ate 

than the much older value 278, detel'mined at somewhat lowel' tem
peratUl'es, th en the value ealrulated above fl'om r with Tk = 1970° 
appeal's to be much nearer 325 than the too high value 380, cal
cnlated with Tk = 1730°. Tk lies therefOl'e near 1970°, and (acpordmg 
to tbe denslty determinations) 800ner somewhat highe1' than so~ewhat 
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lowel' than th is temperaLure; e.g. Tk = 2000° (extrapolated 1997°), 

A seeond test is furmshed by the Vil pOUl' !)I'ess/t1'e determinatlons. 
We owe the following data to HACKSPILT. (1912). 

t= 350 355 365 390 397 BB3 C. 

T= 623 628 638 663 670 1156:> abs. 

P= 0,08 0,12 0,15 0,21 0,26 760 mmo 

loglO P = 0,903(-2) 0,079(-1) 0,176 (-1) 0,322 (-1) 0,415 (-I) 2,881 

Accol'ding as Tk = 1970° is assllmed Ol' 1730° abs., we tind 
[0,r;10 Pk = 2,532 or 2,499 (see above), and we have therefore, thiS 
being in mmo = 5,413 or 5,380: 

loglOPk = 6,509 
P 
or = 6,477 

Tk 
T -1 = 2,162 

or = 1,777 

Hence IlO = 3,02 

6,333 

6,301 

2,137 

1,755 

2,96 

6,236 

6,204 

2,088 

1,712 

2,99 

6,090 

6,058 

1,971 

1,609 

3,09 

5,998 2,532 

5,965 2,499 

1,940 0,7042 

1,582' 0,4965 

309 3,60 .... 4,67 

or = 3,64 3,59 3,62 3,76 3,77 5,03 .... 4,48 

We see, theI'efore, from this th at the vapour pl'essUl'e tiwtor i is 
pretty weil constant at the lower temperatures 350 to 4000 0., bilt 
ar the boiling point (the values of the last column on the righthand 
side of the vertical line refer namely to the boiling point) it has 
considerably inCl'eased in both cases: from 3,1 to 3,6, and from 3,8 
to 5,0, The latter increment is much too great, the more so as the 
limiting value at Tfé, viz. ik = 8y = lO,7J Ol' 10,32, so ik10 = 4,67 
to 4,48, would be smallm' in the latter c[tse than the value at l's, 
viz, 5,03, WhlCh in \'Ïew of the great increase of i at higher tem
peratul'es is quite i1npossible. 

We see from the above how exceedmgly sensitive the method of 
the vapour pressures is, especially at higher tempel'atures, This is 
owing to this, that then ETk: T) -1 is exceedingly variabIe on only 
a slight variation in the value of Tk. In our example fl'om 0,70 to 
0,50 tOl' a decI'ease from 1970 to 1730. And in consequence of this 
also the value of f is changed in the same degree (fl'om 3,6 to 5,0), 

We can thel'efore concJude from the VapOlll' pressul'e detel'mina
tions fOl' Na with great cel,taillty that Tk = 17300 wilJ be out of 
the qllestion, and tbM Tk = 19700 will be near the truth. 

dt 
HEIJCOCK stdl gave - = 0,153 (p. in mm.) at the boiling point 

dp 
tempel'atul'e 882°,9 C, Now follows from 
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log~=f(~ -I} 
dj . 

when j' 'represents dT: 
) 

-- ..!L= __ "+ f' ~- 1 . 1 d fT ('1' ) 
dT 1'2 T ' P -

hence at the boiling point: 

'1' 2 [1 (dP) (1' )J- , .t~ = T: Ps d'1' ç + f' '1': ,- I . 

This gives with Tk = 1970°, Ts = 1156 : 

flo =-- X (I 4343 + 0704f' . 
(1156)2 [1 J 

s 1!}70 ' 0,153 X 760 ' 

We can put in approximation 0,51: 486 = 0,00105 for /', so 
that jçlO would become 

Islo = 678 X 0,4343 (0,00860 -r 0,00074) = 295 X 0,00934=2,76.' 

According to the above tàble, this value is too smalI, as it would 
be still smallet' than the value of po at 397°, viz. 3,09. We expect, 
indeed, a Jowel' vaJue than 3,60, as the latter l'epresents the chOl'd 
in the CUl've y =j(,'v), and 2,76 the tangent - but not a valne so 

much smaller, The value dzt = 0,153 given by HEIJCOCK is therefore 
(P 

pl'obably too high 1) - or else the value assumed for f' is too low, 
Also the value '1k = 1970 can have been assumed too low. 

4. Potassium. Aftel' the above explanations we can be briefer, 
ano simply repeat the same calcnlations as above. 

rhe melting point lies at 62°,5 O. = 331°,6 abs. The bOlling point 
at 762°,2 U. = 1035°,3 abs. (HEIJCOCK and L.). RUFF and JOH. give 
757°,5 '0. The critical temperature lies, tberefore, at 335,6 X 51

/ 3 = 
= 1790, 1035,3 X 1,7 = 1750, mean 1770°; or at 335,6 X 42

/ 8 = 
= 1566, 1035,3 X 1,5 = 1554, mean ~o abs. These will again 

appeal' to be the Jirniting values. 
Thus V Tk becomes = 42,08 Ol' \39,50, hence 2)' = 2,599 to 

2,501, )' = 1,30 to 1,25. This gives tbe value from 0,918 to 0,926 
fol' the facto\' I.; and the value 74,29 to 74,90 fOl' p. For ;. 
we have used )': ()' + 1) = 0,565 10 0,556. 

I) Or would 0,153 be a printer's error for 0,135? See Tables Annuelles of 1912, 
which are -full of misprints. Then 860 would become 975, and 0,00934 would 
become 0,0105, because of which f. \0 would become trom 2,76 to 3,09. And this 
value is very weil possible and would - like the ex'pansibility - point to a value ' 
of Tk whlch WOllld be slightly higher thaJl 1970, e.g. 2000° abs. 
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VICENTINI and OMODEI found D = 0,8298 (liquid) at 62°,1. Ft'om 
ihis follows therefol'e: 

0,8298 = D. [ 1-0 565 ~~~~J = 0,893 D'I 
or = Do [1-0,556 335,2J = 0,881 Do \' 

1560 _ , I 

from which Do = 0,929 to 0,942. 
From this follo,ws for bk: 

2,599X39,1 101,6 . 
bk = =--= 488 .10-5 

0,929X22412 20825 

2,501X39,1 97,79' 5 
or bk= =--- =463 10-

0,942X22412 21120 . 
A nd further fol' al.;: 

1770X48,8.10-4 86380 0 AllO 
- ak = = -- 1 -.. = 1 63. -4 

74,29 74,29 

1560X46,3.10-4 72230 
or ak = = --- 10-4= 964,4, 10-4 

74,90 74,90 

yielding Vak = 34,1 à 31,1.10-2• 

For pk we find: 
1770 1770 

pk = 2-1-S-5X-4SS. 10-5 = 10,66 = 166 atm. 

1560 1560 
or Pk =--= 154 

2185 X 463.10-5 10,] 2 " 

in consequence of which {oglO Pk = 2,220 to 2,188. 
Fl'om the formula fol' the ralculatiol1 of the coefficient of expansion 

ct from y, derived above fol' sodi'um, we then find: I 
1 

0,565 0,565 
----- =--=361.10-61 
1770-0,565 X363 1565 

ft 

0,556 0,556 \. 
or (;( = = -- = 409 . 10-6 

1560-0,556X363 1358 ' 

And as (c = 299.10-6 has been expel'imentally found by HAGEN 

between 70° and 110° C. (mean tempel'ature 90° C = 363° abs.), 
it follows from th is that the value, calculated from r with l' = 1770°, 
is nearel' the truth than that \'alue calculated with 1560°, (Just as 
fol" sodium the expansibility at 90° C, will pl'obably be lowel' than 
the nOl'mal valne at higher tempel'atUl'es, so that 299 will be too 
smal!. lndeed all HAGEN'S values seem io be too small. For Na 278 
had to be raised to 325 thl'ough the latel' detet'minations of V ANSTONE), 
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And now the vapour tensions. HACKSPILT" has fOllnd: 

t = 264 316 331 340 350 360 365 762° C. 

T = 537 589 604 513 623 633 638 1035° abs. 

p = 0,1 0,75 1,15 1,35 1,75 2,13 2,3 760 mmo 

LoglOp = -1 0,875(-1) 0,061 0,130 0,243 0,328 0,362 2,881 

From the above found values of log 10 pk we find in mmo loglOPk = 
= 5,101 anrl 5,069, so that we have: 

LoglO Pk = 6,101 
P ~ 

5,22? 5,040 4,971 4,858 4,773 4,739 

of= 6,069 5,194 5,008 4,938 4,826 4,740 4,707 
Tk 

2,005 1,932 1,887 
I 

1,841 1,196 1,714 --1=2,296 
T 

of= 1,905 1,648 1,584 1,544 1,504 1,466 1,445 

yielding f lO = 2,66 2,61 261 2,63 2,64 2,56 2,67 

of= 3,19 3,15 3,16 3,20 3,21 3,23 3,25 

2,220 

2,188 

0,1097 

0,5061 

1 3,13~4,52 
, 4,32~4,34 

From the same cousiderations as for Na it follows also here again 
very clearly that the upper series of values is better than the lower 
one, and that therefore Tk = 1770° IS ~referable to 1560°. The 
limiting vallles of I fol' Tk are viz. Ik = 8y = 10,40 to 10,00, Ol' 

jklO = 4,52 to 4,34. Pl'obably the aceurate value of Tk lies some
what below 1770° abs. 

dt 
HEYCOCK gave 0,135 for -. When we assume I' = 0,46: 397 = 

dp • 
= 0,0016, the following formula follows for Islo with Tk = 1770 

Ts = 1035 from the formula deri ved in ~ 3: 

(1035)~ [1 J 
1/° = 1770 X 0,4343 0,135 X 760 + 0,71Q X 0,00116 

= 606 X 0,4343 (0,00975 + 0,00082) == 263 X 0,0106 = 2,78. 

This value may be correct. lt is lal'gel' than 2,67 and at the 
same time smaller than 3,13 (tangent and chord, see for Na). 
Pel'haps Tk lies again somewhat below 1770° abs. 

5. Rubidium. 38°,5 + 273,1 = 311°,6 was found for the 
absolute melting point temperature. This multiplied by ;)1/8 gi yes 
Tk = 1662°. RUFF and JOH. (1905) fonnd for the bolling-point 
691° O. = 971°,1 abs. This X 1,7 gives 1651. Let 'lS take the round 
vaille 1660. On tbe other hand 311,6 X 4 2

/ 8 = 1452, and 
971,1 xt:'5 = 1457, averaged and rOllnded off 1450. 

In consequence of this V Tk becomes = 40,74: to 38,08, hence 
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2y = 2,548 to 2,447, y = 1,27 to 1,22. We find therefore 0,560 to 
0,550 for r: (1 + r), hence aceOl'ding to our formula J. = 0,922 to 
0,~30, and <.p = 74,60 to 75,25. Hence ) 

2,548 X 85,45 
b" = - __ -~:--

r 1,648 X 22412 

2,446 X 85,45 
or bk = 1,673 X 22412 

217,7 I = 590.10-5 
36930 

209,0 = 557.10-5 
37500 

, 

Do being = 1,648 to 1,673. For, according to HACKSPILI, D = 1,475 
(liquid) for 38°,5, hence according to the formula derived by us: 

( 
311,6) 

1,475 =Do 1-0,560 1660 = 0,895 Do 

( 
311,6) 

or = Do 1-0,550 1450 = 0,882 Do 

We find further for ak: 

ak = _16_6_0_X_5--.,.9_,0_.10-4 _97_9_4_°. 10_ 4 = 1313 10-4 
74,60 74,60 - . 

or ak = 1450 X 55,7.10-
4 = 80770 .10-4 = 107310-4 

75,25 75,25 

giving Vak = 36,2 à 32,8.10-2• 

We find fol' Pk' 
1660 

Pk = 2185 X 59U.10-5 

1450 
or Pk = 2185 X 557.10-5 

1660 
12,89 = 129 atm. 

1450 
--= 119 " 12,17 

which causes loglO Pk = 2,110 to 2,076. 
From the above values of y we find fol' the coefficient of expansion 

a, l'e&p. with Tk = 1660 aml 1450 abs.: 

a = 0,560 0,560 = ::184.10-6 
1660 - 0,560 X 363 1457 . 

0,550 0,550 
a=----- =--=440.10-6 

1450 - 0,550 X 36R 1250 
or 

while HACKSPILL gives 339.10-6 between 40° and 1400 O. (mean 
tempel'ature 900 O. = 363 abs.). Here too the first \ alue ::18 . 10-5 

is nearet· the ex.pel'imental value 34 (which will have to be raised 
somewhat, see fol' potassillm and sodinm) than the serond 44.10-5• 

HACKSPILL gives fol' the vapo!t1' tensions of Rubidium: 
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1=250 

T=523 

p=0,06 

292 

565 

0,98 

305 330 333 340 346 350 353 356 365 367 698° ~ 

578 603 606 613 619 623 626 629 638 640 9710 al 

1,46 2,66 2,95 3,29 3,67 4,0 4,25 4,57 5,51 6,14 760 m 

[oglO p=0,778(-2) 0,991(-1) 0,164 0,425 0,470 0,517 0,565 0,602 0,628 0,660 0,741 0,788 I 2,881 

As lOglOpk in atm. = 2,110 to 2,076, tbis is in mmo 4,991 to 
4,957. and we find then: 

loglOPk = 6,213 5,000 4,826 4,566 4,52\ 
P 

4,474 4,426 4,389 4,362 4,331 4,250 4,203 2,110 

of= 6,179 4,966 4,792 4,532 4,481 4,440 4,392 4,355 4,328 4,297 4,216 4,169 2,076 
Tk 

1,938 1,812 1,753 1,139 1,708 1,682 1,664 1,652_1,639 1,602 1,594 --1 = 2,174 0,7096 
T 

conse· 
quently 

of= 1,712 1,566 1,509 1,405 1,392 1,365 1,343 1,321 1,317 1,305 1,213 1,266 0,4933 

{IO = (2,86) 2,58 2,58 2,60 2,60 2,62 2,63 2,64 2,64 2,64 2,65 2,64 /2,97-+4" 

of= (3,49) 3,25 14,21~4, 3,17 3,18 3,22 3,22 3,27 3,28 3,29 3,29 3,31 3,29 

Here too the first row of \'ailles appeal's to be nearer the trutb 
t~an the second. As f is still gl'eatly increasmg at Ts, the values 
past 4,21 cannot possibly remain below the hmitillg value -1,25 (for 
Tk). This limiting value is namely pk = 8y = 10,19 to 9,79, 1. e. 
fk lO = 4,43 to 4,25. Perhaps Tk lies slightly below 1660° abs. 

6. Caesium. At last the l~st member of the gl'OUp. Here the 
triple point is at 28°,25 C. = 301°,3 abs.; the boiling point is at 
670° C. (RUFF and JOH.) = 943°,1 abs. 80 that Tk will lie between 
301,3 X 5 1

/ 8 = 1607, 943,1 X 1,7 = 1603, mean 1605° abs .. and 

301,3 X 4~/. = 1406, 9-13,1 X 1,5 = 1415, averaged and rounded oft' 
1410° abs, 

We find therefore 40,06 to 37,55 for Tk, yielding 2y = 2,522 

to 2,427, y = 1,26 to 1,21. The value of y: (1 + y) becomes 
0,558 to 0,548, so that ). becomes = 0,924 to 0,931, and rp = 74,77 

to 75,36. And we find f'or bk: 

2,522 X 132,81 
bk = 2,061 X 22412 

2,427 X 132,81 
or bk 

2,090 X 22412 

334,9 = 725.10-5 J 
46190 , 

322,3 \. = 688.10-5 
46840 

because Do = 2,061 LO 2,090. Fol' the density at the melting-point 
28°,25 HACKSPIIJL gives namely D = 1,845, so that 
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( 
301,3) 1 

1,845 = Do 1-0,558 -- = 0,895 Do ( 
1605 

( 
301,3) , 

or =Do 1-0,548-- = 0,883 Do 
1410 

And we tind fol' ale: 

1605X72,5.10-4 116360 
ale = =--10-4 = ]556 10-4 ( 74,77 74,77 . 

1410X68,8 . 10-4 97010 ' 
or al = --- 10-4 = 1287 . 10-4 

c 75,36 75,36 

'giving Vak = 39,4 à 35,9. 10-2• 

And for Pk we find: 

1605 1605 
Pk= 2185X725. 10-5 == 15,84 = 101 

1410 1410 
orpk----- ----94 

- 2185X688. 10-5 - 15,03-

giving loglOPk = 2,01 to 1,97. 
The coefficient of efpansion may be calculated from 

0,558 
a = --c:---:--:---

1605-0,558X337 

0,548 
or a = ----,--:---

1410-0.548X337 

0,558 = 394 . 10-6 
1417 

0,548' 447.10-6 

1225 

The value 39.10-5 was found between 17° and 100° O. (mean 
63°,5 C = 337~ abs.) by ECKHARD and GRAEFE (l900). As these 
expel'lmental ~alues had to be rai~ed a Httle nearly evel'ywhere in 
order to get into agreement with the normal expansibility at higher 
tempel'atul'es, given by r (the older values of HAGEN fol' Caesium 
lie &till lowel', \'iz. mean 345. 10--°), it is possible that the cl·itical 
tempel'ature of Oaesium wiJl lie bet ween 1605° and 1410° abs. 

Let us consult the vapour tensions. HACKSPILL found: 

=230 244 272 308 315 330 333 350 365 391 610° C. 

T=503 511 545 581 588 603 606 623 638 670 943° abs. 

p=O,2 0,29 0,99 2,58 3,18 4,27 4,45 6,72 9,01 15,88 760 mmo 

loglOp =0,301(-l) 0,462(-1) 0,996(-1) 0,412 0,502 0,630 0,648 0,827 0,955 1,201 2,881 

We find 4,886 to 4,853 tor loglOpk. and furthel': 
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[oglO Pk = 5,585 5,424 4,891 4,415 4,384 4,256 4,238 4,059 3,932 3,686 2006 
P 
of = 5,552 5,391 4,851 4,441 4,351 4,223 4,205 4,026 3,898 3,652 1,912 

Tk T -1 = 2,191 .2,104 1,945 1,762 1,730 1,662 1,649 1,516 1,516 1,396 0,702 

of= 1,803 1,721 1,581 1,421 1,398 1,338 -1,321 1,263 1,210 1,104 0,495 

hence /10= 2,55 2,58 2,51 2,54 2,53 2,56 2,51 2,58 2,59 2,6412,86~4,38 
of= 3,08 3,12 3,06 3,11 3,11 3,16 3,17 3,19 3,22 3,31 13,98~4,22 

It also appears clearly from these value'l of j, that the l'eal critical 
temperature will He between 1605 and 1410. The limitmg values 
of f at Tk are j7c = 8)' = 10,09 to 9,71, hence jk10 = 4,38 to 4,22., 
The value 1/0 lies shgbtly too far from 4,38; the value 3,98 lies 
too near it. 

7. Recapitulation of this group. In accordance with the 
course of ,the vapour ten sIOn factors j we shall assume the critlcal 
temperature of sodium to be 2000° abs., i. e. 1/9 of the difference 
between 1970° and 1730° highe?' than the fh'st of these values. 
Fllrther that of Potassium to be 1710°, i. e. '/7 of the difference 
between 1770° and 15600 abs. lowel' than 1770°; that of Rubidium 
to be = 1590°, i. e. 1/. of the difference between 1660° and 14:50° 
lowel' than 1660°; that of Oaesium = 1510°, i. e, 1/2 of the diffel'ence 
between 1605° and 1410° lower than the first value, At last that 
of Lithium, in virtue of tlie \ alue of bk (which we assume = 145 , 10-5) 

halfway between 2410° and 2700°, i. e, = 2550°, so th at we 'get 
the following survey, 

1452 
, 

Lithium 14507 2550 5,6 1,16? 1,46 145 22,6 806 - 5,1 

Sodium 371 1156 2000 5,4 1,73 1,35 266 26,9 343 2,9 3,5 4,1 
\ 

Potassium 336 1035 1710 5,1 1,65 1,29 481 33,2 163 2,8-3,4 4,5 

Rubidium 312 971 1590 5,1 1,64 1,25 519 35,1 126 2,8-3,4 4,4 

Caesium 301 I 943 1510 I 5,0 1,60 1,24 707 37,7 98 2,8 - 3,4 4,3 

These are the most p1'obable values following with pretty great 
certainty from the available data. The inaccurary will at most amonnt 
to 1 or 2 %' • 

With regard to the' values of bk we wiII only observe that they 
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are about in the following ratio 1: 2 : 4: 5: 6. For 145: 1 = 145, 
266:2=133,481:4=120,579:5=116,707:6=118. 

From the ,'alue of Tk and Pk fOl' Hydrogen, determined just now 
by K. ONNES C. s., would follow the value 59.10-5 (per Gr. atom) 
fol' bk, i. e. exactly !talf the middle value 118 for K: 4:, Rb: 5 and 
Cs: 6. So that the ratio of the b-values for H to Cs would become 
1/2 : 11/4 : 21/8 : 4 : 5 : 6. 

Possibly the ratio values for Li and Na will later have to ge 
rounded oft' to 1 and 2 on mOl'e accurate knowledge of some data. 

And it appears again fl'om the values of Vak> fOl' which rounded 
oft' we may wrlte 23, 27, 33, 35, 37,5, that all these metals oecnr 
atomically with the ver)' much incl'eased valency attraetions. If they 
were bound to Li2' Na2 , etc., onJy the "rest-attractions" 3, 5, 7, 9,11 
would have manifested themselves (per G. atom). For Li it is possible 
that undissociated molecules of L: are still present at Tk (the 
abnormally low value 23 would point to this), but it is also possible 
that this is not the case . .All these questions must be left open fol' 
the present till the wlwle periodic system shall have been examined. 

ln a following puper the minor gl'OUp Cu-Ag-Au will be treated, 
besides Manganese and the lron-Platillum group. 

Clarens, June 1917. 

-' 


