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What ’s in my sample?



Virg in ia  Tech Cr ysta l lography Lab (VTX)

Eq u i p m e n t  &  S e r v i c e s :

• P a n a l y t i c a l  E m p y r e a n  
N a n o  E d i t i o n

• E q u i p p e d  f o r  w i d e  
v a r i e t y  o f  e x p e r i m e n t s  
( p X R D,  S A X S / WA X S ,  
G I - X R D,  X R R ,  x P D F )

• P o w d e r  x - r a y  d i f f r a c t i o n  
( p X R D )  i s  w i d e l y  u s e d  i n  
E a r t h  a n d  e n v i r o n m e n t a l  
s c i e n c e s



Should  you use  powder  d i f f ract ion  (pXRD)?

50 nm

I f  y o u  w a n t  t o  k n o w …

• T h e  i d e n t i t y o f  t h e  m i n e ra l ( s )  p re s e n t

• T h e  p ro p o r t i o n s o f  d i f fe re n t  m i n e ra l s  a re  p re s e n t

• I m p o r ta n t  s t r u c t u ra l  d e t a i l s  ( e . g . ,  p re s e n c e  o f  e l e m e n ta l  
i m p u r i t i e s ,  s t ra i n ,  d e fe c t s ,  e tc . )

Po w d e r  d i f f ra c t i o n  m o s t  u s e d  fo r  s a m p l e s  t h a t  a r e …

• C r y s t a l l i n e a n d  n a n o c r y s t a l l i n e m a te r i a l s

• N a t u ra l a n d  sy n t h e t i c

• D r y ( p a r t i c l e  s i ze s  < 1  µm ,  a m o u n t  > 2 0  m g )
• A l s o  s o l i d / p r e s s e d  p e l l e t s ,  f i l t e r  p a p e r s ,  d e n s e  s u s p e n s i o n s ,  e t c .  



Minera l  Ident i f i cat ion:  “F ingerpr int ing ”

50 nm

Observed

Cristobalite

Stishovite

Quartz

Coesite

S t a n d a rd  a p p ro a c h e s :

• C a l c u l a t e  p a t t e r n s  f r o m  
k n o w n  s t r u c t u r e s  a n d  
c o m p a r e  ( f r e e  w a y )

http://www.crystallography.net/cod/

www.jp-minerals.org

http://www.crystallography.net/cod/
http://www.jp-minerals.org/


Minera l  Ident i f i cat ion:  “F ingerpr int ing ”

S t a n d a rd  a p p ro a c h e s :

• C a l c u l a t e  p a t t e r n s  f r o m  
k n o w n  s t r u c t u r e s  a n d  
c o m p a r e  ( f r e e  w a y )

• A u t o m a t e d  s e a r c h - m a t c h  
( u s u a l l y  r e q u i r e s  l i c e n s e d  
s o f t w a r e / d a t a b a s e s )

• A l w a y s  a d d  p i n c h  o f  i n t u i t i o n



F i tt ing  & Quant i f i cat ion

50 nm

S t a n d a rd  a p p ro a c h e s :

• F u l l - p ro f i l e  f i t t i n g  u s i n g  
R i e t v e l d  a n a l y s i s
• A b s o l u t e  m i n e r a l  a b u n d a n c e s
• S t r u c t u r a l  d e t a i l s  ( e . g . ,  

l a t t i c e  p a r a m e t e r s ,  s i t e  
o c c u p a n c i e s ,  m i c r o s t r a i n )

• O p e n - s o u rc e  s o f t wa re  
ava i l a b l e  ( e . g . ,  G S A S - I I )

• O t h e r  a n a l y s i s  m e t h o d s  
ava i l a b l e  – s p e c i f i c  t o  
s a m p l e s  a n d  q u e s t i o n s  Diffraction Angle (°2θ)
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Dif f ract ion of  Nanopart ic les

50 nm

2.6 nm 

Bulk

8.0 nm 

The “problem”…

• Crystall ite size inversely related to 
peak width

• Decreasing size increases broadening 
often leading to strong peak overlaps, 
which can l imit:
• Phase ID & detect ion of  minor  phases
• Extract ing structura l  deta i l s

• Provides info on average crystal l ite 
size and shape (typical ly <200 nm)
• Quick  way:  Scherrer  analys is
• Best  way:  R ietveld  analys is



Part ia l ly  D isordered to  Amorphous  Samples

50 nm

T h e  “ p ro b l e m ” …

• C o nv e n t i o n a l  d i f f ra c t i o n  l i m i te d  
fo r  d i s o rd e re d  m a te r i a l s

• B ra g g  s c a t te r  ( s h a r p  p e a k s )  
re p l a c e d  b y  d i f f u s e  s c a t te r  ( w e a k ,  
b ro a d  i n te n s i t y )

• A l te r n a t i v e  s t r u c t u re  a n a l y s i s  
m e t h o d s  p ro v i d e  i n fo r m a t i o n  o n  
l o c a l  a t o m i c  s t r u c t u re

• To t a l  s c a t t e r i n g  f o r  p a i r  d i s t r i b u t i o n  
f u n c t i o n  ( P D F )  a n a l y s i s

• R e a l - s p a c e  f i t t i n g  m e t h o d s
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Virg in ia  Tech Cr ysta l lography Lab (VTX)

In  s i tu  smal l -an g le  x- ray  
scatte r in g  ( SAXS)



Virg in ia  Tech Cr ysta l lography Lab (VTX)

Eq u i p m e n t  &  S e r v i c e s :

• P a n a l y t i c a l  E m p y r e a n  
N a n o  E d i t i o n

• E q u i p p e d  f o r  w i d e  
v a r i e t y  o f  e x p e r i m e n t s ,  
i n c l u d i n g  s o m e  i n  s i t u

• N a n o E a r t h  u s e r s  c a n  
r e q u e s t  a n a l y s e s
• S a m p l e s  m a i l e d  i n  o r  

d r o p p e d  o f f
• E x p e r i m e n t s  p e r f o r m e d  

b y  t r a i n e d  p e r s o n n e l
• O f f e r  a s s i s t a n c e  w i t h  

d a t a  a n a l y s i s

Powder 
Diffraction

Pair Distribution 
Function Analysis

Area Detector 
(CdTe)

Reflectivity and 
Grazing-Incidence 

Diffraction

Small-Angle & 
Wide-Angle 
Scattering



Thank you!

NSF Geobiology 
& L-T Geochemistry
CAREER 1652237

Michel Environmental Nanoscience Group
https://sites.google.com/vt.edu/vtnano/home

marc.michel@vt.edu

NanoEarth  https://nanoearth.ictas.vt.edu/

VTX Lab  https://sites.google.com/vt.edu/vtnano/resources/facilities

https://sites.google.com/vt.edu/vtnano/home
mailto:marc.michel@vt.edu
https://nanoearth.ictas.vt.edu/
https://sites.google.com/vt.edu/vtnano/resources/facilities

