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                             Abstract
      The compressil)ility oÅí selicl elements is found to l?e expressed approximately in

  terms of their melting points, atomic volumes ancl atomic numbers by an empirical
  forniula, ivhich is inore re.ftsonable than that proposecl by Richards.

    The compresslbility of solid elements is a strongly periodic func--

tlon of the atomic number, as was first pointed out by R2chards.
Besides the compressibility, the atomic volume of soHd elements is
also very clearly periodic with respect to the atomic number, as is
seen in IFig. !. In this and in the following three figtires, all the rare

earth elements other than lanthanum ELre oinitted, so as to be in accord
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     '
with tlie periodic tEtble of the element's; and the elementhafniuni of

the atomic number 72 is arranged next to lanthanum xvhose atomic
number is s7, As is seen in Fig. i, the periodicity in the atomic
volume is especially regular with' the eleinents having the atoniic
numbers liig'her than ig, which belong to the long periods in the pe-
rioclic table. The conipressibilities of solld elemeRts, which are naeca-

surecl cat room teinperatut"e, are representeci by small circles in Flg.

2. In this figure the logarithm to the base ro of the compressibility
is plotted, in order to get a inana.creable scale, against atomic nun3-

ber. The periodic change of the compre$sibllity wlth atoniic nttmber

                              Fig. 2.
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  also well revealed especially with the elements in the long periods ;
    it runs s{inilarly in niain features witlzt atoirtic volume, by tai<ing'

niax. iina at"the positions of the alkali-metals ancl n3iniiRa at tlie inter-

mediate positions. ]}Iowever, this simllarity is not petfect; and tlie

general tendency of tlie compressibility to decrease in its value at the

positlons about its miiiLiitia wlth 2ncretise of atonitic number cloes not

accord with the incre.asd of the atoiiRic voluine about the positions of

its minima xvith iiiLcrease of atomic ntmiber. This shows that the com--

pressibillty of the solid elements can not be repvesented as a function

ef the atomic voluine alone.
                                                '    Besides the atomic volume, the melting point of the elements is
etlso related to the compressibility, because the hardness is generally
higher for an element whose melting polnt is hi,o.'her. IFig. 3 shows
the relcation between the melting polnt and the atomic number of the.
eleineni's. tX. general perioclicity is also detected in this case. Alkali-
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metals occupy the posklons next to the ininkna which .ire occupiecl
by rare gases, and the interinediate elements lie at the positions about

the maxinia, Moreover, the maxima of the melting points increase
generally with atomic nuinbe.r. Tal<in.g. this fact into Åëons:tderation,

the writers assumed that the compressib{lity x is directly proportional

to a certain poweir n of the atonilc volunie rr`, and is inversaly pro-
portion:tl to the melting point T.. expiressecl in absolute scale. In
oiLder to get the value of n, x7;,,, the proclucts of tha obscirved values

of x and 7;. for the elements, xvere compared w{th their observed
values of z,, 1)y plotting' the lo.cr,arithmsof xT. ancl "t., inagraph; and

from an approximately linear relation between the values of these
logarithms the vakie of n was fouiad to be about i.s. The propor-
tionality tlius found be' tween zT., and z,i'g is only an approximation ;
and a smali systeniatic increase of tbe value of z,i'5/zT,.. with increase

oi the atomic number Z was clearly det"ected. Thus "t}i'5/xT. was
ag'b'umedl to be proportional to (J.(i+BZ), and the values of (z and iE?

were obtained by plotting the values rt,i"'/x7],, and Z in a graph.

    The observecl values of f.,, T., x ancl logz for the elements are
tabulated in Tables I,, and Ib. The values of the naelting point T., were

tal<en from I.andolt-Bo'ernstein's " I'hysikalisch-cheniische Tabellen "

'ancl others. The valties' of the atomic volume z, expressed in the unit
of A3 per atom xvere tal<en mostly from lifasing's " I-Iandbuch der tvIe-

tallphysil< " (Bd. I, p. 43-62) for the eleiinents whose atomic voluine$

were determinecl from their crystal struceures; and for some other
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 elements they were calculated from the valties of the densities and
 the molecular weights. As the coirnpress{bility of the solid elements

 which is measured at room temperature changes with pressure, its
 lirnitting" value at zero pressure is adopted,.and the vaiues expressed
 in the unit of (f)I;.,)'-Å~' i67 are tabulated in Tab16s I"and IIb. These are

 taken from IB- ridgirnan's "'Che1 kysics of I-ligh iPressure ". By taking

 the units of "ti and the compressibility x as above, the einpirical formula

 obtained for the relation between x, "u, Z,.. ancl Z. became

                             ffuix,
                z=                    o,oo3(i +o.oi7,s Z') T.

 The values of x and logx which are calculatecl by this formula from
 the values of "u, T., an{ii Z are tabulated in the 6t'i' and 7ti' coluinns of

 the tables, ,and the values of log"z ior the observecl values of x are
 given in the last column of the tables. The values oÅí log',x thus calcu-

 lated are represented by the dots in Fi.o..'. 2, where the successive clots

  are connected by the straight lines. When the positions of dots are
 compared with those of sinall c2rcle.s representin.cr the observed values

  of logx in [Fi.cr. 2, we see that the ag'reement between the observation
  and the calculation is, ln niain features, rather satis/t'actory for t•his kir]d

  of phenomenon, because the compressibility clianges with temperature
  cifid pressure and is accompaniecl by a considerable amount of errors in

 its nieasRrement. The unsatisfactory agreement is naet within the ele-
  ments belong"ing to the shor# perioc!s in t-he pet-iodic table, in the Ga
  (7.•rm 3i), Ge(Z=32), As(Z= ..,3), Se(7.. =34) seque.nce, in the Cd(Z==48),

  In(Z=4g), Sn(Z= so) sequence, and in tke Tl(Zl=8i>, Pb(7,.=82),
  Bi(Z=83) sequence.
      There is no clirect measureinent reported 6n the compresslk}i]ities

  oF rare gc'Lses, but they are supposed by Bridg'mant to be inuch higher
  thaia those of other. elements. This su.crgestion is in accoard with the

  present results. The coml)ressibilities calcul.'tted by the present for-
  mula fer ]NTe, A ancl I<r occ-apy the inaxziinuin positions as is seeii in

  Ii"ig. 2, and they are higher than thbse of corr'esponding" all<ali-metals

  wh'ich take the inaximum positions among the measurecl values. iFor
U Xe, its calcu]ated compressibility is alniost the same as that obse't'vecl

  for the following element Cs.
      Prior to the present writers, a siniilar einpirical forinula represen-

 tin.o.' the compressibility iii term3 of tl}e atoniic voluine, melting point

    i. Bridgman: The I'hysics of High }I'ressure, p. i65 (ig3i)•
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ancl the specific .g.ravity of the element had been proposecl by
]PNichardsi. I-Iis formula ls .rts follows

                t /1{              X=O.OO02I                         SC}'2""( .T., um 50) '

where A is the atomic volume, ancl S is the specific gravity. Richards'
                                          'formtila cati represc,nt the observecl values of the compressibilities
equally well as that proposed by the writers ; bttt ehe etpplicabi]ity of

hls formula is lim{tted for the elements whose meltlng point is higher
thaR soOI<. X7Vith the formula proposecl by the writers this defect is

reimoved, and it can be appliecl generally for all the elemekts.
    It has already been stated that the periodicity in the atomic volume
is especially re.crular wlth the elements which belong to the long pe-.
riods in the• periodic table. I-Iowever, this regularity is not eRtlrely

perfect; and xve can detect, in iFig. i, a systeniatic and linear increase

in the value of the atotnic voluine with increase of the atomlc num-
bei'. This linear increase of the atomic voltmie was fovm' cl to be well

                                                               '                              Fig. 4• '
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                                           ' '
 systeinatizeC! by adopting, iRsteacl of the actual atoiiRic volwine "u, the

'redLiced atomic volume "d., which is connectecl with "u by the relcktion

                               tt                          "d'                "dr: r               • I+O.OII7Z
 where 7;] represents the atDmic mimber as beÅíore. The relation bet-
 Nveen z,, ancl Z is plotted in /[ ig. 4, and an alniost peiriiect periodicity

 of the reduced atomic voiume in the Iong periods is obta{iaed in this
 figure: the corresponC{ing elements in different periocls tal<e alinost

 the same reduced atomic volume.
     In the case of compressibil";ty the value of x.T., was fotmcl to be
 proportjonal to "di"5/(i+o.oi7sZ). If we Lise the reduced atomic vo-
 lume "d, instead of "d, we have

            v 1.5                                            1,Jr                 1.or "d . rv                "U' == (i+o.ou7Z)i'5 =': i+o.oi7SZ

 and consequetitly the empirlcal formula representing the compressibi-
 ]ity becomesi more simple, as
                         !,rt                 x= ?7r .
                     o.oo3 T.,


