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STRUCTURE REFINEMENT OF GICS USING OOL REFLECTIONS 
AND APPLYING THE NEW LORENTZ FACTOR 

T . RESSLER, M. FROBA, and W . METZ 
Institut ftir Physikalische Chemie der Universitat Hamburg, 
Bundesstr.45, D-20146 Hamburg, Germany 

Abstract The large mosaic spread of GICs has to be taken 
into account if structural information is extracted from 
structure refinements or Fourier syntheses. The applica- 
tion of the new Lorentz factor, an additional geometrical 
correction, leads to significantly improved structural 
parameters compared to results obtained from common eva- 
luation procedures. 

INTRODUCTION 

In order to obtain entire information about the structure of the 
intercalate layer in GICs it is necessary to work with graphite 
flakes rather than with HOPG. A disadvantage one has to deal 
with is the great mosaic spread of the GICs received from fla- 
kes. The resulting wide rocking curve of OOL reflections leads 
to a loss of intensity depending on the detector aperture. Using 
the integrated intensities to calculate structural parameters 
large errors must be expected. This defective intensity measure- 
ment can be taken into account by a further geometrical correc- 
tion, the new Lorentz factor.*** This factor, depending on the 
spectral distribution, the crystal and focus divergence func- 
tions, the mosaic spread, and the detector aperture, is calcula- 
ted by a multi-dimensional numerical convolution procedure. 
For this work OOL intensities of FeC1, GIC stage 1 and InCl, 

GIC stage 1 and 2 were measured with a four circle X-ray dif- 
fractometer. Structural informations were obtained as well from 
structure refinement with a least-squares algorithm as from one 
dimensional Fourier synthesis. From the comparison of computed 
parameters with earlier results obtained by EXAFS measurements3 
the occured error of the refinement resulting from neglection of 
the mentioned intensity loss could be estimated. Also the signi- 
ficant improvement by application of the new Lorentz factor 
could be shown. 

25 1 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
31

 1
8 

Fe
br

ua
ry

 2
01

3 



252 T. RESSLER ET AL. 

EXPERIMENTAL 

The InCl, GICs, stage 2, were prepared in sealed glas ampoules 
at a temperature of 480 "C containing 1 bar chlorine during a 
reaction time of 2 1  d. For the stage 1 compound 10 bar chlorine 
and 6 d were taken. The FeC1, GIC was prepared at 300 'C over 6 
days without added chlorine. 
The XRD measurements were carried out with a four circle dif- 
fractometer using filtered Cu-K, radiation for the InCl, GICs 
and Mo-K, for the FeC1, GIC. 

RESULTS 

Structure Refinement 

Due to the preparation conditions, which ensure saturation with 
intercalate, stage disorder can be excluded for the FeC1, GIC. 
The OOL intensities of InC1, GICs were measured with a slight 
degree of stage disorder (stage number less than 2.0) .  The devi- 
ations of the extracted structural parameters are in good accor- 
dance with the theoretical results from stage disorder simula- 
tion. ' 
The measured and the calculated OOL intensities are contained 

in the Tables 1, 2 and 3. The calculated intensities were obtai- 
ned from a structural model, which was refined with the measured 
integrated intensities. In all cases the model consists of two 
chloride layers with the distance fz(C1) from the central metal 
atom layer, a graphene layer at the distance of c,/2 from the 
metal (c ,  : repeat distance of the stage 1 compound), and a fur- 
ther graphene layer with a distance of 335 pm from the first one 
for the stage 2 compounds. The refined structural parameters 
were the distance z(Cl), two additional stoichiometric factors 
for the metal and the graphene layers Au(Me) and bu(C), and an 
over all Debye-Waller factor. The formulas of the GICs to be 
refined were 

The calculated intensities I(ca1c) in the Tables were corrected 
with the common single crystal Lorentz factor, the Polarisation 
factor, and an absorption factor especially for GICs. The inten- 
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STRUCTURE REFINEMENT OF GICS 253 

00 L 

I(obs) ca.u.1 

I(ca1c) La.u.1 

IT(calc)[a.u.l 

sities I,(calc) were obtained by applying the new Lorentz fac- 
tor, expressed by the T value.' Table 4 contains the refined 
structural parameters for the different GICs in each case with 
and without applying the new Lorentz factor. 

001 002 003 004 005 006 007 008 

73.64 155.83 38.87 13.69 0.90 23.05 3.48 3.42 

73.62 156.03 38.76 13.32 1.60 23.50 3.06 1.57 

72.85 156.46 38.29 12.34 1.23 23.67 3.18 2.44 

TABLE 1 Measured and calculated integrated intensities of 
the FeC1, GIC stage 1. I is the calculated intensity ob- 
tained in the common way. I, results from applying the new 
Lorentz factor (EWHM of the rocking curve was 9"). 

TABLE 2 Measured and calculated integrated intensities of 
the InCl, GICs with stage number S-1.98 and S=1.97. I is 
the calculated intensity obtained in the common way. I, 
results from applying the new Lorentz factor (EWHM of the 
rocking curve was 6") . 
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254 T. RESSLER ET AL. 

TABLE 3 Measured and calculated integrated intensities of 
the InCl, GIC stage 1. I is the calculated intensity ob- 
tained in the common way. I, results from applying the new 
Lorentz factor (EWHM of the rocking curve was 5 " ) .  

v I(obs) La.u.1 373.40 792.70 

003 004 ;Or8 1006 1007 I 
171.70 22.25 

3.62 171.28 36.08 

447.65 

447.29 

447.65 

0 . 3 7 7  

16 .50  

11 .08  

15.96 

0 ,291 0 ,236 0.198 0 .171 

00 .12  00.13 00.14 

2 .94  -- 3.12 

0,030 0,0066 0.017 

0 . 4 9  0 .14  0.49 

0 . 1 0 1  0 .093 0.086 

00.10 00.11 OOL I 0 0 8  I 0 0 9  

1 . 8 3  

I (calc) La.u.1 1 31.09 I 0.0074 0 . 2 5  

1 . 1 3  

0.110 

0 I 022 

0 I 024 

0 . 1 2 1  

Ir(calc) La.u.1 I 38 I 68 I 0 . 2 7 0  

TABLE 4 Structural parameter of the FeC1, GIC stage 1, 
InC1, GIC stage 1, and InC1, GICs with stage number S-1.97 
and S-1.98. R, denotes the residual of the least-squares 
refinement. 

compound z(C1) 
[pml 

1 3 2 . 2 5  
f 0 . 1 8  

1 3 5  I 08 
f 0 . 0 3  

FeC1, GIC stage 1 
without correction T 

PeC1, GIC stage 1 
with correction T 

InCl, GIC stage 1 
without correction T 

InC1, GIC stage 1 
with correction T 

1 4 2 . 8 2  
f 0 . 7 5  

1 4 4 . 9 1  
f 0 . 2 7  

1 4 2 . 8 0  
f 0 . 3 2  

1 4 7 . 0 9  
f 0 . 0 5  

1 4 5 . 3 7  
f 0 . 4 1  

1 5 0 . 3 5  
0 - 1 1  f 

- -~ 

InC1, GIC S4.98 
without correction T 

InC1, GIC ,911.98 
with correction T 

InC1, GIC S4.97 
without correction T 

InC1, GIC S11.97 
with correction T 
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STRUCTURE REFINEMENT OF GICS 255 

From EXAFS measurements3 a z(C1) value of 135 pm for the FeC1, 
GIC stage 1 was found. This distance corresponds to the value 
determined for pristine FeCl,.' Furthermore, the in-plane latti- 
ce of the intercalate layer could be determined by the monochro- 
matic Laue technique with good precision. In comparison to these 
results the structural parameters obtained from the refinement 
without considering the large mosaic spread show a significant 
deviation. For the distance z(C1) an error of about 2.5% occu- 
red, the additional stoichiometric factor for the graphene layer 
even shows an error of about 5%. When the large mosaic spread 
was taken into account by the new Lorentz factor the structure 
refinement led to the expected structural parameters 
(z(C1)=135.lpm, only slight deviation in the Au values). Due to 
the strong correlation between z(C1) and the Debye-Waller fac- 
tor, the latter turned out to be almost two times higher if the 
new Lorentz factor was not applied. 

In case of the InCl, GICs the exact structure parameters are 
not yet available. Again we assume the results obtained for the 
first stage to be quite exact because of the obviously missing 
presence of stage disorder. In contrast to the stage 1 compound 
both the deviation caused by the mosaic spread and the influence 
of stage disorder has to be considered for the InCl, GICs 
(S-1 .97 and S-1 .98) . The occured errors (increasing z (Cl) , 
decreasing Debye-Waller factors) are in good accordance with the 
results obtained from stage disorder simulation.' Although stage 
disorder and the large mosaic spread lead to contrasting ef- 
fects, especially in case of the distance z(C1) and the Debye- 
Waller factor, the increased residual (h) indicates a defective 
structure refinement. 

One dimensional Fourier synthesis 

Another common way to obtain structural information aside from 
structure refinement is the Fourier synthesis. In order to 
calculate a one dimensional Fourier synthesis with measured OOL 
intensities a model structure has to be assumed. In this case 
the missing phase information of the observed structure amplitu- 
des can be taken from the theoretical structure factors. Figure 
1 and 2 show the one dimensional Fourier syntheses of FeC1, GIC 
stage 1 and InC1, GIC stage 2. The Fourier coefficients were 
extracted from the measured intensities (Table 1 and 31, the 
signs (phases) of the coefficients were computed with the cen- 
trosymmetrical model mentioned above. 
Corresponding to the structure refinement, the distance z(C1) 
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256 T. RESSLER ET AL. 

extracted from the Fourier synthesis turned out to be improved 
when the new Lorentz factor had been applied to the structure 
factor computation. For the FeC1, GIC stage 1, for example, a 
distance of z(CL)=133 pm was found with the common single cry- 
stal correction factors, whereas 135.7 pm were extracted from a 
fourier synthesis calculated with T corrected structure factors. 

600 

I00 

m a  

I00 

0 

-LOO -500 -200 -100 0 LOO 100 100 400 

a Ipml 

FIGURE 1 One dimensional 
Fourier synthesis for FeC1, 
GIC stage 1. 

-600 -.a* -100 0 200 ( 0 0  LOO 

1 b m l  

FIGURE 2 One dimensional 
Fourier synthesis for InC1, 
GIC stage 2. 

CONCLUSION 

In order to obtain information from structure refinements or 
Fourier syntheses, the large mosaic spread of the GICs,especial- 
ly those received from flakes, has to be taken into account. If 
the refinement or the Fourier synthesis are carried out only 
with the common single crystal corrections, an error of at least 
3% for the distance z(C1) and the stoichiometric factors, and an 
extremely increased Debye-Waller factor must be expected. On the 
other hand the application of the new Lorentz factor leads to 
significantly improved results. In accordance with stage dis- 
order simulations' an increased error of the parameters occurs 
for compounds with slight deviations from the pure stage. 
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