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oxide formed and the oxy en used up. The completeness 
of combustion of the neo8ymium varied from 99.86% to 
99.96%. The initial temperature was 24.6’ and the aver- 
age final temperature was 25.8’. The results are sum- 
marized in Table I. 

TABLE I 
COMBUSTION OF NEODYMIUM 

Total Energy Deviation 
Mass Nd, eT, energy, from N d  abs. 

g. C. abs. joules abs. joulesjg. joules/g. 

2.0327 1.2626 12,782.4 6171.0 0.9 
1.8968 1.1790 11,935.5 6171.1 1 . 0  
2.0332 1.2622 12,778.5 6171.4 1 . 3  
2.0242 1.2554 12,709.7 6164.4 5 . 7  
2.0523 1.2744 12,902.2 6172.8 2 . 7  

Average: 6170.1 2.3 
- 

2 X standard deviation = 2.9 

The value given in the table for the heat of com- 
bustion of neodymium metal as used must be cor- 
rected for the impurities present. If i t  is assumed 
that the oxygen is present as Ndz03, that the car- 
bon contributes according to the heat of combus- 
tion of graphite, and that the other impurities are 
negligible, the corrected value for the heat of com- 
bustion of neodymium is 6252.6 joules/g. 

Finally, the uncertainty attached to this value 
must include, in addition to the h2.9 joules given 
in the table, the uncertainty in the energy equiva- 
lent. When this is included, the heat of combustion 
of neodymium is found to be 6252.6 * 3.5 absolute 
joules/g. 

Composition of the Neodymium Oxide.-The 
neodymium oxide formed was a very dark blue- 
black in color. An X-ray Debye pattern showed 
only lines of hexagonal Ndz03. The possibility 
that the dark color was due to excess oxygen was 
investigated by use of the “active oxygen” method 
of Barthauer and Pearce.i The formula of the 
neodymium oxide was found by this method to be 
Nd203.001. 

Heat of Formation of NdsOa.-The heat of 
combustion reported above gives, for the reaction 
in the bomb, a value of AE24.60 = -11804.1 f 1.0 
kjoules/mole. The correction of this value to 25” 
is less than the uncertainty in the result. To ob- 
tain the heat of formation i t  is necessary to correct 
for the deviation of oxygen from the perfect gas law 
and to convert from AE to AH. Using Rossini and 
Frandsen’s5 value of (bAE/bP)3~10~. = - 6.51 
joules/atm./mole for oxygen and taking AH = 
AE + A(PV) ,  we have for the heat of formation of 
Nd203, AH250 = -1808.1 f 1.0 absolute kjoules/ 
mole. In defined calories this is -432.15 f 0.24 
kcal./mole. This value is about 0.7% lower than 
the value -435 kcal./mole obtained by Muthmann 
and 
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Some Properties of Iron Biscyclopentadienyl 
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Recent reports1p2 of the preparation of the 
remarkable new compound, iron biscyclopenta- 
dienyl, have led us to investigate the possibility of 
preparing similar compounds of other transition 
elements. In the course of this work we have pre- 
pared and measured some of the properties of the 
iron compound. Current interest3 in the structure 
of this compound prompts us to publish some of 
our results. 

Iron biscyclopentadienyl was prepared by the 
addition of one-third of a molar equivalent of ferric 
chloride to cyclopentadienylmagnesium bromide, 
both dissolved in tetrahydrofuran. After removal 
of the solvent, the product was isolated from the 
residue in 51% yield, based on ferric chloride, by 
sublimation under reduced pressure. It was puri- 
fied by repeated sublimation in a high vacuum. 
The color of the solid, orange a t  room temperature, 
was observed to change reversibly to a brilliant 
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Fig. 1 .-Vapor pressure of iron biscyclopentadienyl. 
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lemon yellow when immersed, in an evacuated tuhe, 
in liquid nitrogen. 
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Fig. 2 -Absorption spectra of iron biscyclopentadieiiyl - - - 
in ethanol; -.-.- -, in hexane: -, in CCla. 

249'. The value of Trouton's constant, 21.2, 
indicates the absence of association in the liquid. 
The data are plotted in Fig. 1. 

The ultraviolet absorption spectrum in hexane 
(Fig. 2 )  shows maxima a t  325 and 440 mp, in agree- 
ment with values previously reported. The 
spectra in ethanol and methanol are practically 
identical with that in hexane, indicating little if any 
solvatioil by alcohols. In carbon tetrachloride, 
however, although the 440 mp peak is little changed. 
there is a very marked increase in absorption 
below 400 nip, as compared with solutions in the 
other solvents. The spectra obey Beer's law over :L 
,jO-fold concentration range, and are unchangeJ 
after standing for several weeks in the dark. The 
sl)ectruln of a solution of the compound in an- 
hydrous hydrogen fluoride, prepared without rigor- 
ous exclusion of atmospheric oxygen showed, 111 

addition to the 440 mp peak, maxima at  250 and 
620 mp which can undoubtedly be attributed to thr  
cationic ovidation product. 

Infrared spectra were measured with a Perkin- 
Elmer lIodel21 recording spectrophotometer using 
a soctiuni chloride prism. The spectrum of a disk 
prepared6 from the solid diluted with solid potas- 
sium bromide is shown in Fig. 3. In addition to the 
single C-H stretching frequency3 a t  3080 cm. -I, 
intense bands are present a t  1108, 999 and 811 
c in- I ,  and weaker bands a t  2060, 1775, 1689, 
1410, 1837, 1190, 1045, 852 and 785 cm.-'. The 
spectrum of a solution in CS2 differs significantly 
from that of the solid only in the substitution of 
rather sharp bands a t  1750, 1710 and 1677 cm:-' 
for the weak bands at  1775 and 1689 em.-'. 

Fig. 3.---Infrarctl 5pectrurii of iroii biscyciopentadieriyl in solid KBr, 0.75 mg./cm z. 

Vapor pressures and vapor densities of the 
compound were measured with a quartz Bourdon 
gage.4 Two samples were used, such that one was 
completely vaporized at  190°, and the other a t  890'. 
The vapor was found to obey the perfect gas law 
up to 400' ; no change in pressure was observed a t  
the latter temperature over a two-hour period. 
A molecular weight of 186 was calculated for the 
vapor, proving it to be monomeric and undissoci- 
ated over the temperature range studied. The 
vapor pressures of the solid are best represented by 
the equation 

For the liquid 

Fro-n these equations, the following constants may 
he calculated: heat of sublimation of the solid, 
16.81 kcal./mole; heat of vaporization of the 
liquid, 11.3 kcal.,/mole; heat of fusion, 5.5 kcal. ' 
mole; triple point, I %la ; normal boiling point, 

log P,, = 7 615 - (2470/T) 

log P m m  = 10 27 - (.7680/T) 
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A Boundary Forming Technique for the Ultra- 
centrifuge' 
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In a recent study,3 Lauffer has attempted to as- 
certain the hydrodynamic volume of protein-sol- 
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