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Persistent spectral holes in amorphous systems can remain sharp and may display a linear shift upon the
variation of the external magnetic field when they are burned in high fields. Experiments were performed on
the R line of [Cr(NCS®™ in glycerol at 4.2 K. When the spectral hole is burned in a field of 3.2 T it
displays a linear shift of 26.4 GHz/T upon the variation of the magnetic field strength from 2.8 to 3.6 T. The
shift corresponds to an average excited-stptelue of 2.17. The broadening of the hole implies an upper

limit of the anisotropy and/or strain of the excitgelalue of~15%. The linear shift can be used to read out

the spectral hole by sweeping the magnetic field.

1. Introduction glass upon rapid cooling in a quartz cell of 8 mm diameter and
1 mm path length. The samples were cooled either by the flow

Optical excitations in the solid state are subject to inhomo- tube techniqué or in a cryomagnet (BOC 5T).

eneous broadening which is caused by the variation of local . . .
g g Y Nonselective luminescence spectra were excited b mwW

fields in the vicinity of the chromophorés# The inhomoge- He-Ne | 543.5 F lecti ;
neous broadening is particularly severe in amorphous systems.green e-Ne laser (543.5 nm). For selective spectroscopy an

+ i i i
Laser techniques such as spectral hole-burning can overcoméAlr Iﬁgser (Spclactra ngs'cs tl7él) p;Jmpetq single frquer;cy ;rhl
this broadening and it is often possible to increase the spectralsf"1pp Ir€ ring 1aser (Sc warlz Electroop ics) W"’.‘_S used. or the
resolution by a factor of 1CF. high-resolution hole-burning experiments the Ti:sapphire laser

Persistent spectral hole-burning is an ubiquitous ph(—:tnomenonWas tuned discontinuously by tilting the intracavitglen with

in optical transitions of chromophores embedded in amorphousa galvanometer. The laser then m.ode. hops in steps;zflﬁ:‘;
systemg. MHz which corresponds to the longitudinal mode spacing. The

A subset of chromophores may undergo some Ioho,[Ophy&_’ic(,j,dfrequency of the laser was tracked by a temperature stabilized

: : - o and sealed confocal scanning FabBaot interferometer (Bur-
or photochemical changes upon its selective excitation by laser . .
Iigk?t g P y leigh CFT-25P, 3 GHz free spectral range). For lower resolution

Persistent spectral hole-burning in amorphous systems hashole-burnlng experiments the intracavitialen was removed

been applied to study a wide range of topics such as homoge-snd tthhe Iaselr ttur;)gd f"‘(“h ar; effectivbel line width~e10 GHz
neous line widthg, zero field splittings (ZFSs),vibrational y a three-plate birefringent assembly.

s : . . The luminescence was dispersed by a Spex 1404 0.85 m
sidelines’ the interaction of dye molecules with DN/Aspectral o
diffusion® Stark effects in electronic origifisand energy double monochromator and detected by a red sensitive RCA-

transfer in biological systent8 31034 photomultiplier. For resonant experiments the laser light
Also, external magnetic fields have been applied to persistentwaS passed through the same chopper blade as the luminescence

spectral holes in amorphous systethdinfortunately, the bu_trxwth apha?e sfh'flg()f 180 lied al th i
information which can be derived from these latter experiments € magnetic field was applied along the propagation

is usually obscured by severe and featureless hole broadenquirection of the laser beam i.e., the electric vector of the exciting
upon the application of an external magnetic field. aser light was perpendicular to the magnetic field direction,

In the present work it is shown that Zeeman experiments on ECB.
spectral holes in amorphous systems can be very informative
when the hole is burned in a high magnetic field. For example,
holes in particular transitions, such as file — 2E excitations Figure 1 shows the nonselectively excited and monitored
in chromium(lll), can remain sharp and display a linear shift luminescence and excitation spectra of [Cr(N&S)in glycerol
when the external magnetic field is varied. The linear shift at 12 K in the region of théA, — 2E transition. Luminescence
facilitates the read out of spectral holes by sweeping the occurs predominantly from the lower lying component of the

3. Results and Discussion

magnetic field. °E state at 12 K ,whereas the two R lines carry comparable
intensity in excitation. Thus, the Stokes shift of 40drbetween
2. Experimental Section the maxima of the origin in luminescence and excitation is due

to the R line splitting. Hence the two intense sidelines at 238
and 475 cm?® show comparable integrated intensities relative
to the electronic origins in excitation and luminescence. An
* Corresponding author. E-mail: h-riesen@adfa.edu.au. Fak61 (0)2 analysis of vibrational sidelines in the luminescence spectrum
6268 8017. of crystalline K[Cr(NCS)]-4H,O has been reported in ref 13.
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Samples were prepared by dissolvingG((NCS)-4H,0
(Pfaltz&Bauer) in glycerol (Aldrich). The solution forms a good
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¢ Figure 3. Spectral hole burning of the R lines in [Cr(NGB)/glycerol
at 15 K. The excitation spectrum is shown (a) before and (b) after
burning a hole at 779.85 nm for 600 s with a laser power density of
~1 W/cn?. A narrowed excitation spectrum e is shown in the inset in
T T . T T T T comparison with the hole-burning spectrum d from which (1/90)a has
R, been subtracted to correct for the antihole absorbance by the photo-

product.

Figure 1. Nonselective luminescence and excitation spectra o
[Cr(NCS)]®™ in glycerol at 12 K in the region of théA, — 2E
transition.

excitation

AE=40 cm! . . .
wavelength and the intensity of the corresponding broader R

feature at longer wavelength increases. The ratio of lumines-
i cence from the narrowed,Rine and the broad Rline I(Ry)/
I(Ry) can be calculated by eq 1 which is based on the Boltzmann
Ry distribution and the experimental line shdfp&E) of the broad

t i R; line feature AE denotes the energy difference to the resonant
| luminescence R, line.

Intensity [arb. units]
ri

_ | f_"‘; f(AE)e *F¥T(1 + e *FKNdAE
| (Rz)/l (Rl) = - o (1)
[ HAB(L+ e *¥)dAE

~ R For example, for the narrowed luminescence spectrum i in the
L NN . inset of Figue 2 a ratio ofl(Ry)/I(R1) = 0.36 is calculated for
770 780 790 resonant Rexcitation at 20 K. The experimental ratioi®.75.
Wavelength [nm] This implies that the narrowed feature in trace i consists of
Figure 2. Resonantly narrowed excitation and luminescence spectra ~5004 contributions from both the;Raind the R line. This is
of [CrNCS)J*" in glycerol at 20 K in the region of the electronic j, 50cqrq with the fact that the excitation wavelength for trace

origins. The spectra were monitored and excited at 782 nm, respectively.. . imatelv at th K - f th lecti
The inset shows resonantly narrowed luminescence spectra excited at 'S approximately at the peax maximum Or the nonselective

i, 779.20 nm; j, 780.25 nm; k, 782.05 nm; and |, 783.15 nm. excitqtiqn §pectrqm. o o
As is indicated in the narrowed excitation spectrum in Figure

Following that analysis the sideline at 238 thean be assigned 2, the broad Rfeature is separated from the resonant line by
to overlapping bands of E&MN—CS bending modes with 1§ 40 cnr ! reflecting the Stokes shift observed in the nonselective
and T, symmetry. The sideline at 475 cris interpreted as a  spectroscopy illustrated in Figure 1. It appears that although
Tou N—C—S bending mode. There appears to be another there is a substantial variation of the R line splitting causing
electronic origin at~737 nm which is most likely due to a the actual width of the broader feature there is a degree of
component of théA, — 2T, transition. correlation between the two lines within the inhomogeneous
In Figure 2 resonantly narrowed luminescence and excitation distribution. For example, in the narrowed excitation spectrum
spectra are shown in the region of the R lines. The resonantly of Figure 2 the width of the broad feature is somewhat smaller
narrowed line is accompanied by a broad feature both in than the total inhomogeneous width and its maximum is at
luminescence and excitation. As is illustrated in the inset of longer wavelength in comparison with the nonselective spec-
Figure 2 the intensity of this broader feature is strongly trum. The width of the narrowed line is instrumentally limited
dependent on the wavelength of excitation for the narrowed by the resolution of the monochromator in the spectra shown
luminescence spectra. In particular, its intensity decreases within Figure 2. The homogeneous line width is substantially
excitation at longer wavelengths. This excludes the possibility narrower even at the experimental temperature of 20 K.
that this feature is due to a phonon sideline in accord with the  Figure 3 displays a spectral hole-burning experiment mea-
fact that the coupling of R lines in chromium(lll) systems to sured at low resolution. From the difference spectrum c it
low-frequency phonons is usually very weak. It is then safe to follows that the photoproduct is within the inhomogeneous
assign the broad feature to the second R line. The shorter thedistribution which indicates that a nonphotochemical hole-
wavelength of excitation within the inhomogeneous distribution burning mechanism is effective. The inset compares a narrowed
the more likely it becomes that some complexes are excited excitation spectrum e with the hole-burning spectrum d which
via the R line. Thus, the contribution from the resonantly has been corrected for the antihole spectrum of the photoproduct.
excited R line to the narrowed feature increases with decreasing The broader hole at shorter wavelength is due to théirr.
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Figure 4. Zeeman effect on a spectral hole burned at 4.2 K into the
R; line of [Cr(NCS)]3 /glycerol at 781.8 nm.
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Figure 5. (a) Zeeman effect on a spectral hole burned into the R line
of the [Cr(NCS}]3-/glycerol at 781.8 nm and 4.2 K in a field of 3.2 T.
Trace 1 shows the initial hole. The field was then varied in the range
of 2.83-3.58 T in the following sequence; 2, 290 T; 3, 2.98 T; 4,
3.05T;5,313T;6,3.28T;7,3.35T, 8,343T;9,3.50T,; 10, 3.58
T; 11, 2.83 T; 12, 3.2 T. (b) A fit to Lorentzian line shape of the hole

in trace 5. (c) The shift of the spectral hole as a function of the field
(data points) in comparison with a linear least-squares fit (solid line).
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However, at the burn wavelength some chromophores are
excited also via the Rine causing a shallower broad side hole
at longer wavelengths due to the ke.

Figure 4 shows the effect of an external magnetic field on a
spectral hole burned at 781.8 nm in zero field. Upon the
application of a relatively low magnetic field of 0.075 T
substantial hole broadening occurs.

The Zeeman effect is drastically different when the spectral
hole is burned in a high magnetic field and the field strength is
subsequently varied. This is shown in Figure 5. The hole
broadening is relatively small over a significant variation of
the field and a linear hole shift of 26.4 GHz/T is observed.

The zero field splitting and the Zeeman effect in the
ground state can be described by following spin Hamiltonian

H = D[S*1/35(S+ 1)] + E(S*~ §?) + uggBS (2)

For the case of low symmetry<C,,), the axes of thg-tensor
do not necessarily coincide with the principal axes of the zero
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Figure 6. Schematic diagram of the relevéii, — 2E transitions in

an external magnetic field. The populations of e spin levels are
indicated for a field of 3.2 T and a temperature of 4.2 K. The Zeeman
effect in the ground state is shown without a (dashed line) ZFS and
with (solid line)D = E = 0.1 cnT! and® = 45°.

field splitting (ZFS) described bl andE. However, in a first-
order approximation the [Cr(NC§}~ complex is close to
octahedral.

From measurements of dynamic frequency shifts in the EPR
of [Cr(NCS)]3~ in methanol/ethanol an isotropic ground-state
g-value of 1.98 and a parametér = (2/3D? + 2E?)12 = 4
GHz was deduce¥. For an isotropicg-value matrix (3)
describes the Zeeman effect and the ZFS for4hgground
state whereg is the Bohr magneton.

3/2 1, ~1, 1,
3, |D+@ER2)x (V32)gugx E 0
gugB, (Bx - IBy)
Y, | (V32)gx —D+ Qug X E
(B, +iB)  Y,guB, (B,—1iBy)
—1/2 E Qug -D - (V312)gugx
(Bx + IBy) 1/29‘1/LBBZ (Bx - IBy)
=%, 0 E (v/3/2)gigx D —
(B,+iB,)  3/2qugB,

©)

Both 2E components split into theit1/, spin components in a
magnetic field. A schematic diagram summarizing the relevant
levels and transitions is shown in Figure 6.

Hole-burning inzero fieldinvolves both transitions from the
4A, multiplet to the lower lyin?E component, i.e£3/,(*Az)0
— |£Y,0and |+£Y5(*Az)0— |£Y,0 The ZFS splitting of the
4A, ground state (described by the parameRm@ndE) varies
within the inhomogeneous distributiéhWhen a magnetic field
is applied, the four spin levels of the ground state and the two
spin levels of the lower component of tAg excited state split
and the hole rapidly broadens because of the distribution of the
ZFS and the random orientation of the chromophores with
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respect to the external magnetic field. The following parameters to (P(Ms'))?. It follows then that for shallow holes at 4.2 K and
are required to model this broadening; the average ZFS of the3.2 T the|—3/,' [~ |—/,)kransition dominates the hole-burning
4A, ground state and its distribution, tigevalues of the ground  spectrum.

and the excited state and their distributions and the two transition In the high field limit the shifts of the ground-state spin-
probabilities for the transitiong43/,(*A,)0— |£%,0 and levels described by matrix (3) become independent of the ZFS.
|£Y5(*A2) 0~ |£Y,[0 The data can be modeled by a simulation This is illustrated in Figure 6 which compares the Zeeman effect
which averages the Zeeman effect over all angles between theof the A, multiplet with and without a ZFS. For a change of

axes of theg-tensor and the external magnetic fiéldThe the magnetic field ofAB the ground-state spin levels¥/, and
broadening is relatively uncharacteristic, and thus, an accurate—1, shift by —3/,qusAB and—,gugAB, respectively,when the
evaluation of parameters is difficult. Zeeman energy becomes much larger than D and E. In the

The analysis is somewhat simplified when the hole is burned present system the ZFS is on the order 6fl® GHz. The high
in a high magnetic field. In particular, the Zeeman effect field limit is thus reached wheB > 1 T. Thus, for the entire
becomes independent of the ZFS. range of chromophores with varying ZFS which are probed in
With random orientation of the chromophores in the amor- the hole-burning experiment the hole shift caused by the energy
phous system with respect to the magnetic field, the eigenvectorschange of the ground-state spin level becomes independent of

of the %A, ground state will be of the general forfivls 0= the ZFS. _ _
320+ co| Y20+ sl —Yo0+ cal—%,0 In a field of 3.2 T and The excited-state spin levels'/, and —/; shift by +*/ue-
zero-field splitting parameters &f ~ 0.1 cnt%, E~ 0.1 cnt?, [(5ABy)? + 9,ABy)? + (gAB,)?Y2. Thus, a transitioriMs'-

the orientational average of the squares of the four coefficients (*A2)0— [Ms(*E)Jof a complex with a particular orientation
is close to 0.25. Hence the six possible transitifvls (*A2)0 with respect to the external magnetic fi@dlisplays following
— |Ms(2E)Cwith AMs = 0, +1 have comparable total transition ~ shift when the field is varied:

probabilities. However, the Boltzmann populations of the spin ) ) 5 2112

levels in the ground state vary substantially in a field of 3.2 T. AE= My("E)ugl(9,AB)" + (gyABy) +(9AB) T —

At 4.2 K and 3.2 T the populations of thie-3/,'[] |—2'[] M '(4A )ousAB (5)
|+4,'[] And |43/ Cground-state spin levels are about 65%, 24%, st TETE
8%, and 3%, respectively. The orientational average of the shift of transition Aq/F;, is

Because the inhomogeneous width is much larger than thegjven by
Zeeman splitting of the levels the six transitigivis' (*Az) [
IMs(’E)J(AMs = 0,41) are accidentally degenerate for six ALE = ugABIM(E)g.2" - Mg (“A)d] (6)
subsets of chromophores that is to say there are chromium(lll)
complexes which have any of the six transitions in resonance where we define the averagevalue of the excited-statg,2"
with the laser frequency. After the hole is burned and the as
magnetic field is varied, this accidental degeneracy is lifted.

Each of the six resonant hole contributions is accompanied 0.2 = A1 o f”(g 25ir? 9co§gp + gyzsinz Osinzqo +
by five side holes due to the other transitions. However, these = 4 Jo  Jo X
side holes are broad because of the spread of the ZFS within gzzco§ 0)Y2 sin6 do de (7)
the inhomogeneous distribution. Since the inhomogeneous width
is much larger than the ZFS, the hole-burning experiment is For example, the hole due to tHe-3/,'(*Az)0— |—Y»(2E)0
only energy selective but not site selective. For example, the transition shifts by
hole contribution by the transition |a-3/,' (*A)0— | —Y,(2E)0
will involve basically chromophores with the entire range of AL Ea= s AB(3g — 9,2 (8)
the ZFS.

Hole-burning spectroscopy is a “tandem” two-photon process. The integral in eq 7 can be solved for the axial cgse= gy
The first photon is used to burn the hole and the second photon
is used for the read out. In the burn process the time dependenc@exa"(gngy) =
of the depletion of the six subsets of chromophores which have 1 2102 212 2 2R
one of the|Ms' (*A2) 01— |Ms(?E)J(AMs = 0,41) transitions in 19, + 9J)7(g;” — g) "arctanhig,”— g) gl (9)
resonance with the laser frequency will be dependent on the
population of the ground state spin level and is given ap-
proximately by following first-order kinetics.

The general anisotropic case can be approximated using a Taylor
expansion around = y=1 wherex andy are given by

gx — Xllng, gy — yl/Z , (10)

In eq 4Sis the saturation depletio(Ms) is the Bolt "= L Tl (X = 1) (v ~ 1)}~ 14T (x— 17+

n eq 4Sis the saturation depletio®(Ms) is the Boltzmann

population of the spin leveMs and ¢ is a constant which U= D — 1)+ (y— 1%} + 1117 (x— 1)°+

depends on the absorption cross section, the concentration of %/ (x — 1)y — 1) + Zs(x — 1)(y — 1°+ (y — 1)} + ...]

chromophores and the power density of the laser radiafion. (11)
When shallow holes are burned the depletion of the six subset

of chromophores is approximately proportional to their Boltz- We note here that for anisotropies e80% it is sufficient to

mann population factorB(Ms') of the ground-state spin level use the first three terms of the Taylor expansion (including

involved in the transition. When the holes are read out the quadratic terms). For example, whgn= 1.52,g, = 2.82, and

Boltzmann population has to be taken into account for a secondg, = 2.17 we obtairge,@~2.23 which compares favorably with

time. Thus, for shallow holes the contribution of a transition the exact integral ofge,® = 2.21 obtained by numerical

IMs'(*A2)— |Mg(?E)Xo the hole is approximately proportional  integration.

depletion of subsdt= 1 — exp(—cP(Mg)t)  (4)
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Figure 7. Simulation of the broadening due to strain or anisotropy of
the excited-stat@-value of a hole burned in a high magnetic field.
The transitions a and ¢ were weighed wittiM<)2. The calculations
were performed foAB = 0.38 T. The initial hole was described by a
Lorentzian of Tinisa = 0.9 GHz width. 10000 spectra of randomly

oriented complexes were accumulated. The hole is shown against the,

relative energy wherdE° denotes the shift of transition a whegp=

gy = g, = 2.17. (a) The effect of-strain withg,® = g,° = g,° = 2.17,

ox = oy = 0, = o for various values of the standard deviatioras
indicated. The values fog, = gy, = g, were generated by a random
Gaussian number generator. (b) The effect of anisotropy with
1.9,0)=2.19, and g= 2.4 in trace o and, = 1.8,¢g, = 2.18, and g

= 2.5 in trace p. Trace i shows again the case with no anisotropy or
g-strain.

The original hole depth in the experiment of Figure 5 is
~15%. The relative hole contributions are thus approximately
proportional to the square of the Boltzmann populations of the
ground-state spin level®(Mg')?, and the transitions,c, and

f can be neglected. Furthermore, holes due to the transitions b

and c are expected to be only abdijtof the hole caused by
transition a. The hole due to species which have transition b in
resonance with the laser is expected to show a minimal shift
when varying the external magnetic field. Within the experi-
mental accuracy, limited by the signal-to-noise ratio, no hole
can be detected &E = 0. We note here that in addition to the
Boltzmann factor the geometry of the experim&fiB is also
important. ForAMs = 0 transitions between spin-only levels
the main polarization is usuallg||B. Hence transition b may
be very weak in the present geometry.

The shift of transition c is close to the shift of transition a
for g-values of the excited state ef2. A better signal-to-noise

ratio and higher resolution would be needed to detect the hole

due to c. We conclude that the major component of the hole in

Figure 5 is due to the transition a and by using eq 8 an average

excitedg-value ofge,@ = 2.17 is evaluated from the 26.4 GHz/T
shift.

The broadening of the hole reflects the anisotropy and/or the

strain of theg-tensor in the excited state. The hole width is
~1.9 GHz at 2.8 and 3.6 T in comparison with the value of 0.9
GHz at 3.2 T. The simulations shown in Figure 7 provide some
semiquantitative analysis of the anisotropy and/or strain of the
excited stat@-value. Figure 7a illustrates the effectgbtrain

on the width of a hole burned in 3.2 T when the field is changed
by 0.38 T. The simulations are the result of accumulating the
theoretical spectra of 10000 randomly oriented complexes with
equal average values and equal standard deviatidios g,°,

g,° andg®. The distributions ofyy, gy, andg, were created by
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using a random Gaussian number generator. If the hole
broadening in Figure 5 is entirely due tpstrain, we can
conclude that the standard deviation of thealue of the excited
state is about 0.2 or 10%.

Figure 7b shows the effect of anisotropy of thealue on
the width of the hole burned in a field of 3.2 T when the
magnetic field is varied by 0.38 T. The simulations were
performed in the same way as outlined for Figure 7a but with
fixed values forgy, gy, andg,. If the hole broadening observed
in the experiments of Figure 5 are entirely due to anisotropy,
we can conclude that it is of the order ®f15%. The actual
broadening is the product of botistrain and anisotropy.

Nitrogen-bonded thiocyanate-metal complexes often display
a meta-N—C bond angle in the range of 16080 and the
N—C—S angle is usually close to 180This applies also to
chromium(lll) complexes and GiIN—C and N-C—S angles
of 164.3 and 176.8, respectively, were found in crystals of
[Ho(CeH4NCOH)(H20)2][Cr(NCS).18 It follows then that the
[Cr(NCS)]®™ molecular anion would assume trigonal symmetry
in free space due to the repulsion of the ligands. However, the
trigonal potential is shallow because of the bluntGi—C angle
and in condensed phases minor interactions with host molecules
will lower the symmetry. For example, the NC3gand can
assume different rotational orientations with respect to theNCr
axis due to hostguest interactions. Furthermore, the angle-Cr
N—C is subject to variations caused by these interactions. The
average splitting of théE state of 40 cm?, and the large
variation of this splitting is a direct consequence of the
distribution of low symmetry fields which are imposed on the
intrinsically trigonal molecular anion. Hence, it is not surprising
that the excited statg-value is close to spin-only and shows
low anisotropy andj-strain of the order of magnitude ef15%.

If the [Cr(NCS)]®~ species retained its intrinsic trigonal
symmetry theg-value of the excited state would be highly
anisotropic with an effectivglc = 0 for the R level. The
small anisotropy implies that lower symmetry perturbations are
dominant and the valuge,® = 2.17 (>2.0) indicates that the
perturbed Rlevel arises from the trigon& component of the

2E multiplet. The effect of low symmetry perturbations on a
trigonal species has been analyzed previously for [CH2,2
bipyridine}]®" embedded in amorphous ho&td>However, in

the present system the trigonal potential is anticipated to be
much shallower.

The linear shift observed upon the variation of the external
magnetic field when a hole is initially burned in a high field
can be used to scan the spectral hole with the laser kept at
constant frequency.

This is illustrated in Figure 8 which displays two sweeps of
the magnetic field corresponding to frequency changes of 2.38
and 4.49 GHz, respectively.

As is usually observed the hole width is dependent on its
depth!® The 6% hole implies an upper limit of the homogeneous
line width of 300 MHz. This is still 7 orders of magnitude larger
than the lifetime limitI'om = 1/27T; of ~30 Hz. Efficient
spectral diffusion on the time scale of the experiment is most
likely responsible for the major contribution to the observed
width.8 The contribution from Rcan be neglected on this scale
of resolution since the R— R; relaxation rate is expected to
correspond to a line width of5 GHz1?

4. Conclusions

The present paper shows that Zeeman measurements on
spectral holes in amorphous systems may be very informative
if the hole is burned in high magnetic fields. For example, it is
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Figure 8. Zeeman scanning of persistent spectral holes in the [Cr-
(NCS)]3/glycerol system at 4.2 K. A spectral hole was burned at
781.81 nm and in a magnetic field of 8 2.84 T for 30 and 80 s,
respectively, with a power density @200 mW/cni. The hole was
read out by sweeping the magnetic field frou2.79 to~2.88 and
~2.77 t0~2.93 T. The field sweeps correspond to 2.38 and 4.49 GHz.
For the read out the laser intensity was attenuated by a factsbof

possible to measuigvalues and their anisotropies and/or strains
for the excited state in specific systems.

Zeeman scanning of spectral holes has been demonstrategg

previously in crystalline systent8 However, it appears that the

present paper is the first report of this phenomenon in
amorphous system$he Zeeman scanning is possible because
spectral holes in particular systems may display a linear shift if
burned in a high field. The Zeeman scanning facilitates the
measurement of fine details of the electronic structure of

Riesen
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