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Abstract

The enthalpies of vaporization of different classes of tetracoordinated phosphorous
compounds have been determined according to their enthalpies of solution in hexane and
carbon tetrachloride. Good agreement of some values with literature data is established.
The enthalpies of specific (hydrogen bond) interaction of derivatives having acid
properties, with p-xylene, dioxan and acetone have been determined. The enthalpies of
solvation of cyclic and acyclic derivatives of methylphosphonic acid in different solvents
are analysed and discussed.

INTRODUCTION

The chemical behaviour of organophosphorus compounds in many
respects depends on the influence of the medium in which the processes
occur. At the same time the influence of the solvent on the reaction is
estimated in many cases by the change of equilibrium or rate constants.
However, solvation factors of reactants and products are rarely analysed,
even though such work is useful when studying mechanisms of reaction.

We have previously reported the calorimetric determination of the
enthalpy of solvation [2,3] and the (1 + 4)-cycloaddition reaction of
three-coordinated phosphorus derivatives to benzyl compounds [1]. It was
noted that the development of research into the thermodynamics of
organophosphorus compounds, as well as other heteroatomic compounds,
is restricted to an extremely small number of works concerning enthalpy of
vaporization. However for organophosphorus compounds it may be
possible to use the method recently proposed for the determination of
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enthalpy of vaporization of organic compounds, using their known molar
refraction and heat of solution in alkane (Y) [4]

AH,,, +kJ mol™' = AH,,,(Y) + 439 + 1.OS(MR,, — @) (1)

where a is the molar refraction correction for branched carbon atoms:
1.6 cm® mol ! for >CH and 4.8 cm® mol~* for >C.

Such an approach allows us to extend considerably the library of
thermochemical data and gives a basis for quantitative determination of
solvation enthalpy for organophosphorus compounds in any solvent

according to
A}Isolv = A}Isoln - A}Ivap (2)

In the present work we determined enthalpies of solution and vaporiza-
tion of different classes of tetracoordinated phosphorus compounds and we
analysed their enthalpies of solvation in organic solvents.

EXPERIMENTAL

Enthalpies of solution of compounds were measured at 295-298K in a
differential calorimeter constructed according to the Arnett—Rodgers
scheme. Methods of measurement have been previously described [2, 3, 7].
The ranges of concentration were 5X107°-5X107?mol™" for liquid
substances and 1-5X 10> mol 1! for solids. The measured values have a
magnitude which is accurate to within 0.1-0.7kJ mol™' for liquids and
0.5-2.0kJ mol~! for solid products. This is taken as a result of the average
of 3-4 experiments. Variation of experimental values of solution enthalpies
of solutes was observed only in the case of solutions of strongly associated
derivatives of thio-acids of phosphorus (36-38); for the remaining products
no change of enthalpy of solution in the indicated intervals of temperature
and concentrations was observed.

All substances were synthesized by previously reported methods [7,
20-28] and have physical constants in accord with the literature values.
Solvents were dried and purified by standard methods [29].

RESULTS AND DISCUSSION
The solvation enthalpy in carbon tetrachloride

Carbon tetrachloride is the most widely spread and applicable solvent
which, like alkanes, is unable to enter into specific interaction with
organosphosporus compounds. This solvent is most often used for spectral
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TABLE 1

Solution, vaporization and non-specific solvation enthalpies in kJ mol' of various types of
phosphorus compounds in hexane and carbon tetrachloride

Com- Formula AH,? MR, AH,,, -—AH.
pound _
no. C.H,, CCl, CH," cCl,
Obs. Calc®

Phosphoric acids

1 (MeO),PHO 115 44 225 395 280  35.1
2 (EtO),PHO 11.9 -02 316 495 376 497
3 (PrO),PHO 9.6 410 570 474 54.8
4 (i-PrO),PHO 73 —-15 409 513 440 528
5 (PhO),PHO 57 622  82.1° 69.7 76.4
6 (CICH,CH,0),PHO 107 412  657° 476 55.0
___‘O\
7 __O/PHO 324 246 386 673 349 427
(N
8 o PHO 105 59 301 431 326 372
9 O\pHo 32 247 398 286 36.6
O/
10 O~pho —6.1 247  32.1° 303 38.2
O/
O«
11 o PHO 175 340  603° 350 428

12 CPHO 226 591  959° 660 733
g
Phosphonates
13 (MeO),P(O)Me 27 262 &4 319 39.7
14 (Et0),P(O)Me 30 355 52.2°0 417 492
15 (E10),P(O)Et 90 49 406 560 470 511
16 (PrO),P(O)Me 98 37 452 616 518 579
17 (CICH,CH,0),P(O)Me 7.6 459  674° 526 59.8
18 (PhO),P(O)Me 40 659 842 736 80.2
19 T2 pome 148 57 427 539 391 482
____O -
2 O
0 ]:O/P(O)Me 47 347 498 375 45.1

e}
21 | O:P(O)Me 94 293  50.6° 335 41.2
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TABLE 1 (continued)
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Com- Formula AH,." MR, AH,, —AH.
pound _
no. CH,, CCl, CH,» CCl,
Obs. Calc.®
22 % O~ 22 2 406 351 429
o P(OMe -22 293 0.6 . 9
O~
. . 0 39 47,
23 ><_—_O/P(O)Me 245 386  72.0° 399 7.5
Ol
24 “P(O)Me 169 637 949 713 78.0
O
(ON
25 o P(O)CHCHMe, 285 69.6 992 707 7715
)
o)
N
26 O)CHCHMe, 25.1 742 990 739 80.5
KX POIGHCHMe,
)
o)
27 (E1O),P(O)CHCHMe, 120 718 884  76.4 83.0
)
o)
Phosphates and thiophosphates
28 CLPO 59  1.1% 255 3858 326 374
29 (Me.N),PO -5.8" 479  6L.1° 547 669
30 (EtO),PO 83 21 419 567 484 546
31 (BuO),PO 75 44 69.6 850 775 806
32 i-PrO(EtO),PO 1.4 09 465 629 515 620
33 (EtO)-PS 71 —07 525 666 595 673
o
34 ] O:P(S)OEt 124 29 503 662 538 63.3
O~
35 >CO/P(S)OEt 312 191 551 884 572 69.3
36 (Et0),P(S)OH 51.0' 401 104.9° 46.5 53.9
O~
37 | o P($I10H 782" 379 126.6° 408 484
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TABLE 1 (continued)
Com- Formula AH,,.* MR, AH,, -—AH,,
pound —_
no. CH,, CCl, CH,,> CCl,
Obs. Calc.®
'} o
38 X O:P(S)OH 703" 426 121.8° 44.1 51.5
39 (EtO),P(S)SH 102 28 506 677 575 649
40 (i-PrO),P(S)SH 80 00 569 688 608 659
41 (BuO),P(S)SH 8.1 660 818 737 80.3
42 (i-BuO),P(S)SH 7.5 660 778 703 77.1
43 (s-BuO),P(S)SH 7.8 660 781 703 77.1
o}
44 CP(S)SH 173 101 452 660 427 559
0
__O\ =
45 P(S)SH 223 544 81.0° 514 58.7
L O~
O~
46 O/P(S)SH 192 111 496 723 531 612
O~
47 X P(S)SH 225 498  81.4° 516 58.9
o-F®
0N
48 O/P(S)SH 255 544  81.5° 5438 62.0
O~ .
49 >§O/P(S)SH 66 603  T72.9° 593 66.3
50 Et,P(S)SH 63 457  659° 524 59.6
51 (EtO),P(S)SEt 81 00 565 718 637 718
52 (i-PrO),P(S)SMe -10 615 715 656 725
53 (s-BuO),P(S)SEt 49 -25 750 847 798 872
54 Et,P(S)SMe -0.5 498  63.3° 567 63.8
¢}
55 P(S)SEt 66 16 545 649 583 633
'}
56 ::O>P(S)SMe 212 590  846° 563 63.4
57 < g\P(S)SEt 164 77 592 800 635 723
v
58 >CO\P(S)SMe 253 544  88.9° 565 63.6
o ) . ) ) )
'}
59 < “P(S)SMe 211 59.0  87.7° 596 66.6
O/
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TABLE 1 (continued)

Com- Formula AH,.? MR, AH,, -AH,,

pound —_—

no. C(H,, CCl, CH,," CcCl,

Obs. Calc.c

O~ .

60 >_< O/P(S)SM:: 41 649 75.1 64.1 71.0
O~

61 CHph 5.9 0.7 597 612 553 60.5
o

62 (PrO),CHph 6.0 0.2 61.0 72.8 66.8 72.6

* Values of AH,,,, for some compounds were obtained previously [6,7]. ® Calculated using
the equation —AH,,,(CeH,,) = 4.39 + 1.05(MR,, — ). © Calculated using eqn. (4). ¢ AH,,, =

49.3kJ mol ' [8]. © Calculated using eqn. (4) and AH,,,(CCL). 'AH,,, = 56.5 + 4.0 kJ mol "
[9]. #Data from ref. 10. " Data from ref. 11. 'AH,,,=57.3+40kImol ' [9]. *AH,,, =

72.0 + 5.0kJ mol ™' [9]. ' Extrapolated to high dilution.

research on molecules, study of thermodynamic complex formation,
determination of dipole moments, and synthesis of different compounds.

We have shown that the enthalpy of solvation of trivalent phosphorus
compounds is in linear dependence on the magnitude of their molar
refraction [3]

~AH,,, = 9.08 + 1.08MR,, 3)

In this paper we determined the solution enthalpies of different classes of
organosphosphorus compounds with P" in hexane and carbon tetrach-
loride (Table 1). Using eqn. (1) we calculated their enthalpies of
vaporization and then in accordinace with eqn. (2) we found solvation
enthalpies for compounds (1, 2, 4, 7, 8, 15-17, 19, 28-35, 39, 44, 46, 51, 53,
55 and 57) in carbon tetrachloride. It was seen that the experimentally
calculated non-specific solvation enthalpies of the mentioned acyclic and
five-membered cyclic organophosphorus compounds are also found to be in
good agreement with their molar refraction (eqn. (4)). Points correspond-
ing to six-membered cyclic derivatives are not included in the calculation
because their conformational transformation enthalpies have magnitudes of
5-10kJ mol™* [5].

~AH,, = (13.0 £ 1.9) + (1.02 + 0.04)MR,, (4)
r=098  §,=240, n=20
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Parameters of eqn. (4) are found to be in good agreement with the
coefficients shown above according to eqn. (3) and analogous equations
describing the magnitudes AH,,(A;,/CClL) of organic molecules A,
containing in their structure carbonylic, hydroxylic or nitro groups [4]. This
shows that the enthalpies of non-specific solvation of organic compounds
and organophosphorus derivatives in CCl, are quantitatively similar and
are mainly determined by the volume (or molar refraction) of the solute.

Combination of eqns. (2) and (4) may be used for determination of
vaporization enthalpy of organophosphorus compounds having a tetra-
coordinated phosphorus atom, since most are not soluble in alkanes. By
combining eqns. (2) and (4), correcting for molar refraction on the
branched carbon skeleton and taking into account the solution enthalpies in
CCl,, we determined vaporization enthalpies of phosphorus derivatives as
shown in Table 1. It can be seen that there is good agreement of AH,,,
values for compound (14): calculated 52.2 £2.9kJ mol !, experimental
56.5+4.0kJmol™' [9], respectively. The error in the determination of
vaporization enthalpy of organophosphorus compounds according to eqns.
(1), (2) and (4) is summed from the experimental error of solution enthalpy
(see Experimental section) and the standard deviation in eqn. (4), and
consists of +2.5-4.0kJmol™' depending on the aggregate state of the
dissolved product. It can be noted that the determination of AH,,, for
six-membered cyclic compounds is obviously accompanied by a larger error
because this type of compound is found in conformational equilibrium.

Enthalpy of non-specific solvation and specific interaction of organo-
phosphorus compounds in p-xylene, nitrobenzene, dioxan and acetone

The experimentally determined enthalpy of solvation according to eqn.
(2) is the sum of the enthalpy of non-specific solvation and the specific
interaction of the solute with the solvent. The problem of determination of
AH,,, (non-specific) for organic compounds (A;) in many solvents (S) has
already been solved [4]; it has been established that this energetic term is
found to depend direct upon the molar refraction of the solute

AH, (non-spec) = a, + bMR, (5)

where a, and b, are coefficients.

Verification of the applicability of the above conclusion to the analysis of
enthalpy of solvation of organophosphorus compounds not only using the
solvent carbon tetrachloride, but also for other solvents was carried out. To
do so, the enthalpies of solution and solvation of different types of esters of
tetracoordinated phosphorus atom were determined in p-xylene (Table 2),
nitrobenzene (Table 3), dioxan (Table 4) and acetone (Table 5). The
calculated correlations (eqn. (6-9)), which are shown in Table 6 confirm
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TABLE 2

Enthalpies in kI mol™' of solution, solvation and specific interaction of compounds in
p-Xxylene

No. of AH ., —AH,,, ~AH of
compound specific
in Table 1 Obs. Calc.? interaction
2 23 47.2
3 0.6 56.4
7 24.0 43.3
8 4.3 38.8
19 6.0 479
25 21.8 77.4
27 0.0 88.4
33 -0.5 67.1
34 1.2 65.0
51 -0.2 72.0
55 -0.6 65.5
36 20.4° 84.5 55.0 29.5
37 42.0° 84.6 49.2 35.4
38 43.8 78.0 52.5 25.5
39 0.4 67.3 66.3 1.0
40 0.0 70.6 69.7 0.9
41 -0.5 82.3 82.9 -0.6
42 -0.1 77.9 79.5 ~1.6
43 -0.7 78.8 79.5 —0.7
4 3.8 62.2 573 4.9

* Calculated using eqn. (6) in Table 6. " Extrapolated to high dilution.

that the enthalpies of solvation of neutral organophosphorus compounds in
the indicated solvents are of non-specific character.

Derivatives of phosphorus compounds having mobile hydrogen atoms
are susceptible to specific interactions (hydrogen bonding) with solvents
having a lone electron pair or z-system. The differences between the values

TABLE 3

Enthalpies in kJ mol™' of solution and solvation of compounds in nitrobenzene

No. of AH,, -AH,,
compound in

Table 1

16 -1.9 63.5

19 0.9 53.0

28 0.4° 38.1%
52 1.6 69.9

? Data from ref. 10.
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TABLE 4

Enthalpies in kJ mol™' of solution, solvation and specific interaction of compounds in
dioxane

No. of AH,,, —AH,,, —AH of
compound specific
in Table 1 Obs. Calc.? interaction
2 1.8 47.7
3 1.9 55.1
16 1.2 60.4
19 2.6 51.3
20 2.3 47.5
51 2.2 69.6
52 1.3 70.2
53 43 80.4
54 -0.9 64.2
55 2.0 62.9
56 22.7 61.9
7 20.3 47.0 46.4 0.6
39 -1.9 69.6 63.9 5.7°
40 -2.7 73.3 66.4 6.9¢
43 -0.4 78.5 73.8 4.7
44 -1.9 67.9 57.1 10.8¢
45 13.6 67.4 59.2 8.2°
50 1.6 64.3 59.9 4.4

® Calculated using eqn. (9) in Table 6. ®Values of AH for hydrogen bonding are
—6.6kImol ' [7] and —8.8kJ mol™' [13]. © AH for hydrogen bonding is —7.9 kJ mol™' [7].
4 Values of AH for hydrogen bonding are —12.5kJ mol ™' [7] and —10.0kJ mol ' [13]. © AH
for hydrogen bonding is —10.2kJ mol ™' [7]. “ AH for hydrogen bonding is —4.3 kJ mol ' [7].

of solvation enthalpies calculated using eqns. (6-9) and those found (see
Tables 2, 4 and 5) constitute the enthalpies of specific interaction (or
hydrogen bonding).

Hydrophosphorylic compounds of different spatial isomerism form
almost no hydrogen bonds with p-xylene and dioxan, but show appreciable
specific interaction with acetone. Here the values of enthalpy of specific
interaction correspond quite well to the magnitudes of AH of hydrogen
bonds determined previously by the use of Arnett’s “pure base” method
[6]. Dithiophosphorus acids are effective H-donors in dioxan (Table 4) and
the results are in good agreement with the calorimetric [7] and spectral [12]
data. However, in p-xylene their proton-donor character is practically
non-existent except for the derivative with the phospholoanic ring (44). The
strongest hydrogen bonding with p-xylene is observed for thiophosphates
(36-38) due to OH: - - n-type bond formation.
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TABLE 5

Enthalpies in kJmol™' of solution, solvation and specific interaction of compounds in
acetone

No. of AH ., -AH,, —AH of
compound specific
in Table 1 Obs. Calc.® interaction
13 0.7 41.7
14 0.1 52.1
17 0.4 67.0
18 -0.2 84.4
19 -2.0 55.9
20 -1.7 51.5
21 0.7 49.9
24 15.3 79.6
5 -0.9 83.0 80.3 2.7°
6 -0.4 66.1 60.3 5.8°
7 1.6 65.7 48.7 17.0¢
8 -24.0 67.1 46.7 20.4°
9 —22.0 61.7 43.1 18.6
12 15.8 80.1 77.3 2.88

* Calculated using eqn. (8) in Table 6. " AH for hydrogen bonding is —2.4 kJ mol ™' [6].  AH
for hydrogen bonding is —3.9 kJ mol ' [6]. “ AH for hydrogen bonding is —15.3 kJ mol ™’ [6]
¢AH for hydroben bonding is —23.5kJmol™" [6]. "AH for hydrogen bonding is —
16.4 kI mol ™' [6]. 8 AH for hydrogen bonding is —5.2 kI mol ™' [6].

Enthalpy of solvation of methylphosphonic acid derivatives in different
solvents

Previously we reported [14] the solution and transfer enthalpies
(cyclohexane was taken as a standard solvent) of phosphonates (16 and 19),
pinacol- and dipropylacetals of benzaldehyde (61 and 62 respectively) in
different solvents. With the AH,,, data for the indicated compounds it is
now possible to determine enthalpies of their solvation in various solvents

TABLE 6

Parameters and characteristics of the equation AH,,.(non-spec) = a, + b MR, with correla-
tion coefficients

Equation Solvent a. b, r So No. of
no. points »
4 cdl, -13.0x1.9 -1.02 £ 0.04 0.985 2.40 20

6 p-Xylene -11.7+1.9 —-1.08 £ 0.04 0.994 1.83 11

7 Nitrobenzene —18.6+8.3 —-0.93+0.19 0.958 4.90 4

8 Acetone —21.2+3.1 -0.95 +£0.07 0.983 2.98 8

9 Dioxane —229+1.4 +0.81 £ 0.03 0.994 1.12 11
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TABLE 7

Enthalpies of solvation in kJmol™' *of phosphonates (16 and 19) and acetals of
benzaldehyde (61 and 62) in various solvents

Solvent  Solvent * —AH,,, (BH ) —AH, (8H )%}
no. _ _—
19 16 61° 624
1 Cyclohexane 0 391 518 127 55.3 66.8 11.5
2 CCl, 0.28 482 579 9.7 60.5 72.6 12.1
3 Benzene 0.59 49.1 627 136 60.0 71.9 119
4 Dioxan 0.55 513 604 9.1 60.9 70.5 9.6
5 Chlorobenzene 0.71 523 65.1 12.8 62.3 73.7 114
6 Nitrobenzene 1.01 53.0 635 10.5 60.6 71.0 10.4
7 DMSO 1.00 541  59.6 5.5 577 65.2 1.5
8 Methanol 0.60 569 658 8.9 57.8 68.2 10.4
9 Ethanol 0.54 528 638 11.0 58.9 68.5 9.6
10 Propanol 0.51 517 620 103 58.0 68.0 10.0
11 Isobutanol 0.41° 498 616 118 54.1 65.3 11.2
12 Acetic acid 0.64 61.0 724 114 61.4
13 Propanol-water (1:1)  0.80° 567  66.4 9.7 54.5 64.0 9.5
14 Dioxan-water (1:1) 0.82°  60.1 66.7 6.6 59.3
15 Chloroform 0.58 69.0 811 12.1 71.4 81.7 10.3

2 Values of AH,,, were reported in ref. 14. P Calculated using #* constants for similar solvents.
“MRp, = 59.7cm’ mol ™', AH,,, =61.2kI mol™". MRy, =61.0cm® mol ™', AH,,,=72.8kJ mol '

vap

(Table 7). The differences in magnitudes 6H,,, between phosphorus
containing compounds and non-phosphorus compounds confirm that
acyclic derivatives of both types are better solvated (8-13 kJ mol™') in inert,
polar and H-donor solvents. Here a reasonable interrelation (eqn. (10) can
be observed between the relative energetic terms indicated.

(8Ho)12 = (—6.6 £ 1.8) + (1.67 £ 0.18) (8 H.o)%2 (10)
r=0933 S,=0.8 n=13

There is a certain interest in analyzing the gross enthalpy of solvation of
derivatives of tetracoordinated phosphorus compounds, as far as they
include in their composition both non-specific and specific solvations,
particularly with H-donor solvents. One of the simplest examples of
separating enthalpy of solvation in the indicated deposits is the “baseline”
method suggested by Stephenson and Fuchs [15]. According to this method
the difference in enthalpy of solvation of the compound to be investigated
and the model compound is graphically compared with the z*-constant
values of series of solvents. Among the solvents selected were inert ones
(alkanes, halogenated and aromatic hydrocarbons, ethers) and using
corresponding points a graph was constructed which was then used as a
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baseline. Deviation from the line point corresponding to the H-donor
solvent; is regarded as a measure of the relative interaction of the
investigated solute with the solvent.

When determining relative enthalpies of specific interaction of phospho-
nates (16 and 19) with H-donor solvents (Table 7), we used the values of
6H,,, of the corresponding cyclic and acyclic acetals (61 and 62) as model
compounds which had previously been standardized by dividing by
coefficient 1.67 in eqn. (10); this results in the most correction to differences
in the molar volumes (refractions). As can be seen, the differences in the
enthalpies of solvation found for derivatives of cyclic (8H,,,)s; and acyclic
(8H,, )& structures correlate satisfactorily with z* constants of the first
seven solvents in Table 7 (eqns. (11) and (12)).

(bH )8 =(—74+1.1) — (11.0 £ 2.5)7* (11)
r =0.946, So = 1.50, n=17
(6H o )es = (125 £2.7) — (9.3 £ 1.3)x* (12)

r=10.936, So = 1.56, n=7

Upon deviation from these lines, the points corresponding to H-donor
associating solvents (alcohols, acid, organo-water mixtures) and weakly
associated chloroform were taken to be the relative values of enthalpy of
specific interaction for the compounds (16 and 19) (Table 8). In the case of
model compounds (61 and 62) and phosphonates (16 and 19) which have
identical alkoxylic and dioxyalkylenic fragments at the carbon and

TABLE 8

Relative values of enthalpies of solvation in kJ mol™' of cyclic (19) and 61) and acyclic (16
and 62) phosphonates and acetals, and enthalpies of specific interaction in kJ mol™' of P=O
groups with H-donor solvents

No. of 19 16
solvent
in Table 7 —(8Ho )& ~AH i, —(8H )8 ~AH,
- P:O . .H - P=O . H
Obs. Cale.? Obs. Cale.”
8 22.3 14.0 8.3 25.0 18.1 6.9
9 17.5 13.3 4.2 22.8 17.5 5.3
10 17.0 13.0 4.0 21.3 17.2 4.1
11 17.4 11.9 5.5 22.5 16.3 6.2
12 24.2 14.4 9.8
13 24.1 16.2 7.9 28.1 19.9 8.2
14 24.6 16.4 8.2
15 26.2 13.8 124 32.2 17.9 14.3

? Calculated using eqn. (11). ® Calculated using eqn. (12).
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phosphorus atoms, the obtained AH values of specific interaction are
responsible mainly for the formation of H-bonds between oxygen atoms in
P=0 groups and hydroxylic groups of alcohols, acid, water or the C-H bond
in chloroform.

When we look at the values of specific interaction (P=O---H) it is
possible to note that the energies of H-bond formation of the phosphoryl
group with chloroform are in good agreement with the values determined
for similar compounds by calorimetric [12] and spectroscopic [16, 17]
methods. In the case of other proton donor solvents, enthalpies of specific
interaction for P=O- - -H systems show lower values than those obtained for
the enthalpies of H-complex formation of alkylphosphonic acid esters
with alcohols (=17 to —24kJmol™') and organo-water mixtures (—14 to
—20kJ mol™") [17, 18]. This may be due to the following reasons. First, the
determined values of specific interaction obtained using the baseline
method contain considerable errors because there is an uncertainty in the
choice of model compounds. The other relevant factor is that the
investigated compounds are soluble in the corresponding solvents (energy
of alcohol-alcohol hydrogen bond is about —19.7 kJ mol™* [19]). In spite of
the fact that phosphorylic compounds are relatively strong bases, the
exothermic formation of hydrogen bond complexes between the molecules
of phosphonates (16 and 19) and hydroxyl containing solvents are sig-
nificantly compensated by endothermic processes of changes of associative
equilibria in such solvents [19].

CONCLUSIONS

Among the investigated enthalpies of solvation of tetra-coordinated
phosphorus derivatives, one can see two features. The first is that
heterocyclic derivatives differ from comparable compounds having identi-
cal volumes (or molar refractions); acyclic compounds have enthapies of
solvation which are, on average, 10 kJ mol™' lower.

The second feature which is apparent from the results obtained is the fact
that there is a difference between the quantitative determination of specific
interaction enthalpy of phosphoryl-containing molecules with associated
solvent and a phosphorus compound—H-donor molecule system.

These observations are important when interpreting the chemical
behaviour of organophosphorus compounds of different structure in
various solvents.
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