Assignment 1:
BASIC OPERATIONS 

(Newest manual at: http://www.chem.binghamton.edu/staff/schulte/AM-Tecmag-Manual.doc
Free Processing software: http://www.chem.binghamton.edu/staff/schulte/MestreC.exe )

First Step: 
Log on to the DELL PC (Alt – Ctrl – Delete, then enter your username
 

and password) and launch NTNMR before doing anything else.
Locking and Shimming the Sample (on the console)

1. Remove the standard sample (press: orange – lift) and insert your sample into the magnet.
Spin the sample at 20 ±2 Hz and keep the temperature constant (300 K) during the experiment.

2. Set first the “LOCK POWER” and then the “FIELD” to the proper values for your solvent (see table 2) or until you can cleary see a strong lock signal centered on the screen. 
If you use a mixture of 2 solvents, try both FIELD settings and use the stronger signal.

3. Set the “LOCK PHASE” to 275, then press the “AUTO LOCK” button and wait until its diode and the  “LOCK GAIN” diode have stopped flashing.

4. Adjust the “LOCK PHASE” to maximize the position of the lock signal on the screen.  If you can make the lock signal leave the screen, just decrease the LOCK GAIN to let it reappear and continue correcting the LOCK PHASE.

5. Adjust the “Z” and “Z2” shims for a maximum position of the lock signal. 
Again, use LOCK GAIN to keep the signal visible. Repeat until there is no further improvement.

6. Press the “STDBY” button to deactivate the wheel.

7. For overnight experiments only:
Press “AUTO SHIM”, “Z”, “Z2”, “AUTO SHIM”.



Notes:

–
If the lock signal cannot be seen on the display, press CTRL-L to switch it on.

–
If the lock signal is unstable, decrease the “LOCK POWER” and increase the “LOCK GAIN.”

Routine 1H  and 13C Experiments

1. Press Ctrl-O or click File | Open
 
and select the desired parameter file from the directory C:\NTNMR\data:
 

Proton NMR parameters: “1H – solvent.tnt”

Carbon NMR parameters: “13C – solvent.tnt”


2. Click on “File | Save as “  (not “Save”!!!!), then move to your group’s subdirectory, 
 
and select a NEW filename which will later be used to store your spectrum.

NEVER OVERWRITE ANY OLD FILES!

The default number of scans is set to 8 for 1H and 400 for 13C spectra.

To change: click “View | Dashboard “ and change the setting for “Scans 1D” 

under the Acquisition tab. The number must be a multiple of 8.
 
For very concentrated samples (> 5%) you may also want to reduce the Receiver Gain
 
under the Hardware tab. Turn off the dashboard when done.

3. Press Ctrl-Z or click on the ZG button to start the data acquisition. 
 

(The counter on the bottom right will indicate the progress.
 

  You can stop the experiment early with the yellow stop button at the top.)

4. Your spectrum will only be saved, after you press Ctrl-S. 
 
If you run an overnight experiment, leave a note with instructions for stopping and saving the data. 
 
The following steps can be done on your own PCs using TecMag’s processing software or MestReC.
You can access your NMR data files through the network on the computer “AM360”.

5. Press Ctrl-B to correct the baseline.


6. 13C only: press Ctrl-E to perform an exponential multiplication.


7. Press Ctrl-F to Fourier transform and Ctrl-H for an automatic phase correction. 
 

 
Manual phase correction (if needed):
Select “Option | Phase Adjustment ”, click on the strongest peak and click the Set Pivot button. 
Use the Phase 0 slider to adjust the phase of the signal at the pivot point. 
Use Phase 1 to adjust the other signals in the spectrum. 
If you reach the end of the range for either slider, click the Apply button below the sliders and continue adjusting the phase. Then click the Apply button at the bottom to finish.
 

8. Press Ctrl-B to correct the baseline after the phase correction is completed.
If the baseline still isn’t flat, do a manual baseline correction:
Display the complete spectrum and use the arrow keys to increase the baseline to ½ inch.
Select “Option | Baseline Fix ” and click the “Calculate” button.
Match the curvature of the baseline as closely as possible by moving the  X  boxes. Click Apply.


9. Change the appearance of the spectrum: 
- You can zoom into the spectrum with a click-and-drag operation of the mouse.
 
To return to the complete spectrum double-click on the mini-display area on the top right.
- The Up/Down arrows on the keyboard adjust the size of the spectrum.
 
Also try the auto scale button.
- Double-click on the scale to bring up the Axis Setup window. Recommended settings:
 
Uncheck “Show Grid” and check “Adjust Ticks on Zoom”. Set “Units” to “ppm”.
 
The three settings in the “Tick Marks” box should be: 2, 10 and 2 

10. Calibration of the chemical shift reference (expand spectrum, if necessary):
-Left-Click on the reference peak (TMS or Solvent).
-Right-Click anywhere in the spectrum and select Processing | Set Reference.
-Select ppm units and enter the correct reference value. Click OK when done.


11. Peak picking
-Select Option | Peak Pick. 
-You can adjust the height of the black horizontal bar that will appear.
 
All peaks that come out of the black area will be picked. 
-Click on Apply when done. The program will only number the peaks at this point. 
 
Later, before you print, you can decide what the labels should be (i.e. ppm).
-Zoom into the spectrum and delete or add other peaks. Click Exit when you are done.

12. Integration
Select Option | Integrals. 
-First, display the complete spectrum and click on Remove to erase any pre-existing integrals.
-Click-and-drag the mouse over the signal you wish to integrate. (Expand, if necessary)
-Right-click in the highlighted area and select Add Integral. Repeat for other peaks.
-Double-click on any one of the integrals. Set the Active Integral to select the integral 
 
you wish to normalize. 
-Set the Assigned value to the desired value. Click Apply and then Close. 
-In the left panel change the labels to Assigned Value. Exit.

13. -Select Option | Amplitude Adjustment to define the size and width of the print region.

14. -Use the File | Print Layout dialogue to select and modify the settings for the printout.
-Uncheck Parameters, Line Fit and  Logo.
-Check Integrals and under Settings check Show Value.
-Check Peak Picks and under Settings set Label by chemical shift. 
  
Set the Precision to 2 or 3 (digits after the decimal point).
-Enter or change the title for the printout under Comment Settings, if desired.
-Grab the scale and drag it all the way to the bottom.
-Click on the printer icon to print out the spectrum.
-You can save the current layout with File | Save Print Template  and reuse it later for other spectra.


Assignment 2:
Pulse Width Determination:

(sample: 5 % Ethylbenzene in CDCl3)

1. Read the proton parameter file for your solvent. 

2. Record one scan and process with Ctrl-B, (Ctrl-E for C-13 only), Ctrl-F, Ctrl-H.
Save the spectrum with File | Save as.

3. Click the mouse cursor on a signal in the center of the spectrum.
Select Scripts | Acquisition Scripts | Set Obs. Freq.
4. Open the Dashboard 
Under Acquisition set Points2D to “25”. Set Scans1D to “1”.Set Dummy Scans to “0”.
Under Sequence set h90 or p90 to “0u”. Set Last Delay to “60s”.

5. Click on the Pulse Sequence icon to open the pulse sequence editor.
In the Delay line: click on h90 or p90 and select 2D Table.
A new event line (Delay_2D) will appear at the bottom.
Right-click on the de0:2 item in that line. A delay table box will open.
Select Auto and enter “2u” as increment value. Click OK. 

6. Close the pulse sequence editor, define a filename (File | Save As) and start ZG.
Don’t forget to save the data again after the experiment has finished.


7. Processing: Open the data file and process it as usual. Manual phase correction!!!
Then click on File | Revert to Saved.

8. Hold down the Shift key and click on the NDFT button to open the processing dialogue.

9. Under the 1D tab check: Use 1D settings, Baseline correction, Fourier Transform, and 
Use System Phasing. Apodization: Exponential with LB: 0.5 for 1H and 4 for 13C.
Click on Do It when done.

10. Click on the 2D display button (sixth button from left).

11. Right-Click anywhere in the spectrum, select Data Type | Real
12. Set Mode to Stack Plot and adjust the levels to see all spectra.
Grab and move the edges and corners of the frame to define the appearance of the spectra.
Change the amplitude of the spectra as desired.
Double-Click on the ppm scale and turn it off.

13. Select File | Add To Print Layout and define the printout settings. 

 Assignment 3:
C-13 without Proton Decoupling 

(sample: 90 % Ethylbenzene in CDCl3)


1. Press Ctrl-O or click File | Open
 
and select the desired 13C parameter file from the directory C:\NTNMR\data:
 
Carbon NMR parameters: “13C – solvent.tnt”


2. Open the Parameter Dashboard.
Under “Acquisition” set “SCANS_1D” to “8”. 
Under “Sequence” set “Last Delay” to “5s”. 


3. Open the Pulse Sequence Window.
Remove all pulses from the “DEC_RF” line.
Remove all pulses from the “BB_MOD” line.
Remove all phases from the “DEC_PH” line.


4. Press Ctrl-Z or click on the ZG button to start the data acquisition. 
(Wait for the experiment to finish. The counter on the bottom right will indicate the progress.)

5. Click on “File | Save as “  (not “Save”!!!!), then move to your group’s subdirectory, 
 
and select a NEW filename which you want to use to store your spectrum.

NEVER  OVERWRITE  ANY  OLD  FILES!

6. Processing can be done offline on any computer with processing software. 
Process with Ctrl-B, (No Ctrl-E !!!!), Ctrl-F, Ctrl-H, 
Do the usual manual steps for phase correction, calibration, peak picking, expansion, etc….


7. First, print the complete spectrum with a ppm scale and ppm peak picking.
(recommended: 160 – 0 ppm)
Then, print expansions of the peaks with a Hz scale and Hz peak picking.
(recommended: 40 – 0 ppm and 150 – 110 ppm)


Assignment 4:
Decoupling Experiments 

(sample: 90 % Ethylbenzene in CDCl3)


1. Press Ctrl-O or click File | Open
 
and select the desired 13C parameter file from the directory C:\NTNMR\data:


2. Open the Pulse Sequence Window and the Parameter Dashboard.
Under “Acquisition” set “SCANS_1D” to “8”. 
Under “Sequence” set “Last Delay” to “5s”. Then select one of the following experiments:


a. High Power CPD Decoupling: 
Under “Hardware” set “Dec. Attn.” to “116”.





Insert “DEC_RF” pulses in every column.





Insert and continue “Async Table” phases in the “DEC_PH” 
 




line for all columns, beginning with the fifth column.


b. High Power BB Decoupling: 
Under “Hardware” set “Dec. Attn.” to “116”.
 




Remove all phases from the “DEC_PH” line.
 




Insert “BB_MOD” pulses in every column.

c. Low Power BB Decoupling:

Under “Hardware” set “Dec. Attn.” to “140”.
 




Remove all phases from the “DEC_PH” line.
 




Insert “BB_MOD” pulses in every column.

d. Off-Resonance CW Decoupling:
Under “Hardware” set “Dec. Attn.” to “116”.





Remove all pulses from the “BB_MOD” line.
 




Remove all phases from the “DEC_PH” line.
 




Insert “DEC_RF” pulses in every column.
 Run off-resonance experiments for each of the following five “F2 Offset Freq.” values:
 
 4.768 kHz (CH3 on resonance), 5.261 kHz (CH2 on resonance), 
 
 6.920 kHz (aromatic H’s on resonance), 10 kHz, 20 kHz.

3. Press Ctrl-Z or click on the ZG button to start the data acquisition. 
(Wait for the experiment to finish. The counter on the bottom right will indicate the progress.)

4. Click on “File | Save as “  (not “Save”!!!!), then move to your group’s subdirectory, 
 
and select a NEW filename which you want to use to store your spectrum.

NEVER  OVERWRITE  ANY  OLD  FILES!

5. Repeat from Step 2 to perform the rest of the experiments in a similar manner.


6. Processing can be done offline on any computer with processing software. 
Process as any C-13 spectrum.
Print spectra 2a and 2b with a ppm scale and ppm peak picking.
Print all other spectra with a Hz scale and Hz peak picking.


Assignments 5&6:
T1 and T2 Relaxation Measurements 

1. Read the parameter file for your solvent.

2. For proton experiments, write down the “F1 Offset Freq.” from the dashboard.

3. Read the file: T1-1H, T1-13C, T2-1H or T2-13C  for the experiment you want.

4. For proton experiments, enter the “F1 Offset Freq.” from step 2.

5. Set “Points2D” to “10”.
Set “Scans1D” to the desired number of scans (should be very small).
(1 scan will take approximately 2 (1H) or 4 (13C) minutes per delay.)

6. Click on the Pulse Sequence icon to open the pulse sequence editor.
(T1) In the line Delay_2D: right-click on the red icon to open the list.
(T2) In the line Loop_2D: right-click on the red icon to open the list.
Enter the following values into the table:

  1H-T1: 
0.01s  0.1s  0.5s  1s  1.5s  2s  4s  10s  25s  60s
13C-T1: 
0.01s  1s  3s  5s  8s  12s  15s  30s  60s  120s

13C and 1H-T2: 2  20  50 100  200  300  400  500  750  1000


(There have to be exactly as many entries in the table as you specified in “Points2D”.)

7. Close the pulse sequence editor, define a filename (File | Save As) and start ZG.
Don’t forget to save the data again after the experiment has finished.

8. Processing: Open the data file and process it as usual.
For the T1 experiments correct the phase until all peaks are negative. 
For the T2 experiments correct the phase until all peaks are positive. 
Then click on File | Revert to Saved.

9. Hold down the Shift key and click on the NDFT button to open the processing dialogue.

10. Under the 1D tab check: Use 1D settings, Baseline correction, Fourier Transform, and 
Use System Phasing. Apodization: Exponential with LB: 0.5 for 1H and 4 for 13C.
Click on Do It when done.

11. Click on the 2D display button (sixth button from left).

12. Right-Click anywhere in the spectrum, select Data Type | Real
13. Set Mode to Stack Plot and adjust the levels to see all spectra.
Grab and move the edges and corners of the frame to define the appearance of the spectra.
Change the amplitude of the spectra as desired.

14. Select File | Add To Print Layout and define the printout settings. 

Assignment 7:
1H NOE Difference Measurements

1. Read the 1H parameter file for your solvent.

2. Open the Dashboard, click on the Frequency tab, and write down the “F1 Offset Freq.”

3. Open File | NOE Difference (CDCl3).tnt
Enter the “F1 Offset Freq.” that you found in step 2.

4. Start the Experiment to get your initial proton spectrum.

5. Process with: Ctrl-B, Ctrl-F, Ctrl-H
6. First, click the mouse cursor on a point in the spectrum where there are no signals.
Select Scripts | Acquisition Scripts | Set Dec. Freq.
Write down the value of the new “F2 Offset Freq.” from the dashboard.

7. Then, click the mouse cursor on a signal which you want to irradiate.
Select Scripts | Acquisition Scripts | Set Dec. Freq.
Write down the value of the new “F2 Offset Freq.” from the dashboard.

8. Repeat step 7 for all peaks you want to irradiate.
You need 2, 4, or 8 frequencies for this experiment to work.

9. On the Dashboard, set the “F2 Offset Freq.” to zero.
Set “Points2D” to the number of frequencies that you have selected.
Set “Scans1D” to the desired number of scans (should be several hundred).
(800 scans will take approx. one hour per selected frequency.)

10. Click on the Pulse Sequence icon to open the pulse sequence editor.
In the line O2_2D: right-click on the red icon to open the frequency table.
Enter all the frequency values you wrote down into the table.
(There have to be exactly as many entries in the table as you specified in “Points2D”.)

11. Close the pulse sequence editor, define a filename (File | Save As) and start ZG.
Don’t forget to save the data again after the experiment has finished.

12. Processing: Open the data file.

13. Select Scripts | Processing Scripts | 2D to 1D and convert the data.

14. Extract the single FIDs by using Commands | Data Manipulation | Read First Half
and/or Commands | Data Manipulation | Read Second Half combinations.
(i.e. for 4 spectra: #1 is first,first, #2 is first,second, #3 is second,first, #4 is second,second)
Save each segment separately using unique filenames.

15. Reference spectrum: Read, process and print the reference spectrum (#1) first.


16. Generation of difference spectra: First, close all open spectrum windows!!!!!
Select Scripts | Processing Scripts | AddSubtract and select the files that you want to subtract. Make sure the Subtract button is activated. File2 always has to be the reference FID.
After finishing the subtraction use Ctrl-Tab to find the difference FID (smallest amplitude)
and process it using Ctrl-B, Ctrl-E, Ctrl-F, Ctrl-J, Ctrl-B. Integrate the NOE signals and the negative reference peak, set the reference integral to “-100”.
Print using the same ppm range as for the reference spectrum.
The integrals show directly the NOE enhancements in percent.

Assignment 8:
13C DEPT
(to determine CH multiplicities)

1. Press Ctrl – O and open the file “DEPT 45-90-135.tnt”.

2. Open the dashboard and set the number of scans to any multiple of 32.
(The experiment cannot be interrupted. Use the exact number of scans!
  32 scans will take approx. 6 minutes.)

3. Use “File | Save as” to define the filename in your data directory.

4. Start the experiment with Ctrl – Z.
5. Press Ctrl – S to save the data after the experiment has finished.

6. Process the first spectrum just like a normal C-13 spectrum.

7. Select “File | Revert to Saved”
8. Hold down the shift button and click on the “NDFT” button.
Select: Use 1D Settings
 
Baseline Correction

Apodization: Exponential
 
Fourier Transformation
LB: 2
 
Reverse Spectrum
 
Use System Phase
and click the “Do It” button when finished.

9. Use the “2D” box to view the three spectra.


Printing:

10. Select File | Print Layout and un-check every box, except “Axis” and “Comment”.
Enter any comment title you want. 

11. Press the 2D Display button.
Change the “Mode” to “Stack Plot”.

12. Un-check the “Whitewash” box.

13. Right-click on the spectrum and set the Data Type to “Real”.

14. Click the lower right edge of the spectrum and drag it to the top of the screen.

15. Click the upper right edge of the spectrum and drag it to the bottom of the screen.
The ideal display will be rectangular.

16. Change the “Scale” value until the spectra don’t touch any more.

17. Double-Click on the axis and un-check “Axis Visible”.

18. Select “File | Add To Print Layout”
19. Match the size of the spectra to the size of the scale.

20. Print.




Assignment 9:
SOLID State NMR is only possible on the AC-300!!!

Assignment 10:
HETCOR 
1. Press Ctrl – O and open the Proton parameter file.

2. Record a proton spectrum, and process: Ctrl – B, Ctrl – F, Ctrl – H, calibrate and save it.

3. Display the complete spectrum on the screen.

4. Using the mouse, mark the part of the spectrum that contains signals. DON’T EXPAND!

5. While the selected area is highlighted in black on the screen, select:
 
Scripts | Acquisition Scripts | Set New SW
6. Select:
View | Dashboard
and write down the values for SW+/- and F1 Freq. Offset. for Protons.
7. Press Ctrl – O and open the Carbon-13 parameter file.

8. Record a C-13 spectrum, Ctrl – B, Ctrl – E, Ctrl – F, Ctrl – H, calibrate and save it.

9. Display the complete spectrum on the screen.

10. Using the mouse, mark the part of the spectrum that contains signals. DON’T EXPAND!

11. While the selected area is highlighted in black on the screen, select:
 
Scripts | Acquisition Scripts | Set New SW
12. Select:
View | Dashboard
and write down the values for SW+/- and F1 Freq. Offset. for Carbons

13. Press Ctrl – O and open the file “Hetcor.tnt”.

14. Select:
View | Dashboard
and enter the Carbon values for SW+/- and F1 Freq. Offset.
Enter the Proton values for SW2D and F2 Freq. Offset. Double SW2D !!!!
Make F1 Base Freq. = 90.56 and F2 Base Freq. = 360.13.
Make Points1D and Acq.Points both 1024.
Make Points2D = 128 and Scans1D = 32.
Define a filename (File | Save As)

15. Start the experiment by clicking the ZG button.
Check the duration of the experiment on the status line at the bottom of the window.
If it takes too long, press the red Stop button and
decrease Points1D, Points2D or Acq.Points. (Try half the previous settings.)
If you have a dilute sample, increase Scans1D (multiples of 32)

16. Save the data when the experiment has finished!!!!!!!

17. Processing:

a. Hold down the Shift key and click on the NDFT button to open the processing dialogue.

b. 1D tab: Use 1D settings and Fourier Transform, Apodization: Exponential with LB=5.
c. 2D tab: Use 2D settings, Zero Fill, Fourier Transform and Reverse Spectrum.
d. Click on Do It when done.

e. Click on the 2D display button (sixth button from left).

f. Right-Click anywhere in the spectrum, select Data Type | Magnitude
g. Set Mode to Contour and adjust the levels to see all crosspeaks.

h. Right-Click on a known signal and select Set Reference. 
Enter the correct chemical shifts for the horizontal and vertical dimensions.

i. Select the region of interest and expand it.

j. Select File | Add To Print Layout and define the printout settings. 

Assignment 11: 
COSY  or  NOESY
1. Press Ctrl – O and open a Proton NMR file.

2. Record a proton spectrum, Fourier-transform, calibrate and save it.

3. Display the complete spectrum on the screen.

4. Using the mouse, mark the part of the spectrum that contains signals. DON’T EXPAND!

5. While the selected area is highlighted in black on the screen, select:
 
Scripts | Acquisition Scripts | Set New SW
6. Select:
View | Dashboard
and write down the values for SW+/- and F1 Freq. Offset.
7. Press Ctrl – O and open the file “COSY.tnt” or “NOESY.tnt”.

8. Select:
View | Dashboard
and enter the values for SW+/- and F1 Freq. Offset.
Enter the same values for SW2D and F2 Freq. Offset.
Make F1 Base Freq. and F2 Base Freq. both 360.13.
Make Points1D and Acq.Points both 1024.
Make Points2D = 512 and Scans1D = 8.


9. Start the experiment by clicking the ZG button.
Check the duration of the experiment on the status line at the bottom of the window.
If it takes too long, press the red Stop button and
decrease Points1D, Points2D and Acq.Points simultaneously. (Try half the previous settings.)
If you have a dilute sample, increase Scans1D (multiples of 8).


10. Processing:

a. Hold down the Shift key and click on the NDFT button to open the processing dialogue.

b. Under the 1D tab check only: Use 1D settings and Fourier Transform.
c. Under the 2D tab check only:
 Use 2D settings, Zero Fill, Fourier Transform and Reverse Spectrum.
d. Click on Do It when done.

e. Click on the 2D display button (sixth button from left).

f. Right-Click anywhere in the spectrum, select Data Type | Magnitude
g. Set Mode to Contour and adjust the levels to see all crosspeaks.

h. Right-Click on a known signal and select Set Reference. 
Enter the correct chemical shifts for the horizontal and vertical dimensions.

i. Select the region of interest and expand it.

j. Select File | Add To Print Layout and define the printout settings. 

