
1 

 

SSttrruuccttuurraall  aanndd  DDyynnaammiicc  SSttuuddiieess    

OOff  AAmmiinnoo  AAcciiddss,,  PPrrootteeiinnss  aanndd  NNuucclleeiicc  AAcciiddss  

BByy  CChheemmiiccaall--HHyyppeerrssppeeccttrraall  IImmaaggiinngg,,FFTT--IIRR//NNIIRR,,  

VViibbrroo--RRoottaattiioonnaall  SSppeeccttrroossccooppyy,,    

PPllaassmmaa,,  MMiiccrroowwaavvee  aanndd  NNeeuuttrroonn  SSppeeccttrroossccooppyy  
 
 03/31/2012 

 
I.C. Baianu 

AFC-NMR & NIR Microspectroscopy Facility, 
College of ACES, FSHN & NPRE Departments, 

University of Illinois at Urbana, 
Urbana, IL. 61801, USA 

Email address: ibaianu @illinois.edu 

 

Table of Contents 
 

Section                                                                             Page  No. 
 

Spectroscopy                                          1 
Fourier transform spectroscopy              8 
Infrared spectroscopy                                   12 
Near infrared spectroscopy                           17 
FT- NIRS                                                       21 
Chemical imaging                                         28 
Raman spectroscopy                                    35 
FCS                                                               40 
FCCS                                                                                        49 
Polarization                                                                               50 
Optical rotatory dispersion                                                        63 
Circular dichroism                                                                     64     
Vibrational circular dichroism                                                    69 
Microwave spectroscopy                                                          80 
EXAFS                                                                                     86 
Neutron spectroscopy                                                              90 
Neutron spin echo                                                                    91 
Plasma spectroscopy                                                               93 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



2 

 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



3 

 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



4 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



5 

 

 
 

 
    
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



6 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



7 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



8 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



9 

 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



10 

 

Related  Topics: 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



11 

 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



12 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 N

at
ur

e 
P

re
ce

di
ng

s 
: h

dl
:1

01
01

/n
pr

e.
20

12
.7

07
9.

1 
: P

os
te

d 
1 

A
pr

 2
01

2



13 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



14 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



15 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



16 

  

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



17 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



18 

 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



19 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



20 

 

 
 
 
 
 
 
 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



21 

 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



22 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



23 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



24 

 

 
 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



25 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



26 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



27 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



28 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



29 

 

 
 
Related Topics: 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



30 

 

2D-FT NMR Imaging/NMRI and FT-NMR Spectrsocopy 
 

 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



31 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



32 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



33 

 

 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



34 

 

Related Topics: 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



35 

  

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



36 

 

 
 
Related Topics: 
 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



37 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



38 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



39 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



40 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



41 

 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



42 

 

 

 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



43 

 

 
 
Related Topics: 
 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



44 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



45 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



46 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



47 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



48 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



49 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



50 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



51 

 

 
 
Related Topics: 
 

 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



52 

 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



53 

 

 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



54 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



55 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



56 

  

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



57 

  

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



58 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



59 

 

 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



60 

 

 
 
 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



61 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



62 

 

 
 
 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



63 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



64 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



65 

 

 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



66 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



67 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



68 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



69 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



70 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



71 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



72 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



73 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



74 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



75 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



76 

 

 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



77 

 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



78 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



79 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



80 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



81 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



82 

 

 
 

 
 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



83 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



84 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



85 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



86 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



87 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



88 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



89 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



90 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



91 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



92 

 

 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



93 

 

 

 
 
 
 
 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



94 

  

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



95 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



96 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



97 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



98 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



99 

 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



100 

 

 
 
Further Reading 
 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



101 

 

 
 

 
 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



102 

 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



103 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



104 

 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



105 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



106 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



107 

 

 
 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



108 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2



109 

 

 

N
at

ur
e 

P
re

ce
di

ng
s 

: h
dl

:1
01

01
/n

pr
e.

20
12

.7
07

9.
1 

: P
os

te
d 

1 
A

pr
 2

01
2


