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Introduction

At a meeting during the XXIVth Congress
Ampere on Magnetic Resonance and Related
Phenomena, held in Poznan, August/September
1988, Professor C.P. Poole, Jr., suggested that
the author work out a submission to ISMAR
on an international committee for standardization of nomenclature used in the EPR area
1
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following the talk presented at the Congress
(Rudowicz et al. 1989) and the review (Rudowicz,
1987; hereafter referred to as [MRR]). The former
paper deals with the theory of EPR of low symmetry
paramagnetic centers, the area (cf, e.g., Gatteschi,
1983) which urgently requires internationally accepted notation. The latter paper critically reviews
the concept of spin Hamiltoman, forms of zero-field
splitting (ZFS) and electronic Zeeman Hamiltonians used in the area of EPR of transition-metal and
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lanthanide ions. Thus it provides thorough grounds
for the standardization of the notations and units,
which would be in the best interest of the EPR community as a whole.
During initial work on the submission we became
aware of the "Recommendations for EPR Nomenclature and Conventions" [Adapted from the IUPAC Recommendations by Bolton and Kon] (hereafter referred to as [R]). Subsequently the synopsis
of the IUPAC provisional Recommendations was located (Kon, 1987) and a copy (hereafter referred
to as [PR]) obtained from the Asia regional IUPAC
center. The IUPAC final version for these recommendations (hereafter referred to as [FR]), which
only slightly differs from [PR], was published in Pure
Appl. Chem. in mid-1989 (Dung, .1988; Kon, 1989).
The "Recommendations" [R, PR, FR] pertain to
spectra of systems with spin S=l/2, whereas it is
said that a IUPAC version for systems with S > 1/2
will follow eventually. According to information received during November/December 1988 no further
progress on high-spin EPR standards has been made
as yet.
We realize now, however, that comprehensive
EPR standards are a necessary prerequisite for other
important steps to be taken. The aim of this article is to initiate wide discussion within the magnetic
resonance community on these matters. In Section
II various aspects of EPR spectroscopy requiring a
unified approach are summarized and the related
problems are defined. No quick fix solutions are
provided. It is rather attempted to highlight the
problems and outline their background and consequences. The solutions, if lasting, are to be worked
out on a wider forum of interested scientists. The
ever increasing role of computers in EPR studies is
considered in Section III. Proposals relevant for efficient use of computer technology which are important for the future wellbeing of the EPR area as an
active field of research are formulated. A possible
strategy is presented in Section IV.

II.

Current state of notations in
EPR

First we shall comment briefly on the existing recommendations [R, PR, FR]. These documents deal
with (i) nomenclature and basic definitions and (ii)
presentation of EPR data and experimental condi-
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tions for systems with S = 1/2. The points covered in [FR] and the respective recommendations in
brackets are summarized briefly below:
1. EPR or ESR (EPR).
2. Unit for the frequency v (GHz or MHz).
3. Unit for the magnetic flux density B (T).
4. Unit for the amplitude of the oscillating magnetic field Bi (mT).
5. EPR absorption and dispersion.
6. The B-i/ relationship (hi/ = g/iBB).
7. Definitions and relations for g-factor (in the
principal axis system: g x , gY, gz).
8. The nuclear hyperfine interaction.
9. The hyperfine splitting (a) and the hyperfine
coupling constant (A) (A = gA^a).
10. The nuclear species.
11. The nuclear electric quadrupole interaction
(P tensor, units of Joules).
The Recommendations [R, PR, FR] provide a
solid ground on which to build further standardization of EPR nomenclature and conventions. It
should be noted, however, that some changes may be
necessary tofita more general scheme of S>l/2 Recommendations. In particular, the following points
should be considered. The authors [R] consider the
term 'electron paramagnetic resonance (EPR)' as
synonymous with 'electron spin resonance (ESR)'.
As pointed out in [PR, FR], 'ESR' should be referred
to spin-only paramagnetic systems and hence the
term 'EPR' includes 'ESR', N.B. An opposite logical relationship, i.e. ESR comprising EPR (as well
as AFMR, FMR, FIR), has also been used (Witters
and Herlach, 1987). Sub-areas of EPR spectroscopy,
for example, zero-field resonance (ZFR) (Bramley
and Strach, 1983; Bramley, 1986), electron spin echo
modulation (ESEM), and EPR imaging should also
be dealt with and their respective realms outlined.
Evidently a glossary of terms used in EPR spectroscopy should be worked out, as it is the case, e.g.,
for photochemistry (Braslavsky and Houk, 1988).
The terms defined in the latter glossary, and being
of relevance to EPR are, for example, 'Crystal field
splitting', 'Ligand field splitting', 'Zeeman effect',
and 'Zero field splitting'. All effort should be taken
to correlate any definitions to be recommended with
the ones already existing in the literature. In this
regard it is fortunate that the notation /3e for the
Bohr magneton in [R] has been replaced by /xB in
[PR,FR]. Apart from the definition of the principal
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axis system, a definition of the 'magnetic' as well
as 'crystal' axis systems should be provided. The
question of noncoincidence of the principal axes of
various terms in the spin Hamiltonian requires clear
conventions, not provided in [R, PR,FR]. Usage of
'a' [R, PR, FR] for the hyperfine splitting is not the
"best" choice since the use of 'a' is historically wide
also for the zero-field splitting cubic or axial parameter 'a'. In general, usage of the same symbol for
two distinct quantities should be avoided across the
entire field under systematization.
The future S>l/2 Recommendations have to
deal with the notation for the zero-field splitting
(ZFS) terms as well as the higher-order Zeeman
terms. The messy situation existing in the former area has been well documented in the review
[MRR]. The latter area merits a separate critical review. The findings with regard to the spin Hamiltonians for transition-metal, lanthanide and actinide
ions can be summarized as follows (for detailed references and definitions we refer to [MRR]):

A. Lack of precise and overall accepted
definitions of basic notions.
The distinction between the notions 'actual' and
'effective' Hamiltonian (denoted below by subscript
'a' and tilde ~ , respectively) is lost in several papers.
It should be noted that 'spin Hamiltonian' as used in
the EPR area is an effective Hamiltonian [MRR].
Often the Hamiltonians describing certain actual interactions are confused with their effective counterparts. With regard to 'spin' in the spin Hamiltonian,
usage of the adjectives: fictitious, electronic and real
needs well defined limits. There is no agreement on
the definition of the 'phenomenological' (ph) as well
as 'generalized' (g) spin Hamiltonian. This has contributed to the recent controversy on the odd-order
ZFS terms for S-state ions (Rudowicz and Bramley,
1987). The notion 'microscopic' (m) spin Hamiltonian (see, e.g.,Rudowicz, 1988 & 1989a) as well
as 'conventional' (c) one are less controversial. The
relationships between the various notions discussed
above are depicted in Figure 1 (the abbreviation PT
and GT stands for perturbation and group theory,
respectively).
We have attempted [MRR] to outline the basic
notions in order to avoid semantic misunderstandings. Certainly generally accepted conventions in
this regard would be very helpful.

B.

Confusion of relationships between
HZFS and other Hamiltonians.

This comprises the erroneous identification of
the ZFS Hamiltonian with (i) the crystal (or ligand) field (CF) Hamiltonian, (ii) the actual magnetic dipole-dipole (spin-spin) interaction Hamiltonian, and (iii) the nuclear quadrupole Hamiltonian.
The various degrees of the confusion (i) can be categorized (in an increasing order of severity) as follows
[MRR]:
(1) Calling the ZFS parameters the 'CF' parameters
(2) Calling the ZFS Hamiltonian the 'CF' Hamiltonian
(3) Using the nomenclature of the strong, intermediate and weak CF schemes with respect to tizFS
versus Hze
(4) Using the notation commonly accepted for
ZFS parameters with respect to the CF parameters
(5) Adopting a point charge model (or any other
equivalent one) of the true CF parameters for the
ZFS parameters.
The confusion (4) and (5) are the most serious
ones since they may affect calculations. The extent
of spread in the literature of the confusion (1) to (5)
is alarmingly high. Further perpetuation of this confusion could only be stopped by a concerted action
of ISMAR, IUPAC, and the whole EPR community,
especially the editors of relevant journals and their
referees. Certainly, the usage of the name 'crystal
field' parameters for the (actually) zero-field splitting ones should be discouraged. Alternatively, the
name 'fine structure' parameters may be accepted
for the ZFS ones.

C. No accepted conventions for the axis
system used for presentation of data
for a given symmetry.
A clear definition of the axis system used should
always be provided. This is sometimes not the case.
The question of unified conventions in this regard is
of particular importance especially for trigonal, orthorhombic and lower symmetries as it follows from
symmetry constraints on the spin Hamiltonian (see,
e.g. McGavin 1987). There exist three different axis
systems for trigonal symmetries (for definitions, see,
Rudowicz, 1985b), each corresponding to a different set of spin Hamiltonian parameters. A uniform
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Figure 1: Relationship between notations.

way of data presentation is crucial for orthorhombic symmetry. The idea of standardization (Hall et
al., 1974; Poole et al. 1974) of the ratio A = E/D
(in the conventional notation [MRR]) to the range
(0, ±1/3) or equivalents A' = Bf/B^ = b^/b^ (in
the Stevens notation [MRR]) to the range (0, ±1)
has been extended to systems with higher spin. The
necessary conversion relations for B | (b|) parameters expressed in an arbitrary axis system and the
standard one have been provided for k =2, 4 and
6 (Rudowicz and Bramley, 1985). An agreement
on the + or — sign in the standard range should
be reached. Usage of an internationally accepted
standard range for the ZFS parameters (as well as
the CF ones) would certainly facilitate comparison
of experimental data. Therefore any future EPR
recommendations should clearly address the question of standardization of the axis systems. It is
also very important in the case of monoclinic and
triclinic symmetry as discussed recently (Rudowicz,
1986; Misra and Rudowicz, 1988). There are three
possible forms of a monoclinic spin Hamiltonian depending on the orientation of the monoclinic axis
with respect to the axis system (x,y,z). It can be argued that one form be adopted as the reference one,
whereas in cases that this form leads to A (A') out
of the standard range, the corresponding standardized counterpart of the reference spin Hamiltonian
be given too.

D.

Abundance of existing notations for
the operators and parameters used
for HZFS (as well as

There are three major types of operators used
in the EPR literature: (i) explicit conventional notation in terms of Sz, S± (ii) operators related to
tesseral harmonics, and (iii) operators related to
spherical harmonics. The properties of the various operators have been reviewed and general relationships between the various notations and the
extended Stevens (ES) operator notation (Rudowicz, 1985a), chosen as the reference notation, have
been established in the review [MRR].
It would be a challenging task for a statistician
to estimate the percentage of the total number of
EPR related papers employing each particular operator notation. For the present purpose we will
rather adopt less stringent criteria and classify the
notations according to: major, medium, occasional
and ephemeral usage. The choice of available notations to select a standard one from is rather impressive (see Table I).
The two most likely candidates for the standard
notation are the extended Stevens (ES) (cf, Rudowicz, 1985a) and KS/BCS (Koster and Statz, 1959;
Buckmaster, Chatterjee and Shing, 1972; cf, also,
Marshall et al., 1988) operator notations [MRR].
Next in line is the BST (Buckmaster, 1962; Smith
and Thornley, 1966) notation. It is worth remembering that, as pointed out in [MRR], the same symbol for an operator or a parameter often appears
in different meanings in various papers and subse-
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Table I
Available notations according to their usage in the literature (for definitions, see, text and Rudowicz, 1987
[MRR]).
Type and name

Textbooks

(i) Conventional notation:
1. Number of conventions for several
parameters - see text
(ii) Tesseral harmonics operator equivalents:
2. Extended Stevens [ES]
3. Normalized Stevens [NS]
4.-8. Five unnamed notations
(iii) Spherical harmonics operator equivalents:
9. Buckmaster & Smith and Thornley [BST]
10. Phase modified BST
11. Koster & Statz and Buckmaster,
Chatterjee & Shing [KS/BCS]
12.-21. Ten unnamed notations

quently is being used in an indiscriminate way in
review articles.
Numerous inconsistencies and pitfalls in the operator and parameter notations found in the EPR
literature have been listed in the review [MRR].
They include: incorrect relationships between various operator notations, ascribing a property of one
type of operator to other operators, and confusing
notations for low symmetry ZFS parameters. Additional possible sources of confusion concerning each
of the three types of notations are as follows. Since
we aim at highlighting the problems rather then detailing them we refer the reader for definitions of
symbols used below and their source references to
[MRR].
Application of the conventional notation (i) appears to be limited to systems with S<5/2, except
for the sixth-order trigonal parameter G equivalent
to 1260 B^(ES). There exist two different definitions
of the parameter D employing the same symbol and
at least one other equivalent notation for each of
the parameters F, a, and D. Eight different conventions have been found for the conventional equivalent of the parameter B4 (ES) employing symbols c,

Reviews

Regular
Papers

major

major

major

major
nil
nil

major
nil
nil

major
occasional
ephemeral

ephemeral
nil
ephemeral

occasional
nil
medium

medium
ephemeral
medium

nil

nil

ephemeral

C, K (two different meanings), H, b2, T and C42.
Three sets of symbols (Dxx, Dyy, Dzz; A, B, C; X,
Y, Z) augmented by the ± sign inversion are in use
for the diagonal components of the D-matrix. The
conversion relations between the conventional parameters and Stevens ones for tetragonal symmetry
are incorrect in several papers. Another complication, which requires separate conversion relations, is
the existence in the literature of the mixed axis systems notations for orthorhombic symmetry [MRR].
In the case of the type (ii) ES operators the possible
sources of confusion are related to the negative components of 0fc 9 and their transformation properties
as well as the scaling factors between the 'capital' B |
and small 'b^' parameters since there exist six different conventions in this regard. The former point
has been successfully clarified (Rudowicz, 1985a, b).
The latter point requires adoption of the prevailing
(and consistent) convention (see, e.g., MRR, p. 31)
throughout the future EPR literature. Incidentally,
it is not uncommon that in some papers the symbol
Ofc9 appears without a proper definition or a reference to such. In the case of the operators related to
the spherical harmonics (iii) there are three forms of
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*HzFS possible: compact, extended and generalized
scalar product one [MRR]. The last form is rather
of ephemeral usage. A clear distinction between the
compact and extended form is necessary in order to
avoid confusion in interpretation of the low symmetry ZFS parameters.
The need for a clear and well-defined notation
for spin Hamiltonians, especially for low symmetry
cases, is undoubtedly self-evident. It is up to the scientific community to adopt a particular notation for
the final EPR recommendations. There is also the
possibility that the conventional spin Hamiltonian
form: B.g.S + S.D.S would be preferred by some
at least as an option for systems with spin S < 3/2.
A complete agreement on a specific notation as the
standard one may be very hard to achieve if at all in
view of strong opinions in some EPR groups. One
option would be to adopt the two notations concurrently and thus require the authors to present
their major results in both notations (e.g., bj£ and
B;m parameters). This compromise would enable a
direct compatibility with the majority of the existing EPR data and reduce the present abundance of
twenty plus notations to two only. Although in this
way a major stumbling block for further standardization could be removed, it should be kept in mind,
however, that the best solution would be to adopt
one standard notation only.

E. No accepted unit for the ZFS parameters.
There are six units employed in the literature:
cm"1, MHz, eV, erg, Gauss and K [MRR]. Pros and
cons of a given unit can be argued and the percentage usage in the literature estimated. We feel that
the most convenient unit for the transition-metal
and lanthanide ions is the unit of [10~4 cm"1] (cf,
also Bramley and Strach, 1983; Konig and Konig,
1984). However, in the EPR area dealing with S 1/2 systems the unit of Gauss is preferred. Any decision on the final recommendations in this regard
rests on the EPR community. The point is that a
standard unit is an imperative for further healthy
progress in the area (see Section III).
Having discussed the Recommendations [Rt RP]
and the review [MRR] the remaining general question is the scope of future recommendations with
regard to the following aspects:
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1.

Materials studied

The EPR area can be divided according to materials studied as follows (see, e.g. Van camp and
Heiss, 1981): (i) transition metal ions, (ii) rare-earth
and actinide ions, (iii) spin labels, (iv) free radicals, (v) dimers, (vi) biological systems, (vii) amorphous materials, and (viii) metals. The classification used in the Landolt-Bornstein series (cf, Konig
and Konig, 1984; Neugebauer, 1987) comprises, e.g.,
(i) free radicals, (ii) coordination and organometallic
transition metal compounds, and (iii) garnets, perovskites, spinels and hexagonal ferrites. The question is whether the future recommendation shall
deal with distinct materials separately, or a comprehensive approach shall be adopted. We feel that
the latter approach would suit the need of the EPR
community better in the long term.
2.

Physical interactions

The Recommendations [R,PR,FR] have dealt
with HZO'HQ, and tihl- Other Hamiltonians to be
considered are tizFS, "Hzn, and higher-order hyperfine (e.g., S3-I) and higher-order Zeeman (e.g., BS3,
B2S2) interactions. Because of a great number of
various terms the latter two interactions require a
great amount of theoretical work before any standardization can be worked out. A critical review of
each sub-area would be necessary to provide a basis
for standardization.
3.

Advanced and related topics

There are topics strongly related to EPR which
might be surveyed in view of the future recommendations and dealt with in the suggested glossary of
terms, namely, molecular orbital theory, Jahn-Teller
effect, exchange interactions, superposition model
analysis of ZFS parameters, and the effects on EPR
spectra of local strain as well as electric fields. Several review articles exist on each of the above topics
(for references, see [MRR]). The question is to what
extent these topics should be included in the work
on EPR standards and glossary.
4.

Emerging areas

EPR studies at high magnetic field and/or in millimeter and submillimeter range (Withers and Herlach, 1987) is a very promising area. New informa-
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tion on the ZFS of, especially 3d4 and 3d6 ions (see,
e.g., Rudowicz, 1988 & 1989a), as well as higherorder Zeeman effects (Motokawa et al., 1979) can be
thus obtained. Pulsed EPR is another growth area.
These emerging areas should certainly be taken into
account in future work on EPR standards.

III.

Computers and EPR

In this section we consider the present role of computers in the EPR area and formulate proposals for
the future. We conceive three areas of application
of computers in EPR studies, namely, (1) computer
programs, (2) database, and (3) communication network.
A.

Computer programs

A variety of applications of computers in EPR
have been reviewed by Vancamp and Heiss (1981).
It is obvious to any EPR practitioner that without a
computer and a suitable program the extraction of
numerical data from any but the simplest EPR spectra would not be possible. Yet, the EPR area seems
to be backward in comparison with, e.g., NMR or
crystallography, for the apparent lack of cooperation
and nonavailability of packages for EPR computer
procedures in public domain. Apart from Gladney
and Swalen program dated 1969 and its modification by Ohlsen dated 1974, both of limited applicability, which are available through Quantum Chemistry Program Exchange (QCPE, 1989), there are
no other EPR programs available for wider users.
Our own experience tells us there are several
EPR programs around the world, being the result of
accumulation of years of development and testing.
These programs arej however, tailored to the needs
of particular EPR groups with regard to the value
of S, I, symmetry constraints, etc. and thus lack
generality required for a public domain package. In
most cases the programs are not user friendly and
the effort to produce documentation for an external
user is often prohibitive. Thus installation of such
programs in other EPR centers and bringing them
to a working condition is hardly feasible.
Further advancement of EPR spectroscopy in biology, chemistry, mineralogy, materials science, not
speaking of physics only, would be much facilitated
if the best 'EPR programmers' get together and pro-

duce a user-friendly all purpose package of computer
programs for analysis, simulation and fitting EPR
spectra. A new 'generation' of EPR programs to
be worked out could incorporate the results of the
algebraic computations (cf, e.g., Rudowicz, 1985a,
b; Rudowicz, unpublished) thus increasing their efficiency. The following proposal has been put forward by the author to the Editors of "ESR Centers
Newsletter" in October 1987: "A Computer EPR
programs Subcommittee should be formed. Aim
- to review the available programs and make recommendations which programs to be selected for
general use in the user friendly form. Grants for
the author(s) may be made available to work out
most convenient marketable form of the programs
selected". This proposal should best be taken by
ISMAR, the body capable of coordinating the work
on such a scale. Without a prompt action the EPR
area will not realize its full potential in the modern
computerized and globally cooperating world of science. At the meeting of the International EPR Society (August 1990, Denver) it was agreed to set up a
committee to examine the present state of software
related to EPR spectroscopy. Further information
may be obtained from Prof. R. Cammack, Biochemistry Section, King's College London, Campden Hill
Rd, London W8 7AH, U.K.

B.

Database

The survey of the literature [MRR] has revealed also the need for another review dealing with
systematization of notations used for the "imaginary" ZFS terms, analysis of their role in EPR
spectra and a survey of low symmetry EPR data.
This review is currently in progress (Rudowicz et
al., 1989b). A vast amount of relevant papers has
to be surveyed. On the other hand, there is an
ever increasing amount of EPR data published each
year as evidenced by the review series appearing,
e.g., in the ESR Specialist Reports, Magnetic Resonance Review, Analytical Chemistry, and to a certain extent the Landolt-Bornstein series. In most
cases the reviews list rather than analyse the data.
The very thorough collection of data published in
the Landolt-Bornstein series (see, e.g., Konig and
Konig, 1984) is unfortunately delayed with respect
to the literature surveyed by several years.
We believe that development of an effective computerized database of EPR information is absolutely
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vital to the future of the EPR spectfoscopy. The
proposal put forward by us to the "ESR Centers
Newsletter" in October 1987 : "NEW INITIATIVE:
EPR computerized database - I am willing to start
the work on collecting data. We have excellent library and computer facilities available at ANU. This
work will require external funds. I would appreciate comments from others on the matter" still
merits consideration. The extent of work involved
would require establishing an autonomous and international 'EPR Documentation Centre'. The Center
could be set up to some extent under the aegis of
ISMAR/IUPAC and would best be attached to a
university. A proposal on 'Establishment of a Computer EPR-related Database' was submitted by the
author to the International EPR Society in June,
1990.

C. Communication network
An attempt to build up a communication
network between EPR groups has been initiated
by the publication of the "ESR Centers Newsletter", of which only two issues have appeared so far
(August 1987 and 1988). More frequent publication of a newsletter of this type is strongly recommended. This is very important to develop an effective communication network to facilitate an informal flow of information. Much better agreement
on the nomenclature and conventions could be thus
achieved. The reliance on publication of information
about any EPR Recommendations in "Pure and Applied Chemistry" or "Chemistry International", as
it is the case of the S=l/2 Recommendations [PR],
would limit the prospective audience to a very narrow circle. Many more people use EPR than read
the two journals. In future more widespread advertising of Recommendations is recommended (e.g.,
through ISMAR members). A proposal for the more
distant future may be to establish a computer network between the various EPR/ESR centers around
the world.
To conclude this Section we emphasize that standardization of nomenclature and conventions, especially, with respect to notation of all quantities carrying numerical data, is a basic precondition for successful implementation of both the proposal on the
EPR computer programs package as well as on the
EPR database. The strategy for achieving this precondition is outlined in the next Section.
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IV.

Strategy

The burning need for further work on EPR standards has been demonstrated in Section II and III.
It is felt that under the aegis of ISMAR and/or IUPAC an international committee representing the
whole EPR community be set up on comprehensive standardization of EPR nomenclature and conventions. The procedure for comment and approval
of IUPAC Recommendations on nomenclature and
symbols (Chem. Int., 1986, Supplement, Appendix
III) are best adhered to, however, with one modification. It would be advisable to appoint at first
a small task group, playing the role of a collective
'document editor', to prepare an initial draft of the
recommendations as well as of the glossary of terms.
For geographical reasons the 3-4 person task group
could be formed on a regional basis. We believe
the Australian and New Zealand EPR groups would
be very keen to offer their services in this regard.
A balance between a theoretical and experimental
point of view as well as between proponents of various notations could be easily achieved in this way.
The draft could be sent in due time, according to
a set timetable, to the members of the committee
for consideration. Subsequently a meeting of the
whole committee including one or two nominated
members of the task group could be arranged, possibly during a major international EPR conference,
to adopt a unified version of the provisional recommendations. Then the usual IUPAC procedure
could be followed leading to the final recommendations. Then all effort should be taken to publicize
the recommendations within the EPR community as
well as through the editors of EPR related journals.
The authors and referees, if they would adhere to
the recommendations, could transform the existing
messy situation in the EPR literature into a more
orderly state. This is in the best interest of the
present and future EPR scientists.
The work of the proposed task group could
be linked with the work of the EPR Documentation Centre outlined in Section II. The Centre
could coordinate the former and play a leading
role in achieving the comprehensive EPR standards.
Thus the grounds for the next stage of development of a computerized EPR database would be
solidly founded. Undoubtedly, the above presented
initiatives if fully implemented would substantially
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strengthen the role of EPR spectroscopy as a valuable experimental technique with wide applications
in various fields of science. It is hoped that this article provides a firm basis for further action in this
direction, which can only be successful if taken at
an appropriately high level and in cooperation with
all interested parties.
In the interest of wide consultations within the
EPR community a Questionnaire has been prepared
as an Appendix to this paper. We invite any EPR
practitioner to take a few moments to fill out the
form and return to the author.
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Appendix
QUESTIONNAIRE
The Future of EPR Spectroscopy:
EPR of Transition Ions

Optional

Your name:

Affiliation;

Address:

Telephone:

FAX:

Could you please provide us with the names and addresses
of other interested scientists who you believe should be
on the mailing list for this Questionniare,

Name:

Address:

Please return the completed Questionnaire to
Dr C. Rudowicz,
Department of Applied Science,
City Polytechnic of Hong Kong,
83 Tat Chee Avenue,
Kowloon, Hong Kong
Telephone: (852) 788 7787

Thank you for your co-operation

FAX:

5. What is your preferred unit for the ZFS parameters?

ck as appropriate.

ld you find it useful if there were internationally accepted standards on EPR
enclature and conventions?

[]

no[]

no[]

no opinion [ ]

t is your preferred notation for the zero-field splitting (ZFS) Hamiltonian?
definitions, see: C. Rudowicz, Mag. Res. Rev. 13,1,1987.)
the extended Stevens (ES): Z 7 B £ O £ ( S X I S y , S z ) = 2 -

f

kbk°k

including the scaling factors: f2 = j , f4 = gjj, f g = "J^JQ
the normalized Stevens Q<S): Jj&™ °™(SX'

V

V

the Buckmaster, Smith-Thomley (BST): £ B* O * \ s x > Sy> S 2 )
the Koster-Statz, Buckmaster-Chauerjee-Shing (KS/BCS):

other notations or suggested modifications.

ase give the form of ZFS Hamiltonian, symbols for parameters and operators,
a basic reference.)

c

agonal

orhombic

ocUnic

s:

MHz[]

erg

[]

eV

Gauss []

cm

yes

no[]

no opinion [ ]

62 If yes, would you be prepared to contribute to the developmen
(i) by working on the project?
very likely [ ]

probably [ ]

not likely [ ]

(ii) by obtainingfinancialassistance through your institution?
very likely [ ]

probably [ ]

not likely [ ]

7.1 How do you perceive the usefulness of a comprehensive
database?
very useful [ ]

useful [ ]

of minor use [ ]

n

72 If you would find a comprehensive EPR database useful or
think your institution would subscribe to releases of
information?
probably [ ]

not likely [ ]

8.1 Would you welcome establishment of an EPR Documentatio
would be to: (i) organise and maintain an EPR database; (ii)
information among EPR centres around the world; and (iii)
future EPR standards?
yes [ ]

[]

[]

[]

6.1 Would you find it useful if an all-purpose user-friendly EPR co
package for analysis, simulation and fitting EPR spectra was

very likely [ ]

any given symmetry, would you prefer a particular axis system (xyz) for
entation of the ZFS data? (Please provide a definition of (xyz) if applicable.)

onal

[]

4

Reasons for preference (optional):

no opinion [ ]

you feel the need for a glossary of terms used in EPR, containing precise
nitions of basic notions?
]

lffW

no [ )

no opinion [ ]

8.2 If yes, what other aims would you perceive for such a Centre

