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Explanatory Notes: With the increasing number of Electrochemical Impedance Applications, the problem of
unified data exchange formats becomes important. In addition, the existing computerized experimental facilities
produce automatically large sets of data files, which have to be stored, sorted, archived and possibly exchanged via
Internet. The efficiency of the data banking and the speed of the virtual research depend notably on the selected Data
Exchange Formats (DEF).

The material below describes the DEF for impedance measurements proposed by Zdravko Stoynov [1]. It will be
nice if the equipment producers discuss this topic with the end users of their equipment and introduce common data
banking as a convenient and appropriate tool, especially for friendly scientific communication in the big EU Framework
programs projects.

We offer Zdravko Stoynov’s approach since we use it for more than 15 years and find it extremely convenient. Our
group is ready to develop and upload free of charge Data Convertor. We shall be thankful for every remark, correction,
recommendation or suggestion.

The DEF description which we have included in this special issue of Bulgarian Chemical Communications can be
also downloaded from the web site of the FEuropean Internet Centre for Impedance Spectroscopy
www.accessimpedance.eu (in the Section Information Kit/News).

The web site of EICIS will be upgraded in September/October 2018 with its new name “Zdravko Stoynov Internet

Centre for Impedance Spectroscopy
New ideas and approaches are welcome.

Daria Vladikova,

Electrochemical Methods Department, Acad. E. Budevski Institute of Electrochemistry and Energy Systems — BAS

INTRODUCTION

In accordance with the general IUPAC
recommendations, the Electrochemical Impedance
Spectroscopy’s Data Exchange Formats (DEF)
should be generic, economic and efficient.
Following the practical experience, some other
recommendations are useful: DEF should be self-
explaining and easily readable by the user as well
as by the computers. They should contain enough
explanations and to a certain extent should be over-
dimensioned by wverbal information. The used
symbols must be readable by computers of different
versions and generations and should be selected
only from the ASCII table.

For these reasons, the use of “text only”
(xxxxx.txt) format is recommended for the storing
and attachment format. The “.txt” format is not
only universal, but it is also the most economic.
The experimental comparison with “rtf”, “.doc”
and other word processing formats shows an
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excessive enlargement of the file volumes, when
stored in those formats. The inefficient enlargement
for “.rtf” is about 5 times and for “.doc” extension —
about 20 times. For a single file the enlargement
can be neglected, but for a data bank, containing
thousands of files, and for their exchange, the
compactness becomes important.

The “.itxt” files have the advantage to be
readable by computers of all versions, independent
of the type and version of its software and Internet
instruments.

Another problem arises when a series of
experiments are carried out with one and the same
object with a varying parameter. One solution for
the DEF efficiency is the application of the Large
Structured Files (LSF), proven in our practice.

The LSF starts with a header. The header should
contain all the information necessary for the
understanding, sorting, exchange and banking of
the data.

The LSF contains a certain number of pages.
Each page starts with a symbol (#) and a number (1
to N) and has a verbal informative label,
corresponding to the wvalue of the wvarying
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parameter. The label contains determination of the
size (n x m) of the data matrix as well as the
description of the type of the data (f, 2", Z"', t°, or
others).

After the label comes the data kernel. It contains
a number of lines (n). Every value in the line is
separated from the previous one by “;”.

Every page finishes with a tag (@), which could
be followed by the post-experimental observations.

The LSF finishes with a footer symbolizing the
end of the file (@ EOF).

EXAMPLES

Examples for explanation of the DEF (Large
Structured Files) with a code

#ftp:EISDEF205LSF.txt.

The file, stored as xxxxx.txt with this
CONVENTION CODE is a Large Structured File
(LSF).

The suggested EIS DEFs are illustrated in the
following examples:

Large Structure File — Example LSF1:

File Name: BATI043.txt

#ftp:EISDEF205LSF.txt  #fnm:BATI043.txt pages: 6
<BaTi sample N.33 measured>

<No: 1243-49 author: X. Broun 29-01-2005 20:36:05>
<object: BaTi; sin.crystal [100] S=1.22 cm”2 d=0.2 cm>
<set-up: Sol 1256 + Pot. self-made; cell: planar>
<Udc=0; Uac=5 mV; down; variation: temper. ‘C>

#pl {f; Z"; 2"} [ SI ] (3*56)

<calibration short connected>

1000;1.356E-3;2.265E-3

ooy ey

0.001:1.222E-3:-0.005E-3

@p <room temperature>
#p2 {f; Z°; Z°} [ SI] (3*56)
<calibr. open>

@p

#p3 {f; Z°; 2"} [ SI] (3*56)
<object row data var: 20°C>
@p

#p4 {f; Z°; 2} [ SI ] (3*56)
<objectrow var:31°C>

@p

#p5 {f; Z°; 2} [ SI] (3*56)
<object row var: 40°C>

@p

#p6 {f; Z°; 2} [ SI] (3*56)
<object row var:51°C>

@p

@ EOF
132

Explanations:
File Name: BATI1043.txt

#ftp:EISDEF205LSF.txt #fnm:BATI043.txt pages: 6

<BaTi sample N.33 measured>

<No: 1243-49 author: X. Broun 29-01-2005 20:36:05>

<object: BaTi; sin.crystal [100] S=1.22 cm”~2 d=0.2 cm>

<set-up: Sol 1256 + Pot. self-made cell: planar >

<Udc=0; Uac=5 mV; down; variation: temper. ‘C>

(this information forms the file’s header)

#pl {f; Z; Z} [ SI ] (3*56) = page 1 beginner &
descriptor

= free text

= data /example/

<calibration short connected>
1000;1.356E-3;2.265E-3

ey ceey

ey ceey

0.001;1.222E-3;-0.005E-3
@p <room temperature>

= |ast data

= page footer & tag

#p2 {f;, Z"; 2"} [ SI] (3*56) = page 2 beginner &

descriptor

<calibr. open>

@p

#p3 {f, Z"; 2"} [ SI ] (3*56) = page 3 beginner
& descriptor

<object row data. var: 20°C>

ooy ceey

@p

#pd {f; Z°; 2"} [ SI ] (3*56) = page 4 beginner &
descriptor

<object row var:31°C>

@p

#p6 {f; Z"; 2"} [ SI ] (3*56) = page 6 beginner &
descriptor

<object row var:51°C>

@p = last page footer

@ EOF = file footer

Large Structure File — Example LSF2:

File Name: BAT1044.txt

#ftp:EISDEF205LSF.txt  #fnm:BATI044.txt pages: 8
<BaTi recalculated from BATI043.txt corrected Z & Y >
<No: 1250-58 author: X.Balan 30-01-2005
21:36:05>

<object: BaTi; sin.crystal [100] S=1.22 cm2 d=0.2 cm>
<set-up: Sol 1256 + Pot. self-made cell:planar>

<Udc=0; Uac=5 mV; down; variation: temper. "C>

#pl {f; Z°; 2} [ SI] (3*26)

<calibration short connection>

@p

#p2 {f;Z°;Z}[SI](3*56)
<calibr. open>

@p

#p3 {f; Z°; 2} [ SI ] (3*56)
<object row data. var: 20°C>



@p

#pd {f; Z°; 2"} [ SI ] (3*56)

<object data corrected LCcell var:20°C>
@p

#p5 {f; Y; Y} [SI] (3*56)
<object corrected:; Y

@p

#p6  {f; Ig [Y|; phi} [ SI] (3*56)
<object corrected; Bode

@p

#p7 {f;Z°; 2"} [ SI ] (3*56)
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ey

<simulated M11=La: R C/R BW >

<par: 120; 1.23E-3; 1038; 30246\880 >
<identified by CNLS — Boukamp version “3/2000” for

20°C>

@p
#p8

ceey

{f; 2, 2"} [SI] (3*56)

<residuals f;dZ°/Z";dZ/Z"">

@p

ceey

@ EOF

#ftp:

EISDEF205LSF.txt

#fnm:

BATI033.txt

<BaTi sample N.3 measured>

<N0:1232 author: X.Green 29-01-2005 20:36:05>
<object: BaTi; single crystal[100] S=1.22cm2 d=0.2cm>
<set-up: Sol 1256 + Pot. self-made cell:planar>
<Udc=0; Uac=5 mV; down; temper. 22°C>

# {f; Z°; 2} [ SI ] (3*26)

ooy N

ooy ey

@p

file name:
file type:
<text>:

<text>
#{f; 2>, 2"} [ SI] (3*26)
#

{22}
[S1]

(3%26)

()

\

3*26
#{}[]1\\< > #ftp #’nm @p

var:20°C>

var:20°C>

Remarks:

1. The symbol “#ftp:EISDEF205LSF.txt”
describes the file’s type in accordance to this
convention.

2. The symbols “(”, ), “\” and “var:” are for
computer reading. They possess the dimensions of
the data kernel matrix and the varying parameter’s
values.

3. The text within the symbols “<” and “>” is
for the user’s reading; its internal format is free.

4. The number of the text lines <......... > is
unlimited.

5. The value of the varying parameter should
immediately follow the symbol “var:” (“var:* is for
computer reading!).

6. The symbols “{“,”}”, “[*,”]”, “#ftp:” and
“#ftnm:” are for computer reading.

7. The data kernel may contain additional data
for every frequency: time of measurement, quality
of measurement, d.c. values and others.

8. The page footer is optional.

9. The file footer is optional.

Explanations:

= computer used symbol
= file type

= computer used symbol
= file name given by the operator
= text:object

= text:number

= object

= set-up

= meas.cond.

= data descriptor

= data

= last data

= page footer = end page

Additional Explanations:

- name of the file given by the author;

- STANDARD, subject to this preliminary convention;
- free text, composed by the author, including information
about the author, date/time, object, instrumentation,
measurement conditions; other information.

- a number of lines with <... ... > is free.

- descriptor of the following data:

- computer used symbol (new page)

- descriptor of data types

- descriptor of data units /in this case in SI/

- data kernel format

- computer used symbol

- computer used symbol

- in this example: 3 columns, 26 lines

- computer used symbols
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Additional Explanations of the file type descriptor:

#ftp:EISDEF205LSF.txt - file type code

#ftp: - computer used record of file type

EIS - Electrochemical Impedance Spectroscopy
DEF - Data Exchange Format

205LSF - 2005 year, Convention LSFile

Axt - type in which the file must be saved / attached
REFERENCES

1.Z. Stoynov, D. Vladikova, Differential Impedance Analysis, Marin Drinov Academic Publishing House, 2005, pp,
207-213.

CDOpMaTI/I 3a 0OMEH Ha JaHHHA

3. Croiinos’

Hncmumym no enexmpoxumus u enepeutinu cucmemu ,, Akao. Eecenu Byoescku “, bvaeapcka akademus na Haykume,
yia. Akao. I'. bonues, 61.10, Cogus 1113, bvreapus

Oo0sicnurennn  Oenexkun: C HapacTBaHe NPUJIOKEHHSITa Ha eNEKTPOXMMHYHATa HMIIEJaHCHA
CHEKTPOCKOMHS, TPOOJIeMbT ¢ YHUHUITUpaHe Ha GopMaTuTe 32 OOMEH Ha JaHHU CTaBa BCE IO-CHIIECTBEH.
YcnopeaHo ¢ TOBa ChIIECTBYBAIUTE KOMIIOTPU3HUPAHU W3MEPBATEIHUM CUCTEMHU aBTOMATHYHO T'€HEpUpPAT
OrpoMeH Opoii QaiioBe C JaHHH, KOWUTO TpAOBa na ObJaT ChXpaHsSBaHH, COPTHPAHH, apXUBHPAHU U
oOMeHsHU 4Ype3 HHTepHeT. EQEeKTHBHOTO cbXpaHEeHHE Ha JaHHA M pa3pacTBaHETO Ha BUpTyalHaTa
KoJaboparusi 3aBUCST CHIIHO OT m30paHuTe hopMati 3a oomeH Ha nanau (PO/]).

[pennaranust marepuan onucea @O/ 3a UMIEAaHCHN U3MEPBaHUA, MIPeII0kKeHH OT 3apaBko CTOWHOB
[1]. bu Owio MOJE3HO, aKO MPOM3BOJIUTEIUTE HAa OOOpYy/ABaHE TUCKYTUpAT Ta3d TeMa C KPaWHUTE CH
noTpeduTeNn 1 BbBenaT odmonpuera Gpopma 3a cbxpaHeHHe U OOMEH Ha JaHHU KaTo yI0OCH U MOIXOSII
HWHCTPYMEHT, OCOOCHO I0JIE3€H 3a Hay4YHa KOMYHHUKAIHA B TOJIEMH IIPOEKTH 1O pamkoBuTe nporpamu Ha EC.

Hue mpemnmarame moaxonasT Ha 3npaBko CTOWHOB, KOWTO H3IOJ3BaME IMOBEYE OT 15 TOAWMHH U KOWUTO
HamMMpaMme 3a HU3KIIOUUTENHO ynoOeH. Hamarta rpyna e rotoBa ga pa3paloTH M Ja Kauu Oe3IJIaTHO
Koneepmop na Oamnu. llle Obmem OsaromapHu 3a Beska 3a0esieXKa, KOPEKLUs, Npernopbka WIN
MPEJIOKEHHE.

Omnucanmero Ha @®OJ] koero BKIOYBaME B TOBa crelnuanHo wu3ganue Ha  Bulgarian Chemical
Communications, moxe na Obae W3TErIeHO M OT yeO caiita Ha EBpoOneicKus WHTEPHET LEHTBP 110
unmnenancHa ciekrpockomnus (EICIS): www.accessimpedance.eu (B cexius Mudopmanms / Hopunn).

VYeb caiitbt Ha EICIS 111e 0b21e akTyanu3upaH CKOpO ¢ HOBOTO cu UMe “MIHTEpHET IICHTHP 3a UMITCAaHCHA
CIEKTPOCKONHS ,,31paBko CTONHOB”.

[Ie ce pagBame Ha HOBU HJICH U TIOAXOIM.

/l. Braouxosa

Cexyus ,, Enexmpoxumuunu memoou” na Mncmumyma no enekmpoxumus u eHepeuinu cucmemu ,, Axao.
Eecenu byoescku“ - PAH
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