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Tel·tiary amines react with organic thiocyanates as 
follows, rCl!ardlcss of the proportions of the components: 

n~c:-.; f- n,N = II\,NI\IIN('~~-I' 

The symmetrical form of the conductivity isotherm, 
qllokd by thl' at'on' :\\I(h01'S in cOlUlcction with the ethyl 
thh)cyanate -pyridinc systl'lll, is seen by the present author 
as further c\' idcncl' for this scheme. The sharp m:1."Ximulll 
at 50 mole ~;, con,'sponds to the 1: 1 ionic compound. 
Because of the lo\\' viscosity of mix1:ures of the system, 
their electrical cond\lctivity isotherm does not have a mini­
mum, as is often observed when interaction between com­
ponents brings about a steep rise or viscosity o. 

SU1\L\tA\lY 

1. In binary systems formed by benzyl thiocyanate with 
anililie, pyridine, and piperidine, two compounds in 
which the Uliocyanate is COmbined with Ule amine in 
1 : 1 llnd 1 : 2 ratios are formed, depending on the com­
position of the mi:l.1:ure. 

2. Property-composition diagrams with singular pOints 
are olJtained not only when the components interact com­
pletely to form one undissociated compound, but also 
when reaction is incomplete or in a system when two 
or more compow1ds are formed simultaneously. 
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THE COMPRESSIBILITY OF METALS 

V. V. Dem c henko 

The existing methods for the calculation of the compres­
sibility of a metal, which are based on the Thomas-Fermi 
statistical modell or the electronic theory of metals 2 , show 
satisfactory agreement with experimental data only for 
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alkali metals. The compressibility of a metal Is believed 
to be due to the compressibility oC the valence electrons oC 
Itsatoms"a, thatoCthemetallons being practically ze ros,a. 
On this basis it Is possible to obtain sImply an approximate 
formula Cor the calculation of the compressibility of metals . 
We shall employ the concept of the volume V of the valcnre 
electrons, deCined as the dlICerence between the volume of 
the atom V. = (2n.)3 and the volume oC the Ion VI :z (2/{ 1)1: 

V - H(fl: - n1). (1) 

The concept of the volume of valence electrons has been 
uSf"d by a number of authors for the calculation of various 
properties of metals 3-5. 

We have the follOWing expression for the pressure of 
valence electrons 5: 

(2) 

where e = 4.8 x lO- so CGSE, z Is the number of valence 
electrons per atom, and C their capacitance, which for a 
given shape of an object 0 is proportional to its linear 
dimens ions 8: 

Thus we obtain for the pressure 

From Eqns. (4) and (1), we obtain the following final 
equation for the compressibility of a metal: 

1 <IV 3G(R!_~)·I. 
If. = - v iiP == (:t)i 

(3) 

(4) 

(5) 

Eqn. (5) shows that K = 0 when n. = Rs. i.e. the com­
pressibility of the meta'l ions is zero. It is interesting that 
the electronic theory of metals and the Thomas-Fermi 
statistical model predict different modes of variation of K 

with atomic radius: thus according to the first the com­
pressibility is proportional to R~, a and according to the 
second it is proportional to Rl.l Eqn. (5) leads to a varia­
tion of K with'R. sim\lar to that derivable from the Thomas­
Fermi model. 

. Eqn. (5) is approximate, but, a~ can be seen from the 
Table, it leads to satisfactory agreement with the experi­
mental values of K for a large number of metals. The 
Table compares the values of K x 1012 bar-1 calculated from 
Eqn. (5) with experimental data; a further comparison is 
made with K for a n~ber of metals derived on the basis of 

Mo,.1 1,,(Ref.s,1 ,,(UpI·,1 'K" I '" I Me,.1 ,,(R.I. 5) I ,,(up •. ) 

Ll . 8.30 8.87 - 1,.80 Zn 1. /.0 1.72 
N. 16.:10 15.90 10.40 13.30 Cd I.r.~ 2.30 
K 37.60 37.50 ZI,.20 37.110 Go 1.30 1.41 
Rb 47.80 SUO 32.20 53.00 Sn 1.6:\ 1.92 
Co 63.50 71. 50 42.00 SU . 50 l'b 2.20 2.1,2 
Mg 2.35 3.01 1.69 - "0 0.,>8 1).80 
c. 4.08 5.82 3.SU - Ni 0.60 0,54 

,Sr 6.86 8.38 ~.42 - Mn O.~I 0.81 
D. 9.22 10. 40 6.39 - Cr 0.66 0.61 
Be 0.63 0.79 - - Co 0.62 O.~ 
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the Thomas-Fermi model I (denoted by K 1) and the elec­
tronic the6ry of Il)('tals 2 (denoted by K2 ). The values of R. 
and Rf us~d in the calculation were taken from Zhdanov7, 
and thE' ex£lE' rim('ntal values of K were obtained from Ref.a. 
It was aSful11('d that z = 2 In the case of all the metals 
~xl'ept for, the· alk;lli metals which hav<, z = 1. Th<, ealeu­
l~!ll'n ('l)l1ld Ill)! l'l' made fl)r many metals (W, Zr, Mo, Ta, 
~b. Oi, Sb. <'tc.) becausE' of the lack of data on the ionic 
radiUS with the ~i\'en number (z = 2) of valence electrons. 

I should Like to acknowl<,dge my great Indebtedness to 
N. E. Khomutov Cor discussing this work. 

SUMMARY 

Usin~ the concept of the volume of valence electrons, 
a formula has been dC'ri\'('d Cor the compressibility of metals 
which Is applicabl(' to mE'tals oC various Groups of the 
Periodic System. ThC' predicted val'iatlon of the compres­
sibility with the atom ic radius is similar to that obtainable 
from the Thomas-Fermi model. 
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EFFECT OF ATOMIC COORDINATION ON 
THE TEMPERATURE VARIATION OF 
HEAT CAPACITY AT LOW TEMPERA-
TURES . 

V.A.Romanovskii 

It is known that the temperature variation of the heat 
capacity of various substances does not obey a single law. 
The form of the heat capacity curve of any substance 
depends on the properties of the chemical bond, the ratio 

of the masses of different atoms, and the crystal-chemical 
struclure or the substance. The effect of struclural pe cu­
liarities of such groups of substances as molecular. chain, 
and layer crystals on the temperature variation of heat 
capacity has been examined by norn I and Taras ov"l, who 
modified the Dcllye theory to talt(' Inlu account tilC' R}1('C'ifIC 
features of the structure oC the above cl'yslaill. Th(' e'( ­
perim('ntal heat capacity curves for thC' Rc crystal -; I':.hihit 
a much greater dC'vialion from the DcIJye llwory tha ,l t/,o:;" 
for crystals with a continuous thr('e -dlmplUlional r. .• rrH'work 
comprisinr~ idenUc:ll chemical bonds. nul evc'n ;lInong lIle 
latter, although the majority do obey satisfactori ly the 
Debye function, there are some which exhibit a pronounced 
deviation Crom it. 

The aim of the present work is to show that the extent of 
deviation of the hent c:lpacity curve for a crystal Crom the 
Dcbye function Is largely delermined by the ma~nitudC' ot 
the atomic coordination with nearest nei~hhours. The 
problem is solved by comparing experimental low-tem ­
perature heat capacities and atomic coordinations of various 
substances. Before malting this comparison, however, it 
is necessary to take into account the following considera­
tion. The applicability or the Debye model (an Isotropic 
elastic continuum) to a real crystal with a single type of 
bonding depends not only on the chemical bond but also on 
the ratio of the atomic masses and on the atomic coordina­
tion. In this respect the closest approach to an isotropiC 
continuum is obtainable with structures having the maxi­
mum coordination with respect to nearest neighbours, i.e. 
having the closest packing with a coordination number of 
12. Any decrease in the coordination number will there­
fore lead to an increase in the difference between the Debye 
model and the properties of a real crystal. 

As will soon be made evident, the above postulate is in 
good agreement with experimental dala for the heat capaci­
ties of a large number of crystals. It should be noted that 
the difference between experimental heat capacities at con­
stant pressure and those at constant volume, to which the 
present theory applies, becomes substantial at relatively 
high temperatures. Therefore, to a first approximation, 
in comparing experimental data with the theory we shall 
set an upper limit to the reduced temperature, i.e. TieD = 
= 0.3. In the Table the criterion reflecting the deviation of 
experimental heat capacities of substances having different 
atomic coordinations from the Debye theory, is the ratio 
of the maximum and minimum characteristic Debye tem­
peratures, denoted by eDmaxl(}Dmln' The values of this 
ratio for the substances listed in the first and second rows of 
the Table have been taken from Eucken 's review 4 or calculated 
from the graphs in Blackman's review 5 • Those for Si02 , 

Ge02 , and ~~ have been calculated by the author from 
experimental data 8 -8. When a substance rigorously obeys 
the Debye law, eDmax!eDrnin = 1. 

Sub.tonc .. C.N. Of I u 10 
M.C.N. Dono. Dmln 

Au. Pb. No, K. Mo. P~, Cu. AI, Ag, Fo, 12-5.3 DOl more Ih •• 
KCI. F05 •• L1F, K Dr, Cai, 1.13 

Go, 51, 5n(s,ey), znS 4 1.43-1.6 
5iO .. GoO .. D,O, 2.66-2.4 -2.17 
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