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  sure	
  that	
  the	
  absorbance	
  spectrometer	
  is	
  
computer	
  via	
  USB	
  port—you	
  shoul

plugged	
  in	
  and	
  connected	
  to	
  the	
  

• 
Kimwipe,	
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  in	
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to	
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  that	
  the	
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the	
  screen,	
  right	
  click	
  the	
  spectrometer	
  picture	
  and	
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  Show	
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and	
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   ther
	
   Right	
  
e	
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   [
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Correction	
  box.	
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  remain	
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  all	
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Take	
  
then	
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  solution,	
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  and	
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  You	
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  the	
  viewing	
  
then	
  clicking	
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Pause	
  

of	
  
when	
  
the	
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  the	
  scrolling	
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  on	
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pan	
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  is	
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  in	
  the	
  Save	
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• Remove,	
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   new	
   solution,	
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  and	
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  the	
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samples	
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  have	
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  Overlay	
  Spectral	
  Data	
   [ ]	
   icon	
  and	
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  of	
  your	
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   in	
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  of	
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  the	
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in	
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Experiment	
  

a	
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drop	
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of	
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naphthacene	
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   until	
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   are	
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  can	
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to	
  the	
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to	
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add	
  

e	
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  spectrum.	
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  each	
  time,	
  but	
  be	
  sure	
  to	
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  the	
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  with	
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  for	
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on	
  w
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w
C
indow
onfigur

.	
   	
  
e	
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  in	
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  the	
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of	
  peaks	
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•

found	
  
peaks	
  of	
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  and	
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  the	
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Peak	
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you	
  see	
  on	
  the	
  graph.	
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  to	
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  w
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  of	
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in	
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  box	
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  n=1	
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  n=2	
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   the	
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  wavelength
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  l,	
  of	
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  compound.	
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  the	
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  as	
  a	
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of	
  coordinated	
  hydrocarbon	
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  of	
  the	
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Experiment	
  4.	
  Fluorescence	
  of	
  Quantum	
  Dots	
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• 

• 

Ta
describ
ke	
   ab

ed	
  
sorpt
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ion	
  
ier.	
  

spectra	
   of	
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   samples	
   of	
   quantum	
   dots	
   using	
   the	
   procedure	
  

an	
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electrical	
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  fluorescence	
  

outlet,	
   in	
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  mode	
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  and	
  

• 
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  from	
  the	
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  Devices,	
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  that	
   the	
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right	
  
removing	
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by	
  

other	
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C
and	
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expand	
  
the	
  spectrometer	
  

range	
   of	
   the	
  
[+].	
  
wavelengths	
  
Be	
  sure	
  

picture	
  
that	
   these	
  

and	
  under	
  
fluorescence	
  

the	
  expanded	
  
wavelength	
  

menu	
  
parameters	
  
[+],	
  select	
  Acquisition	
  

obtained	
   from	
   your	
   absorbance	
   measurements.	
  
are	
  

If	
  
in	
  
not,	
  
the	
  

• 
contact	
  your	
  TA.	
  
Make	
  
a	
  1	
  second	
  

sure	
  that	
  the	
  acquisition	
  

the	
  Strobe/Lamp	
  Enable	
  box.	
  You	
  should	
  hear	
  an	
  electrical	
  whine	
  from	
  the
integration	
  time,	
  1	
  scan	
  

is	
  paused,	
  
to	
  average,	
  

and	
  then	
  
and	
  

change	
  
a	
  boxcar	
  

acquisition	
  
of	
  10.	
  	
  Also,	
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• 
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  lamp.	
  

[	
  √	
  
to	
  
]	
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maximum	
  peak.

spectra	
  
	
  	
  Save	
  each	
  spectrum.	
  
for	
   each	
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   recording	
   the	
   color	
   and	
   the	
   wavelength	
   of	
   the	
  

• Use	
  
quantum	
  

the	
  
dots.	
  
equation	
  

1.70	
  
to	
   estimate	
  

	
  and	
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  CdSe,	
  E 	
  =	
   eV	
  and	
   	
  =	
  0.13 	
  =	
  

	
  
0.45
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   a	
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  do	
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in	
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  m

v

e

alence	
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   re

is	
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  the	
  

s
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  mass	
  of	
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  the	
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w
o
el
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l	
  do	
  
	
  in	
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sou

results	
  
of	
  discrep
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  with	
  the	
  

 
	
  

rces	
   ancy?	
  	
  
particle	
  in	
  a	
  box	
  expression?	
  What	
  do	
  you	
  think	
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  be	
  

Experiment	
  5.	
  Chloroform	
  
• 
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  func
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setup	
  
ons.	
  	
  Be	
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to	
  sketch	
  

	
   the	
   elements	
   of	
   the	
   homemade	
   interferometer	
   and	
  

• 
FTIR	
  spectrometer?	
  

holder	
  and	
  detector	
  be	
  placed	
  
the	
  interferometer	
  

to	
  make	
  the	
  interferometer	
  
and	
  take	
  notes.

a	
  
	
  	
  
fully	
  
Whe

functional	
  
re	
  should	
  

Turn	
  
you	
   move	
  

on	
  the	
  
the	
  
laser	
  source.	
  	
  Can	
  you	
  see	
  the	
  interference	
  p

interferometer	
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delay	
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be	
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Try	
  

to	
  
it	
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out.	
   	
  

an	
  
During	
  
FTIR	
  

a	
  
spectrum?	
  
scan,	
  
attern

what	
  
?	
  What	
  

element	
  
will	
  happen	
  if	
  

• 
interferogram	
  look	
  like	
  with	
  and	
  without	
  a	
  sample?	
  

	
   What	
   would	
  
of	
  

the	
  
the	
  

Move	
   to	
   the	
   Nic

S

ole
dow

• 
computer	
  interface.	
  	
  Under	
  the	
  Win

Exp	
   et	
  

t	
   380	
   FT-­‐IR	
   and	
   open	
   the	
   OMNIC	
   software	
   program	
   on	
   the	
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IR	
  
ick
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  on
.	
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Under	
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  C
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to	
  
header,	
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  a	
  dia
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  click	
  on	
  New	
  Window.	
  

window	
  that	
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  you	
  to	
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  the	
  

to	
  Interferogram.	
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  OK	
  to	
  exit.	
  
the	
  number	
  of	
  scans	
  to	
  16	
  and	
  “Final	
  format”	
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• Put	
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an	
  empty	
  
a	
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  cuvette	
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   of	
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  60	
  seconds,	
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  Put	
  several	
  drops	
  of	
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   the	
   spectra	
   of	
   the	
   two	
   compounds?
t

Ca
ω
n
0

sorp ion	
  spectroscop
	
   	
  

y?
	
  
	
  
you
	
  

	
  

	
  
Experiment	
  7.	
  	
  Protein	
  Secondary	
  Structure	
  Determination	
  

o• Before starting, set the temperature on the heating bath to 50  C and turn on the peristaltic 
pump.  While you are taking room temperature spectra, the bath will heat up.   

• Using D2O as the solvent, make three 100 μL solutions with 20 mg/mL concentrations of 
the three proteins you'll be studying: one for Lysozyme, one for Myoglobin, and one of 
Ribonuclease A. 

• Purge the spectrometer with nitrogen for 4 minutes and collect a background spectrum of 
the empty spectrometer with 2 cm-1 resolution and 16 scans.  Save the spectrum.  In 
experimental setup, set this background as the default background.   

• Clean the CaF2 windows and Teflon spacer with water.  Dry windows with lens paper.  
Dry Teflon spacer with a kimwipe.   

• Load the CaF2 cell with 30 μL of D2O.  Do not use the heating coil.  The cell should be 
assembled in this order:  tapered metal ring, tapered metal ring (opposite orientation), 
thick flat metal ring, lead gasket, CaF2 window, 50 μm Teflon spacer, CaF2 window, lead 
gasket, thin flat metal ring, threaded sealing cap.  To load the cell, carefully slide in cell 
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components up to and including the Teflon spacer.  Drop 30 μL of sample into center of 
window.  Gently lower remaining stacked components onto sample drop and screw the 
threaded sealing cap down.  Tighten firmly by hand until you encounter resistance.  
Verify that there are no bubbles in your clear aperture.   

• Place the entire cell in the Nicolet spectrometer and purge with nitrogen for 4 minutes.   
• Collect a D2O spectrum with 2 cm-1 resolution and 16 scans.  Save spectrum.  Collect a 

D2O background spectrum, save, and set it as the default background.   
• Remove cell, dissemble, clean windows with water, and load Lysozyme.   

-• Collect a 16 scan, 2cm 1 resolution spectrum of Lysozyme.  Save the spectrum.   
• Remove cell, dissemble, clean windows with water, and load Myoglobin.   
• Collect a spectrum after purging. 
• Repeat for RNase A.   
• After collecting a room temperature RNase A FTIR spectrum, unscrew sealing cap and 

slide on heating coil.  Retighten.  Make sure the heating coil orientation is correct such 
that it will stick out of the top window of the spectrometer when the cell is loaded.   

• After purging, set the temperature of the bath to 100oC.    
• Collect spectra of RNase A as the temperature rises at ~7oC increments.  Save the spectra 

and record the temperature.  The maximum temperature should be ~81 oC.   
• Turn off heater and allow to cool.  When the cell is cool enough to handle, disassemble 

and clean.   
• Compare Lysozyme, Myoglobin, and RNase A room temperature spectra in the 1600-

1700 and 1900-1300 cm-1 ranges.  Can you distinguish different secondary structures 
from the Amide I spectra?   

• Compare the RNase A temperature-dependent spectra over the same ranges.   To observe 
changes, subtract the room temperature spectrum from the others (control, right click 
selects both and then select the subtract button).  What changes?  What is happening to 
the protein as you heat it?   

•  
Experiment	
  8.	
  15-­‐MHz	
  NMR	
   	
  

• 

• 

Appendix	
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  on	
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   due	
   to	
   evolving	
   interactions	
   (e.g.	
   “collisions”)	
   within	
   or	
   among	
   molecules,	
   the	
  
lifetime	
   of	
   our	
   nuclear	
   spins	
   ( 1),	
   and	
   inhomogeneous	
   dephasing	
   (Δ)	
   due	
   to	
   static	
  
variation	
   in	
   the	
   environments	
   around	
   different	
   glycerol	
   protons.	
  	
   Because	
   solutions	
  
with	
  different	
  glycerol	
  concentrations	
  have	
  different	
  environments	
  around	
  the	
  protons,	
  
the	
  

To	
  

extent	
  

save	
  

of	
  inhomogeneity	
  and	
  the	
  rates	
  of	
  dynamical	
  dephasing	
  processes	
  may	
  vary	
  
from	
  sample	
  to	
  sample.
 time,	
   each	
  

	
  	
  	
  	
  
group	
   will	
   conduct	
   this	
   experiment	
  

 
yiel
concent

just	
   one	
  

d	
  concent
ration	
  of	
  glycerol,	
  and	
  the	
  data	
  from	
  different	
  groups	
  will	
  

using	
  
be	
  combined	
  to	
  

Yo
Δ:	
  
ur
	
   	
   	
  
	
  
	
  
F
Find	
   the	
  

ration-­‐dependent	
  resul

ID	
  will	
   d
pulsewidth	
  
ecay	
   approximately	
  

of	
  pulse	
  A	
  
ts.	
  
which	
  
	
  	
  

exponentially.	
  
creates	
  a	
  π/2	
  pulse	
   in	
  your	
  sample.	
  	
  

results	
  
In	
  gener

in	
  
al	
  
a	
  
th
drop	
  
e	
  decay	
  

in	
  your	
  
rate	
  

FID	
  
includes	
  

intensity	
  
contributions	
  

to	
  1/e	
  (37%)	
  
	
  Measure	
  

its	
  maximum,	
  
the	
   time	
  

from	
  
of	
   initial	
  

delay	
  

inhomogeneity,	
  dephasing,	
  
value.	
  
that	
  

 T
and	
  lifetime,	
  i.e.	
  Δ,	
  T
:	
  

2,	
  and	
  T1
2 	
  	
  	
  	
  	
  Find	
   the	
   pulsewidth	
  

.	
  	
  

You	
  are	
  now	
  set	
  up	
  to	
  perform	
  
of	
  
a	
  
pulse	
  
spin	
  echo	
  

B	
  which	
  
experiment.	
  

creates	
   a	
  
	
  Use
π	
   pulse	
  
	
  a	
  delay	
  

in	
  
time	
  
your	
  

of	
  
sample.	
  	
  
2.5	
  

accurate	
  
initially.	
   	
  

way	
  
Record	
  

to	
  do	
  
th
this	
  
e	
   int

is	
  
ensit
to	
  measure	
  

y	
   of	
   the	
  
the	
  
echo
distance	
  
	
   using	
   hor

from	
  
izontal	
  
the	
  highest	
  

cursors.	
  	
   The	
   most	
  
ms	
  

points	
  rather	
  than	
  trying	
  
to	
  the	
  lowest	
  

this	
  
the	
  baseline.	
  	
  The	
  echo	
  wil

to	
  
l	
  always
measure	
  

	
  appear	
  
the	
  distance	
  

at	
  twice	
  
between	
  
the	
  delay	
  

the	
  
time—
highest	
  

why
point	
  
?	
  	
  Repeat	
  

and	
  

 

no	
  
point.

echo	
  
procedure,	
  

can	
   be	
  
increasing	
  
measured,	
  

the	
  
recording	
  
delay	
  time	
  for	
  each	
  measurement	
  by	
  

n’t	
  decayed	
  by	
  50	
  ms,	
  increase	
  the	
  step	
  size	
  to	
  10	
  ms.	
  	
  	
  
the	
   delay	
   time	
   and	
   the	
   intensity	
  

2.5	
  

	
  	
  If	
  the	
  echo	
  has
for	
  
ms	
  until	
  

each	
  

T
puls
1:	
  
e
	
  	
  	
  	
  
	
   ("inversion	
  
Set	
  up	
  your	
  pulsewidths	
  

recovery"	
   measurement).	
  
such	
  that	
  pulse	
  

	
   To	
  
A	
  is	
  

begin,	
  
a	
  π	
  pulse	
  

measure	
  
and	
  pulse	
  

the	
   maximum	
  
B	
  is	
  a	
  π/2	
  

(initial)	
  

pulse	
  
pulse	
  A	
  

B.	
  
and	
  
amplitude	
  

B	
  
of	
  the	
  FID	
  following	
  pulse	
  B	
   A	
   	
  Next,	
  turn	
  on	
  

As	
  
and	
  measure	
  the	
  

without	
  pulse	
   on.	
  

	
   before,	
   start	
   at	
   a	
  
maximum	
  
time	
   delay	
  

(initial)	
  
of	
   2.5	
  

amplitude	
  
ms,	
   and	
  

of	
  
continue	
  
the	
  FID	
  following	
  

to	
   make	
  

8



 

measurements	
  in	
  2.5	
  ms	
  steps.	
  	
  If	
  the	
  echo	
  hasn’t	
  decayed	
  by	
  50	
  ms,	
  increase	
  

What	
  
step	
  size	
  to	
  10	
  ms.	
  	
  	
  

the	
  

would	
  
processes	
  
y

and	
  

delay	
  time	
  
ou	
  
for	
  
expe
the	
  
ct	
  
spin	
  
to	
  
measurements	
  
ch

inve
gly
do	
   Δ

echo	
  
ange

and
	
  with

	
  
	
  
r
c
s
e
io
r
n	
  
o
,	
  
l	
  
T
concent
2,	
   and	
   T 	
   correspond	
   to	
   and	
   which	
  

values	
  of	
  Δ,	
  T2,	
  and	
  T1	
  were	
   found	
   in	
  your	
  
r
experiments?	
  	
  
ecovery	
  

rat
at	
  

1
ion
each
?	
  	
  
	
  
P
co
lo
nce
t	
   inte
ntr
ns
ati
i
o
ty
n.
	
   v
	
  	
  
e
Wh
rsus
at	
  
	
  

Experim

your	
  ex

ent	
  9.	
  3

pect

0

at

0-­‐

ions?

MHz

	
  	
  E

	
  N

xplai

MR

n	
  any

	
  

	
  discrepancies.	
  
Do	
  your	
  results	
  match	
  

	
  
The	
  detailed	
  operating	
  procedures	
  are	
  presented	
  in	
  Appendix	
  C. It	
   is	
  essential	
   that	
  
you	
   read	
   them	
  before	
   conducting	
   experiments,	
   for	
   the	
   safety	
   of	
   the	
   NMR	
  machine	
  
and	
  for	
  the	
  success	
  of	
  your	
  measurements.	
  Make	
  sure	
  that	
  you	
  have	
  

	
  

thoroughly	
  read	
  
all	
  the	
  NMR	
  material	
  in	
  this	
  manual	
  and	
  the	
  Appendix	
  before	
  beginning.
	
  

Samples	
  
D	
  is	
  a	
  mixture.	
  

A,	
  
Spec
B,	
  and	
  
trum	
  I

	
  Take	
  
C	
  contain	
  
spectra	
  

nterpretation
acetone,	
  
of	
  all	
  four	
  

	
  an
ethanol,	
  
samples	
  

d	
  Chemical	
  Determin

	
  

• and	
  methanol	
  in	
  

three	
   samples	
   and	
   the	
   identity	
   and	
   mole	
   fractions	
  
to	
  determine	
  

of	
   the	
  
the	
  

ation
some	
  
identity	
  

	
  
order.	
  

of	
  
	
  
the	
  
Sample	
  

first	
  

• 
Rationalize	
  the	
  line	
  positions,	
  integrals,	
  and	
  splitting	
  patterns	
  that	
  you	
  obs

mixture	
   in	
   Sample	
  
erve.	
  

D.	
  

For	
  
oscillation	
  

the	
   sample	
  
frequency	
  

containing	
  
determined	
  

methanol	
  
in	
  the	
  

calculate	
  

ion,	
  

	
  

•

this	
  
previous	
  

the	
   chemical	
   shift	
   in	
   ppm	
   from	
   the	
  

value	
  to	
  the	
  spectrum	
  in	
  the	
  frequency	
  domain	
  
experimental	
  
obtained	
  in	
  thi

section	
  
s	
  sect

and	
  compare	
  

 

in	
  w

protons	
  on	
  adjacent	
  atoms	
  in	
  ethanol	
  using	
  your	
  spectrum.	
  

the	
  units	
  are	
  ppm.	
  
For	
  

hich	
  

the	
   sample	
   containing	
   ethanol,	
   calculate	
   the	
   J-­‐coupling	
   parameter	
   values	
   for	
  

• 
the	
  
Observe	
  

FID	
  
the	
  
is	
   visible.	
  

FID:	
  Enter
	
   For	
  

	
  the	
  
Time	
  Domain

solution	
  
‘acqi’	
  w

‘A’	
  
indow
you	
  

	
  Measuremen
,	
  
should	
  
hit	
  ‘FID’,

see	
  
	
  and
ts	
  

two	
  
	
  ad
oscillation	
  
just	
  the	
  ver

frequencies.	
  
tical	
  scale	
  unti

By	
  
l	
  

• 

moving	
  
oscil
Examine	
  

lation	
  frequencies	
  in	
  Hert
the	
  

the	
  

cursor	
  

linewidth

between	
   the	
   peaks	
   of	
   the	
   two	
   oscillations;	
   calculate	
   the	
   two	
  

:	
  Bring	
  t
z.
he	
  
	
  
cursor	
  close	
  to	
  a	
  peak.	
  Enter	
  nl	
  dres	
  (nearest	
  line	
  

• 

display	
  
experiment.	
  	
  	
  
Integrate	
  

resolution).	
  

your	
  spectrum

Compare	
   this	
   value	
   to	
   the	
   linewidth	
   from	
   the	
   TeachSpin	
  

button	
  
to	
  clear

to	
  
	
  all	
  
define	
  
resets	
  

those	
  
(zeroes)	
  

:	
  	
  Cl
already	
  
ick	
  

regions	
  

[partial	
  
in	
  memory.	
  

integral]	
  
Click	
  
to	
  display	
  th

and	
  
e	
  inte

use	
  
gral	
  
the	
  
line
left	
  
.	
  T
mouse	
  
ype	
  cz	
  

using	
  
used	
  to	
  

the	
  
undo	
  
middle	
  

mistakes.	
  
mouse	
  

The	
  
button	
  
parameter	
  
you	
  wish	
  to	
  

set
integrate.	
  
s	
  the	
  inte

[resets]	
  
The	
  
grals

right	
  
	
  scale

mouse	
  
	
  and	
  can	
  

button	
  
be	
  ad

can	
  
juste

be	
  
d	
  

cont
will	
  

rol
no
.	
  
w	
  
Pl
be
ace	
  

to gai

	
   q
t

while	
  
is	
  
in	
   integral	
  mode.	
   Type	
   	
   re n	
   cursor	
  

• 
reg
Print	
  the	
  spectrum

ions)	
  to	
  get	
  
ue
he	
  
r
cursor	
  
ied	
   for	
  

over	
  
an	
   inte

the	
  
gr
desired	
  
al	
   value

region	
  
.	
   	
   Type

and	
  
	
   ds	
  
click	
   et ]	
  
dpir	
  

the	
  
(displ

ds	
  
[S

a
	
  i
y	
  
nt
pea
butto

pl	
  pscale	
  pap	
  page

k	
   int
n.	
  
egra
You	
  

the	
  integral	
  values	
  displayed	
  underneath	
  the	
  spectrum.	
  
l	
  

:	
  Type	
   	
  into	
  the	
  command	
  line.	
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10

Appen
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  Electromagnetic	
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Appendix	
  B:	
  Helpful	
  Hints	
  for	
  the	
  15	
  MHz	
  

 
The picture above shows the three main components of the instrument setup.  The pulse 
generator is where you will program the pulses that get sent to the magnet: the duration of each 
pulse, the frequency, the delay time between pulses, and the pulse patters patterns. The magnet 
consists of coils of wire which create a magnetic field and a place to put a sample.  The 
oscilloscope is where you will view both the input of the pulse generator into the magnet and the 
output of the sample after receiving pulses.  Its controls are shown below: 

 

1 

2 

3 4 

5 

11



 
The five most important knobs are outlined in solid red.  In display mode, 1, 2, 4, and 5 control 
the panning (POSITION) and zooming (VOLTS/DIV or SEC/DIV) of the display.  In cursor 
mode, 1 and 3 move the cursors.  To change between modes, use the buttons above the vertical 
and horizontal controls.  The five buttons in a column left of the vertical and horizontal controls 
allow you to change the options displayed on the right-hand side of the screen.  They allow you 
to change between vertical and horizontal cursors when you’re in cursor mode, and when you’re 
in MATH MENU (in the center of the picture), they will allow you to do to cycle through 
operation options (add, subtract, etc.) until you find “FT”. 
 
The pictures below show a pulse, which is what the pulse programmer sends to the magnet.  
When you first turn on the oscilloscope, it may take some adjusting to get the view on the left, 
but just keep fiddling with the zoom and panning until you see a single solid line.  Zooming in 
even further (center it before zooming to avoid losing it off screen) will give you the image on 
the left, which is your pulse.  The pulse duration is the width of this square pulse (time is x-axis). 
 

When you switch the cables around to view the FID, it will look something like this: 

 
 

12

Photograph by Keith Nelson, Timothy Swager, and
Photograph by Keith Nelson, Timothy Swager, andMariusz Twardowski. Used with permission.
Mariusz Twardowski. Used with permission.



The flat part to the far left is the baseline before the pulse was applied.  The first large spike is 
mostly noise—it contains the pulse you applied, and it overwhelms your signal response until a 
short time later, when you see the second smaller peak next to it (see arrow).  This is the signal 
you will monitor when trying to maximize the FID.  The long oscillation afterwards is the 
difference between your reference pulse and the natural frequency of the proton precessions, and 
is what you will minimize by adjusting the frequency on the pulse generator.  Afterwards your 
signal should look something like this:  

 
Note that the oscillations after the signal are almost completely gone.  Another helpful visual is a 
spin echo:  

 
At this point in the experiment you will have set up two pulses, which are the first two FIDs you 
see here.   The last signal, which lacks the spike characteristic of a pulse sent to the instrument, is 
your echo!  The echo can be much less pronounced that what you see here, but you will know to 
always look for it at the same distance from the second pulse that the second pulse is from the 
first.  If that doesn’t seem obvious, review the process that causes the echo.   
 
Finally, this is what a FT of your signal should look like:  

13



 
Note how broad this peak is (and how poor the signal-to-noise is) in comparison to the nice sharp 
peaks you see in the 300 MHz experiment!   
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Appendix	
  C:
	
  

	
  How	
  to	
  Obtai 1

	
  

Before	
   ejecting	
   the	
  

Step

previous	
  

	
  1:	
  	
  Ge

sample	
  

t	
  a	
  lock

that	
  

	
  sig

has	
  

nal

been	
  

and	
  shim	
  
	
  

n	
  a	
   H	
  NMR	
  

• 

checking	
  the

there	
  
should	
   always	
   be	
   a	
   sample	
   in	
   the	
  

	
  Acquisition	
  Status	
  

left	
   into	
   the	
   instrument	
   (

	
  
wind

probe
ow.	
  

)	
   make	
   sure	
   that	
   the	
   spinner	
   is	
   off	
   by	
  

Me

	
  
• To	
  

nu	
  butto
eject	
  the	
  

ns
sample	
  
	
  windo

and	
  
w	
  and

to	
  recover	
  
	
  click	
  on	
  

the	
  
eject

spinner	
  
.	
  

(turbine),	
  click	
  the	
  

	
  

Acqi	
  button	
  in	
  the	
  

	
  

	
  
	
  

	
  
• Remove	
  

into	
   the	
  
the	
  
spinner	
  

sample	
  
and	
  
that	
  
clean	
  

is	
  currently	
  
the	
  outside	
  

in	
  the	
  
of	
   the	
  

probe.	
  
NMR	
  

	
  Carefully	
  
tube	
  with	
  

insert	
  
a	
  KimWipe.	
  

your	
  

	
  

sample	
  
	
  Position	
  

tube	
  

th
allow	
  
e	
   tube

the	
  
	
   i
sample	
  
nto	
   the	
  

the	
  magnetic	
  homogeneity	
  of	
  the	
  sample.	
  
to	
  
spinner	
  
be	
  rotated	
  

with	
  
at	
  
the	
  
a	
  frequency	
  
depth	
   gauge.	
  

of	
  20	
  
The	
  
Hz	
  inside	
  

purpose	
  
the	
  
of	
  
magnet,	
  
the	
   spinner	
  

increasing	
  
is	
   to	
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• C
sp
limb	
  
inner	
  

the	
  
on	
  
ladder	
  
the	
   air	
  

to	
  
cu
in

reach	
  

sert
shion	
  

.

the	
  

	
  
tha
top	
  
t	
   fl
of	
  
ow
the	
  
s	
   throu

magnet	
  
gh	
   t

and	
  
	
  

carefully	
  position	
  the	
  

• 
computer	
  and	
  click	
  

20	
  Hz Lo

he	
  

ck

top	
  NMR	
  probe.	
   	
   Return	
  
tub
t
e	
  
o	
  
a
t
nd	
  
he	
  

• 

Set	
  
adjusting	
  the	
  bottom	
  parameter.	
  

the	
  spinner	
  rate	
  to	
   	
  by	
  clicking	
  the	
   	
  button	
   in	
  the	
  Acqi	
  window	
  and	
  

• 

In	
  
shou
the	
  
ld	
  
command	
  

From	
   here,	
  
set	
  the	
  

you	
  
shim
line	
  
-­‐coil
at	
  the	
  

have	
   two	
  
s	
  to	
  r

top	
  

choices.	
  
eas
of	
  
onably
the	
  main	
   ype

	
  
	
  good

window,	
  
	
  values	
  to

t

Option	
   1	
   will	
   automatically	
  
	
  star

	
  ‘rts’	
  

go	
  

t	
  wi

straight	
  

th
and
.	
  
	
  enter	
  ‘

lock,	
  

best’.	
  This	
  

shim,	
  

Option	
  2	
  allows	
  for	
  manual	
  shimming	
  and	
  locking.	
  
perform	
  the	
  selected	
  experiment,	
  which	
  means	
  you	
  can	
   to	
  

	
  

mid-­‐Step	
  
and	
  
3.	
  	
  

Option	
  1:	
  Automatic	
  
• Cl

of	
  the	
  monitor.	
  	
  If	
  you	
  do	
  not	
  see	
  the	
  Walkup	
  button,	
  expand	
  the
ick	
  on	
  Walkup	
  tab	
  in	
  the	
  Tcl/dg	
  window,	
  which	
  is	
  present	
  on	
  the	
  bottom	
  left	
  area	
  

	
  
	
  window.	
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• Select	
  
type	
  of	
  

the	
  
experiment	
  
appropriate	
  

you	
  
solvent	
  
would	
  

from	
  
like	
  to	
  

the	
  
run	
  
dropdown	
  
(in	
  our	
  case,	
  

Solvent	
  
1H).	
  

menu,	
  

not	
  start	
  automatically,	
  click	
  the	
  Start	
  ACQ	
  button.	
  
If	
   the	
  

then	
  
experiment	
  

click	
  on	
  
does	
  
the	
  

	
  
	
  

	
  

	
  

Option	
  2:	
  Manual	
  
• Click	
  on	
  the	
  Acqi	
  Tab	
  and	
  the	
  Acquisition	
  window	
  will	
  appear.	
  

	
  
	
  

• 
	
  

	
  

Cl
	
  
ick	
  on	
  Lock

• 

	
  button.	
  	
  Check	
  that	
  the	
  LOCK	
  is

Initially	
  

	
  off.	
  

quant
the	
  lockpower

ity,	
  
the	
  
whil
spinner
e	
  

1
the	
  

	
  
right
is	
  off

	
  
.	
  
increases).	
  
	
  Set	
  

lockgain

the	
  spin	
  
	
  The	
  
to	
  20	
  Hz	
  (left-­‐clicking	
  a	
  button	
  decreases	
  the	
  

	
  to	
  20	
  and	
  the	
   	
  to	
  2
spinner	
  
8.	
  

should	
  now	
  be	
  on.	
   	
  Also	
  increase	
  

                                                
1 The lock power and lock gain levels depends on the concentration of the deuterated solvent, the number of 
deuterium atoms in the solvent and the relaxation time of the deuterium in that particular solvent. 
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• 

	
  

Adjust	
  the	
  magnetic	
  field	
  frequency	
  Z0	
  shim	
  (units	
  

deu
The	
  

te
greater	
  
rium	
  resonance	
  field.	
  

the	
   number	
   of	
   sine	
   waves,	
   the	
   poorer	
  
are	
  H

the	
  
z),	
  until	
  

match	
  
a	
  sine	
  

of	
  
wave	
  
Z0	
   wi

is	
  
th
seen.	
  	
  
	
   the	
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• If	
  the	
  lock	
  is	
  near	
  resonance,	
  the	
  wave	
  looks	
  like:	
  

	
  
• 

Po
If	
   the	
  

show
wav
w
e
er

	
  

amplitude	
  
2

is	
   too	
   low,	
   increase	
   the	
   ,	
   and,	
   if	
   necessary	
   the	
  

	
  

le
n	
  
ngth
until	
  
	
   is
the	
  
	
   seen,	
  

signal	
  
and	
  
is	
  
t
between	
  
hen	
  

50%	
  and
Lock	
   ain

,	
   	
  100%
G
.	
  	
  Continue	
  to	
  adjust	
   	
  until	
  

Lo
one	
  
ck	
  

below	
  should	
  appear.	
  	
  	
  
click	
   the	
   h ck	
   ste

Z0
Lock	
   on	
   button.	
   	
   T e	
   lo p	
   function	
  

•
	
  
 If
that	
  
	
  phas

the	
  
e	
  is
lock	
  
	
  not	
  

signal	
  
set	
  proper

is	
  maximized.	
  
ly,	
  adjust	
  the	
  

decrease	
  the	
  Lock	
  Gain.	
  
	
   If	
  
lockphase

	
  

the	
   signal	
  
	
  
appears	
  
in	
  steps	
  of	
  

to	
  
–
be	
  
1	
  or	
  
satu
+1.	
  
ra
Y
t
ou
ed	
  
	
  w
(>=	
  
ill	
  not

                                         

100),
ice	
  

       

	
  

2  A too high Lock Power (>40) is saturating the lock signal.  Saturation is signaled by the fact that the lock level is 
very erratic. Large values for Lock Gain give a noisy lock signal.  Reduce Lock Power and adjust Lock Gain to 
maximize the lock level. 
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• Now,	
  
coils	
  
shim.	
  

that	
  
	
   Shimming	
  
surround	
  

adjusts	
  
the	
  

the	
   current	
   flow	
  

• 

Here,	
  only	
  the	
  
through	
  

“spinning”	
  
a	
   series	
   of	
   differently	
  

	
  will	
  be	
  ad
sample.	
   	
   (e.g.	
   the	
  sample-­‐

val

shaped	
  
spinning)	
  shims	
  
In	
  

to	
  

the	
  
Z1	
  –	
  Z7

ACQUISITION
justed.	
  	
  	
  

ues	
  of	
  Z1C,	
  Z2C,	
  Z1
	
  
	
  
wi

	
  
and
nd
	
  

SH
Z2	
  
ow	
  
in	
  order	
  to	
  maximize	
  the	
  lock	
  signal.	
  
click	
   on	
   IM.	
   	
   Start	
   making	
   small	
   changes	
   to	
   the	
  

	
  
• 

	
  

• 
(or,	
  if
When	
  

	
  necessar
the	
  lock	
  

y,	
  the
signal	
  

	
  Lo
go
ck	
  Po
es	
  abo

w
v
er
e	
  
	
  

su,	
  
in	
  t
100

he
%
	
  
,	
  
Lo
re
ck	
  
duc

up	
  
wi
e	
  

In	
   the	
   command	
   line	
  
Acqi
type	
   which	
   sets	
   the	
  

nd
the
o
	
  
w)
lock	
  

Lo
.
ck	
  
	
  
Gain	
  in	
  the	
  same	
  window	
  

	
  
disconnects	
  from	
  the	
   	
  window.	
  

and	
   shim	
   parameters	
   and	
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Select	
   ,	
  

St

,	
  and	
  

ep	
  

the	
  

3:	
  	
  Acquire	
  spectra	
  

• Main

	
  

for	
  
nt=

p
8
rot
	
  to
on	
  
	
  set	
  

	
  Menu appropriate	
   and	
   .	
  	
  Now,	
  type	
  in	
  

	
  
NM
the
R.	
  
	
  nu

	
  

	
  Then	
  
mber	
  
Setup

typ
of	
  
e	
  
transients	
  (acquisitions)	
  

Nucleus
to	
  eight,	
  which	
  

Solven
is	
  
t

ga	
  to	
  acquire	
  and	
  automatically	
  process	
  your	
  spectrum.	
  
a	
  good	
  choice	
  

	
  
• 

	
  

Usual
After	
  

ly,	
  
the	
  

symmetric	
  
the	
  
transients	
   are	
   completed,	
   the	
   spectrum	
  

around	
  
spectrum	
  

the	
  base	
  
is	
   not	
  

of	
  a	
  
pr
peak.	
  
oper

	
  
ly	
  
Auto-­‐phase	
  
phased;

ffav.

	
   th
the	
  
e
will	
  
	
  

be	
  

spectr
baseline

displayed	
  

um	
  
	
   i
by	
  
sn’t	
  
typing	
  
flat	
  
on	
  
and n’t	
  

the	
  command	
  window	
  or	
  by	
  using	
  the	
  macro	
  
aph

screen.	
  	
  
	
  
	
  
i
int
s

	
  If	
  one	
  doesn’t	
  work,	
  try	
  the	
  other.
o	
  
	
  

	
  
	
  

• dscale	
  
• 

If
	
  

	
  

Reference	
  
	
  the	
  x-­‐axis	
  disappears	
  at	
  any	
  point,	
  type	
  the	
  command	
   to	
  retrieve	
  it.	
  

that	
   is	
   used	
  
the	
  
comes	
  
spectrum	
  

from	
  
either	
  
CHCl

to	
  
3,	
  
your	
  
which	
  

solvent	
  
is	
   in	
  

or	
  
small	
  
to	
  TMS.	
  

amounts	
  
In	
  this	
  

in	
  
example,	
  
the	
   CDC

the	
  
l3	
   sol

proton	
  
vent.	
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Expand	
  the	
  NMR	
  scale	
  around	
  7-­‐	
  8	
  ppm:	
  click	
  on	
  the	
  Box
button	
  after	
  the	
  arrow	
  is	
  close	
  to	
  7	
  ppm.	
  	
  Click	
  with	
  the	
  left	
  button

	
  button.	
  	
  C
	
  around	
  8.2	
  ppm.	
  	
  	
  
lick	
  on	
  the	
  

	
  

right	
  

	
  
• Expand	
  

nl

	
  

Cl
chloroform	
  
ick	
  on	
  the	
  

peak,	
  then	
  
button.	
  
type	
  the	
  

	
  With	
  
command	
  
the	
  mouse,	
  

	
  (st
bring	
  

rl(7.

display	
  

27p).

digital	
  resolution,	
  which	
  for	
  a	
  well	
  shimmed	
  
ands	
  

the	
  
for	
  
red	
  
nea

cursor	
  
rest	
  line),	
  

very	
  

be	
  
or	
  
close	
  

This	
   will	
   place	
   the	
  
probe	
  should	
   less	
  

nl
than	
  
	
  dr
to	
  the	
  

1	
  
es
H
	
  to
z.	
  	
  
	
  

• Click	
  the	
  full
	
  	
  If
	
  button	
  to	
  display	
  the	
  full	
  spectrum,	
  or	
  type	
  
	
  you	
  decid

red	
  
e	
  to	
  us
cursor	
  

e	
  the	
  
on	
  
TMS
top	
  
	
  signa
of	
   the	
  

l,	
  ty
nearest	
  
pe	
  (rl=0.

line.	
  
0p

f
).	
  
	
   Type	
   the	
   command	
  

	
  and	
  press	
  enter.	
  

• 
	
  
Integrate	
   the	
   spectrum

	
  

cont
resets

:	
   	
   Click	
   .	
   	
   The	
   integr line	
   will	
   be	
   displayed	
  

click
inuousl
	
  

y.	
  
al	
  

after	
  the	
  signal.	
  Re
.	
   	
   L
	
  To	
  
eft	
  

cut
click	
  
	
   the	
  
on	
  
int
the	
  
egral
part	
  

integr
	
   ab
in
ove	
  
al	
  

tegral

slightly	
  
each	
  peak

befor
,	
   t
e	
  
ype	
  
the	
  
cz
signal	
  
	
   (clears	
  

and	
  
all
then	
  
	
   reset

slightly	
  
s)	
   and	
  

	
  
peat	
  for	
  each	
  peak.	
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• 
	
  

	
  

• 

To	
   display	
   the	
   values	
   of	
  

 

necessary	
  make	
  
	
  save	
  you

vp=
r	
  file	
  

1

•
Finally, w

	
  and
the	
  
	
  type
integrals	
  
	
  ds	
  dpir

underneath	
  
	
  again.	
  	
  	
  

the	
   spectrum	
   type	
  ds	
   dpir.	
   	
   If	
  

To	
  
page

get
	
  
	
  
(meaning:	
  
a	
  hard	
  copy	
  

plot,	
  
wit

2

h	
  
ith	
  
your	
  
the	
  svf

1H	
  
(‘
NMR,	
  
filenam

plot	
  
e’)	
  command.	
  	
  	
  

plot	
   the	
   ppm	
   scale,	
  
the	
  
plot	
  
spectrum	
  

the	
   integral	
  
typing	
  

•

resets,	
  
pl	
  pscale	
  

plot	
  
pir	
  pap	
  

 
ex

acquisition	
  parameters)	
  
To

some	
  

pand	
  
	
   see	
   coupling	
  

buttons
patterns,	
   you	
   can	
   expand	
  

th

regions	
  

threshold	
  parameter	
  

dpf

.	
   	
   In	
  
by	
  
ord
clicking	
  
er	
   to	
   ge

on	
  
t	
   the

.	
  
	
   pe
	
  With	
  
ak	
   fre

of	
   spectrum	
  

the	
  
que
left	
  
ncy
mouse,	
  
,	
   first	
   set	
  

with	
  
th

the	
   and

yellow	
  line	
  such	
  as	
  to	
   include	
  all	
   the	
  peaks	
  with	
  significance	
  (avo
set	
  

i
the	
  
e	
   pe
height
ak	
  
box	
  
pi
	
   of	
  
cki
t
ng	
  
he	
  

	
  

• 
ppfh
Yo
signa
u	
   als
z

ls).	
  
o
	
  
	
  
Typ
can	
  

e	
  
print	
  

	
  to
th
	
  d
e
i
	
  
s
e
play
xpand

	
  the
e
	
  pe
d	
   r
ak	
  f

d	
  the	
  noise	
   level	
  

	
  provides	
  peak	
  position	
  in	
  her
e
tz
gio
re
n	
  
q
by	
  
uenc

typi
ies
ng	
  
.	
  

constant	
  values.	
  
,	
  which	
  is	
  very	
  

pl	
  
us
ppfhz	
  
eful	
  to	
  

pscale	
  
extract

page
	
   the	
  cou

.	
   	
   Macr
pling	
  

o	
  

	
  

Eject
Click	
   ,	
   ,	
  

Wh
,	
  make	
  
en	
  you	
  have	
  finished

• acqi lock	
  off

sample	
  

spin	
  off
• 

	
  =	
  0,	
  make	
  
	
  

	
  =	
  0.	
  

turbine.	
  	
  Wipe	
  the	
  sample	
  with	
  KimWipe,	
  and	
  

	
  
• Substitute	
   your	
   with	
   a	
   sealed	
  

lockpower

sample.	
   	
   Insert	
  

lock	
  gain

insert.	
  
the	
   sealed	
   sample	
   in	
   the	
  

•

	
  

 

• 
‘autolock’	
  to	
  no	
  and	
  ‘autoshim’	
  to	
  no.	
  
Disable	
  auto-­‐locking	
  and	
  auto

Tr
-­‐shimming	
  
oubleshoot

features:	
  
ing	
  

	
  Hit	
   ‘flags	
  and	
  conditions,’	
  toggle	
  

If	
  
prompt	
  
the	
  software	
  

by	
   right-­‐
is	
  
cl
not	
  
icking	
  
responding:	
  

on	
   the	
   desk
	
  Close	
  

top	
  
and	
  
back

open	
   the	
  program.	
  Open	
  a	
  command	
  

th
‘terminal’.	
  
en	
  ente

Enter	
   ‘su	
  acqproc’	
   into	
  the	
  command	
  
ground,	
  
line	
  to	
  kill	
  

paging	
  
the	
  

t
current	
  
o	
   ‘tools’,	
  

acquisition,	
  
and	
   then	
  

 

resp
then	
  tur

ond,
n	
  i
	
  t
r
u
	
  ‘s
rn
u	
  
	
  
ac
off	
  
q
the	
  
proc

spectrometer	
  
’	
  to	
  re-­‐initialize	
  

(white	
  
the	
  spectrometer.	
   still	
  

t	
  bac
switch	
  around	
  

If	
  
back),	
  
the	
  software	
  

wait	
  a	
  few	
  
does	
  
seconds,	
  

not	
  

k	
  on	
  before	
  re-­‐opening	
  the	
  software.	
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