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also appears to be reasonable, to calculate Poisson's ratio, a negative value 
for Poisson's ratio is obtained. This indicates that one or both values a,'e 
probably incorrect. If the relationships between the four elastic properties 
are valid, then in order to make the data compatible, assuming that all 
of the discrepancy does not lie in the bulk modulus, the correct Young's 
modulus value for selenium must be less than 0.591 X 10' kg/ em', the 
value given in Table I. 

Estimated Data. As will be shown later in 8ection 22 and in Table XIX, 
the ratio of Young's modulus to the shear modulus , Y/ I', is very nearly 
a constant and therefore may be quite reliably estimated for elements 
for which this ratio is unknown. This rutio and the value for the bulk 
modulus (experimental or estimated value) may be used to calculate the 
estimated value of Young's modulus by means of the following equation: 

Y = [9 - 3{Y/I')]B, (3.1) 

which is obtained by simple algebra from Eqs. (ILl) and (11.2). The 
bulk modulus was used in the calculations since it has been determined 
experimentally for more elements than any of the other elastic properties. 
Furthermore, because of this reason it was felt that unknown values of 
the bulk modulus could be better estimated from the periodic relationships 
of the elements (see Section 6). The estimnted values of Young's modulus 
for white, red, and black phosphorus, arsenic , rubidium, strontium, and 
cesium were calculated by using the experimental value of the bulk modulus 
(Table V) and the estimated value of Y /1' Cfable XIX); and for techne
tium, osmium, polonium, francium, radium, actiniulll, and protactinium 
by using the estimated values of both the bulk modulus and 1'/ 1'. The 
estimated values of Young's modulus for promethium, thulium, and 
lutetium ""ere estimated from the plot shown in Fig. 2a. The value for 
europium was estimated to be equal to the mean value for barium and 
ytterbium, since europium is also knml'll to be di"alent in the metallic 
state"; thus these three elements arc respecti\'cly the initial, end, and 
middle members of the divalent 4f series." 

U Europium and ytterbium bave been considered to be divnlent because most of their 
physical properties, !luch as the atomic volumcs, metallic rndii, meltiJlg and hOllin,:; 
points, heats of !!ublimation, comprcssibiliti{'s, nnd c()('fficipnts of expansion are more 
like those of the alk3IinC-f'a.rth metnlE-. calcium, strolltium, Olld barium, than those 
of the rar<Harth m" tuls. Thi. is confirmed by magnetic data, which indicate that 
europium hilS a 41' configuration and ytterbium n -tia configuration; in both instancrs 
this leaves only two <'iC'ctrons rcmniniJl~ bcyo:ld the xenon core, Bud prcsumaIJJy they 
arc in the 6s2 state. Thus, since uarium has a -11"682 configuration, these tbn:'C clemf'nts 
are the lirst (bnrium), mid (europium), and cud (yttcruium) memuc," of the divalellt 
4J transition RCri('S. Ynlu('s for most of the above-mentioned propcrtics nrc ~ivcn in 
the following scdion~; those whi r·h arc not may he round in K. A. Csrhnciducr, Jr., 
"Rarc Enrth Alloys," pp. 3-66. Van Noetrnlld, Princeton, New Jersey, 19(H. 
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4. SHEAR MODULUS 

The shcur modulus is also known as the torsion modulus and modulus 
of rigidity. The va lues of the shear moduli are listed in Table II Rnd 
are shown in Fig. 3 for the elements of the fourth, fifth, and sixth p~riods 
of the Periodic Table. The shear modulus varies between 0.13 X 10' 
kg/em~ for potassium and 4.6 X 10' kg/ em' for diamond. The estimated 
value for francium, however, indicates that the lower limit should be 
extended to 0.0063 X 10' kg/ em'. The shcur modulus, like Young's 
modulus, has a marked dependence on the electronic configuration of the 
element (Fig. 3). The similar shape of Figs. 1 and 3 is not surprising since 
y ~ 2.61' (see Section 22 and Table XIX). The maximulll value of the 

shear modulus encountered in a given period is associated with the clements 
having the maximum number of unpaired d electrons. The minimum 
ncar the ~nd of each period occurs for the elements that have an s'p' 
configuratIOn. The anomalous behavior of the fourth-period clements as 
compared with those in the fifth and sixth periods is again evident. The 
behavior of the clements in the second and third periods is similar to that 
of their cogeners in the fourth through sixth period; e.g., the shear modulus 
increases as one proceeds from the alkali metals to the alkaline-earth 
metals to the group IlIA elements. 

The variation in the shear modulus for the rare earths is shown in Fig. 
2b. The point for ytterbium was ignored in drawing the straight line. 
The value for ytterbium is low because ytterbiwu is divalent." 

Boron, Selenium, Ruthenitlm, and Rhenium. Ko experimental values 
of the shear modulus exist for boron, selenium, ruthenium, and rhenium. 
However, from the experimental values of the bulk modulus (Table V) 
and Young's modulus (Table I) it was possible to calculate the shear 
modulus. For boron, ruthenium, and rhenium reasonable values were 
obtained for both the shear modulus and Poisson's ratio. For selenium, 
on the other hand, a negative value was obtained for Poisson's ratio 
!ndicating t,hat the calculated value for the shear modulus is probabl; 
Incorrcct. 1 hel'cfore, the value for selenium given here was estimated 
(see below). 

Estimated Data. From an estimated value of the ratio of Young's 
modulus to the shear modulus (sec Section 22 and Table XIX) nnd the 
known values of Young's modulus, the estimated shear modulus was 
calculated for scandium, selenium, and neptunium. f'ince Youn"'s modulus 
for selenium is probably too large (see Section 3), the estin~ated shear 
modulus is probably too large also. The estimated shear moduli for white, 
red, and black phosphorus, arsenic, rubidium, strontium, technetium, 
cesium, osmium. poloniulll, francium, radium. actinium, and P"otactinium 
are based both on estimated values of Young's modulus and on the ratio Y / 1'. 


