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Abstract. Several sets of non-standard zero-field splitting (ZFS) parameters in the spin
Hamiltonian (SH) for transition-metal ions at orthorhombic or lower symmetry sites in various
crystals have been revealed by a recent literature survey. The standardization limits the ratio of the
orthorhombic ZFS parameters:<Q E/D < 1/3 (conventional) and & BS/BS = b%/bg =<1

(the extended Stevens (ES) notation). Based on the superposition model it is shown that
the ‘maximum rhombicity’ limit is valid not only in theeffectiveSH sense but also in the
crystallographic sense. Using the computer package CST the non-standard orthorhombic ZFS
parameter sets given originally in various parameter and operator notations, units and conventions
for the axis systems are standardized and presented in a unified way in the ES mgtamm

units of 104 cm~1. This enables a direct comparison with the available data for similar ion/host
systems. The standardization reveals several inconsistencies in interpretation of earlier EPR results.

1. Introduction

A recent literature survey indicates a number of non-standard SH parameter sets expressed
in different notations and formats. This hinders direct comparison of data and may lead
to misinterpretation of results. The recently developed [1] computer package CST, for
conversions, standardizaticand transformationsof the spin Hamiltonian (SH) and crystal
field (CF) Hamiltonian as well as for transformations of the electronic Zeeman terms [2], is
employed to standardize and present in a unified wayntirestandardzero-field splitting
(ZFS) parameters from different sources. The standardization of an orthorhombic SH [3, 4]
consists in confining, by a proper choice of the axis system, the ratio of the orthorhombic
ZFS parameters in theonventionahotation [2],E/D = A, to the range (0£1/3) [5-7], or
equivalently in the extended Stevens (ES) notation [2B8],B9 = b3/ = )/, to the range

0< A <1[5,9-11].

In this paper the standardization and notations used are outlined in section 2. Structural
implications of standardization are discussed using superposition model in section 3. In
section 4 applications of standardization to various transition-metal centres described by the
orthorhombic SH are considered. Applications to transition-metal as well as rare-earth ion
centres exhibiting monoclinic or triclinic symmetry will be dealt with in forthcoming papers.

2. Standardization of orthorhombic ZFS Hamiltonian

In the extended Stevens (ES) operators [8]effectiveZFS Hamiltonian for orthorhombic
symmetry is given as (for references, see, e.qg. [2]):
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Hzrs = BSOJ+ B202 + B0 + B202 + B0} + BYO2 + B20Z + B0} + BSO§

= Y B{O{(S, Sy, 5) =Y _ fib{ O{ (S, S, 5) (1)
kq kq

where f;, = 1/3, 1/60 and %1260 fork = 2, 4 and 6 respectively. ThepnventionalD and
E parameters [3, 4,7, 8] are related to those in the ES notation [8] as [2, 5]:

D =3BY =1} E = B2 =1/3b2. )
Similarly the fourth-order conventional orthorhombic ZFS parametefsandK are related
to those in the ES notation aB? = a/120+F /180, B; = a/24 andB? = K [2]. Conversions
between various other notations are dealt with in [1, 2].

Hzrs in equation (1) has an intrinsic property [5], namely, that by a proper choice of
the axis systemy y, z) the ratioE/D = » and B3/BS = b5/b3 = )’ can be confined to
the range (0+1/3) and 0< A/ < £1, respectively. Two conventions on the choice ofthe
tensor components exist in the literature: i), | < |Dyy| < |D.|,i.e.0< | <1/3[3,6,7]
and (i) |Dyy| < |Dyx| < D] [4], i.e. —1/3 < A < 0. The convention (i) is most used in
EPR studies of transition-metal ions. The works on the transformation properties of the ES
operators [8] have enabled standardization of the fourth- and sixth-order ZFS (and CF) terms
[5] as well as of the monoclinic CF [9] and ZFS Hamiltonian [10].

Authors unaware of the standardization properties of the SH, when extracting the ZFS
parameter values from experimental EPR data, use an unrestricted approach resulting in values
of A (1) outside the standard range. A recent literature survey indicates a humber of non-
standard SH parameter sets expressed in various formats. This hinders direct comparison of
data and may lead to misinterpretation of results. Hence, a computer package CST [1] has been
developed to enable efficient standardization of the ZFS parameters expressed in any notation
as well as of the electronic Zeeman terms for orthorhombic and monoclinic symmetry. The
standardization formulas [5] for the ZFS (or CF) parameBi(€S) orb{ (ES), in equation (1),
were derived for the transformations from the original axis sysfemyz) to S;, i = 2 to
6, defined as follows:So[x z — y], Sa[yx — z], Salzx y], Ss[yzx] and Se[zy — x]. For
other notations reviewed in [2] appropriate conversion options are built into the CST package
[1], whereas conversions to theferenceES notation [8] are carried out automatically. The
orthorhombictype standardization includes three sub-options: (i) automatic standardization
if the ratio 2’ (A or equivalent) is outside the range, (0, (ii) application of a specified
standardization transformatidf (i = 2 to 6) [5] and (iii) calculation of the standardization
errors [11].

For the electronic Zeemanterminthe SH[1, 2, 5, 8] the standardization transfornfations
i = 2-6, result only in re-labelling of thg; componentsi( j = x, y, z). The explicit results
for the transformedd;;] are given in [1, 8]. One must be careful not to confuse the original
{g:;} and the transformeg];] components. For example, the standardization transformation
Sa yields: [g.] = {gy}, [gy] = {82}, [8:] = {gx}. The same result can be obtained using the
GTRANS module [1] with the values of the angles (61) and -, 6,) corresponding to the
transformationS, [8].

3. Structural implications of orthorhombic standardization

The major physical implication of standardization concerns the structural aspects. The ratio
E/D = ) defines the ‘rhombicity’ parameter, which measures the deviation from axial
symmetry, and its value may be restricted to the range @ < 1/3 [3—7]. A number of
authors noted that = 0 represents axial symmetry, whereas the maximum possible rhombicity
is characterized by = 1/3. However, since we deal with tredfectiveHamiltonianH z r
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[2], equation (1), it may appear that the ZFS parameter ratio describes the ‘rhombicity’ in the
effectiveand not crystallographic sense. Below we use the superposition model [12], which
provides direct relationships between the ZFS parameters and the structural ones, to show that
the ‘maximum rhombicity’ limit: E/D = 1/3 or B3/ B3 = b3/b3 = 1, is valid not only in the
effectiveSH sense but also in the crystallographic sense.

For illustration we consider a 3ar 3cf ion at an octahedral site having the first kind of
rhombic symmetry [12] with the three mutually perpendicular axesandz directed towards
the ligands. With the ligands located in pairs along the axest+y and + at a distance
from the central ion denotell,, R3 and Ry, respectively, we obtain the superposition model
formulas as follows [12]:

o _ 3 & 17} & 173 B & 12
BZ_iA221[<R2> +(R3) 2<R1> ] (32)
) tr tr
m=+sg| (7)) (&) ] @)

The positive sign in equations (3) applies td 3ohs, whereas the negative sign td* 3ons

[12]. The intrinsic parametera, and the power law exponentdepend on the properties of

the central ion and ligands. Note that the cBse= R, = R3 corresponds to cubic symmetry
and thenBY = B2 = 0, whereas the cas®, # R, = Rz corresponds to tetragonal symmetry
and thenB? = 0. For orthorhombic symmetry two cases are crucialBf)= B2,i.e.»’ =1,

and (i) 3B3 = B3,i.e.A’ = 3. Using the relations for the transformatiafsandss [5], which

yield A" in the standard range for the case (i) and (ii), respectively, one obtains the formulas
for the transformed parameter8Y] and [B2] which are identical with those in equations (3)
after replacement ofRy, Rz, R3) by (R3, R2, R1) and (R3, R1, R2), respectively. Thus based

on the structural data and the superposition model [12] one can limit the valBsaoid B2

to the standard range by an appropriate re-labelling of the ligand—central-ion distances and,
correspondingly, of the axes. This conclusion is also true for any ion and kind of rhombic
symmetry within the framework of the superposition model. Hence the ‘maximum rhombicity’
limit is valid not only in theeffectiveSH sense but also in the crystallographic sense.

4. Results and discussion

The non-standard SH parameter sets identified in our recent literature survey are standardized
using the CST package [1]. In tables 1 to 6 for each ZFS parameter set we list: the
original notation and units (denoted OU), the standardized parantg{@&s) [2, 8] in units

of 10~ cm~1 (with errors [11], if available), the ratia’ (1) and the required standardization
transformatiors; (denoted TR). Wherever available, the definition of the original axis system
and conventions used are given in the text.

4.1. Tutton salts

Table 1 contains ZFS parameters for ¥in Tutton salts: ZiNH,),(SQy), - 6H,O (ZASH),
Fe(NH4)2(SOy); - 6H20 (FASH), MN(NH,),(SOy); - 6H20 (MASH) [13], Ni(NH,)2(SOy)2 -

6H,0O (NIASH) and CdNH,),(SOy), - 6H,O (CdASH) [14], having monoclinic structure

and triclinic G site symmetry of M* [15]. An orthorhombic SH has been used in least-
squares fitting [13-15]. The orthorhombic axesy(z) have been defined with respect to

the maximum spread of the extrema in EPR spectra at room temperatures (RT) with the
convention D,| > |D,| > |D,| [13, 14]. The determination of the ‘magnetic’ axes from EPR
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spectra [13—15] is doubtful for monoclinic or triclinic sites as discussed in [10] due to the non-
coincidence of extrema [16]. Moreover, since at low temperatures the overall line separation
changes [13, 14], using the RT axis system [13, 14] results in non-stabfiatdow . The
variation of the ‘magnetic’ axes and SH parameters Witmay indicate the occurrence of a
structural phase transition. The discrepancies between data [13—15, 17] may originate from the
orthorhombic approximation or different axis systems and conventions used. Had a monoclinic
SH and crystallographic axis system been used in fitting, a meaningful inter-comparison of
data[13-15, 17] (see also more recent data offmTutton salts [18, 19]) would be possible.
Instead, implications of standardization are considered.

Table 1 reveals thaﬂg changes sign from negative [13, 14] to positive after standardization.
For Mr?* in ZASH, FASH and MASH as the temperature decrefisgincreases and becomes
slightly greater thamb3| at low T [13], which yields|A" = b2/b3| ~ 1. For Mr?* in NiASH
and CdASH at lowr" [14] 2 « (-3, —1) and requires the transformatid, except for
Mn?*:NiASH at 5 K, where)’ « (—oo, —3) and requiresSs. Importantly, for Mrf*:NiASH
at 5 K and 85 K the error is larger than the standardized paramf%amd the standardized
(85 K) is 10 times larger thak' (5 K).

The dependence of the signs and magnitudes of SH parameters on the choice of the axis
system and one transformatio$y (n our notation [5]) has been considered in [15]. A related
aspect is the selection of the initial values of the dominant SH parameters used in fitting
procedures [15]. Using! obtained from hight" data for Mrf* in Tutton salts [13, 14] as the
initial b} for low T fitting yields fittedb; overall close to those at high but with [b3] > |b)].

Had another initiab; set been used for fitting,/{ set close to the standardized one in table 1
would be obtained. For illustration, for Mhin ZASH [13] we select a non-standabf set

at 85 K and a standard one at 295 K and list in table 2@gilivalentdata sets transformed
using eachs;. Table 2 shows how the signs of ZFS parameters change with the axis system
and hence puts in a different perspective the controversy [13—-15, 17—19] on the absolute sign
of b3.

Each transformed data set in table 2 lies in a different region of the parameter space,
yet all these sets arequally valid Using each of the parameter sets lying in a different
region of the parameter space as an initial set for fitting would yield several independently
fitted, yet mutually correlateddata sets. Transformations to the same (e.g., standard) range
should yield very close parameter values forcaltrelatedsets, provided that each fitted set
corresponds to an equivalent global minimum in the parameter space. Thus having two or more
independently fitted sets may improve the reliability of the final ZFS parameters and help to
discriminate between local and global minima in the parameter space used for fitting. These
features have been utilized in thaultiple correlated fitting technigugroposed in [9, 10].

4.2. AB compounds

4.2.1. Mt* in MgF,. Although no explicit form of orthorhombic SH was given in [20]

the parameters were denotefl = D andb2 = 3E as in the usual convention [2]. Three
non-standardp, E) sets were given [20]: (I) recalculated from the experimental standard
values [21], (II) calculated using the superposition model and (ll) calculated using the spin—
orbit mechanism. The fourth-order ZFS parameters have not been considered in [20], unlike
in [21] whereb] are listed. The standardizexg andb3 are given in table 3. The set (I)
after standardization corresponds to that for?MMgF, at 290 K [21] apart from the sign

of b3. The non-standar® and E [20] are due to the choice of the co-ordinate system B,
whereas the standard set is given in the system A (defined in figure 1 of [20]). The positive
sign ofb% after the transformatiofis is due to the choice of the convention of positive].
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Table 2. Values of the ZFS parametdf% in the ES notation for the M ZASH under different
S; transformations in [10* cm™1]. $; denotes the original values [13] converted from GHz to

104 em L,
Nonstandard at 75 K Standard at 295 K
S b9 b3 B} b2 by b3/bS  bY b3 by b2 b} b3/b3

Sy —2422 2879 17 133 340-12 -2368 1975 13-16.7 40 -0.83
S, -—-229 5072 65 -6.2 -01 -223 19.7 4549-11 -7.0 209 23.0
S3 —242.2 2879 1.7-133 34.0 12 -236.8 —1975 13 16.7 4.0 0.83
S4 2650 2193 3.2-195 232 0.83 2171 2565 3.1 9.7-8.3 1.2
Ss —229 -507.2 6.5 6.2 -01 223 19.7 —4549 -1.1 7.0 209 -23.0
Ss 2650 —-2193 32 195 232 -0.83 2172 -2565 31 -97 -83 -12

According to [21] the data [22, 23] were ‘falsely analysed’. We note, however, that the axis
system A [20, 21] can be converted into the system B [20, 2134fpllowed by S3. Hence,

for a meaningful comparison of data from different sources [21-23], instead of presenting data
in several axis systems as in [21], proper transformations should be carried out adhering to the
standard convention § A’ < 1.

4.2.2. Mt in MnF, and Znk,. The site symmetry for M# in MnF, and Znk is Dop;
however the crystal field parameters were calculated usingynmetry [24]. Four non-
standardD and E sets were reported [24]: (1) theoretically calculated using spin—spin and
(I) spin—orbit mechanisms, (l1l) total values and (IV) the experimental values of [25]. The
standard)9 andb3 sets are provided in table 3.

4.2.3. MA: BaF,. One Mri centre and two different Mh(®Ss ) centres were observed in
Mn:BaF, [26] after x-irradiation at RT. A non-standaid and E set (table 3) was obtained

for Mn? in the axis system with: [100], x: ¢ = 90°, ¢ = 24.6°, y: ¥ = 90°, ¢ = 1146°,
whereas a standard set for fn D = 5993, E = 763 with z: ¥ = 355°, ¢ = 0°, x:

9 = 1255° ¢ = 0°, y: ¢ = 1255°, ¢ = 90 [26]. The site symmetry was given only for

the Mri* centre as ¢[26]. After standardization the sign of bothandE for the Mrf centre
changes to negative. Since for Mthe principal axes do not coincide with the symmetry
axes, the actual site symmetry is lower than orthorhombic. In the case of several distinct low
symmetry centres in a given host it is more meaningful to provide two SH parameter sets
for each centre: (i) one expressed in a common symmetry-based axis system, and (ii) one
expressed in a local principal axis system with the orientation of the principal axes referred to
the common axis system.

4.2.4. Nf* and \** in ZnF,. The site symmetry is not defined in [27], whereasl(e) axis
is taken along the [001] ([110]) axis of ZpFThe experimental non-standafdand E [27]
and the standardized ones are given in table 3.

4.2.5. Mi#* in CaF,, BaR and Srk.  The SH used for Mff centres in Ca_,Ba,F, and

Cay_, Sr.F> [28-30] involves orthorhombic ZFS paramet®® associated with conventional
combinations of the spin operatorss;, S, S, and Sy, which on inspection turn out to
correspond directly to the ES operata®§ [2,8]. HenceB]" in [28-30] are equivalent to

B! (ES) [2,8]. Such mixed notations may be easily misinterpreted by others and should
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be replaced by a well defined tensor-operator notation [2,8]. In table 4, RT denotes the
experimental room temperature values and PPI denotes the theoretical values calculated using
the polarizable point ion (PPI) model [28, 29]. The maximum splitting of the spectrum was
observed [28, 29] along the [110]-direction taken asztiaexis and withy;[110] andy,[110].

No explicit definition of the axis system was provided in [30]. An alternative assignment of
the EPR transitions was also used in [28—30], resulting in standard sets given in table 4 for
comparison.

Note that theZ F S parameter®/ were referred to as therystal field ones [30]. Closer
examination of the PPI model [28-30] reveals that it originates from papers [31-33] and
confuses theC F Hamiltonian andZ F'S Hamiltonian. Various degrees of this confusion
have been identified in [2]. Point charge (or equivalent) models are applicable only to CF
parameters (so with very poor results), since they are directly related to the electric field of
ligands, and should not be used for ZFS parameters [2]. Since the PPl model [28, 29, 31-33]
uses ‘adjustable’ parameters, in spite of its inapplicability, ZFS parameters can be fitted in a
semi-empirical way. The superposition model [34, 35] also used in [28, 29] can be applied
both to ZFS parameters and CF ones. For each HamiltddignandH s a differentset
of the adjustable superposition model parameters, i.e. the intrinsic paraBgtBs$ and the
power law exponentg, is derived in a semi-empirical way from the optical and EPR spectra
for Hcer andH z ps, respectively. Therefore, not much physical significance can be attached to
the valuesB; (PPI) [28, 29] (table 4). The statement [29] that ‘the SH parameters in table 1 are
agood choice rather than those in table 2’ is not conclusive since itis based on the experimental
non—standachzz/Bg [29], which can always be limited to the standard range. Note that the
SH parameter sets transformed by ahyso numerically different (as e.g. in table 2), are
physically equivalent.

4.3. ABQ compounds

43.1. ch* in YVQ, and YR 96V0.0404. The non-standarfD| and|E| sets (table | of [36])
for VOi‘ in YVO4 (I-1V) and YPy 95V 0.0404 (V=VIII) from experiments in magnetic field
(-1 and V=VII) and in zero field (IV and VIIl) are standardized (table 5). The axes were
defined [36]: thez-axis || V—O bond andy_Lac or be crystallographic plane. The \@ site
symmetry, assumed in [36] as tetragona},Dnust be actually lower than orthorhombic since
the principal axes of the tensor are different from those of tlgematrix. The set IV [36]:
|[D| = 0.58 and|E| = 13.72 (GHZz), is obtained from the earlier zero-field EPR data [37]:
|D| = 20.25 and|E| = 7.15 (GHz), by the interchange (v, z) [37] to (y, z, x) [36]. This

is actually the transformatioss, which yieldsD = —20.85 andE = 6.55 (GHz). It appears
that the set IV [36] was obtained from the data [37] by the transformatipmwBich yields:

D = 0.60 andE = 13.7 (GHz), differing slightly from the set IV [36]; this may be due to
rounding of the values.

4.3.2. Mod~ in CaMoQ,.  Similarly to [36], for MoG;:CaMoQ, [38] four D and E sets
were obtained from experiments in magnetic field (I-11) and in zero field (IV) (table 5). The
D-tensor principal axes determined from EPR spectra are referred to the crystallographic

¢ directions in the unit cell of CaMof The conclusion [38]: ‘“The directions of the principal
axes of the ZFS tensor indicate that the l\/jﬁ@on, having D4 ground state symmetry, is
distorted to an approximatesCsymmetry on excitation’, should be revised since the spectra
[38] indicate a site symmetry lower than orthorhombic.
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4.4. Miscellaneous compounds

4.4.1. Fé*: tremolite. The non-standar# andE for F€** in tremolite [39] are standardized
(table 6). No site symmetry or definition of the axis system is given [39]. The original fourth-
order ZFS parameters: = 0.0026 andF = 0.040 (cm™?) yield the standardized oné4§
(ES):b9 = 6.3, b2 = 333 andb3 = 64.9 (10~* cm™1). The sign ofD and E has changed
from positive to negative after the transformatisyn

4.4.2. M*:NaNQG,. Theoretically calculated [40p and E for Mn?* at the N site are
unusually high as compared with those at the Na site (table 6). The point charge model yields
the set | (v = 0.942) and Il (v = 0.956), whereas the superposition model yields the set Ill

(N =0.942) and IV (v = 0.956), whereV is the average covalency parameter. Only the sign

of E/D is considered [40]. Note that in [40] both the point charge model and superposition
model are applied first to deduce CF parameters, which are then used in the microscopic SH
expressions fob andE due to the spin—orbit mechanism [40]. Hence itis a correct procedure
unlike the application of the PPl model [28, 29, 31-33] discussed in section 4.2.5.

4.4.3. Mif*:C4HsMgOs-2H,0 (MMDH) and GH4MgOs-5H,0 (MMPH). A truncated
orthorhombic SH withD, E (table 6) and: only was used for Mfi in magnesium maleate
dihydrate (MMDH) [41] and pentahydrate (MMPH) [42]. No site symmetry or definition of
the axis system is given [41, 42]. The valuea¢f1, 42] are not reliable since the parameters
F andK [2] were neglected. For MAi:MMDH, a = 1.5 Gauss [41] yields the standardized:
b = 0.71,h2 = 0 andb; = 3.55 (10~ cm1). Similarly for Mr?*:MMPH, a = 16 Gauss [42]
yields: b9 = 7.59,b2 = 0 andb} = 38.0 (10* cm™1). The non-standard SH parameters for
Mn?*in MMDH [41] and MMPH [42] were directly compared with those for krions doped

in different carboxylic salts in spite of different conventions being used [41, 42]. F&t:Mn
MMPH another set at 120 Kb = 2400, E = 78.0 (E/D = 0.32), anda = 19 (Gauss) was
obtained [42]. This temperature dependence of SH parameters suggests a possible structural
phase transition between 300 K and 120 K.

4.4.4. Mif* and Fé* in X$Se. Orthorhombic defect centres: ¥ihin an MnSSe cluster

and Fé* in an Fe$Se cluster in ZnS/ZnSe mixed crystals [43] yieldland E, which after
standardization are not comparable with and|E| for Mn?* ions in other hosts [44]. Hence

D and E [43] were either given in inappropriate units or inaccurately extracted from EPR
spectra. The conclusion [43] from ‘the F£® cluster has & symmetry’ that ‘this can
account for the large E. A small D arises from the fact that th lem can be displaced from
the centre position of the ideal tetrahedron towards the paifobr S&~ ions’ is inaccurate,
since the relatiorE > D cannot imply a very large rhombic distortion (see section 3).

4.45. CP" in (DMA),SNnCk. EPR spectra of thermally produced Cr(lll) species in
[(CH3),NH2].SnCk [45] were fitted with non-standar®® and E, and isotropicg = 1.986
(table 6). The local site symmetry at the Sn position is monoclinitJ;y) [45]. From EPR
spectra, the-axis was ‘observed as a principal axis for the ligand field actually ZFS term in SH,
and the other two principal axes were found to lie onih@lane’. Hence, the orthorhombic
SH [45] is only an approximation and the low symmetry effects may be significant. The
closeness (table 6) of the non-standard [45] and standardizedEati¥| to 0.333, orlb3 /b3

to 1, indicates that the distortion of the Cr(lll) complex is close to the maximum limit.
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4.4.6. Phenanthrene. For the triplet § = 1) state in phenanthreriig and b3 [46, 47]
obtained in the biphenyl molecular axis system (table 1 of [46]) after standardization (table 6)
are comparable, apart from the signidf with b3 = 1020 andb3 = —450 (10 cm?) for
naphthalene [47].

4.4.7. Mit* in SnP,S.  Two differentB] (ES) sets were reported for Minin SnP,Ss [48]:
a standard set at 300 K, i, (ES):»3 = 489 andh3 = 477 (104 cm™?), and a non-standard
set at 330 K (table 6).

5. Conclusions

A literature survey has revealed a great deal of diversity of notations, units and conventions for
the axis systems used in EPR studies of transition ions at orthorhombic sites in various crystals.
Hence a direct comparison of spin-Hamiltonian parameters can only be achieved after proper
conversions and/or transformations. The CST package [1] has been developed and used for this
purpose. The results of the analysis and standardization of orthorhombic ZFS parameters for
transition-metal centres carried outin this paper highlight three points. First, they exemplify the
difficulties faced during development of a computerized database of ZFS parameters. Second,
they indicate the urgent need for internationally accepted guidelines for unified presentation
of ZFS parameters. Third, they show the benefits of unified data presentation, which enables
not only direct comparison of data but also an identification of inconsistencies in various data
sets. Importantly, we have also clarified the question concerning structural implications of the
large ratio ofE /D or B3/BS = b3/b).

In view of these results we suggest adopting the following guidelines for presentation
of ZFS parameters: (i) the extended Stevens operators and the parasfietethie standard
notation, (i) units of 10* cm~! and (iii) the axis system conforming to the standard range
of the ratio 0< A" = b2/b3 < 1 for orthorhombic symmetry. It is worth noting that the
guidelines (i) and partially (ii) have been adopted, e.g. in the reviews dealing with EPR
data for Mrt* [44,49,50], and F& and CP* in minerals [51]. The conventiond) and
E (in cm™1) were reported for CF in single crystals [52]. On the other hand the reviews
published in theSpecialist Periodical Reports on ESRee, e.g. [53-55]) provide only a
general description of EPR related literature without reporting the SH parameter values. Inthe
Magnetic Resonance Reviegesies, see e.g. [56-58], reporting of the original parameters and
units has been adopted. In view of the variety of notations, when quoting the reported values
from [56-58] care must be taken to verify whether there is no misinterpretation of the original
meaning of ZFS parameter symbols. The guideline (iii), which is specific for orthorhombic
EPR centres, has been mentioned in several reviews, e.g. dealing with EPR of co-ordination
and organometallic transition metal compounds [59], iron containing proteins [60, 61], ESR
in glasses [62] and EPR in mineralogy [63]. Implementation of the above guidelines requires
conversion and standardization of the original data, which can efficiently be carried out using
the CST package [1].

Finally, support for the guidelines, especially the first one, from a pioneer in the EPR
area is noted [64]: ‘The reader is therefore advised to consult the papers by C Rudowicz,
particularly, [references [8], [9] and [2] in the present article] for a critical account of the
current literature and for proposals for future standardization in the definitions and notations.
A step forward would seem to be to adopt his suggestions’.
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