
Compton profile difference between HCP and BCC Ti measured in situ

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1995 J. Phys.: Condens. Matter 7 919

(http://iopscience.iop.org/0953-8984/7/5/014)

Download details:

IP Address: 171.66.16.179

The article was downloaded on 13/05/2010 at 11:50

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/7/5
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


I .  Phys.: Candens. Matter7 (1995) 919-923. Printed in the UK 

Compton profile difference between HCP and BCC Ti measured 
in situ 

N G Alexandropoulostt 
i Lkpamnent of Physics, University of Ioannina PO Box 1186, Ioamina, GR 451 10, Greece 

Department of Physics, Polytechnic University of New York, New York. USA 

Received 3 May 1994, in final form 19 October 1994 

Abstract. Compton profiles (CPS) of the allotropic forms of Ti, HCP and BCC. have been measured 
and their difference has been compared with the existing literature. To avoid ambiguities in 
obtaining the CP differences introduced by the many corrections needed to derive these differences 
through lhe absolute CP deduced from the.raw data, the spectra of scattered p r a y  radiation by 

-the two Ti allotropic forms were measured in situ. To achieve this, the y-ray spectrometer was 
modified in such a way that the Ti sample could be heated to 1280 K in order to transform 
it to its BCC stmcture while the scattering geomeuy remained exactly the same as in the case 
of the HCP sWcrUre (Ti at mom temperature). The comparison between existing theories and 
this experiment demonstrated that the long-range periodicity influences the electron momentum 
distribution somewhat less thm the band-smcture theory suggests. 

1. Introduction 

The motivation for this investigation rests on the old question of the influence of the long- 
range periodicity on the electron momentum distribution; interest has been lost in y-ray 
Compton spectroscopy [1,21, which for more than two decades has been a routine method 
in the condensed-matter study of electron momentum distribution. Although the method 
is experimentally simple and inexpensive in data collection, data processing requires many 
time-consuming corrections before theory and experiment can be compared. The corrections 
for detection efficiency, absorption coefficient, Compton cross-section dependence on 
energy, multiple scattering, internal bremsstrahlung and spectrum truncation limits include 
parameters not always of a single value, leading to ambiguities. The above-mentioned 
difficulties can be eliminated in the cases where Compton profile (CP) differences are of 
physical importance instead of the absolute CP itself [3]. This should be true also in the 
case of x-ray Compton spectroscopy with synchrotron radiation, although the high flux and 
high collimation of the incident beam in conjunction with the spectrometer’s high energy 
resolution reduces significantly the ambiguities. 

The present investigation, part of a broader project that focuses on the long-range 
crystal lattice periodicity variation with the electron momentum distribution, demonstrates 
the method in the case of the two allotropic forms of Ti, the HCP and the BCC~structures. 

Ti at room temperature has the HCP structure with two atoms in the unit cell with 
c = 4.6833 A and a = 2.9504 A, leading to a density p of 4.508 g cm3, very close 
to an equivalent FCC close-packed structure with a = 4095 .& and four atoms per unit 
cell. The above observation meant that the CP [4,5] of FCC Ti and its density of states [6] 
were considered to be a good approximation for HCP Ti. Ti also has a BCC structure at a 
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temperature of 1153 K with two atoms in the unit cell with U = 3.3065 A corresponding 
to a density p of 4.400 g cm3. 

The CP difference A J ( q )  = Jsm(q) - J~cp(4) has been derived by subtracting the raw 
data of the two y-ray scattered spectra, one by I3 at room temperature and the other by Ti 
and 1280 K, without disturbing the scattering geometry. 

2. Experiment and data reduction 

The 24'Am y-ray Compton spectrometer, which has been desaibed elsewhere [7], has been 
employed to measure the spectra of scattered y-ray radiation of incident energy 59.54 keV, 
in the spectral range from 35.9 to 61.9 keV by Ti at mom temperature (HCP form) and by 
Ti at 1280 K (BCC form). The two sets of raw data, after changing variables from channel 
number to momentum atomic units and from counts per second to intensity in reciprocal 
atomic units, have been subtracted and their difference has been normalized to zero. The 
elastically scattered component which is independent of the sample's crystal structure has 
been used as an internal standard to estimate the actual uncertainty in determining AJ(q). 
For that purpose, the two sets of elastically scattered radiation have been treated in the same 
manner as the inelastically scattered components, leading to an uncertainty of 0.02 (au)-'. 
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Figure 1. The p r a y  59.54 keV scattered spectra by WCP li (room temperature) and by BCC I3 
(1280 K). Because the two spectra overlap, they are not drawn for lhe same value of energy but 
for alternate values. The size of the dots indicates the largest value of the shtistical error. 
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Figure 2. Raw data differences for the inelastically scatterrd components after renormalization 
of the spectrum axes. The horizontal axis is the scattered photon energy and the vertical axis is 
the scattering cross-section in reciprocal atomic units. The scale at the top is the momentum in 
atomic units used for normalization of the vertical axis. The large spread in difference values 
on the right is a result of the poor statistics owing to the small number of counts accumulated 
in the tails of the Compton spectrum. The scale at the top of the graph is a g m s s  scale of the 
scattered electron's momentum in atomic units. 

3. Results and discussion 

In figure 1, the two spectra of 59.54 keV pray  radiation scattered by the two allotropic 
forms of Ti are shown; the two spectra overlap. The small line on the right is the elastically 
scattered component which is independent of the sample's structure and has been used as an 
intemal standard to provide the actual uncertainty in the magnitude of the CP differences. For 
that reason it has been treated as the inelastically scattered component; that is, after changing 
the spectra's variables from channel number to momentum transferred, the total line area 
has been normalized to 0.85 electrons. This number is the product of the 22 Ti electrons 
with the ratio of the areas of the two spectra from 43.5 to 53 keV inelastic component 
to the area from 58.5 to 60.5 keV elastic component. After the above procedure, these 
simulated CPS were subtracted, providing a zero average value with a spread of 0.01 (au)-' 
which is the actual uncertainty of the CP differences. This difference is drawn in figure 2 
which presents the raw data differences after recalibrating the axes; the horizontal axis is the 
photon energy and the vertical axis is the scattered intensity in reciprocal atomic units. The 
scale at the top represents the electron momentum in atomic units used for normalization of 
the vertical axis. Figure 3 is the theoretical CP difference between FCC Ti and BCC Ti as has 
been reported in [4,5], after convolution of the instrumental resolution of 0.59 au (broken 
curve) for the experimental set-up employed. The solid cnwe in the same figure is the CP 
difference between HCP Ti calculated within the RFA [SI and BCC Ti calculated within the 
APW approximation after convolution. 
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Figure 3. The difference between FCC and BCC theoretical average CPS owing to the band 
electrons of Ti [SI after convolution with a Gaussian of FWHM 0.59 au. The calculations haw been 
made using the self-consistent augmented-plane-wave method ( A N )  (- - -1. The CP between 
BCC Ti calculated within the AFW and the HCP Ti within the RFA is also shown (-). 

Figure 4. A schematic representation of the heating equipment used in the experiment. 

4. Conclusions 

This work demonstrates another method in the CP difference studies that reduces the number 
of steps required to obtain the experimental A J ( 4 )  from the raw data and it is compared 
with that derived from theoretical considerations. The reduction in the number of steps 
required and the use of the coherently scattered component as an internal standard reduced 
the magnitude of the actual uncertainty in A J ( q ) .  The method has been applied to the m e  
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of HCP Ti and BCC TI while the theoretical CP for HCP Ti has not been calculated within 
the APW approximation and instead the CP of FCC Ti has been used, assuming that the 
close-packed similarity of the FCC and HCP material should provide the same CP. The CP of 
HCP Ti has been calculated within the RFA 181. The present experimental evidence indicates 
that within the limits of experimental accuracy it does not verify the above assumption. 
However, on~comparison of figures 2 and 3 it is clear that the band-structure predictions of 
[4,5] are closer to reality. 
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