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Assignment #1:
Basic Spectrometer Operations

A.Ia
Locking and Shimming the Sample

1. Insert your sample into the magnet (press: orange – LIFT), spin the sample at 20 ±2 Hz, and keep the temperature constant (300 K) for the rest of the experiment.

2. Read the shim matrix file for the solvent you are using:  
EXE   S05CDCL3SYMBOL 191 \f "Symbol" (i.e. for chloroform, see tables 1 + 2 for other solvents)

3. Set the “FIELD” and the “LOCK POWER” to the proper values for your solvent 
(see table 2) or until you can cleary see a strong lock signal centered on the screen. 

4. Press the “AUTO LOCK” button and wait until its diode and the  “LOCK GAIN” diode have stopped flashing.

5. 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.

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

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

8. 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 (big sine waves) , decrease the “LOCK POWER” and increase the “LOCK GAIN.”

A.Ib
Routine 1H and 13C Experiments

1.
Read the parameters for the experiment:



RJ  JH5CDCL3SYMBOL 191 \f "Symbol"
(for a 1H experiment with a chloroform-d  solution.



PJ SYMBOL 191 \f "Symbol" SYMBOL 191 \f "Symbol"


 See table 1 for other solvents.)



II SYMBOL 191 \f "Symbol"

(For 13C and only on the AC-100 !!!):
Enter  MOD SYMBOL 191 \f "Symbol" 1 SYMBOL 191 \f "Symbol"

Enter RGA SYMBOL 191 \f "Symbol"


(wait until you see “AUTO RG FINISHED…”)


Change the number of scans with NSSYMBOL 191 \f "Symbol" if desired.

2.
Type:
ZG SYMBOL 191 \f "Symbol"


(wait until NS scans have been acquired)


(If the FID is clipped horizontally, decrease RG and repeat ZG()

3.
Save the FID:
WR filename.extn SYMBOL 191 \f "Symbol"

(To retrieve a saved file later, type: RE  filename.extnSYMBOL 191 \f "Symbol"  PJ filename.extnSYMBOL 191 \f "Symbol")
4.
For 13C only: Enter LB SYMBOL 191 \f "Symbol" 2 SYMBOL 191 \f "Symbol" EM(
5.
To zero-fill the 1H FID, type:  SI SYMBOL 191 \f "Symbol" 32 SYMBOL 191 \f "Symbol"
6.
Type:
FT SYMBOL 191 \f "Symbol"


APK SYMBOL 191 \f "Symbol"


(If the spectrum has a sinusoidal baseline, decrease RG and repeat from step 2.)
7.
Enter the Manual Processing Mode, to do a manual phase correction, if needed.(EP SYMBOL 191 \f "Symbol")

8.
Perform a baseline correction: ABS INT1.001 SYMBOL 191 \f "Symbol" before you integrate.

Re-enter the Manual Processing Mode, to integrate, etc...(EP SYMBOL 191 \f "Symbol")

9.
Plot the spectrum only:
PX SYMBOL 191 \f "Symbol"
	If PXB or PXI won’t start plotting, you will have to integrate again.



Plot the integral only:

PXI INT1.001 SYMBOL 191 \f "Symbol"

Plot both (use 2 pens):
PXB INT1.001 SYMBOL 191 \f "Symbol" 

10.
Eject the page:


NP SYMBOL 191 \f "Symbol"
Notes:

–
Use two differently colored pens in the plotter.

–
Substance requirements for standard conditions:


  1H  :   5 mg (MW = 500),

13C  : 50 mg (MW = 500)
A.Ic
Steps for Manual Processing of NMR Spectra

Type “EP (” to enter the expansion and processing mode.

Phase correction (in the EP mode):

1. Move the curser to the first strong signal in the spectrum. Press “P”.

2. Press the vertical display (+) button, until the noise covers half a box of the grid.

3. Turn knob C to properly adjust the phase of the signal at the cursor position.
(If you reach the end of the range for knob C, then press Ctrl-C to reverse it.)

4. Move the spectrum to the last strong signal in the spectrum (knob A).

5. Turn knob D to properly adjust the phase of this signal. Do not change C anymore! 
(If you reach the end of the range for knob D, then press Ctrl-D to reverse it.)

6. Press “M” to store the phase correction into the memory. Hit “SYMBOL 191 \f "Symbol"” to exit.
7. Perform a baseline correction: ABS INT1.001 SYMBOL 191 \f "Symbol" before you integrate. Type EPSYMBOL 191 \f "Symbol" to continue.
Calibration of the ppm scale(still in the EP mode):

1. Find the solvent signal or the TMS signal, if present.

2. If all the values on the screen are displayed in Hertz, press “:”.

3. Place the cursor exactly on top of the signal and press “G”.

4. Type the correct chemical shift value for this signal (i.e. “7.27p” for chloroform-d).

Integration of the spectrum (still in EP mode):

1. Place the cursor to the left of the signal at LOWEST field.

2. Press “I” to enter the integration routine. And press “Z” to mark the beginning of the integral.

3. Move the cursor to the right of the signal and press “Z” to mark the end of the integral

4. Repeat steps 2 to 4 for each signal of interest.

5. You can normalize the integrals if you move the cursor onto the last data point of an integral, type “A” and enter a number for the area of this integral.

6. After defining the last integral press “E”.

7. Press “(“ to accept the displayed filename or change it. This is the file which you will use to print out the integrals with PXB or PXI. Remember the name!
Defining the plotting parameters (still in EP mode):

1) To define the plotting range press “F” and enter low and high field limits in ppm.

2) To define the minimum intensity for ‘peak picking’ place the cursor on top of the smallest signal to be picked.
Press “M” and re-enter the displayed value. Terminate with:


“P” to pick positive peaks only (for normal 1H or 13C)

or
“N” to pick negative peaks only

or
“(“ to pick positive AND negative peaks (i.e. for DEPT)

3) Either: Define the height for one particular peak: Place the cursor on top of it and press “CY” without return. Enter the height of the signal and then the length of the plot in centimeters.

4) Or: Define the height for the tallest peak in the region visible on the screen: 
Press “Y” and enter the corresponding values.

5) The rest of the parameters have to be entered outside of EP. Press “(“ to exit.

6) Set MAXX = 25, X0 = 0, Y0 = 0, CX = 25.
Set MAXY = 14 for 1H and  = 17 for 13C.
If you have NOT defined the height of the signals inside EP (Step 3 or 4), set CY = 12.

7) Enter “DPO (“ to define the ‘digital plotter options’. Answer all the questions so that you will receive the desired output of your spectra. 
Notes: -if you want to print the integration, the ‘offset’ has to be ( 2.5 cm.
           -with CX (20 the parameters have to be printed in the upper left corner.

8) Enter “PEN (“ to define the colors for spectra, ppm-scale, integral, etc.
Use numbers 1 - 7 according to the position of the pens used in the plotter’s caroussel. Plot:

a) Plot the spectrum only:
PX SYMBOL 191 \f "Symbol"
b) Plot the integral only:

PXI INT1.001 SYMBOL 191 \f "Symbol"
c) Plot both (use 2 pens):
PXB INT1.001 SYMBOL 191 \f "Symbol" 

9) To get a printout of all experimental parameters:
- Press the “Print on/off” button to turn on the printer and type LP to list the parameters.
- Press the “Print on/off” button again to turn the printer off.
10) Eject the page:


NP SYMBOL 191 \f "Symbol"
 A.Id
Leaving the Spectrometer

1.
Put the D2O sample into the magnet.

2.
Type:  EXE FINISH SYMBOL 191 \f "Symbol"
3.
Verify the settings of the Temperature unit:


Temperature:  300 K


Heater Power Limiter:  5 to 6

4.
Please remove used tissues, used plotter paper and plotter pens from the console.


Remove your samples as soon as possible from the spectrometer. Unclaimed sample


tubes and glassware will be discarded after one month.

5.
Write your experiments or other activity at the spectrometer, their duration and the status of the spectrometer into the log book.


Please report any kind of irregularities.

6.
The door to G-14 has to be locked all the time, not just during the night!
If the air conditioner is running, you may have to pull the door to shut it.

Assignment #2:
Pulse Width Calibration
1. Lock and shim the sample containing 5% ethylbenzene in CDCl3.

2. Read the proton standard parameters. 
 
  RJ  JH5CDCL3 (   
 
  PJ  ( (     

3. Make the following changes: 
      AC-300:  PW = 12, NS = 1, RD = 10, SI = 32, TD = 32, SW = 4000, LB = 0.3, DS = 0 
      AF-100:  PW =  8,  NS = 1, RD = 10, SI = 16, TD = 16, SW = 4000, LB = 0.6 

4. Type: RGA ( , wait until you get the message "AUTO RG FINISHED". 

5. Record the FID with: ZG ( (wait approx. 15 seconds or until finished)

6. Perform EF ( and then APK (. 

7. Inside the EP mode: 
         Calibrate the ppm scale. 
         Put the cursor in the center of the CH2 quartet and type "O1M (" 
 
   No further processing is needed at this point.

8. On the 100 MHz spectrometer only: reduce SW to 1500.

9. Record a new FID with ZG ( . 
        Set AI = 1, then perform EF ( and a manual phase correction. 
 
  Define the plotting region with “F” (7.5 to -0.5 ppm). Exit EP with “(”.

10. Set PW = 1, CX = 18, CY = 5, X0 = -0.2, Y0 = -2.2, MAXX = 25, MAXY = 17 

11. Enter DPO ( and answer all questions with “N”,      except:     offset: 5.5 

12. Type ZG ( 
         After the FID has been recorded (15 seconds) type EFP (. 
         Type ABS ( ( to flatten the baseline. 
         Enter EP ( and measure the intensities of the tallest peak in each of the three multiplets.
 
   (use the “E” key to toggle the correct display mode.) 

13. Only for every third spectrum (i.e., when PW = 1, 4, 7, 10, ...) do this step:
Use the Vertical Display +/- buttons to set the scale to “1”.
Press “Ctrl-F” and then “X” to plot. Press “(” to exit from EP. 
After each plot increase X0 by 0.2 and Y0 by 0.2 

14. After leaving the EP mode (((): increase PW and repeat from step 12. 
         (Increase PW by 1 μs until 34. Above 34 use 3 μs increments and print each spectrum.) 


Print all relevant parameters:  Turn on the printer, type LP ( and turn off the printer. 

Assignment #2:
Pulse Width Calibration (with integration)
1. Lock and shim the sample containing 5% ethylbenzene in CDCl3.

2. Read the proton standard parameters. 
 
  RJ  JH5CDCL3 (   
 
  PJ  ( (     

3. Make the following changes: 
      AC-300:  PW = 12, NS = 1, RD = 10, SI = 32, TD = 32, SW = 4000, LB = 0.3 
      AF-100:  PW =  8,  NS = 1, RD = 10, SI = 16, TD = 16, SW = 4000, LB = 0.6 

4. Type: RGA ( , wait until you get the message "AUTO RG FINISHED". 

5. Record the FID with: ZG ( (wait approx. 15 seconds or until finished)

6. Perform EF ( and then APK (. 

7. Inside the EP mode: 
         Calibrate the ppm scale. 
         Put the cursor in the center of the CH2 quartet and type "O1M (" 
 
   No further processing is needed at this point.

8. On the 100 MHz spectrometer only: reduce SW to 1500.

9. Record a new FID with ZG ( . 
        Set AI = 1, then perform EF ( and a manual phase correction in EP(. 
  
Integrate all proton signals and save the integral as “INTEGRAL”. 

Define the plotting region with “F” (8 to 0 ppm). 
Exit EP with “(” when done.

10. Enter DPO ( and answer all questions with “N”,      except:     offset: 5.5 
Turn on the printer (Print-on/off button) and leave it on for the rest of the experiment.

11. Set PW = 1, CX = 17, CY = 5, X0 = -0.3, Y0 = -2.3, MAXX = 25, MAXY = 17 

12. Type ZG ( to record a new FID.
   After the FID has been recorded (15 seconds) type EFP (. 
   Type ABS ( ( to flatten the baseline. 
   Type LI  INTEGRAL ( to get a printout of the integrals. 

Only every third spectrum (i.e., when PW = 1, 4, 7, 10, ...) should be printed:
   Increase X0 by 0.3 and Y0 by 0.3 before typing PX ( to plot.  

13. Increase PW and repeat from step 12. 
   (Increase PW by 1 μs up to 34. Above 34 use 3 μs increments and print each spectrum.)

14. To print all relevant parameters, type LP ( and turn off the printer.
Assignment #3:
Carbon-13 without decoupling
1. Lock and shim the sample containing 90% ethylbenzene in CDCl3. 

2. Read the carbon-13 standard parameters: 
        RJ   JC5CDCL3 ( 
        PJ   JC5CDCL3 (
        II (
You will see the indicator lights for the decoupler light up on the console.
3. Type PO ( and make sure the decoupler is really off (indicator lights). 

4. Make the following changes: 
   AC-300:   NS = 128, PW = 2, RD = 1, LB = -1, GB = 0.1, SI = 128, TD = 128 
   AF-100:    NS = 1024, PW = 2, RD = 1, LB = -1, GB = 0.1, SI = 32, TD = 32 

5. Type: RGA ( , wait until you get the message "AUTO RG FINISHED". 

6. Record the FID with: ZG ( 

7. Type GM ( and FT (. 

8. Perform all processing steps in the EP mode: 
     Correct the phase, calibrate the ppm scale and define the plotting region with "F".

9. Enter DPO ( and define your plotting parameters. 

10. First, plot the whole spectrum (150 to 0 ppm) with peak picking in "ppm". 
     Then plot expansions with peak picking in "Hz". 
     Plot expansions of the signals (40 to 0 ppm  and  150 to 110 ppm). 


Print all relevant parameters: Turn on the printer, type LP (, turn off the printer.

Process the data again:

1. Type RE FID1 ( to recall the FID.

2. Set LB = 2 and process the data with EFP (.
3. Measure the signal-to-noise ratio.

4. Use the same signal to determine the S/N for the spectra in Experiment #4.
Assignment #4:
Carbon-13 with decoupling

1. Lock and shim the 90% EB sample. Read the carbon-13 standard parameters: 
        RJ JC5CDCL3 ( 
        PJ JC5CDCL3 ( 
        Make the following changes: 
        NS = 128, 
PW = 2, 
RD = 1, 
LB = 2, 
SI = 32, 
TD = 32 

2. Experiment A: Composite Pulse Decoupling: 

AC-300:
DP = 20H, 
O2 = 4800, 
P9 = 80, 
CPD 
AF-100:
DP = 24H, 
O2 = 1800, 
P9 = 75, 
BB, 
MOD = 1 
3. Type: RGA ( , wait until you get the message "AUTO RG FINISHED". 

4. Record the FID with: ZG ( 

5. Set AI = 1, then perform EF ( 

6. Perform all processing steps: 
      Correct the phase, calibrate the ppm scale and define the plotting region with "F". 

7. Enter DPO ( and define your plotting parameters. 

8. Plot the whole spectrum with peak picking in "ppm" (Experiment A-C) or “Hz” (Exp. D).

Print all relevant parameters:
Turn on the printer, type LP (, and  turn off the printer.
Measure the signal-to-noise ratio.

Make the following changes for the other six experiments: 

AC-300: (measure signal/noise ratio for Experiments A, B, and C) 


     Experiment B: High Power Decoupling: 
DP = 20H, 
O2 = 4800, 
BB


     Experiment C: Low Power Decoupling: 
DP = 40H, 
O2 = 4800, 
BB 


     Experiments D: CW Off Resonance: 
DP = 20H, 
P9 = 80, 
CW 


        acquire five spectra with the following five decoupler offsets: 



         a) O2 = 4080 (on resonance with the methyl protons) 


         b) O2 = 4480 (on resonance with the methylene protons) 


         c) O2 = 5800 (on resonance with the aromatic protons)
         d) O2 = 8000 ,

e) O2 = 15000 

AF-100: (measure signal/noise ratio for Experiments A, B, and C)
     Experiment B: High Power Decoupling: 
DP = 24H, 
O2 = 1800, 
BB, 
MOD = 0
     Experiment C: Low Power Decoupling: 
DP = 50H, 
O2 = 1800, 
BB, 
MOD = 0 
     Experiments D: CW Off Resonance: 
DP = 24H, 
P9 = 75, 
CW 
        acquire five spectra with the following decoupler offsets: 
         a) O2 = 650 (on resonance with the methyl protons) 
         b) O2 = 790 (on resonance with the methylene protons) 
         c) O2 = 2000 (on resonance with the aromatic protons) 
         d) O2 = 5000 ,

e) O2 = 10000 
 
For all experiments do:  ZG (
EF ( 

TI ( (title)
PX (

measure s/n
Assignment #5:
13C - T2 Measurement  (Spinecho)

a)
recording the spectra: 

1. Lock and shim the 80% ethylbenzene/acetone-d6 sample.

2. Read the routine 13C parameters: 
RJ  JC5ACET (,
PJ ((, 
II (
3. Select an appropriate value for RG.


4. Set P1 for a 90 degree pulse (see the list at the spectrometer).

5. Set P2 for a 180 degree pulse. 
6. Type VD(( and enter fifteen values (customize them if necessary) into the list:
  1: 0.01

 2: 0.5

 3: 1.0

 4: 1.5

  5: 2.0

  6: 3.0

 7: 4.0

 8: 5.0

 9: 6.0

10: 8.0

11: 10.0

12: 15.0
13: 20.0
14: 30.0
15: 45.0
16: EN

7. Set D1 = 120,  LB = 2,  PW = 0, RD = 0,  NS = 8,  NE = 15   

8. Calculate the duration of the experiment: EXPT(
9. Start the experiment:
AU HAHNECHO.AU(


    and enter the requested filename to store the FIDs.


b)
Processing the spectra:

1. Read the FID with the shortest VD (the first one?):

RE  filename.001(
and
PJ  filename.001(
Type:
MI(0(
X0(0(
Y0(0(
Print all relevant parameters:

Turn on the printer, type LP (,  type LA   HAHNECHO.AU(, turn off the printer.

2. Set AI = 1. Confirm the re-initialization by pressing “Y”, if required.

3. Type EF(, and perform a manual phase correction. Calibrate the spectrum.

4. Turn on the printer now. Type  AU  SPECTRA.AU(
and enter two filenames:
#1: the name of the FIDs,
#2: a different name

After several minutes a set of spectra files (name: #2.001 - .015) has been created.


To estimate the T2 time for one particular signal do the following:

Type VW(  and switch with ‘D’ and ‘I’ to the spectrum, in which its signal has

the smallest intensity. Find VD for this spectrum and T2 = VD / ln2. 

Interpolate, if necessary.


For a more accurate method consult the next page.

c)
T2 Calculation:
1. Read the first spectrum of the series: RE  filename.001(      PJ  filename.001(
2. Enter EP( and check the calibration of the spectrum. Stay in the EP mode. 

3. Find the first signal of interest, set the cursor on top of the peak and hit “T”. 
Hit  “(“ once to confirm the filename. 
Move through the rest of the spectrum and mark the other interesting peaks with “T”. After marking the last signal of interest, hit “(“ to exit the EP mode. 

4. TURN ON THE PRINTER and leave it on until you are finished..
5. Type “T2(”. 
Note the empty screen and the function keys on the bottom of the display.
6. Change “T1D(” to “2”. 
7. Enter “PD(“ and answer the following questions:
Use Integral Point File:
N
Use EP Points File:

Y

T1PNTS(
Use VD List:


N
After a minute a display of peak intenity vs. recovery delays appears for the first peak.
8. Set:  CX = 20,  CY = 14,  MAXY = 16.
9. Enter “DPO(“ and use the following settings:
Draw X-Axis:
Y

Offset = 1
Mark Separation:  5s

Mark CM = -0.1
Draw Y-Axis:
Y

Peak picking:
N

Parameters: N
Rotate: N


Title: N
10. Press F5 to list the peaks on the printer.
11. Type “CT2(“ or hit the F3 key.
A curve will be fitted to the data points and T2 will be calculated.
If the fit for one or more of the peaks is bad, you can remove individual data points. 
Use the ( and ( keys to select any data point with the circle. 
Hit the F4 key or type “ELIM(“ to eliminate obvious, bad fitting data points. 
Then recalculate T2 by hitting the F3 key.
12. You can plot the curve with “PLTF(“ or the F8 key.
13. Go to the next peak (F6) and repeat from step 10.
14. To exit from the T2 calculation routine, type “QUIT(“.

All T2 values and VD delays must be multiplied by 2 to give correct results!
Assignment #6:
13C - T1 measurement  (Inversion Recovery)

a) recording the spectra: 

1. Lock and shim the 80% ethylbenzene/acetone-d6 sample.

2. Read the routine parameters: 
RJ  JC5ACET (,
PJ ((, 
II (
3. Select an appropriate value for RG.
 

4. Set PW for a 90 degree pulse (see the list at the spectrometer).
Set P2 for a 180 degree pulse.
5. Type VD(( and enter fifteen values (customize them if necessary) into the list:
1: 0.01
 2: 0.1

 3: 0.5

 4: 1.0

  5: 2.0
6: 4.0

 7: 8.0

 8: 10.0
 9: 12.0
10: 15.0
11: 20.0
12: 30.0
13: 45.0
14: 60.0
15: 120.0
16: EN

6. Set D1 = 200

7. Set LB = 2,  NS = 8,  NE = 15     

8. Type VC(( and enter two values into the list:

9. 1. 15,

2. 1,  

3. EN

10. Calculate the duration of the experiment: EXPT(
11. Start the experiment:
 
AU INVRECX.AU(


 and enter the requested filename to store the FIDs.

b)
Processing the spectra:


1. Read the FID with the longest VD (the last one?):



RE filename.015(
and
PJ filename.015(

    Type:
MI(0(
X0(0(
Y0(0(
 
    Print all relevant parameters:

    Turn on the printer, type LP (,  type LA   INVRECX.AU(, turn off the printer.


2. Set AI = 1. Confirm the re-initialization by pressing “Y”, if required.


3. Type EF(, and perform a manual phase correction. Calibrate the spectrum.


4. Turn on the printer now. Type  AU SPECTRA.AU(

    and enter two filenames:
#1: the name of the FIDs,
#2: a different name


    After several minutes a set of spectra files (name: #2.001 - .015) has been created.


5. To estimate the T1 time for one particular proton, do the following:



Type VW(  and switch with ‘D’ and ‘I’ to the spectrum, in which its signal has



the smallest intensity. Find VD for this spectrum and T1 = VD / ln2. 


Interpolate, if necessary.

 For a more accurate method consult the next page.

c)
T1 Calculation:
1. Read the last spectrum of the series: RE  filename.015(      PJ  filename.015(
2. Enter EP( and check the calibration of the spectrum. Stay in the EP mode. 

3. Find the first signal of interest, set the cursor on top of the peak and hit “T”. 
Hit  “(“ once to confirm the filename. 
Move through the rest of the spectrum and mark the other interesting peaks with “T”. After marking the last signal of interest, hit “(“ to exit the EP mode. 

4. TURN ON THE PRINTER and leave it on until you are finished..
5. Type “T1(”. 
Note the empty screen and the function keys on the bottom of the display.
6. Change “T1D(” to “2”. 
7. Enter “PD(“ and answer the following questions:
Use Integral Point File:
N
Use EP Points File:

Y

T1PNTS(
Use VD List:


N
After a minute a display of peak intenity vs. recovery delays appears for the first peak.
8. Set:  CX = 20,  CY = 14,  MAXY = 16.
9. Enter “DPO(“ and use the following settings:
Draw X-Axis:
Y

Offset = 1
Mark Separation:  10s

Mark CM = -0.1
Draw Y-Axis:
Y

Peak picking:
N

Parameters: N
Rotate: N


Title: N
10. Press F5 to list the peaks on the printer.
11. Type “CT1(“ or hit the F2 key.
A curve will be fitted to the data points and T1 will be calculated.
If the fit for one or more of the peaks is bad, you can remove individual data points. 
Use the ( and ( keys to select any data point with the circle. 
Hit the F4 key or type “ELIM(“ to eliminate obvious, bad fitting data points. 
Then recalculate T1 by hitting the F2 key.
12. You can plot the curve with “PLTF(“ or the F8 key.
13. Go to the next peak (F6) and repeat from step 10.
14. To exit from the T1 calculation routine, type “QUIT(“.

Assignment #7:
NOE Difference Spectroscopy

a)
Starting the Experiment:

1.
Obtain a 1H spectrum of cellobiose octaacetate  in CDCl3 with standard parameters.

2.
Process it very carefully and print the full spectrum and a 6.5 – 3.5 ppm expansion.

2.
Enter “EP SYMBOL 191 \f "Symbol"” and press Ctrl-R to display the full spectrum.

Set the cursor into the center of the largest region without any peaks or close to the edge of the spectrum (reference point). 
Press “O2L” and accept the displayed filename (FQLIST.001) by pressing SYMBOL 191 \f "Symbol".

3.
Place the cursor on top of a signal (center of a multiplet) which you want to irradiate and press “O2L”.

4.
Select further signals with your cursor and mark them each with “O2L”.

5.
Exit the EP mode by pressing “SYMBOL 191 \f "Symbol"”.

6.
Set up the experiment:
AS NOEDIFF.AU SYMBOL 191 \f "Symbol"

and enter the following parameters, when the program asks for them:



D1 = 0.5

D2 = 2


D3 = 0.1



S3 = 40L

RD = 0


PW = 4



NS = 8


DS = 2


NE = 100


VCLIST.001 must contain one entry:  ( = number of entries in the FQLIST)


cancel any second entry by typing “EN”.

7.
Start program with “AU SYMBOL 191 \f "Symbol" ”.


Enter a filename (without extension) for the FIDs.

b)
Processing the recorded FIDs:

1.
The following files have to be on the hard disk:



filename.001

:

reference FID (without NOE)



filename.002, etc.
:

FIDs with NOE

2.
Define L0 = number of FIDs.

3.
Type “EXE  PROCNOE.EXE (”.


After the program adjusts some parameters you have to enter the filename of your FIDs and a second filename to store the difference spectra.

4.
Print all relevant parameters:


Turn on the printer, type LP (,  type LA  NOEDIFF.AU(, turn off the printer.

c)     Plotting the NOE difference spectra:

1.
Read each of the transformed difference spectra, define plotting parameters as necessary, recommended: CY = 0, MAXY = 13
2.
Enter “DPO(“ and use your preferred settings, except: 
Offset = 5

3.
Enter “EP SYMBOL 191 \f "Symbol",” press “CTRL-R” and use the Vertical Display buttons +/-  to adjust the height of the positive NOE signals so that they are strong, but not clipped. 
4. 
Still inside EP, press “F”and enter the plotting limits (6.5 and 3.5).
 
Write down the scale factor (printed on the screen).
5.
Still inside EP, press “X” to plot the spectrum.  
6. 
Still inside EP, integrate each signal and set the area of the negative signal to “-100”.

7.
Still inside EP, press “Ctrl-F” and then “S” to print the integral.

8.
Exit the EP mode by pressing “SYMBOL 191 \f "Symbol"”.

d)     Calculating Quantitative NOEs:

NOE (%) = 
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h1 = Height or integral of a signal in the reference spectrum

h2 = Height or integral of the same signal in the difference spectrum

f1 = Scaling factor of the reference spectrum

f2 = Scaling factor of the difference spectrum

Notes:

–
Integration of signals is more accurate than measuring the heights.

–
NOEs may be negative (very rare) or zero.

–
NOE experiments should be run overnight, but not for more than five hours.  

– 
Turn off sample spinning and use “SWEEP OFF” instead of “AUTO LOCK” 
to minimize artifacts. 
Assignment #8:
DEPT Experiments

a) Starting the Experiment:

1.       Lock and shim the 80% Ethylbenzene sample.

2.
Set NE ( to “4”

3.
Start the microprogram:


Type: 
AU   DEPTVAR1. AU SYMBOL 191 \f "Symbol"
(3 DEPTs + 13C)


The program will ask for a filename to store the FID. 
The experiment will run for approximately 40 minutes.

      b) 
   Processing the recorded FIDs:

1.
This procedure can only be used if the above experiments has finished.  


It will occupy JOB 3 completely for approximately five minutes.

2.
Type: 
EXE   PROCDEPT. EXE SYMBOL 191 \f "Symbol"


After modifying some parameters (~ 30 seconds) the spectrometer will ask for the input of the FID filename.  (Enter the same filename that you have used for your DEPT FIDs).  The Fourier transformed and phase corrected spectra will be stored as DEPTSPEC.001 through .004 on the hard disk.

c)
Plotting the DEPT Spectra:

1.
Make sure that there are at least five pages of plotter paper in the plotter’s tray.  One page must have been loaded and a black pen has to be in position 1 of the pen carousel.  This program will occupy JOB3 for approximately five minutes.

2.
Type: 
RE   DEPTSPEC.1 SYMBOL 191 \f "Symbol"

PJ.1  SYMBOL 191 \f "Symbol" 
Calibrate the PPM scale of the spectrum in the EP mode. 

3.
Type: F1 ( and enter the low and high field limits of your plotting region.  
(The default setting will print the whole spectrum from +220 ppm to -20 ppm.) 
Print all parameters: Turn on the printer and type  LP (, then type LA  DEPT.AU(
4.
Turn off the printer and type:  EXE   PLOTDEPT.EXE SYMBOL 191 \f "Symbol" 


After approximately 1 minute the plot will start from JOB3 and will be finished after 5 minutes.  The three DEPT spectra will be plotted on a single page and the additional 13C spectrum on a separate page.

5.
After the plot is finished, you can turn on the printer and type “PP SYMBOL 191 \f "Symbol" ” to print out the peak positions with the CH multiplicity label (S,D,T,Q).

Assignment #9:
 1H,13C - CP/MAS NMR

Do not modify any settings on the Solids Accessory Rack!

 1. Read the standard parameters for C-13 Solids NMR: 
         RJ   SOLIC13.JOB ( 
         PJ   SOLIC13.JOB ( 
         RSH   SOLID.SHIM (   

Don’t lock the sample, instead, turn on the “SWEEP OFF” button.
No sample shimming will be necessary.

 2. Make the following changes: 
         NS = 16, DS = 2, SI = TD = 4K, PW = RD = 0, LB = 15, MAXY = 18, MI = 0P 
         P1 = 6, (preparation pulse in microseconds) 
         P2 = 2000, (contact time in microseconds) 

 3. Adjust the air pressure for a spinning speed of 4000 ± 20 Hz. 

 4. Start the experiment: AU   CPPA.AU (  (uses cross polarization)
 5. After 16 scans have been recorded, set AI = 1. 

 6. Type EF (, then perform a manual phase correction and calibrate the spectrum using the 
     provided copy of a previously recorded solution spectrum of p-ditert.butylbenzene in CDCl3.
     (How many signals do you expect? Which one of the signals would you use for calibration?)

7. Inside the EP mode, press F and enter as limits: 250 and -50. 
        Press Y Y and enter 12 for CY and 25 for CX. Press ( to exit the EP mode. 

 8. Enter DPO ( and change the offset to 1, parameters: no, title: yes 

 9. Plot two spectra, 
first with a ppm scale (10 ppm) and peak picking in ppm, 
 


then with a Hertz scale (500 Hz) and peak picking in Hertz. 

10. Save your file to the disk: “WR  filename.ext (”
11. For CP/ non-CP comparison, start the experiment:  AU   DPPA.AU ( (no CP used)
12. Type EF (, then perform a manual phase correction and plot the spectrum. 
13. Read your processing parameters: “PJ  filename.ext (”
Enter DPO ( and turn off peak picking. Leave all the other settings alone. 
14. Measure the effect of different parameters on CP/MAS spectra:
Part 1: Effect of the contact time 

· Set P1 = 6 microseconds and the MAS speed at 4000 Hz. 

· Vary P2 from 1000 to 6000 in steps of 1000 us and record a new spectrum for each P2: 
     Type AU   CPPA.AU ( and after 16 scans have been recorded type EFP (. 
     Enter TI ( and enter the current values of P1, P2, and the MAS speed into the title. 

· Plot each spectrum with PX ( on a separate page. (6 spectra) 
Part 2: Effect of the Magic Angle Spinning speed 

· Keep P1 at 6 and P2 at 2000 microseconds and set the MAS speed to 5000 Hz.
· Try MAS speeds between 1 and 5 kHz and record a new spectrum for each MAS speed. Also try 100 Hz. You may have to listen to the sound of the spinning sample, as the spin rate counter may not be able to read slow speeds.
· Change the title with TI ( and plot each spectrum on a separate page. (6 spectra) 
Part 3: Effect of the preparation pulse 

· Set P1 = 6, P2 = 2000 and the MAS speed to 4000 Hz. 

· Record 16 scans and process with EFP (. 

· Change the Y scaling to 5 cm (see step 7). 

· Change the plotting offset to 6 cm with DPO (see step 8). 

· Change P1 from 2 through 30 in steps of  2 μs and record a new spectrum for each P1. 
    (If there is enough time, continue until 50.) 

· Plot each spectrum on a separate page. 
  
Print all parameters:

· Turn on the printer

· Type  LP (
· Type  LA  CPPA.AU(
· Turn off the printer

Assignments #10 + 11:
Two-dimensional NMR Experiments

Since 2D Experiments are more difficult to set up, than 1D Experiments, every user should be

extremely cautious when attempting to start the procedure.

The preparation of the experiments requires a lot of interaction of the user with the spectrometer.

If you are not 100% certain about the procedure, you should ask the NMR Specialist for assistance. Otherwise you might do serious damage to the equipment.

The following list of experiments is currently available and will be continuously expanded:

(The substrate requirements show the amount of sample needed, to obtain a clean spectrum

  in the indicated time period. A molecular weight of 500 is assumed.)

a.
C,H Correlation:

to identify directly connected protons and carbon atoms


Substrate requirement:
50 - 100 mg
1 hour

b.
H,H COSY:


to identify protons, which couple with each other


Substrate requirement:
5 - 10 mg,
30 minutes

c.
H,H NOESY:


to identify the distance between different protons


Substrate requirement:
10 - 20 mg,
4 hours

All 2D experiments can be broken down into 4 steps:


I.
Preparing the 1D projections (These will be used when you plot the 2D spectra.)


II.
Preparing the 2D experiment (Enter all parameters for the 2D experiment.)


III.
Processing the 2D data set.


IV.
Plotting the 2D spectrum.

All the steps have to be followed precisely and in the order in which they are listed!

Preparing the 1D projections

1.
Record a routine Proton NMR Spectrum. Process it as usual (Fourier transformation,


phase correction, baseline correction, calibration). Set CX = 15, CY = 15, MAXY = 17.

2.
Write the spectrum to the disk. (Use only numbers in the extension, no letters!)


(You have to save it NOW, NOT later!)

3.
Enter the EP mode and press Ctrl-R to display the complete spectrum.


Set the cursor in front of the first signal in the spectrum (you may ignore a solvent signal,


if it is far away from the signals of your compound.) Press R to define the start of the 


relevant spectrum. Move the cursor behind the last signal in the spectrum and press R 


again to define the end. Now the display should only show the desired region. 


Be careful, not to exclude any signals from your compound!


Do NOT press “enter”, or you will have to repeat step 3.

4.
At this point press Ctrl-O. This will leave the EP mode and display the changed values


for O1 and SW. Type SW( and increase its value by approx. 20%.


Write down O1, SW and SR, you will need them later.


This spectrum must not be stored to disk, as it is useless!!

5.
Repeat steps 1 to 4 for Carbon-13, you should change CX  to 18 in step 1.


( The C-13 projection is only necessary for those 2D experiments, which involve the


  C-13 nucleus like the C,H correlations and the INADEQUATE experiment.)

6.
Continue with the preparation of the individual 2D experiments.

Preparing the 2D Experiment

ONLY use the procedure, which describes YOUR experiment. Please follow it exactly!

Now you will need your list with the O1, SW and SR values from the previous step.

a)
C,H Correlation (use ethylbenzene on the AM-360)
1.
Read your CARBON-13 projection: RE  filename.extn (  PJ  filename.extn (
2.
Set the following parameters:



SI = 1K,
ND0 = 2,
MC2 = M, 
REV = N,
REDF = N,

WDW1 = S,
WDW2 = S,
SSB1 = 4,
SSB2 = 4,
NOBC = 0


O2 = O11 = the O1 you found for the proton spectrum.


O1 = the O1 you found for the carbon spectrum.


SR1 = the SR you found for the proton spectrum.


SR2 = the SR you found for the carbon spectrum.


SW1 = half of the SW you found for the proton spectrum.


SW2 = the SW you found for the carbon spectrum.

3.
Set up the C,H correlation experiment:  AS  XHCORRD.AU (

This will display the complete microprogram and then (maybe after a few “ ( ”) 


it will print out the parameters it needs on the LCD display or on the screen.


You can change them one by one by entering the new values. Recommended are:


D1 = 2

S1 = 0H
P1 = 10.4
D0 = 3U
D3 = 3.4M


P2 = 21
P4 = 10.4
P3 = 5.2
D4 = 1.7M
S2 = 16H (careful !!)


RD = 0

PW = 0
DE must not be changed!


NS = 32
DS = 0

P9 = 80
NE = 128
IN must not be changed!


Please keep in mind that you must not press “ ( “ after pressing a letter key!


If you do so by mistake, press Ctrl-Q and repeat step 3.

4. 
Type ST2D (    to bring up the 2D parameter screen.


Adjust SI and NE (only values of 2n are allowed here) and repeat step 4 until the Hz/Pt 


resolutions are between 3 and 6 in F1 and between 10 and 20 in F2.

5.
Type EXPT(   to display the duration of the experiment.


If the duration is too long, decrease D1 (but not below “1”) or NE (decrease not by more 


than 25%, even numbers only) and check the duration again until it is acceptable.


It is not advisable to change NS, but if you do, then only in multiples of 8.

6.
Check SF1 and SF2. If they are not equal to the 13C frequency, start over from step 1!!

7.
Change SF1 to the proton frequency (360.13).

8.
Write the parameters to the disk: WJ2D filename.2DP (
9.
Turn off the sample spinning and increase the “LOCK GAIN” until the lock signal is at 


the top edge of the screen.

10.
Start the experiment: AU XHCORRD.AU (
Enter the requested filename. The extension “.SER” is required!!

b)
H,H COSY (use cellobiose octaacetate on the AC-300)

1.
Read your PROTON projection: RE  filename.extn (  PJ  filename.extn (
2.
Set the following parameters:
NOBC = 0


SI = 1K,
ND0 = 1,
MC2 = M,
RG = 8,
WDW1 = S,
WDW2 = S,
SSB1 = 3,
SSB2 = 3, 
SR1 and SR2 = the SR from the proton spectrum.


O1 = O2 = O11 = the O1 you found for the proton spectrum.


SW2 = the SW you found for the proton spectrum,
SW1 = half of SW2.

3.
Set up the COSY experiment:  AS  COSYDQF.AU (

This will display the complete microprogram and then (maybe after a few “ ( ”) 


it will print out the parameters it needs on the LCD display or on the screen.


You may accept them by hitting return or you may change them one by one by entering


your new values. Recommended are:


D1 = 2

P1 = 12.5
D0 = 3U
D2 = 50M


D3 = 3U
RD = 0

PW = 0
DE must not be changed!


NS = 16
DS = 2

NE = 256
IN must not be changed!


Please keep in mind that you must not press “ ( “ after pressing a letter key!


If you do so by mistake, press Ctrl-Q and repeat step 3.

4. 
Type ST2D (    to bring up the 2D parameter screen.


Adjust SI and NE simultaneously (only values of 2n are allowed here) and repeat 


step 4 until the resolution (Hz/Pt) is between 3 and 6.


If you need a better resolution, there is a better experiment.(Ask the NMR specialist.)

5.
Type EXPT(   to display the duration of the experiment.


If the duration is too long, decrease D1 (but not below “1”) or NE (decrease not by more 


than 25%, even numbers only) and check the duration again until it is acceptable.


Do not type ST2D after changing NE!!


You may also change NS to 8, if the sample is concentrated enough (>10 mg) or to 


multiples of  16 if the sample is very dilute (<2mg).

6.
Check I2D, if it is not exactly = 1.000 then you must start over from step 1!!

7.
Check SF1 and SF2. If they are not equal to the proton frequency, start over from step 1!!

8.
Write the parameters to the disk: WJ2D filename.2DP (
9.
Turn off sample spinning and increase the “LOCK GAIN” to the top edge of the screen.

10.
Start the experiment: AU COSYDQF.AU (

Enter the requested filename. The extension “.SER” is required!!


Watch the FID during the first scan. If it is too big ((1 box from the center) or too small,


press “Ctrl-H”, change the setting for RG and restart the experiment with AU(.
c)
H,H NOESY (use cellobiose octaacetate on the AC 300)
1.
Read your PROTON projection: RE  filename.extn (  PJ  filename.extn (
2.
Set the following parameters:



SI = 1K,
ND0 = 2,
MC2 = W, 
REV = Y,
REDF = N,

WDW1 = S,
WDW2 = S,
SSB1 = 3,
SSB2 = 3,
RG = 8,
NOBC = 1


O1 = O2 = O11 = the O1 you found for the proton spectrum.


SR1 and SR2 = the SR you found for the proton spectrum.


SW2 = the SW you found for the proton spectrum,
SW1 = half of SW2.

3.
Set up the NOESY experiment:  AS  NOESYPH.AU (

This will display the complete microprogram and then (maybe after a few “ ( ”) 


it will print out the parameters it needs on the LCD display or on the screen.


You can change them one by one by entering the new values. Recommended are:


D1 = 2

P1 = 12.5
D0 = 3U
P2 = 12.5


D9 = 2

P3 = 12.5
RD = 0

PW = 0
DE must not be changed!


NS = 16
DS = 2

NE = 512
V9 = 1

IN must not be changed!


Please keep in mind that you must not press “ ( “ after pressing a letter key!


If you do so by mistake, press Ctrl-Q and repeat step 3.

4. 
Type ST2D (    to bring up the 2D parameter screen.


Adjust SI and NE simultaneously (only values of 2n are allowed here) and repeat 


step 4 until the resolution (Hz/Pt) is between 3 and 6.

5.
Type EXPT(   to display the duration of the experiment.


If the duration is too long, decrease D1 (but not below “1”) or NE (decrease not by more 


than 25%, even numbers only) and check the duration again until it is acceptable.


Do not type ST2D after changing NE!!


It is not advisable to change NS, but if you do, then only in multiples of 8.

6.
Check I2D, if it is not =1.000 then you must start over from step 1!!

7.
Check SF1 and SF2. If they are not equal to the proton frequency, start over from step 1!!

8.
Write the parameters to the disk: WJ2D filename.2DP (
9.
Turn off the sample spinning and increase the “LOCK GAIN” until the lock signal is at 


the top edge of the screen.

10.
Start the experiment: AU NOESYPH.AU (

Enter the requested filename. The extension “.SER” is required!!


Watch the FID during the first scan. If it is too big ((1 box from the center) or too small,


press “Ctrl-H”, change the setting for RG and restart the experiment with AU(.

Processing the 2D Data

1.
RE filename.SER (

(read the experimental data)

2.
RJ filename.2DP (

(read the corresponding parameters


PJ filename.2DP (

  for acquisition, plotting


RJ2D filename.2DP (
  and 2D processing)


Do not change the order of these commands!

3.
The default processing parameters usually work fine, but sometimes it may be necessary 


to change the window functions WDW1, WDW2 and their parameters SSB1, SSB2, LB1, 


LB2, GB1, GB2, TM1, TM2 to get cleaner spectra.

4.
    Additional steps for NOESYPH only:



a) set NOBC = 1, type FT(, enter EP and perform a manual phase correction to 



   make all signals negative. Exit the EP mode.



b) Type TY(, enter the values 0PHZ as PC0 and 1PHZ as PC1. Type PZ(.

5.
For all experiments type XFB (. Depending on the size of the 2D matrix this step can 


take from a few seconds to several minutes. Check the progress on the top of the screen.

6.
    Additional steps for NOESYPH only:



a) Type AP2D (, press ‘Ctrl-B’ to see positive and negative levels and move the 



 cursor to a row with well separated signals. Press ‘R’ to display the row and ‘D’



 or ‘I’ to de-  or increase the row number, until you find the strongest signals.



 Write down this row number and memorize the shape of this 1D  spectrum.



b) Press ‘Esc’ and then ‘X’ to exit.



c) Type   RSC.SMX  ‘row number’ (  and correct the phase of the spectrum,



   until it looks exactly like the row in AP2D.



d) Type TY(, enter the values 0PHZ as PC0 and 1PHZ as PC1. Type PZ(.

8.
    For NOESYPH only:


Type XF1P( and then SYMA(
10.
    For COSY only:



Type SYMA(.
11.
Type AP2D( and adjust the intensity with the vertical display buttons. The correct level 
will display only cross- and diagonalpeaks and as little noise as possible.  

12.
In case the calibration of one or both of the two dimensions is wrong, press ‘P’, then ‘1’ 


or ‘2’ for the F1 or F2 projection and then ‘E’, Press ‘Ctrl-R’ to see the whole spectrum.


Calibrate the chemical shift scale with a known signal from the 1D spectrum.


Press ‘L’ and define an expanded region with the wheels A - D. Pressing ‘X’ will expand.

The button combination ‘M’ / ‘Y’ defines the plotting region.

13.
Press ‘Esc’ and then ‘X’ to exit AP2D.
 
Plotting the 2D Spectra

1.
Type DPO ( and answer the following questions: (the bold answers are mandatory)


Draw X-Axis?

Y


Offset:

0.2


Mark Separation:
0.1P for proton, 1.0P for carbon-13


Mark cm:

- 0.2


Draw Y-axis?
Y

Mark Separation in F1 Dimension:
0.1P for proton, 1.0P for carbon-13


Parameters?

Y for homonuclear, N for heteronuclear experiments


Parameters in upper left corner?
N


Rotate?

N


Title?

Y

>
(enter the title here, up to 80 characters)


Center Title?

N

2.
Set MAXX = 25,  MAXY = 17,  X0 = 0,  Y0 = 0,  CY = 15


Set CX = 15, if the F1 and F1 dimensions are symmetrical



(COSY, NOESYPH)


or set CX = 18 for experiments with non-symmetrical chemical shift axes.

3.
Start the plotting sequence:


for COSY:

CP2P (


F1 Projection:

(filename of the 1D proton spectrum)



F2 Projection:

(filename of the 1D proton spectrum)



Number of Levels:
(up to 7)

Number of Pens:
(up to 7)



Plot Frame?

Y


Grid wanted?

N

for C,H correlation:
CP2P (


F1 Projection:

(filename of the 1D proton spectrum)



F2 Projection:

(filename of the 1D carbon spectrum)



Number of Levels:
(up to 7)

Number of Pens:
1


Plot Frame?

Y


Grid wanted?

N

for NOESYPH:


C2PB (


F1 Projection:

(filename of the 1D proton spectrum)



F2 Projection:

(filename of the 1D proton spectrum)



Which levels to plot:

0 (zero)



Pen no. for positive levels: 
1 (use a black pen in position 1)



Pen no. for negative levels: 
2 (use a different color in position 2)



Number of Levels:
(up to 7)



Plot Frame?

Y


Grid wanted?

N


4.
After the spectrum has been plotted, print out all parameters:

· Turn on the printer

· Type LP (
· Type LP2D (
· Type LA (name of microprogram) (
· Turn off the printer
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