
1 
 

Supporting Information 
 

Synthesis of thieno[2,3-c]acridine and furo[2,3-c]acridine derivatives via 
iodocyclization reaction, fluorescence properties and DFT mechanistic study 
Amol D. Sonawane,a Dinesh R. Garud,b,† Taro Udagawa,a Yasuhiro Kubota,a and Mamoru Koketsu*,a 

aDepartment of Chemistry and Biomolecular Science, Faculty of Engineering, Gifu University, Gifu 501-1193 Japan  
bDepartment of Chemistry, Sir Parashurambhau College, Tilak road, Pune 411030 India  
†Affiliated to Savitribai Phule Pune University, Pune 411007 India (formerly University of Pune) 

 

 

 

 

 

 

  

List of the Content: 

1H and 13C NMR Spectra copies 1-150 

 

 

 

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2018



2 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0

X : parts per Million : 1H

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

1
0

.3
0

1

8
.6

8
3

8
.0

7
2

8
.0

5
0

7
.7

1
3

7
.6

8
8

7
.6

8
4

7
.6

6
6

7
.6

6
2

7
.6

4
6

7
.5

3
3

7
.5

1
8

7
.5

1
0

7
.4

9
7

7
.2

6
9

2
.5

6
0

0
.0

0
0

3
.2

1

3
.1

2

2
.1

9

1
.0

4

1
.0

0

1
.0

0



3 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
9

1
.7

0
3

1
5

4
.5

1
6

1
4

8
.4

1
2

1
3

9
.3

8
0

1
3

7
.6

7
3

1
3

7
.3

9
6

1
3

5
.2

3
1

1
2

9
.1

7
5

1
2

9
.1

2
7

1
2

8
.1

6
4

1
2

7
.8

6
8

1
2

7
.6

0
1

1
2

6
.7

0
5

1
2

6
.4

3
8

7
7

.4
8

2

7
7

.1
5

8

7
6

.8
3

4

2
1

.6
9

7



4 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0

X : parts per Million : 1H

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

1
0

.3
0

7

8
.7

4
7

7
.9

5
0

7
.8

8
2

7
.8

6
0

7
.6

5
6

7
.6

5
0

7
.6

4
5

7
.5

2
7

7
.5

2
2

7
.5

1
4

7
.5

0
9

7
.4

5
7

7
.4

5
4

7
.4

3
6

7
.4

3
2

7
.2

6
5

2
.6

0
0

0
.0

0
0

3
.1

5

2
.0

6

1
.0

9

1
.0

8

1
.0

3

1
.0

2

1
.0

1

1
.0

0



5 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
9

1
.6

4
5

1
5

5
.4

9
8

1
5

0
.1

0
0

1
4

3
.8

4
4

1
3

9
.5

3
3

1
3

7
.7

7
8

1
2

9
.9

3
8

1
2

9
.1

9
4

1
2

8
.5

5
5

1
2

7
.6

2
0

1
2

7
.2

8
7

1
2

6
.6

6
7

1
2

4
.5

1
1

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

2
2

.3
8

4



6 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0

X : parts per Million : 1H

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

1
0

.3
7

5

8
.7

1
8

7
.7

9
7

7
.7

7
7

7
.6

8
3

7
.6

6
1

7
.6

5
3

7
.6

2
3

7
.6

1
1

7
.5

0
9

7
.5

0
2

7
.4

9
3

7
.4

7
2

7
.4

5
4

7
.2

5
3

2
.8

2
8

0
.0

0
0

3
.2

1

3
.1

1

2
.0

8

1
.0

8

1
.0

7

1
.0

0



7 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3
0

.1
4

0
.1

5

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
9

1
.9

3
2

1
5

3
.5

7
2

1
4

8
.8

1
3

1
4

0
.1

2
4

1
3

8
.3

8
8

1
3

7
.6

5
4

1
3

2
.6

7
5

1
2

9
.4

8
0

1
2

7
.8

4
9

1
2

7
.5

3
5

1
2

7
.4

1
1

1
2

7
.2

4
9

1
2

6
.4

1
9

1
2

6
.2

3
8

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

1
7

.9
5

9



8 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0

X : parts per Million : 1H

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

1
0

.3
3

0

8
.7

9
5

8
.1

8
2

8
.1

6
0

7
.9

9
4

7
.9

7
4

7
.8

5
7

7
.6

7
7

7
.6

7
4

7
.6

7
0

7
.6

6
7

7
.6

3
5

7
.6

1
4

7
.5

4
3

7
.5

3
8

7
.5

3
4

7
.5

2
7

7
.2

6
7

0
.0

0
0

2
.1

9
1

.1
4

1
.1

1

1
.0

9

1
.0

7

1
.0

7

1
.0

1

1
.0

0



9 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3
0

.1
4

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
9

1
.6

0
7

1
5

5
.3

2
7

1
4

9
.8

2
4

1
3

9
.3

9
9

1
3

8
.1

7
8

1
3

2
.7

7
1

1
2

9
.5

6
6

1
2

9
.1

5
6

1
2

7
.8

9
7

1
2

7
.7

8
3

1
2

7
.5

6
3

1
2

6
.8

0
0

1
2

6
.3

9
0

7
7

.4
7

3

7
7

.1
4

8

7
6

.8
2

4



10 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0

X : parts per Million : 1H

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

1
0

.3
9

2

8
.6

3
9

8
.0

3
1

8
.0

0
9

7
.8

6
7

7
.6

8
4

7
.6

7
5

7
.6

5
2

7
.6

0
1

7
.2

7
5

6
.9

3
1

2
.5

5
0

0
.0

0
0

3
.0

0

3
.0

0

1
.0

1

0
.9

9

0
.9

8

0
.9

6

0
.9

6



11 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2
0

.3
0

.4

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
9

1
.4

5
5

1
5

1
.5

8
8

1
4

8
.6

3
1

1
4

3
.7

7
7

1
4

3
.4

2
4

1
3

7
.7

3
0

1
3

7
.5

8
7

1
3

5
.1

9
3

1
2

9
.0

6
1

1
2

8
.1

2
6

1
2

7
.8

1
1

1
2

6
.2

7
6

1
2

4
.4

3
5

1
1

1
.7

7
9

7
7

.4
8

2

7
7

.1
5

8

7
6

.8
3

4

2
1

.6
5

9



12 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

0
.0

2
0

.0

X : parts per Million : 1H

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

1
0

.4
0

4

8
.7

2
4

7
.9

2
9

7
.8

7
9

7
.8

7
0

7
.8

4
8

7
.6

1
3

7
.6

0
8

7
.6

0
5

7
.4

4
7

7
.4

3
0

7
.2

6
7

6
.9

3
5

2
.6

0
0

0
.0

0
0

3
.2

3

3
.1

5

1
.1

4

1
.1

0

1
.0

5

1
.0

2

1
.0

0



13 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
9

1
.3

7
8

1
5

2
.5

7
0

1
5

0
.2

6
2

1
4

3
.8

9
1

1
4

3
.7

8
6

1
4

3
.5

0
0

1
3

8
.2

0
7

1
2

9
.9

0
0

1
2

9
.1

6
6

1
2

8
.4

4
1

1
2

7
.2

2
9

1
2

4
.4

9
2

1
2

4
.3

6
8

1
1

1
.7

8
8

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

2
2

.3
7

5



14 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0

X : parts per Million : 1H

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

1
0

.4
1

1

8
.6

2
9

7
.8

9
7

7
.7

3
4

7
.7

1
4

7
.6

4
4

7
.6

2
7

7
.5

8
4

7
.4

4
9

7
.4

3
0

7
.4

1
0

7
.2

5
6

6
.9

9
8

2
.7

9
3

0
.0

0
0

3
.0

6

1
.0

4

1
.0

3

1
.0

1

1
.0

1

1
.0

1

1
.0

1

1
.0

0

1
.0

0



15 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2
0

.3
0

.4
0

.5
0

.6

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
9

1
.5

0
2

1
5

0
.6

2
5

1
4

8
.8

7
0

1
4

3
.7

3
9

1
4

3
.6

3
4

1
3

8
.9

5
1

1
3

7
.4

6
3

1
3

2
.6

8
5

1
2

7
.3

8
2

1
2

7
.3

3
4

1
2

7
.1

5
3

1
2

6
.0

0
9

1
2

5
.1

0
3

1
1

1
.8

4
6

7
7

.5
1

1

7
7

.1
8

6

7
6

.8
6

2

1
7

.8
8

2



16 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

X : parts per Million : 1H

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

1
0

.4
3

3

8
.7

7
9

8
.1

6
5

8
.1

4
3

7
.9

9
1

7
.9

7
0

7
.9

0
2

7
.8

9
9

7
.8

8
0

7
.8

5
8

7
.8

4
0

7
.6

3
4

7
.6

2
0

7
.6

1
5

7
.5

9
5

7
.2

6
6

6
.9

5
7

6
.9

5
4

6
.9

5
2

6
.9

5
0

0
.0

0
0

2
.0

8

2
.0

4

1
.0

9

1
.0

8

1
.0

5

1
.0

1

1
.0

0



17 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
9

1
.3

5
0

1
5

2
.4

3
7

1
5

0
.0

0
5

1
4

3
.8

7
2

1
4

3
.5

8
6

1
3

8
.6

0
8

1
3

2
.7

9
9

1
2

9
.5

3
8

1
2

9
.4

4
2

1
2

7
.8

5
9

1
2

7
.5

2
5

1
2

6
.2

6
6

1
2

4
.4

2
5

1
1

1
.7

6
0

7
7

.4
3

4

7
7

.1
1

0

7
6

.7
8

6



18 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.2

3
3

8
.2

2
5

8
.2

1
7

7
.9

6
0

7
.9

3
7

7
.9

2
1

7
.9

0
8

7
.5

2
6

7
.5

0
3

7
.4

5
4

7
.3

9
9

7
.3

8
6

7
.3

7
8

2
.4

9
9

0
.0

0
0

3
.2

7

2
.1

9

2
.0

0

1
.0

7
1

.0
6

1
.0

4



19 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2
0

.3
0

.4
0

.5
0

.6
0

.7
0

.8
0

.9
1

.0

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

2
.9

2
3

1
4

5
.6

5
6

1
4

1
.7

7
4

1
4

1
.1

0
6

1
3

7
.0

3
4

1
3

3
.0

8
5

1
2

9
.1

8
5

1
2

8
.9

2
7

1
2

6
.7

8
1

1
2

5
.9

5
1

1
2

5
.8

0
8

1
2

5
.0

1
7

1
1

4
.8

2
1

7
9

.0
2

7

7
7

.4
8

2

7
7

.1
5

8

7
6

.8
3

4

5
5

.4
2

2

2
1

.7
0

7



20 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.2

7
7

8
.2

5
2

8
.2

4
8

7
.9

3
1

7
.9

1
9

7
.8

5
0

7
.6

2
2

7
.6

0
1

7
.4

0
6

7
.3

9
8

7
.3

9
2

7
.3

8
5

7
.3

4
1

7
.3

2
1

7
.2

4
9

2
.5

4
3

0
.0

0
0

3
.0

4

2
.0

0

1
.0

8
1

.0
4

1
.0

2

1
.0

0
1

.0
0



21 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

0
.1

8

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

3
.6

9
6

1
4

7
.2

4
9

1
4

2
.1

8
4

1
4

1
.3

3
5

1
4

1
.1

3
5

1
2

9
.3

5
6

1
2

8
.9

4
6

1
2

8
.5

2
7

1
2

6
.9

6
2

1
2

6
.6

8
6

1
2

5
.0

1
7

1
2

4
.0

2
5

1
1

4
.0

0
1

7
9

.0
1

8

7
7

.4
7

3

7
7

.1
4

8

7
6

.8
2

4

5
5

.1
5

5

2
2

.1
2

7



22 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
2

.0
4

.0
6

.0
8

.0
1

0
.0

1
2

.0
1

4
.0

1
6

.0
1

8
.0

2
0

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.3

7
6

8
.3

0
5

8
.0

5
5

8
.0

4
2

7
.5

7
3

7
.5

5
2

7
.5

3
7

7
.4

0
4

7
.3

8
5

7
.3

6
8

7
.2

4
4

2
.8

0
8

0
.0

0
0

3
.0

7

2
.1

6

2
.1

3

1
.0

4

1
.0

2

1
.0

0



23 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2
0

.3

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

1
.8

4
6

1
4

5
.9

4
2

1
4

2
.9

0
9

1
4

1
.6

0
2

1
3

7
.5

1
1

1
3

0
.8

4
4

1
2

9
.2

4
2

1
2

6
.9

0
5

1
2

6
.8

0
0

1
2

5
.7

8
9

1
2

4
.9

6
0

1
2

4
.8

6
4

1
1

4
.2

3
0

7
9

.1
8

0

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

5
5

.4
2

2

1
7

.8
3

5



24 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.3

2
5

8
.2

6
9

8
.2

6
6

8
.2

6
1

8
.2

5
8

8
.0

7
7

8
.0

5
5

7
.9

4
1

7
.9

3
8

7
.9

2
8

7
.9

2
6

7
.7

2
3

7
.7

1
5

7
.7

0
3

7
.6

9
7

7
.6

9
3

7
.6

7
6

7
.5

1
1

7
.4

9
0

7
.4

1
0

7
.4

0
3

7
.3

9
8

7
.3

9
0

0
.0

0
0

2
.1

9

1
.1

3
1

.1
2

1
.0

6

1
.0

4

1
.0

0

0
.9

8



25 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2
0

.3

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

3
.7

0
5

1
4

7
.0

2
0

1
4

2
.5

0
8

1
4

1
.0

0
2

1
3

0
.7

5
8

1
2

9
.5

0
9

1
2

8
.9

4
6

1
2

7
.1

4
4

1
2

7
.0

5
8

1
2

7
.0

2
9

1
2

5
.9

3
2

1
2

5
.1

3
1

1
1

4
.9

3
6

7
8

.8
6

5

7
7

.4
9

2

7
7

.1
6

7

7
6

.8
4

3

5
5

.7
3

7



26 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0

X : parts per Million : 1H

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.4

1
9

8
.2

2
1

7
.9

5
1

7
.9

2
9

7
.5

4
1

7
.5

2
7

7
.5

2
4

7
.4

7
8

7
.2

7
8

7
.2

5
7

2
.5

2
0

0
.0

0
0

3
.2

5

2
.1

4

1
.5

4

1
.1

3

1
.0

9

1
.0

8

1
.0

0



27 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

0
.1

8

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

0
.7

2
0

1
4

5
.7

2
3

1
4

3
.6

7
2

1
4

2
.8

6
1

1
4

1
.4

9
7

1
3

6
.8

8
1

1
3

3
.0

5
7

1
2

9
.0

5
1

1
2

6
.2

7
6

1
2

5
.8

3
7

1
2

5
.7

7
0

1
1

4
.5

4
5

1
1

0
.7

6
8

7
8

.9
2

2

7
7

.4
3

4

7
7

.1
1

0

7
6

.7
8

6

5
5

.7
7

5

2
1

.6
7

8



28 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

1
5

.0
1

6
.0

1
7

.0
1

8
.0

1
9

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.4

3
4

8
.2

5
3

7
.8

3
1

7
.6

1
8

7
.5

9
6

7
.5

3
2

7
.5

2
8

7
.5

2
4

7
.3

3
7

7
.3

3
2

7
.3

1
5

7
.3

1
2

7
.2

8
2

7
.2

7
8

7
.2

5
6

2
.5

4
6

0
.0

0
0

3
.2

7

2
.4

0

1
.1

3
1

.0
8

1
.0

8

1
.0

4

1
.0

0



29 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

1
.5

1
2

1
4

7
.3

0
6

1
4

3
.8

2
5

1
4

2
.8

6
1

1
4

1
.8

7
9

1
4

1
.2

9
7

1
2

9
.1

9
4

1
2

8
.4

0
3

1
2

6
.7

0
5

1
2

6
.3

4
2

1
2

3
.8

2
5

1
1

3
.6

9
6

1
1

0
.7

8
7

7
8

.9
2

2

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

5
5

.5
4

6

2
2

.0
9

8



30 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

1
5

.0
1

6
.0

1
7

.0
1

8
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.4

7
1

8
.2

2
7

7
.5

2
7

7
.5

2
0

7
.5

1
7

7
.5

0
6

7
.3

7
0

7
.3

5
1

7
.3

3
5

7
.3

3
0

7
.2

3
6

2
.7

8
6

0
.0

0
0

3
.2

6

3
.1

7

2
.1

5

1
.0

8

1
.0

0



31 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

9
.9

3
8

1
4

5
.9

3
2

1
4

3
.7

5
8

1
4

2
.7

8
5

1
4

2
.3

9
4

1
3

7
.3

3
0

1
3

0
.7

9
6

1
2

6
.8

1
0

1
2

6
.6

2
9

1
2

5
.5

7
0

1
2

4
.9

8
8

1
1

4
.0

0
1

1
1

0
.8

9
2

7
8

.9
8

9

7
7

.4
7

3

7
7

.1
4

8

7
6

.8
2

4

5
5

.8
2

3

1
7

.7
6

8



32 
 

 

 

 

 

 

 

a
b
u

n
d

a
n
c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

1
5

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.4

4
7

8
.3

5
5

8
.3

0
5

8
.0

5
6

8
.0

3
3

7
.7

2
4

7
.7

1
7

7
.7

0
0

7
.6

9
5

7
.6

7
8

7
.5

3
8

7
.5

3
4

7
.5

2
9

7
.5

1
0

7
.4

9
0

7
.4

7
2

7
.2

9
7

7
.2

9
5

7
.2

9
2

7
.2

9
0

7
.2

5
3

0
.0

0
0

2
.2

4

2
.2

1

1
.1

9

1
.1

8

1
.1

2

1
.0

0



33 
 

 

 

 

 

 

 

a
b
u

n
d

a
n
c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3
0

.1
4

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

1
.5

3
1

1
4

7
.0

7
7

1
4

3
.9

2
0

1
4

2
.9

2
8

1
4

2
.1

9
4

1
3

0
.7

1
1

1
2

9
.3

6
6

1
2

7
.0

5
8

1
2

6
.8

9
6

1
2

6
.2

5
7

1
2

5
.7

3
2

1
1

4
.6

2
1

1
1

0
.7

9
6

7
8

.7
7

0

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

5
6

.0
7

0



34 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.3

4
9

8
.3

1
3

8
.0

0
7

7
.9

9
4

7
.9

7
5

7
.5

4
1

7
.5

2
1

7
.4

1
9

7
.3

8
3

7
.3

7
1

7
.3

6
6

7
.2

4
9

2
.5

3
0

0
.0

0
0

4
.0

7

4
.0

7

3
.0

3

2
.0

1

1
.0

0
1

.0
0



35 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2
0

.3
0

.4
0

.5
0

.6
0

.7
0

.8
0

.9
1

.0

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

2
.9

3
3

1
4

5
.6

2
7

1
4

1
.4

5
9

1
4

0
.5

3
4

1
3

6
.9

1
0

1
3

2
.7

9
9

1
3

1
.5

4
0

1
2

9
.1

7
5

1
2

8
.7

9
4

1
2

8
.6

1
2

1
2

6
.8

1
9

1
2

6
.2

1
8

1
2

5
.9

0
4

1
2

4
.7

6
9

1
2

3
.0

4
2

1
1

5
.5

1
7

9
4

.5
5

4

8
8

.5
2

6

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

2
1

.7
2

6



36 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.3

6
9

8
.3

5
6

8
.0

1
5

8
.0

0
2

7
.9

9
9

7
.8

8
0

7
.6

7
0

7
.6

5
0

7
.5

3
4

7
.5

2
2

7
.5

1
4

7
.5

0
9

7
.4

2
0

7
.4

1
2

7
.4

0
8

7
.4

0
0

7
.3

7
4

7
.3

6
7

7
.3

6
1

7
.3

3
8

7
.2

4
5

2
.5

5
9

0
.0

0
0

5
.0

9

3
.0

7

2
.0

7

2
.0

0

1
.0

5

1
.0

0

1
.0

0



37 
 

 

 

 

 

 

 (
th

o
u

s
a
n

d
th

s
)

0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

3
.6

8
6

1
4

7
.2

2
0

1
4

1
.4

9
7

1
4

1
.0

0
2

1
4

0
.9

5
4

1
3

1
.5

2
1

1
2

9
.2

7
0

1
2

9
.2

0
4

1
2

8
.7

5
5

1
2

8
.6

1
2

1
2

8
.5

4
6

1
2

7
.0

0
1

1
2

6
.7

9
1

1
2

4
.7

6
9

1
2

4
.2

7
3

1
2

3
.0

9
0

1
1

4
.6

7
8

9
4

.3
7

3

8
8

.5
3

6

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

2
2

.1
2

7



38 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.5

1
9

8
.5

1
6

8
.5

1
1

8
.5

0
9

8
.3

4
4

8
.1

3
6

8
.1

3
3

8
.1

2
4

8
.1

2
0

7
.5

6
1

7
.5

5
0

7
.5

4
2

7
.5

3
6

7
.5

1
3

7
.4

0
2

7
.3

9
0

7
.3

8
2

7
.3

7
4

7
.3

6
7

7
.3

6
1

7
.3

5
4

2
.8

2
0

0
.0

0
0

5
.2

1

4
.1

4

3
.0

7

1
.1

5

1
.0

9

1
.0

0



39 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2
0

.3

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

1
.7

4
1

1
4

5
.9

1
3

1
4

2
.0

0
3

1
4

1
.7

1
7

1
3

7
.4

9
2

1
3

1
.5

7
9

1
3

0
.5

7
7

1
2

9
.5

2
8

1
2

8
.8

3
2

1
2

8
.6

7
0

1
2

6
.9

9
1

1
2

6
.7

0
5

1
2

6
.0

1
8

1
2

5
.0

8
4

1
2

4
.6

3
5

1
2

3
.1

0
0

1
1

4
.8

6
9

9
4

.5
9

2

8
8

.7
3

6

7
7

.4
9

2

7
7

.1
6

7

7
6

.8
4

3

1
7

.8
9

2



40 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.4

1
0

8
.3

8
4

8
.3

8
2

8
.3

7
7

8
.1

0
8

8
.0

8
6

8
.0

2
5

8
.0

1
3

8
.0

0
9

7
.7

6
0

7
.7

0
1

7
.5

4
2

7
.5

3
3

7
.5

2
2

7
.5

1
7

7
.4

3
0

7
.4

2
2

7
.4

1
7

7
.4

0
9

7
.3

8
5

7
.3

7
4

7
.3

6
8

7
.2

4
4

0
.0

0
0

3
.2

4

3
.1

8

2
.0

0

1
.1

3

1
.0

9

1
.0

9

1
.0

8

1
.0

6



41 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

3
.7

0
5

1
4

6
.9

9
1

1
4

1
.3

6
4

1
4

1
.2

2
1

1
3

1
.5

6
9

1
3

0
.4

6
3

1
2

9
.5

1
8

1
2

9
.1

9
4

1
2

8
.8

7
9

1
2

8
.6

4
1

1
2

7
.1

5
3

1
2

6
.9

7
2

1
2

6
.1

9
9

1
2

4
.8

8
3

1
2

2
.9

6
6

1
1

5
.6

2
2

9
4

.7
4

5

8
8

.3
4

5

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4



42 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.5

7
9

8
.2

7
2

7
.9

6
9

7
.9

4
7

7
.5

9
6

7
.5

8
4

7
.5

7
6

7
.5

7
1

7
.5

4
0

7
.5

3
5

7
.5

3
2

7
.5

2
6

7
.5

0
4

7
.4

9
3

7
.4

0
4

7
.4

0
1

7
.3

9
3

7
.3

8
7

7
.3

5
8

7
.3

5
3

7
.2

4
5

2
.5

1
4

0
.0

0
0

3
.2

6

3
.1

5

3
.1

4

2
.1

6

1
.1

0

1
.0

8

1
.0

7

1
.0

0



43 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

0
.1

8

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

0
.5

2
9

1
4

5
.6

7
5

1
4

3
.8

3
4

1
4

2
.7

3
7

1
4

0
.4

6
7

1
3

6
.7

3
8

1
3

2
.7

8
0

1
3

1
.5

6
9

1
2

9
.0

5
1

1
2

8
.9

3
7

1
2

8
.6

9
8

1
2

6
.5

9
0

1
2

5
.9

9
9

1
2

5
.9

3
2

1
2

2
.8

9
0

1
1

5
.1

6
5

1
1

0
.9

7
8

9
4

.8
3

1

8
8

.3
1

7

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

2
1

.7
1

7



44 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

1
5

.0
1

6
.0

1
7

.0
1

8
.0

1
9

.0
2

0
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.5

9
7

8
.3

0
5

7
.8

4
7

7
.6

3
4

7
.6

1
2

7
.5

7
4

7
.5

6
6

7
.5

6
0

7
.5

3
8

7
.5

3
5

7
.3

9
1

7
.3

8
3

7
.3

7
8

7
.3

6
5

7
.3

6
1

7
.3

2
7

7
.3

0
5

7
.2

3
8

2
.5

4
3

0
.0

0
0

5
.1

8

4
.2

6

3
.2

5

1
.0

6

1
.0

4

1
.0

0



45 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

1
.3

1
2

1
4

7
.2

6
8

1
4

3
.9

9
6

1
4

2
.7

4
7

1
4

0
.9

6
3

1
4

0
.8

5
8

1
3

1
.5

5
0

1
2

9
.0

9
9

1
2

8
.8

8
9

1
2

8
.6

9
8

1
2

8
.4

1
2

1
2

6
.8

0
0

1
2

6
.6

6
7

1
2

4
.0

5
3

1
1

4
.3

2
5

1
1

1
.0

0
6

9
4

.6
6

9

8
8

.3
3

6

7
7

.4
8

2

7
7

.1
5

8

7
6

.8
3

4

2
2

.1
0

8



46 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

0
.0

2
0

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.6

6
3

8
.3

2
5

7
.6

0
8

7
.5

9
7

7
.5

8
8

7
.5

8
3

7
.5

3
6

7
.5

3
2

7
.5

2
8

7
.4

2
7

7
.4

2
3

7
.4

0
7

7
.4

0
1

7
.3

9
3

7
.3

8
8

2
.8

2
2

0
.0

0
0

5
.2

6

5
.0

7

3
.0

1

1
.0

4

1
.0

0



47 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

9
.7

4
7

1
4

5
.9

2
3

1
4

3
.9

3
0

1
4

2
.6

9
0

1
4

1
.4

0
2

1
3

7
.3

3
0

1
3

1
.5

7
9

1
3

0
.5

3
9

1
2

8
.9

3
7

1
2

8
.7

1
7

1
2

7
.1

3
4

1
2

6
.5

4
3

1
2

5
.8

1
8

1
2

5
.0

9
3

1
2

2
.9

2
8

1
1

4
.6

5
9

1
1

1
.0

7
3

9
4

.8
9

7

8
8

.3
6

4

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

1
7

.8
0

6



48 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.6

1
1

8
.6

0
8

8
.3

5
9

8
.0

7
6

8
.0

5
4

7
.5

7
4

7
.5

6
8

7
.5

4
1

7
.5

3
6

7
.4

0
1

7
.3

9
8

7
.3

8
8

7
.3

8
3

7
.3

7
9

7
.3

7
7

7
.3

7
5

7
.3

7
2

0
.0

0
0

4
.1

3

3
.2

4

2
.1

1

1
.2

0

1
.0

8

1
.0

4

1
.0

0



49 
 

 

 

 

 

 

 (
th

o
u

s
a
n

d
th

s
)

0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

1
.3

4
0

1
4

7
.0

4
8

1
4

4
.0

8
2

1
4

2
.8

0
4

1
4

1
.1

2
6

1
3

1
.5

8
8

1
3

0
.4

2
4

1
2

9
.3

8
5

1
2

8
.9

9
4

1
2

8
.7

1
7

1
2

7
.1

4
4

1
2

6
.8

0
0

1
2

6
.5

9
0

1
2

5
.9

8
0

1
2

2
.8

2
3

1
1

5
.2

6
9

1
1

1
.0

1
6

9
5

.0
2

1

8
8

.1
5

4

7
7

.4
7

3

7
7

.1
4

8

7
6

.8
2

4



50 
 

 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.3

4
3

8
.2

8
3

7
.9

9
1

7
.9

6
8

7
.5

1
1

7
.4

7
4

7
.4

5
1

7
.4

0
9

7
.3

9
6

7
.2

5
3

6
.9

1
4

6
.8

9
1

3
.8

3
4

2
.5

2
7

0
.0

0
0

5
.0

2

3
.1

2

3
.0

8

2
.0

8

2
.0

0

2
.0

0



51 
 

 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1

X : parts per Million : 13C

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
6
0
.0

4
8

1
5
2
.8

7
6

1
4
5
.4

3
6

1
4
1
.5

1
7

1
4
0
.0

9
5

1
3
6
.8

4
3

1
3
3
.0

3
8

1
3
2
.5

9
9

1
2
9
.2

0
4

1
2
9
.1

4
6

1
2
6
.7

7
2

1
2
6
.2

8
5

1
2
5
.8

5
6

1
2
4
.6

9
2

1
1
5
.8

8
0

1
1
5
.1

1
7

1
1
4
.2

7
8

9
4
.7

1
6

8
7
.2

9
6

7
7
.4

5
3

7
7
.1

2
9

7
6
.8

0
5

5
5
.4

4
1

2
1
.7

3
6



52 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.3

6
5

8
.3

2
9

8
.0

1
5

8
.0

0
2

7
.8

7
3

7
.6

6
4

7
.6

4
3

7
.4

6
9

7
.4

4
7

7
.4

1
6

7
.4

0
8

7
.4

0
2

7
.3

9
5

7
.3

5
4

7
.3

3
3

7
.2

5
1

6
.9

1
2

6
.8

8
9

3
.8

3
2

2
.5

5
7

0
.0

0
0

3
.0

7

3
.0

2

2
.0

3

2
.0

0

1
.1

3

1
.1

0
1

.0
3

1
.0

2

1
.0

2

1
.0

1

1
.0

0



53 
 

 

 

 

 

 

 (
th

o
u

s
a
n

d
th

s
)

0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
6

0
.0

1
9

1
5

3
.6

2
0

1
4

7
.0

5
8

1
4

1
.5

8
3

1
4

0
.7

5
4

1
4

0
.5

1
5

1
3

3
.0

0
0

1
2

9
.2

3
2

1
2

9
.1

9
4

1
2

8
.5

1
7

1
2

6
.9

3
4

1
2

6
.7

2
4

1
2

4
.6

7
3

1
2

4
.3

4
0

1
1

5
.1

7
4

1
1

5
.0

4
1

1
1

4
.2

7
8

9
4

.5
1

6

8
7

.2
8

7

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

5
5

.4
4

1

2
2

.0
9

8



54 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.5

3
2

8
.5

2
5

8
.3

3
8

8
.1

4
0

8
.1

3
0

7
.5

9
7

7
.5

7
6

7
.5

3
6

7
.5

1
9

7
.5

0
3

7
.4

8
0

7
.4

0
8

7
.4

0
1

7
.3

9
5

7
.3

8
7

7
.3

6
4

7
.2

4
0

6
.9

2
0

6
.8

9
7

3
.8

2
9

2
.8

2
8

0
.0

0
0

3
.2

8

3
.2

0

3
.1

9

2
.1

1

2
.0

9

1
.1

4

1
.0

8

1
.0

6

1
.0

0



55 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

0
.1

8

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
6

0
.0

5
7

1
5

1
.6

8
3

1
4

5
.7

5
1

1
4

2
.0

7
0

1
4

1
.2

8
8

1
3

7
.4

5
4

1
3

3
.0

4
7

1
3

0
.3

7
7

1
2

9
.5

3
8

1
2

7
.8

3
0

1
2

6
.9

2
4

1
2

6
.6

3
8

1
2

6
.0

8
5

1
2

5
.0

0
7

1
2

4
.5

4
0

1
1

5
.2

4
1

1
1

4
.3

0
6

9
4

.7
2

6

8
7

.4
7

7

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

5
5

.4
5

1

1
7

.8
7

3



56 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

1
5

.0
1

6
.0

1
7

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.3

8
7

8
.3

8
5

8
.3

7
7

8
.0

9
9

8
.0

7
7

8
.0

2
5

8
.0

2
2

8
.0

1
3

8
.0

0
9

7
.7

4
8

7
.5

0
6

7
.4

7
5

7
.4

5
8

7
.4

5
4

7
.4

2
5

7
.4

1
7

7
.4

1
2

7
.4

0
4

6
.9

1
4

6
.9

0
8

6
.8

9
1

3
.8

2
9

0
.0

0
0

4
.1

3

3
.1

2

2
.1

4

2
.0

0

1
.1

2
1

.0
6

1
.0

4
1

.0
2



57 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2
0

.3

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
6

0
.0

9
6

1
5

3
.6

3
9

1
4

6
.8

1
0

1
4

1
.4

5
0

1
4

0
.7

6
3

1
3

3
.0

5
7

1
3

0
.2

5
3

1
2

9
.4

9
0

1
2

9
.2

3
2

1
2

7
.1

0
5

1
2

7
.0

7
7

1
2

6
.9

0
5

1
2

6
.2

6
6

1
2

4
.7

8
8

1
1

5
.9

8
5

1
1

5
.0

4
1

1
1

4
.2

9
7

9
4

.9
2

6

8
7

.1
4

4

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

5
5

.4
5

1



58 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

5
.2

7

3
.1

8

3
.1

4

2
.1

1

1
.0

7

1
.0

6

1
.0

5

1
.0

0



59 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
6

0
.1

4
3

1
5

0
.4

8
2

1
4

5
.5

0
3

1
4

3
.8

4
4

1
4

2
.6

8
0

1
4

0
.0

6
7

1
3

6
.6

5
2

1
3

3
.0

6
6

1
3

2
.5

7
0

1
2

9
.0

1
3

1
2

6
.6

2
9

1
2

6
.0

5
6

1
2

5
.8

7
5

1
1

5
.5

2
7

1
1

4
.9

6
4

1
1

4
.3

4
4

1
1

0
.9

9
7

9
5

.0
0

2

8
7

.0
9

6

7
7

.4
7

3

7
7

.1
4

8

7
6

.8
2

4

5
5

.4
5

1

2
1

.7
0

7



60 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.6

0
3

8
.3

0
3

7
.8

5
1

7
.6

5
0

7
.6

2
8

7
.5

3
5

7
.5

2
7

7
.5

0
4

7
.3

6
0

7
.3

3
7

7
.3

2
0

7
.2

5
3

6
.9

3
6

6
.9

1
3

3
.8

4
3

2
.5

5
6

0
.0

0
0

3
.2

8

3
.0

5

3
.0

4

2
.2

3

2
.1

4

1
.1

2

1
.0

9

1
.0

5

1
.0

0



61 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

0
.1

8

X : parts per Million : 13C

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
6

0
.1

0
5

1
5

1
.2

8
3

1
4

7
.1

0
5

1
4

3
.9

8
7

1
4

2
.6

8
0

1
4

0
.7

3
4

1
4

0
.4

7
7

1
3

3
.0

2
8

1
2

9
.0

4
2

1
2

8
.3

8
3

1
2

6
.7

3
3

1
2

4
.1

1
1

1
1

5
.0

1
2

1
1

4
.6

9
7

1
1

4
.3

3
5

1
1

0
.9

9
7

9
4

.8
1

2

8
7

.0
7

7

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

5
5

.4
6

0

2
2

.0
7

9



62 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

0
.0

2
0

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.6

6
9

8
.3

0
8

7
.5

4
4

7
.5

3
6

7
.5

3
3

7
.5

2
8

7
.5

2
1

7
.4

7
8

7
.4

5
5

7
.4

2
9

7
.4

2
4

7
.3

9
3

7
.3

7
5

7
.2

4
4

6
.9

5
8

6
.9

3
7

6
.9

1
5

3
.8

4
1

2
.8

2
6

0
.0

0
0

4
.2

4

3
.2

5

3
.1

2

2
.2

3

1
.1

4

1
.0

9
1

.0
8

1
.0

7

1
.0

0



63 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
6

0
.1

5
3

1
4

9
.7

1
9

1
4

5
.7

7
0

1
4

3
.9

3
0

1
4

2
.6

3
2

1
4

1
.0

2
1

1
3

7
.2

9
1

1
3

3
.0

6
6

1
3

0
.3

4
8

1
2

7
.8

2
1

1
2

7
.1

7
2

1
2

6
.4

8
6

1
2

5
.8

7
5

1
2

5
.0

2
6

1
1

4
.9

9
3

1
1

4
.3

5
4

1
1

1
.0

8
3

9
5

.0
5

0

8
7

.1
2

4

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

5
5

.4
6

0

1
7

.7
9

7



64 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.6

1
6

8
.3

3
9

8
.0

7
2

8
.0

5
0

7
.7

4
2

7
.7

2
3

7
.6

9
3

7
.6

7
6

7
.6

5
8

7
.5

4
1

7
.5

3
6

7
.5

2
8

7
.5

0
5

7
.4

8
2

7
.4

6
5

7
.3

7
9

7
.3

7
7

7
.3

7
5

7
.2

4
6

6
.9

3
0

6
.9

0
7

3
.8

3
2

0
.0

0
0

4
.0

0

3
.0

7

2
.0

5

2
.0

4

1
.0

7

1
.0

4

1
.0

1

1
.0

0



65 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3
0

.1
4

0
.1

5

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
6

0
.2

0
0

1
5

1
.3

0
2

1
4

6
.8

7
7

1
4

4
.0

8
2

1
4

2
.7

4
7

1
4

0
.7

1
5

1
3

3
.0

7
6

1
3

0
.2

2
4

1
2

9
.3

4
7

1
2

7
.0

7
7

1
2

6
.7

3
3

1
2

6
.6

1
9

1
2

6
.0

3
7

1
1

5
.6

3
2

1
1

4
.8

7
8

1
1

4
.3

6
3

1
1

1
.0

1
6

9
5

.1
9

3

8
6

.9
4

3

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

5
5

.4
6

0



66 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.3

4
5

8
.3

4
3

8
.3

3
8

8
.3

3
5

8
.2

8
3

8
.0

0
1

7
.9

9
8

7
.9

8
9

7
.9

8
5

7
.9

6
7

7
.5

3
0

7
.5

1
2

7
.4

7
0

7
.4

4
7

7
.4

2
7

7
.4

1
6

7
.4

1
2

7
.4

0
4

7
.3

9
9

7
.3

9
3

7
.2

5
0

6
.9

8
5

6
.9

6
2

5
.0

9
2

2
.5

2
9

0
.0

0
0

8
.0

0

3
.0

8

2
.0

6

2
.0

6

2
.0

5

2
.0

2

1
.0

1
1

.0
0



67 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.2

2
8

1
5

2
.8

8
5

1
4

0
.1

3
4

1
3

6
.8

5
3

1
3

3
.0

5
7

1
3

2
.6

1
8

1
2

9
.1

9
4

1
2

9
.1

6
6

1
2

8
.7

6
5

1
2

8
.2

5
0

1
2

7
.5

8
2

1
2

6
.7

7
2

1
2

6
.2

8
5

1
2

5
.8

5
6

1
2

4
.7

1
2

1
1

5
.8

6
1

1
1

5
.3

9
3

1
1

5
.1

8
4

9
4

.6
6

9

8
7

.3
8

2

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

7
0

.1
5

7

2
1

.7
3

6



68 
 

 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.5

2
4

8
.5

1
9

8
.3

3
9

8
.1

3
8

8
.1

2
7

7
.5

8
1

7
.5

2
2

7
.5

0
0

7
.4

7
7

7
.4

4
3

7
.4

2
6

7
.4

1
5

7
.4

0
6

7
.3

9
8

7
.3

8
6

7
.3

6
8

7
.2

4
0

6
.9

9
2

6
.9

6
9

5
.0

8
8

2
.8

2
9

0
.0

0
0

1
1

.3
1

3
.3

6

2
.3

2

2
.1

8

1
.0

8

1
.0

4

1
.0

0



69 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.2

3
7

1
4

5
.7

6
1

1
4

2
.0

6
0

1
4

1
.3

1
6

1
3

7
.4

6
3

1
3

6
.5

7
6

1
3

3
.0

6
6

1
3

0
.3

8
6

1
2

9
.5

2
8

1
2

8
.7

8
4

1
2

8
.2

5
9

1
2

7
.5

9
2

1
2

6
.9

2
4

1
2

6
.6

4
8

1
2

6
.0

8
5

1
2

5
.0

0
7

1
2

4
.5

4
9

1
1

5
.4

4
1

1
1

5
.2

0
3

9
4

.6
7

8

8
7

.5
6

3

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

7
0

.1
6

7

1
7

.8
7

3



70 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.3

7
1

8
.0

9
6

8
.0

7
5

8
.0

1
8

8
.0

0
6

7
.7

6
5

7
.7

4
5

7
.6

8
5

7
.6

6
6

7
.5

2
1

7
.5

0
3

7
.4

8
2

7
.4

6
7

7
.4

4
6

7
.4

3
8

7
.4

1
9

7
.4

1
1

7
.4

0
6

7
.3

9
4

7
.3

7
4

7
.3

5
3

7
.3

3
6

7
.2

3
8

6
.9

7
9

6
.9

5
8

5
.0

8
3

0
.0

0
0

9
.3

1

2
.1

4

2
.0

6

2
.0

0

1
.1

2

1
.0

8

1
.0

6

1
.0

4



71 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

0
.1

8

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.2

7
5

1
5

3
.6

4
8

1
4

6
.8

2
9

1
4

1
.4

5
0

1
4

0
.8

0
1

1
3

6
.5

5
7

1
3

3
.0

8
5

1
3

0
.2

7
2

1
2

9
.4

9
9

1
2

9
.2

3
2

1
2

8
.7

8
4

1
2

8
.2

6
9

1
2

7
.5

9
2

1
2

7
.1

0
5

1
2

7
.0

8
6

1
2

6
.9

1
5

1
2

6
.2

6
6

1
2

4
.8

0
7

1
1

5
.9

6
6

1
1

5
.3

1
7

1
1

5
.2

0
3

9
4

.8
7

8

8
7

.2
3

9

7
7

.4
7

3

7
7

.1
4

8

7
6

.8
2

4

7
0

.1
5

7



72 
 

 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.5

7
9

8
.2

2
9

7
.9

5
8

7
.9

3
6

7
.5

2
4

7
.5

1
9

7
.5

1
6

7
.4

9
4

7
.4

2
2

7
.4

1
8

7
.3

9
2

7
.3

5
5

7
.3

5
3

7
.3

5
1

7
.3

4
8

6
.9

9
1

6
.9

6
9

5
.0

7
8

2
.5

0
1

0
.0

0
0

1
1
.2

5

3
.0

5

2
.1

6

2
.0

9

1
.0

9

1
.0

7

1
.0

0



73 
 

 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5
9
.3

2
3

1
5
0
.4

9
1

1
4
5
.5

3
2

1
4
3
.8

5
3

1
4
2
.6

9
0

1
4
0
.0

9
5

1
3
6
.6

7
2

1
3
6
.5

5
7

1
3
3
.0

9
5

1
3
2
.5

8
9

1
2
9
.0

4
2

1
2
8
.7

8
4

1
2
8
.2

6
9

1
2
7
.6

0
1

1
2
6
.6

4
8

1
2
6
.0

6
6

1
2
5
.8

9
4

1
1
5
.5

1
7

1
1
5
.2

5
0

1
1
1
.0

0
6

9
4
.9

7
4

8
7
.2

1
0

7
7
.4

8
2

7
7
.1

5
8

7
6
.8

3
4

7
0
.1

6
7

2
1
.7

1
7



74 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.5

9
5

8
.2

6
5

7
.8

3
6

7
.6

1
6

7
.5

9
5

7
.5

2
5

7
.5

0
5

7
.4

8
5

7
.4

3
1

7
.4

1
2

7
.3

8
7

7
.3

5
9

7
.3

2
9

7
.3

0
8

7
.2

8
8

7
.2

2
8

6
.9

8
2

6
.9

6
0

5
.0

6
4

2
.5

3
0

0
.0

0
0

1
0

.2
3

3
.1

9

2
.1

9

2
.1

6

1
.0

9

1
.0

9

1
.0

0

1
.0

0



75 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.2

8
5

1
5

1
.2

7
3

1
4

7
.1

2
5

1
4

4
.0

0
6

1
4

2
.6

9
9

1
4

0
.7

5
4

1
4

0
.5

0
6

1
3

6
.5

6
7

1
3

3
.0

5
7

1
2

9
.0

5
1

1
2

8
.7

8
4

1
2

8
.4

0
3

1
2

8
.2

7
9

1
2

7
.6

1
1

1
2

6
.7

6
2

1
2

4
.1

2
0

1
1

5
.2

4
1

1
1

4
.6

7
8

1
1

1
.0

3
5

9
4

.8
0

2

8
7

.2
1

0

7
7

.5
0

1

7
7

.1
7

7

7
6

.8
5

3

7
0

.1
5

7

2
2

.0
9

8



76 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.6

6
2

8
.2

9
9

7
.5

8
1

7
.5

6
0

7
.5

3
6

7
.5

2
7

7
.5

1
3

7
.4

4
5

7
.4

2
6

7
.3

9
9

7
.3

7
9

7
.3

7
0

7
.3

5
7

7
.3

5
1

7
.3

4
0

7
.0

0
4

6
.9

8
1

5
.0

8
9

2
.8

2
2

1
.5

4
2

0
.0

0
0

7
.1

1

5
.3

6

3
.3

6

2
.1

5

2
.1

4

1
.0

6

1
.0

0



77 
 

 

 

  

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.3

2
3

1
4

5
.7

8
0

1
4

3
.9

3
0

1
4

2
.6

4
2

1
4

1
.0

4
9

1
3

7
.2

9
1

1
3

6
.5

5
7

1
3

3
.0

9
5

1
3

0
.3

6
7

1
2

8
.7

8
4

1
2

8
.2

7
9

1
2

7
.6

1
1

1
2

7
.1

8
2

1
2

6
.4

9
5

1
2

5
.8

7
5

1
2

5
.0

4
5

1
1

5
.2

6
0

1
1

5
.0

0
2

1
1

1
.0

9
2

9
5

.0
1

2

8
7

.2
2

0

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

7
0

.1
7

6

1
7

.8
0

6



78 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.6

1
0

8
.6

0
7

8
.6

0
5

8
.3

2
1

8
.0

6
5

8
.0

4
5

7
.5

1
6

7
.4

9
3

7
.4

1
7

7
.3

8
7

7
.3

7
0

7
.3

6
7

6
.9

9
6

6
.9

8
9

6
.9

8
4

6
.9

7
1

6
.9

6
7

5
.0

7
3

0
.0

0
0

5
.2

4

5
.2

3

2
.2

3

2
.1

1

2
.0

2

1
.1

1

1
.0

9

1
.0

0



79 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.3

8
0

1
4

6
.9

0
5

1
4

4
.0

9
2

1
4

2
.7

6
6

1
4

0
.7

5
4

1
3

6
.5

5
7

1
3

3
.1

1
4

1
3

0
.2

4
3

1
2

9
.3

6
6

1
2

8
.7

8
4

1
2

8
.2

7
9

1
2

7
.6

0
1

1
2

7
.0

9
6

1
2

6
.7

4
3

1
2

6
.6

4
8

1
2

6
.0

4
7

1
1

5
.6

2
2

1
1

5
.2

7
9

1
1

5
.1

7
4

1
1

1
.0

4
4

9
5

.1
7

4

8
7

.0
5

8

7
7

.4
9

2

7
7

.1
6

7

7
6

.8
4

3

7
0

.1
7

6



80 
 

  

 

 

 

 

 

a
b
u

n
d

a
n
c
e

0
1

0
.0

2
0

.0

X : parts per Million : 1H

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.0

1
0

8
.4

3
2

8
.4

1
8

8
.1

7
2

8
.1

4
9

7
.7

7
6

7
.6

1
6

7
.6

1
1

7
.5

9
3

7
.5

8
9

7
.4

9
6

7
.4

8
6

7
.4

7
8

7
.4

7
2

7
.4

6
3

7
.3

9
9

7
.3

9
3

7
.3

7
9

7
.3

7
5

7
.1

7
1

2
.5

2
7

0
.0

0
0

4
.0

8

3
.0

3

2
.0

2

1
.0

1

1
.0

1

1
.0

1

1
.0

1

1
.0

0



81 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2
0

.3
0

.4
0

.5
0

.6
0

.7
0

.8
0

.9
1

.0
1

.1
1

.2
1

.3
1

.4
1

.5

X : parts per Million : 13C

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

7
.4

3
0

1
4

4
.0

1
5

1
4

3
.9

3
0

1
4

2
.3

5
6

1
4

1
.4

5
0

1
4

1
.2

0
2

1
3

7
.3

6
8

1
3

5
.9

6
6

1
3

3
.6

0
0

1
2

9
.4

0
4

1
2

8
.8

3
2

1
2

8
.7

6
5

1
2

8
.5

6
5

1
2

7
.5

2
5

1
2

7
.3

6
3

1
2

6
.9

0
5

1
2

6
.7

9
1

1
2

4
.5

4
0

9
9

.2
0

8

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

2
1

.9
3

6



82 
 

 



83 
 

 



84 
 

 



85 
 

 



86 
 

 



87 
 

 



88 
 

 



89 
 

 



90 
 

 



91 
 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

3
8

8
.5

1
2

8
.4

9
8

8
.1

1
5

8
.0

0
7

7
.9

8
5

7
.5

7
5

7
.5

6
4

7
.5

5
7

7
.5

5
0

7
.5

4
2

7
.4

7
7

7
.4

7
1

7
.4

5
7

7
.4

5
3

7
.4

3
1

7
.2

5
0

2
.6

5
3

0
.0

0
0

4
.0

7

3
.0

8

3
.0

8

1
.0

3

1
.0

0

1
.0

0

1
.0

0



92 
 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

8
.8

7
0

1
4

4
.6

1
6

1
4

3
.9

2
0

1
4

2
.6

5
2

1
4

2
.0

7
0

1
4

1
.4

1
2

1
4

0
.8

6
8

1
3

7
.2

9
1

1
2

9
.4

3
3

1
2

8
.8

6
0

1
2

8
.8

3
2

1
2

8
.7

7
5

1
2

8
.1

3
5

1
2

7
.4

3
0

1
2

7
.2

7
7

1
2

6
.3

8
1

1
2

5
.7

6
1

1
2

4
.5

8
8

9
9

.3
0

4

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

2
2

.4
2

2



93 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.0

5
1

8
.4

9
8

8
.4

8
5

7
.8

8
2

7
.8

6
2

7
.6

2
4

7
.6

0
6

7
.5

6
1

7
.5

4
4

7
.5

2
8

7
.5

1
4

7
.4

6
3

7
.4

5
7

7
.4

5
0

7
.4

4
2

7
.4

3
0

7
.4

1
1

7
.2

2
8

2
.9

7
3

0
.0

0
0

5
.2

4

3
.1

3

3
.0

0

1
.0

3

1
.0

2

1
.0

0



94 
 

 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

7
.6

8
7

1
4

3
.9

1
0

1
4

3
.4

1
5

1
4

2
.2

1
3

1
4

1
.0

5
9

1
3

7
.8

3
5

1
3

6
.8

8
1

1
3

0
.1

3
8

1
2

9
.4

5
2

1
2

8
.8

3
2

1
2

8
.7

6
5

1
2

7
.3

4
4

1
2

7
.2

2
0

1
2

6
.5

2
4

1
2

6
.4

0
0

1
2

5
.9

0
4

1
2

4
.6

8
3

9
9

.0
6

5

7
7

.4
8

2

7
7

.1
5

8

7
6

.8
3

4

1
8

.3
5

0



95 
 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

X : parts per Million : 1H

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

9
8

8
.5

3
3

8
.5

1
9

8
.3

5
7

8
.3

3
6

8
.1

1
8

8
.0

9
9

7
.8

6
8

7
.8

5
0

7
.8

3
3

7
.6

2
6

7
.6

0
7

7
.5

9
0

7
.5

7
9

7
.5

6
5

7
.5

6
0

7
.4

8
1

7
.4

7
5

7
.4

6
2

7
.4

5
7

7
.2

4
9

0
.0

0
0

5
.1

1
2

.0
7

1
.0

7

1
.0

6

1
.0

4

1
.0

1

1
.0

0



96 
 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3
0

.1
4

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

8
.5

6
5

1
4

4
.5

8
8

1
4

3
.8

4
4

1
4

2
.7

6
6

1
4

2
.4

5
1

1
4

1
.3

7
3

1
3

7
.3

3
0

1
3

0
.7

8
7

1
2

9
.3

8
5

1
2

8
.9

3
7

1
2

8
.8

8
9

1
2

8
.7

9
4

1
2

8
.5

4
6

1
2

7
.4

6
8

1
2

7
.4

2
0

1
2

6
.8

4
8

1
2

6
.1

1
4

1
2

4
.6

5
4

9
9

.1
4

2

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5



97 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

1
5

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

7
0

8
.2

5
7

8
.2

3
4

7
.8

8
0

7
.7

3
4

7
.7

3
0

7
.7

2
1

7
.7

1
5

7
.7

0
7

7
.6

8
9

7
.6

8
4

7
.5

8
8

7
.5

6
9

7
.5

6
4

7
.5

6
0

7
.5

4
8

7
.5

1
4

7
.5

1
0

7
.4

9
5

7
.2

5
3

2
.6

1
3

0
.0

0
0

3
.1

1

3
.0

7

3
.0

4

2
.0

7

1
.1

2

1
.0

3

1
.0

0



98 
 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

2
.9

9
0

1
4

7
.6

5
9

1
4

4
.8

8
3

1
4

3
.1

0
9

1
4

2
.2

2
2

1
3

9
.6

3
8

1
3

5
.7

4
6

1
3

5
.0

6
9

1
3

3
.8

6
8

1
3

0
.1

4
8

1
2

8
.7

8
4

1
2

8
.4

7
9

1
2

8
.2

3
1

1
2

7
.1

7
2

1
2

6
.9

8
1

1
2

6
.3

7
1

1
2

3
.9

8
7

1
0

7
.3

4
4

9
9

.5
3

3

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

2
1

.8
9

8



99 
 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

9
4

8
.1

0
2

8
.0

1
3

7
.9

9
1

7
.7

2
5

7
.7

2
1

7
.7

0
9

7
.7

0
5

7
.5

9
9

7
.5

8
3

7
.5

6
5

7
.5

6
0

7
.5

5
6

7
.5

4
4

7
.5

1
1

7
.5

0
6

7
.4

9
0

7
.4

4
1

7
.4

2
4

7
.2

5
0

2
.6

5
1

0
.0

0
0

3
.1

1

3
.0

5
2

.1
3

2
.0

0

1
.0

7

1
.0

6

1
.0

2

1
.0

0



100 
 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

3
.1

6
2

1
4

9
.0

8
0

1
4

4
.8

2
6

1
4

3
.7

3
9

1
4

2
.7

9
5

1
4

1
.6

6
9

1
3

9
.6

3
8

1
3

4
.7

1
6

1
3

0
.1

7
7

1
2

8
.7

7
5

1
2

8
.6

6
0

1
2

8
.4

6
9

1
2

8
.3

7
4

1
2

7
.0

8
6

1
2

5
.8

3
7

1
2

5
.4

0
8

1
2

3
.9

2
0

1
0

7
.3

5
3

9
9

.6
6

6

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

2
2

.4
4

1



101 
 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

8
7

7
.9

6
5

7
.9

4
3

7
.7

3
0

7
.7

2
5

7
.7

0
6

7
.7

0
1

7
.6

8
9

7
.6

7
1

7
.5

8
9

7
.5

7
1

7
.5

6
5

7
.5

4
9

7
.5

2
2

7
.5

1
8

7
.5

0
3

7
.4

8
5

7
.4

6
6

7
.2

4
9

3
.0

0
6

0
.0

0
0

3
.2

7

3
.2

4

3
.1

1

3
.0

3

1
.0

6

1
.0

0



102 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

2
.9

7
1

1
4

8
.0

8
8

1
4

4
.7

7
8

1
4

2
.9

3
8

1
4

2
.6

8
0

1
3

9
.6

4
7

1
3

6
.7

2
9

1
3

4
.9

4
5

1
3

0
.3

1
0

1
3

0
.1

9
6

1
2

8
.7

6
5

1
2

8
.4

6
0

1
2

7
.0

5
8

1
2

6
.6

6
7

1
2

6
.0

7
5

1
2

5
.7

2
3

1
2

4
.5

0
2

1
0

7
.4

3
0

9
9

.3
2

3

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

1
8

.3
0

2



103 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.2

5
7

8
.3

4
9

8
.3

2
8

8
.1

0
4

7
.8

5
2

7
.7

3
7

7
.7

3
1

7
.7

2
5

7
.7

1
9

7
.5

9
9

7
.5

8
7

7
.5

8
2

7
.5

6
8

7
.5

6
3

7
.5

5
8

7
.5

4
8

7
.5

1
6

7
.5

1
0

7
.4

9
5

7
.4

9
1

7
.2

4
6

0
.0

0
0

6
.1

4

2
.1

3

1
.1

0

1
.0

7

1
.0

4

1
.0

0



104 
 

 

 

 

 

 

 (
th

o
u

s
a
n

d
th

s
)

0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

3
.1

9
0

1
4

8
.7

9
4

1
4

4
.9

3
1

1
4

3
.7

2
9

1
4

3
.1

8
6

1
3

9
.5

6
1

1
3

5
.2

7
0

1
3

0
.9

8
7

1
3

0
.1

4
8

1
2

8
.8

3
2

1
2

8
.7

7
5

1
2

8
.6

3
1

1
2

8
.4

8
8

1
2

7
.0

4
8

1
2

6
.3

0
4

1
2

5
.8

8
5

1
2

4
.0

0
6

1
0

7
.4

3
0

9
9

.5
3

3

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5



105 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
2

.0
4

.0
6

.0
8

.0
1

0
.0

1
2

.0
1

4
.0

1
6

.0
1

8
.0

2
0

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

0
3

8
.5

1
2

8
.4

9
8

8
.2

5
4

8
.2

3
3

7
.8

7
2

7
.7

0
2

7
.6

9
7

7
.6

7
9

7
.6

7
5

7
.5

7
4

7
.5

6
0

7
.4

1
8

7
.3

9
6

7
.2

5
6

7
.1

0
2

7
.0

8
0

3
.9

3
2

2
.6

1
4

0
.0

0
0

3
.1

0

3
.0

0

2
.0

9

2
.0

5

1
.0

7

1
.0

7

1
.0

5

1
.0

2

1
.0

2

1
.0

0



106 
 

 

 

 

 

 

a
b
u

n
d

a
n
c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

X : parts per Million : 13C

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5
9
.8

4
8

1
4
7
.3

7
3

1
4
4
.0

3
4

1
4
2
.8

3
3

1
4
1
.4

6
9

1
4
0
.9

5
4

1
3
7
.2

3
4

1
3
6
.4

5
2

1
3
5
.9

4
7

1
3
3
.5

6
2

1
3
0
.7

1
1

1
2
8
.5

5
5

1
2
7
.5

3
5

1
2
7
.3

3
4

1
2
7
.0

2
9

1
2
6
.8

0
0

1
2
4
.5

7
8

1
1
4
.0

3
9

9
9
.8

7
6

7
7
.4

4
4

7
7
.1

2
0

7
6
.7

9
5

5
5
.4

2
2

2
1
.9

3
6



107 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
2

.0
4

.0
6

.0
8

.0
1

0
.0

1
2

.0
1

4
.0

1
6

.0
1

8
.0

2
0

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

4
0

8
.5

1
0

8
.4

9
6

8
.1

1
5

8
.0

1
0

7
.9

8
9

7
.5

6
5

7
.5

5
1

7
.4

4
9

7
.4

2
7

7
.4

1
4

7
.3

9
2

7
.2

5
3

7
.0

9
9

7
.0

7
7

3
.9

2
9

2
.6

5
3

0
.0

0
0

3
.0

9

3
.0

7

3
.0

6

2
.0

4

1
.0

4

1
.0

2

1
.0

1

1
.0

0

1
.0

0



108 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

0
.1

8

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.8

3
8

1
4

8
.7

9
4

1
4

4
.6

0
7

1
4

2
.0

7
9

1
4

1
.3

5
4

1
4

0
.6

2
0

1
3

7
.1

4
8

1
3

6
.4

3
3

1
3

0
.7

3
0

1
2

8
.8

3
2

1
2

8
.1

3
5

1
2

7
.4

0
1

1
2

7
.2

3
9

1
2

6
.4

9
5

1
2

5
.7

5
1

1
2

4
.6

2
6

1
1

4
.0

3
9

9
9

.9
6

2

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

5
5

.4
2

2

2
2

.4
0

3



109 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

0
.0

2
0

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.0

7
7

8
.5

1
1

8
.4

9
7

7
.9

1
0

7
.8

8
9

7
.6

4
3

7
.6

2
6

7
.5

4
1

7
.5

2
8

7
.4

7
0

7
.4

4
9

7
.4

4
0

7
.4

3
2

7
.4

0
3

7
.3

8
2

7
.2

3
8

7
.0

8
7

7
.0

6
5

6
.9

4
5

6
.9

2
2

3
.9

1
6

2
.9

8
6

0
.0

0
0

3
.1

9

3
.0

7

3
.0

5

2
.0

2

1
.1

0
1

.0
7

1
.0

3

1
.0

0

1
.0

0



110 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

0
.1

8

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.8

3
8

1
4

7
.6

4
9

1
4

3
.4

5
3

1
4

2
.7

2
8

1
4

2
.2

4
1

1
4

0
.8

3
0

1
3

7
.7

2
1

1
3

6
.8

9
1

1
3

6
.4

3
3

1
3

0
.7

4
9

1
3

0
.1

0
0

1
2

7
.8

1
1

1
2

7
.3

6
3

1
2

7
.1

9
1

1
2

6
.4

1
9

1
2

5
.8

8
5

1
2

4
.7

2
1

1
1

4
.0

3
0

9
9

.7
0

4

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

5
5

.4
2

2

1
8

.3
3

1



111 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

1
5

.0
1

6
.0

1
7

.0
1

8
.0

1
9

.0
2

0
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

9
9

8
.5

2
8

8
.5

1
4

8
.3

5
5

8
.3

3
3

8
.1

2
3

8
.1

0
1

7
.8

6
7

7
.8

4
9

7
.8

3
1

7
.6

2
7

7
.6

0
8

7
.5

8
1

7
.5

6
7

7
.4

1
9

7
.3

9
8

7
.2

5
3

7
.1

0
2

7
.0

8
0

3
.9

3
0

0
.0

0
0

3
.0

4

2
.0

4

2
.0

4

2
.0

1

1
.0

6

1
.0

6

1
.0

1

1
.0

0

1
.0

0



112 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.8

8
6

1
4

8
.4

9
8

1
4

4
.5

8
8

1
4

3
.2

4
3

1
4

2
.4

5
1

1
4

1
.1

2
6

1
3

7
.1

9
6

1
3

6
.3

5
7

1
3

0
.7

0
1

1
2

8
.9

1
8

1
2

8
.5

3
6

1
2

7
.4

2
0

1
2

6
.9

5
3

1
2

6
.0

7
5

1
2

4
.6

8
3

1
1

4
.0

5
8

9
9

.8
0

0

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

5
5

.4
3

1



113 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

6
1

8
.2

4
4

8
.2

2
2

7
.8

7
5

7
.7

3
9

7
.7

3
3

7
.7

0
9

7
.7

0
3

7
.6

8
1

7
.4

6
1

7
.4

4
0

7
.2

5
6

7
.1

1
7

7
.0

9
5

3
.9

2
6

2
.6

0
9

0
.0

0
0

3
.0

5

3
.0

2

3
.0

1

2
.0

3

2
.0

0

1
.0

7

1
.0

1

1
.0

0



114 
 

 

 

 

 

 

 (
th

o
u

s
a
n

d
th

s
)

0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.8

6
7

1
5

3
.1

8
1

1
4

7
.6

1
1

1
4

4
.8

0
7

1
4

3
.1

2
8

1
4

2
.1

5
6

1
3

5
.6

8
9

1
3

4
.7

7
4

1
3

3
.7

7
2

1
3

1
.8

7
4

1
3

1
.4

8
3

1
2

8
.2

4
0

1
2

7
.1

6
3

1
2

6
.9

7
2

1
2

6
.4

7
6

1
2

3
.9

2
0

1
1

3
.8

4
8

1
0

7
.3

4
4

1
0

0
.0

1
9

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

5
5

.4
1

2

2
1

.8
9

8



115 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.2

0
7

8
.1

0
9

8
.0

2
8

8
.0

0
6

7
.7

3
8

7
.7

3
3

7
.7

1
4

7
.7

0
8

7
.4

6
1

7
.4

5
5

7
.4

3
8

7
.2

5
6

7
.1

1
7

7
.0

9
4

3
.9

2
6

2
.6

5
6

0
.0

0
0

3
.1

8

3
.0

2

3
.0

0

2
.0

8

2
.0

6

1
.0

4

1
.0

3

1
.0

0



116 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.8

5
7

1
5

3
.3

8
1

1
4

9
.0

1
3

1
4

4
.7

6
9

1
4

3
.7

4
8

1
4

2
.7

9
5

1
4

1
.6

0
2

1
3

4
.4

4
9

1
3

1
.8

6
5

1
3

1
.5

0
2

1
2

8
.6

4
1

1
2

8
.3

7
4

1
2

7
.0

7
7

1
2

5
.9

6
1

1
2

5
.4

1
7

1
2

3
.8

3
4

1
1

3
.8

5
8

1
0

7
.3

8
2

1
0

0
.1

7
2

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

5
5

.4
1

2

2
2

.4
4

1



117 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

0
.0

2
0

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

6
5

7
.9

4
9

7
.9

2
7

7
.7

2
6

7
.7

2
2

7
.6

9
0

7
.6

8
5

7
.6

7
2

7
.6

5
5

7
.4

9
0

7
.4

6
5

7
.4

4
3

7
.2

4
6

7
.1

1
5

7
.0

9
2

3
.9

2
1

2
.9

9
5

0
.0

0
0

3
.2

1

3
.0

6

3
.0

4

3
.0

3

2
.0

0

1
.0

0

1
.0

0



118 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3
0

.1
4

0
.1

5

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.8

5
7

1
5

3
.1

7
1

1
4

7
.9

9
2

1
4

4
.6

9
3

1
4

2
.8

9
0

1
4

2
.6

6
1

1
3

6
.6

9
1

1
3

4
.6

4
0

1
3

1
.8

7
4

1
3

1
.5

3
1

1
3

0
.2

4
3

1
2

7
.0

2
9

1
2

6
.6

5
7

1
2

6
.1

6
1

1
2

5
.6

6
5

1
2

4
.4

0
6

1
1

3
.8

3
9

1
0

7
.4

3
9

9
9

.8
0

9

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

5
5

.4
2

2

1
8

.3
0

2



119 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.2

7
5

8
.3

5
5

8
.3

3
2

8
.1

4
3

8
.1

2
2

7
.8

7
8

7
.8

5
9

7
.8

4
1

7
.7

5
3

7
.7

4
8

7
.7

3
0

7
.7

2
5

7
.6

3
0

7
.6

1
1

7
.5

9
2

7
.4

6
9

7
.4

4
7

7
.2

5
6

7
.1

2
3

7
.1

0
0

3
.9

2
9

0
.0

0
0

3
.0

3

2
.0

8

2
.0

5

2
.0

1

1
.0

3

1
.0

1

1
.0

0

1
.0

0

1
.0

0



120 
 

 

 

 

 

 

 (
th

o
u

s
a
n

d
th

s
)

0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.9

1
4

1
5

3
.4

1
9

1
4

8
.7

2
7

1
4

4
.8

7
4

1
4

3
.7

5
8

1
4

3
.1

8
6

1
3

4
.9

9
3

1
3

1
.7

8
8

1
3

1
.4

8
3

1
3

0
.9

3
0

1
2

8
.7

7
5

1
2

8
.6

1
2

1
2

7
.0

5
8

1
2

6
.4

3
8

1
2

5
.8

6
6

1
2

3
.9

1
0

1
1

3
.8

7
7

1
0

7
.4

3
0

1
0

0
.0

1
0

7
7

.4
3

4

7
7

.1
1

0

7
6

.7
8

6

5
5

.4
2

2



121 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

1
9

8
.5

2
4

8
.5

1
0

8
.2

6
5

8
.2

4
2

7
.8

8
6

7
.7

1
0

7
.6

8
7

7
.5

8
2

7
.5

6
8

7
.5

2
9

7
.5

1
1

7
.4

6
1

7
.4

4
2

7
.4

2
9

7
.4

2
3

7
.4

0
7

7
.3

9
4

7
.3

7
6

7
.2

5
6

7
.1

8
5

7
.1

6
3

5
.1

7
5

2
.6

2
1

0
.0

0
0

5
.2

6

3
.0

1

2
.0

9

2
.0

5

2
.0

1

1
.1

1

1
.0

7

1
.0

7

1
.0

2

1
.0

1

1
.0

0



122 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3
0

.1
4

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.1

7
0

1
4

7
.3

8
2

1
4

1
.4

9
7

1
3

6
.8

6
2

1
3

6
.7

0
0

1
3

5
.9

6
6

1
3

3
.5

8
1

1
3

0
.7

5
8

1
2

8
.7

6
5

1
2

8
.5

5
5

1
2

8
.2

4
0

1
2

7
.8

1
1

1
2

7
.5

4
4

1
2

7
.3

5
3

1
2

6
.8

1
0

1
2

4
.5

8
8

1
1

4
.8

7
8

9
9

.8
4

7

7
7

.4
3

4

7
7

.1
1

0

7
6

.7
8

6

7
0

.2
3

4

2
1

.9
3

6



123 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

1
0

8
.5

3
4

8
.5

2
0

7
.6

4
8

7
.5

5
9

7
.5

4
5

7
.5

1
9

7
.5

0
1

7
.4

7
2

7
.4

5
5

7
.4

3
4

7
.4

2
2

7
.4

1
6

7
.4

0
0

7
.3

8
7

7
.3

6
9

7
.2

4
2

7
.1

7
4

7
.1

5
2

5
.1

5
8

3
.0

0
1

0
.0

0
0

9
.2

1

3
.0

2

2
.0

1

2
.0

0

1
.1

6

1
.0

4

1
.0

0

1
.0

0



124 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.1

5
1

1
4

2
.2

8
9

1
3

6
.9

1
0

1
3

6
.8

6
2

1
3

6
.6

7
2

1
3

0
.7

9
6

1
3

0
.1

3
8

1
2

8
.7

7
5

1
2

8
.2

5
0

1
2

7
.8

3
0

1
2

7
.4

0
1

1
2

7
.2

2
9

1
2

6
.6

9
5

1
2

6
.4

3
8

1
2

5
.9

2
3

1
2

4
.7

2
1

1
1

4
.8

5
9

9
9

.6
8

5

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

7
0

.2
2

4

1
8

.3
4

0



125 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.2

1
9

8
.5

4
0

8
.5

2
6

8
.3

6
4

8
.3

4
3

8
.1

3
8

8
.1

1
7

7
.8

5
8

7
.6

2
0

7
.5

9
1

7
.5

7
7

7
.5

2
8

7
.5

1
0

7
.4

5
9

7
.4

4
1

7
.4

3
2

7
.4

2
2

7
.4

1
0

7
.3

9
3

7
.3

7
5

7
.2

5
2

7
.1

8
7

7
.1

6
5

5
.1

7
3

0
.0

0
0

5
.2

2

2
.0

8
2

.0
5

2
.0

4

2
.0

3

1
.1

1

1
.0

6

1
.0

5

1
.0

1

1
.0

0



126 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1

X : parts per Million : 13C

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.1

9
9

1
4

8
.5

1
7

1
4

2
.4

8
9

1
3

7
.2

1
5

1
3

6
.8

4
3

1
3

6
.6

1
4

1
3

0
.7

5
8

1
2

8
.9

2
7

1
2

8
.7

7
5

1
2

8
.5

5
5

1
2

8
.2

5
0

1
2

7
.8

2
1

1
2

7
.4

4
9

1
2

6
.9

7
2

1
2

6
.0

9
4

1
2

4
.6

9
2

1
1

4
.8

8
8

9
9

.7
8

1

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

7
0

.2
3

4



127 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.1

5
6

8
.2

4
2

8
.2

2
0

7
.8

6
8

7
.7

3
4

7
.7

2
9

7
.7

0
6

7
.7

0
1

7
.5

1
3

7
.4

9
5

7
.4

6
5

7
.4

4
8

7
.4

4
3

7
.4

3
1

7
.4

1
1

7
.1

9
3

7
.1

7
1

5
.1

6
4

2
.6

0
5

0
.0

0
0

7
.0

9

3
.2

7

3
.1

4

2
.1

8

2
.0

1

1
.0

7

1
.0

5

1
.0

0



128 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3
0

.1
4

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.1

8
0

1
5

3
.1

6
2

1
4

7
.6

0
1

1
4

4
.8

1
7

1
4

3
.1

2
8

1
4

2
.1

8
4

1
3

6
.8

9
1

1
3

5
.6

9
9

1
3

4
.7

2
6

1
3

3
.8

0
1

1
3

2
.1

2
2

1
3

1
.5

5
0

1
2

8
.7

7
5

1
2

8
.2

3
1

1
2

7
.7

8
3

1
2

7
.1

6
3

1
2

6
.9

8
1

1
2

6
.4

7
6

1
2

3
.9

2
0

1
1

4
.6

5
9

1
0

7
.3

5
3

1
0

0
.0

1
9

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

7
0

.2
0

5

2
1

.9
0

7



129 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.2

2
5

8
.1

1
5

8
.0

4
1

8
.0

2
0

7
.7

4
5

7
.7

3
9

7
.7

1
9

7
.7

1
4

7
.5

1
9

7
.5

0
1

7
.4

6
9

7
.4

5
3

7
.4

4
7

7
.4

3
7

7
.4

1
7

7
.3

8
7

7
.3

6
9

7
.2

5
6

7
.1

9
8

7
.1

7
5

5
.1

7
4

2
.6

6
1

0
.0

0
0

8
.0

2

3
.0

3

2
.1

5

2
.0

1

2
.0

1

1
.0

2

1
.0

0

1
.0

0



130 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.1

7
0

1
5

3
.3

7
2

1
4

9
.0

5
1

1
4

4
.7

7
8

1
4

3
.7

7
7

1
4

2
.8

0
4

1
4

1
.6

2
1

1
3

6
.9

0
0

1
3

4
.4

1
1

1
3

2
.1

2
2

1
3

1
.5

5
0

1
2

8
.7

6
5

1
2

8
.6

5
1

1
2

8
.3

8
3

1
2

8
.2

1
2

1
2

7
.7

7
3

1
2

7
.0

8
6

1
2

5
.9

7
0

1
2

5
.4

2
7

1
2

3
.8

6
3

1
1

4
.6

5
9

1
0

7
.3

7
2

1
0

0
.1

3
4

7
7

.4
3

4

7
7

.1
1

0

7
6

.7
8

6

7
0

.2
0

5

2
2

.4
3

2



131 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.2

1
3

7
.9

8
8

7
.9

6
6

7
.7

4
8

7
.7

4
4

7
.7

1
8

7
.7

1
3

7
.6

8
5

7
.5

2
2

7
.5

0
4

7
.4

8
2

7
.4

6
1

7
.4

3
9

7
.4

1
9

7
.3

9
0

7
.3

7
1

7
.2

5
7

7
.2

0
4

7
.1

8
1

5
.1

8
0

3
.0

1
5

0
.0

0
0

8
.2

0

3
.2

3

3
.0

1

2
.0

9

2
.0

3

1
.1

2

1
.0

0



132 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.1

7
0

1
5

3
.1

8
1

1
4

8
.0

5
0

1
4

4
.7

2
1

1
4

2
.9

4
7

1
4

2
.7

0
9

1
3

6
.9

1
0

1
3

6
.7

1
9

1
3

4
.6

4
0

1
3

2
.1

3
2

1
3

1
.5

6
9

1
3

0
.2

7
2

1
2

8
.7

5
5

1
2

8
.2

1
2

1
2

7
.7

6
4

1
2

6
.6

7
6

1
2

6
.2

0
9

1
2

5
.7

0
3

1
2

4
.4

3
5

1
1

5
.1

8
4

1
1

4
.6

5
9

1
0

7
.4

4
9

9
9

.7
7

1

7
7

.4
2

5

7
7

.1
0

1

7
6

.7
7

6

7
0

.2
1

5

1
8

.2
8

3



133 
 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.2

4
8

8
.3

2
0

8
.0

9
5

7
.7

3
6

7
.7

3
1

7
.7

1
5

7
.7

1
0

7
.5

0
6

7
.4

8
8

7
.4

6
4

7
.4

5
9

7
.4

4
2

7
.4

2
4

7
.4

1
9

7
.4

0
4

7
.3

5
8

7
.2

4
0

7
.1

9
0

7
.1

8
6

7
.1

7
3

7
.1

6
7

5
.1

5
8

0
.0

0
0

7
.2

2

2
.1

4

2
.0

7

2
.0

4

1
.1

4

1
.0

8

1
.0

7

1
.0

5

1
.0

0



134 
 

 

 

 

 

 

 (
th

o
u

s
a
n

d
th

s
)

0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
5

9
.2

2
8

1
5

3
.3

8
1

1
4

8
.7

2
7

1
4

4
.8

7
4

1
4

3
.7

4
8

1
4

3
.1

6
7

1
3

6
.9

0
0

1
3

4
.9

3
6

1
3

2
.0

4
6

1
3

1
.5

5
9

1
3

0
.9

3
0

1
2

8
.7

7
5

1
2

8
.6

2
2

1
2

8
.2

3
1

1
2

7
.7

7
3

1
2

7
.0

4
8

1
2

6
.4

1
9

1
2

5
.8

6
6

1
2

3
.9

3
9

1
1

4
.6

9
7

1
0

7
.4

4
9

1
0

0
.0

1
0

7
7

.4
6

3

7
7

.1
3

9

7
6

.8
1

4

7
0

.2
2

4



135 
 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

1
5

.0
1

6
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.0

0
2

7
.9

8
2

7
.9

2
6

7
.5

9
7

7
.5

7
7

7
.5

4
9

7
.5

4
5

7
.5

4
1

7
.2

6
1

7
.1

3
5

7
.1

3
1

2
.5

4
9

0
.0

0
0

3
.0

4

3
.0

0

3
.0

0

1
.0

4



136 
 

 

 

 

 

 (
th

o
u

s
a
n

d
th

s
)

0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

6
.9

9
1

1
4

6
.3

7
1

1
4

3
.4

1
5

1
4

3
.1

6
7

1
3

8
.8

4
6

1
3

7
.0

8
2

1
3

5
.7

8
5

1
3

3
.1

9
0

1
2

9
.1

1
8

1
2

6
.5

4
3

1
2

6
.3

4
2

1
1

0
.9

0
1

1
1

0
.7

6
8

1
0

3
.8

0
5

7
7

.4
2

5

7
7

.1
0

1

7
6

.7
8

6

6
1

.2
9

7

2
1

.7
1

7



137 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

1
5

.0
1

6
.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

7
.9

9
2

7
.9

7
9

7
.9

6
1

7
.8

8
4

7
.7

1
4

7
.6

9
2

7
.6

7
7

7
.5

4
6

7
.5

4
2

7
.3

8
8

7
.3

6
7

7
.2

5
8

7
.1

3
3

7
.1

1
0

2
.5

6
4

0
.0

0
0

3
.1

1

2
.0

0

1
.0

5

1
.0

5

1
.0

4

1
.0

1

1
.0

0



138 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

X : parts per Million : 13C

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

7
.9

5
4

1
4

3
.5

6
7

1
4

3
.1

7
6

1
4

1
.4

3
1

1
3

8
.1

0
2

1
3

6
.1

8
5

1
3

5
.4

8
9

1
2

9
.3

8
5

1
2

8
.4

3
1

1
2

7
.3

9
2

1
2

5
.7

0
3

1
2

4
.3

7
8

1
1

0
.9

3
9

1
0

3
.8

9
1

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

6
1

.4
2

1

2
2

.1
4

6



139 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
2

.0
4

.0
6

.0
8

.0
1

0
.0

1
2

.0
1

4
.0

1
6

.0
1

8
.0

2
0

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.0

1
5

8
.0

1
3

7
.9

8
4

7
.9

6
6

7
.6

5
0

7
.6

2
9

7
.5

9
8

7
.5

8
0

7
.5

6
5

7
.5

4
9

7
.5

4
5

7
.5

4
1

7
.4

4
1

7
.4

2
0

7
.4

0
2

7
.2

5
1

7
.2

3
0

7
.2

2
6

7
.2

1
2

7
.2

0
7

2
.8

4
0

0
.0

0
0

3
.3

9

3
.1

9

2
.0

0

1
.2

6

1
.1

1



140 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.1
0

.2
0

.3
0

.4

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

6
.6

2
9

1
4

6
.1

5
2

1
4

3
.6

2
4

1
4

3
.1

0
9

1
3

8
.4

3
6

1
3

7
.4

7
3

1
3

6
.6

2
4

1
3

5
.9

2
8

1
3

0
.8

3
5

1
2

6
.8

4
8

1
2

6
.1

9
9

1
2

5
.6

8
4

1
1

1
.0

5
4

1
0

3
.9

2
0

7
7

.4
4

4

7
7

.1
2

9

7
6

.8
0

5

6
1

.3
3

5

1
7

.8
5

4



141 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.1

0
7

8
.0

9
5

8
.0

8
5

8
.0

7
3

8
.0

3
1

8
.0

1
3

8
.0

0
7

7
.8

1
8

7
.7

9
7

7
.7

6
6

7
.7

4
8

7
.7

3
1

7
.5

5
6

7
.5

5
2

7
.5

4
8

7
.5

4
3

7
.5

3
8

7
.5

1
8

7
.2

5
4

7
.1

4
9

7
.1

2
5

0
.0

0
0

3
.0

2

2
.1

4

2
.0

1

1
.0

0



142 
 

 

 

 

 

 

 (
th

o
u

s
a
n

d
th

s
)

0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.0

X : parts per Million : 13C

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

7
.8

9
7

1
4

3
.6

7
2

1
4

3
.2

4
3

1
3

8
.8

8
4

1
3

6
.4

8
1

1
3

5
.7

7
5

1
3

0
.8

3
5

1
2

9
.4

6
1

1
2

7
.7

6
4

1
2

7
.0

5
8

1
2

6
.3

2
3

1
2

5
.6

2
7

1
1

0
.8

0
6

1
0

3
.5

7
7

7
7

.4
4

4

7
7

.1
2

0

7
6

.7
9

5

6
1

.5
2

6



143 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.6

1
9

8
.6

0
5

8
.4

0
7

8
.2

4
9

8
.2

2
7

7
.6

4
8

7
.6

2
1

7
.6

0
7

7
.3

2
0

7
.3

1
5

7
.2

8
3

7
.2

6
5

7
.2

5
4

2
.5

3
3

1
.6

6
2

0
.8

8
2

0
.0

0
0

1
0

.4
2

3
.3

0

3
.0

6

1
.1

1

1
.0

4

1
.0

0



144 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

6
.7

4
3

1
4

4
.8

8
3

1
4

3
.2

8
1

1
3

9
.3

7
1

1
3

8
.0

4
5

1
3

6
.7

1
0

1
3

5
.2

0
3

1
3

4
.9

2
6

1
3

4
.1

8
2

1
3

3
.6

3
9

1
3

3
.0

1
9

1
3

1
.6

8
3

1
3

0
.0

8
1

1
2

8
.8

7
9

1
2

8
.1

4
5

1
2

8
.0

1
2

1
2

7
.5

6
3

1
2

7
.1

7
2

1
2

6
.8

9
6

1
2

6
.4

6
6

1
2

6
.3

5
2

1
2

5
.7

5
1

1
2

4
.7

9
7

7
7

.4
3

4

7
7

.1
1

0

7
6

.7
8

6

2
1

.7
9

3



145 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.6

5
3

8
.6

0
8

8
.5

9
5

8
.2

4
1

8
.2

1
8

7
.8

4
1

7
.8

2
3

7
.7

5
4

7
.7

4
1

7
.6

5
6

7
.6

4
4

7
.6

3
1

7
.5

6
9

7
.5

5
2

7
.5

3
3

7
.5

0
4

7
.4

8
5

7
.4

6
6

7
.2

4
9

2
.5

8
4

0
.0

0
0

3
.0

1

3
.0

1

2
.0

8

2
.0

6

2
.0

5

2
.0

5

1
.0

0



146 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3
0

.1
4

0
.1

5

X : parts per Million : 13C

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

7
.1

9
1

1
4

4
.9

4
0

1
4

0
.9

3
5

1
4

0
.0

5
7

1
3

7
.8

9
2

1
3

5
.4

7
0

1
3

5
.4

2
2

1
3

4
.9

9
3

1
3

2
.8

7
6

1
2

9
.2

3
2

1
2

8
.9

7
5

1
2

8
.5

0
7

1
2

6
.8

0
0

1
2

6
.4

1
9

1
2

6
.1

4
2

1
2

5
.4

8
4

1
2

4
.7

7
8

1
2

3
.5

8
6

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

2
1

.8
9

8



147 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0
9

.0
1

0
.0

1
1

.0
1

2
.0

1
3

.0
1

4
.0

1
5

.0
1

6
.0

1
7

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

8
.9

9
1

8
.5

5
3

8
.5

4
0

8
.2

3
0

8
.2

0
7

8
.0

7
1

8
.0

2
9

7
.7

8
7

7
.6

8
7

7
.6

6
4

7
.6

4
5

7
.6

3
1

7
.5

2
8

7
.5

1
3

7
.5

0
4

7
.4

9
7

7
.4

8
0

7
.2

5
7

6
.1

5
1

6
.1

1
0

3
.7

8
8

2
.6

0
1

0
.0

0
0

5
.2

4

3
.1

8

3
.0

6

2
.1

6

1
.1

1

1
.0

6

1
.0

1

1
.0

0

1
.0

0

1
.0

0



148 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
1

0
.0

2
0

.0
3

0
.0

4
0

.0
5

0
.0

6
0

.0
7

0
.0

8
0

.0
9

0
.1

0
.1

1
0

.1
2

0
.1

3
0

.1
4

0
.1

5

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
6

6
.9

7
2

1
4

6
.8

1
0

1
4

4
.7

7
8

1
4

3
.0

0
4

1
4

1
.8

6
9

1
3

8
.5

2
2

1
3

7
.7

0
2

1
3

5
.7

8
5

1
3

5
.2

1
2

1
3

3
.3

6
2

1
3

3
.2

0
0

1
2

9
.8

4
3

1
2

8
.8

7
9

1
2

8
.7

2
7

1
2

8
.0

4
0

1
2

6
.8

6
7

1
2

6
.4

7
6

1
2

5
.5

8
9

1
2

4
.9

7
9

1
2

3
.6

7
2

7
7

.4
3

4

7
7

.1
1

0

7
6

.7
8

6

5
1

.8
9

3

2
1

.9
0

7



149 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
7

.0
8

.0

X : parts per Million : 1H

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9
.4

0
7

9
.3

8
5

8
.6

7
6

8
.6

6
2

8
.2

3
3

8
.1

0
4

8
.0

8
1

7
.7

8
7

7
.7

6
4

7
.7

4
9

7
.7

3
4

7
.7

1
3

7
.5

6
3

7
.5

4
5

7
.5

2
4

7
.2

7
2

7
.2

5
0

7
.1

6
6

7
.1

4
8

7
.1

3
2

7
.0

7
6

7
.0

6
0

6
.9

5
1

2
.4

4
0

0
.0

0
0

5
.1

9

3
.3

7

3
.1

3

3
.1

3

2
.1

5

2
.1

3

1
.0

7

1
.0

6

1
.0

6

1
.0

3

1
.0

0



150 
 

 

 

 

 

 

a
b

u
n

d
a
n

c
e

0
0

.0
2

0
.0

4
0

.0
6

0
.0

8
0

.1
0

.1
2

0
.1

4
0

.1
6

0
.1

8

X : parts per Million : 13C

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

1
4

5
.7

8
9

1
4

3
.0

7
1

1
3

9
.5

9
0

1
3

7
.6

2
5

1
3

7
.5

0
1

1
3

4
.9

8
3

1
3

2
.9

5
2

1
3

2
.4

1
8

1
3

1
.6

7
4

1
3

1
.3

9
7

1
2

9
.0

9
9

1
2

8
.4

0
3

1
2

8
.1

2
6

1
2

7
.9

5
4

1
2

7
.6

6
8

1
2

7
.1

6
3

1
2

7
.0

7
7

1
2

6
.8

9
6

1
2

6
.5

9
0

1
2

6
.3

5
2

1
2

6
.0

1
8

1
2

5
.0

2
6

1
2

3
.5

7
7

7
7

.4
5

3

7
7

.1
2

9

7
6

.8
0

5

2
1

.7
6

4


