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1

NMR Spectroscopy

Readers of the picoSpin User Guide should become familiar with the basics of pulsed NMR 
spectroscopy of liquids. An introduction to this subject can be found in any college level 
organic chemistry textbook. There are also several excellent on-line resources available.

References
The Basics of NMR, by Joseph P. Hornak

Almost every section of this excellent text will be helpful to users of the picoSpin NMR 
spectrometers. 

The NMR section of The Virtual Textbook of Organic Chemistry, by William Reusch

The basics in just a few pages.

NMR Web course, provided by Queen’s University, Ontario, CA, Department of Chemistry, 
and maintained by Francoise Sauriol, Ph.D.

Basic NMR concepts are covered as well as extensive coverage of pulse sequences. This site 
includes animations.

NMR Tutor, by Charles B. Abrams

Interactive Flash animation of the basic concepts of NMR and pulse sequences.

NMR Lecture Course, by Hans Reich, Department of Chemistry, University of Wisconsin, 
Madison.

Advanced concepts in NMR.
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1 NMR Spectroscopy
NMR Databases and Resources
NMR Databases and Resources
SDBSWeb, provided by the National Institute of Advanced Industrial Science and Technology

This site provides a searchable database that includes 1H and 13C NMR spectra as well 
optical spectra.

WebSpectra, by Prof. Craig A. Merlic, UCLA Department of Chemistry and Biochemistry

Problems in NMR and IR Spectroscopy.

NMRShiftDB2, provided by the NMRShiftDB Project

These are searchable chemical shift databases for 1H, 13C, and other nuclei.

NMR Simulator, provided by NMRDB.org

A very nice interactive NMR simulator and database where one can draw structures and 
simulate their NMR spectra.

NMR Chemical Shift Tables, by Prof. Hans Reich, Department of Chemistry, University of 
Wisconsin, Madison.

A rich collection of chemical shift tables for 1H, 13C and other nuclei, as well as an 
extensive listing of JHH and JCH coupling constants.
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System Operation

Web Browser Interface
The web browser user interface of the picoSpin is accessed by navigating to the unit's IP 
address, which is shown on the front-panel LCD display. An Ethernet connection can be 
made to the unit directly or through a local area network. See the Installation and Setup 
instructions to set up a connection.

We recommend Mozilla’s free Firefox™ web browser for best compatibility with the picoSpin 
software, but most modern browsers will work nearly as well, including Google Chrome™, 
Safari™, and Internet Explorer™ 10 and 11.

When a web browser is directed to the unit's IP address, the instrument responds by 
displaying a splash screen with a large Thermo Scientific logo. You will be transferred to the 
Run page in a few seconds or you can go there immediately by clicking on the logo. If your 
connection is interrupted while you are operating the unit and the web interface becomes 
unresponsive, it may be helpful to restart the session by directing the web browser back to the 
IP address displayed on the unit's front-panel LCD.

The four main pages of the interface are Run, Files, Temperature and System. Orange links at 
the upper right of each page are used to navigate between them. A common message pane at 
the bottom of each page provides information about the currently running experiment and 
other operations. The content of the message pane is preserved when switching from one page 
to another. 

Features
Interactive Zoom: Plots on the Files page have interactive zoom where a left mouse 
click-and-drag selects a rectangular zoom region. A single left click reverts to the previous 
zoom view and a double left click reverts to the original plot parameter settings. In addition, 
clicking on a data point in the plot shows its coordinates.

Drag and Drop File Management: The Files page implements a drag and drop file 
management system. It allows for creation of folders on the Files page under the Run Data 
section with the ability to drag and drop experiments between folders or to the trash bin. 
Folders with stored data files can also be moved to trash bin. 
Thermo Scientific picoSpin User Guide 3



2 System Operation
Features
Auto tx Frequency: This setting is implemented in the autoShim and experiment scripts and 
allows the spectrometer to track and change the RF transmitter frequency while an 
experiment is running. When enabled, auto tx will use the auto tx offset parameter to place 
the weighted average of signals at the offset frequency.

Global tx Frequency: The tx frequency value is treated as a global parameter and shared across 
experiments script.

Run

The Run page is used to choose and run experiment scripts, and to monitor their progress. 
The name of the currently loaded script is displayed in the upper left corner of the page. Next 
to the script name is an information button ( ), which when selected displays information 
about the script.

The script and shims buttons are located at the top of the page. Clicking opens a 
dialog window that allows you to choose between the available scripts. (To load a script with 
its default settings or with settings from a saved run, use the Files page.) 

Clicking  displays the settings of the magnet shim currents, which are real numbers 
between -1.0 and +1.0. By filling in the Shims Name field and clicking , you can 
save a shim settings file, which can be examined and selected on the Files page. In addition to 
the three first order and five second order shims, there are also fields for a uniform field shim, 
Z0, and for a temperature. The temperature field on the Shim page has no effect on operation 
but it can be used to keep a record of the magnet temperature for which a particular set of 
shims is appropriate. The uniform field shift applies a uniform Z field, which can be used to 
offset the total magnetic field by a small amount. The value of Z0 should remain set to its 
default value of 0.

The Run page contains a list of script parameters, two data plots and (optionally) a Run 
Name field. The Show less/show more button can be used to display only the most frequently 
used parameters or all parameters. always appears near the top of the parameters list. 
This button changes to  while a script is running, providing a way to interrupt an 
experiment.

The script parameter fields are defined by the loaded script. Script parameters are grouped to 
make their function more apparent. The groupings are: acq. parameters, data processing, 
output format and plot parameters. Each field has a name that appears to its left and some 
have a unit that appears to the right. Hovering the mouse pointer over the field name will 
bring up a brief description of the field. Most fields are checked for validity; if an invalid entry 
is made a flag will appear on the field. This flag must be cleared by correcting the entry before 
the script can be run.

If you type a name into the Run Name field and then click , a saved a data file with 
the run name supplied with be generated. When the script completes, a Download Data 
button ( ) will appear next to Start Run. Clicking will open a 
dialog window allowing for direct downloading of experimental data from the Run page. 
4 picoSpin User Guide Thermo Scientific
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Features
In the onePulse script, if align-avg. data and JCAMP avg. are checked and Download Data is 
clicked, a browser dialog window will appear asking for user input. If the output format 
option JCAMP ind. is also checked, a file selection window will appear. Individual data files 
can be selected for download, or the Download All Data button can be selected to bundle and 
download all data files in single, compressed archive file. The saved run will also appear on the 
Files page after the script successfully completes. The saved run stores any data generated by 
the script and all of the settings. 

The upper plot window displays time-domain free induction decay (FID) data and the lower 
window displays the spectrum. 

Files

The Files page provides a way to examine and manipulate three kinds of information: saved 
runs with their data and settings, shim settings files, and scripts with default settings. 

The Files page implements a drag and drop file management system. It allows for creation of 
folders on the Files page under the Run Data section with the ability to drag and drop 
experiments between folders or to the trash bin. Folders with stored data files can also be 
moved to trash bin. The device should not be used for storing many data files but this helps 
organize what has not been downloaded yet.

Saved runs appear below the label Run Data. When Last Run is clicked the name of the script 
and the settings that were last used on the Run page are displayed. Below the settings appear 
any data files generated by the last run. The link Use these settings at Run will transfer 
operation to the Run page with the last-used script and all of its settings loaded. Clicking on a 

Menu Item Description

Run Data Last Run – stores the settings of the most recent 
data acquisition

Saved Run – named experiments with 
settings and JCAMP-DX data

Shims Current – stores the shims currently set on the 
Run page

Default – sets all shims to 0

Scriptsa

a Factory default scripts. Instrument specific test report Larmor frequency 
and pulse length are not stored in these scripts.

autoShim – used for finding optimal magnet 
shim settings

onePulse –used for collecting and analyzing data

Search – used for finding the Larmor frequency 
when the approximate frequency is not known
Thermo Scientific picoSpin User Guide 5
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Features
data file will bring up a download dialog. Buttons are provided to download all of the 
generated data ( ) and to delete the run ( ). The other saved 
runs behave similarly to Last Run. When any run is selected the time and date when it was 
saved appears to the right of the settings display.

Next to the Shims label the user can select the Current shims, the Default shims, or shims 
saved by experiment scripts. When a saved shim file is selected, buttons appear allowing the 
user to delete the file( ) or download it ( ). Downloaded 
shim files can be used to archive shim information. Saved shims can be moved to the Run 
page by clicking Use these settings at Run. If your system firmware was updated from version 
0.8.1, an additional file name restored will be present. This file contains a set of saved shim 
values from the update process.

All experiment scripts currently available on the system appear next to the label Scripts. 
Clicking on a script name will display all of the settings fields with their names, default values, 
units and descriptions. Additional information about the script appears below the list of 
settings. To use the selected script at the run page with its default settings, click on Use default 
settings at Run. These are write protected factory-default scripts. Instrument-specific test 
report Larmor frequency and pulse length are not stored in these scripts. It is more convenient 
to select scripts by choosing a saved run or the last run or selecting the script from on 
the Run page.

Temperature

The Temperature page provides a convenient interface for the magnet temperature controller. 
The upper plot displays the magnet temperature in degrees Celsius, the middle plot shows the 
temperature of the magnet enclosure, and the lower plot shows the magnet heater setting. All 
plots show data over the previous six hours unless the unit has been on for less time or a 
system reset has ben performed. Click to reveal fields for setting the magnet 
temperature controller parameters. The settings normally used are: (picoSpin 45) 
Set Point = 42.0, P = 10.2, I =  0.02, heater = on, closed loop = on; (picoSpin 80) Set 
Point = 36.0, P = 10.0, I = 0.01. If closed loop = off the controller is disabled and the heater 
setting is determined by the output field. Controller settings are not changed until  is 
clicked.

The magnet heater setting varies from 0 to 65535. If the heater setting shown in the bottom 
plot is at zero, the setpoint temperature should be increased or the ambient temperature 
decreased. If the heater setting reaches its maximum value, the setpoint temperature should be 
decreased or the ambient temperature increased.

When the unit has been turned off and then turned on, it may take from 30 minutes to 
4 hours for the magnet to stabilize at the Setpoint temperature. During this time it is normal 
for the heater setting to first be at zero and then to swing abruptly to its maximum value. 
Settings should not be adjusted until the system has stabilized.
6 picoSpin User Guide Thermo Scientific



 2 System Operation
Samples and Sample Preparation
System

Click the Preferences link to display three check boxes that can be used to control the display 
of information on the Run page. The Run Name box determines if a Run Name field appears 
above the script parameters. Checking this box enables saving of named runs. The Allow 
Named Run Overwrite box is a data file protect option. Checking this box allows the user to 
overwrite named Run files with the same name. Unchecking the box protects existing files 
from being overwritten, making users select a new Run name if it already exists. The Mnova 
newer than 6.2.1 option formats JCAMP-DX data files for Mnova version's 6.2.1 and newer.

The Settings link provides access to fields for setting the default IP address when DHCP is 
not available. This IP address will not become effective until power is switched off and back 
on or the web server CPU is restarted. It will appear on the front panel LCD display after 
power-on or restart only if no DHCP server is available. The date, time and time zone may 
also be set under the Settings link. The clock time is used to label saved runs and data files.

The currently installed software and firmware versions may be inspected by clicking on the 
About link. The About page displays information about disk space usage for volatile and 
non-volatile memory, as well as web browser information for the computer connected to the 
picoSpin spectrometer. This is information is useful when communicating with technical 
support.

Click the Restart link to restart the web server CPU inside the spectrometer. This should be 
done with caution when operating remotely since it will interrupt the web browser 
connection. 

The System Update link is used to update the system software, including the web browser 
interface. Click this link only when you have received an update file and installation 
instructions from us.

Samples and Sample Preparation
WARNING  Avoid personal injury. 

• Needles and syringes should be considered regulated waste regardless of use

• Follow your local EH&S guidelines for disposal

• Never throw these items into the regular trash or dumpsters

CAUTION  Avoid personal injury. 

•Wear eye protection at all times when handling liquid chemicals

•Do not breathe hazardous vapors

•Avoid skin contact with hazardous liquids and vapors

•Eliminate ignition sources and prevent significant waste volume buildup
Thermo Scientific picoSpin User Guide 7
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Samples and Sample Preparation
Viscosity

The 400 micrometer inside diameter of the cartridge tubing limits the viscosity of the sample 
one can inject without exceeding an upper pressure limit of 100 PSI. If you have difficulty 
drawing the sample into the injection syringe you will likely also have difficulty injecting it 
into the cartridge inlet. Adding a small amount of a low viscosity solvent may dramatically 
reduce the viscosity of a sample. Liquids with kinematic viscosity of 40 cSt (centistokes) to 
45 cSt at approximately 35 °C to 40 °C represent the upper limit on sample viscosity before 
dilution should be considered. For reference, cooking oils such as olive oil have viscosities of 
35 cSt to 45 cSt in the temperature range from room temperature to approximately 45 °C. 
Online viscosity tables may be consulted for guidance on other common liquids.

Concentration

The signal strength in proton NMR spectroscopy is directly proportional to the concentration 
of hydrogen nuclei in the sample. To maximize the signal-to-noise ratio (SNR), samples 
should be prepared with the highest possible concentration of the analyte of interest. In some 
situations, following this guidance may lead to samples which are too viscous or which have 
broadened spectral features. In these cases, begin with the highest possible concentration and 
then add solvent as necessary.

The exact SNR depends on the quality of the magnet shim, the data acquisition parameters 
and on choices made when filtering or apodizing the data. (picoSpin documentation uses the 
spectroscopic definition of signal-to-noise ratio: maximum height of the peak divided by the 
root-mean-square noise of the baseline.) In exceptional cases, the SNR may also depend on 
intrinsic sources of peak broadening. However, it is usually possible to estimate the SNR by 
comparison with the signal from pure water. We have specified SNR for pure water for a 
single scan. (Consult the factory test report for the water SNR measured with your unit at the 
factory.) Since the SNR is directly proportional to concentration, you can scale from pure 
water to estimate the SNR for any spectral peak. The concentration of water molecules in 
pure water is 55 M (55 moles/liter). When scaling it is necessary to include a factor for the 
“weight” of the peak of interest relative to the water peak. The weight is the number of 
protons per molecule contributing to the peak multiplied by the peak’s normalized intensity 
within the multiplet. (The normalized intensity is 1 for a singlet, 1/2 for each peak of a 
doublet, 1/2 for the middle peak of a triplet and 1/4 for the outer peaks of a triplet.) For 
example, the water singlet has a weight of 2*1=2, a CH3 singlet has a weight of 3*1=3 and one 
peak in a CH3 doublet has a weight of 3*1/2=1.5.)

Suppose, for example, that the analyte molecule has a concentration of 0.55 M and we would 
like to estimate the SNR of one peak in a CH3 doublet. If the single-scan SNR for pure water 
is 1,000, the result will be 1,000*(0.55/55)*(1.5/2) = 7.5 (for the picoSpin 45). The 
single-scan SNR can be increased by averaging multiple scans. Because the SNR increases as 
the square root of the number of scans, it is not generally practical to increase it by more than 
a factor of 30 above the single-scan value; in most cases, the sample concentration should be 
increased if the estimated single-scan SNR of an important peak is less than 1.
8 picoSpin User Guide Thermo Scientific
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Samples and Sample Preparation
Neat liquid samples are the most favorable case. They should generally be analyzed without 
dilution unless peak broadening or viscosity are a concern.

Solid samples must be fully dissolved in a suitable solvent. The effective lower limit on sample 
concentration is approximately 0.5 M for the picoSpin 45 and 0.2 M for the picoSpin 80, as 
shown by the estimation method above. Since only about 30 to 40 μL of sample is needed, 
one typically needs to mix only about 250 μL of solution. Many small organic molecules 
being analyzed have a molar mass between 100 and 300 g/mol. To make a 1 M solution, 
25 to 75 mg of material needs to be dissolved in 250 μL of solution.

Solvents

For both solid and liquid samples, either deuterated or undeuterated solvents may be used to 
prepare sample solutions for analysis. Deuterated solvents are more expensive, more difficult 
to obtain, they are light and moisture sensitivity, which limits their shelf life. Protonated 
solvents can be used if the proton solvent signals do not overlap or otherwise interfere with 
other signals of interest. If a protonated solvent cannot be used, then one should select a 
deuterated NMR solvent that affords the highest solution concentration for sample analysis. 
In selecting a deuterated solvent one should keep four considerations in mind:

Concentration — To achieve the highest quality spectrum one should choose the deuterated 
solvent for which the solute has the highest solubility. Note that chemical shifts can depend 
somewhat on sample concentration and the solvent environment. 

Proton-deuterium (H-D) exchange — When using a deuterated solvent one must be aware 
of the presence of labile or acidic protons in the sample that can suffer from H-D exchange 
with the solvent. H-D exchange has the effect of removing signals from the NMR spectrum, 
and sometimes this is a desirable effect. For partial or incomplete H-D exchange a residual 
proton signal may still be present and can affect integration ratios. The most common 
functional groups that undergo H-D exchange are hydroxyl (-OH), amine (-NH, -NH2), 
thiol (-SH, -SH2), and carboxylic acid (-CO2H) groups.

Solvent polarity — The chemical shift and spin-spin splitting of proton NMR signals can 
depend on the dielectric constant of the solvent. There are many excellent texts that describe 
applications where one can benefit from a judicious choice of solvent.

NMR solvents most commonly used are: CDCl3, C6D6, D2O, acetone-d6, DMSO-d6, 
MeOD and methanol-d4. Since the magnet is typically temperature stabilized at 36 °C 
(picospin 80) or 42 °C (picoSpin 45), methylene chloride-d2(CD2Cl2) cannot be used 
directly in the picoSpin due to its low boiling point (39.75 °C). It can still be used as a 
co-solvent. Many NMR solvents can be purchased with added internal reference substances, 
such as DSS (4,4-dimethyl-4-silapentane-1-sulfonic acid) for D2O or TMS 
(tetramethylsilane) for organic solvents, and which are defined to have a chemical shift of 0.0 
ppm. NMR solvents with 1% TMS are desirable when an internal reference is needed.
Thermo Scientific picoSpin User Guide 9
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Sample Handling
Sample Handling
Samples are manually injected into the picoSpin using a glass syringe, as shown in Figure 1, or 
using a polypropylene syringe, as shown in Figure 2. Gas tight glass syringes are recommended 
for general laboratory use, whereas plastic syringes are preferred for teaching purposes or when 
it is not practical to re-use a glass syringe. 

Figure 1. Sample injection with a glass syringe

Figure 2. Sample injection with a plastic syringe

Complete sets of sample handling supplies are available from us. The Laboratory Kit contains 
a gas-tight glass syringe and related accessories, while the Teaching Kit contains plastic syringe 
accessories.

Sample handling accessories must be compatible with the cartridge fittings. The inlet is a 
1/16-inch stainless steel bulkhead fitting with an external stainless steel frit filter. 
10 picoSpin User Guide Thermo Scientific



 2 System Operation
Sample Handling
Glass syringe accessories suitable for use with the picoSpin are shown in Figure 3. The 100 μL 
syringe has a PTFE gas-tight plunger and a removable 22 gauge blunt-tip needle. The needle 
is inserted into a syringe port. The drain tube uses a PEEK nut, a grooved PEEK ferrule 
crimped onto a length of 30 gauge PTFE 0.030-inch OD tubing. An optional 0.22 μm 
stainless steel frit inline filter with PEEK body is also shown.

Figure 3. Glass gas-tight syringe and other accessories for sample injection

An example set of plastic syringe accessories is shown in Figure 4. The 1 mL polypropylene 
syringes are shown with optional 0.22 μm PTFE filters. Connection to the inlet fitting is 
made with a syringe port.

Figure 4. Plastic syringe and accessories

 

100 μL syringe22 gauge blunt-tip 
needle

Inlet filter with 
plug

Syringe port

PEEK 
Plugs

Drain tube 
assembly

Syringe filter, PTFE,
0.22 μm, 13 mm 

22 gauge blunt-tip needle
Inlet filter with plug

PEEK plug

Drain tube assembly

1 mL polypropylene syringe

Syringe port 
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Experiment Scripts

All experiments on the picoSpin spectrometers are implemented by means of factory defined 
scripts. The scripts are responsible for loading pulse sequences to the NMR Engine, retrieving 
data from the NMR Engine, and sending the data to the embedded web server for plotting to 
a browser window. 

There are three scripts distributed with the spectrometer software: onePulse, autoShim, and 
Search. Of the three only the onePulse script is generally used to acquire data. The Search and 
autoShim scripts are used to find the Larmor frequency of the sample and improve the peak 
shape, respectively.

onePulse
The onePulse script is the experiment that will be used for collecting and analyzing data. It 
implements a single-pulse acquisition sequence as shown in Figure 5.

Figure 5. onePulse pulse sequence

The sequence transmits a single pulse, waits for a receiver recovery delay time, then begins 
recording data. The sequence is executed in the NMR Engine hardware so its timing is highly 
accurate and precise. Once the sequence is complete, the onePulse script retrieves the data 
from the NMR Engine, processes it, and sends the data to the browser window and/or 
JCAMP-DX file if requested. If the user has requested multiple scans, the script then checks 
how much time has elapsed since the start of the last pulse sequence and attempts to wait the 
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necessary time as defined by the recycle delay before attempting to start the next sequence. If 
the specified recycle time is long enough for the script to start the next acquisition sequence in 
the requested time, a statement indicating “processing complete; waiting x s before sequence 
repeat” will be shown in the message window. If the target time has already passed due to the 
time it took to do the processing, the script will report to the message window, “processing 
extended repetition delay by x seconds”. Process extension delays can be minimized by 
increasing the recycle time or reducing the value of the “max plot points” parameter.

When multiple scans are acquired the user has the choice to save the data from each pulse 
separately or to have the data averaged together. To achieve the best possible resolution it is 
necessary to align the data before subsequent spectra are averaged. With the onePulse script, 
when spectra are averaged, the data are always aligned before averaging. The alignment 
algorithm requires that there be at least one high SNR peak present in the spectrum. If you are 
trying to observe a very low SNR peak by averaging many scans, make sure there is at least one 
high SNR peak present elsewhere in the spectrum.

Parameters

Acquisition Parameters Group

tx frequency (MHz) — The RF transmitter frequency specified in MHz. This frequency 
corresponds to the 0, or center, frequency of the spectral plot.

auto tx —When enabled in the onePulse script, auto tx uses the auto tx offset parameter to 
place the weighted average of signals at the offset frequency. For each pulse executed, the full 
bandwidth is evaluated for spectral signals above a minimum signal threshold and the tx 
frequency is automatically adjusted to honor the user supplied auto tx offset value. If the 
signal, however, is outside the bandwidth of the acquisition this procedure auto tx may fail to 
track properly. Aliased signals can also cause auto tx to improperly track real signals.

Aborting the script or allowing it to go to completion will write the last adjusted transmitter 
frequency value to the tx frequency parameter. It will be treated as a global value and be 
written to other scripts that share the parameter. 

auto tx offset (Hz) — The position, in hertz for where to set the transmitter frequency. The tx 
frequency written by auto tx and based on the auto tx offset supplied in the onePulse script, 
will be written as a global value to other experiment scripts. Auto tx offset values can be 
different between scripts.

scans — The number of times to run the single-pulse acquisition sequence. If a certain target 
SNR is desired, run the script with a small number of scans at first to estimate the SNR per 
scan. Then compute the number of scans needed assuming that the SNR will increase as the 
square root of the number of scans.

pulse length (μs) — The duration of the RF pulse in microseconds.

acquisition points —The number of points to acquire per acquisition. The acquisition time is 
this number divided by the specified bandwidth.
14 picoSpin User Guide Thermo Scientific



 3 Experiment Scripts
onePulse
recovery delay (μs) — The time between the end of the pulse and the beginning of data 
acquisition. This delay time allows the system to recover from ring-down and RF switch 
transients.

recycle delay (s) — The requested recycle time between experiments. Since this is 
implemented at the script level the actual time between pulse-acquisitions will be extended if 
processing or server overhead require more time. 

bandwidth (kHz) — The bandwidth of the receiver channel. This number determines the 
dwell time of the data acquisition. It is the rate, in kHz, at which the digitizer samples the 
signal.

post filter attenuation — The attenuation setting of the filter electronics. 

Data Processing Group

zero filling — The number of Fourier transform points to use when aligning data by 
cross-correlation. Generally the aligning routine performs better the greater the number of 
points, but the longer the processing time required, which may affect the T1 relaxation delay 
request. Using a value that is the nearest power of 2 greater than four times the number of 
acquisition points works well for most cases. For example if 1000 points are acquired per scan 
then setting this to 4096 would produce a good alignment. If zero filling is less than the 
number of acquisition points, then twice the number of acquisition points are used for the 
alignment routine.

align-avg. data — Whether to align and average data that is acquired. The alignment routine 
performs a cross-correlation between the current scan and the aligned average of the previous 
scans before averaging the two together. When setting this parameter also be aware of setting 
zero filling appropriately.

phase correction (degrees) — The amount of zeroth-order phase correction to apply to the 
spectral data in degrees. This parameter only affects the displayed phase and not the phase of 
saved data.

exp. apodization (Hz) — If non-zero, applies an exponential apodization to the time series 
data (FID) specified in hertz. This parameter only effects displayed data and not saved data. 

Output Format Group

JCAMP avg. — If align-avg data is set, this parameter determines whether a JCAMP-DX file 
of the aligned and averaged data is saved for the run.

JCAMP ind. — Determines whether to write individual JCAMP-DX files for each scan for 
processing with the user’s analysis software.
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Plot Parameters Group

max time to plot (ms) — The maximum time to plot for time series data (FID) in the 
browser. This parameter is useful when the user wants a long acquisition time but wants to 
have a zoomed in look at the beginning of the FID. This parameter does not affect the 
number of points saved to the data files.

min freq. to plot (Hz) — The minimum frequency to plot for spectral data in the browser. 
This parameter is useful when the user only wants to look at part of the acquired spectrum. 
This parameter does not affect the number of points saved to data files.

max freq. to plot (Hz) — The maximum frequency to plot for spectral data in the browser. 
This parameter is useful when the user only wants to look at part of the acquired spectrum. 
This parameter does not affect the number of points saved to data files.

max plot points — The maximum number of points to plot to the browser. If fewer points 
are specified than the number of acquisition points, the script will attempt to decimate the 
FID and spectral data down to a number of points that does not exceed this number. If greater 
than the number of acquisition points are specified, the script will plot the number of 
acquisition points to the browser. The purpose of this parameter is to decrease the load on the 
operating system. This may improve the ability of the operating system to accommodate the 
user specified recycle delay request. This parameter does not affect the number of points saved 
to data files.

live plot — Plots data to the browser for each scan acquired. Unchecking this parameter may 
improve the ability of the operating system to accommodate the user’s requested recycle delay.

autoShim
The picoSpin contains a set of eight shim coils for improving the field homogeneity plus a 
ninth coil to apply a uniform Z field. These coils are contained in the user replaceable 
cartridge, which is included in the unit. The cartridge implements the following magnetic 
field gradients:

first order
• X
• Y
• Z

second order
• ZX 
• ZY
• XY
• Z2

• X2 - Y2
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zeroth order

• Z0

The orientation of the coordinate system is such that Y is coaxial with the capillary 
(perpendicular to the front face of the instrument), X is perpendicular to the side face, and Z 
is perpendicular to the base.

Due to very slight differences between magnets, shim cartridges, and shim electronics, 
different hardware components need different shim parameters. Although these shims can be 
set with the shim drop-down of the browser interface, this script automates the task. To do 
this it implements the Nelder-Mead (simplex) optimization algorithm to find the set of shim 
values that maximize the quality of the peak. 

We refer to the size of the steps that the algorithm starts off with as increments. To reduce the 
complexity of the user interface it is only necessary to specify the size of the increments to use 
for all the first order shims and the size of the increments to use for the second order shims. If 
either of these are zero, that set of shims will be excluded from the optimization.

While the script is running the message window indicates the shim values that are being tried 
by the optimization algorithm and the LCD displays the iteration number of the simplex 
routine on the first line and the best value for the quality of the peak on the second line. The 
script also keeps a log file of all the shim values tried, the associated quality value, and the 
frequency of that peak.

When the script stops, either because it has reached the maximum number of iterations 
specified, it has passed the convergence criterion, or the run has been aborted, the best values 
of the shims found will be saved and will appear in the shim drop-down of the browser 
interface. The next time any script is run these will be the shim values used unless manually 
changed.

The shims found by the script can be saved to a file with the shims drop down on the Run 
page, entering a Shims Name, and clicking . Check to make sure the Shims Name 
field is clear when starting a new autoShim run or your previously saved shim will be 
overwritten.

Parameters

Acquisition Parameters Group

tx frequency (MHz) — The RF transmitter frequency specified in MHz. This frequency 
corresponds to the 0, or center, frequency of the spectral plot.
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auto tx — When enabled, auto tx uses the auto tx offset parameter value to place the weighted 
average of signals at the offset frequency. Checking the test run box in the autoShim script 
overrides auto tx selection even if checked. That is, while test run is checked auto tx will not 
make changes to the tx frequency. Test run is designed for evaluating parameter values 
without changing them. Unchecking test run reestablishes auto tx control to discover and 
change the tx frequency. 

For each pulse executed, the full bandwidth is evaluated for spectral signals above a minimum 
signal threshold and the tx frequency is automatically adjusted to honor the user supplied auto 
tx offset value. If the signal, however, is outside the bandwidth of the acquisition this 
procedure auto tx may fail to track properly. Aliased signals can also cause auto tx to 
improperly track real signals. Aborting the script or allowing it to go to completion will write 
the last adjusted transmitter frequency value to the tx frequency parameter. It will be treated as 
a global value and be written to other scripts that share the parameter.

auto tx offset (Hz) — The position, in hertz for where to set the transmitter frequency. The tx 
frequency written by auto tx and based on the auto tx offset supplied in the autoShim script, 
will be written as a global value to other experiment scripts. Auto tx offset values can be 
different between scripts.

test run — Whether to do a test run of the current script parameters and shim settings. No 
actual changes are made to the shims or transmitter frequency. This is provided as a 
convenient way to check that the acquisition parameters and location of the signal are suitable 
before actually trying to perform automatic shimming.

max iterations — The maximum number of times the Nelder-Mead algorithm should 
evaluate the simplex during the search. This is a number that is less than the number of times 
the data acquisition sequence is actually run because the routine may need to evaluate the 
quality of the signal at several shim settings for each iteration.

first order increments — The initial step size to use for the first-order shims in the 
Nelder-Mead method.

second order increments — The initial step size to use for the second-order shims in the 
Nelder-Mead method.

target rms — The criterion for convergence of the automatic shimming algorithm. When the 
algorithm reaches this value the script stops and reports the best shims found in the order 
shown at the beginning of the description of this script. 

pulse length (μs) — The duration of the RF pulse in microseconds.

acquisition points — The number of points to acquire during an acquisition. The acquisition 
time is this number divided by the specified bandwidth.

zero filling — This parameter is no longer functional.

zero filling — The number of points to use for zero filling of the spectral data for evaluating 
the spectrum peak height.
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recovery delay (μs) — The time between the end of the pulse and the beginning of data 
acquisition. This delay time allows the system to recover from ringdown. 

recycle delay (s)— The requested recycle time between acquisitions. Since this is 
implemented at the script level the actual time between pulse-acquisitions is calculated by the 
spectrometer.

bandwidth (kHz) — The bandwidth of the receiver channel. This number determines the 
dwell time of the data acquisition. It is the rate, in kHz, at which the digitizer samples the 
signal.

post-filter attenuation — The attenuation setting of the filter electronics. 

Data Processing Group

zero filling — The number of points to use for zero filling of the spectral data for evaluating 
the spectrum peak height.

phase correction (degrees) — The amount of zeroth-order phase correction to apply to the 
spectral data in degrees. This parameter only affects the displayed phase and not the phase of 
saved data.

exp. apodization (Hz) — If non-zero, applies an exponential apodization to the time series 
data (FID) specified in hertz. This parameter only affects the displayed spectrum and not the 
saved data.

magnitude — If set, uses the RMS spectral magnitude in the optimization routine instead of 
the intensity of the real part of the signal. This avoids having to worry about changes of phase 
when using large shim search increments.

Plot Parameters Group

max plot points — The maximum number of points to plot to the browser. If fewer points 
are specified than the number of acquisition points, the script will attempt to decimate the 
time and spectral data down to a number of points that does not exceed this number. If 
greater than the number of acquisition points are specified, the script will plot the number of 
acquisition points to the browser. The purpose of this parameter is to decrease the load on the 
operating system. This may improve the ability of the operating system to accommodate the 
user specified recycle delay request. This parameter does not affect the number of points saved 
to data files.

max time to plot (ms) — The maximum time to plot for the time series data (FID) in the 
browser. This parameter is useful when the user wants a long acquisition time but wants to 
look at the beginning of the FID in detail. This parameter does not affect the number of 
points saved to data files.

min freq. to plot (Hz) — The minimum frequency to plot for spectral data in the browser. 
This parameter is useful when the user only wants to look at part of the acquired spectrum. 
This parameter does not affect the number of points saved to data files. 
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max freq to plot (Hz) — The maximum frequency to plot for spectral data in the browser. 
This parameter is useful when the user only wants to look at part of the acquired spectrum. 
This parameter does not affect the number of points saved to data files.

Search
The search script is used to find the Larmor frequency of the sample. It is often used when a 
new cartridge has been installed in the spectrometer or the temperature set point of the 
magnet has been changed. The pulse sequence this script loads to the NMR Engine is the 
same as the onePulse script. The difference is that this script steps the transmitter frequency 
before running the sequence and checks the spectrum for a peak that passes a user specified 
signal-to-noise ratio (SNR) criterion. The SNR is calculated by taking the magnitude of the 
tallest peak and dividing by the standard deviation of the points in a user specified window of 
the real part of the spectrum. No checking is done to see whether the peak itself is in that 
window, so the frequency step size should be chosen to be less than the acquisition bandwidth 
and greater than the width of the noise window. While the script is running the LCD 
indicates the current frequency that is being probed. 

In situations where the signal is very strong, it is possible that the SNR criterion is exceeded 
for an aliased signal. This might be the case when the system is already shimmed well. 
Therefore when a search stops because a signal was found it is worthwhile to use the onePulse 
script with transmitter frequencies that push the signal to the left or right side of the 
acquisition bandwidth to see that whether the signal is reduced in amplitude or vanishes 
altogether. If the signal gets larger instead, the original window displayed an aliased signal.

Parameters

Acquisition Parameters Group

start frequency (MHz) — The frequency in MHz at which to begin the search.

stop frequency (MHz) — The frequency in MHz at which the search is to end.

frequency step (kHz) — The size of the frequency steps in kHz to take during the search. 
Negative or positive values are allowed, appropriate to the starting and stopping frequencies, 
to scan either up or down in frequency.

SNR — The signal-to-noise ratio at which the search will consider that it has found a peak. 
When this threshold is exceeded the search stops and the message window reports the 
magnitude, SNR, and frequency of the tallest peak found.

noise window start — The frequency of the lower limit of the noise window for estimation of 
SNR. Due to the discrete nature of the spectrum, the actual frequency boundary may differ. 
The message window will indicate the actual frequency used.
20 picoSpin User Guide Thermo Scientific



 3 Experiment Scripts
Search
noise window end (Hz) — The frequency of the upper limit of the noise window for 
estimation of SNR. Due to the discrete nature of the spectrum, the actual frequency boundary 
may differ. The message window will indicate the actual frequency used. 

pulse length (μs) — The duration of the RF pulse in microseconds.

acquisition points — The number of points to acquire during an acquisition. The 
acquisition time is this number divided by the specified bandwidth.

recovery delay (μs) — The time between the end of the pulse and the beginning of 
acquisition to wait for the receiver electronics to recover from ring down.

recycle delay (s) — The requested recycle time between acquisitions. Since this is 
implemented at the script level the parameter is calculated by the spectrometer.

bandwidth (kHz)— The bandwidth of the receiver channel. This number determines the 
dwell time of the data acquisition. It is the rate, in kHz, at which the digitizer samples the 
signal.

post filter attenuation — The attenuation setting of the filter electronics. 

Data Processing Group

zero filling — The number of points to use for zero filling of the spectral data.

phase correction (degrees) — The amount of zeroth-order phase correction to apply to the 
spectral data in degrees. This parameter only affects the displayed phase and not the phase of 
saved data.

exp. apodization (Hz)— If non-zero, applies an exponential apodization to the time series 
data (FID) specified in hertz. This parameter only affects the displayed spectrum and not 
saved data.

Plot Parameters Group

max plot points — The maximum number of points to plot to the browser. If fewer points 
are specified than the number of acquisition points, the script will attempt to decimate the 
time and spectral data down to a number of points that does not exceed this number. If 
greater than the number of acquisition points are specified, the script will plot the number of 
acquisition points to the browser. The purpose of this parameter is to decrease the load on the 
operating system. This may improve the ability of the operating system to accommodate the 
user specified recycle time. This parameter does not affect the number of points saved to data 
files.

max time to plot (ms) — The maximum time to plot for the time series (FID) data in the 
browser. This parameter is useful when the user wants a long acquisition time but wants to 
look at the beginning of the FID in detail. This parameter does not affect the number of 
points saved to data files.
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min freq. to plot (Hz) — The minimum frequency to plot for spectral data in the browser. 
This parameter is useful when the user only wants to look at part of the acquired spectrum. 
This parameter does not affect the number of points saved to data files.

max freq. to plot (Hz) — The maximum frequency to plot for spectral data in the browser. 
This parameter is useful when the user only wants to look at part of the acquired spectrum. 
This parameter does not affect the number of points saved to data files.

live plot — Plots data to the browser for each scan acquired. Unchecking this parameter may 
improve the ability of the operating system to accommodate the user’s requested recycle delay.

magnitude — Select whether to plot the spectral magnitude along with the real part of the 
spectrum.
22 picoSpin User Guide Thermo Scientific


	NMR Spectroscopy
	References
	NMR Databases and Resources

	System Operation
	Web Browser Interface
	Features
	Run
	Files
	Temperature
	System

	Samples and Sample Preparation
	Viscosity
	Concentration
	Solvents

	Sample Handling

	Experiment Scripts
	onePulse
	Parameters
	Acquisition Parameters Group
	Data Processing Group
	Output Format Group
	Plot Parameters Group


	autoShim
	Parameters
	Acquisition Parameters Group
	Data Processing Group
	Plot Parameters Group


	Search
	Parameters
	Acquisition Parameters Group
	Data Processing Group
	Plot Parameters Group





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


