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*Motivation

History, main trends and prospects of scientific
work of the Laboratory of Analytical Research of
the Institute for Nuclear Problems of Belarusian
State University




*Outline

» What is the Institute for Nuclear Problems (INP) of Belarusian
State University

» What is the Laboratory of Analytical Research of INP
» What is Volume Free Electron Lasers (VFEL)

» Experimental discover of parametric radiation

» Mathematical modeling of nonlinear dynamics of VFEL
» Information technology based on free software

» Establishment of nuclear knowledge management system in the
Republic of Belarus and development of Belarusian portal of
nuclear knowledge BelNET https://belnet.by/

» New methods of quality control of alcohol and alcohol-
containing products




“ What is the Institute for Nuclear Problems (INP)
of Belarusian State University (BSU)

In April 1986, by resolution of the Council of Ministers of the USSR, it was decided to create
in Minsk a new research institute to solve the problems of developing ultra-powerful
generators of electromagnetic radiation for the purposes of strategic missile defense.

It was Institute for Nuclear Problems.

The corresponding resolution of the Council of Ministers of Belarus and the Order of the
Belarusian Ministry of Education appeared on September 1, 1986.

The basis for creation of such types of generators was the theoretical and experimental
discovery of Parametric X-ray Radiation (PXR) made in 1985 by BSU scientists.

Subsequently, these generators were called Volume Free Electron Lasers (VFEL).

Now VFEL has become a common acronym https://www.acronymfinder.com/Volume-Free-
Electron-Laser-(VFEL).html.




“ What is the Institute for Nuclear Problems (INP)
of Belarusian State University

Major areas of R&D

« Basic research in fields of nuclear physics, high energy and particle
physics, astrophysics and cosmology §
» Research of extreme states of matter under ultra-high temperatures o
and pressures using magnetic cumulation of energy

* New composite materials, nano- and micro-structured materials

« Radiation and nuclear technologies using radioactive sources,
particle accelerators and nuclear reactors; new methods of ionizing
radiation measurements

Staff total — 720

Researchers — 95

D.Sc. - 10 5
Ph.D. - 28

% Ijh MERRRRw .




* What is the Laboratory of r
Analytical Research of INP :

Main research areas:

» advanced methods of quality control of alcohol and
alcohol-containing products;

» development of electronic document management
system of the testing laboratory (framework) eLab
based on free software;

» establishment of nuclear knowledge management
system in the Republic of Belarus and development of
Belarusian portal of nuclear knowledge BeINET
(Belarusian Nuclear Education and Training)
https://belnet.by/;

» explore ways to develop unification of working with

various analytical instruments. 6 " Il
Dr. Siarhei Charapitsa B uslm:




“ What is Yolume Free Electron Lasers (VFEL)

photonic crystal

Grid resonator with
' ' Professor Vladimir Baryshevsky




*Vacuum electronic devices

There is a variety of such devices with their obvious
generality in used physical principles, as well as the
complex nonlinear dynamics of their functioning.

Their performance and reliability are based on complex
electromagnetic structures, new materials and advanced
technologies.

The widespread use of such devices in military and
commercial applications requires them to operate reliably
with high power, high efficiency, and low cost.

The basis of the operation is the emission of electrons,
grouped in bunches and interacting in a cavity (slow-wave
spatially periodic medium) with slow electromagnetic
waves. The generated electromagnetic wave power has its
group velocity directed along or oppositely to the direction
of motion of the electrons.

R. Kompfner. Wireless World LIl (1946), 369
R. Kompfner, N. T. Williams. Proc. IRE 41 (1953), 1602

Cutaway view of a helix TWT. (1) EIecfron gun; (2) RF
input; (3) Magnets; (4) Attenuator; (5) Helix coil; (6) RF
output; (7) Vacuum tube; (8) Collector

E: electric field
RF out B: magnetic field

— Slow-wave circuit collector
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ectron lasers (FEL)

A Free Electron Laser* differs from
conventional lasers in using a
relativistic electron beam as its
lasing medium, as opposed to
bound atomic or molecular states,

 hence the term free-electron.
FELs generate tunable, coherent,
high power radiation in

*J. M. J. Madey. J. Appl. Physics, 42(1971), 1906 wavelengths from millimeter till

W. B. Colson. Phys. Let., 59A (1976), 187 ultraviolet and X-ray.
D. A. Deacon et al. Phys. Rev. Let. 38 (1977), 892

M. Billardon et al. Phys. Rev. Let. 51 (1983),1652

J. Madey, M. O. Scully, P. Sprangle. Physica Scripta, 91 (2016), 063003
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“Free electron lasers

European XFEL (DESY)
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Booster

“Free electron lasers

Linear accelerator+XFEL

Control room




“Free electron lasers

The third IR FEL
undulator sections

The first THz FEL
undulator sections

The first FEL has been in operation since 2003. It provides a narrow-band (less than 1%) terahertz radiation in the wavelength

range of 80 240 ym at an average power of up to 0.5 kW and a peak power of up to 1 MW ( 100-ps pulses at a repetition rate of 5.6
MHz). About 30 user research projects in different fields of science were carried out at the facility in recent years.

12
*Kulipanov et al. IEEE Trans. on Therahertz Sience and Technology. 2015. Vol. 5, No. 5. P. 798-809




“Free electron masers

Maser is a microwave amplification by
stimulated emission of radiation.

h

Fig. 1. Schematic diagram of a FEM with a combined double-mirmor resonator: ( /) modified Brage reflector {(2) traditional 1D

Bragg reflector; (J) electron beam. Wavy lines show the directions of propagation of the electromagnetic flows A, and B. The cor-

rugation period of the modified Bragg structure { f) is about twice that of the traditional structure ().

Salical wiasd
—rnannl A A NANN A~ o I. Botvinik et al. Letter JETP 35, 418 (1982)
' e N. S. Ginzburg et al. Tech. Phys. Let. 36 (2010), 952

N. Yu. Peskov et al. Phys. Rev. Accel. Beams. 19
(2016), 060704

electron beam

HF radiation

Scheme of the FEM multplier with a helical wiggler and a two-mirror Bragg resonator.
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“Dynamical diffraction*

*Bragg, W.H.; Bragg, W.L. Proc. R. Soc. Lond. A. 88 (1913), 428 Scheme of multi-wave experiments**
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T is a reciprocal lattice vector.

Principles of diffraction are valid from **V.Afanasenko, V.Baryshevsky et al. Tech.Phys. Let. 15 (1989) 33
V.Afanasenko, V.Baryshevsky et al. Phys. Lett. A141 (1989) 311

X- ray to THz range. 15 V.Afanasenko, V.Baryshevsky et al. JETP Let. 51 (1990) 213




“ Parametric(quasi-Cherenkov) X-ray radiation

The parametric X-ray radiation (PXR) generated by a particle uniformly moving through
a crystal has threshold behavior the same the ordinary Cerenkov radiation and its
intensity is proportional to the crystal length or photon absorption length. It is important
to stress, that PXR does not should be mixed with so-called resonance radiation. In the
contrary of PXR, which frequencies are determined only by a crystal constant, the
frequency of resonance radiation depends on a particle energy. PXR was predicted in
[1,2] and experimentally discovered in [3].

Bragg planes ‘

L
1. Baryshevsky V.G., Feranchuk 1.D.Sov. J. Exp. Tech. Phys, 61, N 3(9) (1971), 942;0}§ov. J. Exp.
Tech. Phys, 64 (1973),760
2. Baryshevsky V. G., Feranchuk I.D. Doklady Akad. Sci. BSSR, 18, N 6 (1974), 499
3. Adischev Yu.N., Baryshevsky V.G. et al. // Sov. JETP. Lett. 41 (1985) 295
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“VFEL new law of instability

New law of instability* for an electron beam passing through a spatially-periodic
medium, valid for all wavelength range and any type of spontaneous radiation (PXR,
Smith-Purcell, diffraction or Cherenkov radiation, radiation in laser wave etc.)

diffracted wave

kT2
)

The increment of instability in degeneration points:
 3+s P19 —9
G~p Totie e |
instead of ~ 3{/; for other systems (TWT, BWT, FEL etc.) Vﬂ/\g/{_dj W
Threshold current in degeneration points: . 1 % '
Jstart ™ /(kL)3+2S k

instead of ~ (kL) for other systems.
s is the number of surplus waves appearing due to diffraction.

*V.G.Baryshevsky, I.D.Feranchuk, Phys.Lett. 102A (1984) 141,

V.G.Baryshevsky, Proc. of the USSR Nat. Ac. Sci., 299(1988), 1363
17




“Volume free electron lasers (VFEL)

Volume (non-one-dimensional) multi-wave distributed feedback (VDFB)
under diffraction conditions is the distinctive feature of VFEL.

e wave
forward ;

1 —
Wave___ e I k

k ‘I

transmitted

vV

backward wave

diffracted wave

Diffraction condition Interacting of the electron beam with electromagnetic field in VFEL is much more efficient than in one-
K o) 0 dimensional situation because the group velocity of electromagnetic waves decreases sharply due to
T+T = continuous reflections of them at periodic planes of resonator. VFEL is an oversized system where

SynChmnlSIn COHdlthIl electron beams of broad cross-section can be used. Due to this and VDFB electron beam radiates more
|0) i kll‘ = Oow ~ 0 effectively. 18




“VFEL experiments at INP

1996 Experimental modeling of electrodynamic processes in volume diffraction grating
made from dielectric threads V.G.Baryshevsky et al., NIM 393A (1997) 71

2001 The first VFEL generation in the millimeter range. Experimental
verification of VFEL principles. Demonstration of frequency tuning

for a fixed electron energy

V.G.Baryshevsky et al., NIM 483 A (2002) 21

2004 VFEL with grid
rectanglular resonator

V.G. Baryshevsky et al.,
NIM. B 252 (2006) 86

2007 VFEL with grid and foil resonators
(photonic crystals)

V. G. Baryshevsky et al. Proc FEL2007, 496; 19
Proc. IRMMW-THz 2010; Proc. FEL2010. Nuovo Cimento 34 (2011), 199




“VFEL in different wavelenght range

Microwave range (2007)

orid resonator

electron beaﬁd \

!

N

a

N
’E\\/

e beam & Smith-Purcell radiation -

o

VFEL with ribbon electron beam (2001) f N | )
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Photonic crystal (resonator)




“VFEL main equations*

OE n 7,006_15 +0.5/[E-0.5iwy E. =1, Two-wave VFEL in Bragg geometry
@altf @ZE 7y, @re direction cosines, ois departure from synchronism
- r . . _ conditions.
ot e 0.5 COZ—TE +0.51 Il ET =0, Xo.+. are Fourier components of the dielectric susceptibility of

the target.
6(t, z, p) is an electron phase in a wave.

We use the method of averaging over initial phases of
electron entrance in the resonator that takes into account

E(l‘,O) — Eo . ET (l‘, L) = Ero as initial phase of an electron not only the moment of time
f, but also transverse spatial coordinate of an electron
entrance in the resonator at z = 0.

d’0 t,z, e®D do(t,z, : '
2122 p):m7/3a)2 (k_ & p)j Re(E(taz/u2)expliazpilt

do(t,0, *Batrakov K., Sytova S. Comp. Math. Math. Phys. 45 (2005), 666
0P g o1, (1,0, p) = p, g = VTR

2
(2= D _io Otz ) /
J -! 7 ( P

dz

t>0, ze[0,L], pe[-2x,2x] 21




*Surface VFEL with diffraction gratings

Baryshevsky et al. NIM (1994),A341,274; NIM (1995), A358, 508

R OISR
SRS

SRS
SRR

GE® K IE® kcE® 27id i o j
- + = -2
ot w Jz w OXx w Oz 0z
2 2 2 2 2 :
é’E+ch é’E+kxc 0”E+l(k w/cg‘))E+lwlTET=0,
ot we, 0z wg, Ox 2we, ZEn
2 2 . .1, 2 2 2
ﬁErJrknc ﬁE“rk,xc 5ET+za);(_TE+z(kT @ /c €°)ET:O.
dt  we, Jz we, Ix @ 2¢g, 2we,
OEY k _cO0E? kcOEY
5 $ 5 > + X > :O
Ot w 6z o Jx 22

l:l:"

(D), (IV)

OE
+

ot

0

L E e DE-= F(E", j™)
ox

A +C

Oz

Il

—_




normalized power

1,0

*VFEL main numerical results
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It was obtained numerically all main VFEL physical laws.

It was demonstrated that there exists an optimal set of VFEL parameters
for effective generation.

It was obtained generation thresholds for INP VFEL experimental setups
It was denoted the necessity of taking into account the dispersion of
electromagnetic waves on photonic crystal for microwave VFEL

It was demonstrated numerically one of VFEL physical features of
suppression of spurious modes inside the resonator.

VFEL was investigated as dynamical chaotic system

A gallery of different chaotic regimes for VFEL laser intensity with
corresponding phase space portraits, bifurcation diagrams, attractors and
Poincare maps was proposed.

It was obtained analytically solution for the stationary problem with electron
beam and for non-stationary small-scale periodic regimes. It was
demonstrated the origin of onset of oscillations.

23
V.G.Baryshevsky et al., Proc. FEL06, 331




Photonic and Nano FEL

Photonic Free-Electron Lasers

P. J. M. van der Slot, T. Denis, J. H. H. Lee, M. W. van Dijk, and K. J. Boller

(Invited Paper)
Laser Physics and Nonlinear Optics, Mesa* Institute for N hnology, D ol Sci
and Technology, University of Twente, 7500 E The

DOI: 10.1109UPHOT.2012.2190724
1943-0655/831.00 ©2012 IEEE

Manuscript ived Feb y 16, 2012; revised March 7, 2012; accepted March 7, 2012. Date of
arromvarsmApmzo 2012 This work was supported by the Dutch Technology Foundation STW,
applied science division of NWO, and the program of the Dutch Ministry of Economic Affairs.
Cormresponding author: P. J. M. van der Slot (e-mail: p.j.m.vandersiol @ utwente.nl).

Abstract: A photonic free-electron laser (pFEL) produces coherent Cerenkov radiation from
a set of parallel electron beams streaming through a photonic crystal. The function of the
crystal is to slow down the phase velocity of a copropagating electromagnetic wave, such
that also mildly relativistic electrons (of about 10-keV energy) can emit coherent Cerenkov
radiation. Starting from spontaneous emission, the feedback of the radiation on the
electrons results in bunching of the electrons on the scale of the radiation wavelength, and
consequently, coherent radiation can build up. The frequency of the coherent mode is set by
the electron velocity and wave dispersion of the photonic crystal and can, a priori, be

continuously varied by varying the electron energy. The scale invariance of Maxwell's
equation allows operation from Gigahertz to Terahertz and possible infrared (IR) frequencies
without the need to increase the electron beam energy. Therefore, the pFEL is a very

(b)
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X-RAY OPTICS

Highly efficient nanoscale X-ray sources

Irradiating arrays of metal nanowires with intense femtosecond laser pulses produces high-brightness picosecond
X-ray pulses. By specifically tailoring the plasma properties, up to 20% conversion efficiency of optical light inta

X-rays can be achieved.

Daniel Rolles

hen it comes to intense and
short-pulse X-ray sources, much
of the attention in recent years

has focused on X-ray free-clectron lasers'
and high-harmonic-generation sources
Rightfully s, since their extreme intensities
of upte 10" W cm * and their ultrashort
pulses down to a few tens of attoseconds have
ibled studies of light-matter [
regimes that had previously been far beyond
reach™, and have spurred the development
of ground-hreaking techniques such as serizl
femtosecond nanocrystallography.

However, there are many time- resolved
X-ray imaging and spectroscopy applications
that do not require such mind-boggling
Intensities nor few-femtosecond or even
attosecond pulses, but would benefit from
a compact and high-brightness picosecond
X-ray source. This is where the recent work
of Reed Hollinger and co-workers, reported
in Optica, can play out its full potential .

By irradiating an array of metal nanowires
with high-power femtasecond laser pulses,
the team is able to generate extraordinarily
bright picosecond X-ray pulses, overcoming
previous limitations in the conversion
efficiency of aptical laser light into X-rays by
specifically tailoring the plasma properties
to favour X-ray emission over competing
coaling processes.

Although various methods for
generating X-ray pulses from dense plasmas
produced by irradiating solids with intense
femtosecond laser pulses have been studied
for several decades, most schemes suffer
From a very low conversion efficiency of
optical laser light imto X-rays. Typically, less
than 0.1% of the laser energy impinging on
the target is converted into X-ray photons
with a photon energy of 1 keV or above. Even
the use of nanostructured surfaces, such as
arrays of metal clusters or nanowires, which
increase the fraction of the laser energy that
is ahsorbed by the plasma, could not increase
the conversion efficiency beyond 1% due to
the rapid expansion of the plasma and the
assocated hydrodynamic cooling'.

Guided by detailed numeric modelling

Hollinger et al. have now managed to

of the plasma formation and evolution, 2 Iu\a:rn:rm'upml J was
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Toward the nano-FEL: Undulator and Cherenkov mechanisms of light

emission in carbon nanotubes

o 5
K.G. Batrakov, P.P. Kuzhir", S.A. Maksimenko
Institute for Nuclear Probiems, Belarus State University, Bobruiskaya 11, 220030 Minsk, Belarus
Available online 24 August 2007
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Radical increase of the parametric X-ray intensity under condition of
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1. Introduction

Parametric X-ray radiation (PXR) occurs when a charged particle
maoves uniformly in a periodic medium |1,2] and possesses unique
features such as high brightness, narrow speciral width and the
possibility of runing the X-ray frequency simply by rotating a crys-
tal target. Moreover, PXR is emitted under a large angle with respect
to the particle velociry and irs brilliance is competitive with other
X-ray sources, as already demonstrated experimentally |3 |. Conse-
quently. all these properties make it a suitable candidate for the
development of novel-laboratory-compact X-ray sources with high
brightness and tunable, quasi-monochromatic frequency.

" 5o

fald

Parametric X-ray radiation (PXR) from relativistic electrons movil
onsidered. In this geometry the emission of photons
etric diffraction (EAD). In the EAD case the whole crystal
X-ray radiation epposed to Laue and Bragg geometrics, where

X-ray absorption length. We demanstrate that this phenom
dynamical theory of diffraction and predict a radical increase of
realistic clectron-beam parameters, an increase of two orders

be obtained in comparison with convention
in details the experimental feasibility of the detection of PXR-E]

selanus

experimental ged

angle to its surface, ie., tra
according to kinematic model
is proportional to the smallest
tion Ly, lengths. In the X-ray
therefare in most cases Ly, =
of the electron trajectary conti
As was mentioned above,
with respect to the electron
change the geometry of an ef
entire crystal length will cof
Accordingly, this will lead to
quanta in the PXR peak.
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ARTICLE INFO ABSTRACT

Feywonas: We investigate parametric X-ray radiation (PXR) under condition of the extremely asymm
the ultra-relativistic electron bunch is moving in vacunm paralle] to the crystal-vacuum interface, close to the
erystal surface. This type of geometry.
when the self-field of the partidle beam interacts with the reflecting metal grating, namely the Smith-Purcell
effect. We demonstrate that in this geamelry the main cantribution is given via a tail region of the beam dis-

Parametric X ray radiation
Smith Pusesll effect

Dynamical difraction

EXITEmELY 3SyMmELTic airaction

diffraction, when

ides with the well known mechanism of gencration of radiation,

tribution, which penetrates the crystal and X-rays are radiated along the normal to the crystal surface. We

delermine the clectron beam charareristiss, when this phenomenon can be ohservod. It is mmual that

n this

geometry the majority of electrons docs nol und
the particle beam are not changed, thus allowing the usage of the emitied X-rays for mc purpm'. of non-de-
struetive beam disgnostics, which ean complement the traditional knife-edge method

1. Introduction

Parametric X-ray radiation (PXR) Is generated when a charged
particle moves uniformly in a periodic medium [1,2]. The typical
property of this type of radiation Is that it is emitted under the large
angle 1o the velocity of the charged particle. In additlon, It Is char-
acterized by high brightness, narrow spectral Interval and possibility to
unlformly tune the frequency of the radiated photons. Moreover, the
Intensity of radiation is relatively weakly dependent on the particle
energy. Furthermore, the large angle of the emitied photons allows one
to employ non-conventional geometries, which can lead to the im-
provements of the various characteristics of the emitted radiation [3]

Recently, It was demonstrated [4] that the Intensity of the radlation
can be significantly increased if the grazing geometry under condition
of the extremely asymmetric diffraction of the emlited photons (PXR-
EAD) is employed. However, in that case the electrons were moving
Inside a crystal, parallel to the crystal vacuum Interface. Consequently,
In tht sityation the effective lenath of e eleciion {raleciory which

electrons exhiblis moving Inside the crystal

For this reason, It Is essential to investigate the geometry, in which
the whole crystal length contributes to the Iniensity, but the limiting
factor of multiple electron scattering is removed. The most natural way
Is o consider that the electron beam is moving ousside of a crystal in
vacuum, at a small distance 1o It, but still parallel to the crystal-vacuum
Interface. This geometry corresponds to the Smith-Purcell effect [5,6],
but In the X-ray frequency range due to the parametric radiation me-
chanism (PXR-SPG). In this case the electronic density of a crystal
corresponds to the metal surface grating, Interaction with which gen-
erates the radiation in optical or microwave ranges [7,5] -rays
[9,10]. For this reason, the radiation field is formed QEKE dif-
fraction of the electron beam self-field on the periodic c den-
sity of the crystal. Consequently, the determination of the character-
Istics of PXR-SPG, the discussion of Iis possible observation and
applications for the beam diagnostics (11] are the main goals of the
present work.

1547-4771, Physics af Particles and Nuclei Levters, 2021, Vol. I8, No. 3, pp. 338—353. © Pleiades Publishing, Led., 2021.

PHYSICS OF SOLID STATE
AND CONDENSED MATTER

FLAP Collaboration: Tasks and Perspectives.
Study of Fundamentals and New Applications
of Controllable Generation of Electromagnetic Radiation
by Relativistic Electrons Using Functional Materials

A. Baldin®, A. Aryshev'/, A. Avetisyan’, L. Aloyan', E. Baldina® *, Yu. Bazarov®, D. Bogoslovsky’,
V. Bleko?, A. Beloborodov®, A. Bulavskaya®, Yu. Cherepennikov, Y. Dalyan/, A. Dorokhov’, A. Fedorov*,
K. Fedorov/, M. Gostkin®, L. Grigoryan*, N. Karapetyan’, P. Karataev, M. Karpov#, P. Kharyuzov’,
V. Kocharyan*, D. Korovkin®, S. Kuleshov", A. Safonov®, 1. Kishchin®, V. Kim* ¢, V. Kobets”,

A. Kubankin’, E. Kuznetsova® ¢, A. Mkrtchyan*, A. Movsisyan*, L. Myshelovka®, R. Nazhmudinov®,
K. Popov/, A. Potylitsyn‘, A. Saharian*, I. Samofalova“, A. Shahbazyan’, S. Stuchebrov<, A. Trifonov~,
S. Tyutyunnikov, K. Vokhmyanina®, K. Yunenko®, V. Zakhvalinskii®, J. Zamora Saa",

A. Zelenov”*, and A. Zhemchugov”

4 Joint Institute for Nuclear Research, Dubna, 141980 Russia
? Belgorod National Research University, Belgorad, 308015 Russia
¢ National Research Tomsk Polytechnic University, Tomsk, 634050 Russia
4 Petersburg Nuclear Physics Institute, National Research Center “Kurchatov Institute,” Gatchina, 188300 Russia
¢ 8t. Petersburg Polvtechnic University, St. Petersburg, 195251 Russia
! John Adams Institute at Royal Holloway, University of London, Egham, Surrey, TW20 0EX, UK
¥ Federal State Unitary Enterprise Russian Federal Nuclear Center — All- Russian Research Institute of Experimental Physics,
Sarov, Nighny Novgorod oblast, 607188 Russia
i Center for Theoretical and Experimental Particle Physics (CTEPP) of UNAB (Universidad Andbres Bello),
Repuiblica 220 piso 2, Santiage, Chile
' KEK: High Energy Accelerator Research Organization, 1-1 Oho, Tsukuba, Ibaraki, 305-0801 Japan
4 SOKENDAI: The Graduate University for Advanced Studies, I-1 Oho, Tsukuba, fbaraki, 305-0801 Japan
¥ Institute of Applied Problems of Physics, National Academy of Sciences of Armenia, Yerevan, 0014 Armenia
! Department of Molecular Physics, Faculty of Physics, Yerevan State University, Yerevan, 0025 Armenia
* e-mail: e.baldina@mail.ru

Received December 7, 2020; revised December 21, 2020; accepted December 21, 2020

Abstract—We present the scope of research of a new collaboration FLAP (Fundamental & applied Linear
Accelerator Physics collaboration) devoted to the study of the basics of electromagnetic interactions and new
applications of controllable generation of electromagnetic radiation by relativistic electrons using functional
materials.




*VFEL main references

V.G.Baryshevsky, I.D.Feranchuk, Phys.Lett. 102A (1984) 141,
V.G.Baryshevsky et al.. Dokl. Akad.Sci.USSR 229 (1988) 1363

V.G.Baryshevsky et al., J. Physics D: Appl. Physics 24 (1991), 1250
V.G.Baryshevsky et al., NIM A341 (1994), 274, NIM A358 (1995), 493

Baryshevsky V. G., Gurinovich A.A. NIM B252 (2006) 92
V.G.Baryshevsky et al., NIM A483 (2002) 21
V.G.Baryshevsky et al., NIM B252 (2006) 86

V.G.Baryshevsky et al. Proc. IRMMW-THz 2010; Proc. FEL2010
Baryshevsky V. G. High-energy nuclear optics of polarized particlés.

World Scientific Publishing Company, 2012

Baryshevsky V. G. et al. Parametric X-ray radiation in crystals.

Theory, experiments and and applications. Springer, 2005
Baryshevsky V. G. NIM B355 (2015), 17

Baryshevsky V. G., Gurinovich A.A. Phys. Rev. ST 22 (2019), 04470

26

High-Energy
Nuclear Optics
of Polarized
Particles

Vladimir G. Baryshevsky
Ilya D. Feranchuk
Alexander P. Ulyanenkov

Parametric X-Ray
Radiation in Crystals
Theory, Experiment
and Applications

Contents lists available at ScienceDirect

e e M

Nuclear Instruments and Methods in Physics Research B~ [»=

journal homepage: www.elsevier.com/locate/nimb

Spontaneous and induced radiation by electrons/positrons in natural and @Cmmm
thotonic crystals. Volume free electron lasers (VFELs): From microwave

and optical to X-ray range

V.G. Baryshevsky

Research Institute for Nuclear Problems, Bobruiskaya sir, 11, 220030 Minsk Belarus




“VFEL last info

Supercomputing Center, Korean Institute of Science and
Technology Information (KISTI), Daejeon, Oct. 23, 2023

HIPLE

; THE WORLD WITH DATA

NIHIZ (%)

Road to Waorld




“ Information technology based on free software

1. Development of electronic document management system of the testing
laboratory (framework) eLab based on free software

2. Establishment of nuclear knowledge management system in the
Republic of Belarus and development of Belarusian portal of nuclear
knowledge BelNET (Belarusian Nuclear Education and Training)
https://belnet.by/, https://belnet.bsu.by/, https://net.inpnet.net/
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“ Information technology based on free software

Intellectual information system of a Gosatomnadzor employee to ensure control
(supervision) in the field of nuclear and radiation safety contains the following

modules:
1.  Module of control (supervision) over ensuring safety during the construction, commissioning and
operation of the Belarusian NPP, including control (supervision) over the equipment, systems and
elements of power units No. 1, 2 of the Belarusian NPP;
Module of control (supervision) over radiation safety of ionizing radiation sources;
Module for accounting and control of nuclear materials, radioactive waste and spent nuclear materlal
Module "General information and auxiliary tools " @

e e

‘‘‘‘‘‘‘‘

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

The system is connected to the Unified Register of Licenses https://license. qov by/ and thé déitéﬁééé @‘1’ the
Ministry of Taxes and Duties of the Republic of Belarus http://nalog.qov.by/-. A

At present, in the Republic of Belarus at the level of the regulatory body, all accountlng of sources of
ionizing radiation, all accounting of nuclear material with reporting to the IAEA and supemgon of the
construction of the Belarusian NPP are carried out with the help of the system:. S
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“ Information technology based on free software

Framework eLab is a client-server architecture system running undo

Windows and Linux operating systems, based on free software: =
» Debian GNU / Linux f
> Apache web-server

> Firebird database server .
» PHP application server. i

it works through the Web interface in multi-user mode with shared
access rights through any browsers: Mozilla Firefox, Google Chrome, e
Opera, etc. e |
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Steps in eLab development:

2010 — eLab is implemented in the educational process of Belarusian State

University, Belarusian State Technological University, Belarusian National

Technical University, in the Chemical-toxicological, laboratory of the Minsk Drug

Treatment Clinic.

2012 — Commissioning of eLab-Fuel in 202 Chemmotology Center of the Fuel for quality monitoring and
management of specimens, measurements and passports of fuels and lubricants of the Belarusian Armed Forces.
2013 — Commissioning of eLab-Fuel in Belarusian branch of company GazPromNetft.

2014 — Software elLab-Atom for control of ionizing radiation sources

2015 — Developed CMS eLab-Science

2015 — Portal of nuclear knowledge BelNET https://belnet.bsu.by,

2017 — Portal of the project of Programme Horizon2020 Coexan https://coexan.bsu.by

2018 — Software elLab-Control for Intellectual information system of the Gosatomnadzor employee to ensure
control (supervision) in the field of nuclear and radiation safety

2019 — Scientific portal https://elab.bsu.by/

2021 — Start of work on development of nuclear knowledge management system in Belarus and futher
development of portal BeINET https://belnet.by/ 31




“ BeINET is a repository of nuclear knowledge of

https://belnet.by/
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“ Methods of quality control of alcohol and
alcohol-containing products

Absinthe drinkers by ChatGPT
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“ Methods of quality control of alcohol and
alcohol-containing products
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66t Session of the Sub-Commission Methods of
Analysis

Proposal of the Russian Federation for new work on
«Method for determination of volatile compounds
in spirituous beverages of vitivinicultural origin

using contained ethanol as a reference substance»

Project presentation
Wednesday 27™ of September 2023
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CII-SCMA 2023-08 CR_EN

COMMISSION Il - « DENOLOGY »

SUB-COMMISSION “METHODS OF ANALYSIS”

Proceedings report of the 66" session
Date:  27/09/2023
Place: Video conference Kudo

ClI-SCMA 2023-09 CR_E

Acereditation Cooperation  the global acereditation
(ILAC) systems,

The goal is to continue the
relationship OIV /ILAC and find
further ways of collaboration.

V/ Items on the agenda for the next session (without prejudice to subjects which may be added

later)

Author

Country

Russia

Subject Follow up

Method for determination of s
valatile compounds in The topic will be added to

Work Programme 2024 and to

spirituous beverages of
the agenda of the next SCMA

vitivinicultural origin using £
contained ethanol as a mecting,
reference substance.




Current status:

OlV, Regional & National Methods for the Determination of Volatile Compounds in
Spirituous Beverages of vitivinicultural origin

oIv

.‘ gl

L
»
T

|

OIV-MA-AS312-03A:R2015
OIV-MA-BS-14:R2009
OIV-MA-AS315-27:R2016

Commission Regulation (EC)
No. 2870/2000

GB/T 11858-2009
GB/T 15038-2008
GB 5009.266-2016
GB/T 10781-2021

BIS IS 3752:2005(R2009)
Norma Mexicana
NMX-V-005-NORMEX-2018

AOAC Official Methods
972.10/11, 2005

» In the vast majority of countries, the determination of the content of volatile
components in alcoholic beverages is carried out using gas chromatographs
with a flame ionization detector (GC-FID)

» Quantitative calculation of the concentrations of volatile components is
carried out using the traditional internal standard (IS) method

» This method was adopted in the European Union as official EC 2870/2000
based on the results of an interlaboratory study carried out in 1999 with
wide international participation

» The traditional internal standard requires a manual procedure for adding an
internal standard substance to the test sample

» In order to eliminate the manual procedure (1) for introducing an internal
standard substance into the test sample, to increase the reliability of the
experimental data obtained (2), to reduce the cost (3) and reduce the
analysis time (4), a new method using ethyl alcohol as a reference substance

directly contained in analyzed samples, is proposed
36




Background & Differences

Internal Standard Method
(IS)

RS =N

1 23 4 S - operations
» In accordance with the traditional IS method the concentration of

the i-th component in terms of mg/kg is determined by the
following formula:

A.
Ci(mg/kg) = RRF/* -A—I‘S - C1s(mg/kg)

» The values of the relative response factors RRF of the detector to

the analyzed volatile compound relative to the response to the

selected internal standard are calculated using the following

calibr calibr
formula: C_(me/kg) Ais

RRF}® =
Ccallbr (mg/kg) Acallbr

» To calculate the concentration of the component, expressed in
mg/L AA, it is necessary to measure the density of the sample
and determine its strength (volume content of ethanol):

Aj Psampte (kg/L) - 100 %
i L AA) = st . p
C;(mg/L AA) = RRF; . Cs(mg/kg) Strenath® (%o ABT)

New method with Ethanol as a Reference Substance
Eth-RS)

{ 3 |Rs

~

2 5 - operations
» In accordance with new method «Fthanol as a reference
Substance» (Eth-RS), the concentration of the i-th compound in

the dimension mg/L of anhydrous alcohol (AA) is determined by
the following formula:

_ gen | _Ai
C;(mg/L AA) = RRF;*™" - Ao - peen(mg/L)

» The values of the relative response factors RRF of the
detector to the analyzed volatile compound relative to the
response to ethanol are calculated using the following

formula: G (mglL Ad) AR

RRFE™h =
' Peen(mg/L)

" “jcalibr
Ai

» Ethanol is always present in alcoholic products and its concentration
in mg/L AA is always known with a 100% guarantee and is equal to
the density of ethanol pg,;, = 789270 mg/L

» There is no need to add any internal standard to the sample

37

» There is no need to determine density of the sample and its strength




Response logarithm

New method — New possibilities:
Easier, cheaper, trust & robust measurements

Internal Standard Method (IS)

1 250 mL

determine volume ethanol content

1
||

100 mL
—‘—_"x.
I-}p? /

T LsmL .

add Internal Standard

ime, min

Response logarithm

o
n

o
o

1
wn
1

n
o

New Method (Eth-RS)

» The equipment and reagents for

1.5 mL

ISTD

» The main

preparing calibration mixtures
are the same as in the current
OIV regulations and in regional
& national standards of wine
producing countries

difference  and
advantage of the proposed
method is that there is no need to
introduce a separate reference
substance into the analyzed
sample and determine density of
the sample and strength.

Crinano = 789300 mg/L AA

'J JJ . FJMJ@M;
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New method’s application: Determination of aldehydes, esters, methanol and higher alcohols in different beverages

A 1 i i [ 4 A
E - I —
il ] = | al -
o § e 0% | %  4B% . 40% 40 % T 0% (B A% | = 47% 45 %
() i v 4 =
B v ABV | wmm ABV| fmsd ABV ABV = ABV aev | & ABv| 7 ABV
Rum Whiskey Bourbon Grain spirit Brandy Grappa Calvados Gin Slivovice
- 48.1 1043 44.0/84.7 / 4662 210 6255
IS-Method, 2 4 162 /589 /6693 / 132 150 / 645 / 5546 / 88.4 eAhit 143 /396 / 4801 / 297 191/289 /2113 /414 182 /583 /3690 /910 1.70/0/1.54/4.16 52t
mg/L AA 29292 110 10546
48.4 /146 /1051 / 44.4/85.4 /4703 / 211/912/6288/
Eth-RS-Method, mg/L AA 223 ¥ 160 /584 / 6635 / 130 151/649 /5580 / 88.9 11 142 /396 / 4794 / 297 190 /288 /2100 /412 182 /585/3702 /913 1.72/0/1.55/4.19 10603)
A, % 0.7/0.7/0.7/0.7 -0.9/-09/-0.9/-0.9 0.6/0.6/0.6/0.6 0.9/09/0.9/0.9 -0.2/-0.2/-0.2/-0.2 -0.6/-0.6/-0.6 /-0.6 0.3/03/0.3/0.3 0.8/-/09/0.9 0.5/0.5/0.5/0.5
B =
3 g F ‘ | a
— = - -
)8 o o &= jﬂ& 0 )
Result for U9 38% 145% B 38% - 15 % 18 % 85 % E 70 % 275% | &= 40 %
“E5 ABV ABV | = ABV | (' ABV ABV ABV ABV | ~— ABV - ABV
Tsikoudia Sake Tequila Vermouth Nalewka Mulled wine Rectified spirit Cocktail Vodka
IS-Method, _ 37.6/47.0 /1367 / 34.8 /126 /2895 / ~
356 /266 /2297 /755 30.5/0/594/17.5 47.4/74.4/10.3/168 | 22.7/55.9/871/25.3 4.83/25.2/0/6.05 61.9/84.0/728/77.3 0.504/0/0/21.8
mg/L AA 18.2 1456
37.2/46.5/1352/ 34.9/127/2904 /
Eth-RS-Method, mg/L AA | 359/268/2316/761 18.1 7 1460 30.6/0/5.98/17.6 47.8/75.1/10.4/169 | 22.5/55.6/866/25.1 4.81/25.1/0/6.03 61.1/83.0/719/76.3 0.50/0/0/21.7
A, % 0.9/0.8/0.9/0.9 -1.1/-1.1/-1.1/-1.1 0.4/03/0.3/0.3 0.6/ -/0.6/0.6 0.9/09/0.9/0.9 -0.6/-0.5/-0.6 /-0.6 -04/-04/-/-0.4 -1.3/-1.2/-1.2/-1.2 0.7/ -1-/-07
- o A . '
| 38% | & 17% | 5 0
ie : B 25 % 16 % 4 5% | O 0. A 56%
Result for v ABV e ABV - ABV — = 40% s
— ABV ABY ABV ABV
ABYV
Liqueurs
n " Rakia Baijiu
Sambuca Egg Herbal Limon Cherry Raspberry Sloe gin J
_ 38.1/13.5/9.39/
IS I\;Ift}:f’ 4.20/0/2.44/2.32 6.89/0/125/9.75 195 25.1/0/0/29.1 18.4/266/0/9.77 36.6/31.8/0/127 1.12/0/0/20.5 92.2 /1334 /6165 /11862 63.9 /1072 /2114 /115
mg 4
- 38.2/13.5/9.43/ .
Eth-RS-Method, mg/LAA 4.24/0/2.46/2.34 6.94/0/125/9.81 19.6 253/0/0/29.4 18.5/267/0/9.82 36.2/31.5/0/126 1.13/0/0/20.7 91.6 /1325 /6217 /11791 64.3 /1079 /2128 /116
A, % 0.8/ -/08/0.8 0.8/ -/0.7/0.7 0.4/0.4/04/0.4 08/-/-/0.8 0.5/0.6/ -170.5 -1.0/-1.1/ -/-1.1 0.6/ -/-/0.6 0.6/0.7/0.6/0.6 0.6/ 0.6 / 0.6/0.6
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The relative difference between obtained values of concentrations (A, %) measured according to the IS-Method (EC 2870/2000) and
new Eth-RS-Method method does not exceed 1.5 %




“ New Method’s Validations; single- and interlaboratory tests

> Results of the single-laboratory validation (published in Journal of AOAC International, 2019.- Vol. 102.- No. 2.- P. 669-672
(doi:10.5740/jaoacint.18-0258).

» Short description of the validation’s procedure: (1) Conditions - 7 standard solutions of the following volatile compounds were prepared
gravimetrically in 40% (v/v) water-ethanol solution: acetaldehyde, methyl acetate, ethyl acetate, methanol, 2-propanol, 1-propanol,
isobutanol, 1-butanol, and isoamylol. Each sample was measured with the proposed method 30 times in repeatability conditions; (2) Results
- FID-response was linearly correlated with assigned concentrations at a range of 2 to 5000 mg/L of absolute alcohol (AA) with coefficients of
determination (R2) more than 0.995 for all analyzed components. Repeatability (RSDr < 4.5%; RSDr < 2.0%), reproducibility (RSDR < 5.0%;
RSDR < 2.0%), and trueness (relative bias < 2.6%; relative bias < 1.4%) were obtained for low (10-25 mg/L AA for methanol and 2-10 for other
volatiles) and high (25-5000 mg/L AA for methanol and 10-5000 for other volatiles) ranges of concentrations, correspondingly; (3)
Conclusions - the method increases the reliability of measurements and eliminates manual procedures of internal standard addition into
both calibration standard solutions and spirit drinks; (4) Possibilities for additional validations - in addition, the following example of
method validation based on interlaboratory tests can also be given. Regularly, twice a year, the Bureau National Interprofessionnel du
Cognac (BNIC) carries out interlaboratory comparisons for the quality control of cognac and brandy, in which more than 15 profile
laboratories take part.

» Results of the interlaboratory test (published in BIO WEB of Conferences, 2019.- V. 15.- 8  pages
(https://doi.org/10.1051/bioconf/20191502030 ).

» Short description of the validation’s procedure: (1) Conditions - in this study 9 laboratories from 4 different countries were supplied with
standard solutions for gas chromatographic measurements. Five aqueous ethanol 40% (v/v) standard solutions containing target compounds in
concentrations ranging from 10 mg/L to 400 mg/L of absolute alcohol were prepared and sent to the participants for quantification of
acetaldehyde, methyl acetate, ethyl acetate, methanol, 2-propanol, 1-propanol, 2-methyl-1-propanol, 1-butanol and 3-methyl-1-butanol.
The interlaboratory validation was evaluated according to the I1SO 5725 standards and the Eurachem guide; (2) Results & conclusions - the
within-laboratory precision varied between 0.4% and 7.5% for all samples and compounds, showing a sufficiently high repeatability of the
method. The between-laboratory precision was found to vary within a satisfactory range of 0.5% <+ 10.0%. Precision of the method was well
within the range predicted by the Horwitz equation for all analytes. The analysis of trueness showed that the bias of the method is
insignificant at the significance level a = 5%.

» Results of additional validations: ILIADe 453:2021 | CLEN Method. Determination of Isopropyl Alcohol and Methyl Ethyl Ketone in Alcoholic
Products by GC-FID [Electronic resource]. - 2021 (link for download: https://taxation-customs.ec.europa.eu/system/files/2022-
02/ILIADe453 IPA%26MEK_v2Feb2021.pdf).
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“ New method; information support - papers, reviews, reports & communications at

the OIV World Congresses, trainings videos & materials

» Journal of Agricultural and Food Chemistry, 2013. -Vol. 61. - No.12. - P. 2950-2956 (doi: 10.1021/if3044956)
» Journal of Chemical Metrology, 2018. - Vol. 12. - No.1. - P. 59-69 (doi:10.25135/jcm.14.18.02.063)

» Food Control, 2021. - Vol. 120 - P. 107528 (doi: 10.1016/j.foodcont.2020.107528)

» Food Analytical Methods, 2021 (doi: 10.1007/s12161-021-02047-8)

» Journal of Food Composition and Analysis, 2022. - Vol. 114. - 104772 (doi: 10.1016/j.jfca.2022.104772)

» Journal of Food Composition and Analysis, 2023. - Journal of Food Measurement and Characterization (doi:
10.1007/511694-023-01868-x)

» 424 & 44th OIV World Congresses of Vine and Wine, 2019, 2023

» Several training materials were prepared on the official method website elab.inpnet.net: (a)
https://elab.inpnet.net/article/282 -theoretical background; (b) https://elab.inpnet.net/article/430 - Development of
the method for determination of volatile compounds in spirituous beverages of vitivinicultural origin using contained
ethanol as a reference substance; (c) https://elab.inpnet.net/article/788 -about the method - video; (d)
https://elab.inpnet.net/article/430 - practical recommendations for «Agilent Chemstation»

elab.inpnet.net )
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* New method; app!

CHARLES UNIVERSITY

Faculty of Science

Study programme: Analytical chemistry

Anton Korban, M.Sc.

Development and metrological evaluation of gas chromatographic

methods for quality and safety control of alcoholic products

Vy¥voj a metrologické hednoceni metod plynové chromatografie pro

kontrolu kvality a bezpe&nosti alkoholickych vyrobkd

Doctoral thesis

Supervisor: Assoc. Prof. Radomir Cabala, Ph.D.

Prague. 2022
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Ve Vizovicich 26.11.2021

Véc: Podékovani za spolupraci — Anton Korban

Vazeny pane dékane!

Chtél bych Vas alespon touto cestou informovat o spoluprdc, kieruu jsme
navizali s jednim z Vasich studenti doktorského studia panem Antonem
Korbanem a souéasné Vam moc podékovat za podporu, klerou této
spolupraci jako $kola poskytujete.

Nase spole¢énost RUDOLF JELINEK a.s. je nejvétsim svétovim vyrobeem

ych destilati. Jiste si dovedete pfedstavit kolik riznych faktorn
potfebujeme v nasi zavodni laboratofi analyzovat a upfimné, nase kapacity
jsou omezené. Mame k dispozici plynovy chromatograf, ale nemame kapacitu
na to, abychom vyvijeli rizné metodiky pro stanoveni ruznych sloucenin

v nasich destilatech. A tak jsme se néco vice nez pfed rokem spojili s Vagim
studentem Antonem Korbanem a dombuvili se s nim, Ze by nam v tom mohl
pomoci.

Zavedli jsme s jeho pomoci metodu na stanoveni tékavych latek v nasich
destilatech, kterou téméf denné pouZivame a velmi ndm usnadnila
kazdodenni Zivot. To, co hlavné ocenujeme na Antonovi je jeho pracovitost,
cilevédomost a ohromna snaha nam vidycky pomoci. Anten byl Uz i u nas ve
Vizovicich, a tak jsme méli moznost detailné pochopit zavedenou metodu a
uspésne ji aplikovat v praxi. Od té doby uZ jsme udélali jists nékolik desitek
¢i stovek analjz, coz nam moc poméha i v kentrole nasi technologie. Nyni
bychom radi ve spolupréci pokragovali, chceme vyvinout presnéjsi metodu
na stanoveni cthylkarbamatu a nékterych dalSich, zejména aromatickych
latek.

Chtel jsem Vam o vSem tomto napsat, protoZe velice ocefiuji, Ze jsme nasli
nékoho, kdo ndm poméha pfimo v praxi konkrétnimi ciny.

Jesté jednou moe dékuji a véfim, Ze i v budoucnu podpofite nasi spolupraci.

8 uctou,

R — HUDOLE 35

Ing. Vladimir Darebnik
prokurista

AUTALE JELINEK 8 5. Akaow &7
16 43071 361 tal: 420577 GG 120 1oz 142

12 Vizmrice. Canch Fegul
TUSE 77T cjednekBirninet

sl £

ication in research




“ New method; main adyantages

» There is no need to purchase an internal standard reagent

» There is no need for a manual procedure for quantitative addition of an internal standard
substance to the analyzed samples and standard mixtures

» A GC-chromatograph equipped with a FID-detector from any manufacturer can be used

» Uncertainty of the concentration of the reference substance is zero
(concentration of ethyl alcohol expressed as «mg per liter of anhydrous ethanol>)

» The relative response factors RRF of the detector response to the volatile compound relative
to the detector response to ethanol RRF, which determine the calibration characteristic of
the GC for the proposed method, can be tabulated, which makes it possible to significantly
increase the time interval between calibrations

» There is no need to determine strength of the sample
» There is no need to determine density of the sample

» General result - the determination of the quantitative content of volatile components in
alcoholic products becomes (1) more reliable, (2) cheaper, (3) faster, (4) simpler & (5) more

robust 43




OIV-MA-AS312-03A - simplification
Methanol

COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS-OIV
Methanol

Type 1l method Hifiproved

Methanol
(Resolution Oeno 377/2009, Revised by OIV-OENO 480/2014,
Revised by OIV-OENO 48072014)

1. Scope of application
This method is applicable to the determination of methanol in wince for

concentrations between 50 and 500 mg/L.

2. Principle

Methanol is determined in the distillate, e + chrpri—rrrrebebeek

"

using gas graphy with a flame i detector (FID). [THENSIRSRSI

3. Reagents and materials

3.1. Type Il water, according to 1SO standard 3696

3.2. Ethanol: purity > 96 % (CAS no. 64-17-5)

3.3 Hydrogen: minimum specifications: 99.999% purity (CAS no. 1333-74-0)
3.4. Helium: minimum specifications: 99.999% purity (CAS no. 7440-59-7)
3.5. Methanol: purity > 99 % (CAS no. 67-56-1)

2 6 d Mothadd e 1 1683423
as = t ™ g

& Lstendasd-used in-thevalid

Aeorataide " daind T Lk

OIV-MA-AS312-03A : R20+523 1

[ oF OF ANALYSIS-O1V
Methanol

3.7. Refercnce materials: these may be, for example., wines from kaboratory

proficiency tests.

3.8. Prepamtion of working solutions (by way of example!

1.8.1. Approximately 10% v aqueous-alcaholic mixture

This mixture should be as close as possible 10 the alcohol content of the wine o
be analysed. Pour 100 mL of ethanol (3.2) into a | L calibrated flak {4.2), make
up to volume with demineralised water (3.1) and mix

& ey Laal standend-£3.63
-
e ofthe- ; " P 3
* PP
el 100 miidd] o108t yedsuatoshadi 181

184, 8 g/l Methanol stock solution

Using an analytical balance (4.1), weigh approximatcly 500 mg of methanol (3.5)
into a 100 ml calibrated flask (4.3) that contsins sbout 60 mL. of 10% ethanol
solution (3.8.1), 50 as to minimise evaporation of the methanol. Make up o volume

with the ethanol solution (3.8.1) snd mix.

385 W

i calibration solutions

By way of example, a method for plotting a calibration curve is outlined below,

A-AS312-03A : R20$588

"

< OF TONAL OF ANAL'
Methanol

3.7, Refcrence materials: these may be, for example, wines from laboratory

proficiency tests.

3.8. Preparation of working solutions (by way of example):

38.1. Approximately 10% v/ oqueous-alcoholic mixture

This mixture should be as close as possible o the alcohol content of the wine o
e analysed. Pour 100 mL of cthanol (3.2) into a 1 L calibrated flask (4.2), make
up 10 volume with demineralised water (3.1) and mix

Ui aioalbalanss (ol aveiph Lyl Lcsnndand3-
$00-mnd-sabibnted-Sask-(4.35 i 60 mlo-of- 10N sshanel

e " "

-

dmak 10042 e d08S 21

3.8.4. 5 g/l Methanol stock solution

Using an analytical halance (4.1), weigh approximatcly 500 mg of methanol (3.5)
into a 100 mL calibrated flask (4.3) that contains about 60 mL of 10% ethanol
solution (3.8.1), 5o as to minimise evaporation of the methanol. Make up to volume
‘with the ethanol solution (3.8.1) and mix

3.8.5. Working calibration sohaions

By way of example, a method for plotiing a calibration curve is outlined below.

OIV-MA-AS312-03A : R204588 2

< OF OF ANALYSIS-OIV
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208 (mg/1 A0 4"
Palmg/l) A

8. Expression of the results

The coacentration of methanol may be expressed in mg/l or in mg/100 ml
absolute alcohol; in the latter case, the alcohol content by volume of the wine
should be determined

Note 2: mg/100 ml. absolute alcohol = mg/L. x 10iakohol content by volume

9. Precision

The data from the interational interlaboratory test is outlined in Annex A

10. Quality control

Internal quality control may be carried out using certified reference materials or
wines whose characteristics have boen determined from a consensus (3,7), These
should be prepared s for the samples (point $). Participation in proficiency fests
i recommended

11. Report of the results

The results are expressed 1o the nearest whole number (in accordance

uncertainty)
12. Bibliography

Compendium of international methods of winc and must analysis. Method OIV-
MA-AS3I2-01A (Alcoholic strength).

OIV-MA-AS312-03A : R204528 6
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- OIV-MA-BS-14 - simplification
Y % Determination of the principal volatile substances of spirit drinks of
oo viti-vinicultural origin
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COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS OF
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Deter of the volatile

of spirit drinks of viti-vinicultural origin

Type ll method

1. Scope

This method is suitable for the determination of the following compounds by gas
chromatography in spirit drinks of viti-vinicultural origin: ethanal (scetaldehyde),
both free and total (obtained from the sum of ethanal and the fraction of ethanal
contained in 1,1-diéthoxyéthane), ethyl ethanoate (ethyl acetate), 1,1-
diethoxyethane (acetal), methanol (methyl alcohol), butan-2-ol (sec-butanal),
propan-1-ol [n-propanal), 2-methylpropan-1-ol (isobutyl alcohol), butan-1-ol (n-
butanol), 2-methylbutan-1-ol (active amyl alcohol), 3-methylbutan-1-ol (isoamyl
alcohol).

e BY Srmimesryien

O a5 10 1250 v e .

2. Normative References
150 3696:1987 Water for analytical laboratory use - Specifications and test
metheds.

3. Definition
Congeners are volatile substances formed along with ethanol duringfermentation,
distillation and maturation of spirit drinks.

4. Principle

Congeners in spirit drinks are determined by direct injection of the spirit drink, or e tmares e of .

appropriately diluted spirit drink, or its distillate, into a gas chromatography (GC) O o il s g S K peiy

system harshs-ackdec dein A s At (314 R )
T e g HA b Rt 40 P Co
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EC 2870/2000 — simplification
Determination of Volatile Substances and Methanol of Spirit
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National Standard of People’s Republic of China GB/T 11858-2008

538 Precision

e 2% aange.
5.4 Total Aldshyde

simplification

Column Temperature (Tc): Intial temperature at 70°C. Maintain temperature for 3 mins and then
10C 10ming

0o e e of cir o g, o oy M o o et chermsghs o B
between

the end goal of compiate separaton of intermal standard peak and individual peaks of each oo
resent in the aiconol sampie achieved as e basss.

o
Tormud (9).

Xy=Nys X, 2037 0

n e tormuta:

£~ Reladve caltason tackar of acetaldetvyde (or acetal

.41 Gas Chromatography Method SALE Ansiysis Procedurs A Poak ma rsamat m
GBIT 11858.2008 54.1.5.1 Dotarmination of Cailbration Factor (f vaiue) w——— -~
Channel vaporized sampie aiong wh The Carrer Gas Into the ChYomatogFaphy columns and Ihen perorm Extract 1 00mL ' 100 Ao Pes
u.m»muwm.mmnwabnmmmmumwnmwm et
ek . i 40% o to ul bath be 0.02%. %
k) A 10 CONMEQUONIN BACTOPINCHES BOtwosN Tha MAabon 4x0ads of Sach component wifin th mmw-mpnuw-mmm . where the.
columns. Separated i fiow cut of e aphy column in a speciic rde inlo the amount of sample jecied wil be pparatus. Make records of the
hysrogen fame ionzation detecice mmmm.mmmmmmmm-mw Toton teos o soeskehydo o he hernl v poak 95 wel PRty
e retention veluss. of e pesks of indvidual compcnents iusirated on the resultant s their indvidual peak area Use these vaks 1o calculate the roiative caltraion facior (1
ummmﬂmmmmumup‘xa(uwmqm_ “akue) of acetaidenyde. © Acetaietyde o Aces| comtert oo, (RN OIS O YOO SO DR
intermal standard,
The rolative calbration tactor (f vahse) of scetaldehyde to M-ikass [ s accordng 1o experience A= Pl
8412 Apparsess akve, at about SISO
National Food Safety Standards i il 54152 Detarmination of Sampls Solution s -
Vodka & s J— — i k040 e Moo by e L
54122 Chromatography Colsmns: PEG2M cross-irked quartz. capilary chiomalography col Inpoct samples.In under the same condiions 98 the | valve ——
cobumn length 25m=50m. nner diameter O 25mm. vaw-qﬂ-ymm'mvmﬂ"nﬂ test and then determine the positions of acetakichyde and M-butano! NI according fo the retention Acetakdonyde (cr Acetal) cortert m 3 ier of 100 eharcl in e SaT i & IS per il
eftect of anaysis. time. Desermine ihe peak of the acetaiden, and intermal standand (ot
peak ] he affarence between and calcutate tha proportion
54123 Micro Injector 10, B it et o et
5413 Reagents and Solutions. 5416 Rosult Calculstion - @ namaor et i g ram par i
imgry
54131 40% Exiancl Solution: Mx shand (chvomstograghically pure) win water ) Calibeation Factor (1 vakue) can b calculaled with e folowing formia (5).
Xam o fo0s k
54132 Acstaicstyde Soution (Z%) Use s standerd sampie. Exract 2 mi soatal fotiad: ®
40% sthanai sohution 6 i reaches 100 mL R X o of e e inr gL
64133 N vtarl Sokamn (Fher Use 93 swomal arderd. Extict 2 mi Nty scohel = 0.5 - Converyicn cosficient of Sceml 1o Scustduye
Issued o 2008-10-19 Implementsd on: 2009.08-01 PPTET I
Issued by the Supervision Sais ——
. ‘awersion rato ~37-1; make fre 1% 13e]
a5
5523 7 Ethyl Acetate Seres Standard 2 micro butafie fo extract volumes of 0.0 L. 675 864 Chromatographic Conamons
Rl L os L 30 i 45 mL iyt acalte sandard sioage resgen (epares 2 1 55.236) o
e orrusa E sixindwickal 100 mi_ conical Same m 5414
ful newly ethyl acetate at 0.0 molL.
X - Total acetaidetyde cortent. unt s muligram per laer (mgiL ;. = 5 5 o 250mglL, 5.00 mgL, 7.50 mgL. 10.00 mpL and 15.00mglL. 585 Ansiysis Procedurs

Vi~ Viokume of iodine stancard reagent used on ihe sampde: ursis milier (mL)

V- sperimert. k@ mBlien (i)

22~ Mokar

it i o £

V- Voluma of sampie sbacrted. und is militer miX

- Toal e e (L)
E - Actual stoorol content of sampie Getermined.

Pesut snould be presented in ans decimal place format

5427 Pracision

o et of
eraQe v OF 7 1681 b $hCa3 1H ExCoB3 Ta 10% Fange
5.5 Total Ester

1 Gan Chromatography Mathod

801 Principle

Same m 541

5512 Apparatus
Samem 8412
5513 Resgents and Soktions

5513 1 4% Eifancl Solution: Mox sthandl {chromaiographically pure) wih water

55132 £y Acstae Souscn (I%) Use a5 sandwd sanpie Earact 2 mi etyl aceme
el 100 mL vokims.

Entirety of the anatyss cperation procedure & Tie Sarme 85 What is GscrBed i secton 5415, wh the

47

5524 Analysis Procedurs
55241 Proparation of Sample Solution

il the sample before any futhes testa,
55242 Stanaard Curve Mustration

A A b el o A e P el s

win stopper. Ade 20 mL. hydroxylamine hydrochioride scluton (prepared as in
S523 mazam 55232 the
et 10 mins. Thereatter, a6d 2.0 mL hydrochloric acd solution (prepared.as in §.5.2.3.3), mix every. Then
869 20 ML feme chionde solution (prepared a8 n 55.2.3.8), mix evenly again. Use @ 1 cm cuvelte,
Fecaiirate to 2810 with under  wavelengn
0 525 nm. Piot e standard curve.

55243 Dotormination of Sample Solution

Bt R A T N S 1Y 2 G e e 0 A
in section 5.5.24.2 Delemming the sthyl acelate cantont on the
ly. use Inear regression lo caiculate the

average value of the tast results should not exceed iha 10% range
5.8 Mothanol

561 Principio

Same as54.1.1

562 Apparatus

Sameas54.12

563 Resgents and Solution

5631 M ethanal pur

L

5832 Use Extract
then t7ato R with 40% ool solution B & reaches 100 L voiums.
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5032) nstesa

568 Result Caicustion

Same ms 5418

847 Precision

Same s 5417

57 bagh Quasty Aiconois

7.1 Princigle

Samems 5411

572 Apparatus

Samemsa12

57.3 Roagents and Solutions

s73180% e

5737 lchuancl Sokfion (%) Use as sandard sample Exract 7 mi obutancl
pure) ' 100 mi. voume.

7.4 Crromatographic Condmions.
Same as 5414
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Disclosure to Promote the Right To Information

Whereas the Parliament of India has set out to provide a practical regime of right to
information for citizens to secure access 1o information under the control of public authorities,
in order to promote transparency and accountability in the working of every public authority,
and whereas the attached publication of the Bureau of Indian Standards is of particular interest
10 the public, particularly disadvantaged communitics and those engaged in the porsuit of
education and knowledge, the attached public safety standard is made available to promote the
timely dissemination of this information in an accurate manner to the public.
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Mardoor Kisan Shakti Sangathan Jaw aharlal Nehru
“The Right to Information, The Right to Live
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Alcoholic Drinks

BIS IS 3752:2005(R2009) - simplification

Methods of Test

Step Out From the Old to the New™

4,2 Cx D 000 100 100
AxS

1 - abmochare for sarmpic sandand wo
€ = concentration of methasol sasird solstice,
gt

0 - diletare factoe fox xarmple soltion.

4, abortarae foe smcthanol staedand sobutioe. and
5+ ethanol comtent of I sample 10 percent
)

162 Gas Chromatographic method
1621 Apporanes

WG cheomograph  and  epersring
puracicrs G <brumatogranh equpped
with flame ionization detector and split
injection port and fived with & capillary
column of 1P Carbowax J0M or equivalen
baving dhe dimmsions of 25 m bength, 0.52
onm DD aad 0,30 p filem thickness. The split
I be sppronimately 140 with
o belium = & carrier gas at the
o yte of wbout 1,7 ml i, The detector
and imjecior port temperstures. may be
maintsined at sbout 24°C. Keep the oven
temperature @1 45°C for 4 min, i 1
100°C/min o the rate of 10°C/min and
fimally 10 200°C for 10 min ot the ric of

<) Methanol siock solution — Diksts 1.0 g of
mcthanol (999 percent, ¥4) o 100wl with 40
percet () ethanol (methanol-frec).

dy Mechanol stocd volution Dulute 10 ml of
methanol dock solution see 16.2.2(<)] 10 100 mi
with 40 percest (wv) ethanol (methanol- free).
Dilete 10 mi of this soloton 1o 100 m with 40
percent (v} ethanol (methunol-frec). Tramsfer 3
i of the resshing solion imio 3 10 ml-
stoppered te tube, add | ml of a-poncanol
itenal stardand solution aeud mes well

1613 Procedwre

Tramsfer § mi of sample --m.l-n-l
N ke, S pei it
mix well. boject 291 of —

sample scluticn, 210 chromatograph sl rocend
e chromaopram  (adjust  sticsuation,
necessary)

1624 Calewlasiom.

Cakulate methanol contest in grams per 100
lers of sbunlute alcobol an follows

Ry« Cx <1000 100100
=S
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[ R ——_ ]
F-w-uwkmlmm
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[T e ———
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8 - ethamod coment of lquos cample = percent
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preent 1 opentamsd m 80 perent v
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ANNEX A
Classe 1)

hll\ums\m ESTERS, 1IC v RFURAL AND
ETH

HANOL BY GAS

A-1 DETAILED GAS CHROMATOGRAFHIC

METHOD

A-L1 Apparstus
PLL Gan chromagraph  and operating
iz cheumatograph agupped with

Paees omeation decio St 8 Sy

and fixod with 2 capillary cobumn of HP Carbowax

20M or oquivalent Baving the dmemaons of 25 m

lemgth, 0.32 men 1) a0 0.3 p il thickness. The

\emperatores may be maintained sl shout 20°C 0 Acern wid
he aven tomperature a1 43°C for & i, risse. 10) buokuatyric acid
o 100"Cmin a1 the exte of 10°C/rmin and fimally 1) Phenyl setse

200°C for 10 i the rate of 15°Crumen Exhp yritane

RCiL e —— ——y 3
Vary with columa and imirament wsed and oy Crcrle sl
determined Iy wing standard M) Petargronsc acd
far 15) Caprie acid

imum peak sharpaens snd op
separstion. With Migh bevel standand, o A-11A Propararion of Swndand Wture

Rasctine separatioa Transfor accursicly & known quantity of about
A-LL2 Syringe — 10 3, Hamilion Co. Na 701, 5.0 g of the reagonss hed from A-LLX3) ©
of cquivaica, 1.3038) in w0 different 100-mi volumetric

s and il 10 100 md with 40 percent (1Y)
A-LLY Resgenes cthanol imethanol-frec). Tramfer 1.0 ml of cach
[y rnpe——y

4 pescent (v 3 npeatanal of the resulting solutions ot & 100-ml
st trex)

IR ot k) ot volumetric flsk and dilute 10 volume with 40
Eihanal — Methanol-fres percent (w) ctharol (methanolfrec). This
Methunal solution will give approximaiely S00 ppen of
Acetabdebyde each of compunen huted above
5 hebuyrabdeinale e - =
[ETe— paaed B Sl
) Eshyl acetme

Transfer $ mi of sandaed mivture (see A-114)
oo & 10 mi-stoppered st tube. add | mi of
internal wiancdard solition sce A-LLY (1] and

1 losalersbdehyde
# 1 Propy) scetsse

1 Discery? ey

S Procesiure

183752 2008

peaks (st least 25 percent of full- scale
deflection). Determine the seicntion time of
mcthusol and sopemanol R Inject 2l
sample solution into chromatograph  and
ot the chroenatogzan (st sfcusbon,
Wmscessary)

A

Cakulation

Caleulate the indivindual componens in grasm per 100
liters of sbaolute slcohol us follows:

B Cx D <1000 % 100 100
Rx$

where

By = peak ratio of respective individual com

s repecs e sdardy 1o, g N e
=

€= coecmntion of espach

o st sction, WBME

mimacduie skohol,

Incivpdanl component =

B~ Bltion facior for saemple sobitio:
B = pesk matio of ropecive individasl
componer 1o wpesta B o tanord
sobution: 40d

= ettamd content of e sampie n porceat
()

AT DETAILET: AR CHRBMATOORATING

L1 Appars
ALL G chrvmetgraph omd spevieg piramers
Gan with

ionization detector and packed inlet and fixed with &
slass cofumn packed with § percent Carbowas, 20M on
carbopal. 5. K010 mesh o eqvalens packed columm

Sary ®n cobumn and sstrmest wsed and
eterminad {ry wing siandari sobutionn.
e o —

ALL2 Syringe — 10 pl, Hamilion Co. No 701
or cquisalent

A-LLY Resgorts
1) bl et 3 oot (o) el 48

9 bso-ammyl akcnbed
101ty caprytute
1) Furfural

13) By capease
T —

14) Phencsiyt tccbol
19) Bty | capronse
16) Ety e

17) Acetic scid

A-L14 Preparation of Stundard Misture

Tranafer sccursicly » known quant
& of the reagents lted from A-21IC) 10 A
20X17) in 0 different 100 ml volumetric flasks
i dhlu o 100-el with 40 percent (v:v) eehanol
{methanol-free). Transfer 1.0 ml of each of the
resating solutions a0 a 100-ml vohanetrc flask

and dilie 10 volume with 40 percess () hanol
(methanol-free). This  soktion will give
spprocimately $00 ppes of each of composam
Isted above

A-LLAL Preporution of working saandard
mimre

Tramsder § wi of standurd mixnse (e A-214)

Tranatir § mi of saenple inta a 10-ml o
test nabe. adkd | ml of n-pemsanol internal
solution and mix well. Ioject 2l of
seanwdard mixture solusion into chromatog]  Working
recond the chromatogram. e

parmcicrs and attcauation ko obtain mead

ot b, wkd |
standand ol

0 ho-asmy alockol

Adpast
aenuation 1
lemst 25 percent of

e rescation hames

AL Calculation

whare

(with respect 1
cample soliton.

[

[T p——

Ri = peak muio of
component o -pentansl
solution; and

ml of n-pentmnol mtcrnal
and e il | h-\-u Tl of

cuandard oo

Chomrograph s econd th <brommmogT

the operating  panmeters  nd

o obuain messurable peaks (3

dellecuom).

Dtermine the etention tme of medhanol and
-pentacol ERE0L

Ingect 2pl sample solution
and  recond  the

i

NOTE — Aty s inividid o
By et sepeatise sofrgons st
bt 0 e g ooy nd 1o

Caleulate the individual component in grams per 100
liters of sbsolute akcobol s follows:

RxCx D 1000 1004 100

,q

Ry = pesk ratio of respective individul componcat
e B

€ ki Y Sy B it
PR pireigigang ]
skl
D e

cuve  inchivichaal
T o i

8 et comicnt of hapuor sampe on percent

tcut tube, add | ml of
sysz-200s [ e A-ZLKD] md

Jrto 8 10-m copprered




,
"y

4
#
L)

NMX-V-005-NORMEX-2013
FECHA DE INICIO DE VIGENCIA: 24 DE MARZO DE2014

Al A A DD

50 DETERMINACION DE ALDENIDOS, ESTERES, METANOL V' ALCOHOLES SUPERIORES.,
METODO POR CROMATOGRAFIA DE GASES

5 Fundamento

Este método se basa en los principios de la cromatografia de gases y consiste en la inyeccion de una
pequeiia cantidad de la muestra (que contiene una mezcla de sustancias volitiles) en ¢l inyector de un
cromatégrafo de gases en ¢l que son vaporizadas y transportadas por un gas inerte a través de una columna
empacada o capilar con un liquido de particion que presenta solubilidad selectiva con los componentes de
la muestra, ocasionando su separacién.

Los wmp«ncmc‘ quc eluyen de la columna pasan uno a uno por el “ Alctcclor i tl cual genera una sefial

cléctrica prop lasu ion, la que es da por ¢l dor o sistema de
manejo de datos en una grifica llamada cromatograma,
La ficacion de cada comp istrado como un pico en el cromatograma, se realiza por

inyeceion del o de los componentes cn forea pura y con las mismas caracteristicas y entidades que se
sospecha contiene la muestra, midiendo el tiempo de retencién en ¢sas condiciones. También se puede
comprobar por adicion del componente a la muestra ¢ inyectindola nuevamente para apreciar ¢l
incremento de altura o drea del pico correspondiente.

La cuaniificacion se pucde efectuar por cualquiera de esios fres métodos: normalizacion, estandarizacién exierna
v estandarizacién interna, siendo este ltimo el iinico que se deseribe a continuacién:

La cuantificacién por estandarizacion interna consiste en obtener ¢l cromatograma de la muestra
estandarizada, adicionada de una Sustancia llamada estindar interno que debe aparecer en un sitio del
cromatograma, libre de traslapes y desde luego no debe ser componenie de la muesira, aunque es
recomendable que sea de la misma naturaleza quimica y del mismo intervalo de concentracién que el
componente de la muestra por Deben obtenerse paralelos con de
concentracion conocida de cada componente por cuantificar y del estindar interno que sea adecuad
mucstra y trazar una curva de La|lb!.'l:!0!’\ que tenga por ordenada la relacién de concentraciones
al P por y al estandar interno y en las abscisas la relacion de dreas
al por i y a las dreas del estindar interno.

Estacurva sirve para situar ensus ordenadas la relacion de dr

Metodo por cromatografia de Gases

Norma Mexicana NMX-V-005-NORMEX-2013 — simplification
Determination de Aldehidos, Esters, Methanol y Alcoholes Superiores.
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52 Alcance
Este método determina la concentracién de aldchidos, éstere
alcohlicas por cromatograma de gases.

alcoholes superiores y metanol en bebidas

53 Equipoes e instrumentos.
Todos los equipos e instrumentos de medicion deberin ser calibrados y/o verificados.
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AOAC Official Method 972.11 - simplification

Methanol in Distilled Liquors. Gas Chromatographic Method

See 968.09A (see 26.1.30).

B. Reagents
(a) Alcohol. —Methanol-free.
(b) Methanol stock solution, —Dilute 10 mL methanol. 99.9 mol

% (Fisher Scientific Co.. A-936. or equivalent) to 100 mL with 40%
alcohol.

(d) Methanol standard solution. —0.050% methanol plus
0.030% ii-butanol internal standard. Fill 100 mL volumetric flask to
ca 99 mL with 40% alcohol and add. by syringe. 500 ML mixture
stock solution. (b), and 300 pL n-butanol stock solution. (¢). Mix
and dilute to volume with 40% alcohol. Mix again.

Reference: J4OAC 55, 564(1972).

CAS-67-56-1 (methanol)

50

26.1.36'
AOAC-Official-Method-972.111
Methanol'in-Distilled-Liquors(
26.1.36 G. Determination Gas-Chromatographic-Method-
o : ; . : : : First Action 2023
AOAC Official Method 972.11 Inject 10 pL mixture of standard solution. Adjust operating Final-Action-20259
Methanol in Distilled Liquors parameters and attenuation to obtain measurable peak height (ca A - Apparatus
Gas Chromatographic Method Y. full scale deflection). Determine retention time of methanol
First Action 1972 and ﬂ-butaﬂe{—-(ca 3 and'm.i.n_ respectively). Inject 10 uL Se2:968.09A (see-26.1.30).9
Final Action 1973 test portion to estimate methanol. using attenuation if necessary. '
¢ for abs - . On basis of presence Biss BeasY :
A. Apparatus nd 0 hc f absme.of u b\tl(.} SEl L ) Alobiol’ MEBE BT

(b)- Methanol-stock-solution.-—Dilute-10-mL methanol,-99.9-mol-%
(Fisher-Scientific-Co.,-/A-936,-or-equivalent)to-100-mL -with-40%-
alcohol.Y

(d)y+ Methanol-standard- solution.-—0.050% methanol-plus-0.030%
ii-butanol-internal -standard.-Fill-100-mL-volumetric-flask-to-ca-99-mL
with-40%-alcohol-and-add, -by-svringe, - 300-ML -mixture-stock-solution,
(b).-and-300pL n-butanol stock solution, (c).-Mix-and -dilute tovolume
with40%-alcohol. -Mix-again

G.-Determination¥
----- Inject- 10- pL- mixture- of- standard- solution.- Adjust- operating
parameters-and -attenuation to-obtain ‘measurable-peak-height-(ca-%o, -full
scale-deflection). Determine retention time -of methanol-and (ca
3- and- 7- min,- respectively).- Inject- 10- pL- test- portion- to- estimate
methanol.-using-attenuation-if-necessary,-and-to- check-for-absence- of

n-butanol -
L

=

Reference:- JAOC66,-555(2021)7

L

CAS-67-56-1-(methanol)-




“Thank You for

attention!

Optimist:
C D Glass half-full
Pessimist:
Glass half-empty
Physicist:

Q é(%vu = %v’y)

sytova@inp.bsu.by




