
PURPOSE
The pair distribution function (PDF) of an 
amorphous dispersion represents the sum of all 
atom-atom contacts in that dispersion. 
Difference pair distribution functions are 
obtained by subtracting the PDFs of the 
intramolecular drug and polymer contributions 
from the overall dispersion PDF. This approach 
provides important information on the structure 
of the dispersion and the presence or absence 
of domains of drug in that dispersion. The 
overall aim of this study is to compare results 
from a new subtraction approach to results 
obtained in published studies. Specifically, 
intramolecular and intermolecular reference 
PDF curves created with xINTERPDF1,2 from 
amorphous G(r) experimental data will be 
compared to those fit to S(Q) experimental data 
using XISF3 and methodology described 
previously4. The ultimate goal is to compare 
these two approaches and illustrate their 
consistency. 

Figure 1: Comparison of intermolecular differential pair distribution functions of 
lapatinib/HPMC-E3 dispersions (top to bottom: pure lapatinib, 3:1 lapatinib/HPMC-E3, 
1:1 lapatinib/HPMC-E3, 1:3 lapatinib/HPMC-E3)
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METHODS
Data collected from various spray-dried 
dispersions (1:3, 1:1, 3:1) of lapatinib/polymer5

or flubendazole/polymer6 were used in this 
study. Intramolecular and intermolecular PDF 
curves and the subtraction results obtained in 
those publications via the S(Q) files were used 
as-is as the basis for comparison. To evaluate 
an alternative approach, the data collected 
previously were imported into PDFgetX27 and 
G(r) files were created. These files, along with 
the molecular structure (in xyz format) for 
lapatinib were loaded into xINTERPDF, and the 
intramolecular and intermolecular PDFs for 
amorphous lapatinib were extracted. Using 
Excel, the extracted intramolecular PDF was 
subtracted from the experimental G(r) data 
files, as were the polymer PDFs. The 
subtraction results were then compared to the 
previous results. 
Secondly, to investigate the impact of data input 
for the molecular structure file, indomethacin 
was used as a test-case. Both alpha and 
gamma crystal structures were used in 
xINTERPDF, and the resulting calculated 
intramolecular and intermolecular indomethacin 
files were compared. 

CONCLUSIONS
xINTERPDF is a viable and acceptable program for creating intramolecular and 
intermolecular PDF patterns. The program was successfully used on a variety of 
previously analyzed spray-dried drug/polymer dispersions, and subtractions were 
performed yielding equivalent results as before. Evidence of intermolecular 
lapatinib interactions indicating the presence of lapatinib domains were found in 
many of the dispersions, which led to a decrease in stability and subsequent 
crystallization. The same drug/polymer dispersion (the 1:3 lapatinib/HPMCP 
sample) was found to contain essentially no lapatinib domains, no matter which 
data analysis approach was used. 
Secondly, the impact of reference data used as inputs into the xINTERPDF 
program was examined for indomethacin with respect to selecting the proper 
molecular structure for PDF calculations. The results obtained from using the 
crystal structure file for alpha versus gamma indomethacin yielded significantly 
different results. Therefore, this type of PDF analysis could be very helpful in 
determining which conformation or mixture of conformations are present in the 
amorphous phase. 
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RESULTS
The xINTERPDF subtraction results for the lapatinib/HPMC-E3 dispersions are 
displayed in Figure 1. The top trace in the figure represents the intermolecular PDF 
for pure lapatinib. The large, broad peak ~4.3 Å represents a nearest-neighbor (NN) 
interaction between two lapatinib molecules. Another smaller peak ~8.4 Å
represents a next-nearest-neighbor (NNN) interaction, indicating the presence of 
clusters of lapatinib molecules. These two peaks can be detected in all three 
lapatinib/HPMC-E3 dispersions; therefore, these dispersions contain clusters of 
lapatinib molecules. 
The xINTERPDF subtraction results for the lapatinib/HPMCP dispersions are 
displayed in Figure 2. As before, the top trace in the figure represents the 
intermolecular PDF for pure lapatinib. The intensity of the broad peak ~4.3 Å is not 
as strong in the lapatinib/HPMCP dispersion subtractions, compared to the 
lapatinib/HPMC-E3 results. In fact, the NN and NNN peaks are almost completely 
absent for the 1:3 lapatinib/HPMCP dispersion subtraction result. These results 
suggest that the 1:3 lapatinib/HPMCP sample does not contain clusters of lapatinib 
molecules. If so, then this dispersion should be more stable than the others. In fact, 
a stress test with direct exposure was carried out under 40 ˚C/75% RH, and the 1:3 
lapatinib/HPMCP dispersion sample remained amorphous whereas the other 
dispersions crystallized5. Therefore, the presence of lapatinib domains in a 
drug/polymer dispersion can be used as an indicator for stability. These results are 
equivalent to those obtained previously. 
Lastly, an interesting observation was made when using xINTERPDF to derive the 
intramolecular and intermolecular PDFs for indomethacin. Indomethacin can be 
present in the alpha or gamma form. The G(r) file for amorphous indomethacin was 
imported into xINTERPDF, and two different sets of intramolecular and 
intermolecular PDF curves were extracted: one using the molecular structure of the 
alpha form and the other using the molecular structure of the gamma form. The 
calculated intramolecular PDFs are displayed in Figure 3, along with the 
experimental PDF of amorphous indomethacin. Interestingly, using different 
crystalline structure inputs for indomethacin resulted in different calculated 
intramolecular PDFs, most notably between 4 and 7 angstroms. 

Figure 2: Comparison of intermolecular differential pair distribution functions of 
lapatinib/HPMCP dispersions (top to bottom: pure lapatinib, 3:1 lapatinib/HPMCP, 1:1 
lapatinib/HPMCP, 1:3 lapatinib/HPMCP)

Figure 3: Intramolecular pair distribution functions of indomethacin created in 
xINTERPDF using either the gamma or the alpha form compared to the experimental 
pair distribution function of amorphous indomethacin
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