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A new setup for longitudinal detection (LOD) of EPR signals
based on a commercial pulse EPR spectrometer equipped with an
ENDOR probehead is presented. The design is suited for pulse
LOD EPR and amplitude-modulated cw LOD EPR experiments.
The sensitivity is substantially increased compared with earlier
designs. Two new pulse schemes that take full advantage of
the special properties of the setup are invented. In transient-
nutation longitudinally detected EPR (TN-LOD EPR), the nuta-
tion of magnetization during a microwave pulse is used to mea-
sure the EPR signal. In pulse-train excited longitudinally detected
EPR (PT-LOD EPR), a train of microwave pulses that periodi-
cally inverts the magnetization is applied. First experimental re-
sults on radicals and metal complexes at room temperature are
presented. © 2001 Academic Press

Key Words: electron spin resonance; pulse EPR; amplitude-
modulated cw EPR; longitudinal detection; resonant circuit.

INTRODUCTION

With longitudinal detection (LOD) the EPR signal is me

a_

Two new pulse schemes that cause ki emagnetization to
oscillate with a frequency of several megahertz are introducec
In the first approach, callettansientautation longitudinally
detected EPR (TN-LOD EPR), either transient nutations or the
periodic inversion of the magnetization is detected, dependin
on the relaxation time of the paramagnetic species. The secol
approach, callegulsetrain longitudinally detected EPR (PT-
LOD EPR), detects the change of thlg magnetization induced
by atrain of pulses, and is related to a method that has previous
been developed for much lower pulse repetition frequendjes (

The potential of the new experimental setup and of the twc
pulse schemesis demonstrated on a coal sample and on transit
metal complexes.

LOD EPR EXPERIMENTS

In this section we briefly summarize the basics of cw LOD
EPR and introduce the new pulse LOD EPR schemes.

The cw LOD Experiment

sured via the change M, magnetization, which induces avolt- Continuous wave LOD EPR experiments can be carried oL
age in a pick-up coil oriented parallel to the static magnetic fiel/ using a microwave (mw) field that is amplitude-modulated
Bo. Such experiments have been carried out with continuoeiher with frequency» when a carrier is present$) or with
wave (cw) and pulse excitation for many yeats€). The LOD frequencyw/2 with suppressed carrier. The second case is equi\
technique is a useful alternative and supplement to the muadlent to the irradiation of two mw fields that differ in frequency
more common detection of transverse magnetization. LOD EPR » (3). Both experiments cause tié, magnetization to os-
has successfully been used, for example, to measure longitudiate with the frequenciesw, wheren = 1,2,.... The LOD

nal relaxation times7, 8), to investigate slow dynamics effectsexperiments can be described using Bloch equatidnsg) or

(9), and to disentangle overlapped EPR spedfj 1). Inre- second quantizatiorly). For two frequencies and= > T;
cent years the LOD method has also extensively been appliedas been shown by using Bloch equations that the respon:
in EPR imaging 1{2-14. However, up to now the technique hagrom the spin system has nonvanishing Fourier components f
not found widespread applications in routine EPR spectroscopyz 1 (16). Detection is done by tuning the resonant frequency
mainly because of its low sensitivity and the requirement ofa_cr of the detection circuit to one of these frequencies, usuall
dedicated spectrometer to perform the experiments. to w.

In this work we present an experimental setup for LOD ex- The lineshapes of a cw LOD EPR spectrum may be distorte
periments that is based on a commercial pulse EPR specfm- various reasons. We mention here only the two mos
meter and that requires a minimum of additional equipmemelevant mechanisms. The first one is comparable to powe
The detection system is optimized to an extent that allows oheadening in cw EPR. If the mw power exceeds a certain leve
to perform LOD EPR experiments with measuring times cona-homogeneous EPR line will splitinto a doublet. Bot > T;
parable to conventional cw EPR. and detection of the fundamental frequengyr = w, such
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a and the lines are broadened. A similar dependence is found
for paramagnetic species with anisotrogimatrices orS > %

To illustrate the characteristics of the experiment we use :
numerical simulation procedure based on the GAMMA library
b (22), and assume &&= % system with a homogeneously broad-
ened line, on-resonant mw irradiation, and a distribution of the
w1y values typical for dielectric resonators and large sample:
A A A A AN (21). T1, T, are chosen much larger thagg. The resulting
\/ VA : signal depends strongly on the properties of the resonant circui

Figures 1b and 1c show the time evolution\df(t) and the sig-
nal s(t) in a serial LCR resonant circuit witly cg equal to the

I maximum of thew, distribution.
/\ /\ /\ /\ /\ /\ /\ A /\ /\ /\ A /\ A The field-swept TN-LOD EPR spectrum is obtained either
\/ \/ U U \/ \/ U \/ \/ v \/ \/ TRV by Fourier transformation af(t) at eachBy-field position and
taking the spectral component@atcg, or by multiplying s(t)
: with a reference signal of frequeneycr and taking the spectral
FIG.1. TN-LOD EPR experiment. (a) Pulse sequence consisting of a sisomponent at zero frequency. As a third possibility for samples
gle strong mw pulse. (b) Nutatinlyl, magnetization of a spin system with awjth strong signals, the data points|sft)| can be summed up
homogeneous EPR line. The decay is caL_Jseq by a distr_ibution of the mw ﬁg\lﬂer a baseline correction for each positiorBaf
strengthw; . (c) Response of the resonant circuit with quality faceer = 10. The decay of the magnetization caused by off-resonance cor
tributions andB;-field inhomogeneities can be partially refo-
a splitting is observed fo > 2(1+ +/2) = 4.828 (6), where cused to a rotary ech@@) by changing the phase of the mw field
S = (yB1)?Ti Tz is the saturation parametet8). The splitting by 180". This procedure can be repeated several times resultin
occurs readily for radicals with long relaxation times, whereggthe pulse sequence shown in Fig. 2a, with a first nutation puls
for transition metal complexes at room temperature, ling lengtht, followed by a succession of refocusing pulses with
broadenings or line splittings are not observed even at thrernating phases and lengthy.ZSince for detection the phase

maximum available mw power. The second mechanism for ligg the oscillating magnetization must remain the same durinc
distortions is independent d@,. A splitting of the EPR lines the whole pulse sequendg must be set to

can be observed if the linewidths are narrower thamecause

the sidebands of the mw radiation lie outside the EPR lines. n 2r
!

M, (a.u)

s(t)(a.u.)

P=3 , h=12.... [2]
Transient-Nutation LOD EPR PLCR
Inthe TN-LOD EPR experiment shownin Fig. 1, thle mag- Figure 2b shows the evolution &, for the scheme with re-
netization nutates under the influence of a strong mw pulse dagused magnetization. The same distributionegfand the
induces a voltage in the pick-up coil. The nutation frequemgy Same values foll;, T, as in Fig. 1 have been used. The mag-
is proportional to the product of the transition matrix elememgtization is completely refocused since in this simulation a
of the excited transition and the field streng@hand depends
on the resonance offset and on the magnetic parameters of the boooa a2 - 2
spin system19-21). For example, the magnetization vector in a -~
spin system witls = 1/2 and an isotropig value nutates with
frequency ) O e

a)TNI,/(J)f‘FQZ, [1] b

whereQs = B.0Bo/h— wmw is the resonance offset and =

Beg By /his the mw field strength in angular frequency units.
Since in our experiments a detection circuit with a narrow

bandwidth and a resonance frequengyg is usedwmy must

be adjusted ta_cr by varyingB;. Forw; < w|cR, the condition

w1y = w.cr is fulfilled at the off-resonant field positiogs = FIG. 2. TN-LOD EPR experiment with refocused magnetization and the

> 2 . . . amew, distribution as described in the legend to Fig. 1. (a) Pulse sequenc
:tv w{cr — @i. Narrow EPR lines with a width on the order Ofionsisting of an mw pulse that is subdivided into segments with alternating

o cr Or smaller may thus be split into two peaks separated Byases to generate a train of rotary echoes. (b) Time evolutith, 66r a spin
2 a)ECR — a)f Forw; > w.cr the signal intensity is reducedsystem with a homogeneous EPR line in an inhomogeneous mw field.
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homogeneous EPR line with on-resonant mw irradiation ia
assumed.

For T, « 2m/w.cr, the spin system behaves completely
different. The nutation is overdamped ai}, approaches a
steady state during the mw pulse. In this case the magnetizati
can not be refocused, and the spin system behaves as i
cw LOD experiment with phase modulation of the mw field.
Without phase modulation, the resonant circuit is excited twich
The first time by the rapid approach M, to a steady state
when the pulse is switched on, and the second time by the f
return of M, to the Boltzmann equilibrium when the pulse is
switched off. If the duration of the mw pulse is a half-integel
multiple of the period of the resonant circuit, the two signal:
are added; if the length is an integer multiple, the signals a®
subtracted. ; | ; ;

TN-LOD EPR is particularly well suited for transition metal = § :
complexes at liquid helium temperature and for radicals ¢ L \ ;
room temperature where the nutation of the magnetizatic M o k‘/ § ¢
lasts for several periods. It can also successfully be applied : ’
cases where the spectrum consists of both broad and narr ‘
lines because, as aforementioned, different mechanisms are
responsible for the signal, depending on whether nutation lastgic.3. PT-LOD EPR experiment. (a) Pulse sequence consisting of atrain o

for along or a short time. 7 pulses of lengtly, and a pulse repetition tintgp = 2tp. (b) Behavior of theM,
magnetization for the case « 27 /w cr. Parameters used for the simulation
are as followstrep = 80 ns, Ty = 40 ns,T> = 1 ns. (c) Behavior of thé/,
Pulse-Train LOD EPR magnetization for the cagg > 27 /w cr andT on the order of 2/w cr. The
pulse sequence inverts the magnetization periodically (param@&tess40 us,
The PT-LOD EPR experiment consists of a train of mw pulses = 100 ns).

of lengtht,, separated by the repetition tirhg, (Fig. 3a). Such

an excitation scheme has already been used for LOD experi-
ments with pulse repetition frequenciegtd, between 1 and esetto
10 kHz andtyep > tp(4). In this earlier approach the sequence
consisted of an infinite number af pulses, and the resonant

circuit with frequencyw cr = 2/t filtered the first Fourier ) o ) ) )
component of the periodically changimgmagnetization. The wher_en is a positive integer; otherwise the S|gnal_s induced by
sinusoidal signal was recorded with a phase-sensitive detedf¥ differentpulse do nothave the same phase, whichreducestt
(PSD). In the approach proposed here, a pulse repetition ﬂd@_tectgd signal. After a few cycles, the _magnenzatlon reache
quency of about 10 MHz is used atigh andt,, are of the same an osglllatqry ;tgady state. fif = 1, .the time copstgnt of the
order of magnitude. This corresponds to an increase of the @§t€ction circuit is not only responsible for the ringing after the
tection frequency by three to four orders of magnitude comparBgISe train, but also for the rise of the signal during excitation.
to the former scheme, and the signal intensity is concentrat@dhe limit of a pulse train with an infinite number of pulses and
on the fundamental frequency and a few higher harmonics. R trep = 2tp, the only difference between this method and the
contrast to the low-frequency approach detection is done witlg LOD experiment with a square-wave modulation of the mw
transient recorder, since the length of the pulse train is limité§'d amplitude is to use a transient recorder instead of a PS
by the duty cycle of the TWT amplifier. for detection.

As in the TN-LOD EPR experiment the signal observed in Atleast partial inversion of magnetization possible, andsT
the PT-LOD experiment strongly depends on the effect of thep. In this caseM,(t) remains virtually unchanged between
mw pulses on the spin system, i.e., whether the magnetizati®f® consecutive pulses, so that the maximum signal is obtaine
can be inverted several times with strong mw pulses. These twish flip angles of 180(Fig. 3c). The decay of the magnetization
cases will be discussed separately. caused by the inhomogenedsisfield and inhomogeneous EPR

lines can partially be refocused by alternatingly inverting the

No inversion of the magnetization possible & 27 /w cr). phase of the pulses. The changeM is thus periodic with
In this case the magnetization approaches its steady-state vahig, and a repetition timée, = 7/w.cr Must be used for
during each pulse and partially recovers between the pulses. Thiximum signal intensity. The signs(t) will first increase and
is shown in Fig. 3b fot,ep, = 2t,. The pulse repetition time mustthen slowly decrease to a low steady-state value. Lines with

trep = 27N/w.cR, [3]
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width smaller than the excitation bandwidth of the pulses will b80583). The signal from the pick-up coil is amplified and de-
broadened. For optimum signal intensity, the same rules apphpdulated with a phase-sensitive detector (Stanford SR 844
for the choice of the repetition time between two pulse trains age signal output of this device is then directed to the Spec-Je

in pulse echo experiment§g). The driving signal for the mw modulators is delivered by an ar-
bitrary waveform generator (LeCroy LW 420) and is also usec
INSTRUMENTATION as reference for the PSD.
Spectrometer Probehead

The setup for the LOD experiments is integrated in a Bruker Dielectric resonators are well suited for both pulse and cw
ELEXSYS E580 pulse/cw EPR spectrometer operating at PR experiments. Their loaded quality fact@g can be ad-
band frequencies (Fig. 4). Two separate channels are usediigted between 80 (maximal overcoupled with power reflectior

pulse LOD and cw LOD experiments, both for excitation an@f approximately 99%) and 5000 (critical coupling). Further-
detection. more, a coil positioned inside the dielectric ring close to the

Pulse mode. For pulse LOD experiments, a modification 01sample has only a small influence on the mw properties of thi:
t Re of resonator.

the excitation channel is not required. The mw pulses are form& As LOD experiments usually suffer from sensitivity, the de-

In the mw bridge of the ES80 spectrometer and amplified up élo n of the pick-up coil must be optimized carefully. The voltage
1 kW with a TWT with a duty cycle of 1%. For data acquisition 9 P P P Y- 9
the preamplified signal is fed to the Bruker SpecJet transient d M,(t)

signal averager, which is the built-in device for data acquisition. Ving o =N A— [4]

Continuous wave mode.To perform cw LOD experiments, induced in a coil by the time-dependelt, magnetization is
the spectrometer must be supplemented by additional deviceg. y P 9

The cw mw power is taken from thaUX output of the mw proportional to the numbeX of turns and to the cross section

bridge. Its amplitude is modulated either with an mw switcﬁ‘ of the coil. For optimum sensitivity, the coil should have a

(M/A-Com 2662-0106) for square-wave modulation, or with Q‘aX‘m“.m number of turns and shogld. be as close to the samp
double balanced mixer (Miteq MO 812) for arbitrary modula2® possible. On the other hartd,is limited by the maximum

tions. Amplitude modulation of the mw is by far less demanding?(;ﬁ:gfg‘";ggg C;:'Iefc:;nz ?rll\éevr\]/irrgi?:l?gtclfef;?gaune?ﬁich "
than the use of two frequency-locked mw sour&sThe mod- pace, 9

ulated signal is then amplified with a 15-W solid state cw m\Wey are oriented perpendicular to the electric field componen

o f the mw field.
amplifier (CTTASN 096-4242). The power level atthe outpqt of The setup of the Bruker X-band probehead (EN 4118X) for
the mw amplifier is adjusted by a rotary vane attenuator (SIV%?\IDOR experiments fulfills most of the above requirements
Lab PM 7101X). The isolators are used to generate an mwamplj- ~ . : . ) o '
tude modulation free of reflections (Ryt 200102) and to absorh'3 wire of the radio frequency (rf) coil is guided inside the

. . electric ring in four grooves parallel to the sample axis and
reflections caused by the overcoupling of the probehead (Narré?urns outside the dielectric body. The coil is thus very close

to the sample with 3.8-mm outer diameter, resulting in a muct

F ,:-T;gm, N L. higher filling factor than in all coil arrangements previously used
= , . ! ;6:3:12 . forLOD experime_nts. We performed our LOD experiments with
\ ‘ rppies sy 200102 200102 such a commercial probehead, rotated around the sample a»
; ‘ ek - = -—L=- by 90, and used the rf coil, which is then oriented parallel to
T evon S i e, Do asthe pickoup coll.

N %"g’d%a'se | Puso oupur Puse  ow N For pulse LOD experiments, the resonator was strongly over
} ‘ W e s o - <] coupled to obtain well-defined pulse shapes. For cw LOD ex
‘ — | AVA41C  LHODG3 o perlme_nts the quality facto®, mu_st be chosen such that the

[ PoEser T — bandwidth of the resonatar,,/ Q. is larger than the frequency

\ mesYs 1 T Conaitanes difference between the mw sidebands. Otherwise the signal ir
‘ ‘3 Dielectric . . e .

| f 3 Resonator tensity is remarkably reduced. In addition, the two sideband:
9

may have different intensities if mw and resonator frequency
are not the same.

Reference ‘ 2|

SA 844
Detection Circuit

FIG. 4. Experimental setup used for LOD EPR experiments based on a . . .
Bruker ELEXSYS E580 pulse EPR spectrometer with a pulse ENDOR probe—The LOD detection setup, which can be described best as

head rotated by 9Garound the sample axis. The parts connected by dashed lire@fial LCR resonant circuit, requires only a minimum of addi-
are used for cw LOD EPR only. tional devices. The rf coil of the ENDOR probehead with an

Bruker EN 4118X
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inductance. ~ 2.6 uH is used for signal detection. One of the a

two semi-rigid 502 coaxial cables that connect this coil with

the rf connectors at the outside of the probehead is shorted. Th

connection, which adds an inductive part with ~ 0.15uH, is

not considered in the following. The second semi-rigid coaxial

cable has a high-impedance termination and acts therefore

a capacitor withCc ~ 50 pF between coil and ground. These b

components of the probehead already form a serial LCR resona

circuit with a resonance frequeneycr/27 = 1/(27+/LC) ~

14 MHz and a quality factoR cr = Rg'y/L/C ~ 150. The

resistance of the coil represents the main contribution to th

serial resistanc®s. In going from room temperature to liquid

helium temperatureQ cr increases by a factor 2-3. If the first K ‘ , , ‘

semi-rigid coaxial cable is open endeglcr increases by about 100 200 300 400 500

a factor+/2. To adjust the resonance frequency of the detectior By/mT

circuit, a tuning capacitor wit€t = 5-15 pF in parallel t€¢ , _

. ; . .. FIG. 5. Continuous wave LOD EPR experiment. (a) LOD EPR spectrum
is used. The signal is detected as the voltage across Capacn%?g%owder of Mn-doped NECI recorded at room temperature with a square-

C= Ccl—i‘ QT- The impeda}nce transformation beween the ré%ave modulated mw amplitude (mw frequency 9.6303 GHz). (b) Correspondin
onant circuit and the 5@ input of the rf preamplifier (Avtec integrated cw EPR spectrum (mw frequency, 9.7686 GHz).

AV-141C) isrealized with a buffer amplifier (National LHO063).
The advantage of this active transformation over a passive one
is thatQ_cr is not reduced by the transformed input impedandav LOD EPR

of the video amplifier. _ The cw LOD powder EPR spectrum of Mn(ll)-doped NH
The S/N ratio of the detection system can be expressed Ry 0gos) p6) recorded with a square-wave modulated mw field
(23-23 is shown in Fig. 5a. The quality factor of the mw resonator
was Q. = 700 and the mw power was 5 W. The spectrum
wLcr Vs with a S/N ratio of about 120 was measured in 2 min. with a
S/N o< Mo, [nQucr Qp FTo [5]1  resolution of 1024 data points. For comparison, the integrate
cw EPR spectrum is shown in Fig. 5b. It is difficult to get the
. - . . correct baseline for a cw EPR spectrum that covers such a wic
wherey is the filling fathr ofthe detect|_0n CQW’S IS th_e sa_mple field range. For cw LOD EPR the linewidth and the width of the
V?Il;]me’gb IS thllr-;lbandvgdt_h oLthe receiver,is th? nh0|s§ flgurg spectrum represent no limitations since the absorption spectru
of the preamplifier, ando Is the temperature of the detection o4 of jts first derivative is detected. The small shift in the

coil. Wit.h the setup used in t.his work, the sensi'givity is partiC‘r"leld axis of the two spectra is caused by the use of two slightly
ularly high because of the high value and the high resonant yieee o nt mw frequencies

fr_?qger;](_:yﬁm%h ~ 13 IMHZ’ \I'Vhii%igthrei olrders iggag' Since in this setup the pick-up coil is placed inside the res
nitude higher than In earlier pu'se wor(In cw ' onator, spurious lines from paramagnetic impurities in the di-

detection frequencies up to 30 MHz have been uggd ( electric ring do not disturb the spectrum. This is often a problen
in cw EPR experiments using this type of resonator.

RESULTS AND DISCUSSION

In this section we illustrate the potential of the various LOIZTN'LOD EPR

techniques by experimental examples. All spectra were recordedn Fig. 6 TN-LOD EPR spectra of a coal sample with a narrow
at room temperature with a resonance frequepk/2r = radical signal and a broad signal from an iron impurity recordec
12.5 MHz. without (6a) and with (6b) refocusing of the magnetization are

For the pulse LOD experiments, the window for the trarcompared with the integrated cw EPR spectrum (6¢). The TN
sient signal detection was opened at the beginning of the pulseD spectra were recorded in 10 min. with a resolution of 601
sequence and its length was set so that also the first part of dlaga points. Three minutes of the recording time were used fc
ringing of the detection circuit after the end of the excitation watata acquisition; the rest was instrumental overhead to transf
recorded. Real-time data analysis is not possible with the spdte data to the computer and to reset the pulse programmer. £
trometer software used in this work. Optimization of the varioiBN-LOD and PT-LOD experiments suffered from such an over-
instrumental parameters, such as mw attenuation, mw phasesgd, which was almost zero in the cw LOD experiments. Th
and lengths of the pulses and of the detection window, can tgtation frequency resonant with the radical peak was adjuste
done in real-time by observing the signal on the oscilloscopeto w, cg by varying the mw power until the signal was maximum.
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iron spectrum in Fig. 6a is three times weaker in intensity thar
_A in the corresponding spectrum in Fig. 6b. SAN ratio of 40

is found for the iron spectrum in 6a and of 130 in 6b. The in-
338 843 set in 6a, which represents the spectrum of the radical with a

S/N ratio of 170 and a resolution of 256 points, was recordec

in 4 min. For the cw EPR spectrum shown in 6¢ a modulation

amplitude of 2.3 mT (inset: 0.1 mT) and an mw power of 0.2 W

(inset: 20uW) were used.

The spectrum of the radical is different in the TN-LOD EPR
and the cw EPR experiments, since this sample contains sevel
radical components with different linewidths. For the radical

with the small linewidth, one find§ ~ T, which is a favorable
¢ JL condition for the detection of field-modulated cw EPR spectra,
especially with the low mw power used in this measurement
838 843 Therefore the relative intensity of the narrow line compared to
the broad line is largerin the conventional cw EPR spectrum tha
in the TN-LOD EPR spectrum, where the contribution of the
narrower line to the signal is small. With an echo-detected EPF
FIG.6. TN-LOD EPR experiment. (a) TN-LOD EPR spectrum of a coaeXperiment at room temperature almost the same result as wi

sample recorded without refocusing of the magnetization. The length of the rtlse TN-LOD EPR was obtained since from the narrow line only

pulse was Ius. (b) TN-LOD EPR spectrum recorded with refocusing of thegn FID but no echo could be observed.
magnetization. The pulse consists of one segment of leggth 160 ns and

eight segments of lengtti2 (c) Integrated cw EPR spectrum, recorded with a

modulation amplitude of 2.3 mT for the full spectrum and 0.1 mT for the inseP T-LOD EPR

0 200 400 600
B0 /mT

Figure 7a shows the PT-LOD EPR spectrum of bis(picolinato)

The sensitivity of this adjustment procedure can be increasedgy(!!) doped into a powder of the corresponding zinc complex
periodically changing the phase of the mw field by 18@hich The spectrum with a8/N ratio of 350 was measured with 500

generates a train of rotary echoes. The time between the ecHifd& Points in 8 min. and was obtained by a train of 31 mw pulse

should be equal to one or two periods of the resonant circuit.2f 1€ngth 40 ns (Fig. 7b (top)). An mw power of 150 W and a
Since the relaxation time of the iron spectrum is short corRYISe repetition timed, = 80 ns were used. The time-domain

pared to a nutation period, the phase switching acts as a ph&ge observed by adding 100 shots at#gdield position where

modulation, which increases the signal intensity. Therefore tH EPR signal is maximum is shown in Fig. 7b (middle, arrow
in 7a at the high-field position) together with the residual signal

observed with an off-resonance field (bottom, arrow in 7a at the

a low-field position).
l CONCLUSIONS
250 270 290 B /mT 310 %0 350 We described a setup for longitudinally detected EPR at X-
0 band frequencies that overcomes some of the shortcomings:
b ~ earlier approaches and that is sufficiently sensitive to perforn
© HHH”HHHH””HHHHHHHHH”HHHH””HHHH” routine measurements. The same probehead can be used

pulse LOD EPR and amplitude-modulated cw LOD EPR ex-

"L ettt A s ap gy PEMIMeNtS. Since a commercially available probehead initiall

R AL designed for pulse ENDOR experiments was used without mod

ifications, the sensitivity may be improved further by optimizing

°1 the probehead for this type of experiments. A probehead wher

s the whole resonant circuit including the impedance matchinc

network and the preamplifier are at cryogenic temperature
FIG. 7. PT-LOD EPR experiment. (a) PT-LOD powder EPR spectrum afould fully benefit from the low value ofy and the highQ, cr

bis(picolinato)Cu(ll) diluted into the corresponding zinc complex. The two aGalue (see Eq. [5]), since no noise source at ambient temperatu
rows indicate theBp-field observer positions used for the time traces in (b). (b, . L

Pulse sequence consisting of 31 mw pulses (top). PT-LOD time trace reconﬁ%tpart of the detection circuit.

with an observer field of 329 mT (middle). Corresponding off-resonance signal 1 N€ two new pulse schemes, TN-LOD EPR and PT-LOD

recorded at 260 mT (bottom). EPR, require fast accumulation of transient signals, a techniqu

1us
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that has recently become available. TN-LOD EPR is well at250 to 950 MHz in a constant microwave fiekhpl. Magn. Resori6,
suited for the measurement of EPR spectra with both narrow 3343 (1999).
and broad lines. On the other hand, the proper recording of tHeJ: Pescia, La mesure des temps de relaxation gsieat &S courtsAnn.
spectrum and the optimum choice of the different parameters Phys'10’389'4O§ (1965_)' _ ,
that depend on the type of sample under investigation can Be!- STU: A- M. Witowski, R. E. M. de Bekker, and P. Wyder, Pick-up coll

. . . . . as a tool of measuring spin-lattice relaxation under electron spin resonanc
quite demanding. PT-LOD EPR is easier to implement because .qpgition at high magnetic fieldppl. Phys. Lett57,831-833 (1990).
the adjustment of the mw power is less critical. The approach | Andreozzi, M. Giordano, D. Leporini, M. Martinelli, and L. Pardi, Non-
is most sensitive for paramagnetic species withon the linear electron paramagnetic resonance spectroscopy: Direct observatic
order of or shorter than an oscillation period of the detection of slow dynamics effects at polymer glass transitighys. Lett. A160,
circuit. For paramagnetic species with linewidths smaller than 309-314 (1991).
the excitation bandwidth of the pulses, the signals may pe G.Ablart,J.I_Descia,S.CIemgnt, anq.J._P. Renard, Experimental evidence
broadened and distorted. In the two pulse LOD EPR methods "0 0Verlapping paramagnetic speci@slid State Commur5, 1027-1030

) . ; . (1983).
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