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Abstract

Objectives. The work set out to prepare and chromatographically analyze pentaerythritol esters, use gas chromatography to determine
the Kovats logarithmic retention indices and enthalpies of sorption, and evaluate the enthalpy of evaporation of pentaerythritol tetraesters
based on linear correlations with enthalpies of sorption and logarithmic retention indices.

Methods. The synthesis was carried out in an isothermal stirred reactor at 7= 393.2 K at a molar ratio of pentaerythritol to carboxy
lic acid of 1 : 4 in self-catalysis mode to avoid side reactions that occur during aggressive acid catalysis. The obtained samples were
analyzed using Chromatec Analytic hardware and software complex based on a Kristall-2000M chromatograph equipped with a capillary
column (60 m x 0.32 mm x 0.5 um) having BP-1 grafted stationary phase (100% dimethylpolysiloxane). The analysis conditions were
as follows: isothermal mode; column temperature, 433.2—-603.2 K; evaporator and detector temperatures, 623.2 K; gas flow split, 1 : 50;
carrier gas, helium; volume of injected sample, 0.15 pL; diluent of reaction samples, methanol.

Results. For the first time, the values of the Kovats retention indices and enthalpies of sorption were found for 31 pentaerythritol
esters of various structures (mono-, di-, tri-, and tetramethanoates; 2-methylpentanoates; 4-methylpentanoates; 2,2-dimethylbutanoates;
2-ethylbutanoates; octanoates; nanoates; and decanoates). The obtained correlation equations were used to estimate the enthalpy
of evaporation of pentaerythritol tetraesters (for 7 compounds, data were obtained for the first time).

Conclusions. The retention parameters were found as linear dependencies with a high degree of correlation (R > 0.99) in the studied
temperature range (433.2-603.2 K). The enthalpies of evaporation calculated based on the enthalpies of sorption and logarithmic
retention indices within the limits of error of the correlation dependencies coincide with the literature data and the values predicted
by the quantitative structure—property relationship method. The obtained data can be used to design units for separating multicomponent
mixtures and identify these compounds.
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HAYYHAA CTATbA

OnpeaeneHune 3aHTaNbNUN UCNAaPEHUSNA CJNTOXHbIX
3PUNPOB NEHTA3PUTPUTA PA3JINYHOIO CTPOEHUSNA
C Ucnosib30BaHMEeM rasoxpomartorpadpunyeckmx
XapaKTepucTUK yaep>XmBaHus

10.®. UBanosa, B.B. Emeabsinos™, C.B. Jleanosa, I0.H. Te;iibHoB

Camapckuii eocyoapcmeennviii mexuudeckuil ynusepcumem, Camapa, 443100 Poccus

™ demop ons nepenucku, e-mail: koraks95@mail.ru

AHHOTaUuS

He.Jm. HonyquI/Ie u XpOMaTOFpa(bI/I‘IeCKI/Iﬁ aHaJIn3 CJIOKHBIX 3(1)I/IpOB NEHTA’pUTpUTa; OIPEHACICHUC J'[Ol"apI/I(bMI/I'-IeCKI/IX HWHJICKCOB
YACPIKUBAHUSA KoBaua u sHTANBNNIT COp6III/II/I C IOMOUIbIO razoBoit XpOMaTOl"pa(l)I/II/I; OLICHKA SHTAJIBIIUU UCTIAPCHUS TeTpa:)(bI/IpOB TICH-
Ta’>puTpuTa Ha OCHOBE JIMHEWHBIX KOppeJ'IHIII/Iﬁ C DOHTAJIBIIUAMHA COp6HI/II/I u J'[Ol"apI/I(bMI/I'-IeCKI/IMI/I UHACEKCaMU yI€pKHUBaHUA.

Mertoanl. CuHTE3 TPOBOAMIM B H30TEPMHUECKOM PEAKTOPE CMEIIEHHS MPH COOTHOUICHWH IIEHTa’PHTPUT : KapOOHOBas KHCIIO-
Ta=1:4 (MOJNBH.), B peXKrMe CaMOKaTaIN3a BO N30exkKaHne MPOTEKaH s TOOOYHBIX IIPEBPAIIEHUH, IMEIOIIIX MECTO IIPU arPECCHBHOM KHC-
JOTHOM Katanmse, npu 1= 393.2 K. Ananm3 nomy4eHHBIX 00pa3ioB MPOBOJIIN ¢ HCHOIB30BAaHUEM POTPAMMHO-ANIIAPaTHOTO KOMILIEKCa
«XpoMarak-AHaIuTHK» Ha 6aze xpomarorpada «Kpucram-2000M», 0CcHAIIEHHOTO KaMJULIPHOM KoNoHKOH (60 M x 0.32 Mm X 0.5 MKM)
C IPUBUTOI1 HeTToABIKHOH (azoit BP-1 (100% muMernmonucniokcan). YeIoBUs aHaIN3a: H30TePMUYECKUH PeXKIM; TEMITepaTypa KOJIOH-
ku 433.2-603.2 K; Temrieparypbl HICIApHUTEISI H IETEKTOPA OHAKOBEI 1 paBHBI 623.2 K; nenenne razosoro nmoroka 1 : 50; ra3 Hocutens —
renuii; 00beM BBOAUMO# poOsr — 0.15 MKJT; [uTst pa30aBiIeHus peaKINOHHBIX TPOO TPUMEHSIIN METaHOI.

Pesyinbrarsl. BriepBbie nony4eHbl 3HaYCHUS MHICKCOB yaepkuBaHus KoBada u sHTambnuit copoumu st 31 ciaoxHoro adupa nenra-
IPUTPUTA PATUIHON CTPYKTYpHI (MOHO-, U-, TPH- U TETPa()OPMHATOB, 2-METHITICHTAHOATOB, 4-METWINICHTAHOATOB, 2,2-TUMETHI0Y-
TaHOATOB, 2-3THJIOYyTaHOATOB, OKTAHOATOB, HAHOATOB, JICKAHOATOB). ITOyYeHBI KOPPEIALMOHHBIC YPABHEHHS, IO3BOJIMBILHME OLCHUTD
SHTAJIBIHIO UCTIAPEHHUS 171 TeTPadQUPOB HEHTAIPUTPUTA (JUIsi 7 COSMHEHHMIT JaHHbIC TTOTy4YEHbI BIICPBbIC).

BoiBoabl. 3HaueHUs MapaMeTpoB YACP)KHBAaHMS TNPEICTaBISIOT COOON JIMHEHHBIE 3aBUCHMOCTH C BBICOKOW CTEMEHBIO KOppems-
min (R? > 0.99) B McclenoBaHHOM TeMIiepaTypHOM auanasone (433.2-603.2 K). PaccunTaHHble SHTATBINHN HCTIAPEHHs B TIPEeNax mo-
IPEIIHOCTH KOPPEISLMOHHBIX 3aBHCHMMOCTEIl HA OCHOBE SHTANIBITHI COPOLMHU H JIOrapU(PMUUECKHX MHICKCOB YACP/KMBAHUS COBIA/AIOT
C IUTepaTypHBIMU 1 TIPOTHO3UpYyeMbIMH 110 MeToay Quantitative Structure-Property Relationship 3Hauenusmu. [TonyueHHble JaHHBIE MO-
T'yT OBITh MCIIOJIB30BAHBI JUIS TIPOSKTHPOBAHKS Y3JIOB PA3JEICHHsI MHOTOKOMIIOHEHTHBIX CMeCel U MICHTH(UKALINK JAHHBIX COSANHEHHUIL.

Kniouesble cnosa MocTtynuna: 31.10.2024
Aopa6oTaHa: 11.12.2024

MpuHara B neyatb: 08.04.2025

CIIOKHBIC AGUPBI IEHTAdPUTPHUTA, HHICKCHI YICP)KUBAHUS, SHTAIBITNH UCTIAPCHHMS,
STepUPUKALHSL, COPOIHS

Ang uMTMpoBaHns

VBanosa 10.®., EmenbsinoB B.B., Jlesanosa C.B., TensHoB FO.H. Onpenenenne sHTaNbNUN HCIAPEHHS CIOKHBIX (DHPOB IEHTA3PUTPH-
Ta Pa3IMYHOrO CTPOCHUS C UCIIOJIB30BaHUEM Ta30XpOMaTOrpaUuecKiX XapaKTePUCTUK yACPKUBAHUA. TOHKUE XUMUYECKUe MEXHONO0UU.
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INTRODUCTION

Pentaerythritol esters are of great interest to various
sectors of global industry. This is mainly due to the
possibility of varying the chemical and/or physical
properties of these esters by introducing various numbers
of acid fragments of a particular structure to permit their
use as plasticizers for polymer products, alkyd resins,
lubricants, stationary chromatographic phases, and
nonionic surfactants [1-6].

The mass application of plasticizers is limited
by a number of requirements imposed by technical
and economic standards: absence of odor and
color, commercial availability, and thermodynamic
compatibility with the polymer material [7]. As a rule,
such requirements are met by pentaerythritol esters of
linear and an iso structure having an average molecular
weight in the range of 400-800 g/mol [8]. In this case,
the most significant effect is exhibited by compounds
of branched structure, which have a higher resistance
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to emission from the polymer in comparison with their
isomers of linear structure.

To create optimal technologies for obtaining ester
products, reliable data on the enthalpies of evaporation are
required, which are used in the design of reaction units or
separation units [9]. Experimental determination is based
on obtaining the saturated vapor pressure by various
methods: direct (ebulliometry), indirect (transpiration),
etc. However, this entails certain difficulties, since
the classical ebulliometric method is unsuitable for
compounds with low thermal stability (which clearly
manifests itself for branched ester structures); moreover,
when using the transpiration method, the experiment can
be extremely lengthy due to the high molecular weight
of the ester [10, 11].

Recently, modeling methods have become
increasingly important, allowing for rapid estimation of
the enthalpy of evaporation with a sufficient accuracy
based on reliable retention parameters of compounds
obtained under gas chromatography conditions [12].

The purpose of this work was to obtain and
chromatographically analyze pentaerythritol esters,
determine the Kovats retention indices for a number of
unstudied pentaerythritol esters of various structures,
determine the enthalpies of sorption, and estimate the
enthalpies of evaporation for tetracthers by prediction
based on experimental correlations.

HO +RCOOH

RJQ OH

EXPERIMENTAL
Synthesis of pentaerythritol esters

The objects of the study were pentaerythritol esters
for which there are no reference descriptions of
retention indices under gas-liquid chromatography
conditions. Pentaerythritol esters of the following
acids were studied: formic (98%, neoFroxx GmbH,
Germany), 2-methylpentanoic (98%, Merck,
Germany), 4-methylpentanoic (99%, Sigma-Aldrich,
USA), 2,2-dimethylbutanoic (98%, Acros Organics,
USA), 2-ethylbutanoic (99%, Acros Organics, USA),
octanoic  (99%, Sigma-Aldrich, USA), nonanoic
(99%, Sigma-Aldrich, USA), and decanoic (99%,
Sigma-Aldrich, USA), which were synthesized according
to the following scheme:

The syntheses were carried out at a molar ratio
of alcohol to carboxylic acid of 1 : 4 in order to
obtain products of all degrees of substitution. The
experimental equipment was a jacketed reactor
(RULLAB, Russia) connected to a reflux condenser.
The reactor was thermostated by circulating
PMS-200 polymethylsiloxane (Acros Organics, USA)
using a circulating oil thermostat (Huber, Germany).
The reaction temperature was 393 K. The process was
conducted in the self-catalysis mode to avoid side
reactions that occur during aggressive acid catalysis.

O

+ RCOOH
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Scheme. Synthesis of pentaerythritol esters
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The reaction system was stirred with a magnetic stirrer
(Heidolph, Germany). The reaction was performed
until the signals of all four possible products appeared
(monoesters, diesters, triesters, and tetraesters). The
conversion of pentaerythritol was determined by
kinetic monitoring of the reaction by changing the
chromatographic signals with time (gradual depletion
of alcohol and increase and decrease in concentrations
in a series of mono-, di-, tri- and tetrasubstituted
products).

Analysis of reaction mixture

The obtained samples were analyzed using the
Chromatec  Analytic  hardware and  software
complex based on a Kristall-2000M chromatograph
(Chromatec, Russia) equipped with a capillary column
(60 m % 0.32 mm x 0.5 pm) with BP-1 grafted stationary
phase (100% dimethylpolysiloxane, Chromatec,
Russia). Analysis conditions were as follows: isothermal
mode; column temperature, 433.2-603.2 K; injector
temperature, 623.2 K; detector temperature, 623.2 K;
gas flow split, 1 : 50; carrier gas, helium; injected
sample volume, 0.15 pL; diluent for reaction samples,
methanol (Acros Organics, USA); concentration
range of the measured compounds, 0.2-0.6 mg/mL.
The asymmetry factor of chromatographic peaks
was 1, thus eliminating the possibility of overloading
the chromatographic column, as well as its physical
modification, which could lead to distortion of retention
index values [13, 14].

Determination of retention indices

The retention indices and enthalpies of sorption were
determined by the following equations [15]:

~In(t)~In(r))

=— ~—-100 +100z, (1)
Y In(tl,,)—In())
AS. AU
1n(k)=_;0rb _ Rs;rb’ @
th —1
k= 3
Ip
AH . (T, )= AU (T, ) - RT, o

where [ is the retention index of the substance under
study; ., t,,and ¢, | are the reduced retention times
of the sample under study (subscript x) and normal
alkanes with the number of carbon atoms z and z + 1,
respectively; R = 8.3145 J/(mol - K) is the universal gas

constant; 7, is the absolute retention time of the
substance under study; 7, is the dead retention time;
k is the retention factor; AUy, is the internal energy
of sorption at the average temperature of the
experiment; AS, 4 is the entropy of sorption at the
average temperature of the experiment; Aﬁsorb is the
enthalpy of sorption at the average temperature of the
experiment; and 7, is the average temperature of the
experiment.

The experimental values of the enthalpies of sorption
were reduced to a temperature of 298.2 K using the
equation

AH, (298.2K) =

— (%)
= Mgy (T, )+ (-ANPC3 ) (2982 T,, ),

where AEZPC}:’) is the heat capacity of the liquid—vapor
phase transition, predicted using the method that we
proposed previously [16] based on modified Randié¢

indices.

RESULTS AND DISCUSSION

Retention indices

For all compounds in the temperature range of
433.2-603.2 K (all studied temperature modes are given
in Table 1), it was possible to achieve a clear separation
of the components of the analyzed samples. The only
exception was pentaerythritol monodecanoates, which
may be due to the similar retention times of normal
alkanes.

The confidence interval in determining the retention
indices as determined in 3—4 measurements was no more
than 0.2.

Table 1 presents the experimental values of the
logarithmic retention indices and their temperature
dependencies.

One of the known dependencies relating the
logarithmic retention index with the structure of the
compound is the correlation relative to the number of
carbon atoms in the acid fragment of the ester in the
case of linear structure. For this, it is necessary to have
data for determining the retention index at the same
temperature. As such a temperature, the value of 513.2 K
was chosen based on the published data [17], as well as
due to the fact that this temperature is within the studied
range (433.2-603.2 K), which allows for a satisfactory
approximation to 513.2 K.

The dependence of the retention indices on the
number of carbon atoms in the acid fragment (Fig. 1)
demonstrates good linearization (R = 0.999), indicating
the adequacy of the obtained results.
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Table 1. Experimental values of retention indices of pentaerythritol esters
No. T,K/1, 09 AIIAT a b* R?
Monoesters
Methanoate 1423732"22 ;’2{/3925 1425835..20 142693024 1320.8 6.1 0.6011 1012.4 0.994
2-Methylpentanoate 1'592132"27 1593236'25 1594238‘.23 1595335'.22 1905.3 7.5 0.7533 1518.8 0.999
4-Methylpentanoate 1592839.20 1593937'.20 2504:)34.29 2505134'21 1980.5 8.4 0.8323 1553.4 0.999
2,2-Dimethylbutanoate 1570536.26 157]53(5.26 1572536.27 1573536.28 1750.6 0.1 0.0067 1747.2 0.999
2-Ethylbutanoate 155]732'.22 1552736.241 155383i.23: 1554835.23 1572.2 4.4 0.4438 1344.4 0.999
Octanoate 2517133'.22 2518232'.21 2519336.27 2610339'.28 2060.1 8.9 0.8848 1606.0 0.999
Nanoate 2527333'.20 252(232..26 2522532'.20 262063224 2174.4 9.8 0.9759 1673.5 0.999
Diesters
Methanoate 123532.26 12453724 14;5631' '27 14:1(5636.28 1490.1 4.7 0.4680 1249.9 0.999
2-Methylpentanoate 25;]636.27 2512732'.29 2513833-.24 2514838.29 2166.7 7.4 0.7720 1770.3 0.985
4-Methylpentanoate 2522835.241 252383 928 2524933' .29 2525939'i 2280.6 4.7 0.4603 2044.4 0.996
2,2-Dimethylbutanoate 2500932..26 251]032..26 2512136.2$§ 2513231' .26 2102.6 9.7 0.9528 1613.2 0.998
2-Ethylbutanoate 2501637..25 25027342 2503739'.27 2504836.28 2067.5 6.4 0.6337 1742.4 0.997
Octanoate 257723324 257823923 2579335.21 267043223 2685.7 6.3 0.6253 2364.8 0.997
Nanoate 259713924 259(9235"27 2599332"20 269033822 2881.8 6.3 0.6280 2559.4 0.999
Decanoate - - 35191'2i) 361013927 3059.7 2.7 0.6670 2117.4 -
Triesters
Methanoate 145303 627 1454;39'.27 1455132'.27 145613622 1532.0 32 0.3178 1368.9 0.999
2-Methylpentanoate 254]931‘ .27 2542934.26 2543937'.21 25At493§.26 2491.7 2.6 0.2617 2357.5 0.999
4-Methylpentanoate 255283é.29 2253931' .20 2554933'%5 2555935' .27 2586.6 2.3 0.2292 2469.0 0.999
2,2-Dimethylbutanoate 23-302§35.27 2531931' .22 25329363 254303]' .27 2391.2 53 0.5318 2118.1 0.999
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Table 1. Continued

No. T,K/1I, B AIIAT a* b* R?
2-Ethylbutanoate 253]239'.27 2532332'.21 253333420 2534;36"24 2329.7 22 0.2207 2216.5 0.999
Octanoate 352773329 3528735'.20 352973624 3620737"26 3266.5 1.2 0.1236 3203.0 0.998
Nanoate 3557535'.24 3558538.20 3559636.26 3650633'.21 3540.2 2.6 0.2548 3409.4 0.999
Decanoate 35874136.23 358i3i.241 35851132..27 3%0433'.27 3833.4 1.1 0.1150 3774.4 0.998

Tetraesters
Methanoate 1453337'.23 14;;38.25 14554301 14523125 1548.7 1.4 0.1440 1474.8 0.995
2-Methylpentanoate 2571 531' .25 2572536.28 2573439'.27 2575437'.27 2751.5 -0.9 —0.0967 2801.3 0.996
4-Methylpentanoate 2582 831' .27 2583735.27 2584737..25 2;5735'.25 2883.8 -2.1 —0.2089 | 2991.0 0.999
2,2-Dimethylbutanoate 256()136.28 256] 139"'23 2562231' .28 2563234.26 2619.3 2.6 0.2593 2486.3 0.999
2-Ethylbutanoate 256] 53(')‘22 2562 439"28 2563413§il 25642139..20 2650.2 -0.4 —0.0415 | 26715 0.999
Octanoate 3577337'.29 3’5783225 3579239..28 3670235"27 3761.8 —4.1 —0.4015 | 3967.9 0.999
Nanoate 4517032'.23 450(23322 450993421 4600936'20 4126.9 —4.1 —0.4072 | 4335.6 0.999
Decanoate 45417336.26 4321(9236.20 45:’231' .22 464013625 4459.1 —4.7 —0.4729 | 4701.7 0.999

* The coefficients a and b are derived from the temperature dependence / = aT + b of the logarithmic retention indices, where 7 is the
temperature of the chromatographic column, K.
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Fig. Dependence of the retention indices of pentaerythritol
tetraesters of linear structure at a temperature of 513.2 K
on the number of carbon atoms in the acid fragment

Enthalpies of sorption
and prediction of enthalpy
of evaporation

Table 2 presents the results of calculation of enthalpy of
sorption.

Analysis of the enthalpies of sorption when reduced
to a temperature of 298.2 K showed that the dependence
of the enthalpy of sorption on the number of substituted
hydroxyl groups has a linear anamorphosis for esters
with different acid fragments indicating an additive
contribution of the methylene fragment to the enthalpy
value. At the same time, the enthalpies of sorption of
pentaerythritol methanoates under error conditions have
similar values, which is probably due to the absence of
a methylene fragment.

The general equation (except for methanoates)
describing the relationship between the retention index

208
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Table 2. Experimental values of enthalpies of sorption of pentaerythritol esters

No. ~AYPCp, J/(mol K) T,, K ~AH (T, ), kJ/mol ~AH?, , (298.2), kJ/mol
Monoesters
Methanoate 193.0 448.2 49.8+3.9 80.8+6.6
2-Methylpentanoate 219.5 538.2 60.1 £4.9 112.8+9.2
4-Methylpentanoate 219.7 538.2 68.6 = 0.4 121.4+0.8
2,2-Dimethylbutanoate 215.6 518.2 63.6+£0.2 111.0+0.3
2-Ethylbutanoate 219.7 528.2 62.0+0.7 1125+1.2
Octanoate 236.1 588.2 76.6+0.5 145.0+0.9
Nanoate 2432 588.2 79.8+1.3 150.3+£2.6
Diesters
Methanoate 180.1 448.2 548 +2.7 81.8+4.1
2-Methylpentanoate 224.4 528.2 75.6 +1.0 127.2+1.6
4-Methylpentanoate 2249 538.2 76.2+0.7 130.1+£1.2
2,2-Dimethylbutanoate 217.3 5232 69.9+0.4 118.8+0.6
2-Ethylbutanoate 224.8 528.2 723 +£0.6 124.0+1.0
Octanoate 253.3 588.2 81.8+0.6 1553+13
Nanoate 265.9 588.2 85.7+1.2 162.8+2.4
Decanoate 278.7 598.2 85.8 169.4
Triesters
Methanoate 167.2 448.2 57.5+3.1 82.6+45
2-Methylpentanoate 224.7 528.2 86.2+0.8 137.9+1.2
4-Methylpentanoate 2254 538.2 86.0+ 0.6 140.1 £ 1.0
2,2-Dimethylbutanoate 2143 518.2 80.6 0.1 127.8+0.1
2-Ethylbutanoate 2252 528.2 83.9+0.8 135.6+1.2
Octanoate 265.5 588.2 98.2+0.9 1752+1.7
Nanoate 283.4 588.2 103.6 1.1 185.8+2.1
Decanoate 301.8 598.2 103.7 194.3
Tetraesters

Methanoate 154.2 448.2 60.0 £2.9 83.1+4.1
2-Methylpentanoate 221.8 530.7 93.2+0.7 1447+ 1.1
4-Methylpentanoate 222.8 538.2 96.7+0.7 1502+ 1.1
2,2-Dimethylbutanoate 208.3 518.2 89.1+0.1 1349+0.2
2-Ethylbutanoate 222.6 528.2 93.4+0.6 144.6 £0.9
Octanoate 274.4 588.2 1129+ 0.9 1925+ 1.6
Nanoate 297.7 588.2 120.6 £ 1.6 206.9+2.9
Decanoate 321.5 598.2 130.5+1.9 227.0+3.4

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2025;20(3):203-214 209



Determination of the enthalpy of evaporation of pentaerythritol esters

Yulia F. lvanova,

of various structures using gas chromatographic retention characteristics etal.

reduced to a single temperature and the sorption enthalpy
has the form:
° b (298.2)=

sorb

= —6.682N;, +0.047153 , +40.371,( R? =0.965) ©
: i : 513.2 : ’ : ’
where N, is the number of substituted hydroxyl groups in
the pentaerythritol molecule for compound i: monoester
(N =1), diester (N = 2), triester (N = 3), and tetraester
(N = 4). The characteristics of the predictive ability
of the obtained equation are the following: maximum
deviation, 14.3; mean error of predicted values, 4.1; and
standard deviation of error, 3.9.
The enthalpies of evaporation can be found using
linear correlations relative to the chromatographic
retention parameters:

AHeovap (298) = f(IT)’
AI_[gvap (298) = f(_ soorb (298'2))’

where [ is the retention index of the compound at
a certain temperature 7, K.

Using the literature values of enthalpies of evaporation
and enthalpies of sorption of some pentaerythritol
tetraesters [17, 18], we obtained the following correlation
equations:

AH g (298)= .
= 0.036715,5 , +43.387, (R? =0.991),
A[_Ié)vap (298) =

®)

= — 0.824AH, 4 (298)+27.055, (R2 =0.994).

Table 3 compares the values of the enthalpies of
evaporation of pentaerythritol tetraesters with the
values predicted by the quantitative structure—property
relationship (QSPR) method [19].

The obtained values of the enthalpy of evaporation
are at a level acceptable for technical calculations.
Deviations from the data obtained by the QSPR method
and literature data on pentaerythritol tetraesters
are 3—6%.

Table 3. Values of the enthalpies of evaporation of pentaerythritol tetraesters, obtained by various methods

AH G, (298), ki/mol
Component This work et data Additive method
QSPR [21]
(M ®)

Methanoate 100.3 £2.0 95.5+1.6 - 102.2+£2.8
Ethanoate 105.4+0.8 105.0+1.7 106.9 + 1.8 [18] 106.6 = 3.0
Propionate 118.1+0.9 117.6 £ 1.9 115.0+2.1 18] 115.7+3.2
Butanoate 129.8+ 1.0 129.9+2.1 129.8 £2.3[18] 127.4£3.6
2-Methylpropanoate 123.2+1.0 123.7+2.0 122.8 +2.5[18] 121.8+3.4
Pentanoate 1429+ 1.1 143.5+2.4 DO Hg} 141,140
3-Methylbutanoate 1357+ 1.1 135.0+£2.2 137.4£2.4[18] 135.7+3.8
2,2-Dimethylpropionate 125.1+£1.0 126.2+2.1 1252 +£2.5[18] 1259+3.5
Caproate 156.4+1.3 155.0+£2.6 155.4+£3.0[18] 155.1+4.3
2-Methylpentanoate 1444 +£2.8 1462 +£2.4 - 149.4+£42
4-Methylpentanoate 149.3+2.9 150.7 +2.5 - 150.1+4.2
2,2-Dimethylbutanoate 139.6 £2.7 138.1+£2.3 - 139.9+3.9
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Table 3. Continued

AHQ,,(298), kl/mol
C t Thi k
SRS 18 WOr Literature data Additive method
QSPR [21]
(7 (3)
2-Ethylbutanoate 140.7 £2.8 146.1+2.4 - 149.9+4.2
168.5+2.8[18]
Heptanoate 168.5+ 1.6 169.2+£2.8 167.5 + 2.3 [20] 170.3 + 4.8
Octanoate 181.6 £3.6 185.6 £ 3.1 - 186.2+5.2
Nanoate 195.0+3.8 197.4+£3.3 193.6 £2.0 [20] 202.4+5.7
Decanoate 207.2+4.1 214.0+3.5 - 219.1 £6.1
CONCLUSIONS Acknowledgments

After experimentally determining the Kovats retention
indices, the enthalpies of sorption were estimated for
31 pentaerythritol esters of various structures. The
retention indices are described by linear dependencies
with a high degree of correlation (R? > 0.99) in the
studied temperature range (433.2—-603.2 K). Using the
correlation equations, the enthalpies of evaporation of
pentaerythritol tetraesters were estimated (for seven of
these, data were obtained for the first time). The calculated
enthalpies of evaporation coincide with the literature data
and the values predicted by the QSPR method within
the limits of error of the correlation equations. The
obtained data can be used to design units for separating
multicomponent mixtures and identify these compounds.
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