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Reasons to Study CuGeO;,

LSt knoywn monganic nmaterial oy exiabit a spimn-
Peierls transition:

Phase transiiions are dependanton: e
hydrostaticity’ off thie pressure medim

Majenity: off preyvious pressure stiudies were
conducted using Ramani spectroscopy: amnd
powder x-ray diffraction

n [lie structures of the hight pressure phases liave not
been determmed
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Phase 1 ransitions
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IExpernmmental 1Details

IEnergy Dispernsive X-ray Dilfraction
n Data collected at 16155
n Wiiite Beam

n Single crystal diffraction
Ge solidistate detector
Monochromatic X-ray Diliraction
n Data collectedat 11515MID
m 45 keV beam

m Single erystal diffraction

Image plate detector
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Single Crystal Energy Dispersive X-

ray. Dilifraction
Determime the d=spacings of the reflections by, thent
CIEroy

Determme the onentation matix (Tom: the position of
tlie reflections m reciprocal space

Use of polychromatic beam

n Allows more reflections torlave the Brage s conditions
satistied m the available seometny than moenochromatic
radiation

Use ol a Ge solid-state detector as a poimit detector

m Better determimation: of the mtensity of the mdividual
rellections than area detectors
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EDXADAC

Typical expenment

a Center the sample m: the chr cele

Manuallysofflime then determine how: the sample moves
during a full 5607 9 rotation

s Peak search
a Detemmime orlentation matix

n Center peaks that constram the orientation matrix
Centered mi relationship the o and y; angles
Typically 200 - 30, peaks
s Calculate a data collection: list usually at one energy
n Collect mtensity data:
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Ge SSD detector

The dynamic range of the detector

m  As peaks become more intense the
detector spends less time measuring the
reflection’s intensity
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A potential problem for harmonic peaks

m The detector will spend less time
recording the weaker peak’s intensity
because of the presence of the stronger
harmonic

0
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Ture Intensity

Adjustment of the measure ntensities to the detector’s dymanic range

m  Peak centering
Automatic adjustment of the silt sizes of the detector
One problem 1s the final intensity can not be scaled back
m  Intensity data collection
Slit adjustment 1s not feasible due to unknown peak widths
An absorption foil would be a better solution
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Still versus slew

With strong peaks the dead time of
the detector reaches the real time
m T'he dead time 1s the difference

between the defined exposure time
and (e exposune ([1me
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m  Canl cause mtense peaks toyappear
tor have little or no mtensity

o
IS

[
£
=
[
9]
°
E
2]

o
w

Thwo ways to combat this effect

A materal that will abson some of
the meoming beam: thus lowerimng;
itS intensity . . ) 0.2 0.25

slew deadtime

m Slew exposunes mstead off still
EXPOSULES

“Smears, out the mtensity of the
peak over an angular range
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Phase Il - Phase II’ ' ransition

Phase 11

cell length (A)

Phase II (@ 8.7GPa
a=4977(2A

b = 6.6811(4)A

c = 6.1362(2)A y = 92.10(2)°

Pressure (GPa)

IGEECHIME Phase I’ @ 19.9GPa
a = 3.952(3)A V, = 297(30)A3
b = 6.596(2)A K,= 15(3)GPa
c = 6.064(2)A K =04#8(5)
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Phase III - Phase IV’ '] ransitton

Phase 11T’

®

| Phase III @ 8.7GPa
a = 9.502(5A

1 b=7.1356(3)A

c = 5.7341(5)A

cell length (A)

Pressure (GPa)
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Phase IV’ @ 14.13GPa

a = 6.9855(4)A

b= 5.975(5A

c = 5.5809(3)A y = 125.82(7)°
VIS5 4 s A

K,= 23(8)GPa

K = 2.800(4)

Phase IV’

Pressure (GPa)
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Conclusions

By loading crystals of phases I and III allowed the investigation of
both phase transition pathways under 1dentical conditions

A combination of monochromatic and energy dispersive single crystal
diffraction was employed to determine the lattice parameters of
phases II’ and IV".

m The lattice parameters of phase II’ previously reported by Ming, et. al. (1999),
determined by powder x-ray diffraction, do not agree with our determination of
the lattice parameters. We attribute this discrepancy to the higher quality of

single crystal data with respect to powder data.

From the experiments we have been able to determine preliminary
values of VO, KO and K’ for both phases II’ and IV".

In the coming tuture we should be able to increase the quality of our
data to the point at which we will be able to complete structure
refinements of both high pressure phases.
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