NMR Definitions

(Terms initalics are defined elsewhere in the list).

Absolute Value:

Spectral display produced by taking the square root of the sum of the squareseai ted
imaginary partsof the spectrum. Peaks are much broader than ialib@rption modeand are positive
only.

Absorption Mode:
Customary mode of displaying NMR spectra, in which peaks have nomlioaéntzianshapes.

Acquisition Time:
Duration of thadigitization of afree induction decay (FID)

Aliasing (Foldback):
Production of false peaks, originating from outsidesgpectral windowdue to aigitization rate
less than twice thByquist frequency

o and B Spin States:
The two possible states of a spin 1/2 nucleus in a magnetic field. By convention, if the
magnetogyric ratias positive, thex state will have lower energy gnaligned with B)).

Analog-to-Digital Converter:
Hardware component that translates a voltage from the detector into a binary number, commonly
16 bits long.

Antiphase:
Term used to describe spin vectors that poinf1gith respect to each other. Also refers to the
opposite directions (positive/negative) of spectral peaks produced by antiphase spins.

Apodization:
Multiplication of the digitizedFID before transformation by a mathematical function to improve
signal/noise ratio or spectral resolutiphut not both simultaneously.

Artifacts:
Unwanted components of the spectrum, for example, false peaks, bursts of noise, caused by
imperfections in th@ulse sequencer spectrometer system.

Attached Proton Test (APT):
Pulse sequencihat yields a 1-D spectrum in which peaks corresponding to carbons with an odd
number attached protons appear opposite in sansiptjasé to those with an even number.

Bo:
Static magnetic field about whose direction tluelear magnetic moment precessésagnitude
expressed in tesla or as the nominal proton precession frequency (e.g., 7T or 300 MHz).

Bg Inhomogeneity:
Spatial non-uniformity in B. Contributes td>* and causes line broadening.



The radio-frequency magnetic field that is applied to the nuclei. Causesssiorof thenuclear
magnetic momenbout an axis normal toyB

Boltzmann Distribution:
Distribution of nuclear spins among their possible energy levels at thermal equilibrium. For a
positivemagnetogyric ratipproduces population excegml(arization in the direction of .

Broad Band Decoupling:

Irradiation of a group of nuclei with a wide distributionabfemicalshifts by a radio-frequency
field modulatedin frequency and/or phase so as to effectively spreapitsdecouplingeffect evenly
over all the nuclei. Often used to removelait13C splittings from 3 spectrum.

Chemical Shift:

Variation of the effective value of J3experienced by nuclei because of their different
electromagnetic environments in the molecule. Usually reported in parts per million of applied field or
frequency relative to a resonance in a reference compound (eg.,TMS).

Clipping:
Overloading of theeceiverand/oranalog-digital converterproducing spurious and misshapen
peaks in the transformed spectrum.

Continuous Wave (CW):
Method of observing an NMR spectrum wherg B applied continuously and either the
magnitude of B or the radio frequency is varied to bring the nuclei successively into resonance.

Contour Plot:

The most common mode of display of a 2-D spectrum; the axes are in frequency-related units
(chemical shiftor coupling constant with peaks shown by concentric groups of lines of constant
intensity (contours).

Correlation Spectroscopy:
Multi-dimensional method in which peaks appear at the coordinates of two nuclei related by a
mutual interactionJ-coupling NOE, or chemical exchange).

Correlation Time(1¢):

Parameter related to the mean time during which a molecule maintains its spatial geometry. For
an internuclear vector is approximately equal to the average time for it to rotate through an angle of
one radian.

COSY (H-H Correlation Spectroscopy):
Correlation spectroscopyhat identifies pairs of protons that are spin coupled to each other,
usually though 3 chemical bonds.

Coupling Constant:
seespin coupling constant

Cross Peaks:



Off-diagonal peaks in a 2-D spectrum that appear at the coordinates (usually chemical shifts) of
the correlated nuclei.

Dead Time:
Very short delay just before the start of data acquisition. Allowdrdmsmittergate to close
and thereceivergate to open.

Detectable Magnetization:
Magnetizationprecessingn thexy plane and capable of inducing a signal in rdeeiver coil.
Requires that the nuclei be involved in a single-quantum coherence.

Detection Period:
Final segment of pulse sequenceConsists of the acquisition of the FID. Called hddmain
in a 2-D experiment.

Diagonal peaks:

Peaks appearing on or very near to the main diagonal of a homonuclear 2-D spectrum. Their
projection on the axes is the 1-D spectrum. They yield no correlation information and may overlap
nearbycross peaks.

Diamagnetism:
Magnetic behavior of a substance that has no unpaired electrons. When placed in a magnetic
field the induced magnetic field opposes the applied field.

Digital Resolution:
Frequency interval between data points in a transformed spectrum. Determines how well the
peaks are described by the data points. Can be improvaeetd¥illing before transformation.

Digitization:
Process of converting a voltage into its corresponding binary number for digital processing.

Digitization Rate:
Number ofanalog/digitalconversionger second during data acquisition. Must be at least twice
the highest signal frequendyyquistcriterion).

Dipolar Mechanism:
Direct though-space interaction of twaclear magnetic momenmectors. Principal mechanism
of spin-lattice relaxatiorof spin 1/2 nuclei iMiamagnetidiquids.

Dispersion Mode:

Lorentzianlineshape produced byphase-sensitive detect®fP out of phase with one giving a
pureabsorption moddine. Bipolar in shape with very long tails; not integrable and highly undesirable in
a spectrum.

Dynamic Range:

The ratio of the largest to the smallest signal observablaligitzed spectrum. Determined by
either the number of bits in the output of tialog-digital converteror the length of the computer
storage word.

Equilibration (Relaxation) Delay:



Period of time between repetition of single- rultiple-pulseexperimentto allow nuclei to
regain z axis magnetization Bpin-lattice relaxation.

Ernst Angle:
In asingle-pulse experimertip anglegiving the bessignal/noise ratidor a given combination
of spin-lattice relaxatiortime and repetition rate.

Evolution Period:

Second segment of a pulse sequence. Consists of a delay time (sometimes inceidmgsiag
pulse) during which the nuclprecesaunder the influence afhemical shifand/orspin coupling In a 2-
D experiment the length of the delayinsrementedsuccessively for each stored FID thus producing the
t1 time domain

Exponential Multiplication:
Apodizationwith a decreasing exponential function to enhancesipeal/noise ratioat the
expense of added line broadening in the transformed spectrum.

f1:
Axis of a 2-D spectrum., Results frdrourier transformatiorof the § domain signal.

Axis of a 2-D spectrum. Results frdfourier transformatiorof thedigitized FID's(to domian).

Field-Frequency Locking:
Stabilization of the magnitude ofgBby maintaining the frequency of a resonance in the sample
(usually2H in the solvent) equal to a fixed reference frequency.

Fourier Transformation:
Mathematical operation for interconverting data betweentithe domainand the equivalent
frequency spectrum

Free Induction Delay (FID):
Decaying, oscillatorytime-domainwave-form generated by nuclei that are subjected to an rf
pulse and are then allowedppecess'freely” in the absence of rf fields.

Frequency Domain:
Condition where the independent variable of all functions is frequency, for example, the display
of afrequency spectrum.

Frequency Spectrum:
Plot of signal amplitude versus frequency. ResulEaidirier transformationof atime domain
signal.

Gated Decoupling:

Application of spin decouplingonly during selected time periods in a pulse NMR experiment.
Used to eliminate eithetH-13C spin couplingor the nuclear Overhauser effedtom a 1-D 13c
spectrum. Also essential in mapylse sequencde.g., APT, J-spectroscopy).

Heteronuclear Correlation Spectroscopy (HETCOR):



Correlation spectroscopyn which different types of nuclei are related by their mutg@h
coupling Commonly used to detect directly bondét+13C atoms.

Increment:
Short fixed-time interval repeatedly added{arta 2-D experiment.

Inversion-Recovery:
Pulse sequenaesed to determingpin-lattice relaxation times.

Isochromat:
Group of nuclei thaprecessat exactly the same frequency. Often refers to nuclei located in a
microscopic region of homogeneoug feld strength.

J-Coupling:
SeeSpin Coupling

J-Spectroscopy:

2-D method in whichchemical shiftis plotted along thesf axis, with J-coupling along #.
Appropriate sections parallel tq flisplay the coupling pattern of each nucleus to nuclei of the same
(homonuclear) or different (heteronuclear) type.

Laboratory Frame:
Cartesian coordinate (x,y,z) stationary with respect to the observer.

Larmor Frequency:
The frequency oprecessiorof a nucleus about the direction qof;Bqual toyBy/2m

Lorentzian:
Normal line shape of an NMR peak. Linewidth determined py(OW = 1/1Tp). Can be
displayed in eitheabsorptionor dispersion mode.

Magnetic Quantum Number (my):

Number which specifies the energy of a nucleus in the fiBld (E=-myhBg/2t vy =
magnetogyric ratio). mtakes values of -, -I+1,....+I(+/- 1/2 for an | = 1/2 nucleus). The two states
correspond to alignment of the z-component ofnihelearmagnetic momerwith or opposed to &

Magnetization:
Existence of nuclegyolarizationfor an ensemble of nuclei in a magnetic field.

Magnetization Vector(M):
Resultant of the individuanagnetic moment vectofer an ensemble of a particular type of
nucleus. At equilibrium M points in the direction of Boositivey).

Magnetogyric Ratio (y):
Inherent property of a nucleus; can be either positive ¥elgl3C) or negative ¥N,29si). For
particular values of and themagnetic quantum numbeg determines the energy level of the nucleus.

Mixing Period:



Third part of apulse sequencir correlation spectroscopyConsists of one or more pulses and
sometimes delay times.

Modulation:

Variation in the amplitude and/or phase of an oscillatory signal with the amplitude of another
function, for example, AM or FM modulation of a broadcast rf by a voice or modulation of a nuclear
precessiorfrequency by @&pin couplingnteraction.

Multiple-Pulse Experiment:
Experiment in which more than one pulse is applied to the nuclei before acquisitiodrtid the

Nonselective Pulse:
Radio frequency pulse with a wide frequency bandwidth (short, high-power pulse) that excites all
nuclei of a given type (e.g., all protons in a sample).

Nuclear Magnetic Moment: (m)

Physical consequence of a nucleus having both charge and angular momentums (i.e., non-zero
spin). The observed magnetic moment is the projection of m ondlei8, ny, with magnitude given
by myhy/2rt (mj= magnetic quantum numbey= magnetogyric ratip In the classical description the
magnetic moment vectors precess about haxi.

Nuclear Overhauser Effect (NOE):

Change in intensity of the resonance of one nucleus wharotagzationof another nucleus is
not at equilibrium. The two nuclei must relax each other bydipelar mechanism Can be used for
signal enhancement ih3C NMR by nonselective protonrradiation or to determine spatial proximity of
two nuclei (usually protons) Iselective irradiatiorof one nucleus and observation of any changes in the
intensity of other resonances.

Nuclear Overhauser Effect Correlation Spectroscopy (NOESY):
2-D method that correlates pairs of nuclei that are related bwthear Overhauser effect

Nyquist Frequency:
Highest frequency that can be characterized by sampling at a given rate. Equal to one-half of the
digitization rate.

One-Dimensional (1-D) NMR:
Experiment producing a spectrum with only one frequency axis.

Paramagnetism:
Magnetic behavior of a substance containing unpaired electrons. When placed in a magnetic
field the induced magnetic field is parallel to the applied field.

Phase Correction (Phasing):
Linear combination of theeal and imaginary part®f a 1-D spectrum to produce peaks with
pureabsorption modshape. Performed either automatically by software or interactively by the operator.

Phase Cycling:
Repetition of goulse sequencehanging only the phases of the pulse(s) anglizse-sensitive
detectorreference; th&1D's are then added. Used to suppress undesirable signal componentei@-g.,



frequency glitch and/or to produce the desired effect of a pulse sequence (e.g., multiple quantum
filtration).

Phase-Sensitive Detector:
Detector whose output is the product of the input signal and a periodic reference signal. Output
depends on the amplitude of the input signal and its phase relative to the reference.

Polarization:

Excess ohuclear magnetic momewéctors (ng) aligned with or opposed toyB At equilibrium
the magnitude of the population excess is determined by the valuesnshghetogyric ratipBg, and
temperatureBoltzmann distribution

Precession:
Classical description of the behaviormiclear magnetic moment® which the vectors rotate
about the B axis at theit.armor frequencies

Preparation Period:
First segment of aulse sequenceConsists of arquilibration delayfollowed by one or more
pulses (often a single 9@ulse) to put the spin system into the state needed fewvthetion period

Presaturation:
Suppression of a signal from an interfering nucleus (e.g. a solvent pesé&)ebtive irradiation
to saturateit prior to application of monselective puls® the system as a whole.

Projection:
One dimensionadpectrum produced when one of the axes of a 2-D spectrum is collapsed.

Pulse Fourier Transform NMR:

Use of an rf pulse to rotate theagnetization vectorgf all the nuclei to be observed. Time-
domainsignal (theFID) is subsequentldigitizedand converted into thieequency spectrurby Fourier
transformation

Pulse Sequence:
Train of pulses, with various durations and application axes, separated by delays and ending in
acquisition of thé=ID. Designed to achieve a certain result in the spectrum.

Pulse Width:
Time duration of the rf pulse. Determines threangle of the magnetization vectoior a given
radio frequency intensity. Inversely related to the effective bandwidth of the pulse.

Quadrature Detection:

Detection method that discriminates between peaks equally spaced above and below the
spectrometer frequendgplaced at the center of tepectral windoyw Uses twgphase-sensitive detectors
with reference phases offset by’90

Quadrature Images:

Ghost peaks resulting from imbalances between the two channelguddsature detection
system Appear as weak signals symmetrically located on the opposite side cpelcaometer
frequencyfrom true peaks. Eliminated by the CYCLOPS phase cycle, but often present on one scan.



Real and Imaginary Parts:
Two equally sized blocks of frequency data producedrbwyrier transformationof the time
domainsignal; usually only the real frequency data is displayed.

Receiver:
Colil of wire (often the same one used by ttamsmitte) and associated electronics that amplify
the rf signal produced by nucleiecessingn the xy plane.

Refocusing:
Spin vectors returning into phase after previously losing their coherent rotation in the xy plane.
Usually achieved by means of thigin-echo pulse sequence

Relaxation Reagent:
Paramagneticspecies added to the sample to promote more gpidlattice relaxationand
enable a faster pulse repetition rate.

Rotating Frame:
Coordinate axes x' and y' that rotate about the z axis ap#oerometer frequency

Saturation:

Partial or complete equalization of the populations of the energy levels of an ensemble of nuclei.
Occurs when the rate of input of energy from the applied rf field exceeds the rate of energy dissipation by
spin-lattice relaxation Can occur if rf is applied continuously (sggn decoupling or when pulse
repetition rate is too rapid.

Selective Decoupling:
Spin decouplingpy irradiation of a single multiplet with low-power rf. Used to identify coupled
proton pairs in a 1-D proton spectrum.

Selective Irradiation (Selective Excitation):
Application of rf to a single frequency. Often used to excite a nucleus to only one of the possible
combinations of spin states of the nuclei coupled to it.

Selective Pulse:
Radio frequency (rf) pulse with a narrow frequency bandwidth (long, low-power pulse) to excite
nuclei in a limitedchemical shifrange.

Signal Averaging:
Repetition of an experiment n times to achieve an increasignal/noise raticof n2
advantage).

(multiplex

Signal/Noise Ratio:
Ratio of peak signal intensity to the root-mean-square noise level. Effectively determines the
minimum signal that can be detected.

Sine-Bell
Apodizationfunction in the form of the first half-cycle of a sine function. Used for resolution
enhancement in 2-D spectra displayed inabsolute value mode

Single-Pulse Experiment:



Simplest type of FT-NMR experiment. Only one rf pulse is issued for each repetition of the
experiment.

Solvent Suppression:
Reduction of an intense signal from the solvent by some means (saedive pulseor
presaturation) beforedigitizationto avoiddynamic ranggroblems.

Spectral Resolution:
Instrumental performance parameter that determines minimum peak separation that can be
distinguished. Usually specified in terms of peak width at half-height calleg/2.uv LW.

Spectral Window:

The observed spectral region in the frequency domain, centered epettteometer frequency
and having a width equal to tllégitization rate Peaks occurring in this window appear at their correct
positions, without aliasing.

Spectrometer Frequency:

Center frequency of band produced by the rf pulse generator. Same as the frequency that is
electronically subtracted from the detector signal prior to digitization. Also the center of the spectral
window.

Spectrum Width:
Width of thefrequency spectrunequal to spectral window.

Spin (I):

Number associated with the quantization of the nuclear angular momentaost be zero or an
integer if the mass number (total number of protons and neutrons) is even, or half-integral (1/2, 3/2, etc.)
if the mass number is odd.

Spin Coupling (J-Coupling):

Effect of the spin state of one nucleus on the energy of another nucleus; responsible for peak
splitting. Spin coupling is transmitted through intervening bonding electrons, in contrastdipdlas
mechanism

Spin Coupling Constant:
Measure of thd-couplinginteraction between two nuclei. Coupling constants are expressed in
hertz, can be positive or negative and are independery of B

Spin Decoupling:
Irradiation of a nucleus to induce rapid transitions between its energy levels. Removes the
effects ofspin couplingto another nucleus. (Seeoad bandselective, gateddecoupling).

Spin Echo:
Peak signal produced when divergent spin vectorsefmeusedn the xy plane by ther{18P-1)
pulse sequence. Used to eliminate effectsgphBomogeneitieandchemical shifprecession.

Spin-Lattice Relaxation Time (T9):
Time constant for the return of theagnetization vectoi, to its full (equilibrium) length along
the z axis, after the spin system has been disturbed from equilibrium by an applied rf field.



Spin-Spin Relaxation Time (T):
Time constant for the loss of magnetization in the xy plane in the absengentfonogeneities
Includes T relaxation plus chemical and spin exchange, etc.

Stacked Plot:
Presentation mode of a 2-D NMR spectrum in which jaspiectrum is plotted horizontally for
each of a series opfvalues, or vice versa.

Symmetrization:

Method of removingartifacts from 2-D contour plotsthat are symmetrical about the diagonal (H-
H COSY or the f| axis (-spectra. Spots equidistant from midline are compared and replaced either
with their average value or lower value of the two.

t1:
Time domairarising from the regulancrementsof the delay period in a 2-D experiment. Time
during which theFID is acquired in a 2-D experiment.

t1 Noise:
Streaks of spurious signals in a 2-D spectrum parallel toqtlaié at the § of a strong (e.g.,
solvent) resonance. Not reducedsiynal averaging

To*
Time constant for loss of magnetization in the xy plane. Includes losses dug to B
inhomogeneitieas well aspin-spin relaxation

Three-Dimensional NMR:
Three-frequency-domain analogtaefo-dimensional NMR Requires data collection as a function
of three time domains.

Time Domain:
Condition where the independent variable of all functions is time (e.g., in the display of an FID).

Tip Angle (a):
Angle through which thenagnetization vectas rotated by the Bfield in pulse NMR

Transmitter:
Coil of wire (often the same as used by teeeive) and associated electronics that apply radio
frequency energy to the NMR sample.

Two-Dimensional (2-D) NMR:

Spectral method in which data are collected in tw@ domainsacquisition of thé=ID (tp) and
a successivelincrementeddelay (). The resulting data matrix is subjected to two successive FT's to
produce a spectrum with two frequency axes, usually edemical shifchemical shift(correlation
spectroscopyor chemical shift)-coupling(J-spectroscopy

Zero Filling:
Addition of zeros to th&ID to adjust the size of the data set to a power of two. Commonly used
to improve thaligital resolutionof the transformed spectrum (e.g., in theldmain of 2-D NMR).



Zero-frequency Glitch:

Sharp signal at thepectrometer frequencyCaused by dc offsets in the two channels of the
guadrature detectiorsystem. Can be eliminated by tk&CLOPS phase cy¢lalso alleviated by
baseline correction (bc) of the FIDs.



