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Why have excipients in ICDD® databases?

The formulation of pharmaceutical drugs is a combinative process that incorporates a multitude 
of chemical constituents, which may be organic, inorganic, or polymeric in nature. 

While the Active Pharmaceutical Ingredient (API) in a formulation is the key component that 
provides a drug its therapeutic functionality, excipients are generally the bulk of the content. 

Due to the potential complexity of a diffraction pattern obtained from the analysis of a 
multiphase pharmaceutical drug, it is often necessary to analyze and identify all excipients 
before one can make an accurate identification of an API. 

Currently, ICDD maintains an excipient subclass in the PDF that follows the list provided by the 
United States Pharmacopeia (USP). In PDF-4/Organics Release 2016, there are over 2,600 entries 
for excipient phases. 



Excipients

Tablet and capsule formulations include 

1. Diluents/fillers – increase the bulk content of the dosage form

2. Binders – promote cohesive compact during direct compression.

3. Disintegrants - breaks the dosage form into smaller particles when it comes in contact with a liquid

4. Lubricants - used to reduce the friction between the tablet and die cavity

5. Glidants - used to improve the flow property of the formulation

6. Coatings – applied to make swallowing easier, control release rate, extend storage life

7. Misc.
◦ Flavorants - improve the flavor or give a pleasant taste to the formulation
◦ Colorants - added to the formulation for visual appeasement and increase the patent compliance or for 

identification of the formulation
◦ Adsorbants - used when there is an need to add a liquid or semisolid ingredient in the formulation



Excipient reference - USP-NF 

The USP 39-NF 34 is a combination of two compendia, 
the United States Pharmacopeia (USP) and the National 
Formulary (NF). It contains standards for medicines, 
dosage forms, drug substances, excipients, biologics, 
compounded preparations, medical devices, dietary 
supplements, and other therapeutics. 



Excipient – XRD method reference



PDF-4/Organics database - pharmaceutical



PDF-4/Organics database - pharmaceutical



PDF-4/Organics database - excipients



PDF-4/Organics database – excipients



PDF-4/Organics database – excipients – data mining



PDF-4/Organics database – excipients – data mining



PDF entries with atomic coordinates

Raw diffraction data 

PD3

Simulated profile
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XRD pattern of Allegra®, antihistamine



Can I just model the polymer amorphous component as a single peak?

0 10 20 30 40 50 60

In
te

n
si

ty
 (

ar
b

 u
n

it
s)

2-theta (deg)



Excipient polymers PDF raw data patterns (PD3)

Amorphous

I II

Cellulose



Excipient polymers PDF raw data patterns (PD3)

Methyl cellulose Ethyl cellulose

Povidone
Dextran



XRD analysis of Suprax®

Suprax (API: Cefixime 3H2O ) is an antibiotic used for the treatment bacterial infections



Phase identification – Suprax core

XRD data
Cu Kα
Tablet, shell removed, core crushed



Phase identification – Suprax core



Phase identification – Suprax core

Brushite CaHPO4 2H2O

Cefixime trihydrate C16H15N5O7S2 3H2O

3.52 Å



PDF Data Mining



PDF Data Mining



Phase identification – Suprax core

Brushite CaHPO4 2H2O
Anatase TiO2

Cefixime trihydrate C16H15N5O7S2 3H2O



Phase identification – Suprax core

(020) Brushite

Peak widths

Small rise in background



Phase identification – Suprax core



Phase identification – Suprax core

(020) Brushite
Preferred orientation March-Dollase Function 0.7

Peak widths
Crystallite size
Brushite 500Å
Cefixime trihydrate 300Å
Anatase 300Å

Small rise in background
cellulose



Phase identification – Suprax core

Brushite CaHPO4 2H2O, (0K0) oriented, 500Å crystallite size
Anatase TiO2, 300Å crystallite size
Cellulose – likely present

Cefixime trihydrate C16H15N5O7S2 3H2O, 300Å crystallite size



XRD analysis of Zocor® generic

Zocor generic (API: Simvastatin) is a statin used to lower blood cholesterol 



Phase identification – Zocor generic core

XRD data
Cu Kα
Tablet, crushed



Phase identification – Zocor® generic

α lactose hydrate, 650Å crystallite size
Anatase TiO2, 450Å crystallite size

Simvastatin C25H38O5, 300Å crystallite size



Phase identification – Zocor® generic
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RIR method for multiphase sample



Phase identification – Zocor® generic



Atomic coordinates in the PDF-4 databases

ac’s added to PDF entries

ac’s or created cif imported into WPF-Rietveld programs



Phase identification – Zocor® generic



Phase identification – Zocor® generic

PDF-4 SIEVE+ RIR

α lactose hydrate 85 wt.%

Simvastatin C25H38O5 14 wt%

Anatase TiO2 1 wt.%

WPF RIETVELD

α lactose hydrate 84.1(7) wt.%

Simvastatin C25H38O5 13.8(4) wt%

Anatase TiO2 2.1(3) wt.%

The RIR method works well when samples are randomly oriented and I/Ic values are known



Keys to successful excipient phase analysis

•Research the pharmaceutical – understand the drug and formulary being evaluated 

•Sample preparation – particle size, sample thickness, specimen displacement

•Instrument alignment – run calibration standards to confirm proper operation

•Data collection – use the proper count time for good counting statistics

•Reference database – must have pharmaceutical and excipient subfiles, editorially 
reviewed



The future

3d X-ray tomography
(courtesy of Rigaku) 

buffer

excipient
API

polymer diluent



XRD analysis of Allegra®

Allegra (API: Fexofenadine HCl) is an antihistamine used for the treatment of hay fever and 
related allergy symptoms.



Phase identification – Allegra® core

α,β – mannitol
amorphous, Iβ – cellulose
Mg Stearate 2H2O
Stearic acid
Citric acid

Fexofenadine HCl   C32H39NO4 HCl



Phase identification – Allegra® shell

amorphous, Iβ – cellulose
Hydroxypropyl methyl 

cellulose
Mg Stearate 2H2O
Stearic acid
Anatase TiO2

α,β – mannitol


