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Abstract

Introduction. The aim of this work is to identify a steady equilibrium of
hydroxyl proton of ethanol and water in various types of vodkas and moonshine,
which are produced in Ukraine.

Materials and methods. Volumetric pipette were used to set up a required
volume (0,3 ml) of vodka (flavored vodka, moonshine). External standard separated
from testing substance which is required for LOCK’s system operation deuterium
solvent (acetone-dg) of NMR’s deuterium stabilization spectrometer is added into an
ampoule in a special form capillary. "H NMR spectra records and data processing were
performed according to the instruction of FT-NMR Bruker Avance II spectrometer.

Results and discussion. Fundamentally new aspects that are related to an
internal mechanism of steady thermodynamic equilibrium in the finished product -
vodka (flavored vodka, moonshine) were established during the studies. The study
has proved that steady equilibrium is characterized by the presence of combined
unitary signal EtOH+H,0 in hydroxyl group (Ad,=0 ppm). Unsteady and transitional
equilibrium is characterized by the presence of two separate signals of EtOH and H,O
in hydroxyl group.

The difference between chemical shifts of protons of methylene group of ethanol
(CH,) and hydroxyl group EtOH+H,0 for 7 samples - A6,=1,23 ppm, for 5 samples —
A6,=1,27 ppm. The difference between chemical shifts of protons of methylene group
of ethanol (CH;) and methyl group of ethanol (CHj3) in each sample is A6;=2,45 ppm,
which specifies on stability of chemical shifts between these groups, and strong links
between methyl (CH3) and methylene (CH,) groups.

Conclusion. The conducted researches set a fundamental difference of behavior
of hydroxyl proton of ethanol and water in vodkas, flavored vodkas and moonshine,
using "H NMR spectroscopy. Equilibrium systems allow to improve the technological
process of vodka on distillery enterprises, to stabilize quality of finished product.
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BusiBjieHHsI cucTeM i3 CTAJI0K0 PIBHOBArow y ropijikax, siki 3ajiekarb BiJ
TpaHcPopmauii riIpOKCHWIBLHUX NPOTOHIB

Oner Ky3bmin
Hayionanovnuu ynisepcumem xapuosux mexuonoziu, Kuis, Ykpaina

Beryn. Metoro myOuikaiii € BHSBICHHS CTajol pPIBHOBArd TiIPOKCUIBHUX
MPOTOHIB €TaHOJY 1 BOJU JIJIsl PI3HUX BUJIIB TOPUIOK Ta CAMOTOHY, SIK1 BUPOOJISIOTHCS
B YKpaiHi.

Martepiaau i MmeToam. 3a JOMOMOI0OI0 MIPHOI MIMETKH 3aJaBajii HEOOXITHUM
o0'eM (0,3 mu) ropuiku (ropuiku ocobsinBoi, camorony). HeoOxinuuii s pobotu
cucremu LOCK'a - ngeirepieBii ctabumizamnii AMP cnektpomerpa ametod-dg -
30BHINIHINA CTaHNIAPT, AKUU BIJOKPEMIICHUM BiJ JOCIII)KYBAaHOT PEUOBHUHU, BHOCUIIU
70 aMIyJid y Kamuisipi cneniaibHoi popMu. 3amuc CHeKTpiB 'H SIMP ta 00poOKy
JAHUX TPOBOJWIM BIJMOBIAHO 1O IHCTPYKIIi, 10 goaaeTbcss Ao Dyp’e SAMP
cnekrpometpa Bruker Avance I1.

PesyabraTu. B X011 mpoBeeHUX MOCTIAXKEHb BCTAHOBJICHI MPUHIIUIIOBO HOBI
aCIEeKTH, AK1 MOB'A3aH1 3 AeTali3alll€l0 BHYTPIIIHBOTO MEXaH13My BU3HAUEHHS CTAJIO1
TEPMOJAMHAMIYHOI PIBHOBAard y roToBOMY MPOAYKTI — TOpuill (Topuili 0coOJIHBOI,
camoroni). Ilpm 1BOMy cTama piBHOBara XapaKTEPU3YEThCA HASBHICTIO B
TAPOKCWIBHINA rpyni 00'eqHaHoro yHitapHoro curany EtOH+H,O 1 BigcyTHICTIO
xiMiyHOTO 3pymieHHss MK HuMu (Ad6;=0 ppm). Hecranma i mepexinHa piBHOBara
XapaKTEePU3YIOThCA HASBHICTIO B TIIPOKCUJIBHIN Tpymi JBOX PO3JAUIBHUX CUTHAIIB
EtOH 1 H,O.

Pi3Hulg B XIMIYHUX 3PYIIEHHSIX MK METUJICHOBOIO TPYINOI0 MPOTOHIB €TAaHOIY
(CH,) 1 rigpokcunbHoto rpynoto (EtOH+H,0) nns 7 3pa3kiB ckinagae Ad,=1,23 ppm,
st 5 3paskiB - Ad,=1,27 ppm. Pi3HuIg B XIMIYHUX 3pYHIEHHAX MK METHUIECHOBOIO
rpymnoto npotoHiB eranony (CH,) 1 metunbHow rpymnoro eranony (CHjz) mms Bcix
3pa3kiB ckiamae Ad;=2,45 ppm, 10 MOXE€ CBITYUTH MNPO CTAOLIBHICTH XIMIYHUX
3pyllieHb MDK I[MMHU TpylamMu, Ta MIHICTh 3B'3KiB Mk MeTwibHOr (CHj) 1
MetusienoBoro (CH,) rpynamu.

BucnoBku. Ha migcraBi mpoBeAEHOTO JOCII)KEHHSI BCTAHOBJICHA MPUHIUIIOBA
BIIMIHHICTh y MOBEAIHII TIAPOKCHWIBHUX NPOTOHIB €TaHOJY Ta BOJAU Yy TOpLIKax,
ropikax ocoGIMBUX Ta caMoroHi 3a mormomorow 'H SIMP crexrpockomii. Otpumani
B po0OOTiI PIBHOBaXKHI CUCTEMH JO3BOJISIIOTH YJIOCKOHAJIIUTH TEXHOJOTTUHHUM Mpolec
BUPOOHUIITBA TOPLIOK Ha JIIKEPO-TOPUTUAHUX MIANPUEMCTBAX JJIsl CTa0UII3aIil SIKOCTI
rOTOBO1 MPOAYKIIII.

Kiio4oBi cioBa: ropinka, piBHOBara, rigpokcwi, mpoton, 'H SIMP
CIIEKTPOCKOITISI.

BruisiBJIeHHE CHCTEM C YCTAaHOBUBIIMMCHA PAaBHOBECHEM B BOJIKaX, KOTOPLIE



3aBHCAT OT TPaHCcGOpPMALUH I'HAPOKCHUIBHBIX IPOTOHOB
Oner Ky3pmun
Hayuonanvuwiii ynueepcumem nuwjesvix mexuonoauu, Kues, Ykpauna

Beenenme. llenbio mnyOnauKauu SIBISETCS BBISIBICHUE YCTAaHOBUBILIETOCS
paBHOBECHsI THUAPOKCUJIBHBIX MPOTOHOB 3TaHOJA M BOJBI MJIS Pa3IMYHBIX BHJIOB
BOJIOK U CaMOT'OHa, KOTOPbIE MTPOU3BOJATCS B YKpauHe.

Marepuanbl 4 MeToAbl. C TOMOIIBI0O MEPHOW MUIETKHU 33/1aBAJId HEOOXOUMBII
oobem (0,3 mur) Boaku (Boaku ocobOoi, camoroHa). HeoOxomumbrit st paboThI
cuctembl LOCK'a - neuttepueBoit crabunuzanun SIMP cnexkrpomerpa arnetoH-dg -
BHEIIIHUM CTaHAAPT, KOTOPHIA OTAEJIEH OT KCCIEIYyeMOro BEIEeCTBa, BHOCHIIUA B
aMIlyJly B KaWUIApe CHeuaibHON POpMbl. 3anuch CHEKTPOB 'H SIMP u 00paboTKy
JAHHBIX MTPOBOJUIIM B COOTBETCTBUM C MHCTPYKIMEN, KoTOpast npuiaraetcs Kk ypbe
SAMP cnextpomerpy Bruker Avance I1.

Pesyabrarel. B Xome  NpoOBENEHHBIX ~ MCCIENOBAHUM  YCTaHOBJIEHBI
MPUHIUIIKAIBHO HOBBIE€ ACIHEKThI, KOTOPHIE CBSI3aHbI C JeTaIM3alUeH BHYTPEHHETO
MEXaHu3Ma OIPENIeNICHUs] YCTAaHOBUBIIETOCS TEPMOAMHAMUUYECKOTO pPaBHOBECHS B
rOTOBOM MPOAYKTE — BOAKE (BOJKe 0co00M, camorone). [Ipu 3ToM ycTaHOBHBIIIEECS
PaBHOBECHUE XapaKTEPU3YeTCs HAIMYUEM B THAPOKCHIBHOW Tpymie 00bEeIUHEHHOTO
yautapHoro curHaina EtOH+H,O u oTcyTcTBHEM XMMHUYECKOTO CABUTA MEXKIY HUMU
(Ad;=0 ppm). HeycrtaHoBuBIlIEEeCS U TEPEXOJHOEC PABHOBECHE XapaKTEPU3YHOTCS
HaJIMYUEM B THJIPOKCUIBHOM TpyIIie AByX pa3aenbubix curHanos EtOH u H,O.

Pa3nunia B XUMHMUYECKUX CABUraX MEXIYy METUJICHOBOM TIpYIINONH MHpPOTOHOB
stanona (CH,) u rugpokcuibHoi rpynmnoit (EtOH+H,0) ans 7 oOpasuoB coctaBisieT
Ad,=1,23 ppm, mis 5 obpasnoB — Ad,=1,27 ppm. Pa3Huiia B XUMHYECKHX CIBHUTaX
MEXIy METHJIEHOBOM Tpynmnoil mnpoToHoB staHona (CH,) u mertwnbHOM rpynmoi
stanona (CHjz) nmma Bcex o00pas3noB coctaBisger Ad3;=2,45 ppm, 4YTO MOXKET
CBUJICTENILCTBOBATh O CTAOWJIBHOCTH XMMHUYECKUX CJBUIOB MEXIY JaHHBIMU
rpymnmnamMu, U Kpemnoctu cpsizeid mexay MeTwibHoM (CH3;) u metunenosoit (CH,)
rpymnmamu.

BoiBoabl. Ha ocHOBaHMM MPOBEJEHHOTO  HUCCJEJAOBAHUS  YCTAHOBJIIEHO
MPUHIUIIAATBLHOE OTINYUE B TOBEACHUU THIPOKCUIILHBIX TPOTOHOB 3TAaHOJIa U BOJIbI B
BOJKAaX, BOJKAaX OCOOBIX M CaMOIOHE C IIOMOIIBLIO 'H amp CHEKTPOCKOIIUH.
[lonyyeHnbie B paboTe pPaBHOBECHBIE CHCTEMbI IO3BOJISIIOT YCOBEPILIEHCTBOBATH
TEXHOJIOTMUECKHUH MPOoLIecC MPOU3BOCTBA BOAKU HA TUKEPO-BOJOUYHBIX MPEIMPUATUIX
JUTsl CTAOUIM3AIMK Ka4eCTBA TOTOBOM MPOAYKIIUH.

KinoueBble cioBa: BOAKa, pPaBHOBECHUE, THUIPOKCHUJ, IPOTOH, 'H saMmPp
CIEKTPOCKOMHS.

Introduction

NMR spectroscopy is widely used in physics research [1, 2]. NMR accounts for
about 90% of all research of the proton magnetic resonance spectroscopy (‘'H NMR).



Most of them operate in the Fourier transform mode.

Bloch F. obtained "H NMR spectra with «low-resolution» of H,O (Fig. 1, a) for
the first time in 1946 [3], and in 1951 Arnold J.T. for the first time obtained '"H NMR
spectra with «high-resolution» of ethanol C,HsOH (Fig. 1, b) [4]. At the first glance,
it may seem that these are fairly simple organic molecules [5-10], at the same time
NMR spectroscopy exhibits grate variety [11-14] in such characteristics as chemical
shift, spin-spin interactions and the effect of chemical exchange.

Fig.1. "H NMR spectra:
a - H,O [3]; b - C,H50H [4] — (from left to right) protons of hydroxyl (OH),
methylene (CH;) and methyl (CH3) groups

An ethanol molecule consists of 6 protons located in a 3 proton-containing
groups: methyl (CHj3), methylene (CH;) and hydroxyl (OH) with a relative intensity
characteristic CH3:CH,:OH - 3:2:1. This characteristic is proportional to the number of
protons in each group.

Nuclear spin-spin interaction is observed between the three proton-containing
groups of ethanol, all of which have different resonant frequencies [14]. «N» number
of equivalent protons of one group split the signal of the nearest group into (N+1) lines
with the intensity of a Pascal triangle [12]. The ability to observe spin-spin interactions
depends on the rate of the intermolecular proton exchange.

The presence of proton exchange in the water-ethanol is a well-known fact [14].
Hydroxyl proton (OH) of ethanol can exchange with free hydrogen ions, which are
generated in water (self-dissociation), or in trace amounts of acids, alkalis or
dissociated ethanol. The speed of exchange is proportional to the concentration of free
ions. The exchange with acidic and basic impurities also impacts the position of
average signal of water. The NMR spectra of aqueous-alcoholic mixtures (AAM)
protons have a different appearance depending on the pH.

In accordance to the requirements of normative documents of Ukraine vodka - is
an alcoholic drink with a strength of 37,5% to 56,0%, made of AAM processed by a
special sorbents with or without volatile ingredients. Flavored vodka is an alcoholic
drink with a strength of 37,5% to 56,0%, with a marked flavor and taste, prepared by
processing AAM with a special sorbents with addition of non-volatile and volatile
ingredients.



The preliminary conducted "H NMR studies, which are described in a works
[15-19], relate to the study of hydroxyl protons of AAM modifications in the process
of making vodkas. The obtained results give grounds to assert a fundamental
difference in the behavior AAM prepared from the alcohol and water passing through
various processes. During the study we have determined the systems of unsteady and
steady equilibrium depending on the transformation of hydroxyl protons of ethanol
and water.

In works [20, 21] we set two groups of samples (vodkas, flavored vodkas) with
equilibrium of hydroxyl protons of water (H,O) and ethanol (EtOH) — unsteady and
transitional equilibrium. Unsteady and transitional equilibrium characterized by a
presence of hydroxyl groups two separate signals of EtOH (dgon=5,34 ppm) and H,O
(Om20=4,72...4,75 ppm). Unsteady equilibrium is characterized by the presence of
hydroxyl proton of ethanol (EtOH), which is obvious. Transitional equilibrium is
characterized by the presence of hydroxyl proton, which is barely noticeable, which
characterizes the transition from steady equilibrium to unsteady equilibrium.

Therefore, additional studies were required to be conducted for a more detailed
study of the internal mechanism of a steady thermodynamic equilibrium to insure
provision of a high quality characteristics of finished products (vodka, flavored vodka,
moonshine).

The aim of this work is to identify a steady equilibrium of hydroxyl proton of
ethanol and water in various types of vodkas and moonshine, which are produced in
Ukraine.

Materials and methods

'H NMR analysis of vodkas and flavored vodkas has been conducted in a
certified laboratory of the Institute of Physico-Organic Chemistry and Coal
Chemistry named after L.M. Litvinenko NAS Ukraine (Donetsk city), using:

- FT-NMR Bruker Avance II spectrometer (400 MHz); measurement error of the
chemical shifts for 'H + 0,0005 ppm; 5-mm broadband inverse probe with Z-gradient;
thermostatic system (+25°C ... +100°C);

- Specially shaped capillary with acetone-d¢ (CD3),CO (atomic fraction of
deuterium — 99,88%);

- High accuracy ampoules Ne507-HP for high resolution NMR’s spectroscopy
(400 MHz) standard length - 178 mm; outside diameter - 4,97+0,006 mm; internal
diameter - 4,20+0,012 mm; curvature £ 0 0006 mm;

- Volumetric pipette;

- Dispenser;

- The samples of vodkas, flavored vodkas and moonshine, produced in Ukraine
(Table 1), were used as experimental material for 'H NMR spectroscopy.

Experimental studies of '"H NMR were carried out in the following order:

- Preparation of samples to research;

- Recording of "H NMR spectrum;

- Conclusion and interpretation of work results.

Work methodology:



- 0,3 ml of vodka (flavored vodkas, moonshine) prepared with a volumetric
pipette with a predetermined strength (40,0 + 0,2)% vol. External standard separated
from the testing substance which is required for LOCK’s system operation
(deuterium solvent (acetone-dg) of NMR’s deuterium stabilization spectrometer) is
added in a special form of a capillary into an ampoule. The obvious advantage of
using the external standard is the fact that standard substance’s molecules and test’s
solution do not interact with each other;

- '"H NMR spectra records and data processing were performed according to the
instruction of FT-NMR Bruker Avance II spectrometer (400 MHz).

Results and discussions

The 31 sample of vodkas, flavored vodkas and moonshine, produced in Ukraine
were used as experimental material for 'H NMR spectroscopy. These samples were
divided into 3 groups with unsteady equilibrium, transitional and steady equilibrium of
protons hydroxyl group.

In other works [20, 21], we already in detail considered two groups of samples —
unsteady and transitional equilibrium.

In this paper, we will study only third group of vodkas flavored vodkas and
moonshine with a steady equilibrium. This group has included 12 samples of vodkas
(Fig. 2) of a different manufacturers, brands, names and formulations (Table 1).
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Fig. 2. Vodkas, flavored vodkas and moonshine samples:
1...12 - number of sample (Table 1)

In figures 3-4 presented one-dimensional proton spectra of vodkas, flavored
vodkas and moonshine for the following groups of protons: CHs; CH,; H,O; EtOH;
acetone-dg. General characteristic of the obtained spectra is presented in table 1, where
Ad; — 1s deviation between chemical shifts of proton's hydroxyl group of ethanol
(EtOH) and water (H,O), Ad, — is deviation between chemical shifts of proton's
hydroxyl group of water (H,O) and a methylene group of protons of ethanol (CH;), Ad;
— 1s deviation between chemical shifts of protons of ethanol's methylene group of
protons (CH;) and ethanol's methyl group protons (CHj3).



Table 1

Characteristics of vodka's chemical structure under "H NMR spectroscopy

Chemical shift (6), ppm
Name of product Name of enterprise EtOH AS, | CH, | AS; | CH;
+H,O
1. «Berezovyi tsvity” | LLC «Beveridge group» 4,76 | 1,23 | 3,53 [ 2,45 | 1,08
2. «Khortytsa SE «Image Holding» JSC 4,77 11,23 13,54 | 2,45 | 1,09
Absoliutna»' «Image Holding AnC»
3. «Malynivka LLC «Distillery «Prime» 4,80 1,27 13,53 12,45 | 1,08
Lahidna»”
4. «Zolotyi Lviv JSC «Lviv distillery» 4,8011,27 3,53 12,45 | 1,08
Panskay'
5. «Prime World LLC «Distillery «Prime» 4,75 11,23 13,52 12,45 | 1,07
class»’
6. «Pulse active»' LLC «Artemovsk Distillery- | 4,80 | 1,27 | 3,53 | 2,45 | 1,08
Plus»
7. «Baika Liuksova| LLC  «National Vodka|4,76 |1,23|3,53|2,45|1,08
yakist Company»
Pom’iakshenax’
8. «Nova Rublovka | LLC «Latona-Invest» 4,76 | 1,23 13,53 2,45 | 1,08
Klasychna»’
9. Moonshine® smt. Novgorodskoe 4,76 | 1,23 13,53 12,45 | 1,08
10. «Poltavska CJSC «Poltava Distillery» 4,80 1,27 13,53 12,45 | 1,08
bytvay’
11. «Khortytsa SE «Image Holding» JSC 4,76 | 1,23 13,53 12,45 | 1,08
Platinum»’ «Image Holding AnC»
12. «Artemivska LLC «Distillery Alteray 4,80 1,27 13,53 12,45 (1,08
Klasychnay'

Note. 1 — vodka, 2 - flavored vodka; 3 — moonshine

We will examine spectra of hydroxyl group. The selected samples of vodkas,
flavored vodkas and moonshine with a steady equilibrium characterized by a unitary
signal of hydroxyl group of EtOH+H,O (Fig. 3-4, cl...c12). The component of
protons of EtOH+H,O in each sample presented as singlet (s), located in a «weak
field» with a chemical shift, which is in a range Sgon+120=4,75...4,80 ppm. Waveform
of EtOH+H,0 protons — is distorted Gaussian curve, with a broadened base and a
slight asymmetry of apex, which is offset from the centerline.
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Fig. 3. Modifications of '"H NMR spectra of proton groups:
a - CH;; b - CH,; ¢ — EtOH+H,0; d - acetone-dg;
1...6 - number of sample (Table 1)
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Fig. 4. Modifications of '"H NMR spectra of proton groups:
a - CH;; b - CH,; ¢ — EtOH+H,0; d - acetone-dg;
7...12 - number of sample (Table 1)



Analysis of "H NMR spectra of methyl group's protons CHs (Fig. 3-4, al...al2)
in vodkas, flavored vodkas and moonshine allows to state the following: methyl
group of protons in each sample is located in a strong field and represented as a
triplet (t) with a relative intensity (1:2:1). Based on spin-spin interaction of groups of
protons, the methyl group's signals (CH3) must be split by neighboring protons of the
methylene group (CH,) into a triplet (t), in accordance with Pascal's triangle with
intensity ratio of (1:2:1). No other group of protons, apart from methylene group (CH,)
can affect methyl group (CHj). The average value of the chemical shift of the methyl
group for the 12 samples is within 6¢y3=1,07...1,09 ppm (table 1), most of which (10
samples) have an average value dcy3=1,08 ppm and private chemical shifts of the
peaks of the triplet dcy3=(1,10; 1,08; 1,06) ppm. The distance between each peak of
quartet is 0,02 ppm.

The analysis of "H NMR spectra of methylene group's protons CH, (Fig. 3-4,
bl...b12) indicates that the group is represented as a quartet (q) with intensity
(1:3:3:1), with an average value of the chemical shift 6cyp=3,52...3,54 ppm (Table 1).
Most of the components of the methylene group (10 samples) have an average value
of the chemical shift 6cpp=3,53 ppm partial chemical shifts of the peaks quartet
dcma=(3,56; 3,54; 3,52; 3,50) ppm. The distance between each peak of quartet is 0,02
ppm.

The difference between chemical shifts of protons of methylene group of ethanol
(CH,) and hydroxyl group EtOH+H,0 for 7 samples - A6,=1,23 ppm, for 5 samples —
Ad,=1,27 ppm. The difference between chemical shifts of protons of methylene group
of ethanol (CH;) and methyl group of ethanol (CHj3) in each sample is A6;=2,45 ppm,
which specifies on stability of chemical shifts between these groups, and strong links
between methyl (CH3) and methylene (CH,) groups.

Conclusions

Fundamentally new aspects that are related to an internal mechanism of steady
thermodynamic equilibrium in the finished product - vodka or flavored vodka were
established during the studies. The study has proved that steady equilibrium is
characterized by the presence of combined unitary signal EtOH+H,0 in hydroxyl
group (Ad;=0 ppm). Unsteady and transient equilibrium is characterized by the
presence of two separate signals of EtOH and H,O in hydroxyl group. The unsteady
equilibrium is characterized by the presence of hydroxyl proton of ethanol (EtOH).
Transition equilibrium by the presence of a subtle signal of EtOH, that characterizes
the transition from steady to unsteady equilibrium.

The conducted researches set a fundamental difference of behavior of hydroxyl
proton of ethanol and water in vodkas and flavored vodkas, using 'H NMR
spectroscopy. Equilibrium systems allow to improve the technological process of
vodka on distillery enterprises, to stabilize quality of finished product.
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