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Tennomul napooopazoeanus, czopanus, ooOpazoeanus, IHMPORUU U MENI0EMKOCHU 6
PaznuunbIX hazax paziuuHbIX KAPOOHOGHIX KUCTIOM U UX RPOU3BOOHDIX: AUEMAN 08, IPUpos c Hcup-
HbIMU PAOUKANAMU, 08YX-, MPeEX- U YeMbIPEXOCHOBHBIX Kuciaom (52 coedunenusn) ovlniu npoananu-
3UPOBAHBL 6 PAMKAX OOHORAPAMEMPOBHIX MAMEMAMUUECKUX YPAGHEHUIl. IKCnepumeHmanbHole
OanHble 6cex 6blOPAHHBIX 00HO-, 06YX-, MPeX- U YeMbIPEXOCHOGHBIX KUC/I0Mm ObliU NPOAHATUZUPO-
6AHBL U ONPEDEIeHO, YO 6CE MEPMOOUHAMUYECKUE (DYHKYUU IMUX MUNOG COCOUHEHUIL 3A8UCM OM
YuUCa 6a7IEHMHBIX INEKMPOHOG N, U3 KOMOPO20 6bINUMAEMCA CYMMA HENOOETEHHBIX AP INEKMPO-
HO06 g, KaK 3mo npedcmaeieno 6 ypasuenusax AvypctH° =i+ f(N-g) u S°(Cy) =i = f(N-g). Koapghu-
yuenm f ¢ ypagnenuax naxooumcs ¢ pamiax 104-113 ke mons™ anexmpon™, umo coomeemcmeyem
mMaxkum jnee 3HaUeHUAM f, KOmopwvle ynomMsiHymol 6 panee ONyOIUKOBAHHBIX HAMU PAOOMax no onpe-
OeleHul0 menjiom czopanus opzanudeckux kuciom. Ymo kacaemcesa koagppuyuenma i 6 noyayueHHvIx
YPasHeHusAX, Mo HeOOX00UMO OMMEMUNb, YO CUMYAYUs He MAKAl 00HO3HAYHASA, KAK ¢ KoI(hgu-
yuenmom f. 3nauenusa smozo KoIgguyuenma paziuunvl 8 ypagHeHUAX 01 UCHAPEHUs, C2COPAHUA,
00pazosanusn, Mak jnce, KaK u 6 ypagHeHusx IHmponuu u menioemkocmu. Ha 6aze numepamypuuix
IKCHEPUMEHMAIbHBIX OAHHBIX paccyumano 29 Ho6bIX ypasHeHUll, KOMopble MOZYm Oblmb UCNOJIb30-
6AHBL O/151 GLIYUCTICHUA MEX JHce MEPMOOUHAMUYECKUX PYHKUUTL OPYZUX, HOGIX OP2AHUYECKUX KUC-
J10m, u 0COOEHHO OUOOP2AHUYECKUX geujecme ¢ noae3nvimu ceoiicmeamu. Heodxooumo oovasums,
YUMo NOJIYyUeHHbIe YPAGHEHUSL MO2YHL CIYHCUMb OONOJIHUM ESIbHBIM MAMEPUAOM OJ151 PACHema IHep-
2Ull céA3ell HCUPHBIX KUCTIOM U UX NPOU3BOOHBIX 6 2A30801i (ase.

KiroueBsble ¢JIoBa: KUCIIOTA, )KHUPHBIC KUCJIOTHI, alleTat, 3pUp, JBOWHBIC KUCIOTHI, TPOWHBIC U YSTBEP-
HBIE€ KACIIOTHI
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The heats of vaporization, combustion, formation, entropy and the heat capacities in dif-
ferent phases of different carbonic acids and their derivatives: acetates, esters with fatty radicals,
two-, three- and four-basic acids (52 compounds) were analysed in the framework of one-paramet-
ric mathematic equations. The experimental data of all chosen one-, two-, three- and four-basic
acids were analyzed. It was determined, that all thermodynamic functions of these types of com-
pounds depend on the number of valence electrons N, from which the sum of lone electron pairs g
as represented in the equations AvapcH® =i+ f(N-g) and S°(Cy) =i £ f (N-q) is excluded. The
coefficients f in the first equations is in the range of 104-113 kJ mol™ electron™, that corresponds
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to the same values f in the equations, which are mentioned in our earlier papers on the determina-
tion of the heats of combustion of organic acids. As concerned of coefficient i in the received equa-
tions, necessary to note that situation is not synonymous as with the coefficient f. The magnitudes
of this coefficient are different in the equations of vaporization, combustion, formation also as in
the equations of entropy and the heat of capacity. On the base of literary experimental data we
calculated the 29 new equations, which can be used for the calculation of the same thermodynamic
functions for other new organic acids and especially bioorganic substances with the useful proper-
ties. Necessary to add, that the received equations can serve as additional material for the calcula-
tion of the bond energies of fatty acids and their derivatives in gas phase.

Key words: acid, fatty acids, acetate, ester, two-, three- and four-basic acids
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INTRODUCTION

It is known during a long time that organic ac-
ids are a very important and used class of the carbon
derivatives in industry, agriculture and pharmaceutical
industries and medical products [1]. In this connection
it is possible to recollect such names of medical prepa-
rations as acetylsalicylic, gluconic, galactonic, valproic
and lactic acids and their metallic derivatives [2, 3].
This class of compounds is a subject of an intensive
research of the scientists in the different fields: the
study of synthesis, stereoelectronic effects, mecha-
nisms of reaction, thermodynamics and others direc-
tions in our time also. Many books and reference books
have been written on this topic [4, 5].

However, not only thermochemical properties
of linear carbonic, fat acids of different structure are
important for the medical, technical needs and theoret-
ical studies. Different acetates, esters and polyfunc-
tional acids represent a large significance also. On this
reason the analysis and mathematical treatment of all
thermodynamic functions of these classes of deriva-
tives of carbon acids are summed and considered in
this review.

It is known, that all mentioned above classes
and types of compounds exist in condensed and gase-
ous phases. Taking this circumstance into account, we
believed that consideration of their thermochemical
properties, which are represented in Table, should
begin first of all from the analysis of the heat of vapor-
ization (AvapH®), because this functioncan connect the
both phases.

This parameter can be obtained at the use of
Clausius-Clapeyron experimental approach and the
half-empirical theoretical calculations with the use of
Trouton and Wadsé equations for the liquids, which

have the hydrogen bonds or include the boiling points
[6-9]. There is a especial method, based on the calcu-
lation of topological solvation index of the first order
(3°) of investigated molecules [10].

The analysis of other thermodynamic func-
tions ofdifferent organic compounds can be made by
any ways also. In our previous works [10-15] it has
been shown that all thermodynamic functions Avap,cs#°
(%" is the heat (AH®) of vaporization, combustion, for-
mation and entropy (S°) and heat capacity (Cp)) of in-
vestigated organic molecules) are connected with a pa-
rameter (N-g) in the range of one-factor correlation
analysis, where N is a general number of valence elec-
trons, g is a number of lone electron pairs of heteroa-
tomes in molecules in general equation 1.1:

Avap,ci#%° = i £ (N-Q) (1.2)

The parameter g is equal 2 for trivalence nitro-
gen and phosphorus atoms and similar elements of the
group, g is 4 for oxygen, sulfur etc., g is zero for five
valence nitrogen and phosphorus etc., g is 6 for halo-
gens [10-12, 14, 15]. The parameters i and f are stoi-
chiometric coefficients. This equation a little differs
from the equation (1.2), suggested earlier and men-
tioned in some papers on the heats of combustion pro-
cess of organic compounds [10-16].

AcH°=-109.0-(4a + b - ¢) +X(hci)-di  (1.2)

In last equation the number -109.0 (kJ mol*
electron’) has been deduced from the heat of combus-
tion of n-octane. The parameters a and b are the num-
bers of all four valence carbon and mono valence hy-
drogen atoms correspondingly, ¢ is a number of the
moving electrons from carbon to electronegative het-
eroatoms. The sum of X(hc;)~d; represents the number
of the heat corrections in the heat of combustion of the
organic substance for identical structural groups in
molecule [11, 12, 16].
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In the next parts of review we consequently
will represent thermodynamic data of different acids
andacetates. In the aims of the convenience of the per-
ception of thermodynamic material all compounds
have a general numeration. Necessary to add, that prac-
tically all earlier obtained experimental data, including
also the data received in the period from 2000 to 2017,
for the review were taken from recognized handbooks
on organic chemistry of Pedley, Neylor, Kirby [2],
Karapetyanz M.X., Karapetyanz M.L. [4], Cox and
Pilcher [6] and National International Standard and
Technology Institute (NIST) of United States of Amer-
ica [7].

RESULTS AND DISCUSSION

1. Acids

1.1. Acids withlinear C;-Cy radicals

The analysis of the heat of vaporization
(AvapH®) of acids (1-9, Table [2, 4, 6, 7]) with the num-
ber of carbon atoms from 1 to 12 in the frame of one-
factor correlation treatment shows a good dependence
(2.1), in which (here and in other correlation equations)
r is a correlation coefficient, S, is a standard deviation
and # is the number of data used for calculation)

AvapH® = (35.0 £ 7.1) + (1.2 £ 0.2) (N-Q)

r 0.913, S, 9.2, n 9 (compounds 1-9).

The similar equations (2.2-2.7) were found for
other thermodynamic functions: the heats of combus-
tion and formation, entropy and the heat of capacity in
condensed and gaseous phases of the same com-
pounds.

AcH® = (-11.6 = 7.3) - (108.7 = 0.2) (N-g)
r 0.999, S, 8.6, n 9 (compounds 1-9)
AH%ong= (-444.0 £ 6.1) - (4.5 £ 0.2) (N-Q)
r 0.995, S, 8.0, n 9 (compounds 1-9)
AtHgas= (-399.0 + 6.6) - (3.7 £ 0.1) (N-0)
r 0.992, S, 8.0, n 9 (compounds 1-9)
SOcond= (114.2 £ 1.3) + (5.5 0.05) (N-g)
r0.999, S, 1.3, n 5 (compounds 1-4, 6)
S%as= (208.9 £ 41.2) + (8.3 +2.1) (N-9)
r 0.969, S, 27.4, n 3 (compounds 1, 3, 4)
Cpeond= (44.4 £ 41.2) + (6.5 +0.7) (N-0)
r 0.958, S, 34.3, n 9 (compounds1-9)

Necessary to note that the parameter f'in equa-
tions (2.2) has practically the same value, which was
received earlier in our works [10-16] /= 109.0 kJ-mol™!
electrons™ for the combustion of different organic
compounds.

As to i and f coefficients in other equations
(2.3-2.7), their values are essentially differ each from
other in every case.

1.2. Fatty acids

Fatty acids are an interesting and important
type of acids because they make up a main chain of the

2.1)

2.2)
(2.3)
(2.4)
(2.5)
(2.6)

2.7)
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structure of lipids. Such acids have usually an even
number of carbon atoms and form an unbranched
chain. Many fatty acids have one or several double
bonds; they are titled as unsaturated fatty acids. Such
type of acids plays an important role in biochemistry
of the living organisms and in industry also.

The analysis of thermodynamic functions of
dodecanoic (10), miristic (11), palmitic (12), marga-
rinic (13), stearic (14) and arachidic acids (15) [2, 6, 7,
18-20] ( Table) gave the similar equations (2.8-2.11).

AvapH® = (27.1 £17.9) + (1.4 £ 0.2) (N-g) (2.8)
r0.974, S, 7.3, n 6 (compounds 10-15)

AcH® = (5.7 £ 80.5) - (108.7 + 0.8) (N-g) (2.9)
r0.999, S, 32.0, n 6 (compounds 10-15)
AHone= (-433.5+£50.1) - (4.9 £ 0.5) (N-g)  (2.10)
r0.977, S, 20.4, n 6 (compounds 10-15)
Cpeond= (201.7 £ 17.7) + (2.9 £ 0.2) (N-g) (2.11)

r0.992, S, 7.2, n 6 (compounds 10-15)

As can be seen, the correlation parameters i
and f of similar equations for acids with C;-C12 carbons
and fatty acids, having from 12 to 20 carbon atoms in
their own structures are practically equal, but have a
different errors for i and f coefficients.

1.3. Acids with branched carbon radicals

There are a large number of saturated acids, the
organic radicals of which have a different space form.
However it will be difficult to compare thermodynamic
functions of acids, which have a cyclic, iso- and ter-
tiary radicals at carboxyl group. Taking into account
this situation, we chose a little number of acids with
not long and branched radical. It is the acids (16-20) in
Table and on the base of their thermodynamic proper-
ties [2, 6, 7] the equations (2.12-2.15) were calculated.

AvpH® = (27.9 + 1.4) + (1.1 + 0.04) (N-g) (2.12)
r 0.999, S, 0.8, n 3 (compounds 16, 17, 19)

AcH® = (-6.2 + 12.5) - (108.9 + 0.4) (N-g) (2.13)
r 0.999, S, 5.5, n 3 (compounds 17-19)

AfHone= (-446.7 £ 11.3) - (42 +03) (N-g)  (2.14)
r 0.997, S, 5.0, n 3 (compounds 17-19)

AtHgs= (-411.0 £ 11.3) - (3.4 £ 0.3) (N-g) (2.15)

0.995, S, 5.0, n 3 (compounds 17-19)

No wonder, what the correlations coefficients
in all three groups of mentioned acids have practically
comparable values, because their room structures are
not especially differ each to other.

1.4. Two-, three- and four-basic acids

These types of organic acids have a large im-
portance for different domains of industry, pharmacol-
ogy and others [8, 9]. Thermodynamic data of two-
basic acids (21-27) together with such acids as citric,
glycolic and others (28-33, Table) form the following
equations (2.16-2.20), which similar to given higher.
AvapH® = (104.9 £ 3.1) + (1.1 £ 0.1) (N-g) (2.16)
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r 0.963, S, 4.0, n 7 (compounds 21-27)

r 0.997, S, 116.5, n 4 (compounds 34,35,37,38)

AcH® = (19.4 +10.3) - (108.6 + 0.4) (N-0) (2.17)  AH%ona= (-306.6 +28.5) - (9.3 + 1.2) (N-g)  (2.23)
r 0.999, S, 10.3, n 6 (compounds 21-26) r0.991, S, 15.9, n 3 (compounds 34,35,37)

AiH ong= (-865.5 £ 10.1) - (4.7 +0.4) (N-g)  (2.18)  AfH gas= (-288.5 + 19.1) - (8.3 + 0.8) (N-g) (2.24)
r0.985, S, 10.1, n 6 (compounds 21-26) r 0.995, S, 10.6, n 3 (compounds 34,35,37)

AH® = (-411.6 £129.2) - (92.9+4.7) (N-9)  (2.19)  Cpeone= (72.5 £ 3.1) + (4.8 £ 0.1) (N-Q) (2.25)
r 0.995, S, 154.4, n 6 (compounds 28-33) r0.999, S, 1.7, n 4 (compounds 34-37)

AH cong= (-1037.7 £ 244.7) - (19.5 £ 7.6) (N-0) (2.20)  Cpgss= (5.1 + 12.3) + (5.6 + 0.6) (N-Q) (2.26)

r 0.876, S, 181.7, n 4 (compounds 28, 30, 32, 33)

Necessary to note, that the parameters of equa-
tions (2.16-2.18), which are related to two-basic acids,
not bad correspond to parameters of equations for nor-
mal, fatty and branched acids. However the same pa-
rameters in equations (2.19) and (2.20) for the heats of
combustion and formation of three- and four-basic ac-
ids very differ from others. Probably this effect is pos-
sible to explain by strong inner hydrogen connection
between carboxylic groups of such type of acids.

2. Acetates and esters of fatty acids

The analysis thermodynamic properties of the
large class of esters is useful for beginning with various
functions of acetates, which have an important signifi-
cance in theory of organic compounds and in different
brunch of industry [1-5, 8, 9]. The approach to this aim
is the same, which was used in previous parts: the cre-
ation of the definite number of equations, which reflect
the interrelation of thermodynamic functions with the
number of valence electrons of the examined mole-
cules (Table).

The dependences of the heats of vaporization,
combustion, formation and heat of capacity of acetates
(34-41, Table) and their interrelations with parameter
(N-g), as shown in the previous parts, are reflected in
the equations (2.21-2.26).

r 0.994, S, 5.7, n 3 (compounds 34-36)

Thermodynamic data of esters of fatty acids
presented in the literature [2, 6, 7] with more examples
than acetates (42-52, Table), what gave a possibility to
calculate the equations (2.27-2.29).

AvapH® = (4.8 £ 10.6) + (0.9 £ 0.1) (N-Q) (2.27)
r 0.967, So 4.1, n 10 (compounds 42-46, 48-52)

AH® = (-54.7 £ 171.7) - (109.1 + 1.6) (N-g) (2.28)
r0.999, S, 72.6, n 11 (compounds 42-52)

AtH cond = (-201.3 £ 205.5) - (6.5 +£2.0) (N-g)  (2.29)

r 0.880, S, 72.6, n 4 (compounds42-44, 50)
CONCLUSIONS

Thermodynamic parameters (heat of vaporiza-
tion, combustion, formation in different phases, en-
tropy and the heat of capacity) of 52 derivatives of car-
bonic acids and their derivatives were analyzed for the
first time and it was determined that all functions de-
pend on the number of valence electrons N from which
is excluded the sum of lone electron pairs g as repre-
sented in 29equations AvapcfH® = i £ f (N-g) and S°(Cp)
=i+ f(N-g). Necessary to note, that the stoichiometric
coefficient f in the first equation is in the range 104-
113 kJ mol* electron? in the received dependences,
that corresponds to the same values f in the works,
which are mentioned in introduction. Other coefficient
i differs for each type of compounds and not necessity
in the discussion.

AvapH® = (22.7 £ 1.0) + (0.7 £ 0.03) (N-g) (2.22)
r 0.995, S, 1.1, n 8 (compounds 34-41)
AH® = (24.1 + 170.0) - (113.1 £ 6.1) (N-g) (2.22)

Table

Thermodynamic properties (kJ mol™? and J mol K1) of acids with C1-C12 carbons, fatty, branched, two-, three-
and four-basic acids. The data are compiled from [2,4,6,7]

Taonuya. Tepmoaunamudeckue ceoiicrea (kI Moab? n J moan K1) kuciior ¢ aromamu yriepoaa C1-C12, sxup-
HbIX, Pa3BC€TBJCHHLIX, IBYX-, TP€X- 1 YETHIP€XOCHOBHbLIX KHCJ0T; TaHHbIC 3AUMCTBOBAHbI U3 [2,4,6,7]

Compound, AvepH® | —AcH° —AfH° —AfH° S SO Cp Cp
No formula,
(N-g) cond gas cond gas cond gas
1 2 3 4 5 6 7 8 9 10
Acids with C1-Ci2 carbons
Acetic, 51.6 874.2 484.5 433.0 63.0
1 CHiOn8 | £15 | +02 | +02 | +30 | 1980 | 2828 | 1231 | 0
n-Propanoic, 55.0 1527.3 510.8 455.8
2 C3HeOo, 14 +2.0 +0.1 +0.1 +2.0 191.0 152.8
. 475.9
n-Butanoic, 58.0 2183.5 533.9
3 CaHsOs, 20 L 40 06 0.6 +4.0 225.3 353.3 177.7
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1 2 3 4 5 6 7 8 9 10
n-Pentanoic acid, 2850.1 560.2 491.0 439.8
41 M0, 26 | 20| iso 107 | x2009 | 298 | g6 | 1970
5 n-Hexanoic acid, | 73.2 3490.4 585.7 512.0 295 1
CeH120,, 32 +£2.0 +0.5 +0.5 +4.0 '
n-Heptanoic acid, | 72.0 4144.0 611.5 539.5
6 | CHwuO,38 | £15| 06 £ 06 L1 | 3233 267.3
7 n-Octanoic Acid, | 82.9 4797.9 636.9 556.6 207.9
CgHi1602, 44 +1.0 +0.5 +0.5 +1.1
8 Nonanoic acid, 85.3 5452.2 661.9 579.5 362.4
CgH1302, 50 +2.0 +1.0 +1.0 +1.0
n-Decanoic
) L 119.0 | 6079.3 7141 624.2
9 (capric) acid, 475.6
CioH2002, 56 +2.0 +0.9 +3.5 +5.0
Fatty acids
Dodecanoic acid, 7377.0
10 CioH240s, 68 127.9 409 775.1 404.3
n-Tetradecanoic | 109 7 | 6767 | 8341 4320
11 (miristic) acid, 138 14 40 .
C14H2802, 80 ) ' )
n-Hexadecanoic
12 acid (palmitic) | 154.4 | 10028.6 848.4 452.3 463.4
acid, Ci6H3,0,, +42 +1.9 +2.2
92
Heptadecanoic
acid (marga- 10624.4
13 rinic) acid, + 1.7 924.4 4757
C17H3407, 98
Octadecanoic
acid, Stearic 166.5 | 11336.8 947.2
14 acid, C1gHz502, +4.2 +2.1 +22 435.6 501.5
104
Eicosanoic acid
15 | (arachidic) acid f?? 12! ‘;'2 1£152i6 545.1
Ca0H400, 116 ' ) '
Branched acids
i-Butyric acid,
16 CaHeOs, 20 50.9 173.0
3_
Methylbutanoic 2835.1 561.6 502.5
17 acid, CsH1002, 55.8 +£59 +£59 +6.6 197.1
26
18 Z'woﬁihg’é?é‘ta' 28422 | 5545 | 4954
CsHuoOn, 26 +59 +59 +6.6
L Zz;cEigh%heHxag"c 763 | 47996 | 6351 | 5595
’ 484 =21 109 £1.7 £2.0 £2.1
Heptanoic acid,
20 2-ethyl-, 63.4
C9H1802, 50
Two-, three- and four-basic acids
.. 111.4
Propanedioic 7] 861.1 891.1
2L 1 acid, CoHaO4, 8 £ 0.6 L 04 149.0 127.6
+0.7
Butanedioic
) 120.3 1491.0 940.0
22 acid, (1:ZH604, 44 1309 1909 167.3 152.9
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1 2 3 4 5 6 7 8 9 10
Pentanedioic 119.8
23 acid. CsHsOs, 7] 2150.3 960.5

20 12 +0.7 +1.1
Hexanedioic 133.6 2792.0 998.2
24 - [17]
acid, CgH1004, +0.4 +04
26 +1.3
Heptanedioic 139.9
25 acid, C7H1204, [17] 31-610(.)2 1009.4
32 +1.0 )
26 Octanedioic acid, 1?'13]'8 4110.9 1038.0
CgH1404, 38 +38 +1.3
Tartronic acid, 116.4 1068.4 952.0
21 | CH0s 6 | +03 | 593 | T4 115 184.5

1960.6 1543.8

Citric Acid,
28 Hric Act +4.6 +4.6

CesHgO7, 18

(2)-1-propene-
29 | 1,2,3-ricarboxylic
acid, CeHeOe, 18

(E)-1-propene-
30 | 1,2,3-ricarboxylic
acid, CeHeOs, 18
Mesotartaric
31 acid, C4H506, 6 1172.0
Ethylenediamine
32 tetraacetic acid,

2001.6

1985.8 1233.0
+2.5 +3.0

4458.1 1761.7

Ci1oH16N20sg, 42 +3.6 £3.7
Ethylenedia-
33 mine-N,N'-disuc- 4271.6 1950.2
cinic acid, +39 +39
Ci1oH16N20sg, 42
Acetates
Methyl ace- 1592.2 86.0
34 tate, CsHeOy, 14 334 0T 445.8 410.0 140.6 L 012
2238.5
Ethyl Ace- 480.6 445.4
35 | tate, CuHgOy 20 | 07 | *05 108 08 259.4 | 362.7 | 169.6 | 113.6
Propyl acetate, 38.6
36 CsH1002, 26 +0.1 196.1 153.6
Butyl acetate, 43.0
37 | CHu0s32 | ~o1 | 34670 | 6096 | 5660 208.4
Pentyl acetate, 48.6
38 C7/H140,, 38 +04 43721 383.2
51.9
39 Hexyl acetate, [L8]
CsH1602 +0.3
57.1
40 Heptyl acetate, 18]
CgH1502, 50 +0.2
60.7
41 Octyl acetate, [18]

C10H2002, 56 +0.4
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1] 2 ] 3] 4 1 5 | 6 | 7 ] 8 | 9 ] 10
Esters with fatty radicals
70.7
Methyl dodeca-
42 r¥oate [19] 8117.0 714.6
, +0.4
Ci3H2602, 74 £0.2
96.8
Methyl hexadec- 10669.0
[19]
43 anoate, . 6i 04 879.5 495.1 474.5
C17H340,, 98 ’
96.4
Methyl pal- 0 10547.9
44 mitoleate, ) +1.5 715.1
C17H3202, 96 =07
105.9
Methyl octade-
45 ca)r/mate v+ G 9456
L 1 4 :l: 0.4
C19H3502, 110 ’
46 Methyl elaidate, | 77.2 li818£5'0 731.7
Ci19H3602, 108 0
47 | Methyl linoleate, 11690.1 645.7
CaoH2405, 106 15
110.5
Methyl 11506.0
. [20]
48 linolenate, +1.5 544.0
CiHz0z, 104 | 05
104.0
49 Methyl oleate, +6.0 11817’2'4 727.6
CioHO2, 108 | @ 1.5
Methyl eicosano- | 116.4 | 13263.0
50 ate, C21H1202, +1.5 +0.4 1003.0
122
Methyl ester of | 115.8
51 | cis-11-eicosenoic | [20] 13190.0 791.0
acid, Co1H4003, +0.7
120
Butyl ester of 97.7 | 13843.0
52 oleic acid, [20] +140 816.9
C22H420,, 126
Note: a) average from 6-8 values
[Ipumeuanue: a) cpeaHee u3 6-8 3HaUCHUIA
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