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Theory 
 
Only about 1 % of the carbon in a natural molecule is the 13C isotope the other 99 % is 12C. 
This is called the natural abundance of 13C. 12C is not observable in NMR since it has the 
spin quantum number 0. This makes carbon spectroscopy much less sensitive then proton. 
Therefore much longer experimental times are needed and different techniques to enhance 
the 13C – signals are used. Three different 13C experiments will be run. 
 
The basic pulse sequence to record a carbon spectrum consists of the following steps:  

 Relaxation period (d1) to achieve a pre-equilibrium state. 
 Read pulse (p1) to create transverse magnetization. 
 Acquisition during the t2 (acq) period. 
 Decoupling of 1H (cpd) 

1) 1H-coupled carbon (13C) spectrum  
 

 
o Gives a coupled spectrum with couplings between  1H and 13C 
o Gives the multiplicities on carbon (C, CH, CH2, CH3). 
 

2) 1H-decoupled carbon (13C) spectrum without NOE enhancement  
 

o Proton decoupling is applied during the acquisition period.  
o No polarization transfer from 1H to 13C via NOE takes place and therefore 

the resulting 1H-decoupled 13C spectrum can be used for quantitative 
measurements.  

o d1 must be ten times T1 in order to achieve precision quantitative analysis 
o With 13C-NMR, the chemical shift is wide, so that the line width is 

relatively narrow. In order to raise integration accuracy, the data points must 
be increased or an exponential weighting function with a large coefficient 
processed 
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1H-decoupled carbon (13C) spectrum with NOE enhancement 
 

o This is the “regular” carbon experiment.  
o 1H – decoupling is applied during the entire sequence.  
o Information about the number of carbons and 13C chemical shifts and are 

obtained.  
o A 1H – decoupled spectrum where all 1H – 13C couplings are removed. This 

gives one single line for each carbon, simplifying the spectrum.  
o The proton spins are saturated during the entire pulse sequence. This enables 

polarization transfer from 1H to 13C through space via NOE. This gives 
enhancement of the signals. The spectrum can therefore not be used for 
quantitative measurements.  
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Practical 
 

Lock, tune and match, and shim on a PROTON according to”Bruker run manual for 500 
MHz NMR". With a 1H you can evaluate how good topshim have preformed, if you are 
satisfied with the result or if you need to shim more. 
 
Observe that this laboration includes four 13C runs with different experiment setups 
 
1: Experiment setup: 1H Decoupled 13C with NOE enhancement 
 
1. edc or new and read the parameter set A_13C 

  
2. getprosol. 

 
3. atma Tune and match again thou a new nucleus is involved 

 
4. Modify the acquisition parameters 

The acquisition parameters can be modified manually or in the AcquPars section, you 
can see what is valid for the parameters in PulseProg. 
 
Go to AcquPar or write the command for the desired parameter on command line.  

 
 
 Check that PULPROG (the pulse programme) are zgpg30 

 
 sw (spectral frequency window). Choose a suitable value for the spectrum. 

 
 o1p is the center of the 1H spectrum. 

 
 ns (number of scans) Your course 13C sample should be of high concentration, so 

16-64 scans should be enough   
 

 d1 (delay time) 
 

5. If you want to look at the pulse programme, write showpp or look under PulseProg 
 

6. rga will find the receiver gain 
 

7. zg will start the experiment  
 

8. Do not forget to write a suitable title, go to Title 
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2: Experiment setup: Coupled 13C 
 
1. wrpa exp.no (give it the next available exp.no in the same folder). This will copy the 

spectra and the parameter list to a new experiment folder in the same name. 
 

2. re exp.no, will take you to the desired experiment number. 
 

3. Modify the acquisition parameters 
 

 PULPROG (the pulse programme) should now be zg30 

If need to be changed, load a pulse programme by pressing  and then look 
up and mark the desired pulse sequence. Confirm by click on ”set pulprog”. 
 

 ns (number of scans) should be twice as many as in the last experiment. 
 

4. getprosol. 
 

5. If you want to look at the pulse programme, write showpp or look under PulseProg 
 

6. rga will find the receiver gain 
 

7. zg will start the experiment  
 

8. Do not forget to write a suitable title, go to Title 
 

 
3: Experiment setup: Decoupled 13C without NOE (two setups) 
 

Spectrum 1 
1. wrpa exp.no (give it the next available exp.no in the same folder). This will copy the 

spectra and the parameter list to a new experiment folder in the same name. 
 

2. re exp.no, will take you to the desired experiment number. 
 
3. Modify the acquisition parameters 

 PULPROG (the pulse programme) should now be zgig  
 

 Set d1 to 0.5 
 

4. getprosol. 
 

5. Press  in AcquPar and change the p1 value (90o degree angle) to the value for a 
45-60o angle. (If the p1 value is for example 12, set it to 6) 
 

6. If you want to look at the pulse programme, write showpp or look under PulseProg 
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7. rga will find the receiver gain 
 

8. zg will start the experiment  
 

9. Do not forget to write a suitable title, go to Title 
 

Spectrum 2  
10. wrpa exp.no (give it the next available exp.no in the same folder). This will copy the 

spectra and the parameter list to a new experiment folder in the same name. 
 

11. re exp.no, will take you to the desired experiment number. 
 

12. Modify the acquisition parameters 
 Set d1 to 10 

 
13. rga will find the receiver gain 

 
14. zg will start the experiment  

 
15. Do not forget to write a suitable title, go to Title 

 
 
The Spooler 
The four experiments can be put in a queue. If you give the commands rga, zg when you 
stand in the actual experiment they will be sent to the spooler and there queued. You can 
open the spooler to see when the last command will be finished. 
 
Long runs 
An advice to you who want to run a carbon over night is that you should save scans in even 
periods. So that you do not loose already the recorded data if there will be a power-cut. 
This you can do easily by the parameters TD0 and NS. The value of TD0 (default 1) 
decides how many times NS will be saved. For example if ns=1024 and TD0=4. The 
computer will save 1024 scans 4 times so in total there will be 4096 scans recorded. 
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Processing Experiments 
 
1. Process the spectra according to the ”Bruker 1D processing NMR-manual for 1H and 

13C” 
 Integrate the two “1H decoupled 13C without NOE” spectra 

 
 

*Explain how the experiment works and the difference between them. 
Which information can you get out from the respective experiment? 
 
*If the non protonated carbon signals are hard to see which parameter should be changed? 
And why?  
 
*What affects the accuracy of your integrals? 
 


