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ESR study of photoinduced defects in isotopically enriched quasi-one-dimensional
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Photoinduced defects in the quasi-one-dimensional chlorine-bridged platinum  complex,
[Pt'(en),][PtV(en,Cl,](CIO,),, where er-ethylenediamine, §N,Hg, were investigated by light-induced
electron-spin resonand@ESR). Using samples prepared with enriched nuclear isotopes inclutdfiRy (I
=0), 2H (1=1), and®'Cl (1=3/2, magnetogyric ratie-83% that of3Cl), the hyperfine and superhyperfine
(SHP patterns in the LESR spectra were fully characterized. The SHF stru@@r& average spacings
unequivocally assigned to the bridging chlorines by comparison of the LESR spectra from samples with natural
abundance Cl with samples enriched wifiTl. The LESR spectra were analyzedgat, g, , and intermediate
angles by simulation of both the polaron and soliton-spin distributions. The results at temperatures above 6 K
were found to be in better agreement with the neutral soliton assignment advanced by Kuroda and co-workers.
The spectra from 6 to 140 K do not indicate motional narrowing as has been previously suggested. Below 6 K,
surprisingly, the LESR spectra of both the natural and isotopically enriched samples exhibit an unusual
dependence on temperature, modulation frequency, or microwave power, which indicates the presence of a
localized dynamic process. Two other types of defect which exhibit strong sample-to-sample variability were
also discovered in the LESR spectra: one is likely a spin triplet, and the other appears only at temperatures
above approximately 120 K and is quite intense and stable at room tempef&@té3-18207)03037-3

[. INTRODUCTION filled, two-band model where both halide and metal elec-
tronic structures are included. Both approaches have enjoyed
Intrinsic and photoinduced excitations in quasi-one-considerable success in modeling the CDW ground state and
dimensional halide-bridged mixed-valence metal complexegarious localized excited states, such as spin-1/2 polarons
(M-X) have been the subject of significant interfestThese ~ and neutral splitons, and spinless bipolarons, charged soli-
linear chains have been synthesized with a variety of metal€ns and excitons.
(Pt, Pd, and Nj halogens(, Br, Cl), equatorial ligands and While both polaron and splitpn excitatiorisee Fig. 1
counterions. While the average oxidation state of the metal3ave been suggested to coexist in Pt-Br and Pt-| compFéx_es,
in anM-X chain is+ 3, this structure is unstable to a Peierls (€ nature of photoexcitations in Pt-Cl has been the subject
distortion: the strong electron-electron and electron-latticé)f controversy. In their original study of the glectro.n-spln—
interactions lead to charge disproportionation between th esonanggESR) spectrum of Pt-Cl, Kawamon’ A.O'.(" and
metals (alternating sites tending towarét4 and +2 va- amashita observed a signal g, ~2.3 which exhibited a

lences and dimerization of the halide sublattice toward theflve'“ne hyperfine(HF) structure with approximately 180 G

. . . P splitting and intensity ratio of 1:8:18:8:1. Later, light-
higher valence metal sites, as illustrated in Fig. 1.Asaresult,p 9 y g

a commensurate charge-density-w&Z®W) ground state is
formed with the degree of charge disproportionation
(strength of CDW dependent upon all aspects of the chemi-
cal makeup and also upon environmental influences such ¢ - @x @ x@®x @ x@x @ x®
temperature and pressureRt! (en),][PtY(en),Cl,](CIO,),
(where ersethylenediamine, §N,Hg), referred to hereafter
as Pt-Cl, is a well-known example of these complkeBor S ®x @
a given composition of equatorial ligands and counterions 3, @x @
the strength of the CDW increases in the series/Rik<Pt
and KBr<Cl, making Pt-Cl chains strong CDW materialS. The Polaron States
Much of the interest itM X complexes is generated by the  p+ @D x@x®DDx@®Dx® x@ODx @D
fact that they can serve as a well controlled experimenta s . N
testing ground for the examination of highly correlated * @Dx ODx @ xDx®xD x®
narrow-band electronic materials, including the low-
dimensional elements of high-temperature superconductors F|G. 1. A schematic diagram of Pt-Cl in its ground state and
(Cu-O planes and chaipsMishima and Nastihave devel-  polaron as well as soliton excitations, whexedenotes CI, the
oped a half-filled, one-band Peierls Hubbard model in whichhumbered ovals denote Pt sites with the number representing the
only the metal electronic structure is explicitly included approximate oxidation state, and the hatched pattern represents a
whereas Gammeekt al® have developed a three-quarter- spin distribution.

The CDW Ground State

The Neutral Soliton States
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induced ESRLESR) studies showed that this signal can beon the similarity of the magnitude of the H-F splitting to
photogenerated and is correlated with photoinduced absorp-ESR signals observed for stackedbridgelesy Pt
tion and Raman features in Pt-£1:2° The signal was first compoundg?
assigned to spin-1/2 neutral solitons localized on two equiva- Clearly, understanding the SHF structure could greatly
lent Pt sites. The HF intensity pattern was attributed to thdmprove the prospects for accurate characterization of the
probability of finding the total nuclear-spin momeatof the defect responsible for the LESR signal. Part of the difficulty
two Pt at—1, —1/2, 0, 1/2, and 1, which yields the observed in clarifying the nature of the SHF features is due to the fact
result because natural Pt consists of 33.3pt with nuclear  that they are distributed over the five-line Pt HF pattern,
spin-1/2 and 66.3% Pt isotopes with no nuclear spin. where they overlap and exhibit varying resolutlon. To clgnfy

While the general features of thig spectrum have been the nature of the defect and th_e HF/_SHF interactions,
reasonably assigned, there have been a variety of inconsig@mples of EtCIlgwere preparzed with enrlched37nucl_ear 1SO-
tencies in the LESR data. First, the publislipdpectra have ts%pes including 4Pt (1=0), “H (1=1), and °'Cl (like
not always been identic&tf. g, in Refs. 7 and 1) suggest- 35C|’ I =3/2, but with a magnetogyric ratie-83% that of
ing that sample and/or experimental variations are signifi- <) and studied by LESR.
cant. Second, the 16-G-spaced superhyperf8i¢H struc-
ture has not always been observed for the signal. Il. EXPERIMENT
Kawamori and co-workers observed this structure in their . .

(1) Materials: all isotopes were purchased from Oak

original study and tentatively attributed it to interactions of _. X o
g y y Ridge National Laboratory. Th&4Pt was certified to have a

the unpaired electron spin with the nitrogens on the equatozg :
rial en ligand. However, a later repbtfrom our laboratory Sp,f,;:g?c?ﬂga;frm;f?f tlgﬁg|33/J)ér£ﬁ§/|n\;¥1aessiglé§r}?§r?1dthe

demonstrated that this could not be the case because syntt& . . . | ot
sis of Pt-Cl with 1°N-labeled en ligands was shown to have saturated aqueous perchloric acid solution{ Bt! (en),]

\Y 4+ ;
no effect upon this structure, and we suggested that the S d [I,Df (en),]™" by the.I|terature meth&? and reCFYSta‘,"
ong, was due to bridging chlorines. ized in the absence of light at around 5 °C to obtain single

Apart from the experimental results, there has been a furCyStals of Pt-Cl, with a typical dimension of abouZ

damental disagreement regarding the nature of the defect a&0-5 mn?. The crystals were stored below 15 °C.

sociated with the LESR spectrum in particular and the photo- (2) ESR spectroscopy;mgle (_:rystals pf P1-Cl were taken .
induced spectroscopic signaiscluding absorptioH 18 and from the aqueous soIL_mon, dried on tissue paper, and ori-
resonance Ramah in general. Both polaron and soliton de- ented on a quartz _cap|IIqry by_ means of a small amount of
scriptions have been advanced, and theoretical descriptiof@CUUm grease prior to insertion égn 4 mmquartz tube

of both types of defects have been variously argued to b}évlth a stopcock. The sample tube was evacuated for several

more consistent with one model or the otR¥#Key experi- ~ Minutes prior to placement within the cavity of an 1BM
mental results have also been interpreted as strongly indicABruken series ER 20X-band spectrometer equipped with

tive of one of the two types of defects, including two LESR " Oxford liquid-helium cryostat. The sample was (_:ooled to

studies on both sides of the argument. First, a report that thi?  or below and a spectrum recorded. No significant sig-

LESR signal gains intensity upon halogen dopfgas sug- nals were observed prior to irradiation. The sample was then
s . L

gestive that the photoinduced defect is charged, consistefffadiated fo 1 h with a 50 mW/mrf Ar* laser beam oper-

with a polaron description. Second, a report that the LEsRted in the vi_sible all-lines mode. The spectra were then re-
signal exhibits motional narrowing without a measurable in-corded at various temperatures from 4 to 300 K and at vari-

crease in conductivil} was argued as incontrovertible evi- ous orientations between the magnetic field and the primary

dence that the photoinduced defect is neutral, consistent witffyStal axis, which was identified as the chain axis by exami-

the soliton description. From our laboratory, characterizatiof@tion with an analyzer.

of a variety of photoinduced spectral signatures, including

absorptiorf;® resonance Ram&hand LESR(Ref. 13 data, lll. RESULTS

have generally been advanced within the polaron description. , ,

With regard to the LESR spectra frofiN-labeled en, the A. LESR studies of isotope-labeled Pt-Clat 10 K
number of the peaks and approximate intensities observed The LESR spectra of*Pt-CI (N denotes natural abun-
with 16-G spacing were suggested to originate from a podance were measured at various orientations as shown in
laron defect in which four equivalent CI nuclei surround two Fig. 2. Compared with the well established LESR resdfts
partially oxidized or reduced Pt sites within the reduced orof “Pt-NCI, which exhibit the five-line pattern described
oxidized metal sublattice, respectiveliyvo Pt sites with an above, the spectrum df*Pt-NCl atg, , as expected, shows
intervening Pt, see Fig) 2 Intuitively, however, the soliton only a single line with peak-peak linewidth &f,,~90 G.
model seems more reasonable in that the two Pt sites assbhe spectrum fromt*Pt-NCI broadens when the orientation
ciated with the defect are adjacent. Furthermore, a solitois changed from 90° to 0°, while the SHF features undergo
model based oi-band ESR results provided an example extensive changes and are essentially unresolved or absent in
of a simulation that is successful at reproducing the HF feathe g, spectrum. Figure 3 shows the comparative spectra of
tures at all angles. In our assessment, however, this model f§°t-NCI with deuterium-labeled en ligand groups, and
not satisfactory in that it continues to associate the SHF*Pt-NCI with hydrogen-labeled en. The deuterat¥et-"Cl
structure with the nitrogen nuclei and also yields the predicspectrum is essentially the same as that frdRt-NCI syn-

tion that 40% of the spin density in the defect is located on dhesized with hydrogehgdemonstrating that the LESR spec-
single bridging chlorine nucleus, which is unexpected basettum is not influenced by the hydrogen nuclei. Having elimi-
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FIG. 2. The LESR spectra d?*Pt-NCl at various orientations, H (Gauss)

whereN denotes the element with natural abundance of isotopes.

FIG. 4. The comparative LESR spectra’8fPt-NCl (solid line
Data were acquired with temperatures around 6 K. P P ( 9

and %Pt-3Cl (dashed lingsat g, andg, , respectively. The inte-
grated ESR spectra are plotted here to emphasize the overall spec-
nated the possibilities that the SHF originates from hydrogeriral width variations upon chlorine isotope substitution. The super-
and nitrogefr (as well as the remote possibility that it is due hyperfine splitting is also seen to vary.

to PY, the SHF structure must indeed originate from the

chlorines. This conclusion is tested by LESR experiments omppearance of the SHF structdré*we conducted mea-
199pt3cCl. surements on a variety of samples under identical experi-
Natural Cl consists of 75.779%Cl and 24.23%°'Cl with  mental conditions and observed the linewidth of individual
a ratio of magnetogyric ratios ofssc,/ys7c;~1.20. Thus, the  SHF lines to be quite sample dependent. In all cases, how-
relative ratio between the average magnetogyric moment adver, the SHF splitting remains unchanged, indicating that
NCI and that of*Cl is expected to be about 1.15. Figure 4 the SHF structure is affected by variations in spin-relaxation
compares the integrated LESR spectra fréifPt-NCl with  rates.
that from 1°4Pt="CI. The overall spectral width of*4Pt-NCI
is clearly broader than that df4Pt>"Cl at both the perpen-
dicular and parallel orientations, and we measure this broad-
ening factor to be approximately 1.16. Moreover, the average
SHF splitting also varies by the same rati5.8 G vs 13.6 The temperature dependences of the ESR spectra of
194p¢ N 1940 37 ; Npt-NCI and '94Pt-NCl are shown in Figs. @) and 5b),
G) for 19Pt-NCl and 1%4Pt3"Cl atg, . This result shows that _ 19s. (@) _
(1) the SHF structure unequivocally originates from chlo-TeéSpectively. As expected, the LESR signal discussed to this
rines;(2) the overall spectrum is fundamentally comprised ofPoint exhibits a rapid intensity decrease when the sample
a superposition of individual chlorine SHF lines. Regardingtémperature is raised from 10 to around 200 K, where it is

the inconsistency reported in the literature with respect to th@0t discernable, and the spectrum is only partly recovered
upon cooling. No motional narrowing or collapse of the ESR

spectrum is observed at any temperature. This is the case for
thel,= +1/2 lines shown fol"Pt-NCI up to 140 K, and these
(a) lines are not observed above 170 K, which we consider to be
the result of diminished signal to noise, rather than motional
collapse. The central line is observed up to around 200 K,
but exhibits no changes in line shape. FBfPt-NCI, as

(b) shown in Fig. %b), no changes are observed in the linewidth
up to 200 K. Although the conclusion that no motional ef-
fects are observed in the ESR data is not in agreement with a
previous reporf;!! it is consistent with the idea that such
localized solitons in strong CDW materials should be quite

B. Spectral dependence on temperature, frequency,
and microwave power

T T immobile2®
2500 3000 3500 Surprisingly, we observed drastic changes in the LESR
H (Gauss) spectrum ofYPt-NCl from 10 to 4 K, as shown in Fig. 6. The

spectrum at 10 K shows the “normal” 1:8:18:8:1 hyperfine
FIG. 3. The comparative spectra@j “Pt-NCl with deuterium-  intensity ratio and SHF structures. At 4 K, no SHF structure
labeled en ligands, an@) **4Pt-NCI with hydrogen-labeled en. was observed under our normal measuring conditioadu-
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10K (b) FIG. 6. Comparative"Pt-NCI LESR spectra at 4 and 10 K,
respectively. The solid lines are experimental data, the dashed lines
(x2.7) are the five Gaussian components for each temperature respectively,
and the dotted lines are the resultant simulations.

40K

120K (x24) 4 K LESR spectrum oft%Pt-NCI would be expected to re-
veal this new defect more cleanly because there is no inter-
(x40) ference from thd ,= +1/2 HF lines in **4Pt-NCI. Figure 7
shows the low-temperature dependence of the ESR spectrum
(x110) for 1%4Pt-NCI. It is striking that there is no counterpart in the
4 K 199ptNC| spectrum to the increased spectral weight in
the analogous spectrum &Pt-NCI. Thus, if such a “new”
defect exists, it would be selectively localized on only the
RN RTINS DU . 19%pt (1=1/2) sites and be totally absent {4Pt-NCI, which
3000 3200 is extremely unlikely. Excess spectral features were also ob-
H (Gauss) served by Oteet al. However, there are several significant
differences(1) Our spectral alterations “disappear” above 6
FIG. 5. Temperature dependence of i@ NPtNCl and (b) K, while those of Otaet al. persist up to nearly 30 K2) The
194pt-NCI LESR spectrum ag, . excess intensity in our data is unlike that observed by Ota
et al.in that it reappears if the sample is recooled below 4 K.
{3) Our result does not depend on whether the Pt-Cl crystal

|

160l

80K W/\ (x7.1)
contributes to the excess spectral weitfhiccordingly, the

200K

5
EL

2800

lation frequency and microwave power dependences are di
cussed beloy The integrated intensity for the five HF lines
at 4 K becomes 0.7:17.7:17:16.5:6.8.2, where the inten-
sity units of the 10 K spectrum are preserved. Note that the
two |,==*=1/2 HF lines gain intensity dramaticallymore
than doubleyl while the other three lines lose a relatively
small amount of intensity from 10 to 4 K. Overall, the spec-
tral intensity increases by nearly 50%. Moreover, the line-
widths of the five HF lines change from an approximately
uniform value of 108 G at temperatures aboy K to 94,
184, 103, 184, 94 G at 4 K. Finally, the separation between
the two | ,= £1/2 HF lines decreases from 360 to 260 G,
while the other lines remain comparatively, but not perfectly L
(vide infra) fixed. 2900 3000

Because the “normal” 1:8:18:8:1 hyperfine intensity pat- H (Gauss)
tern in NPt-NCI results from the probability of finding total
nuclear-spin moment,, of the two Pt at-1, —1/2, 0, 1/2, FIG. 7. Temperature dependence of #{ét-NCI LESR spec-

and 1, one might assume that deviation from this distributiorirum atg, . The spectrum undergoes dramatic changes from 4 to
is due to the sudden appearance of an unrelated defect whiét K and stays relatively unchanged between 6.4 and 11 K.
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The two panels reveal the relative intensities of the spectra taken at

: N
the two temperatures befote) and after(b) temperature cycling. FIG. 9. The comparative LESR spectra §fPt-"Cl measured

with field modulation frequencies of 100 and 3 kHz.

has been through the monoclinic to orthorhombic phase tran-

sition. (4) We did not observe any photosaturation effect onNpt-NC| measured at low microwave power shows that the

the excess weight. two | ,= = 1/2 HF lines are less broadened as compared with
Figure 7 also shows that the SHF structure is largely supthe spectrum measured at high microwave power. This could

pressed &4 K and appears quite suddenly when the temperape an indication that the spin-lattice relaxation tirffi¢, de-

ture is raised from 4 to only 6 K. In fact, the spectrum at 4 Kcreases rapidly when the temperature is raised above 4 K,

is distinct from that 86 K in several ways. Quite unexpected and that microwave saturation effects are responsible for the

is the observation that the bandwidth is more narrow byspectral changes. However, the fact that ithe + 1/2 lines

~17G at 4 K. In addition, there is a slight shifdg  alone lose significant intensity above 4 K, while the other

~0.001) of the spectrum. In comparison, the spectral profiléines behave in the opposite manner is not consistent with

remains relatively unchanged from 6 to 70 K. The rapidthis idea. Finally, the fact that 16 K spectral profile can be

change in the overall width ang value of the **Pt-NCl  recovered &4 K by variations in the instrumentation settings

LESR spectrum at low temperatures is consistent with thejoes not suggest that the fundamental defect structure has

NPt-NCI results where the central HF line corresponding tobeen altered by a phase transition.

I,=0 also narrows and shifts at 4 (kig. 6). To again con-

sider the possibility that these two spectra represent the pres-

ence of unrelated defects, i.e., the spectrtidh 4 represents C. Sample-dependent defects

one defect and the excess spectral weight & 8hK spec- In addition to the LESR signatures presented so far, which
trum represents another, we studied the LESR spectrum aft§f. e tound for all samples, we also observed two other de-

temperature cycling betwae4 K and higher temperatures tg.ts \hich exhibit extensive sample-to-sample variability.
(near 80 K. Figure 8 shows the comparative LESR spectragne gefect is shown in Fig. 10, where two Gaussian-shaped

at 4 and 20 K befor¢Fig. 8@)] and after[Fig. 8b)] tem-  ,telite lines separated by 750 G are observed with sample-
perature cycling. The thick line spectra in Figéa)gand 8b) P y P

were taken at 4 K, while the thin curves were obtained at 20
K. Although Fig. 8b) reveals that the intensity is decreased
by more than 35% after the temperature cycles, the 4 and 20
K spectra in the two parts of the figure retain the same rela-
tive intensities. The possibility that two defects with super-
imposed spectra experience identical annihilation with raised
temperatures is not credible. Thus, the spectral variations be-
tween 4 ad 6 K are associated with a single type of defect.
We also found that variations of the modulation frequency
and microwave powertd K affect the spectrum in a manner
similar to raising the temperature to 6 K. 1#Pt-NCI, where
the SHF lines are not resolved at 4 K under typical measure- ememmeemet L e
ment conditions(modulation frequency100 kHz; micro- 3000 3500 4000
wave power=2-20 mW, the structure becomes well re-
solved when measured at low modulation frequeifoy
example, 3 kHx and/or reduced microwave powgor ex- FIG. 10. The sample-dependent triplet exciton spectrum. The
ample, 2uW). Figure 9 shows the integrate4 K LESR  solid and dashed lines represent integrated LESR spectra for two
spectra of**4Pt-NCI measured at field modulation frequency different samples. The arrows point to the field positions of the
of 100 and 3 kHz, respectively. Similarly, the spectrum oftriplet exciton magnetic resonance.

H (Gauss)
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g,<g, for the primary low-temperature signal. We suggest
that the disagreement between the present study and that
from Kuroda et al. regarding the observation of motional
narrowing is due to the presence of this signal in their data.
That study shows the fully separated HF bands up to 60 K
and a broadband above 200(Kee Fig. 4 in Ref. 1)1 Fur-
thermore, in our opinion the spectra recorded at 160 and 180
K in that report do not definitively reveal a collapse of the
HF structure. In fact, despite the poor signal-to-noise associ-
....... { orentzian Fit ated with LESR spectra at those temperatures, evidence of
“2s0 3000 3800 thel ,= = 1/2 lines at their original low-temperature positions
H (gauss) without collapse is observed. In the present case, the broader
linewidth of the metastable signat-(150 G) from %4Pt-Cl
FIG. 11. ESR spectra of the sample-dependent metastable dexcludes the possibility of motional narrowing associated
fects at room temperature. with the low-temperature spectrurhif,~90 G). The origin
of this metastable defect is not clear at present. It may be
dependent intensity compared with the typical LESR specrelated to the long-lived photoinduced absorption bands re-
trum atg=1.95. Because they have a much narrower widthported previously for Pt-Ci’
than the central line, these two lines cannot be attributed to a
19%pt impurity, in which case the satellite lines should have
the same width as the central line. Furthermore, afpt IV. DISCUSSION
impurity would not be expected to show sample to sample
variations, since the samples were crystallized from a single
synthetic preparation. These two peripheral bands were oc- The LESR spectrum in Pt-Cl has been assigned both to
casionally observed both in'®Pt-NCl prepared with Polarons and solitons. They ESR spectrum can be approxi-
2H-substituted en ligands as well as the normal en sampleghately reproduced by both polaron and soliton-spin distribu-
thus, they are not from hydrogen-related defects. Moreovetions such as those illustrated in Fig. 1. However, there has
if these two lines were due to the hyperfine interactions bePeen no model of the ESR data that convincingly mimics the
tween the unpaired spin and some unknown nuclear spin-1/8Pectrum at all angular orientations. One polaron midde
site, the separation of 750 G would lead to a hyperfine couPredicts that four equivalertexcepting isotopeCl nuclei
pling constant of 1500 G, which is about as large as that ofontribute to_ the SHF structure, Whe_reas a simple soliton
free hydrogen atoms, i.e., the unpaired spin would be commodel® predicts that one CI nucleus is strongly coupled to
pletely localized on a hydrogen 1s orbital. We tentativelythe Spin. Both defect models are explored here in an attempt
attribute the separation of 750 G to the zero-field splitting oft0 Simulate the **PtNCI LESR spectra observed at all
a triplet exciton. Half-field resonance signals have not bee@ngles. Unlike the previous soliton model, however, our
observed, although these would be expected to be quite wegkmulation includes three chlorines, two of which are equiva-
in anX-band ESR measurement. The irregular observation ont and lie at the periphery of the defect and one of which is
this defect could be a contributor to the inconsistency of th&entralized and more strongly coupled to the spin. Thus, the
g, spectra reported in the literature. f_ollowmg Hamiltonian was used for the spin-soliton simula-
The second type of sporadic LESR signal, shown in Figlion:
11, was observed at temperatures above 120 K. Unlike the

A. Primary photoexcitations in Pt-Cl

lower temperature signal, this ESR signal exhibits intensity 2
increases when the temperature is raised, presumably due to H=BS g-H+SAg -l +2 SAq e, )
more rapid spin-lattice relaxation at higher temperatittas ¢ = ° e

assumption was not tested by investigation of power satura-
Flon effects at lower temperatupedhis LESR su_gnal IS very WPere KQ denotes the hyperfine tensor for the central Cl
intense at room temperatures and can persist after severa e, ) ]
days at room temperature, much longer than the roomsite, Whl|eAC|0 denotes that of the outer Cl sites. The simu-
temperature lifetime of the photoinduced defects observed dated spectra were calculated assuming random distribution
low temperatures. This new metastable defect has a conof Cl isotopes in accord with natural abundance. For the
paratively isotropigy tensor withg,=2.26 andy, =2.23 and polaron simulation, the following spin Hamiltonian was
with AH,,~150 G. Note also thay,>g, , in contrast with  used:

TABLE |. Parameters used in the soliton model.

9,=1.943 g, =2.293
Ac=47x10"* cm™* (for *CI) A, c=28x10"* cm™* (for *'Cl)
Ajc=39x10"* em* (for *'Cl) A, c=23x10"* cm ! (for ¥'Cl)
A,0=11x10"* cm™? (for *Cl) A 0=14x10"* cm™ (for *Cl)

A,0=9.3x10"* cm™? (for 3Cl) A, 0=11x10"* cm™* (for ¥°Cl)
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TABLE Il. Parameters used in the polaron model.

0,=1.943 g, =2.293
A,=35.00<10"* cm? (for *°Cl) A =14.96x10"* cm™ (for 3°Cl)
A;=29.12<10"* cm™? (for 37Cl) A, =12.45<10 4 cm? (for 37Cl)
- 4 - especially puzzling because no obvious configuration can
H=pBS- g-H+2 S Aglg- (2)  yield such an intensity pattern in accord with the statistical
i=1

distribution of the Pt isotopes. Yet in Sec. Il B, we con-

The optimum parameteiy visual inspection of the simu- cluded that these changes are unlikgly to be due to the emer-
lated result from the two simulations are listed in Tables | 9€Nce of new defects, phase transitions, or saturation effects.
and 1. Therefore, the spectral changes observed between 4 and 6 K

Figure 12 shows the simulation of LESR spectra of2'® appare_ntly a_\_manifestation of a dynamic process. Be-
194p¢ NC| pased on the two models compared with the dat€2USe the intensities of the LESR spectra observed upon cy-
acquired for that orientation. Examination of the calculated-!ing between 4 a6 K are reproducible, any dynamics are
spectra for the two extreme and one intermediate angles r@Pparently localized and do notlllead to activation or annihi-
veals that the spin-soliton model gives a better overall fit tg@tion of the defect. Sakaet al. propgsed a dynamical
the LESR data. The equivalency of Cl nuclear sites in thd"0del to explain the observation |'P5Pt-_ Cl that the SHF
polaron model entails binomial distribution of the SHF lines are present in thg=0 and*1 HF lines and absent in
lines28 which tends to have highéintegrated ESR intensity  the 1;= = 1/2HF lines. In their model, the spin density of
and larger SHF line amplitude in the middle of the spectraneutral solitons are fluctuating back and forth around the
The soliton model permits adjustment of the electron-spirfauilibrium position. However, in such an instance one
density on the two types of Cl sites, thereby allowing a suWould also expect the overall linewidths of the twp=
perior fit of the spectra. The model is successful in that it*1/2 lines to be broader than the other three HF lines, which
reproduces the principle features of the data at all angledS Not in agreement with the LESR spectra at temperatures
including the resolved SHF ig, and the tripletlike appear- higher than 6 K. Below 6 K, the twd,=+1/2 lines do
ance ofg, , where the contribution of the bridging chlorines indeed broaden and collapse toward the cerlyalO line
is more extensive yet the resolution of the SHF is lost. Thdrom 6 to 4 K. In this instance, the classical Anderson spin-
polaron model is especially poor at reproducing this feature®Xchange narrowing model can be investigated for applica-
less signal. Using an argument similar to that proposed bility:
Kuroda et al,'® the unpaired electron is estimated to have
15% density on the, orbit of the central Cl site and 2% on
each of the outer Cl sites. These values differ markedly
from a previously proposed model in which 40% of the spin
density was found on the bridging chlorin®s.

While the present soliton model is generally accurate at
all angles, some details are not reproduced. Perhaps most
important is the inability to yield good registry with the SHF
features of they, spectrum, as seen by careful inspection of
Fig. 12. The simulated intensity pattern is also not a good
match to the data, in that excess intensity is predicted for the
bands at the edge of the spectrum. Such discrepancies could
be due to the simplified nature of the model Hamiltonian,
which includes the assumption that the principal axes of the
g and A tensors are coincident. The differences could also
partly be a result of the presence of heterogeneous defect
structures. Such are indicated by sample to sample variability
in the relative intensities of the SHF features and the fact that
the individual SHF bands often exhibit structysze Fig. 3
which is not reproduced by the model. One previous result
that supports such a possibility is the observation of multiple
pinning energies for photoinduced spin defects in the bro-
mine analog of Pt-Cl, Pt-BY

[AH10)]*= (AH1p)?=2(T = T)?, ()

B. Possibility of spin dynamics at 4 K 2900 3000 3100

C H (Gauss
The spectral changes of the HF structure, which is asso- ( )

ciated with Pt nuclei, and the SHF structure, which is asso- FIG. 12. The experimentalsolid lines and simulated ESR
ciated with Cl nuclei, at low temperatures are quite unusualspectra based on neutral solit@tted line$ and polaron(dashed
The intensity pattern of 0.7:17.7:17:16.5:07@.2) ¢ 4 K is lines) models at a variety of angles.
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where the resonant lines are at fields or H, with AH,,  density over three ClI sites. This result is in opposition to our
=H,—H,, I'y is the intrinsic linewidthI" is the measured earlier assignment of the LESR spectrum to polarons and is
linewidth andAH,,(0) is the intrinsic splitting without spin accord with the general assignment from Kuroda and co-
exchange. However, the values extracted from Fig. 6workers, although our results call several aspects of their
i.e., AH;(0)=360G, AH,,=270G, TI';=108G, and soliton model into question. As one example, we can find no
I'=184 G, are not in accord with E¢3). In general, any indication of motional narrowing of the LESR spectrum. A
simple dynamical model is not likely to explain the low- redistribution of spectral intensities bal® K is believed to
temperature phenomenon in Pt-Cl. In fact, the data provide egsult from some unusual spin dynamics in Pt-Cl. These dy-
surprising indication that the dynamic phenomenon is nonhamics are not easily understood and appear to be sensitive
evenly applied among the isotopically distinct defect sitesto isotope. Two sample-dependent defect signatures were ob-
Because it is well established that quantum lattice fluctuaserved, one of which appears to be a spin triplet, while an-
tions affect both the electronic properties of the ground andther appears above 120 K and is metastable at room tem-
photoinduced states, we speculate that low-frequency inteperature. Thus, it is clear that a variety of spin
nal modes, apparently on time scales similar to the modulaphotoexcitations are possible for Pt-Cl, although the soliton
tion frequency of the ESR measurement, couple to the spiresult seems to be common to all instances.

dynamics.
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