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ION-PAIR CONVERSION THERMODYNAMICS IN ALCOHOL SOLUTIONS OF HYDROGEN

HALIDES

The calculation of thermodynamic characteristics of dissociation of contact and solvent-separated ion pairs into
ions, conversion of contact ion pairs into solvent-separated ion pairs of ionogens HCI, HBr and HI in n-alcohols from
methyl alcohol to n-octyl alcohol by the method described earlier for the systems HCI — n-alcohol in the same solvents
at the same temperatures was carried out. The following regularities were established in this work: a) positive values of
the change in the Gibbs energy of dissociation (Ag4;;G°) of contact and solvent-separated ion pairs increase in the case of
increasing temperature and the number of carbon atoms in the n-alcohol molecule and decreasing radius of the halide
ion, and their sign and magnitude are determined by the entropic component (—7A4;S°). In this case, the values of
A4isG° of contact ion pairs exceed the same values for ion pairs separated by solvent; b) the values of the Gibbs energy
change (A.onG°) for the studied ionogens HCI, HBr, and HI are also positive, except for the values of A.,G° of
ionogens in methanol and HBr solutions in ethanol. In these cases, the AyG° values for solvent-separated ion pairs
exceed the same values for contact ion pairs, and the A, G° values are negative. With increasing temperature and
radius of the halide ion, A, G° become more negative, and vice versa with increasing hydrocarbon radical; c) the
concentration of contact ion pairs increases in the methanol — n-octanol series for all ionogens, decreases slightly with
increasing temperature and radius of the anion, and varies from ~30% (methanol) to ~95% (n-octanol). In methanol,
solvent-separated ion pairs predominate; in alcohols from n-propyl to n-octyl, contact ion pairs predominate, i.e.,
deconversion of ion pairs occurs.
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B 1. BYJIABIH, IM. B’lOHUK, A.B. KPAMAPEHKO, O.1. PYCUHOB

TEPMOJAHAMIKA KOHBEPCIi IOHHUX IAP Y CHUPTOBUX PO3UMHAX

I'TAPOT'EHT'AJIOTEHIB
IIpoBeneHO pPO3paxyHOK TEPMOMUHAMIUHHMX XapPAaKTEPUCTHK JHCOLialii KOHTAKTHHX 1 PO3MUICHHX PO3YMHHUKOM
IOHHUX TIap Ha 10HH, KOHBEPCIT KOHTAKTHUX 10HHMX TMap Yy PO3ZIiIcHI po34MHHUKOM 10HHI napu ionoreHis HCI, HBr i
HI y »-cniuprax Bifi METHJIOBOTO JI0 H-OKTHJIOBOTO 32 METOJIMKOI, BUKJIAJIEHOW Hamu panime st cucteM HCI — -
CIHUPT Y THX CaMUX pPO3YMHHUKAX MPH THX K€ TeMreparypax. Y poOOTi BCTaHOBJICHO TakKi 3aKOHOMIpHOCTI:
a) IO3UTHBHI 3HAUEHHs 3MiHHU eHeprii ['100ca aucormiamii (A,,G° ) KOHTAaKTHHUX 1 PO3ALIEHUX PO3ZYHMHHUKOM iOHHHX Iap
3pOCTAIOTh y pa3i 30UIbIIEHHS TeMIepaTypH, YUcia aToMiB KapOOHY B MOJEKYJi H-CIIMPTY, 3MEHIIEHHS pafiyca
raJoreHiI-ioHy, a IXHill 3HaK i BEIMYMHA BH3HAYAIOTHCS €HTPOMIMHOI CKIANOBOKO (—TA,S°). [lpu mpoMy 3HaueHHS
AcG° KOHTAKTHUX IOHHHMX Map TIEPEBHILYIOTh Ti CaMi BEJIMYMHHU JUIS  PO3JAUICHUX PO3YMHHHKOM 10HHHX TMap;
0) 3HaueHHs 3MiHM eHeprii ['i06ca koHBepcCil (A G°) it BuBueHuX ioHoreHiB HCl , HBr i HI takox mo3utusHi, 3a
BUHITKOM BEITHYHH Ay, G° 10HOTEHIB y MeTaHoui 1 po3unHiB HBr B eranomi. YV 1ux BUmaakax BeMHYHHU Ay, G° it
PO3/IJICHUX PO3YMHHUKOM 10HHHMX Map MEPEBUILYIOTh Ti K caMi 3HAYEHHS JUIS KOHTAKTHUX 10HHHX Iap, a 3HAYCHHS
AonsG® — HeraTHBHI. 31 3pOCTaHHAM TEMIIEPATYPH Ta pajiiycy rajJoreHif-iony Ay, G° cTaroTh OiLIbLI BiJ’ €MHUMH, a 3i
3pOCTaHHSM BYTJIEBOTHEBOIO PAJMKAITy — HABIIAKU; B) KOHIEHTpALisl KOHTAKTHUX 10HHUX Map 3pOCTA€ B Psi METAHOI
— H-OKTaHOJI JJIsl BCiX 1OHOTEHIB, HE3HAYHO 3MEHIIYETHCS 31 30UIbIICHHSAM TEMIEpaTypu W pajiyca aHioHa Ta
3MIHIOEThCA B Mekax Bif ~30 % (MeTaHon) 10 ~95 % (H-0KTaHOIN). Y METaHOII epeBaXkatoTh PO3ILUICHI PO3ZYUHHUKOM
10HHI MapH, y CIHUPTaxX Bij H-TIPOIIJIOBOTO IO H-OKTHUIIOBOTO MEPEBAXKAIOTh KOHTAKTHI 10HHI Mapu, TOOTO BiOyBaeThCs
JICKOHBEPCisl I0HHUX Map.
KirouoBi cjioBa: i0HHI TTapH, IPOTOH, KOHBEPCIs, TiAPOreHIaJIONCHHU, H-CITUPTH, 10HI3aIlis KUCIOT

B. U. BYJIABUH, U. H. BbIOHHUK, A. B. KPAMAPEHKO, O. H. PYCHUHOB

TEPMOJANHAMUKA KOHBEPCHUU HOHHBIX ITAP B CITMPTOBBIX PACTBOPAX

T'AJIOTEHOBOJOPOJ10B

IIpoBeneH pacueT TEPMOAMHAMHYECKMX XapaKTEPUCTHK JIMCCOIMALIMM KOHTAKTHBIX M  pa3lelIeHHBIX
pacTBOpHUTETIEM HMOHHBIX Iap HAa MOHBI, KOHBEPCHHM KOHTAaKTHBIX HOHHBIX Iap B pa3/elIeHHbIC PACTBOPUTEIIEM HOHHbBIC
naps! nonorenos HCl, HBr u HI B #-criupTax 0T METHUIIOBOTO 10 H-OKTHJIOBOTO II0 METOIHUKE, U3JI0KEHHOM HaMU paHee
st cucteM HCl — w-ciupT B TeX jKe pacTBOPUTEISIX TPH TeX Ke TeMmeparypax. B paboTe ycTaHOBICHBI Takue
3aKOHOMEPHOCTH: a) MOJIOKUTEIIbHBIC 3HAYCHUST W3MEHEeHHUs dHepruu ['mooca muccormanuu (A, G° ) KOHTaKTHBIX U
Pa3IeNeHHbIX pAaCTBOPUTENIEM HOHHBIX Map BO3PACTAIOT B CIIydae YBEIMYCHHUS TEMIIEPATyphl M YUCIa aTOMOB yIiepo/ia
B MOJIEKYJIE H-CNIMPTa, YMEHBIICHUS pajnyca rajloTeHH-UOHA, a UX 3HAaK M BEJIMYMHA ONPEIEISI0TCS SHTPOIUHHOMN
cocraBisitoied (—7TA,S°). IIpu atom 3HaYeHust Ay, G° KOHTAKTHBIX MOHHBIX Tap MPEBBILAIOT T€ )K€ BEIUYHHBI IS
pa3/e’eHHBIX PacTBOPUTENIEM WOHHBIX Map; 0) 3Ha4eHUs M3MEHeHHs SHepruu [nboca (AgeG°) I M3YyYEHHBIX
nonoreos HCI , HBr m HU Ttakxe MOIOKHUTENLHEI, 38 HCKIIFOYEHHEM BEIHYHMH A, G° MOHOTEHOB B METAHOJIE W
pactBopoB HBr B stanone. B stux cimydasx BeauuuHbl A, G° A pa3[elieHHBIX PAacTBOPHUTENIEM HOHHBIX Map
NPEBBIIAIOT T JK€ 3HAYCHMS JIi KOHTAKTHBIX HOHHBIX Map, a 3HA4eHUs A,,;G° — orpunarensHeie. C pocroM
TeMIIepaTypsl U paanyca TalOTeHUA-HOHA Ay, G° CTAaHOBSTCS OOJiee OTPULATENEHBIMHE, @ C POCTOM YTIIEBOAOPOIHOTO
paaukaia — HaO60pOT; B) KOHIEHTpAalNs KOHTAKTHBIX MOHHBIX Iap BO3PaCTacT B PAAY METAHOJ — H-OKTaHOJI IS BCEX
MOHOTCHOB, HE3HAYNTEIHHO YMEHBIIAETCS C YBEIMUCHUEM TEMIIEPATyphl U payca aHHOHA U U3MEHSETCs B IpeJieiax
ot ~30% (meraHon) 10 ~95% (n-oktaHom). B MeTanone mpeoOnagaloT pasze’eHHbIe pacTBOPHUTENEM HOHHBIE Taphl, B
CIHPTaxX OT H-TIPOMUIIOBOTO JI0 H-OKTHJIOBOTO MpPEoOaJaloT KOHTAKTHBIE HOHHBIE Iapbl, TO €CTh MPOUCXOIUT
JICKOHBEPCHUS MOHHBIX T1ap.

KitroueBble c10Ba: HOHHbIE [TApbl, IPOTOH, KOHBEPCHUS, TAJIOTEHOBOIOPO/IbI, H-CIIMPTHI, HOHU3ALHUS KUCIOT
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Introduction. One of the fundamental processes
of physical chemistry that attract the attention of
researchers is the ionization of acids both in water and
non-aqueous solvents. It is very important to identify
the molecular-level mechanism of acid ionization,
proton solvates and ionic pairs (IP) formation. This
information gives a key to understanding elementary
chemical processes in non-aqueous acid solutions, in
biological processes, etc.

Previously [1] we considered the multistep process
of hydrogen chloride ionization using the ionization
scheme of N.A. Izmailov [2] in n-alcohols from
methanol to n-octanol, including 10 interrelated
equilibria. The special place among these equilibria
belong to the conversion of contact ion pairs (CIP) into
solvent-separated ion pairs (SSIP). However, from our
point of view, the equilibrium of CIP to SSIP
conversion in the scientific literature is described
insufficiently. Practically no experimental data on the
conversion constants of CIPs to SSIPs for acids in non-
aqueous solvents are available. In our opinion, it is
related to the problem of choosing the primary stable
particle in which the proton exists in solution and,
consequently, the identification of the ion pair by
various experimental methods.

In our works [3,4], the -calculation of the
thermodynamic characteristics of the stages of
dissociation of contact ion pairs (CIP) and solvent-
separated ion pairs (SSIP) into ions, conversion of CIP
into SSIP of the process of ionization of HCI and HBr
in n-alcohols from methyl to n-octanol at 278.15—
328.15K. In this work, a systematic study of the
process of thermodynamics of the conversion of ion
pairs in alcohol solutions of HI is carried out,
compatible with the previously considered similar
solutions of HCI and HBr.

Despite the same electron configuration, these
ionogens differ in physical and chemical properties.
Thus, in the series HCl1— HBr — HI, the length of the
chemical bond increases, the enthalpy of formation
decreases (~ by 3 times), solubility in polar solvents
increases. The ionization constants of HBr and HI in
water exceed the ionization constant of HCl by ~ 800
and ~4000 times, respectively: pK(HCI)=-5.9;
pKi(HBr)=-8.8; pK(HI)=-9.5 [5]). So, these
ionogens, HCI, HBr and HI are fully ionized into
solvated ions in dilute aqueous solutions.

When passing to non-aqueous solvents, for
example to primary alcohols, the pK; values are positive
and the difference between them for HBr and HCI does
not exceed 0.3 pK; units [3, 4, 6]. This indicates that in
alcohol solutions they form ion pairs along with
solvated ions.

The structure and stability of ion pairs depend on
the structural quantities of the solvent and ions. In the
case of ionogens, the IP can be considered an
intermediate between ions and ionogen molecules.

The most commonly used experimental method
for characterizing ionic associates (CIP and SSIP) is
vibrational  spectroscopy: infrared and Raman
spectroscopy [7]. The vibrational frequency of the
anion is “shifted” during the formation of ion pairs and
other associates, and the degree of shift provides

information about the nature of ion pair varieties.
However, as noted in [7], the ion pairs of single-atom
anions containing halide ions cannot be studied by this
method. NMR spectroscopy is also inefficient, since
the association/dissociation equilibria are rather fast on
the NMR time scale. As a result, time-averaged cation
and/or anion signals are obtained [7]. In this
connection, the modern scientific literature favors
theoretical approaches when studying the properties of
ionic associates containing halide ions [8 — 11].

The formation mechanism and structure of IPs in
protic solvents with proton participation differ from
those for ordinary ions. The ion-ion and ion-molecule
interactions of the proton are peculiar due to its small
size and specific structure [12]. In contrast to the usual
cations, the proton does not contain electrons near the
nucleus, but it has a significant charge density. This
leads to a strong polarizing effect on the solvent
molecules, and as a result, the proton in solution exists
exclusively in the form of solvates [12]. The specifics
of its behavior in liquid solutions are largely related to
the molecular structure of the solvent [12]. Thus, in
protolytic solvents, the proton forms charged clusters of
the composition H(M)," (M is a solvent molecule). The
simplest of these in composition are the products of the
primary solvation of the proton at n =1, 2 — lyonium
MH" and Zundel M,H" cations. As a rule, in model
problems of physical chemistry, the simplest in
composition lyonium ion (MH") has been considered as
a specific solvate. However, [13] rather convincingly
argues that the most stable cluster is the Zundel cation,
and the lyonium ion is formed only in concentrated
solutions at an equimolar ratio of H " ions and solvent
molecules. The lyonium ion is a component of the
Zundel (n=2) and Eigen (n=4) cations. This raises
many questions regarding the state of the proton and the
transformation of its indicated clusters as the
temperature increases.

It seems to us that the specific behavior of the
proton in protolytic solvents also determines its state in
IPs (CIPs and SSIPs). Obviously, the structure of ion
pairs and, consequently, the mechanism of their
formation should include (take into account) the
simplest products of primary proton solvation [1, 3].

The CIP in alcohol solutions of hydrogen halides
can be represented as a neutral particle consisting of a
Iyonium ion (alkoxonium) and a halogenide ion:
ROH,"...Hal". Such a representation of the CIP is in
agreement with the generally accepted one [14, 15]. In
this case, the H-bond in such a formation is asymmetric.
The electron cloud density is shifted toward the Hal
ion [15]. SSIP can be viewed as a formation consisting
of a Zundel cation and a H-bonded halide ion: (ROH),
H'..Hal "

Methods. The electrostatic and non-Coulomb
interactions act between ions in protolytic solvents [16].
Taking the latter into account is fraught with difficulties
in describing the discrete structure of the solvent and
with strong ion-molecule interactions at short distances.

In connection with the above, we used the Ebeling
equation [17] (1) to calculate the dissociation constants
of CIP:
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According to [18], equation (1) implicitly takes
into account the short-range repulsive forces between
the ions in the IP and the dispersion interactions
between the solvent molecules. Among the known
equations of this type, it is the most acceptable for
describing such systems at different temperatures.

We calculated K4;(SSIP) according to the method
described in [19] using equation (2)
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where ¢ is the dielectric constant of vacuum; R is
the molar gas  constant; for the  SSIP
MH' 1 ||I’s(,1v the three radii of the solvent molecule
S)) a=rI)+3r(S) were added to the
crystallographic radius of the I" ion. In equation (2), the
first term is equal to Ay /°(SSIP)/RT, the second one is
AqisS°(SSIP)/R.

The dielectric permittivity of alcohols is taken
from [20]. The radius of the alcohol molecules was
calculated from the solvent density data given in the
monograph [21]. The free volume (V) was calculated
by the Prigozhin formula [22]:

_Rp,

a,

where Br is the isothermal compressibility, op is
the thermal expansion. These values are also taken from
the monograph [21].

The choice of equation (2) to calculate Ky (SSIP)
is due to the fact that the ions in the ion pair are bound
together predominantly by Coulomb forces. In addition,
taking into account the free volume of the solvent and
its isothermal compressibility reflects the structural
features of m-alcohols under the influence of
temperature and dielectric permittivity.

The conversion constants (Ko, ) [1], the values of
which are given in Table 1, were calculated from the
data on the dissociation constants of the CIP and SSIP
by the relationship (3):

=D ©
K,.(SSIP)

From the ion pair dissociation constants (IP) data
of the CIP and SSIP, their thermodynamic quantities
(thermodynamic quantities) (A Gg;s (IP), Ag; HO(IP),

v,

Agis S°(IP) were determined from equations (4), (5) and

(6) (see Tables 2 and 3).
Aq4isG° (IP) = — RT InK(IP) “)
o oA . G° (IP)
Ay S (IP)=———— = 5
dis ( ) 8T ( )
AdisHO (IP) = A, G (IP)+ TAdisSO (IP) (6)

The thermodynamic quantities of CIP to SSIP
conversion were calculated using expression (7) derived
from the thermodynamic cycle

OconyY° = O4is Y°(CIP) — b4 Y°(SSIP) @)

Here Y=G, H, S.

The values of Ao H° and Ay S° are shown in
Table 4.

Results and discussion. From the analysis of the
obtained data on the thermodynamic quantities of the
stages of CIP dissociation, SSIP dissociation and CIP to
SSIP conversion of HCI [3], HBr [4], HI (Tables 1-5)
ionization process in n-alcohols from methanol to n-
octanol at 278.15 — 328.15 K the following regularities
were established:

1. The values of Ay G°(CIP) and Ay G°(SSIP)
(Tables 2 and 3) are positive, increasing with increasing
temperature and the number of carbon atoms in the n-
alcohol molecule. In this case
AgisG°(CIP) > AyisG°(SSIP).

2. The values of A.,,wG° are also positive, except
for the values of A.n,G° in methanol at 278.15—
328.15 K and HBr solutions at 298.15—-328.15K in
ethanol. For these cases, AgsG°(SSIP)> AyG°(CIP)
and A.,wG° are negative. As the temperature increases,
AonvG° become more exothermic, and vice versa as the
hydrocarbon radical increases.

3. The values of Ay HC(CIP), AgHO(SSIP),
AconvH®, AgisS°(CIP), AgisS°(SSIP), AconyS°® of three
ionogens are negative, except the values of
AgisH°(SSIP) in methanol. As the length of the alkyl
group of n-alcohol increases, the enthalpy quantities of
the above processes become more exothermic, while
the opposite is true as the radius of Hal™ increases.

4. The values and sign of the change in G° for the
dissociation stages of CIP and SSIP into ions and the
conversion of CIP into SSIP are determined by the
entropic component (—7AS®), except for those cases for
which AG®..,y <0 (methanol, ethanol). In these cases,
the value and sign of A, G° are determined by the
enthalpic component.

The conversion process of CIP and SSIP for in
methanol and partially in ethanol proceeds
spontaneously. The differences in the signs of Ao G°
in methanol and ethanol and other n-alcohols are due to
the opposite sign contribution from the short-acting

Table 1 — Conversion constants (K, ) CIP to SSIP for HI

T,K Keony ,-mol/dm’
methanol ethanol n-propanol n-butanol n-pentanol n-hexanol n-heptanol n-octanol
278.15 2.24 0.99 0.48 0.27 0.165 0.105 0.067 0.041
288.15 2.31 1.04 0.52 0.30 0.188 0.119 0.078 0.048
298.15 2.37 1.10 0.56 0.32 0.207 0.133 0.093 0.057
308.15 2.49 1.18 0.59 0.35 0.227 0.160 0.104 0.065
318.15 2.53 1.26 0.66 0.39 0.266 0.197 0.130 0.079
328.15 2.72 1.39 0.72 0.46 0.310 0.215 0.154 0.096
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component of the ion-molecule interaction to the non-
Coulomb ion-ion potential dj; [23]. In the case of
methanol and ethanol A;,G* <0, and for other »n-
alcohols A;,G* > 0. The contribution of A;,G* <0 to
A;jG* seems to prevent the formation of ion pairs, while
at AjG* > 0 it promotes their formation.

The exothermicity of the dissociation of CIP and
SSIP into ions (AgH° <0) is due to the excess of the
exothermic contribution from the solvation of ions
formed in solution compared to the energy required for
the separation of charges in the ion pairs. In this case,
despite the increase in the number of particles due to the
formation of two ions from one IP, the entropy of the
system decreases due to the decrease in mobility and
polarization of the solvent molecules during the
formation of the solvation shells of ions.

The negative sign of the change A, S° indicates,
apparently, the ordering of the structure during the
conversion of CIP to SSIP, which is due to the strong
coordinating effect of ROH," cations and (ROH),H"
cations. The latter is explained by additional solvation
with energy release (A H° < 0). However, the sign of
AconyG®, except for methanol and ethanol, is determined
by the entropic component, which indicates a structural
rearrangement in the conversion process of CIP to SSIP
under the influence of the solvent. Since in the process
of structural rearrangement in all alcohols the proton
can form no more than two bonds as a coordinating
center, Acon/° will vary depending on the alcohol and
the halide-ion. The same electron configuration and
slight differences in anion size have little effect on
AconvH®. As the radius of the anion increases, the
exothermicity of A.,,wH° decreases slightly.

The increase in exothermicity Acon° and AgonyS°©
in the series of n-alcohols is more significant:
AconvH® = 2 times, and A,S° = 3.5 times. The latter is
associated with an increase in the electron-donating
ability of alcohol molecules with the growth of the alkyl
group. The enthalpic component (A /H°) in all
alcohols promotes, and the entropic component (—
TAconyS®) hinders conversion. The change in the
entropic component indicates that the ordering in the
system increases as the alkyl group of the alcohol
increases and as the temperature increases. This effect
of solvent and temperature can be attributed to the
stability of both types of IPs. Their dissociation depends
on those factors that affect ion-molecule and ion-ion
interactions. The drop in relative permittivity
contributes to the ion-ion interaction, i.e., the stability of
the IP. The increase in the size of the alkyl radical
sterically prevents solvation, thus, the above factors as if
promote the formation of an IP. It seems that the energy
of attraction between oppositely charged ROH," ions ,
(ROH) ,H" and Hal is largely influenced by their
specific structure and solvation [24]. ROH," cations and
(ROH),H" are solvated negatively, indicating that the
solvent molecules easily exchange the primary solvate
shell [24]. The dynamic instability of these cations is
due to the internal features of their structure and the of a
proton presence in their composition as very reactive
particle. The presence of “free” solvent molecules in
hydroxyl-containing solvents [24, 25] causes negative
solvation, which is one of the reasons for the anomalous

proton mobility in such solvents. It can be assumed that
not only the “free” solvent molecules, but also the
anions influence the stability of the above cations.
Under certain conditions, the latter can exchange with
the molecules of the primary solvate shell of the proton,
i.e., participate in the re-solvation of the negatively
solvated Zundel cation as the most stable proton particle
in the solution [24, 25]. When one solvent (alcohol)
molecule is replaced with a Hal™ anion in the primary
solvation shell of the proton, a CIP is formed:
ROH,"...Hal". The factors listed above will contribute
to the stability of such a particle. SSIP formation can be
viewed as the addition of Hal™ to the Zundel cation:

R

|
Hal ---H-0O---H'—O-H |,
|
R

We hypothesize that with an appropriate value of
relative permittivity and dynamic mobility of solvent
molecules and under the influence of external
conditions (thermal motion of molecules, external
environment of the solvate) the given structure will
undergo a transformation resulting in the formation of a

more stable structure:
r 0

L R
g
r 0
1“ ®
H-0
Hal™: H
H-0
|
L R _

For some time it will behave as a kinetically stable
formation, the stability of which depends on the factors
mentioned above. In addition to the conversion of CIPs
to SSIPs, ionic pairs can undergo dissociation into free
ions. The concentration of the latter is also determined
by many factors and is quantitatively described, like the
concentration of IP, by the usual ionogen total
ionization process constant [2]. Conducting particles are
formed as a result of IP dissociation.

The K.ony CIP in SSIP values we calculated were
used to estimate the ratio of CIP and SSIP
concentrations in alcoholic solutions of halogenated
hydrocarbons at 278.15-328.15 K. From the analysis of
the data obtained on the concentrations of CIP and SSIP
the following regularities were established:

1.The concentration of CIP (SSIP) in alcohol
solutions depends on the temperature, the length of the
alkyl radical of the alcohol, and the radius of the Hal
anion.

12

Bicnux Hayionanvnoeo mexuiunoeo ynieepcumemy «XI1I».
Cepis: Ximis, ximiuna mexnonozis ma exonozisi Ne 2(10)°2023



ISSN 2708-5252 (Online)

2. In methanol, SSIPs are predominant among IPs,
in ethanol the concentration of SSIPs and SSIPs is
approximately the same, and in other alcohols, SSIPs
predominate (Table 5). The concentration of CIPs
increases from methanol to n-octanol from 30 to 95 %,
respectively, as the alkyl radical of the alcohol
increases.

3. The ratio of enthalpic (A.on/H°) and entropic
(=TAconyS®) factors in methanol and ethanol ensures the
spontaneous conversion of the CIP to SSIP, while in
other alcohols there is deconversion. The latter is
largely due to a decrease in the relative permittivity in
the series of alcohols (from 32.6 to 9.7), which increases
the attraction between oppositely charged ions and
enhances their association.

The formation of IPs and the increase in their
stability is also influenced by the solvatability of the
ions. ROH,"  cations and (ROH),H' are negatively
solvated, and their negative solvation increases as the
alkyl group of the alcohol increases [3,4]. The latter
indicates a weaker proton retention of the solvent
molecule. Among CI" and Br -ions (both solvated
positively in alcohols), the most solvated is Cl” , which
contributes to SSIP stabilization and gives a lower K ny
value for the smaller anion. As the radius of the anion
increases, the translational motion of the alcohol
molecules near the ion will increase, which leads to an
increase in K. The strengthening of the Coulomb
interaction between the counterions in the SSIP under
the influence of the solvent will certainly lead to the
reorganization of the solvent near the IP, i.e., the Hal
accession product to the Zundel cation. The resulting
SSIP can dissociate into Hal ions and (ROH),H" (or
ROH,").

This process is facilitated by high relative
permittivity and solvateability of the ions.

When the dielectric constant of the solvent is low,
the SSIP can turn into a CIP:

0

|
Hal ---H'-O-H| +ROH
©)

Thus, as a result of deconversion (conversion of
RIPs to CIPs), CIPs predominate in higher n-alcohols.
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