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Abbreviations and Terms

COSY
DQF-COSY
f1

f2

FID
HMBC
HMQC
HSQC
Hz

MHz
MW
NMR
NOE
NOESY
PFG
ppm
probe
Proton
RF
ROESY
T1

T2
TOCSY
VNMR]j
VT
X-nucleus

Correlation Spectroscopy

Double-quantum filtered correlation spectroscopy
“Indirectly” detected dimension

“Directly” detected dimension

Free Induction Decay

Heteronuclear Multiple Bond Coherence
Heteronuclear Multiple Quantum Coherence
Heteronuclear Single Quantum Coherence
Hertz

Megahertz

Molecular Weight

Nuclear Magnetic Resonance

Nuclear Overhauser Effect

Nuclear Overhauser Effect Spectroscopy
Pulsed field gradient

parts per million

part of the spectrometer where RF signal is sent and received

used interchangeably for *H

radio frequency

Rotating frame Overhauser effect spectroscopy
Longitudinal Relaxation

Transverse Relaxation

Total Correlation Spectroscopy

Varian’'s software used to interface with console
variable temperature control

used to refer to anything not *H



NMR Laboratory Policies

Laboratory Information

NMR Facility Manager: Dr. Susan L. Nimmo
Office: SLSC 1700

Phone: 627-7044

Email: SusanA@ou.edu

Instrument Problems
Please contact Dr. Nimmo by cell phone and email with details of the problem.

Instrument Log Book
Please record your name, group, general experimental details and any problems
that are encountered when you use the instrument.

Sample Breakage

In the event of a sample tube breaking in the magnet please contact the NMR
facility manager immediately. This should be done both by phone and email. It
is imperative that no one use the instrument until after Dr. Nimmo has accessed
the situation. The student should place a “broken sample” note on the keyboard
and lock the computer screen.

Faces On-Line Signup

The faces on-line scheduling program hosted by the Complex Carbohydrate
Research Center at the University of Georgia is used for instrument sign-up for
all instruments our laboratory. The page is found at http://faces.ccrc.uga.edu/

It can be accessed from any computer which is attached to the internet.
Individual login and passwords will be set up for users at the initial training
sessions. You will only be allowed to sign-up for instruments that you have been
trained to use. Please read the news page of the sign-up for instrument status
and special instructions for each instruments. All users will be held responsible
for following specific instructions found on this news page.

Funding Acknowledgements

Please acknowledge the instrument funding and notify the NMR facility manager
by email when publishing data collected on the 300 and 400 spectrometers. It is
important for us to keep statistics for both past and future proposals. The Varian
Mercury VX-300 NMR Spectrometer was purchased in 2000 by the multi-user
NSF grant CHE#0077707. The Varian VNMRS-400 NMR Spectrometer was
purchased in 2007 by the multi-user NSF grant CHE#0639199



NMR Training Policies

All students will begin training on the 300 NMR. Training sessions will be
approximately 45 minutes in duration and will be held as many times as
necessary for the student to gain competency. More advanced students and
post-docs may gain certification by demonstrating their ability to use the
instruments and by completing the assignments.

Certification to use the 300 NMR will be given as NMR Test #300-1, Test #300-2
and Practical Assignments #300-1 and #300-2 are completed as approved by Dr.
Nimmo.

Training will begin on the 400 upon successful completion of 300 training.
Certification to use the 400 NMR will be given as NMR Test #400-1, and
Practical Assignments #400-1 and #400-2 are completed as approved by Dr.
Nimmo.

Training will begin on the 500 upon successful completion of 400 training and
Test #500-1. Certification to use the 500 NMR between 8-5 Monday-Friday will
be given as NMR Test #500-2 is completed as approved by Dr. Nimmo.
Unlimited access will be given upon the completion of NMR Test #500-3

Additional training may be requested on an individual basis. But please
understand that training sessions will not last longer than 1 hour per session.

Variable temperature training will be given as needed. Supervision of variable
temperature experiments will continue until both the NMR facility manager and
the student are completely confident of the student’s ability to safely carry out

these experiments independently.

|. Preparing Samples

Tubes

For a standard samples, use the equivalent of 5 mm tubes Wilmad 528-pp-8
(available from the stockroom) (rated 500 MHz and 8 inches long). Eight inch
tubes are required for the robotic insertion on the 400. The sample volume
should be at least 500 microliters, typically 650-800 microliters. Minimum sample
height rule of thumb: coil + 3X diameter of the sample. The probe coils are 16
mm (18mm in the 500 MHz triple resonance and 500 MHz indirect detection
probes). Standard NMR tubes are 5mm. Samples shorter than 500 microliters
are very difficult to shim. Users running samples containing hazardous materials
are encouraged to use thick-walled tubes for safety and should notify facility staff.
Do not use chipped, cracked or scratched tubes. Labels for NMR tubes can
also be purchased from most tube vendors. Alternatives for smaller volume



samples include Shigemi tubes or susceptibility plugs that can be purchased
from Wilmad and generally work better for small volumes than thick-walled tubes.
Shigemi tubes, 5mm, use volumes of 270-300 microliters and are made of glass
that is matched to the magnetic susceptibility of the solvent to be used. Using
more than 800 microliters in a regular tube is not recommended because the
sample height will extend past the controlled variable temperature range and a
temperature gradient can be created in the sample. Some vendors also sell
thick-walled tubes that are useful when you have a hazardous sample and are
concerned about tube breakage.

Handling and Preparation

Samples should be clear of precipitate and particulates if possible. Many options
are available for filtering samples. Centrifugation can also eliminate precipitate
from samples. Be sure to wipe off the NMR tube with a Kimwipe around the
bottom where the sample may have been touched. Samples require deuterium
solvent for a lock signal. Higher quality deuterium solvents, purchased in
ampules, will have a smaller residual solvent peak. Samples can be run without
deuterium, no lock, for very short runs if necessary. Store deuterated solvents in
well-sealed containers on dessicant. Samples should be transferred into and out
of NMR tubes using long pipettes that reach the bottom of the NMR tube. Extra
long glass pipettes are available from Wilmad. Transfer samples smoothly to
avoid losing liquid to the sides of the tube or adding air bubbles to the sample.
Water (H,O) samples require approximately 10% DO for a lock signal.
Controlling pH in biological samples and in many water samples is highly
recommended. pH can change chemical shifts drastically in many aqueous
samples. For example, phosphorous shifts are changed dramatically with pH.
Cleaning tubes can be accomplished using a tube cleaner which attaches to an
aspirator. These are available from several companies. Rinsing the tube several
times with water or another solvent if necessary, then with isopropanol or
acetone. Do not dry tubes in an oven. The heat in the oven will warp the
glass. Blowing nitrogen or other dry gas through the tube will help remove
residual solvent, alternatively, pull a vacuum on the tube for several minutes.
Another source of cleaning information can be found on the Wilmad website at:
http://www.wilmad-labglass.com/services/NMR_010.jsp

Sources of Contamination

Tables of chemical shifts of common contaminants are readily available online or
in books. Membranes and membranes in concentrators, dialysis bags, buffers
(i.e. Tris), detergents, and dirty tubes can all be sources of contamination.
Contamination peaks are usually easy to spot because they are often of a
different linewidth and different ratio to the sample being observed. Buffers such
as Tris contain proton signals that contaminate spectra. Tris is difficult to remove
from a protein sample and should be avoided or deuterated if possible. Many
commercial membranes are stored in glycerol and should be washed thoroughly
before use with a protein sample. Samples prepped in fully deuterated solvent
can pick up water from the air very easily and should be sealed tightly. Often the



cap can be sealed with a very small piece of Parafilm and samples stored on
dessicant in the refrigerator. Samples prepared in “100%” deuterated solvent
should be prepared with minimal air exposure or prepared in a dry box or dry
bag. Keep bottled solvents on dessicant or, preferably, use sealed ampules of
solvent. Solvents from a general use bottle can also become easily
contaminated. Occasionally, even newly purchased solvents can contain
contamination that is detected when working at low concentrations in high field
magnets. To determine if the solvent is the source, run a sample of solvent only.
Often a peak near zero is also often seen in samples that can be due to grease
used on glassware. Drying tubes with cans of compressed air can also generate
a contaminate peak from the propellants and should be avoided. One useful
reference in identifying impurities is J Org Chem, 62, 7512-7515 (1997), “NMR
Chemical Shifts of Common Laboratory Solvents as Trace Impurities”.

II. Equipment

Spectrometers

There are three spectrometers located in the NMR laboratory: Varian Mercury
VX-300 MHz, Varian VNMRS-400 MHz and VNMRS-500 MHz. All spectrometers
are equipped with wave form generators and pulse field gradients. The
frequency at which protons precess in the particular strength of magnetic field is
used to designate the magnets. For example, protons precess at 300 MHz in the
300 MHz magnet, but the magnet strength is actually 7 Tesla. Further, carbon
precesses at about 75 MHz in a 300 MHz magnet. Nuclei such as carbon,
nitrogen and phosphorous resonate at much lower frequencies than proton.
Often, nuclei that resonant at the higher frequencies such as proton and fluorine
are called “high band” and other nuclei like carbon and nitrogen are called “low
band”. The basic components of the spectrometer include: workstation, console,
magnet and probe.

Workstation

The computer workstation is where most of the operation of the instrument
occurs including data collection and simple processing. Extensive processing
should be done on offline workstations that do not absorb instrument time. The
workstation communicates with the console that, in turn, controls the console and
the probe in the magnet. The workstations are Dell PC’s running under Red Hat
Linux 5.1.

Console

The console contains the radio frequency generators, amplifiers, a variable
temperature controller, pulsed-field gradient generator, waveform generators,
and other computer components. In typical operation, a user will very rarely, if
ever, need to interact with the console.

Magnet



The magnetic field in all of the instruments is generated by a current flowing
through a solenoid of superconducting wire. For the wire to be superconducting,
the wire must stay at liquid helium temperature (4 K) or below. Therefore, the
cryostats are filled with liquid helium and outer liquid nitrogen to keep the
magnets cold. If the magnets warm up above that temperature, a quench can
occur. A quench is when the current in the magnet coil is lost. If a quench
occurs, it is usually accompanied by a loud noise followed by fast release of
helium gas from the cryostat. If this occurs, please leave the lab as quickly as
possible. The magnet is contained inside the silver dewar. The magnets are
mounted on vibration legs. The air legs maintain level and stable against small
vibrations by air pressure. Therefore, do not lean against the magnets because
the magnet will rock. Try to avoid walking around near the magnet during an
experiment because it can contribute to vibrations. Typically, the only time a
user needs to go near the magnets is to insert the sample and tune the probe.
Never take metal or magnetic objects near the magnets. Always check pockets
and person for these things before approaching the magnet. Non-digital
watches, cards with magnetic strips, and magnetic media (such as disks) will
also be affected by the magnetic field. Also inside the magnet are the shim coils.
Shim coils are a collection of electrical coils used to remove residual magnet field
inhomogeneities. The temperature in the bore of the magnet, where the sample
will sit, is controlled by a variable temperature controller and is typically set at 25
deg. C.

Probes

The probe is inside the bore of the magnet. The probe contains the
transmitter/receiver coils on where pulses go into the sample and RF frequencies
come out. Probes can be changed in a few minutes by facility personnel and
have different configurations depending on the application intended. Probes are
only changed by facility personnel or by specially trained users. The type of
probe selected is determined by the nucleus to be detected and the specific
experiment. The 400 and 500 spectrometers have indirect detection probes.
These probes are the best choice for direct proton detection or indirect detect
experiments. This probe has the proton transmitter/receiver coil closest to the
sample and is, therefore, most sensitive for proton detection. The 300 and 400
spectrometers have broadband probes which typically have the X-nucleus coll
closer and are, therefore, more sensitive for nuclei like carbon. Carbon can still
be detected directly using an indirect detection probe, but it will have a much
lower signal-to-noise. Broadband probes or probes that include a X-nucleus can
be tuned to a different nucleus depending on the tuning range of the probe.
Direct detection of an X-nucleus is best done with a broadband probe.

lll. Choosing the Spectrometer

Instrument Specifications and Set-up
It is important to choose the appropriate instrument in the laboratory to answer
the relevant experimental questions. Important things to consider include type of



probe on the magnet, sensitivity of the system in regards to sample
concentration, variable temperature set up, and magnetic field strength.

Varian Mercury 300 MHz NMR Spectrometer

The 300 NMR is especially easy to use. The afternoons are set up in 15 minute
time slots because it is possible for anyone to collect a *H NMR spectrum in a
very short amount of time. The spectrometer has a 4-nuclei auto-switchable
probe. This means that *H, *°F, 13C, and *'P experiments can be collected
without changing cables or tuning the probe. This instrument is also capable of
running more advanced 1D and 2D experiments, but the sensitivity is less than
on the other spectrometers and therefore requires higher sample concentration.
The spectrometer is running VNMRJ 2.2D software with chempack 4.1.

Varian VNMRS 400 MHz NMR Spectrometer

The 400 NMR is equipped with a 50 sample autosampler. Therefore this is the
best spectrometer for running several samples. It can be set up to automatically
run multiple experiments on different samples. It is more sensitive than the 300
NMR and requires less sample concentration. It is equipped with dual broad
band probe and automatic tuning. As a result this is the best spectrometer for
collecting direct detect broad band spectra. This spectrometer has extended
variable temperature accessories and can conveniently collect variable
temperature experiments. It also has an indirect detect 1H probe for running
indirect detection experiments with lower sample concentration. The
spectrometer is running VNMRJ 2.2C software with chempack 4.1.

Varian VNMRS 500 MHz NMR Spectrometer

The 500 NMR is three channel system with both a triple resonance probe and an
two channel indirect detection probe. This system has the highest resolution,
best sensitivity in the laboratory. Longer 2D and 3D experiments have
preference on this instrument over short 1D *H experiments. The spectrometer is
running VNMRJ 2.2 c software with an chempack 4.1 and Biopack options.

Sensitivity

Signal to noise increases as field strength is increased. Signal to noise is also
very dependent on the probe. Indirect detection probes are constructed to
maximize the proton sensitivity, while direct detect probes are constructed to
maximize broad band signal intensity. The table below lists the signal to noise
values for the NMR instruments according to the field strength and probe. These
measurements were made after reinstallation in our new laboratory with the
Varian standard sensitivity standards.

1H F19 13C P31 N15
300 MHz NMR
4-nuclei probe 125:1 85:1 90:1 72:1 --
400 MHz NMR
Broad-band probe 300:1 325:1 180:1 180:1 20:1
Indirect Detection Probe 725:1 -- -- -- --




500 MHz NMR

Indirect Detection Probe 965:1 -- 75:1 -- -

Triple Resonance Probe 1070:1 -- - - -

Resolution

Resolution is normally increased as the field strength of the magnet is increased.
Overlapped peaks on the 300 NMR may be resolved at higher field strength.
The partial *H spectra of a natural product are shown below. The spectra were
collected on the 400 and 500 spectrometers within our NMR facility. The 800 Mz
spectrum was collected at the University of Minnesota. The three peaks are
completely resolved from each other at 800 MHz.

800 MHz

500 MHz

400 MHz

Dynamic Molecules

Molecules which are dynamic on the NMR time scale have a lower coalescence
temperature on a lower field magnet. A single set of sharp lines is observed
above the coalescence temperature. In the example below, the dynamic
catenane compound had broad lines in the *3C spectra at room temperature.
Due to sample constraints 50°C was the upper limit that the sample could be
heated. On the 400 MHz NMR spectrometer, this temperature was not far
enough above the coalescence temperature to result in sharp lines. However,
considerably sharper lines were observed on the 300 MHz NMR spectrometer at
50°C due to the lower coalescence temperature.




13C{1H}
100.58 MHz
(400 NMR)
50°C
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13C{1H}
75.46 MHz
(300 NMR)
50°C
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V. Software

Intro to VNMRJ
All of the computers in the facility are running VNMRj 2.2C and 2.2D. The
interfaces of these two versions are nearly identical.

The program that communicates between the workstation and console is called
the “acqproc”. Occasionally this program loses communication between the
console and workstation and needs to be re-started. Please ask facility
personnel to do this if they are available. If no one is available, instructions are
posted in the facility for re-setting the console.

Every group has a login account. They are responsible for remembering their
user name and password. Do not allow others to use the account or give out



the password to anyone. If the facility determines that a user is allowing
unauthorized users to use the account, privileges will be suspended.

The VNMR software currently uses linux for many things. Knowing a few simple
linux commands can be very helpful (See Appendix for useful linux commands).

In a user account, there is a directory called "vnmrsys". This is a VNMR system
directory. In this directory are many subdirectories. These directories are
probably empty unless someone has put in a new macro, pulse sequence, shim
file, parameter file, etc.

The most significant of the subdirectories:

psglib - pulse sequence library, contains uncompiled pulse sequences

seqlib - sequence library, contains the compiled, executable versions of pulse
sequences

maclib - macro library

shims - stores personal saved shim files

parlib - parameter files

probes — probe files (created with an addprobe command)

shapelib — shaped pulse files (filename.RF)

gshimlib — gradient shimming maps and files (created from gmapsys)

Global directories are found in the /vnmr directory (a few directories up from the
personal directories). The global directories, like psglib, contain all the pulse
sequences, macros, parameters, shims etc. available to all users. To see the
pulse sequences available on a specific machine, look in the psglib in the VNMR
directory. The main VNMR subdirectories can be altered by facility staff only.
Files may be copied into a personal vnmrsys and altered there. Any macros,
pulse sequences, parameter files, etc. in a personal vnmrsys will be accessed
preferentially to the global vnmrsys during operation.

To put a new pulse sequence into the vnmrsys, copy the uncompiled sequence
(segencename.c) into the psglib. Be sure to copy any necessary macros into
the maclib, any parameters into the parlib, shaped pulses into shapelib etc.

To compile a sequence copied into the psglib,

>seqgen pulseq.c

This will compile the sequence and put the executable into the seqlib. Pulse
sequences can also be compiled from the VNMR command line as
>seqgen(‘sequencename.c’).

VNMR also has various packages for specific applications. The most common
one in the facility is called BioPack and includes many pulse sequences for
applications to biomolecules. These packages can be installed or activated in
individual user accounts.



V. Data Files

Creating Data Directories

We ask that each group save its data within the data directory of the vnmrsys
folder. The data directory is found at /nome/usergroup/vnmrsys/data. The
usergroup is designated by the group login. For example, if your group login is
vnmrl, then the group data directory is found at /home/vnmrl/vnmrsys/data, but
if your login in rhc, then the group data directory is found at
/home/rhc/vnmrsys/data. Please maintain individual directories for each member
of the group. Directories can be made using the file browser. A file browser can

be accessed under the Applications>System Tools.
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After the file browser is opened, type the location of your group data directory in

the location bar and create a new folder under the File menu.
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The NMR facility automatically sends all files within the data directories of each
group to a local server at the end of every day. Files that are not saved in the



data directory are not sent to the server. However, the facility does not
assume any responsibility for backing up user data files. Users must back
up their own data. Each spectrometer and data station computer has a flash
drive. It is suggested that users transfer data via flash drives to their own
computers where they can maintain a CD back-up of all data. Alternatively, files
can be copied from spectrometer to workstation within the facility via ssh. See
appendix A.6 for details in using the freeware Winscp to transfer data.

Creating a Desktop Shortcut to the Data Directory
It will be convenient to have a link on the desktop that will navigate directly to the

data directory of your group.

Using the file browser, open the vnmrsys directory within the home directory and
right click on the data folder. Click Make Link.
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This creates a link inside the vnmrsys folder named link to data. Drag the link to
data shortcut to the desktop.
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Right click on the link to data and rename it to Data Directory.
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Creating Data Transfer Shortcuts on the Red Hat Linux 5.1 Desktop

Click on Places
Click Connect to Server ......
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The Connect to Server box will open:



Set the Service type to SSH and fill in the Server, Folder and Name to user for
connection

Connect to Server

Service type: [épubnc FTP .

Server: [

Optional information:

Port: [ ]
Eolder: [ 4/ ]
Name to use for connection: [ red ]
l mﬂelp l [ Browse Network l [ ¥ Cancel l [ Connect ]

Server-Internal IP Server-External IP Name for Connection
10.254.219.26 129.15.22.45 300 NMR
10.254.219.27 129.15.22.46 400 NMR
10.254.219.28 129.15.22.47 500 NMR
10.254.219.30 129.15.22.49 Data Station 1
10.254.219.31 129.15.22.50 Data Station 2

Note: Use the Internal IP address for the Server number if you are transferring
between spectrometer and data stations. Use external IP address for the Server
Number if you are transferring data to a computer outside of this network.

Folder: Location of your group’s data directory
Generally: /home/login/vnmrsys/data
Specifically if your group login is rhc then the folder is /home/rhc/vnmrsys/data

Example: This is a shortcut made to Data Station 1 by the vanmrl group.
5 L

Connect to Server x|

55H

L1

Service type:

Server: [129.15.13.31 ]

Optional information:

Port: [
Folder: [;’homeNnmranmrsys}data
User Name: [\mmrl

MName to use for connection: [Data Station 1|

[ & Help

Connect

] [ Browse Network ] [ xgancel ] [




The above information created the following shortcut:

Data Station 1

Transferring the Data

To transfer the data double click on the desired short cut. This will open up box
requiring your group password. Put in the password and click connect. Copy
and paste your files from the local computer to the destination computer.
Example: Transferring data from the 300 to Data Station 1 using the vnmrl
account: Click on the data directory shortcut on the desktop and navigate to the
files that you wish to copy. NMR data have a .fid extension. These are actually
folders containing four files. You must copy the entire .fid folder.

Open the appropriate folder to find the files that you wish to transfer.

system @SS HTE A 12:07F
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Click on the Data Station 1 shortcut to open a connection to the data station.

Data Station 1




Enter in the password and click the connect button.
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This will open a file browser on Data Station 1 (destination folder)
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Transfer the data from the local folder to the destination folder using the copy
and paste functions under the edit menu. You may also “drag and drop” but be
aware that you may be moving your files instead of copying them.

VI. Probe Files

Instrument Calibration

Proper operation of both chempack and biopack within the VNMRJ 2.2C and
VNMRJ2.2D software requires the use of up-to-date and calibrated probe files.
Setting up experiments from the software menu as described in the experimental
instructions of this manual should result in the most recently calibrated values
being automatically loaded into the experimental data sets. This can be checked
by comparing the data parameter sets to the calibrated values within the probe
files on the computer and/or the hard copies in the red calibration notebooks
located next to the computer of each spectrometer.

Probe Files

Probe files are specific to each instrument probe. They contain all of the
necessary calibration information. The actual calibration values can be found in
the red calibration notebooks located next to each spectrometer and inside the
text of the probe file itself. The location of the system probe files is in the
Ivnmr/probes/ directory of each instrument and can be viewed by any user. The
system probe files can only be changed by the system administrator. Groups
may manage their own local probe files in desired, but be aware that only the
system probe files will be updated with current calibration data. Groups that
create their own probe files will be responsible for their maintenance.

It is important for the user to be aware of which probe is on the instrument and
which probe file is loaded in the software. The 400 and 500 spectrometers each
have two probes. The news page of the faces on-line sign-up, and the first page
of the red calibration notebooks next to each spectrometer have current probe
installation information. The table below shows the name of the probe file that
corresponds to each available probe in the laboratory.

Instrument Probe Probe File
Mercury VX-300 4-nuclei autoswitchable asw4405
PFG probe
VNMRS-400 Auto-X-Indirect Detection AutoX_ID 8726
probe
VNMRS-400 Auto-X-Dual Broadband AutoX_DB_8790
probe
VNMRS-500 Triple Resonance Probe TR_8064 (for chempack
use)
HCN (for biopack use)




| VNMRS-500 | Indirect Detection Probe | id8297

Changing the Probe File
The loaded probe file can be seen and accessed at the bottom of the VNMRJ
window.

Click on the down arrow to view the probe file options. Select the desired file and
close the box. 6




VII. Gradient Shim Maps

All three spectrometers utilize gradient shimming. Gradient shim maps are made
by the NMR facility staff and stored in the /vnmr/ gshimlib/shimmaps/ directory.
Users are welcome to make and store their own gradient shimmaps within their
users gshimlib directory, but the details of making these maps is not found in this
manual.

It is important that you are using a shimmap which corresponds to the probe
installed on the instrument. You may also want to change shim maps to use the
most current map. The name of the most current gradient shim map can be
found on the instrument status report located in the three ring calibration
notebook next to each of the spectrometer’s host computers.

Loading a gradient shim map

The currently loaded gradient shimmap name can be found on the Standard Tab
of the Acquire Page. The maps are named by the corresponding probe and the
date that the map was made. In this case, the map name is

AutoX DB 8790 |k _2011-02-25, meaning that it was generated on February 25,
2011 with the AutoX_DB_8790 probe on the magnet.
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This will bring up the gradient shimmap pages. The option to change the map
can be found on the Gradient Shim Tab of the Acquire Page.

File

Edit View Experiments Acquisition Autormation Process Tools Help

== FiEH
e

g [dMapsys
Set hardware: operation complete

D

LS

ess‘ Show Time Acquire J- Sequence

Defaults GrAdient Shim Setup Make Shimmap Gradient Autoshim

S[Elr’[‘AchlH’e F™

Pulse Sequence

Acquire Trial Spectra ‘ map ‘ Gradient Autoshim on Z

Channels
Flags Set Acquisition Parameters: Current mapname Set by date i ’
Future Actions | prGH1 | Homospoll H1 [AutoX_DB_8790_1k_2011-02-25 QuitiGradientALtoii

Load map  Autox_DB_8780_lk_2011-... = |

# shims Usac |4

PFC H2 Homospoil H2

Gradiant Typa: nnc

Display Fit | Display Shimmap

Window Size

Flot Fit Flot Shimmap,
i Shim 21-z4 first Trsors Set mapname into probe file
Temp compensation off __ ~ | Find Window__ | _Find Frequency Add mapname into Gmag list

lgnore spinner - Make Shimmap Using Current Settings Reset Shims

Click the down arrow to see all of the available maps, highlight the desired map

and it will load into the current mapname box.
i

Start| Acquire |[Pracess| [ show Time | Acciire il ARSI i

Defaults Gradient Shim Setup Make Shimmap Gradient Autoshim
Wequisition . b e q

puﬂe Sequence|  Acquire Trial Spectra Aut Gradient Autoshim on Z
Channels

Flags Set Acguisition Parameters: frent mapname Set by date 7 7 p
Future Actions PFG H1 Homospoil HL Jautox DB 8730 1k 2011-02-25 Quit Gradient Autoshim

PFC H2 Homospaoil H2

Gradient Type: nnc

Load map  Autax_DB_8790_li 2011-... = |
[1-18-2010-lineshape | =\
# 5hims Usedacetone-0224-2011 7

Display Fit Display Shimmap
FPlot Fit Plot Shimmap
Set mapname into probe file
Add mapname into Gmap list

Resat Shims

map =
X_DE_8790_Ik_2010-05
X_DE_8790_Ik_2010-11

Shim z1-z4 first

Set
Find Win
Wake Shim]

Temp compensation off LI
lanore spinnar -

AutoX_DE_8730_Ik_2011-01
|Autax_DE_8790_Ik_2011-0
|Autox _DE_Ik_2010-20-11 | ¥

Start| Acquire |[Pracess| | show Time [ acciire il S i

Defaults Gradient Shim Setup Make Shimmap Gradient Autoshim
Acquisition _ A _ o aare _
Pulse Sequence Acquire Trial Spectra ‘ Automake Shimmap ‘ Gradient Autoshim on Z
Channels
Flags Set Acquisition Parameters Current mapname Set by date |
Future Actions PFG H1 Homospail HL Jautox_DB_8790_1k_2011-02-25
PFG H2 Load map AutoX_DE_8730_tk 2011-... ~ |
Gradiem Type: nnc &5 . Display Fit | Display Shimmap
ims Used [4 Windowsize [417 Plot Fit Plot Shimmap
i Shim z1-24 first Set Window from Cursors Set mapname into probe file
Temp compensation off LI Find Window | Find Frequency Add mapname into Gmap list
lgnore spinner LI Make Shimmap Using Current Settings Reset Shims




VIII. Using the Varian Mercury VX-300 MHz Spectrometer

The 300 MHz NMR was purchased in 2000 under a NSF multi-user grant (CHE
0077707). It has a 4-nuclei autoswitchable PFG probe. It can collect
1H/19F/13C/P31 without retuning the probe or changing cables. This instrument
is designed for walk-up use and is primarily used by the synthetic chemistry
groups. Mornings, Evenings and Overnight time can be reserved in advance in
large blocks, but daytime can only be reserved in 15 minute blocks.

300 NMR Sign-up Rules:

Mornings ( 8 am -12:00 pm)

Sign-up is allowed one day in advance for a maximum of 1 consecutive hour. Do
not sign-up for one hour to use the instrument for 5 minutes. This time is
reserved for longer experiments and inexperienced users.

Afternoons (12-noon to 6:00 pm)
Sign-up is allowed only on the day of use and is restricted to a maximum of 15
consecutive minutes.

Evenings (6:00 pm to 8:00 pm)
Sign-up is allowed one day in advance for a maximum of 2 consecutive hour

Overnight (8:00 pm to 8:00 am):
Sign-up is anytime in advance for a maximum of 12 consecutive hours



Mercury 300 Tests and Assignments Certification
Student Name:

300-Test #1:

Student gives demonstration of properly operating the instrument. The student
must log into the spectrometer, insert sample, lock, shim, collect a 1H
experiment, save the data and transfer the data to the data station. Speed is not
required. Atthe completion of this test, the student is allowed to use the
instrument Monday-Friday between the hours of 8 and Noon.

Date Completed: Supervisor:

Practical Assignment #1

Collect 2 *H NMR spectra of 2-Ethyl-1-indanone on the 300. This sample is
located in the NMR laboratory. Please shim the sample as well as you can.
Follow the instructions located in Appendix A.1 of this manual. Upon completion
copy the assignment and give to the NMR facility staff.

Date Completed: Supervisor:

Practical Assignment #2

Collect a **C NMR spectrum of 2-Ethyl-1-indanone. Follow the instructions
located in Appendix A.2 of this manual. Upon completion copy the assignment
and give to the NMR facility staff.

Date Completed: Supervisor:

300-Test #2:

Student gives demonstration of properly operating the instrument. The student
must log into the spectrometer, insert sample, lock, shim, collect a 1H
experiment, save the data and transfer the data to the data station. The test must
be completed within 15 minutes. Upon completion of this test, the student is
permitted to use the instrument at any time.

Date Completed: Supervisor:




Collecting a 1D-proton on the Mercury VX-300 MHz NMR Spectrometer

Log in and double click on the VNMRJ icon.

Vnmr|

Insert your sample clicking the Eject and Insert buttons on the Start> Standard

Page.
Seun paraare|_snowTme U~ §
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Set up a proton experiment by choosing proton under the experiment menu. If
there are no experiments under the Experiment menu, uncheck the Use Study
Queue option under the Acquisition menu.
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Select the desired solvent on the standard tab of the Start Eaﬁe.
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Click the Lock Scan, Lock Off and the Spin on buttons. Adjust (raise or lower as
necessary) the Power and Gain until the signal completely appears on the
screen.
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Adjust z0 to maximize the lock signal. For best results adjust zO until signal is
maximized, then adjust phase until the signal is maximized. Clicking the middle



wheel of the mouse will change the steps of z0, power, gain and phase to 1, 10
or 100. If the lock level is fluctuating at a low power level, then lower the gain.

Off Insert Eject Lock Scan

[EEEERE  ® W fe narcnare cosmion complere

Turn the Lock On when you are finished locking. You must unclick the Lock
Scan button for the other buttons to become available.

Shim by clicking the Gradient Shim button on the Lock tab of the Start page. If

you want to manually shim z1-z5, click the shim tab. It should not be necessary
to shim the higher order shims.
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Alternatively, you may manually shim using the buttons on the Start>Shim Page
to maximize the lock signal.
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Start your experiment by clicking the Acquire button. Parameters may be
accessed under the Acquire pages. Basic parameters such as sweep width,
number of scans, relaxation delay, etc are found in the default 1H tab. Automatic
plotting and integration can also be set to on or off here.

rr| Acquire Process| Acquire Mqu\re&Transfnrm— Shan\mel Seguance ‘ Arrays |

Proton
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Paramaters Basic, Top Left
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An “old style” parameter page can be accessed by typing dg in the command line
and clicking on the Process>Text Output Page
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More instructions regarding changing the parameters of a basic 1D experiment
can be found in section X of the this manual: Changing Basic 1D Parameters.



Save your data by choosing File > Save As from the drop down menu.
<& Applications Actions [B8 &N P.E -

it Aiew Experiments Acquisition Process Tools Help
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2D Crye  ArrayedSpectra laph

This opens a box in which you can type your filename. Clicking the Home icon
will take you to the data directory within your account. You can create folders
here using the create folder icon. Double click on your folder.

& Applications Actions \ﬂ %N’s E;\ \qﬂ O:‘

hd Save %
Choose Home D\rector\/:‘fhomefmtafvnmrsysfdata |v‘
bir 1 | Dir2 Dir 3 | Ll |
~
Save In: [ data k"' E
—
CJsusan
Cempstudy
/

File Marme: | / |
Files of Type: |fid / |~

Go up one | Create New

directory G ﬁ ] I Folder

\

Go To Home
Directory

Eject your sample clicking the Eject and Insert buttons on the Start> Standard
Page.
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Close VNMRJ software
Type exit in the command line to close the VnmrJ software.
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IX. Using the Varian VNMRS-400 MHz Spectrometer

The Varian VNMRS-400 NMR Spectrometer was purchased in 2007 by the multi-
user NSF grant CHE#0639199. It is equipped with two probes: Auto-X indirect
detection probe and Auto-X dual broad band probe. Please request a probe
change at least 2 working days in advance.

Training will begin on the 400 upon successful completion of 300 training.
Certification to use the 400 NMR will be given as NMR Test #400-1, and
Practical Assignments #400-1 and #400-2 are completed as approved by Dr.
Nimmo.

400 NMR Sign-up Rules:
Rules for Advanced Signup

Advanced signup is defined as signing up for time more than 24 hours in
advance. These rules do not apply if this time has not been taken within 24 hours
of the start of the experiment.

Weekdays (Monday — Friday 8:00-4:00):

Advanced sign-up of this time is reserved for experiments which must be
monitored, 400 beginning students who are only allowed to use the instrument
during this time and experiments which require help from the NMR facility staff.

Weekends: (Friday 6 pm — Monday 8 AM)
Please limit advanced sign-up to 24 hours during the weekend unless approved
by the NMR facility staff.



400 NMR Tests and Assignment Certification
Student Name:

400-Test #1:

Student must give demonstration of properly operating the instrument including
sending the data to the data station. This test includes operation of the robot,
automated tuning unit and shimming the standard line shape sample to
instrument specifications.

Date Completed: Supervisor:

400- Practical Assignment # 1

Measure the *H pw90 for any sample. Follow the instructions located in
Appendix A.3 of this manual. Make a copy of the assignment and hand it in to
the NMR facility staff.

Date Completed: Supervisor:

400- Practical Assignment # 2

Collect a gCOSY experiment using any sample. Follow the instructions located
in Appendix A.4 of this manual. Make a copy of the assignment and hand it in to
the NMR facility staff.

Date Completed: Supervisor:

Upon completion of 400- test #1, practical assignment #1 and practical
assignment #2 , the student is permitted to use the instrument at any time.



Collecting a 1D-proton on the Varian VNMRS-400 MHz NMR Spectrometer

Put your sample tube in a spinner turbine and set the depth using the depth
gauge. Put the sample into one of the numbered slots in the sample tray and
take note of the slot number. Do not use slot #1 (upper left corner) or slot #0
(lower right corner). A standard sample should be in the magnet which will be
taken out and put into slot #1 when your sample is inserted. Slot #0 must be left
empty. If the robot takes your sample out and places it in slot #0, you must
remove it.

In this example, the sample is placed in slot #19.
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Login and start VNMRJ by left double clicking on the VnmrJ icon on the desktop.

Vnmr ]



Set up a proton experiment by choosing proton under the experiment menu.
If there are no experiments under the Experiment menu, uncheck the Use
Study Queue option under the Acquisition menu.
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Select the desired solvent on the standard tab of the Start page.
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Insert your sample by typing loc=slot# change. In this example the sample
was placed into slot #19, so loc=19 change will cause the robot to eject the
standard sample, replace it into slot #1 and then insert the sample from slot
#19 into the magnet.
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Lock:
Click the Find z0 button on the Lock tab of the Start page.

o
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Click the Lock Scan, Lock Off and the Spin on buttons. Lower the Power
and Gain until the signal completely appears on the screen.

Set hardware: operation complete

Start Acqu\re‘ Pr’ocess‘

%

Standard |, .
Shim
Spin/Temp

On
Status: Off

Lock Level:

Insert Eject Lock Scan

Spin On Spin:  Regulated
Spin Off 20 Hz
-1008( )

1

;uwer 1| [52 —

3.9 B +1| |48 L)
:ge +1| [z63 )

| | | |

Adjust z0 and Phase to maximize the lock signal. The lock signal is gold
and the phase difference is blue. For best results adjust zO until signal is
maximized, then adjust phase until the signal is maximized. Continue
alternating between z0 and phase until the signal doesn’t change when the
Lock is turned on. The phase difference (blue) should be zero (flat line)
when the lock signal (gold) is maximized. Clicking the middle wheel of the
mouse will change the steps of z0, power, gain and phase to 1, 10 or 100.



| Set hardware: operation complete
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Turn the Lock On when you are finished locking. You must unclick the Lock
Scan button for the other buttons to become available.

Shim by clicking the Gradient Shim button on the Lock tab of the Start page.
If you want to manually shim z1-z5, click the shim tab. It should not be
necessary to shim the higher order shims.
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Tune your sample by typing protune in the command line. (Alternately you
may use the protune(‘calibrate’) macro: see page 42.)
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Experiment Panel

Std 1D | Home 2D | Hetero 2D | Sel 1D

adient attosmgming on Z done! 1 iteration

J jprotune

Start by tuning the high band to H1 (or F19). If tuning proton, then type H1
in the nucleus box under Advanced Tune and choose Fine for the Tune
Criterion. Click Tune to Criterion to begin the tuning.



& Applications  Actions (& %‘ &8s

Tune Probe
Quick Tune
Nucleus H1 F13
P31 C13 N15

vanced Tune
Mucleus H1
Tune Criterion Fine h

\ Tune to Criterion

[ Edic.. |[ Onae || Close |[ Abandon |

The acquisition status will return to idle and a Tuning done ok message will

appear when tuning is completed.
] 305 il B e |

Findzo | Gradien shim_| Set Up Hardware Load shims Into Hardware

*

@‘ m | | II uning done: ok - tuned to 399.967 Mhz with match at within 0.1 percent m%timum

You may also tune the low band at this time (i.e. C13, P31, etc) by the same
method described above. Click the close button at the bottom of the
window when finished.

Tune Probe
Quick Tune
Nucleus H1 F13
P31 13 N15

dvanced Tune

c13

Nucleus

Tune Criterion Fine ke
Tune to Criterion

Edity - Tlose || Abandon |

Start your experiment by clicking the Acquire button or typing ga in the
command line. Parameters may be accessed under the Acquire pages.
Basic parameters such as sweep width, number of scans, relaxation delay,
etc are found in the default 1H tab. Automatic plotting and integration can
also be set to on or off here.

Starr|Ac 0cess Acquire Acquire & Transf Show Time | Seguence rays

Proton

Wequisition

Pulse Sequence| Spectral Width [ppm] 14 - -2 - Transfor, = 32k hd
Channels Downfield [14.0  Upfield [-2.0 Ling#fGadening [Hz] =
Flags Pulse Width [degrees] 45 ©

Future Actions Enter pulse angle 45 (PR (I G2

N Spectrum, Full
Relaxation Delay [sec] 1 - S ——
Parameters Basic, Top Left
Number of Scans 8 2 —
Paak Values:
Spin 20 Hz
Tune method lohi 4

S

Aa]a]a

Integrals Partial




Save your data by choosing File > Save As from the drop down menu.

: & Applications Actions ?’I% s @{‘3 G’

o MNew Werkspace
M| Join a NEWWorkspace
‘| Opan..

b
j_ Auto Save (ChemPack)
Bl Save Spectrum (CAMP)
H| Printers...

Print Screan...

Auto Plot

Create a Plot Design...
Review pdf Plots...
Switeh Operators..

HardwarEJ Clearsamplelnfo

Exit Wnrrr]
T

show Time ||l

This opens a box in which you can type your filename.

& Applications Actions @ & % & W o

A Save *
Choose Home D\reclorv:|fh0me/I’!’\ta[vﬂmr’sys]da[a |v‘
Dir 1 | Dir 2 Dir 2 | Dir 4 |
Save In: |3 data |v|
susan
(rmpstudy
Fila Mame: | |
Files of Type: |-fid I~
IE . T R E—

To eject your sample, type loc=1 change in the command line. This will
eject your sample, replace it into its slot (slot#19 in this example) and put
the standard sample from slot #1 into the magnet.

Protocols

| Std 1D | Homo 2D | Hetero 2D | Sel 1D |

Type exit in the command line to close the VnmrJ software.
L

[ m 1D ‘Hnn 2D | Hetero 2D | sel 1D
I T
i |




To completely log off, choose Log Out from the Actions Menu.

F 7 Recent Documents ~ *
.

VR @@ Take Screenshot...



Tuning the Broad-Band Probe Using protune(‘calibrate’)

The protune macro will automatically tune 1H/13C/19F/31P. However, the
broadband probe is tunable to many additional nuclei. In this example, we will be
tuning the probe to ‘Li which is at 155.440 MHz on the 400 MHz NMR.

Type protune(‘calibrate’) in the gommand window of VNMRJ.

& Applications Actions % =8

hd vnmrJ

File Edit View Experiments Acquisition Automation Process Tools Help

LSS0

Tarian software Vi “EESION 2.2 REVISION C.

vI protune('calibrate’) \

Std1D | (HOHetToxys | (HC)Sel2D
JLicHicorr | In(CHicorr | (HiseIlD
Commaon r Collection r (HH)Homo2D

| PROTOMK " CARROM |

This will open the manual calibrating program as shown below.

T
~ ProTune =|B*
Motor communication 0K
Sweep communication OK 0.10F

| Abort Command ‘

| Autax_DB_8720/chan#0 DaEl-
Tune to MHz
Threshold ||-23 dB
0.06
Refresh (1 times
Center | MHz
0.04
Span I MHz
#Points ||
Tune Switch: ) Off ®on & 0.02
Raw Data ®orr Con 2
Polar Plot: ®off Con E
Tune Band: ) High O Low X of
| setCalSweep 2
E
saveCaData:| mt [ 50 [ o |3
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| clearCal
| Calibrate Channel
0.04

R
= Cmd:

|| Tune KHz | Step: -40.6

Tune Reflection / Step: -2.63E-4 006 F
Match KHz / Step : 0.4
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[ wre Quit | ol L]
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4 CW 50 (une) CCW 50 @une) CW 50 (match) CCW 50 (matchy
1 CW 100 qune) CCW 100 @une) CW 100 (match) CCW 100 (matchy




Type the desired frequency in the ‘Tune to’ box and then click the ‘Tune to’
button. (155.440 for this example).

FroTune
Motar cammunication Ok
Sweep communication Ok
[ 2erox o&, BT 90/ chanwo 1
Tumets 155 420 Mnr
Thiesheld |-23  db
0.08
s
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2 LI
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Match Reflectbon | Step: B17E-4
-0.00
—
. L L Ful
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| il
m—A_ &) FI: L CT: 7R9 DIESESR O M{s1anting manual protune with prooe fescx_DE_BTH0
DE_BTan J

The tuning will begin and continue until the bottom of the frequency dip reaches
the bulls-eye.
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Click the Quit button when the tuning is finished.



X. Using the Varian VNMRS-500 MHz Spectrometer

The 500 NMR spectrometer was originally purchased as a VXR model in 1987
and was completed upgraded to a VNMRS model by the University in 2006 with
the addition of Dr. Susan Schroeder and Dr. Robert Cichewicz to the Department
of Chemistry and Biochemistry Faculty.

The spectrometer is a three channel, 28 shims Varian VNMRS-500 equipped
with two probes: triplet resonance H{**C/*°*N} PFG probe, and a tunable indirect
detection *H{**N-*'P} PFG probe.

Training will begin on the 500 upon successful completion of 400 training and
Test #500-1. Certification to use the 500 NMR between 8-5 Monday-Friday will
be given as NMR Test #500-2 is completed as approved by Dr. Nimmo.
Unlimited access will be given upon the completion of NMR Test #500-3

Advanced sign-up rules

Advanced sign-up for less than two hours will be limited to Wednesday
afternoons. No one person is allowed to sign up in advance for more than 18
consecutive hours, with this exception of Dr. Schroeder’s group which has
ownership of 50% of all the available NMR time.

Operation Instructions

The 500 NMR is operated using VNMRJ2.2C software which is identical to the
400 NMR. With the exception of the autosampler and tuning, operation of the
500 NMR is consistent with the instructions presented in the 400 NMR operation
section.



VNMRS 500 Tests and Certification

Student Name:

500-Test #1.:

The student will be given a written test given by Dr. Nimmo. This test will be
similar to the test at the end of the appendix. Upon the successful completion of
this written test the practical training sessions will begin.

Date Completed: Supervisor:

500-Test #2

The student will demonstrate the proper use of the instrument. This will include
setting the depth of the sample and inserting the sample into the magnet,
changing the probe file, setting up a 1H experiment and tuning the probe. The
student will be expected to properly identify all probe cables and connections and
equipment components. At the successful completion of this test the student will
be allowed to use the NMR from 8am — 5 pm, Monday —Friday.

Date Completed: Supervisor:

500-Test #3

The student will demonstrate the proper use of the instrument to a NMR faculty
member. This will include setting the depth of the sample and inserting the
sample into the magnet, changing the probe file, setting up an 1H experiment
and tuning the probe. The student will be expected to properly identify all probe
cables and connections and equipment components. This will also require the
signature of the student’s research director. At the successful completion of this
test the student will be allowed to use the NMR at any time.

Date : NMR Faculty:

Date: Research Director:




Tuning the VNMRS-500 MHz NMR probes

WARNING: If you are a new user and you don't know how to do this or are
unsure, GET HELP. Do not attempt to just “figure this out”. Equipment can be
damaged. Tuning probes may not be allowed in other NMR labs so please
check with the lab manager before attempting to tune probes elsewhere.

The VNMRS model has some differences to earlier models. These differences
result in some differences in tuning of this instrument and other models of
instruments. There is no need to move any cables for the tuning process.
Tuning the probe reduces the reflected power. Probe tuning requires adjusting
the tune wands very carefully to reduce the reflected power to the 50 range on
the tune interface box. Tuning the probe will insure that the 90-degree pulse
width determination will be accurate and the pulse width will be as short as
possible. If the sample is high in salt, the probe may not tune down to 50.

Tuning Tips: The wands can be very sensitive. Try to make small adjustments.
If minimizing both the tune and the match and the reading doesn’t go any lower,
try moving the match part either clockwise or counter-clockwise to slightly
increase the signal. Then try to minimize the signal again using the tune part. If
the signal improves, continue to move the tune part in the same direction and
repeat. If the signal does not improve, try adjusting the tune part slightly in the
opposite direction to increase the signal and try to minimize again with the match
part. This process should helps get out of any local minimum it is trapped in. Do
not force the tuning rods, if they feel “stuck” stop and ask for help.

To tune the probe, first setup the correct frequencies through the computer. To
do this, load the experimental parameters, i.e. setup a proton experiment then

type su on the command line. Look at the channels page of the Acquire tab to
see which nuclei is set up on each channel. Channel 1 is 1H, and channel 2 is

carbon.
]

Star(‘Acqu\re Procass| Show Time M Sequence Refresl‘\Far’le\‘;I r

PROTON Display Sequence ‘ Arrays ‘

Channels: Observe 1 | Decouple 2 | Decouple 3

Mucleus /Frea. | [HT  499.882mHz | [C13 125707 MWz | [ MHz

Offset 499.9 Hz  ~| [oo Hz  ~|| o Hz ~

Dec On/Off [JHomo par [T [ n

Dec Modulation | offsst 0.0 Hz_j c _LI ’7[

s0Dearceatpur | 570 user o2 | ODDION 1= JONNN | BLIOMN s « [T
= dmt - oo - [paEss

Waveform loarp1 |

| at resolution 100 degrees Wdegrees

Ref. sample Me43i, 1% in CDCIZ Me4si, 1% in CDCI3

Set the tuning box to channel 1 and check that the attenuation is set at 9. If the
meter reading is very large or off-scale, lower the attenuation. Tune the proton
wand (top part is tune, bottom is match).




\" TUNE INTERFACE

Attenuation

Channel

Adjust the wands to minimize the value of the reflectance power. Raise the
attenuation back to nine (if necessary) as the reading decreases. Users should
be able to reach a reading of 50. Always end with the attenuation at 9. Change
the channel to 2 and tune the carbon wand if desired. When you are finished the
tuning box must read channel 0 attenuation 9. The tuning box is only accurate to
a value of 50; it may be helpful to use mtune to achieve a better tune.

Using mtune

To start the mtune program, type mtune on the command line. To observe the
high band tune choose Tune RF channel 1; center frequency H1 and click Start
Probe Tune.

Probe tune
Tune RF channel 1 ¥
Center Frequency H1 ¥ H1 Freq 399.96 MHz
soun  [60 it Start Probe Tune
Choose Marker1  HL o

Choose Marker 2 H1 o Power |0 dB
Stop Probe Tune
Center frequency to markers| Gain 0 dB
Vertical scale 22 /12 Autoscale # Points 512 i
+204 20

1 Vertical position

Quit

=]

ﬁ ﬂ FID: 1 CT: 6 316:44:17 LI ’Tumng done: ok - tuned to 100.583 Mhz with match at within 0.3 percent of optimum




To change to low band, click Stop Probe Tune, change Tune RF Chanel to
2 and center frequency to desired nucleus (C13 in this case). Click Start
Probe Tune. Chanel 3 can be tuned to 15N in the same manner.

VnmrJ

scess Jools Help
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Tuning Complete
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une
Tune RF channel 2~
Center Frequency C13 hd C13 Freqg 100.58  MHz
span 100 mHz Start Probe Tune
Choose Marker 1 H1 hd
Choose Marker 2 H1 = Fower |0 dB
Stop Probe Tune
Center frequency to markers | Gain o dB
Vertical scale 2 ‘ /2 ‘ Autuscalel #Points 512 ;l Quit
Vertical position +20 | -20 =

he

# ﬂ‘ FID: 1 CT: 4 316:44:17 HE ’Tunlng Complete

XI. Changing Basic 1D Parameters

A list of parameters can be accessed on the text output page of the process
panel after typing dg in the command window. A short description of each
parameter listed can by found in the Command and Parameter Reference
Manual. Each parameter can be changed by typing the abbreviation = value in
the command window. For example to change the number of scans from 1 to 16,
simply type nt=16 in the command window. It is necessary to type dg for the list
to refresh, showing that the change has been made.

Selected parameter list

at Acquisition time

dl Delay time between scans in seconds —recycle delay
ni Number of increments

np Number of points

nt Number of transients

pw Pulse width

pw90 | 90° pulse width

seqfil Pulse sequence being used




sfrq Observed frequency (frequency of tn)

Sw Sweep width (of tn)

tn Transmitting nuclei (observed nuclei)

tof Tuner offset frequency—center of the spectrum
tpwr Transmitting nuclei power level

dfrq Decoupling frequency

dmf Decoupling Modulation Frequency

dn Decoupling Nuclei

dof Decoupling Offset Frequency

dpwr Decoupler Power

Setting the frequency window (adjusting sw and tof)

The transmitter offset (tof) will always be in the center of the spectral window
(sw). The spectral width (sw) of a spectrum may need to be altered and with it,
the transmitter offset (tof). Use the smallest spectral width that accommodates
the expected chemical shifts of the sample. Beware of using one too small
though because peaks that are cut off will result in folded peaks.

When using water samples, set tof on the water peak. To do this, set the cursor
on the water peak and type movetof. To move the spectral window, enclose the
spectrum with the cursors, expand, and type movesw. This command moves
the tof to the center of the new spectral window so tof will change. Manually
reset the sw by using >sw=# if the tof needs to stay the same. The sw should
be held constant for a series of experiments.

To select a spectral window, decide the approximate range where the signals will
fall and select a slightly larger window. If all the signals can be observed in one
scan, the window can be set manually using the movesw command. The sw is
in Hertz. ppm = sw/sfrq. Therefore on the 300 NMR spectrometer, sw=3000 is a
window of approximately 10 ppm for a 1H spectrum. For a carbon spectrum on
the 300 NMR spectrometer (carbon sfrg ~ 75 MHz), sw=3000, sfrq=75, is a
window of approximately 40 ppm. Remember the spectral window is not a
specific frequency range, so sw=3000 could be 0-10ppm or -1 to 9 ppm or 1-11
ppm etc. The specific frequency range is set by the location of the transmitter
offset (tof). Tables of tof values are found in the red calibration notebooks next to
each spectrometer.

Changing the sweepwidth using the movesw command:

Simply place the cursors around the peaks and type movesw. This will
automatically change the sw to the position of the cursors and adjust tof to the
half-way point between the cursors. In the spectrum below, the sweepwidth was
changed to 0 — 9 ppm with the center at 4.5 ppm. This corresponds to a sw of
2700 Hz and a tof of -184.9 on the Mercury VX-300 NMR Spectrometer.



ACQUISITION TRANSMITTER SPECIAL PROCESSING
seqfil sZpul tn H1 temp not used 1b not used
S 2705.8 sfrq 300,070 spin not used sb not used
at 1.998 tof —184.9 gain not used gf not used

10800  tpur 60 hst ©.008 auwc not used

np

fb not used puw 4.2

bs 18 DECOUFLER alfa 20, 00 fn not used

d1 1.000 dn C13 PRESATURATION FLAGS

nt 1 dof 0 satmode il n

ct 0 dm nnn satfrq
SAMPLE <imm c satdly

date Nov 8 2007 dpur 39 satpuwr

solvent CDC13  dmf 12300

sample

00 pwdQ 8,400 lsfid not used

o003z o
o
=7

Y
hs nn

Changing the sweepwidth and tof manually:

The transmitter offset (tof) will always be in the center of the spectral window
(sw). The tof is a distance in Hertz, plus or minus, from the original center and
will not match the scale when swapped from ppm to Hz. The tof parameter is
spectrometer dependent and will therefore vary from instrument to instrument.
Therefore, two different 500 NMR spectrometers will have different tof values.
Tables of values for tof values with their corresponding ppm values are found in
the red calibration notebooks next to each spectrometer.

To manually set tof, place the cursor at the desired location of the spectrum
center and type movetof. Then type sw=#(hertz) for the desired window size.
For example, if | wanted to have a 10 ppm window on the 300, with the center at
8 ppm, then | would set the cursor at 8 ppm and type movetof sw=3000. | would
then collect the spectrum and reference the peaks. Alternatively, | could look at
the tof value in the calibration notebook and type tof=# sw=# on the command
line.

Setting the first delay (d1) and acquisition time (at).

The delay time, d1, is the time between the end of the acquisition time, at, and
the next element in the pulse sequence. The total recycle time is the time
between the last pulse and the next pulse at the beginning of the pulse
sequence, typically is d1 + at. The total recycle time usually reflects the T1,
longitudinal relaxation time, of the sample. Typically, a value of 1-2 seconds will
suffice. If the T1 is unknown, a quick T1 experiment should be done to estimate
it. The T1 can be long especially in cases of heteronucleus detection such as
carbon or other X nucleus. T1 values for quaternary carbons can be very long
and the total recycle time should reflect this.



The acquisition time, at, is usually set based on a rough approximation of T2,
transverse relaxation time. The T2 indicates how long the signal in the FID will
last. As a general rule, large molecules such as proteins relax very quickly and
require a short at (such as at=0.5). Small molecules relax much more slowly and
the FID can last several seconds so often using a longer at is favorable (such as
at=3 to 10 seconds). If you type dps on the command line the pulse sequence
will be displayed. This is a graphical representation of the pulses that are taking
place during each scan.

Index: 1

at

To change d1 or at, type d1=# and at=# on the command line. Type dg to
refresh the parameter list and dps to refresh the pulse sequence.

XIl. Basic 1D Processing

Opening Saved Data

Click Open..(under File in the Main Menu).
> _; VN 400Compuler: 1 (vim
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\:§ Save Spectrum (JCAMP) I
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Print Screen..,
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Create a Plot Design..,
Review pdf Plots...

| Switch Operators...,

i
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This will open a pop-up window. Clicking Home will take you to the data
directory within your account. You can create folders here using the create folder
icon. Double click on your folder.

Go To Home
Dir 1 | Dir 2 Dir 3 [ Dir 4 | Directory
g Look In: | data "| @@
j [ calibration_data |Hoﬂ|
[ Danny_moore
3 rta_15H
3 murali |}a ﬁ Ij
3 rahul Go up one _”
|j rice .
=i directory /
Create New
Folder
Fila Mame:  |HP-20-MEOH-2-HSQCAS-400MHZ fid |
Filas of Type: |A|I Files ‘v| nghllght your
spectrum and
’ click Open.
Spectra have a .fid extension.
1~ o
4 Choose Home Directary:|/home/vamrl/vnmrsys/data -
Dir 1 | Dir 2 [ Dir 2 [ Dir 4
3 Lock In: |Esusan |'|
l [ shekar_400_h1.fid
[ styrnine_400.fid

[ styrnine_400_t2 fid
[ sucrose_120407 _be.fid
Dyellowcap.ﬂd

File [ame: |stvrnine,400.ﬂd |

Files of Type: |AH Files |v|

I K
|

The spectrum will processes automatically and appear on the screen. Use the
toolbar icons to access cursors. If the spectrum seems to “freeze”, either click
the redraw icon on the toolbar or type ds in the command window. The vertical
scale can be changed with the mouse wheel or by typing in a numerical value for

vertical scale (i.e. vs=5000).
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Phasing

To display the spectrum on the screen, type ds
Type f full to see the full spectrum in the full screen.
The spectrum will likely need to be phased. To phase the spectrum, click on the

phase icon on the toolbar “ Use the left mouse button to click on a portion of
the spectrum. Hold down the left mouse button and move the mouse to flatten
the spectrum'’s baseline and makes the peaks symmetrical. The right mouse
button will make fine adjustments and the center mouse button will increase or
decrease the vertical scale. Simple spectra can be phased crudely with by typing
aph (automatic phasing).

The spectrum below is a newly acquired spectrum which needs to be phased.

This spectrum has been “wrapped around” by bad phasing. It can be corrected
by setting Ip=0 and rp=0 and then phasing again.

Beware of becoming dependent on aph since autophasing does not always work
and often leaves small errors in the phase that are better corrected manually.
The Ip, or left phase, value corresponds to a first order phase correction that is
frequency dependent, meaning it affects peaks differently. The rp, or right



phase, value corresponds to the zero-order phase correction and is an error seen
in all peaks.

Referencing the Spectrum

The spectrum may be manually referenced using the cursor. Expand the region
around the peak you wish to reference by placing a cursor on either side of the
peaks and clicking the zoom in icon.
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Lower the vertical scale to bring the desired peak to scale. This can be done by
clicking the mouse wheel under the scale (To raise the vertical scale click the
mouse wheel at the top of the black part of the screen)
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Type in the re umber on the Display page of the Process Tab.
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Weighting Functions

To add a weighting function to a FID, type wti on the command line. This opens
the weighting function screen. The mouse controls are shown on the screen.
The right mouse button toggles the spectrum (top box) off and on, the center
button controls the vertical scale of the FID (bottom box) and the spectrum, and
the left mouse button controls the adjustment of the weighting function (green
line in the center box).

Start by clicking on line broadening icon on the toolbar. 4| This should bring up
an exponential function in the middle window (green line). Click on the right
mouse button in the top box to see the spectrum. Use the left mouse button to
adjust the green line (weighting function) and observe the change in the
spectrum. The value of the line broadening (Ib) is shown on the bottom of the
screen.
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The interactive weighting screen displays the FID, spectrum, and the weighting
function applied. Above, an exponential function, line broadening (Ib), is applied
to the FID. Line broadening improves signal-to-noise at the expense of
resolution. Larger values also can improve FID truncation artifacts. Negative
values of Ib can improve resolution, compared to the unweighted spectrum, at
the expense of signal-to-noise.

After a good adjustment is found, type wft in the command line. This performs a
weighted Fourier transform and applies the weighting function. The spectrum
may need to re-phased slightly after this.

A sinebell function can also be used for resolution enhancement. To use a
weighted function like a shifted sinebell, go to the interactive weighting screen by
typing wti on the command line. Turn off any weighting functions by clicking the
Ib, sb, and gf toolbar icons until all of the weighting functions say “unused”.
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Set the sinebell function to be about double the width of the data in the FID to be
kept.
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Mouse buttons ighting, Center - vf/ws, Right
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Next click the sinebell shifted icon on the toolbar and shift the sinebell over so
that it just covers the FID.
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After a god adjustment is found, type wft in the command line. This performs a
weighted Fourier transform and applies the weighting function. The spectrum
may need to re-phased slightly after this.

Zero-Filling

Zero-filling is handled through the fn parameter. The Fourier number, fn, is
normally set to 'n’ or not used. In this case, the number of points (np) are the
actual data points. To use zero-filling, setting the fn to a number larger than the
np will zero-fill. This number is typically a power of 2. For example type fn=16k
or fn=32k or fn=np*2 on the command line and the computer will automatically
adjust to the correct number. Re-transform (wft) the data after changing this
parameter to see the result. Using a fn smaller than np will use fewer than the
actual number acquired.

Measuring Signal-to-noise

Measure the intensity of the largest peak in the spectrum. (Use the cursor to
move onto the line and type nl.) Then move the cursor over and enclose an area
of noise with two cursors. Type dsn on the command line for a display of signal-
to-noise. This command can be found in the Command and Parameter Guide.




For this to be an accurate measure between spectra, use the same peak and the
same window of noise each time.

Finding Digital Resolution
Place the cursor near the maximum of the peak to measure. Type nl dres on the
command line for a display of the digital resolution (width at approx. half height).

Integration
Display the spectrum of interest on the screen.
TN ]
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Clear any existing integrals by clicking Clear Integrals on the Cursors/Integration

Page of the Proc or by typing cz in the command window.
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Click the integral icon on the tool bar to access the integration mode.
This will cause a green integration line to appear on the screen.
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The different integration icons are shown below.

—*"Jri Show Partial Integrals
J_,r; show Full Integral
_,.;'; Hide Integrals

fﬁg Define Integrals

s ﬂi Adjust Integral Level/Tilt

-/7((: Delete Integrals

Click the define integrals icon on the toolbar, then click the left mouse button to
cut the green line on either side of the peaks of interest. Clicking the right button
will cause the cut to be erased.
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To correct leveling and tilt errors in the integral click the level/tilt integration icon

A
|

and adjust the integral similar to phasing the spectrum. To set the integral values,
put the cursor on one of the peaks and type a numerical value into the Integral

Area Box.
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S[art‘Acqu\re‘ Process|  Transtorm | Autoprocessill Displayspectrum | Clear screen | T RefreshPanel
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Click Set Integral Value and Show integral value to see the integral values on the
screen.
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Baseline Correction

After integral regions have been specified on a spectrum, the baseline can be
corrected to reflect these regions as peaks. To baseline correct, type bc on the
command line or click the BC Correct button found on the Display page of the
Process Tab. This baseline correction assumes everything in a defined integral
region is a peak and flattens the rest. To work properly, everything that is or
might be a peak must be in an integral region. To massage this further, see the

Varian parameter guide on bc. This command can have many modifiers to
produce a better correction.

The spectrum below illustrates the use of the baseline correction in a *C 1D

spectrum.
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Peak Picking

Useﬂghe Show/Hide threshold icon to display the threshold level.

Bl Feference frequency 7. 26995 ppm,
height=110.151 mm frequency=7.27 ppm i I
M

A
Start| Acquire | Frocess Transfarm Autoproces_;‘J Display Spectrum Clear Screen |m Refr a
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Click the Find Peaks button on the Display page of the Process Tab.
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This will display the peak frequencies on all of the peaks which cross the
threshold.

1lines hawve been found
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Readjust the threshold by clicking the Show/Hide Threshold icon and moving the
yellow line with the left mouse button.
&
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Seq: PROTON
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Click the Find Peaks button to display the peak frequencies.

Basic 1D Plotting

The simpliest way to print is with a list of commands. These commands are
listed below. The following commands should be typed in the vnmr command
window to print the following options. They should be typed in a string separated
by spaces ending with the command page. All commands are optional except for
page. The spectrum will be plotted at a width of 250 mm, unless you specify
different. You can change the width of the plot by typing wc=200. This will
change it to 200 mm.

pl prints spectrum

pscale prints scale

pap prints all parameters (long list)

ppa prints primary parameters (short list)
pir prints integration ratios horizontally
piv prints integration ratios vertically
ppf prints peak frequencies

page sends file to printer

You may also use the buttons on the Process>Plot page. Simply click the
options that you would like to print and then click Plot Page.

Making a PDF Files
To make a pdf file from your spectra, choose the features that you would like to
print, then simply click Plot Preview instead of Plot Page.
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A:dobe Acrobat will open and show you your pdf file. Click File>Save As> to save
the pdf file.
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Converting 1D Data to ascii Format

Spectra can be plotted by excel or other programs if it is first converted to ascii
format. To convert the FID, first process, phase and reference the data. Take
note of the frequency at which it was collected. (Type sfrq? on the command line
and write down the number). Type writexy on the command line. There will be
no indication or message that anything was written, however, the file should have
been created inside of the experiment directory. For example, if the vnmrl group
was working inside of expl, then the output file named xytrace.1 would be found
inside of /home/vnmrl/vnmrsys/expl/ directory. The file will have two columns.
The first column is frequency and the second column is intensity. After opening
the file in excel, divide the first column by the sfrqg value noted earlier to convert it
into ppm. Plot data as desired.



XIll. Finding a 90 Degree Pulse Width

Introduction

What is the 90 degree pulse width? The radio frequency pulse is described by its
power and duration (time). Before the pulse the proton “spin” is oriented in the z
direction and it cannot be observed in the spectrum. The rf pulse “flips” the spin
into the xy plane so that it can be observed. The maximum signal is seen when
the spin is completely in the xy plane without any z component. The length of
time that this takes is called the 90 degree pulse. In the spectra below the length
of the pulse is varied from 1 to 40 microseconds. The most accurate way to
determine the 90 degree pulse width is to find the 360 and divide it by 4. This
value is directly affected by the pulse power. As you increase the power, then the
90 degree pulse will decrease. Normally a power (tpwr) between 54-60 is used.

90°

Lﬂﬂﬁﬂﬂﬁﬁﬁﬁﬁﬂlﬁﬂiimfﬁ}wwwwwwwwwwwwﬂifllﬂl

270°

splppm) wp {ppm)
0.50 1.50

Instructions
Collect a 'D 1H spectrum. Expand the region around one peak as shown in the
spectrum below.

exp2: Experiment started
exp2: Acquisition complere -




Take note of the previously calibrated 90° pw and power level and record them
below. These values can be found on the acquisition page of the Acquire tab.

Start|Acquwre Process| Show Time Arquire J_ _ Sequence

Default Hl QTON Display Sequence | Arrays |

Pulse Sequence Data

Excitation
A Spectral width 6410.3 Hz hd Relaxation delay |1.000 sec hd
F‘EQS ) Acquisition time 2.556 Sec hd First pulse 0.00 us > |or O degrees
gutur% Actions Complex points 15384 Imer-pulse delay  [0.000  sa; v
verview
Observe Pulse 3.30 us > |ar |45 degrees
g Scans
9 Requested =
Receiver Gain 30 v| Auto
= Completed 0

Calibration w3 660 at Power |57
it Steady-State 0 v| off P

Create an array of values for the pulse width (pw). Open the array pop-up
window by clicking the arrays button found on the Default 1H tab of the Acquire
panel. (Alternatively type array on the command line).
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Future Actions Enter pulse angle s
Spectrum:
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Parameters
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The array pop-up window is shown below:
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Array Parameter
Param Name | Description | Size [ order [ onjoif
Array Size: Total Time:0:0:1
UnArray MNew Array
Active Param: None Current Value:
Position | Value
1 NA

Array Size:
First Value:
Increment:
Last Value:

Inc. Style... None

Randomize

Close Abandon

Create the array by doing the following:



Type pw in the Param Name Box

Click New Array

Fill in the Array Size, First Value, and Increment Boxes
Click enter on the keyboard.

The array needs to go past the 360° pw. This number can be estimated by
taking the previously calibrated 90° pw value and multiplying it by 4. You will
want your array to go past this point. In this example the 90° pw is 11.25
microseconds. The array must go past 11.25*4 (45 useconds), therefore

pw is arrayed from 1 to 55 usecond in steps of 1 usecond. After the array is
created click the Close button at the bottom of the box.

Array Parameter

Param Mame | Description | size | order [ onjoif
pw Pulse width 55 1 Oon
Array Size:55 Total Time:0:2:54
UnArray New Array
Active Param: pw Current Value: 5.95
Fosition | Value
1 1 -
Array Size: S5 2 2
o 3 3 =
First Value: 1 4 4
Increment: 1 S 5
6 6
Last Value: 55 7 7
Inc, Style Linear 8 8
- 9 9
Randomize 10 10
11 11
12 12
13 13
14 14 =
Und Clos Aband

An appropriate delay, number of scans, absolute intensity must be now set and
the experiment started. A delay of 2 seconds with 1 scan is chosen in the
example. These are set by typing:

d1=2 nt=1 ai ga on the command line.
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exp2: Acquisition complete B

< j dl=2 nt=1 aiga
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When the experiment is completed display one spectrum from the array and
phase it. In this example the third spectrum is displayed and phased. This is
done by typing ds(3) full aph on the command line.
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To view the entire array and display the array values in the bottom text box, type
dssh da on the command line. It may be necessary to adjust the vertical scale
(vs) and the vertical position (vp) to make all spectra display completely on the
screen. The array values are found in the Text Output tab of the Process panel.

vp =60 dssh
dssh da hd

T%ﬁﬁjllk
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Show Spectrum Full Clear Screen |

Default PEQUISITION ARRAYS =
Weighting array pw i pw i pw i pw M
Display arraydin 55 14 14 30 30 48 45

15 15 31 31 47 47 Sequence Manual
More 1D i w16 16 32 32 48 48
Integration 1 17 17 33 33 49 ag Clear

rs/Line Lists,

13 13 79 29 as a5 =

The 90° pw is calculated by taking the 360° pw and dividing it by 4. The 360° pw
is identified as the second null point in the curve. The numbers can be displayed
under each spectrum by typing dssl (not shown). In this example, the 45"
spectra is the 360° pw. This corresponds to 45 pseconds.



vnmrJ

AEEESE - RN
.0 |k Qi @4

g
dssh
jprO
Crpi? <

Cxp:2

) ) st
Start‘Acquire|Process Transiorm | Autoprocess | [EEE show spectrum Full | Clearscreen |

Default ACQUISITION ARRAYS
Weighting array pw i pw i pw i pw %
Display arraydin 55 14 14 30 30 46 45
15 15 31 31 47 47 Sequence Manual

[More 1D i P 16 15 32 3z 48 48
Integration 1 1 17 17 33 33 49 49 Clear
Cursors/Line Lists 2 2 18 18 34 34 S0 50
Plot 3 319 18 35 35 51 51

4 4 20 0 38 3% 52 52

5 5 21 21 37 37 53 53

5 6 22 22 38 3| 54 54

7 7 23 23 39 39 s5 s5

8 8 24 24 40 40

] 9 25 25 41 41

10 10 28 26 42 42

11 1 27 27 43 43

12 12 28 25 ™

13 13 28 24 -

\| \wutoX_DB_8790) J — JJ‘

To find a more accurate 90° pw create a second array that spans 4 pseconds
around the 360° pw with 0.25 useconds increments. In this example, the second
array would be from 43 — 47 useconds with an increment of .25 puseconds.



XIV. Basic *C 1-D NMR

Proton Decoupled **C Experiment: “C{*H}
Experimental Set-up:

VNMRS-400 and VNMRS-500: Be sure that the probe is tuned to 1H on channel
1 and 13C on channel 2. Mercury VX-300: the probe is already tuned.

If the proton signals of your compound are either all aromatic or all aliphatic, the
default parameters for 13C 1-D NMR may not give good enough signal to noise.
In this case, the instructions below can be followed to improve your data.

First acquire a proton spectrum of the sample in expl. Move the transmitter
offset to the center of the proton signals by placing the cursor in the middle of the
peaks and typing movetof in the command window. This value may then be
found by typing tof? in the command window.

1.8y Wed Aug 19, 3:14 PM @
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Note the tof (transmitter offset). This will become the set value of dof in the
carbon experiment.

Join experiment 2 by typing jexp2 in the command window. If experiment 2
doesn't exist, create it by typing cexp(2). If experiment 2 is locked, unlock it by
typing unlock(2). Set up the carbon experiment by choosing the carbon
experiment under the Experiments drop down menu.
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Set dof to the center of the proton peaks (tof) that was determined above. Type
dg and the parameters will be shown in the text output (or overview) window of
the process tab.
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To determine the number of scans for your available time, type
time(hours,minutes). For example, if | have 1 hour and 15 minutes, type
time(1,15) dg. This will set the number of scans (nt) to the appropriate number.
Type bs=16 ga wbs(‘wft’) in the command window. This will start the experiment
and show you the carbon experiment at the completion of every 16 scans.

If you would like to stop the experiment before it is complete, click the Stop

button or type aa. Save the data, send it to the data station and print it.

|4

Important Parameters:

The parameters dpwr, and dmf are essential for good results. These parameters
are calibrated regularly and correct values should load into the parameter set
when the experiment is set up. These parameter values along with their
calibration dates can be found in the red calibration notebook located next to
each spectrometer. The decoupler power (dpwr) should stay at or below 40db
for safety. The decoupler modulation mode (dmm) is the mode the decoupler is
using. To decouple protons, use waltz decoupling (dmm='w"). When using



waltz or garp decoupling, the decoupler modulation frequency (dmf) is set to 4X
yH2. The yH2 value is regularly calibrated and updated in the probe file.

The spectrum below was collected with 32 scans. The decoupler was on
(dm=yyy"). The spectrum shows three singlets at 124.0, 126.7 and 127.5 ppm.
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Integrating the Carbon Spectra

In a proton decoupled **C spectrum all the coupling information between the 1H
and 13C has been removed and all the carbons peaks should be singlets.
Integration of this spectrum may not be accurate due to the carbon-proton NOE
enhancement. The default setting in the carbon pulse sequence accessible by
the drop-down menu for the decoupler is “on” for the entire length of the
experiment. This is designated by dm="yyy’. Use dps (display pulse sequence)
to see when the decoupler is off and on. Decoupling the protons in the carbon
experiment significantly increases signal intensity, but removes coupling
information and the possibility of integrating the spectrum.

Proton Coupled **C Experiment

Carbon-13 1D NMR can also collected with the C-H coupling observed. This is
referred to as a proton-coupled carbon-13 experiment: Different decoupling
settings will allow for better or worse signal-to-noise and determines whether the
spectrum can be accurately integrated and/or whether the coupling information
(splitting) is retained.

Decoupling Mode S/N Integration Splitting
‘nnn’ poor yes yes
‘nny’ fair yes no

yyn' fair no yes




yyy’ best no no

Set the decoupler to the desired value. The spectrum below was collected with
the decoupler off (dm='nnn"). This change in decoupler settings resulted in a
large decrease in signal-to-noise but contains the coupling information. Many
transients were needed to see carbon peaks (1798 scans). Carbon peaks from
carbons attached to protons are split. This spectrum can be integrated. The
spectrum shows three doublet of doubles at 124.0, 126.7 and 127.5 ppm (J;=163
Hz, J,=9 Hz).
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XV. 2D- Experiments

2-D Parameter Sets

Typical operation usually collects the normal 1-D in expl and 2-D experiments in
exp2 or higher. Virtually all 2-D experiments will require a 90 deg. pulse width
calibration for setting up the experiment. Also move the spectral window as
necessary to observe only the area of interest and set up any water suppression
needed.

For homonuclear 2-D experiments like COSY and NOESY, the normal 1-D
parameters control the f2 dimension (direct dimension) while the f1 axis (indirect
dimension) is controlled by parameters identified with a 1 (i.e. swl, Ib1, fnl). In
homonuclear experiments, be sure sw=sw1. One other very important
parameter in 2-D experiments is the number of increments (ni). The ni specifies
the number of "points" in the indirect dimension. Typical values for ni are 128,
256, or 512. Steady state scans are also important in long experiments so be
sure to set ss. The suggested value is ss=32. A manual page (man) for the
experiment will also point out parameters that need to be set. To access these
type the following on the command line:

man(‘pulsesequence name') or

printon man('pulsesequence name') printoff

i.e. man('NOESY")



To determine the length of time the experiment will run, type time on the
command line. Be sure the experiment fits into the time block available. To
change the length of time the experiment will run, options include increasing or
decreasing ni, nt or d1 (or satdly in a presat experiment). Check the at
(acquisition time) to check that a typical number of points is being taken. The
typical number of points (np) taken is 2048 or 4096. These correspond to at
times of less than 0.5 seconds. The at time in some 2-D experiments must be
kept short due to high power decoupling during this time period.

General Considerations for doing 2D Experiments (Varian inc, “Two-
Dimensional NMR 5 days Series”).

1. All 2D experiments will give better results (less t1 noise) if they are run with
the spinner turned off. FOR HMQC, HMBC, INADEQUATE and ALL water
suppression of gradient experiments it is mandatory that the spinner be turned
off.

2. All 2D experiments will give better results if sample temperature is regulated
during data acquisition.

3. All 2D experiments will give better results if lock conditions are optimized.
This involves setting Z0 more or less exactly on resonance for the lock solvent,
adjusting lock power to just below saturation (varies from solvent to solvent),
optimizing lock phase and setting lock gain as low as possible (after shimming).

4. The S/N of individual F2 spectra (before second FT) needs to be only about
5:1 in many cases. In partitioning total experiment time between scans per
increment (nt) and number of increments (ni), it is probably better to emphasize
S/N of individual increments a little more heavily, bearing in mind the square root
dependence of S/N on number of scans. Increasing the number of increments
(ni) excessively may make linear prediction less advantageous, reducing overall
efficiency.

5. Itis always advantageous to reduce the spectra width in both dimensions to
the minimum practical value, keeping in mind how peaks may fold in.

6. Zero-filling in F1 is universally done. Linear prediction is also quite common,
typically being used to extend F1 interferograms by a factor of 2 in length. (If
linear prediction is used, the added points must be included in determining how
many zero-filling points to add. The F1 window function must also be adjusted to
include the added points).



COSY-(Correlation Spectroscopy) spectra are 2D proton homonuclear spectra
that correlate one-bond J couplings. A basic COSY sequence is comprised of
two 90-degree pulses.

Versions of COSY

gCOSY - gradient version of the upper case COSY, faster if abundant sample,
allows down to nt=1. With nt=1 and ni=128, a gCOSY can be run in as little as
three minutes. Gradient COSY setup is detailed below. In gCOSY, phase=1.
No presaturation option available.

cosy (lower case) — older version of COSY, no gradients, sets up relay cosy
(relayh)

Set up by typing cosy on the command line and setting pw, sw=sw1, nt=4
(min.), d1, and check >time. relay=0 for absolute value cosy. (setrelay and tau
for relay or long-range COSY)

cosyps (lower case) — phase-sensitive COSY, no gradients, similar to cosy, but
allows solvent presaturation option and data is phase sensitive. Minimum nt=4.

DQF-COSY

The double-quantum filtered COSY is used to examine coupling constants in
detail. In general, this experiment takes much longer than a regular COSY but
can provide much more information when measuring coupling constants in
multiplets.

gCOSY—Experimental Set-up
Put your sample into the magnet. Lock, shim, tune and collect a proton
experiment in experiment 1. Calibrate a 90 degree pulse width.

Join experiment 2 by typing jexp2 in the vnmrj command window. Collect a
proton spectrum and adjust the sweep width, gain, tof, and set the pw90 to the
calibrated 90 degree pulse width.

Start|Acquwe Process| Show Time Acquire J_ _ Sequence
ks H PROTON Display Sequence | Arrays |
Acquisition
S SocLeerrs | Data Excitation
Channels Spectral width 64103 Hz - Relaxation delay |1.000 sec A
Flags . Acquisition time 2.556 sec hd First pulse 0.00 us ~ |or |0 degrees
guturg Actions Complex points 16384 Inter-pulse delay  |0.000 sec -
verview = - =
Observe Pulse 3.30 us ~ |or 45 degrees
i Scans
3 Requested a8
Co:‘n o 0 Br=TUEr Gain 30 v| Auto
= o Calibration;. pw30 |5.60 at Power [57

at Steady-5tate ] ¥| off

Change the experiment into a gradient COSY experiment by using the
Experiment drop down menu at the top of the page.
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Click the gradient COSY button. Notice that the sequence at the top now reads
gCoOSsY.

& Applications Action Sun May 3, 424 PM Q

vnmrJ

File Edit View Experiments Acquisition Automation Process Tools Help

ol =[5 =SR] -l O -
.

Afayedspe Varian software VRME] VERSION 2.2 REVISION C. -
2 B
Viewport
Frame j

Holding E

Look at the parameter list on the Overview page of the Acquire tab. Type dg to
refresh this parameter list. Make sure that pw, tpwr, sw and tof are the same as
previously noted. If not, change them by typing the abbreviation and value (i.e.
sw=4803). The sweepwidth for the second dimension should equal the
sweepwidth for the first dimension in this experiment. Therefore swl should
equal sw.




Start| Acquire Process| show Time Acquire J_ Sequence
Defaults ACQUISITION TRANSMITTER CGRADIENTS PROCESSING
Acquisition seqgfil gfosy tn H1 gzlvl1E 5102 sh -0.075 Text
Pulse Sequence| |5 56410.3 sfrg 395.965 gtE 0.001000 sbs not used -
PRESAT 4 at 0.150 tof 399.59 EDratio 1.000 fn 2048 Basic
np 1924  tpwr 57 gstab 0.000500 2D PROCESSING
WET ss 32 pw 5.500 hsglvl 5120 sbl -0.020 Array
Channels dl 1.000 DECOUPLER hsgt 0.002000 sbsl not used
Flags d2 0.02? :n €13 N FLAGS ir:cl 2014; M
nt n nnn  hs nn fn
B IFUERe AGRITRG | | o SPECIAL sspul y T
3 20 ACQUISITION temp not used SAMPLE =
swl 6410.3 spin O date March 8, 1993 Shi
= ni 128 gain 30 solvent d2o LTS
at PRESATURATION sample g
= satmode n Clear

wet n
Nerails in dass
4 ]

Type nt=1 ss=4 ni=1 ga and watch the remote status box for a ADC overflow
error. Raise the gain value until the signal overflows, then set the gain to 5 less
than the overflow value. (The maximum value is 60).

Determine the necessary number of transients (nt) by observing how many
transients are required to see the proton signal.

Type nt = required number as determined above, ss=32 ni=128 Type time to see
how long the experiment will be. Click the green Acquire button.

Save the experiment when it is completed.

NOESY (Nuclear Overhauser Effect Spectroscopy) spectra provide information
about protons that are 5 Angstroms or less apart in space. The information is
through space and not through bond, like a COSY. The presence of a NOE peak
is direct evidence that two protons are within 5 Angstroms through space. The
absence of a NOE peak between protons does not necessarily mean that they
are not within 5 Angstroms since other factors can reduce a NOE peak even if
the protons are close in space. A mid-size molecule (~1000-1500MW range) may
have NOEs that are close to zero and a ROESY may be required to see them.
Large molecules generally give better NOEs at higher field, but small molecules
may actually give better NOEs at lower field. A 2-D NOESY of a small molecule
will have cross peaks of opposite phase to the diagonal. A 2-D NOESY of a
large molecule will have cross peaks of the same phase as the diagonal.
Theoretically, these experiments should be symmetrical, but it is typical to see
more intense peaks on one side of the diagonal than the other.

Experimental Set-up

Put your sample into the magnet. Lock, shim, tune and collect a proton
experiment. Calibrate a 90 degree pulse width; adjust the sweep width and tof.
Convert the proton data experiment into a NOESY experiment using the drop
down menu.
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Check that pw is set to the calibrated 90-degree pulse width, set d1 and np. Set
the swl=sw. Set phase=1,2. Type nt=1 ss=4 ni=1 ga and watch the remote
status box for a ADC overflow error. Raise the gain value until the signal
overflows, then set the gain to 5 less than the overflow value. (The maximum
value is 60).

Determine the necessary number of transients (nt) by observing how many
transients are required to see the proton signal. The minimum nt in this
experiment is 2.

One parameter requiring forethought is the mix time. The mix is usually
determined by the size of the molecule under study. Small molecules require
longer mix times, 0.5 to 0.8 seconds (suggested mix=0.5). Large molecules
generally range from 0.05-0.3 seconds (suggested mix=0.15).

Set the ni and ss=32 then type time to determine experimental time. Adjust the
delays, transients and/or increments to fit the experiment into the time available.
Click the acquire button to start the experiment.

. _____________________________________________________________________________________|
Start‘Acquire Process| Shan\m Sequence

Defaults ACQUISITION TRANSMITTER FLAGS PROCESSING

Acquisition segfil NOESY ] tn H1| hs nn gf 0.063
EX 6410.3Q sfrg 399,965 sspul y afs not used
plullse SEgpicmE at 0.150f tof 399.9 ] PFGTIg y fn 2048
PRESAT np 1924 tpwr S8 hsglvl 5424 2D PROCESSING
WET ss 3z pw 8.800 | hsgt 0.002000 gfl 0.029
Channels dl 1.000 TECUUPLER, SAMPLE gfsl not used
F\ags nt 16 | dn £13 date Aug 4 2009 procl Tp
: ct 1 solvent D20  fnl 2048
[Flrure Rl D ACOUISITION NOESY sanple
swl 5410.3f mixN 0.200 SPECTIAL
ni 200 tenp 25.0
hase arrayed spin (4]
PRESATURATION gain 30
satmode n
wet n

Details in dgss



To do simple processing of these spectra type setLP1 gaussian wft2da on the
command line. Further phase correction and manually processing may be
required to improve the spectral quality. These corrections are described in the
2D processing and printing section of this manual.

Indirect Detection Experiments

Indirect detection is the detection of a heteronucleus through direct detection on
proton signals. Detection on proton allows for a much higher sensitivity. Keep in
mind that the amount of sample required for a heteronuclear experiment is still
much larger than a purely proton experiment.

HSQC (Heteronuclear Single Quantum Coherence) A proton-carbon HSQC
will detect all carbons with a proton attached. Carbons with no proton attached
will not appear in the 2-D spectrum.

Experimental Set-Up

Put your sample into the magnet. Lock, shim, tune (to both proton and carbon)
and collect a proton experiment. Calibrate a 90 degree pulse width; adjust the
sweep width (sw) and tof. Take note of the parameters pw90, tpwr, sw and tof
and check that they are carried over into the HSQC experiment. Convert the
proton data experiment into a HSQC experiment using the drop down menu.

JAMQWEmEIEG for ..
: q ﬁ Carbon

]i da___ | Fluorine
L
i
T

Phosphorus

Other MNucleus

H1 Relax. Measurements
Convert current parameters to do ...
Standard 1D experiments
Solvent Suppression - Select peaks
Homon “
HSQCAD

t HSQCAD

»
»
»
»
»
»
»
G HsQc D
L
¥
»
¥

Indirect Het. Caorr. (More..)
CRISISZ Experiments
Selective Excitation Experiments
#-H Multiplicity Determination

Gradient HSQC

HMQC

Heteronuclear Correlation Gradient HMQC
Relax. Measurements HMBC

Setup NEW parameters to do ... Cradient HMBCAD
1H Observe - PureShift1D (BB 1H dec) Gradient HMBC

CICAR

ve: H1 Decoupler: C1

Start| Acquire |

1H Observe - Suppress Defined Solvents
1H-1H Hom. Correlation Experiments
1H-13C Indirect Het. Corr. (

Receiver Gain (
Autog

Parameters:

Set swl=carbon sweep width. Use a carbon sweep width large enough to
encompass all the carbons attached to protons (don’t worry about quaternary
shifts). Set the dof=decoupler offset for carbon. If certain what dof to use, a
chart of transmitter offsets for carbon is found in the red calibration notebooks
located next to the spectrometer’s computer. pwx is the 90 degree pulse width
of carbon at the power level pwxlvl. This is normally calibrated with a standard
sample. The value is found in the probe file. The decoupling modulation
frequency, dmf, should be equal to the necessary window for decoupling. dmf is



calibrated with a standard sample and is calibrated at power level dpwr. dmfis
equal to 1/(90 degree pulse width). These values are found in the probe file. Set
the at= acquisition time. Make this time short (<0.2 seconds) due to high
decoupling power on carbon during this time. Set phase=1,2 for HSQC. The
one-bond coupling is selected by j1xh. Type nt=1 ss=4 ni=1 ga and watch the
remote status box for a ADC overflow error. Raise the gain value until the signal
overflows, then set the gain to 5 less than the overflow value. (The maximum
value is 60).Set the ni and ss=32 then type time to determine experimental time.
Adjust the delays, transients and/or increments to fit the experiment into the time
available. Click the acquire button to start the experiment.

Start‘ Acquire Process| Show Time Acquire J_ Sequence
Defaults LESEITE =SS T JTEANSMITTER it PROCESSING
Acquisition sw 6410.3f tn HL | jixh 146.0 I gf 0.063

at 0.150 4 sfrg 399,955 | gfs not used
Pl SEquence np 1924 § tof 399.9 | mult 2 i 2048
PRESAT bs 3z tpwr 61 CGRADIENTS 2D PROCESSING
WET ss 32 pw 8.800 | PFGFIg y ofl 0.014
Parameters dl 1.000 DECOUPLER hsglvl 5424 gfsl not used
Channels nt 4 dn €13 | hsat 0.002000 procl 1p
F\ags ct of dof -1888.6 SPECTAL finl 2048

. 20 ACQUISITION pwx1vl 53 | tenp not used pmode full

Future Actions || |5, 17097.7 | px 7.600 | spin o SAMPLE

ni 1z dm nny | gain 30 date March 8, 1953

phase arrayed§ decwave g | sspul ¥y solvent D20

PRESATURATION dpwr 31 | pw20 B.800 sample
satmode n | dmf 29412

wet n
Details in dgss

To do simple processing of these spectra type setLP1 gaussian wft2da on the
command line. Further phase correction and manually processing may be
required to improve the spectral quality. These corrections are described in the
2D processing and printing section of this manual.

HMBC (Heteronuclear Multiple Bond Coherence)

HMBC is a heteronuclear 2-D experiment that will pick up carbons (non-isolated)
without a proton attached. This experiment can be very useful to see quaternary
peaks when there isn’t enough sample for a 1-D carbon. The HMBC set up is
very similar to HSQC except there is no decoupling on carbon.

Experimental Set-Up

Put your sample into the magnet. Lock, shim, tune (to both proton and carbon)
and collect a proton experiment. Calibrate a 90 degree pulse width; adjust the
sweep width (sw) and tof. Take note of the parameters pw90, tpwr, sw and tof
and check that they are carried over into the gHMBC experiment. Convert the
proton data experiment into a gHMBC experiment using the drop down menu.
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Flags o
—| |Future Actions
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Parameters:

Set swl=carbon sweep width. Use a carbon sweep width large enough to
encompass all possible carbons in the molecule. Set the dof=decoupler offset
for carbon. If certain what dof to use, a chart of transmitter offsets for carbon is
found in the red calibration notebooks located next to the spectrometer’s
computer. pwx is the 90 degree pulse width of carbon at the power level pwxlIvl.
This is normally calibrated with a standard sample. The value is found in the
probe file. Set the at= acquisition time. Acquisition time can be longer here
since the decoupler is off during this experiment. Set phase=1,2 for gHMBC.
The one-bond coupling is selected by j1min and jimax and the multiple bond by
jnxh. Type nt=1 ss=4 ni=1 ga and watch the remote status box for a ADC
overflow error. Raise the gain value until the signal overflows, then set the gain
to 5 less than the overflow value. (The maximum value is 60).Set the ni and
ss=32 then type time to determine experimental time. Adjust the delays,
transients and/or increments to fit the experiment into the time available. Click
the acquire button to start the experiment.

Start| Acquire | Process | Show Time Acquire ‘_ Sequence

Defaults ACQUTSTITON TEANSNITTIEE HMBEC PROCESSING
Acquisition sw 6410.3 ] tn H1f jlmin 130.0] sh -0.075
at 0.150 | sfrg 399,965 jlmax 165.0| shs not used
Pulse Sequence np 1924 | tof 399.90 inxh 8.0] fn 2048
PRESAT bs 32| tpwr 61 ORSO T 20 PROCESSING
WET ss 3z pw 8.800 | gz1v1E 4524 gfl 0.015
Parameters dl 1.000 DECOUPLER gtE 0.002000 gfsl not used
Channels nt 41 dn C13 | EDratio 3.977 procl e
Flags ct 0f dof 1028.5 | gstab 0.000500  fnl 4096
20 ACQUISITION prwx1vl 53 | hsglvl 5424 SAMPLE
ure Actions |15, 24140.0 | pax 7.600 | hsgt 0.002000 date March 8, 1593
1S W ni 200 | dm nnn SPECIAL solvent D20
hase arrayed T temp not used sample
PRESATURATION dmf 29412 spin Q
satmode no dpwr 31 gain 30
wet n pwa0 B.800
Details 1in dass sspul ¥

To do simple processing of these spectra type setLP1 gaussian wft2da on the
command line. Further phase correction and manually processing may be



required to improve the spectral quality. These corrections are described in the
2D processing and printing section of this manual.

XVI. 2D Processing and Printing

2D Tool Bar

Icon Description
Hh Box/Cursor

Show Full spectra

g Zoom In
A

Zoom Out
Zoom Mode

Pan/Stretch Mode
Trace

Scale

Projections

Redraw

Rotate

Raise vertical scale by 20%
Lower vertical scale by 20%

Phase Mode
Peak Picking
Return

O|ME & @0 o |LE e

Manipulating the 2D data

Click on the appropriate icon on the tool bar to expand, zoom, and change the
vertical scale of the spectra. Type dconi on the command line to display the
peaks using the color map in the interactive mode. Type dpcon to display the
peaks in contours. To show more contours than is automatically displayed, use a
command that specifies the number of contours and spacing. To display this,
dpcon(20,1.3) will display 20 contours at a spacing of 1.3. Other variations of
this include dpcon(‘pos’,20,1.2). The modifiers ‘pos’ and ‘neg’ will display only
the positive or only the negative peaks in a 2-D spectrum. To make the contour
display interactive, use a variation of dconi such as dconi(‘dpcon’,’pos’,20,1.3).
To plot more contours, pcon(20,1.3) pltext page. Adjust the number of contours
and spacing for the data. The ‘pos’ and ‘neg’ modifiers can also be used in the
plotting.



Processing 2D Data Sets Manually
This routine applies to most phase-sensitive 2-D data sets. COSY requires a
slightly different approach and often uses a pure sinebell function.

Start by processing the first increment with by typing wft(1) Phase this spectrum
as any 1-D.Then add a weighting function to this data by typing wti on the
command line enabling the use of the interactive weighting screen to add a
weighting function. The most commonly used function at this step is a gaussian
function [gf].

Mouse buttons: Left - weighting. Center - vf/vs. Right — spectrum on/off
vf vs 2:1b REE 4:sbs 5:gf 6:gfs 7 tauc
6390.638 2596.560 unused unused unused UBEZE unused  unused

Then process the data with by typing wftlda. After the data is proéessed, the f1
traces will be on the screen. Select a trace with the cursor. Try to use something
other than solvent. Then weight this trace with wti.

2 ]
{ppmH

L B L e s o s e . e e e s B B ) S
0,005 0,010 0,015 0.020 0.025 0.030 0,035 0,040 0.045 0,050 0,055 0.060

tl (sec)

This weighting function can also be a gaussian function [gf], but often a shifted
sinebell is used. To put in a shifted sinebell, start with [sb] and move the cursor
to produce a sinebell curve that is about twice the width of the interferogram.



Then select [sbs] .

Using the cursor, shift the sinebell back so the maximum

starts at the left side of the interferogram. Process the 2-D data with >wft2da

il

AN

Mouse buttons:
vf vS
2.2e+09 8438.819

Left - weighting, Center - vf/vs.

unused

il

'"'ﬂJHH.F‘n||||l“|] L —

Right - spectrum on/off
3:sbhl 4:5hsl  5:gfl b:pfsl 7aucl
0.032 BEMEIN unused wunused unused

2:1b1

Manual Phase C

orrection

Phase errors in phase-sensitive 2-D data sets can often be seen near the
diagonal where the peaks may be streaked positive and negative. Display the
entire 2-D spectrum. Choose 3 traces containing cross peaks near the top,

middle and bottom of the spectrum and note the index #'s of each trace.

The

index # of the trace can be seen in the top window of VNMR next to the seq. and

exp #.
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Type rl=index# r2=index# r3=index# on the command line. The values r1-r3
are place holders in VNMR. Then display the first trace: Type ds(rl) and Phase

the 1-D trace. Display the 3" trace. ds(r3) Click ﬁ. Click the left mouse button
on both sides of the spectrum to accept the previous phase changes. Then
phase this trace. Go back to the first trace by typing ds(r1) Continue phasing rl
and r3, clicking to accept phase changes in-between until they are both phased.
Look at the middle trace to check by typing ds(r2) Then go back to the 2-D

spectrum by typing dconi. If necessary, rotate the axis by clicking the Q icon
and repeat the phase correction procedure.

Referencing the 2D Data

Place the cursor on the contour which you wish to use as your reference. If the
spectra is homonuclear, then type rl(#p) rl1(#p) dconi. If the spectra is
heteronuclear then type rl(#p) rl1(#d) dconi. Alternatively, the spectra can be
referenced by filling in the reference boxes on the Default page of the Process
Tab.

Start|Acqu|re|Process Transform AutoErnsgﬂ Display Spectrum | Clear Screen

Basic Transform Display Display 1D # |424
Weight FT 1D - 1st Increment Display 2D Display Text
De|g| e Transform F2 Display Trace BC Correct (F1, F2)
ispla N AR
Mofe ;D Full 2D Transfarm Projections | Full Screen DC Correct (F1, F2)
i - Altoscale 20
:gtegratl(in L FT Data Size Acg Pis Referencing
Plir;sorsf ine Lists o1k - 128 Trace W Fl (CIF2 ReferencelriEUSA N
Text Output F2 512 - 300 Axis Display Made p— -
F1 PPM ~| Fhased - .
Transform Coefficients o 9 e ?I Set F1 cursor to:
100000-10 peu_ x| prasea -] 0.00  Hz |
Weighting: Linear Prediction Set F2 cursor to:
F1 gaussian - [WIF1 Auto LP_F1 0.00 J
- F2 Auto LP F2
F2 gaussian U Plot
Save Current Process/Display parameters tin FID directony

Place the cursor of the desired peak, set the units to ppm, enter the correct value
into the boxes, enter on the keyboard, then redraw the spectra to observe the
referenced spectra.

e Transform Display Display 1D # [[147
Waight FT 1D - 1st Increment Display 2D Display Text
Delgl e " TransformFz | Display Trace BC Correct (F1, F2)

isplay _ TransformF2z |
Mare 2D _ Ful 2D Transform | Projections | Full Screen DC Correct (F1, F2)

i Auroscale 2D

E:;e’fc:?:ﬁ?ne Lists FT Data Size Arg s Referencing
Plot F1 1k i 4z Trace ®F1 OF2 Reference F1 by Solvent
Text Output Fz 512 hd 300 i IRy el R o imtmieiae D 0 21T

Transform Coefficients Fl % Phased:'i 5et F1 cursor to:

,W F2 PFM ~*| FPhased = 3951 PPM - I
Weighting: Linear Prediction Set F2 cursor to:
F1 gaussian - [vlF1 Auto LP F1 2.50 PFM -
F2 - [lr2 Auto LP_F2 -

Save Current Process/Display parameters kin FID directony




Plotting the 2D Data

The data can be easily plotted using the buttons on the Process >Basic page or
the Process>Plot page. Choosing Plot Preview will allow the option of saving the
file as a pdf, while choosing Plot Page will send the printout to the printer.

Ms Transform Aumgrn;gi D\sp\avSpeclrum| Clear Screen @\
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2 ritel | |
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XVII. Appendix

A.1. 300 NMR Practical Assignment #1
Collecting a 1D proton NMR spectrum

Student Name:

1. Collect a 'D 1H spectrum of 2-Ethyl-1-indanone. Follow the instructions in
Section VIII of this manual. Use all default parameters.

2. Reference the chloroform peak to 7.27 ppm. Integrate each peak and set the
peak at 7.76 ppm to 1 proton. Print the spectrum from -1 ppm to 10 ppm with the
integration values at the bottom of the page. Print a second spectrum from -1
ppm to 10 ppm with the peak frequencies listed on the page.

3. Save this spectrum into your personal directory on the 300 NMR computer.
File Name:

4. Transfer this file to Data Station 1. Make sure that it is put inside of your
personal directory of Data Station 1. The instructions for transferring data are
found within Section V of this manual.

5. Collect a *D 1H spectrum of 2-Ethyl-1-indanone. Use a delay (d1) of 2
seconds, an acquisition time (at) of 4 seconds, and a collection window
(sweepwidth) of 0 — 9 ppm and 32 scans. The instructions for changing these
parameters are found in section XI of this manual.

6. Reference the chloroform peak to 7.27 ppm. Integrate each peak and set the
peak at 7.76 ppm to 1 proton. Print the full spectrum with the integration values
at the bottom of the page. Print a second spectrum with the peak frequencies
listed on the page.

7. Save this spectrum into your personal directory on the 300 NMR computer.
File Name:

8. Transfer this file to Data Station 2. Make sure that it is put inside of your
personal directory of Data Station 1.

9. Make a copy of this page, attach the four requested printouts to it and hand it
into the NMR facility staff.



A.2. 300 NMR Practical Assignment #2
Collecting a 1D **C{1H} NMR spectrum

Student Name:

1. Collect a proton decoupled **C spectrum of 2-Ethyl-1-indanone following the

instructions below.

a. Collect a 'D 1H spectrum of 2-Ethyl-1-indanone. Follow the instructions in

Section VI of this manual. Use all default parameters.

b. Change the 1H experiment into a carbon experiment by clicking the carbon

experiment in the Experiments drop down menu.

File Edit ¥iew Experiments Acquisition Autemation Process Te

- [ == 34 Setup NEW parameters for ...
I Proton
N ﬁ Q Carbon
amapsys
" | Set hardware: Fluarine
T ﬂ: Phosphorus
- Crther Nucleus 4

H1 Relax. Measuremants 4

Convert current parameters to do ..

Fl\e Edit View Ex iments Acquisition Automation Process Toels Help

1AHES0
L

E w[nt=100000bs=16

Start the exp riment by clicking the green acquire button.

w  Experiments Acquisition Automation Process Tools Help

SISOl Wl
& @
iv|m 100000 bs= 16 ‘j

{ quire ovesW a Sequence
CARBON Uiequen(e arays |

Excitation

Channels Spectral width 255102 Hz - Relaxation delay |1.000 sec -
Flags Acquisition time 1285 sec v First pulse 0.00 us v [or [@ degraes

EUWTE ACUONS | complex points 32768 Inter-pulse delay 0,000 | sec v

verview

Observe Pulse 2.85 us > |or |45 degrees

Scans e

Requested 256
Gl Receiver Gain: [v] Auto

Completed
Calibration. w30 [5.70 at Power |56
Steadly-State [v] off "

The data may be processed at the completion of every block of data. This was
defined to be 16 scans when bs=16 was typed in the command line above. Type
wft on the command line to process the data so that the carbon peaks can be
observed. Typing the command wbs(‘wft’) on the command line should cause
the spectra to process automatically at the end of each block. Click the red Stop

button when the signal to noise is satisfactory.

2. Reference the chloroform peak to 77.23 ppm. (See Section XII of this
manual)



3. Save this spectrum into your personal directory on the 300 NMR computer.
File Name: .

4. Make a pdf file of the spectrum with the peak frequencies printed on the
spectrum. Save the pdf file in your personal directory on the 300 NMR computer.
(See Section XII of this manual)

PDF File Name:

5. Make a copy of this page and hand it into the NMR facility staff.



A.3. 400 NMR Practical Assignment #1
'H 90° pw calibration

Introduction

What is the 90 degree pulse width? The radio frequency pulse is described by its
power and duration (time). Before the pulse the proton “spin” is oriented in the z
direction and it cannot be observed in the spectrum. The rf pulse “flips” the spin
into the xy plane so that it can be observed. The maximum signal is seen when
the spin is completely in the xy plane without any z component. The length of
time that this takes is called the 90 degree pulse. In the spectra below the length
of the pulse is varied from 1 to 40 microseconds. The most accurate way to
determine the 90 degree pulse width is to find the 360 and divide it by 4. This
value is directly affected by the pulse power. As you increase the power, then the
90 degree pulse will decrease. Normally a power (tpwr) between 54-60 is used.

90°

Lﬂﬂﬁﬂﬂﬁﬁﬁﬁﬁﬂlﬁﬂiimfﬁ}wwwwwwwwwwwwﬂifllﬂl

270°

splppm) wp {ppm)
0.50 1.50

Instructions
1. Collect a 'D 1H spectrum. Expand the region around one peak as shown in
the spectrum below. Save this spectrum. File Name:

exp2: Experiment started
exp2: Acquisition complere -




Take note of the previously calibrated 90° pw and power level and record them
below. These values can be found on the acquisition page of the Acquire tab.

Start|Acqu|re Process| Show Time Acquire J_ _ Sequence

Display Sequence | Arrays |
Excitation
i 6410.2 Hz hd Relaxation delay |1.000 SeC hd
Flags Acuisition time 2.556 sec hd First pulse 0.00 us > |or O degrees
E)U‘CL“'? Actions Complex points 16384 Inter-pulse delay  [0.000  ser w
Ve ryiew
Observe Fulse 3.30 us > |or 45 degrees
Scans
3. Requested 3 -
] . ALTD
= Completed 0
Calibration: pw30 [6.60 at Power [57
it Steady-State 0 v off 2

Previously calibrated 90°pw at power

2. Create an array of values for the pulse width (pw). Open the array pop-up
window by clicking the arrays button found on the Default 1H tab of the Acquire
panel. (Alternatively type array on the command line).

S(art‘Acqu\re Process‘ Acquire Acquire&TranifurmJ_ ShuwT\mel Saquance{mravs

Rroton

Pulse Saquares opeciral Width [ppm] 14 - -2 Transform size:
Channels Downfield [14.0 Upfield [-2.0 Line Broadening [Hz]
Flags Fulse Width [degraes] 45 S )
Future Actions Enter pulse angle 45
Spectrum
Relaxation Delay [sec] 1 -
Parameters
Number of Scans 1 hd
Peak Values:
Spin v| 20 Hz Integrals:
Tune method Iohi |

dle p2: Acquisition complete
wwtoX_DB_B790 J J—”

Thee 1 .

The array pop-up window is shown below:

& Applications Actions (& %_»5_4 8%

Array Parameter
Param Marme | Description | size [ _order | onjorr
Array Size: Total Time:0:0:1
UnArray Mew Array
Active Param: Neone Current Value:
Position | Value
1 NA
Array Size:
First Value:
Increment:
Last Value:
Inc. Style... MNone
Randomize
Close Abandon

Create the array by doing the following:



Type pw in the Param Name Box

Click New Array

Fill in the Array Size, First Value, and Increment Boxes
Click enter on the keyboard.

The array needs to go past the 360° pw. This number can be estimated by
taking the previously calibrated 90° pw value and multiplying it by 4. You will
want your array to go past this point. In this example the 90° pw is 11.25
microseconds. The array must go past 11.25*4 (45 useconds), therefore

pw is arrayed from 1 to 55 psecond in steps of 1 usecond. After the array is
created click the Close button at the bottom of the box.

Array Parameter

Param Name | Description [ size [ order [ onjorf

pw Pulse width 35 1 On
Array Size:55 Total Time:0:2:54
UnArray MNew Array
Active Param: pw Current Value: 5.95
Position | Valus
1 1 a|
Array Size: 55 2 2
3 3 C
First Value: 1 4 4
Increment: 1 > 5
6 6
Last Value: 55 7 7
8 8
Ine, Style... Linear 9 9
Randomize 10 10
11 11
12 12
13 13
14 14 =

Undo Close Abandon

An appropriate delay, number of scans, absolute intensity must be now set and
the experiment started. A delay of 2 seconds with 1 scan is chosen in the
example. These are set by typing:

d1=2 nt=1 ai ga on the command line.

& Applications Actions (& % &8s Tue Nov 20, 0¢
vamrJ
Eile Edit View Experiments Acquisition Process Tools Help
BB | | R
L.L: QG W MRINAN I 1 2 D

exp2: Acquisition complete

j dl=2 nt=1 aiga

When the experiment is completed display one spectrum from the array and
phase it. In this example the third spectrum is displayed and phased. This is
done by typing

ds(3) full aph on the command line.



FEile Edit View Experiments Acquisition Process Tools Help

BEFELL [CEFC
CCg QG N RANY 1 S

To view the entire array and display the array values in the bottom text box, type
dssh da on the command line. It may be necessary to adjust the vertical scale
(vs) and the vertical position (vp) to make all spectra display completely on the
screen. The text box with the array values is found in the Text Output tab of the
Process panel.

Eile Edit View Experiments Acquisition Process Tools Help

LIPS0 ol
LL i Al

i 5| ’ ) ast g,
G 55
S(art‘Acqu\re‘ Procass Transform Autoprocess - Show Spectrum Full Clear Screan ‘

Default ACQUISITION ARRAVS
Weighting pa pw i pw o Show Text

array
i arraydin S5 14 14 30 30 45 45
aiiplaifD 15 15 31 31 47 47 Sequence Manual
s i pw 16 16 32 32 48 18
MEegrato 1 117 17 33 33 49 49 Clear
Cursors/Line Lists| 2z 18 18 34 34 50 50
Plot 3 3 19 18 35 35 51 51
——— 4 4 20 20 3 36 52 s2
el 5 5 21 21 37 37 53 53
5 & 22 22 38 38 54 54
7 7 23 23 39 33 55 55
8 8 24 24 40 40
s 9 25 41 41
10 10 26 % 42 4z
11 11 27 27 43 43
12 12 28 28 44 44
13 13 29 2 45 45 =

= i =
e | son | tae | __frobe o [T w|u- -

The 90° pw is calculated by taking the 360° pw and dividing it by 4. The 360° pw
is identified as the second null point in the curve. The numbers can be displayed



under each spectrum by typing dssl (not shown). In this example, the 45"
spectra is the 360° pw. This corresponds to 45 pseconds. Save the file.
File name;

vnmr)
File Edit View Experiments Acquisition Process Tools Help

CH SO Wicjale]
L kL2 D

spppm) as ste
EES
Start‘Acqulre | Process Transform Autoprocess - Show Spectrum Full Clear Screen |
Default ACQUISITION ARRAYS B
Weighting array pw 1 i pw 1 P Show Text
Display arraydin 55 14 14 30 30 46 46
15 15 31 31 47 47 Sequence Manual
More 1D 1 w15 16 32 32 48 48
Integration 1 1 17 17 33 33 49 49 Clear
Cursors/Line Lists| | 2 2 18 18 34 34 50 S0
Plot 3 3 19 19 35 35 51 S1
4 4 20 20 3% 36 52 52
s s 21 21 37 37 S3 53
6 6 22 22 38 38 54 54
7 7 23 23 3 3/ 55 55
8 8 24 24 40 40
9 9 25 25 a1 41

Print the spectra and array parameters by using the commands:
pl(‘all’) pssl page printon dg da printoff
Label the printout with the 90, 180, 270 and 360 degree pulsewidth.

Record the 90° pw and power (tpwr):

3. To find a more precise 90° pw create a second array that spans 4 useconds
around the 360° pw with 0.25 useconds increments. In this example, the second
array would be from 43 — 47 useconds with an increment of .25 puseconds.

Set up the array, collect the spectra and save the file.

Filenaname;

Print the spectra and array parameters by using the commands:
pl(‘all’) pssl page printon dg da printoff

Record the 90° pw and power (tpwr):




A.4. 400 NMR Practical Assignment #2
gCoSsY

Put your sample into the magnet. Lock, shim, tune and collect a proton
experiment. Save the data and record the file name:

Calibrate a 90 degree pulse width. Record the calibrated value with the power at
which is was collected: ~ 90°pw: tpwr:

Create a new experiment by typing cexp(10) in the vnmrj command window.
This will create experiment number 10. Go to experiment 10 by typing jexp10 in
the command window.

Open the proton that was saved above. Set the 90 degree pulse width and the
power to the calibrated value. You may fill in the boxes on the Acquisition page

of the Aciuire tab.

Start|Acquire Process| Show Time Acquire Sequence
! K Display Sequence | Arrays |
a Excitation
e i 6410.3 Hz hd Relaxation delay |1.000  sec  «
Flags Acquisition time 2.556 sec - First pulse 0.00 us ¥ |or O degrees
FOUEUT'? Actions Complex points 165384 Inter-pulse delay @000  sec v
Ve rvi e w
Observe Fulse 3.30 us *|or |45 degrees
8 Scans
3 Requested =3
Cq o 3 FeTEvEr Lain: 0 7D
| omplete )
Calibration: pw20 |5.60 at Power |57
It Steady-State 0 v| off 2

Minimize the sweepwidth by putting the cursors around the peaks and typing
movesw. Collect a spectrum.

Record the sweepwidth (sw):

Record the tuner offset frequency (tof):

Save the file and record the file name:

Change the experiment into a gradient COSY experiment by using the
Experiment drop down menu at the top of the page.

Vnmr]
File Edit !i@uisition Automation Process Tools Help
= |5 ¥ .
WEEEN -




Click the gradient COSY button. It is found under Experiments>convert current
experiments to do..> homonuclear correlation experiments>gradient COSY.
Notice that the sequence at the top now reads gCOSY.

& Applications Actions 8w H»U .8 Sun May 3, 4:24 PM Q
VnmrJ
File Edit Wiew Experiments Acquisition Automation Process Tools Help
: 5 5. 'm ©
JH 500 -~ O~
Affayedaspe Varian software VRMEJ VERSION 2.2 REVISION C. =
2D = (0
Viewport
Frame j "'L
Holding yclax: i
sq

6.6

gstab i

Look at the parameter list on the Overview page of the Acquire tab. Type dg to
refresh this parameter list. Make sure that pw, tpwr, sw and tof are the same as
you recorded above. If not, change them by typing the abbreviation and value
(i.e. sw=4803). The sweepwidth for the second dimension should equal the
sweepwidth for the first dimension in this experiment. Therefore swl should
equal sw.

Start| Acquire | Process | show Time Acquire J‘ Sequence
Defaults ACQUISITION TRANSMITTER CGRADIENTS PROCESSING
Acquisition seqgfil gfosy tn H1 gzlvl1E 5102 sh -0.075 Text
Pulse Sequence| |5 56410.3 sfrg 395.965 gtE 0.001000 sbs not used -
PRESAT 4 at 0.150 tof 399.59 EDratio 1.000 fn 2048 Basic
np 1924  tpwr 57 gstab 0.000500 2D PROCESSING
WET ss 32 pw 5.500 hsglvl 5120 sbl -0.020 Array
Channels dl 1.000 DECOUPLER hsgt 0.002000 sbsl not used
Flags d2 0.02? :n €13 N FLAGS zr:cl 2014; Channels
nt n nnn  hs nn fn
E MRS BEIERS || |i 0 SPECIAL sspul y Solv.Supp
-8 =l 2D ACQUISITION temp not used SAMPLE =
swl 6410.3 spin O date March 8, 1993 Shi
= ni 128 gain 30 solvent d2o LTS
at PRESATURATION sample - R
= satmode n %
Wet n

Nerails in doss

4

Record the gain:

Type nt=1 ss=4 ni=1 ga

Watch the remote status box for a ADC overflow error. Raise the gain value until
the signal overflows, then set the gain to 5 less than the overflow value. (The
maximum value is 60).

Record the gain:

Determine the necessary number of transients (nt) by observing how many
transients are required to see the proton signal.




Record required nt:

Type nt = required number as determined above, ss=32 ni=128 Type time to see
how long the experiment will be.

Click the green Acquire button.

Save the experiment when it is completed. Record the filename:




A.5. VNMRS-500 NMR testing information
Equipment Components

Probes

Triple Resonance Probe (TR_8064)

VTgas
connector
{glass dewar)

Body cooling
gas connector
{quick-disconnect)

Varian High-Field Triple-Resonance Probe Manual, Publication: 01-999132-00E,
page 7.

Cable
(01-904741-10) CARBON

3rd channel

5N bandpass NITROGEN
filter
Cable, 3t L

(01-904741-10)

From 2H bandpass

Lock preamp it (0 95829&14)
=er

Varian High-Field Triple-Resonance Probe Manual, Publication: 01-999132-00E,
page 5.




Lotk tune

H tune

tune  tune

TH match
Figure 5. High Field Triple Resonance Probe Tuning Knobs

Varian High-Field Triple-Resonance Probe Manual, Publication: 01-999132-00E,
page 8.

Indirect Detection Probe (id-8297)

\ VT gas

connector
{glass dewar)

Body cooling
gas connector
{guick-disconnect)

Varian High-Field Indirect Detection Probe Manual, Publication: 01-999175-00E,
page 6



Cable, 3-ft
(01-904741-08)

X-channel
bandpass yx.CHANNEL

PROTON

LOCK

Cable
(0-958298-14)

From
lock preamp

filter
°H bandpass
Varian High-Field Indirect Detection Probe Manual, Publication: 01-999175-00E,
page 4

'H tune

X X i
rmatch tune 'H ratch

Capacitor
sticks

Varian High-Field Indirect Detection Probe Manual, Publication: 01-999175-00E,
page 8



Tune Interface Box

This box is located on the floor in front of the magnet. Set the channel to either
1, 2, or 3 as appropriate for the nuclei that is being tuned. Tune the probe until
the readout is at least gé) The mtune program can also be used for tuning.

TUNE INTERFACE

».
=

Remote Status Box:

The Remote Status Box sits on the table next to the computer. Do not leave the
spin light flashing when you log off the computer. If the spin light is flashing, log
back into VNMRJ and turn the spinner off.

VARIAN >’

Q




FTS Sample Cooler

This is located behind the 500 console. It is usd
temperature. The air flow must be 100 psi into
compressor. Operation of this unit requires Varn

Should be
100 psi

certification.

the sample
ratory to turn on the
ture training and



Pneumatics Router

The router is located on the east wall of the NMR laboratory. Air flow is regulated
here.

—

Gas flow sensor must be
within green LED lights

(adjusted within VNMRJ
software)

N

4
¢
VARIAN

Probe  Upper Barrel Temperature Liquids Gas
Purge  Purge Gas Regulator Flow Sensor

Varian Pneumatics Router Manual, Publication: 01-999302-00B



A.6. Transferring Data to your pc using Winscp

Data can be transferred using a sftp client. Winscp is freeware which can be
downloaded from: www.winscp.com/

Host name: is the ip address of the computer which you would like to access.
The 400 computer is 129.15.22.46. The User name and Password are your
NMR username and password. See Section V of this manual for a list of IP
addresses for the computers in the NMR facility.

Session Session
Stored sessions Host name: Poyt number
Logging | 2%
Environment t =
Directaries User name: Passwor d
SFTP
SCP/Shel
ED";EEHD" Private key file
tomy
Tunnel =
SS5H
Key exchange Protocol
Autirertication File protocal SFTP v | [#]Allow SCP fallback
Bugs
of | Preferences
s
| [ Advanced options
uuuuuuu

After the host name, user name and password is entered, click Login to access
the data. The left panel show the files on your computer, the right panel shows
the files on the computer that you have logged into.

T2 vnmr1 - vomr1@129.15.12.236 - WinSCP

Local Mark Files Commends Session Cptions Remots Help
& - PE e MR 5 g Default ST
2 & vmr@129.15.120 ¢ =)
@ C LocalDisk ¥ = s T e v = ez e BT =
Name  Ext Size  Type Che# || Name - Ext Size | Chang &
®. Parert drectory  5f6f | | (£, 4jzBfz1
[ autotest_oU_3April2008 File Folder = |2 Blz4/21
[S)AutoTripRes File Folder 7 || B2 slz4f21
[E)AutoTripRes_Murali File Folder |3 slz4f21
[ Churchiistory File Folder s (|2 siz4(21
(2308l Journal File Folder sz ||@2 si7iz0
1wy music File Falder 4f1g =] s{7iz0
2y Pictures File Folder LAY giz4(21
bty vVideos File Folder i ||@ 428021
[ optinization assignment File Folder 26t || D aiz4(21
[CPersonal_danisl_susan File Folder || aiz421
[DReceints File Folder s ||@ Biz4j21
[E)Remote_operation_jar... File Folder LY sizdf21
[methoxy_janz3_08_h1. File Folder LY sjzs(a
(Sstevend fid File Folder 22e ||© sizdf21
fit7_3 298,092 File FE =Y 1211}
= methoxy_szo 612,001 File Y 3§7j201
E 47,616 Data Base File zes (|2 siz9f21
3] 162 Microsoft Word ... 1/15% ] 5 titsfa ¥
< > < >
0B of 6443 KB in 0 of 90 0E of 101 KB in 0 of 64
homedvnmi § -
(5 F7 Create Directory 1 F10 Quit
& sFTP3 0.00:20

Find the file which you would like to transfer, highlight and click copy.



wynmr1 - vamr12129.15.12.236 - WinSCP

Local Mark Fles Commands Session Options Remote Help
O EE- PR WS |E @
E=] vnmrl@129,15.12, - - =
- = - o &%
Name  Ext - Size | Type Size | Chang &
Parert directary 0 1211
[Eautotest_OU_3Apri2008 File Folder 10,584 5i7420
) AutoTripRes File Folder &9 27/
[E)AutoTripRes_Murali File Folder 3,883 aj7f20
[ Churchtistory File Folder 1,552 9f7iz0l
1) 70els Journal File Folder 1,552 Bfzafa
iy Music File Folder 1,552 9f7jz0i
My Pictures File Folder L1675 Tiz0
iy Videos File Folder wrmrerwysh.bhup, 070824, 13:16 1675 Bl2df21
[ optimization assignment File Folder 218 vrmrerwsh. blup, 070907 16:39 1,675 szdf2
[Z)Personal_daniel_susan File Folder a7 wresource 56 97200
[DReceipts File Folder 117 varesource blup 56 8i24/21
[Z5)Remote_operation_jar. . File Folder sf2f varesource bkup 070624.13: 16 56 624/l
[Emethoxy_janz3_08_h1. File Folder varesource, bkup, 070907.16:39 56 9j7f200
()stevent fid File Folder 696 Si7j200
298,092 File 10,497 gjzsf2
612,901 File 558 Bizdf2
47,616 Daka Base Fle 46,685 Si7le0l
B $qular Grocery Store . 162 Microsoft Yord . ]
< | 2 L]
0B of 8443 KB in 0 of 50 0B of 107 KB in 0 of B4
Jhome; -
& F2 Rename | F4 6 Mave (5 F7 Create Directory < F8 Delete 23 F9 Froperties 1 F10 Quit
8 sre3 O 00012
AR |INH NAMP - Win




A.9. Remote access to the 400 NMR via Putty and Real VNC
Putty and Real VNC are both freeware which can be downloaded from the

internet.

CONFIGURE PUTTY
Open the Putty software

Click on the SSH

Click on tunnel

T |
<

PuTTY Configuration

Categary:

(=) Session
Logging
=) Teminal
Keyboard
Bell
Features
(= Window
Appearance
Behawiour
Translation
Selection
Colaurs
= Connection
Data
Praosy
Telnet
Rlogin
SSH
Serial

Basic options for your PuTTY session

Specify the destination you want to connect to

Host Name [or |P address] Port
2]

Connection type:

O BRaw O Teket O Rlogin @ 55H ) Serial
Load, save or delete a stored session

Saved Sessions

Default Settings
e

Close window on exit

Crdlways OMNever (& Only on clean exit

PuTTY Configuration

Category:

(= Teminal -
Keyboard )
Bell
Features

= Window
Appearance
Behaviour
Translation
Selection
Colours

= Connection
Data
Prosy

Rlogin

| =se
=4

Auth
Y
K11
Tunnels

Bugs .

Basic options for your PuTTY session

Specify the destination you want to connect to

Host Mame for [P address) Part
2]

Connection type:
(O Raw (O Teet ORlogin @2 55H O Serial

Load, save or delete a stored session
Saved Sessions

D efault Settings

Load
v

Close window on exit,

Crdlways OMNever (& Only on clean exit

Categary:

(=) Teminal -
Keyboard
Bell
Features
= Window
Appearance
Behawiour
Translation
Selection
Colaurs
[=)- Connection
Data
Praosy
Telnet
Rlogin
= SSH
Kex
Auth

| —

\—E'ugr/s_'

Dptions contralling SSH port farwarding
Fort fonwarding

[ Local poits accept connections from ather hosts
[[] Remote ports do the same [SSH-2 anly]
Fomwarded ports

Add new formarded port

S

Destination

@ Local O Remote O Dynamic
@ Auto QO IPvd QIPvE




Put 5901 into the Source port and localhost:5901 into the destination

Categary:
& Terminal ~ Dptions controling S5H port forwarding
gaﬁhna'd Port fanwarding
Feeatures [ Local ports accept connections from ather hosts
= Windaw [] Remote ports do the same [SSH-2 anly]
Appearance Fomwarded ports
Behawiour
Translation
Selection
Colours
= Connection Add new forwarded port
Data Source port
Prosy X
Tehet Destpaton
Rilogin & Local O Remote O Dynamic
= SSH o IPwd o
(=
Auth
Y
“N
Turnels
Bugs -

Click Add

Categary:

=) Terminal ~ Options controling S5H port forwarding
Keyboard Port forwarding
E::tures [ Local ports accept connections from ather hosts

= Windaw [[] Remote ports do the same [SSH-2 anly]
Appearance Fomwarded ports
Behawiour
Translation L5307 localhost 5301
Selection
Colaurs oy

= Conmection Add new formarded port

Data Source port
Praosy
Telnet
Filogin @ Local ) Remote ) Dynamic
£ SSH & Auto O IPvd O IPYE

Kex

Auth

Y

®N

Tunnels

Bugs b

Click Session (it is at the very top

PuTTY Configuration

[Toegor

Destination

Basic options for vour PuTTY session
Specify the destination you want to connect o
(= Terminal
Host Name [or [P address] Port
Keyboard
Bel | JE2 |
Features Connection type:
= Window Ohaw  OlIehet ORlogn @85H O Serial
A
Ppearance Load, save or delete a stored session
Behavwiour
Translation Saved Sessions
Selection | ‘
Colours:
Default Settings
& Connection e (=
Data
Proxy
Telnet
Rlogin
(= 55H
Kex " | Close windaw on exit
Auth Alwas O Mever (2 Only on clean esit
Y
X11 v




Put the IP address of the computer that you wish to connect to into Host Name and a name in the
saved Session and click Save. The IP address of the 400 NMR is 129.15.22.46. In this case, |
saved it as “400 NMR".

Using PUTTY:

Open the Putty software.

Click Open

PulTY Configuration
Categony:
=+ Session Basic options for your PUTTY session
T L.nglgmg S pecify the destination yowant b connect o

= Teminal Host Mame [or IP address) Port
Feyboard
Ball [123.15.22.45 |22 )
Features ioh type:

. = Window O Faw O Telnet O Rilogin @ S5H O Serial .
A
ppealance Load, save or delete a stored session

Behaviou
Translation Saved Sessions
Selection |4UU NMR 3 |
Colours Drefault Settings

(= Connection

2 Dats
P
Tmlwl Data Station 1
=i [rata Station 2
Rlagin FErver
55H
Serial Close window ar exit:
O blways (O Never (3 Only on clean exit
|

Highlight your saved Session and Click Load.

PulTY Configuration

Category:
[=- Session Basic options for your PUTTY session
ot L.nglg\ng Specify the destination you want to connect to
eming

3 Kephoard Host Mame [or [P address| Port )
né el | 2 |
S Features Connection type:

= Window (O Raw (O Telnet O Rlogin &2 55H (O Serial

Appearance
u il Load, save or delete & stored session
Beharviour

; Translation Saved Sessions
o N
’ Selection /T/_\
hy Colours Faul Setti (
' cfault Settings
#| = Connection 300 NMR Loed
o) Diata
ot Prowy
e
e Te\nt.at Data Station 2
o Rlogin server
- 55H
- Serial
- Close window on exit:
wal O thwaps O MNever (5 Dnly on clean exit




! PuTTY Configuration E]

- Category:
= Session Basic options for your PuTTY session
L.ogglng Specify the destination you want to connect to
= Terminal
F Host Mame [or [P address] Fort
Keyboard
th Bel 123.15.22 46 22
Features Caonnection type:
= Window O Raw  OTelnet O Rlogin G)55H O Serial
A
n PREAIANGE Load, save or delete a stored zession
Behaviour
: Translation Saved Sessions
b Selection 400 NMR
ks Colours : ]
Default Settings
wef | = Connection 300 NMF Lo
- Data 400 HMR
oo 00
[rata Station 1
= Telnx.el [rata Station 2
. Rlagin servel
+- 55H
h Serial Close window on exit
o O dlways () Never (&) Only on clean exit
. Ahout ] [ Help ] [ Open H Cancel
Z

A terminal window will appear

129.15.12.236 - PuTTY

n 1

Log in with your NMR login and password
£129.15.12.236 - PulTY

Just return when prompted for the input display server name.




2 129.15.12.236 - PuTTY

Type vncserver at the prompt. The session number must be 400Computer:1 or the vncviewer
won't open in the nngt step.

= TN TS e AWt IR LIRS ST I - - S et B et

Open vnc viewer
type localhost:5901 in the Server Blank. Then click OK

VNC Viewer : Connection Details

n Server, |localhost5901] v

c E ncryption:

[ About... ][ Options... ][ QK ][ Cancel

Optional: If you want to share the screen, then you must click Shared connection under the Misc
tab of the Options menu



L L I BRI S O SO B
VNC Viewer Options @

Colow & Encading | Inputs | Miss | Laad / Gave

[ Shared coghection [do not discornect other viewers]
Fecreen mode

Rendst cursor locally

1¢| | [¥]8llaw dynamic deskiop resizing

[ Only use protocel version 3.3

’ Beep when requested to by the server

Offer to automatically reconnect

o

Put your remote password in the password blank

VNC Viewer : Authentication [Mo Encryption]

_n Username:
C Pazsword:

This will open the 400 desktop.

Run your experiments.

When you are finished, log out of the desktop under actions at then top. Then type pkill

vncserver pkill vnc at the command prompt. This is extremely important. These are the
commands that will reset the session number to :1.

2011 from d-ip-10-19

iputer:l (vomrl) ' desktop is




A.8. Glossary of Common NMR Commands and Terms

aa
acqi
ai

alock

aph
array

at
points (np)

axis='p'

axis="pd’

BPsvf

bc

bs

cd
directory

cexp(#)

COSsY

center

ct

Cz

abort acquisition, hard stop
Open acqi window if the button has been lost
absolute intensity mode

autolocking routine, alock="y’ for autolocking, alock="n’ for typical
manual locking

autophasing, not recommended for most spectra
macro for setting up an arrayed experiment

acquisition time, set by spectral width (sw) and number of data

specify ppm or hertz for the axis, i.e. axis="p' or axis="h', use
referencing in an indirect detect experiment with >decref

BioPack save file command: saves all pieces associated with an
Experiment including any shape pulses, global file, probe file, etc.
Usage: >BPsvf(‘filename’)

baseline correct

block size, data is stored to the disk every time an increment of bs
is reached, i.e. bs=16, every 16 scans data is saved and can be

transformed

change directory, changes the directory back to home default

create the experiment #

correlation spectroscopy, a 2-D experiment, homonuclear one-bond
J coupling

re-size a 2-D spectrum to a centered square, same as [DispMenu]
[Size][Center]

completed transients

clear all integral reset points



dl delay time between scans, required to allow for T1 relaxation, in
seconds

da display arrays

dc drift correct

dconi display interactive color map (2-D)

df display FID

dfrq decoupler frequency (2" channel)

dg display first text screen of parameters

dli display list of integrals

dm decoupler mode

dmf decoupler modulation frequency

dmm decoupler modulation mode (c, g or w)

dn decoupler nucleus (2" channel)

dof decoupler offset (Channel 2 transmitter offset) in Hertz
dp double precision, set to 'y’

dpcon display contours in 2-D spectra

dpf display peak frequencies

dpir display integrals on screen (requires vp=12)
dps display pulse sequence

dpwr decoupler power

dres display digitial resolution

ds display spectrum

dscale display the scale (in ppm or Hertz)



dsn display signal to noise

dss display stacked spectra

dssa display stacked spectra automatically

dssh display a series of spectra in an arrayed experiment
dssl display corresponding numbers in arrayed experiment
explib display experiment library (or list of current exps.)

f display the whole spectrum

fb filter bandwidth

fn/fnl Fourier number for direct (fn) detected dimension, indirect (fn1)
foldt fold COSY type spectrum along diagonal

ft fourier transform the data (no weighting functions)

full display over the whole screen

fullt re-size a 2-D spectrum for full with traces, same as

[DispMenu][Size][Full with Traces]
ga get acquisition (start acquisition and transform data)

gain the receiver gain, to see the value of >gain?
to set the value >gain=40

gCoOSsY gradient COSY, same as a COSY, fewer scans required
gettext will bring up a very simple editing window to type text into
of gaussian weighting function

gmapsys  start gradient shimming routine and open menu

go acquire the spectrum, don't transform
gzsize number of Z shims to use in gradient shimming
HMBC heteronuclear multiple bond coherence, 2-D heteronuclear

experiment



HMQC
experiment,

jexp#
Ib
left

LOCK

Lock gain

Lock phase

Lock power

man

movesw

movetof

heteronuclear multiple quantum coherence, 2-D heteronuclear
One-bond correlations

join a particular experiment, jexp2

line broadening weighting function (exponential)

set display to left side of screen

The deuterium nuclei in the sample are used to maintain a "lock" on
the sample. The nuclei are used to monitor and correct for any drift
in the magnetic field. If the field "drifts" or changes in strength, the
precessional frequency of a nucleus will change accordingly. In a
pulsed lock system, the field is monitored by observing the
resonance frequency of the deuterium nucleus of the solvent (i.e.
D20). The resonance frequency of the nucleus is compared to a
reference frequency in the spectrometer and any changes are
corrected by adjusting Z0.

the amplification of the deuterium NMR signal, increases the size of
the signal, but also increases any other signals or noise that may
be present.

the phase angle used to control the phase of the deuterium NMR
signal and the phase of the reference signal for the deuterium lock,
normally needs very little if any adjustment.

The quantity of rf energy used to irradiate the deuterium nucleus,
controls the amplitude of the rf pulse at deuterium frequencies.
Must be large enough to produce a signal for the deuterium but still
below the saturation limit. If the power is too high, the lock signal
may decrease in intensity.

left phase, first — order phase correction

a very useful command to access the manual on an experiment
i.e.>man('noesy')

move sweep width, first enclose the region for the sweep
width with the cursors, then type movesw, this will move the tof

move transmitter offset, place cursor on peak or position to the
center point of the spectrum, type movetof, does not change sw
value.



ni

nl

np

nt

pl
pad
page
pap
phase
phase(180)
pl
plfid
pll
pltext
plww
ppa

ppf

printon/
printoff

pw

pw90

ra

ri(4.6p)

number of increments

nearest line

number of data points acquired in the FID

number of transients or scans

another pulse that can be used in certain experiments
pre-acquisition delay

sends plotting commands to the printer

print parameters on plot, long version

used to set phase selection in multi-dimensional experiments
phase the spectrum - 180 degree flip

plot the spectrum

plot the FID

plot line list

plot the text

plot arrayed spectra in whitewash mode

print parameters, written out on plot

print peak frequencies

starts the printer job and ends the job

pulse width measured in microseconds

the 90-degree pulse width, corresponds to the amount of time the
transmitter is on in order to achieve a 90 degree tip angle

resume acquisition stopped with sa

reference a line to 4.6 ppm



ri1(4.6p)
rl1(77d)
rp

rts

sa

sb
sd
sfrq

SHIM
field

SS

Su

svf
svp
SVsS

Sw

tn

TOCSY

tof

reference a peak in a 2-D homonuclear experiment in f1 to 4.6 ppm
reference a peak in 2-D indirect detection in f1 to 77 ppm

right phase, zero-order phase correction

retrieve shims

stop acquisition, this is a soft stop which means it will stop after the
next FID

sinebell weighting function

set decoupler

spectrometer frequency in MHz

The process of "shimming" a sample is to minimize or eliminate any

differences across a sample. Eliminating these differences will lead
to narrower lines and increased intensity.

steady state scans, scans put in before acquisition really begins to
create a steady state

set up the experiment, must be used when retrieving shims, setting
nucleus for tuning, changing the temperature, etc.

save file

save parameters

save shims

the spectral width used to sample NMR signals, directly related to
the chemical shift range for a given nucleus, given in hertz, sets the
rate at which data is sampled.

transmitter nucleus (i.e. H1, channel 1 on tune box)

total correlation spectroscopy, 2-D homonuclear proton experiment,
through bond couplings, multiple bonds

transmitter offset (Channel 1) in Hertz



tpwr
trace

TUNE

vp

VS

vs2ad
vsadj
vitype
changes,
wbs('wft")
wit

wti

Z0

transmitter power in dB
mode for 2-D or greater display (trace="f1’ or trace="f2’)

Tuning a sample reduces the amount of power reflected back to the
transmitter

vertical position

vertical scale

vertical scale for a 2-D spectrum

vertical scale adjust, adjusts to tallest peak in display

setting for temperature control, vitype=2 allows temperature
vttype=0 does not allow temperature changes

with the next block store, transform the data

weighted Fourier transform

open interactive weighting

The Z0 allows the operator to match the resonance frequency of
the deuterium to the reference frequency for the deuterium lock.



A.9. A few useful linux commands

To open a terminal window on facility workstations:
Hold down the right mouse button on the wallpaper of the screen. The menu will
appear. Select "Programs” and then select "Terminal”.

Commands that can be used in the terminal window:
Note: .fid files are directories in UNIX

cd - change directory
>cd
goes back to the home directory
>cd ..
go up one directory to the parent directory
>cd /net/inova6001
for changing directories from one facility workstation to
another facility workstation

compress - compress a file to take up less disk space
>compress data.tar
make a tar file (see tar command) from a .fid directory and
then compress the data using this command. This results in a
file like: data.tar.Z
to reverse the compression:
>uncompress data.tar.Z

cp - copy files
>cp thisfile thatfile
copies the contents of "thisfile" into a file called "thatfile"
>cp -r directoryl directory2
same thing only for directories
>cp filename directoryl/subdirectoryl/.
copy a file into another directory's subdirectory

du - disk usage
>du -k mydirectory
Be in the parent directory of the directory to be checked.
Put in the username (usually the user’'s main directory) and
can check the usage on the whole account. Otherwise,
also put in a subdirectory name and check the amount of disk
space it takes up.

exit - exits the terminal window
>exit



Is - list files and directories
>|s
lists all of the files and subdirectories in the current directory
>|s |
lists all of the files and subdirectories with dates and other info.

mkdir - make directory
>mkdir newdirectory
creates a new directory called "newdirectory"

more - used to displaythe contents of a file without editing mode
>more myfile
displays the text of the file, page ahead with the space bar

mv - move files
>myv filel directory2/.
moves filel into directory2 and calls it the same name(indicated
by the period)

passwd - change the account password
>passwd
Terminal will prompt for the old password and the new password
(twice). Use different cases and numbers in the password.

pwd - print working directory
>pwd
shows the current directory location

rm - remove files
>rm junkfile
removes a file to be deleted
>rm -r junkdirectory
>rm -r junk.fid
removes a directory

rmdir - remove directory
>rmdir directory3
>rmdir junk.fid
fid files are actually directories and have to be removed this way

tar - tape archive - This command allows packing a directory into a
"tar" file which acts like a single file. So, data can be stored as
one directory, pack it into a tar file and move
it around like a single file. Then unpack it into the new location
>tar -cvf directoryname.tar directoryname



>tar -cvf data.fid.tar data.fid

Creates a .tar file from the directory, "directoryname”
>tar -xvf directoryname.tar directoryname

>tar -xvf data.fid.tar data.fid

Extracts the .tar file back into a normal directory.

tcsh - changes the type of terminal to one that will allow actions like up arrow
for the last command, an enhanced c-shell.



