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A thermodynamic interpretation is presented of the convergent linear relationships observed among
the log K (K; equilibrium constant) values of 1:1 hydrogen-bond complexation of nine OH~ and NH-acids
against five phosphorus compounds in CCls. Straight lines converging on a single point are plotted from
the log K values at different temperatures. The slopes of the lines correspond to the temperature ratio and
the convergence point reflects the apparent constant value of AS° (—35.4 Jmol ' K™1). Sets of family-
independent or family-dependent straight lines all of which converge on the same point can be plotted from
the log K values of the acids (or bases) against two reference bases (or acids). The convergence point also
reflects the constancy of the apparent AS° value and the slopes of the lines correspond to the AH° ratio. The
thermodynamic features can be correlated with local structures of the acids and bases. The interpretation
presented here can be applied to other systems and is of importance as a new view of 1:1 hydrogen-bond
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systems.

Vast amounts of thermodynamic data such as log K
(or AG®), AH®, AS°, and the frequency shift in spec-
troscopic quantities have already been accumulated®
for 1:1 hydrogen-bond complexation in various aprotic
solvents. These thermodynamic and spectral data are
important for elucidating essential properties of acid-
base interactions and constructing acidity and basic-
ity scales as reported by, for example, Drago et al.,>—%
Taft et al.,>® Sherry and Purcell,®!? Terent’ev,'") and
Kamlet et al.'?—%)

In recent years, Abraham et al.'>2V) found by apply-
ing a statistical analysis to 1: 1 hydrogen-bond complex-
ation in CCly that a straight line which passes through a
specific point (—1.1, —1.1) is frequently observed among
log K values of various acids (or bases) against two dif-
ferent reference bases (or acids). These convergent lin-
ear relationships are called family-independent LFERs
(linear free energy relationships), because the lines are
independent of the families of acids (e.g., phenols and
imides) or bases (e.g., carbonyls, ethers, and pyridines).
The convergence point is called the “magic point”.15—2Y
Family-independent LFERs are used to construct acid-
ity and basicity scales: Abraham et al. proposed a new
hydrogen-bond acidity scale af**—7:2021) and a basic-
ity scale 8161921 on the basis of convergent linear
relationships. Values of log K are correlated with these
scales by the following equation:

log K = maj B3 +c, (1)

where m and ¢ are constant terms determined by the
temperature and the solvent.

On the other hand, a set of family-dependent
LFERs,?%?3 rather than family-independent LFERs, is
observed for some base-reference acid systems. Fam-
ily-dependent LFERs are also an important feature of
1:1 hydrogen-bond complexation in aprotic solvents.
Abraham et al.?®) showed that family-independent and
-dependent LFERs can be explained in terms of the
angle # proposed by Maria et al.,?*) a quantitative ex-
pression of the electrostatic:covalent ratio contributing
to adduct formation. The present authors?® found re-
cently that the family-dependent lines, as well as the
family-independent lines, converge on the magic point
and that the convergent linear relationships can be ex-
plained by regarding the acid and base molecules as be-
ing composed of both a functional group and a residual
moiety, as expressed by the following equation:

log K = (1x + 1y )waws + log Ko, (2)

where 7, and 7y depend on the functional group of the
acid and the base, respectively, w, and wp, depend on the
residual moiety of the acid and the base, respectively,
and log Ky is a constant term.

The convergent family-independent and -dependent
LFERs are important general features observed in 1:1
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hydrogen-bond complexation in CCly. However, expla-
nation of the convergent straight lines has scarcely been
attempted. In the present study, the 1:1 complexation
of OH- and NH-acids with phosphorus compounds in
CCly has been analyzed thermodynamically to interpret
the convergent LFERs.

Data for Analysis

Ruostesuo et al.?®) reported formation constants, K
(dm3mol~1), of the 1:1 hydrogen-bond complexation
of nine OH— or NH—-acids against five phosphorus com-
pounds at 288.15—318.15 K in CCl; determined by
means of IR-spectroscopy. All log K values subjected
to the present study were calculated from these forma-
tion constants and are listed in Table 1 together with
the AH® (kJmol™') values reported by Ruostesuo et
al.?® Tt is important that two acid families (OH and
NH families) and three base families (=0, =S, and =Se
families) are included in the systerms.

Results and Discussion

Temperature Dependency of log K Values.
The equilibrium of 1:1 hydrogen-bond complexation
between acid A and base B in an inert solvent can be
expressed generally as follows:

A+B 2 AB. 3)

In the above equilibrium, log Kap is correlated with the
change of enthalpy (AH,g) and of entropy (AS,g) by

the following equation:2"-2%)
—AHgg ASSp
l =
08 Kar = 5303RT T 2.303R. (4)

where R is the gas constant (8.314 Jmol™' K=!) and T
stands for the temperature (K).

When the above equation is applied to the complexa-
tion of acids A; (¢=1,2,3,...) with bases B; (j=1,2,3,...)
at T and T3 K, the following equations are obtained:

_AHS . ASSg

1 KT1 _ iBj iDj

8 AAB; = 5303RT, | 2.303R. (5)
_AHS. s ASS g

1 KTz _ iPj iBj

08 R AiB; T 5303RT, | 2.303R. (6)

From the above equations, the relation between
log K, A;B; at T; and Ty K is expressed as follows:

T Ty, AS?
log K, = 7 log Kilp, + (1= ) 5500m (1)

where AS; represents AS I:iBj'

If the variable AS; is virtually constant for a set of
adducts A;Bj, Eq. 7 suggests that straight lines of slope
Ty/T> would results from the plots of log K gz '2B_j Vvs.

log K ,z;_ lB]- and that all such lines would pass through a

point (AS; /2.303R, AS; /2.303R) independent of tem-
perature.

Features of 1:1 Hydrogen-Bond Complexation

Figure 1 shows the relations between log K values at
various temperatures (288.15, 308.15 or 318.15 K) and
those at 298.15 K obtained from the data shown in Ta-
ble 1. The straight lines shown in the figure were de-
termined based on Eq. 7 by applying the least squares
method to the plots under the condition that the slope
of the line is equal to T/T: and that ASfO is con-
stant. A set of straight lines converging on a single point
(—1.85, —1.85) results. From this, it can be concluded
based on Eq. 7 that AS; /2.303R is virtually constant
(=-1.85) for all of the adducts and that the slope of
the lines is equal to the temperature ratio, 17/ Ts.

It is probable that a set of straight lines similar to
that shown in Fig. 1 can be obtained when values other
than —1.85 are applied as ASfo /2.303R. However, Eq. 7
suggests that the slope 7 of these lines is equal to 11/ T»
only when the optimal ASfo /2.303R is applied. The
difference between the slope r and the ratio Ty /T ob-
tained from the data shown in Table 1 by applying var-
ious AS; /2.303R values is shown in Fig. 2. Since the
condition 7— T3/ T>=0 (thus, r is equal to T1/T3) is
satisfied only when AS; /2.303R=—1.85+0.05 for all of
the lines, it is concluded based on Eq. 7 that the opti-
mal convergence point is at —1.85, —1.85 in accordance
with the results shown in Fig. 1. The position of the
convergence point shows that the optimal value of ASfo
is —35.4 Jmol ' K~! for all of the adduct formation
reactions.

For the three sets of data used for the plots shown
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Fig. 1. Effects of temperature on log K values of

OH- and NH-acids against phosphorus compounds
in CCly. Values of log K of the vertical axis are ob-
tained at: O, 288.15 K; A, 308.15 K; and [, 318.15
K. Slope of the lines is equal to the ratio of tempera-
ture. The convergence point given as “+” locates at
(~1.85, —1.85).
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Table 1. Thermodynamic Data of the 1:1 Hydrogen-Bond Complexation of OH- and
NH-Acids with Phosphorus Compounds in CCly
Base Acid log (K/dm? mol™") - AHY
288.15 K 29815 K 308.15K 31815K kJmol™*
(CeHs)sP=0 2-Naphthol 3.26 3.06 2.88 2.71 —32.2
1-Naphthol 3.14 2.97 2.79 2.63 —30.0
Phenol 2.99 2.82 2.63 2.48 —-30.4
CF3CH;OH 2.95 2.77 2.60 2.43 -30.7
CCl3CH.0OH 2.47 2.30 2.15 2.01 —27.0
CBr3CH.OH 2.33 2.16 2.01 1.87 —26.8
Carbazole 2.05 1.94 1.83 1.71 —20.0
Indole 1.86 1.75 1.64 1.54 —-19.7
Pyrrole 1.58 1.48 1.39 1.29 —19.7
(CH30)sP=0  2-Naphthol 2.49 2.35 2.20 2.06 —25.2
1-Naphthol 2.47 2.32 2.18 2.03 —25.8
Phenol 2.34 2.20 2.05 1.92 —24.9
CF3CH,0OH 2.31 2.17 2.04 1.92 —22.8
CCl3CH,0OH 1.81 1.69 1.56 1.45 —21.2
CBr3CH,OH 1.66 1.54 1.42 1.30 —21.0
Carbazole 1.45 1.37 1.28 1.18 —16.1
Indole 1.34 1.23 1.13 1.04 —-15.4
Pyrrole 1.10 1.03 0.96 0.86 —12.2
(CeHs0)3sP=0  2-Naphthol 1.89 1.76 1.64 1.52 —-224
1-Naphthol 1.85 1.72 1.60 1.47 —22.1
Phenol 1.74 1.62 1.50 1.37 —21.3
CF3;CH;0OH 1.72 1.60 1.49 1.39 —19.4
CCl3CH.0H 1.32 1.21 1.10 1.00 —18.7
CBr3CH2OH 1.20 1.09 0.98 0.89 —18.9
Carbazole 1.18 1.10 0.99 0.90 -16.0
Indole 1.05 0.98 0.87 0.76 —16.6
Pyrrole 0.85 0.78 0.74 0.69 -9.38
(CeHs)sP=S 2-Naphthol 0.98 0.90 0.82 0.74 ~14.1
1-Naphthol 0.96 0.87 0.80 0.73 —13.5
Phenol 0.86 0.78 0.70 0.64 -13.1
CF3CH2,0H 0.85 0.75 0.65 0.59 -13.1
CCl3CH20H 0.62 0.53 0.47 0.41 —-12.7
CBr3CH2:OH 0.58 0.48 0.41 0.34 -14.1
Carbazole 0.69 0.60 0.51 0.43 —-11.8
Indole 0.56 0.50 0.45 0.39 —9.65
Pyrrole 0.37 0.34 0.31 0.29 —4.85
(CeHs)sP=Se 2-Naphthol 0.90 0.80 0.74 0.66 -13.1
1-Naphthol 0.87 0.79 0.74 0.68 —-13.4
Phenol 0.82 0.73 0.67 0.57 —13.1
CF3;CH,OH 0.81 0.70 0.62 0.59 -13.3
CCl3CH2:0H 0.59 0.51 0.44 0.38 ~-12.2
CBr3CH,OH 0.56 0.47 0.40 0.35 —13.4
Carbazole 0.65 0.59 0.54 0.49 -10.1
Indole 0.55 0.49 0.44 0.39 —8.00
Pyrrole 0.38 0.33 0.29 0.26 —7.00

in Fig. 1, the value of ASfo /2.303 R which gives straight
lines of the minimum standard deviation is in the range
from —1.2 to —0.7. Since such lines are different from
those satisfying r=T;/T;, the simple least squares
method without consideration of the relation between
the slope and the temperature ratio is unsuitable for
determining the convergence point.

Linear relationships between AH® and AS°, which

are generally called compensation effects, have often
been observed?® for various 1:1 hydrogen-bond com-
plexation systems. The compensation effects suggest
that the value of AS°, as well as AH®°, varies from one
adduct to another. Actually, AS° values determined by
Ruostesuo et al.?® for the systems shown in Table 1 vary
from —49.2 to —9.77 Jmol~! K~! and a very rough lin-
ear relationship is observed between the values of AH°
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Fig. 2. Difference of slope r and T1/7T> as a function

of the value of AS°®/2.303R. T is 298.15 K. T»is O,
288.15 K; [, 308.15 K; A, 318.15 K.

and AS°. Thus, at first glance, the constancy of ASfo
obtained here seems to contradict the compensation ef-
fects.

To understand the mﬂuence of the change of ASf on
the log K, A;B; VS log K A;B; plots, the effect of AS; on

the entropy relatlng term, {1—(T1/T)} AS; /2.303R,
in Eq. 7 was estimated. These results are summa-
rized in Table 2. Although AS; values from —49.2 to
—9.77 Jmol~' K~ have been applied, the variation of
the entropy relating term is, at most, +0.065 in log K
units which is comparable to the experimental error of
the log K values (<=£0.21) estimated from the data of
Ruostesuo et al.?®) Therefore, the constancy of AS° ob-
served here is reasonable within experimental error as
to the log K A: ,"’Bj vs. log K AZ; 1Bj plots. Since ASfO varies
from one adduct to another, the constant value of AS;
(—35.4 Jmol~1K~1) obtained here can be regarded as
an apparent value representing a kind of average of all
the ASfo values.

It is concluded from the results descrlbed above that
the slope of the log Kl A;B; VS. log K1t A;B; plots is equal
to the temperature ratio ajnd the appeargmce of the con-
vergence point is due to the apparent AS° value being
a constant that is independent of the adducts.

Table 2. Effect of Variation of AS° on the Term
{1—(T1/T2)} AS°/2.303R
T T AS° a _E) AS°
K K Jmol 1K™? 127 2.303R
298.15  288.15 —49.2 — —9.77 —0.05340.036
298.15  308.15 —49.2 — —-9.77 0.05040.033
298.15  318.15 —49.2 — -9.77 0.09740.065

Features of 1:1 Hydrogen-Bond Complezation

Effects of Reference Bases on log K Values.
When the term AS° is virtually constant for the reac-
tion of a set of acids A; (i=1,2,3,...) against reference
bases B; and By at T K, the following equations can be
derived from Eq. 4 by expressing AS;B as ASfQ :

~AHRp, | AS
2.303RT ' 2.303R,

log Ka,B, = (8)

AIIA Bo Asf
2.303RT + 2.303R. ©)
From the above equations, the following equation is de-
rived:

lOg KA,-Bg =

AHZ AHy;B, SHap, ) ASF AS?
AHZ 5, 2.303R.
(10)
If not only the term AS; but also AH;;Z_BZ /AHIZZ_B1
is constant for all of the acids, the above equation sug-
gests that the plots of log K values of a set of acids
against a reference base vs. those against another base
would give a straight line of slope AH, 1:7;32 /AH 1:,-81 and

o
HA;‘B2

By = wc—log Ka, 1-
i AHXiBl Og A;By +(

all such lines would converge on a point (AS; /2.303R,
AS; /2.303R). The convergence point would exists at
(~1.85, —1.85) in the present systems because AS; is
—1.85, as described above.

Figure 3 shows plots of log K values at 298.15 K of
the nine acids against (CH30)3P=0 or (C¢Hjs)3P=S vs.
those against (CgHs)3P=0. The point shown by “+”
in the figure stands for the convergence point (—1.85,
—1.85) expected from the results shown in Fig. 1. When
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Fig. 3. Relation between log K values of acids against

(Ce¢H5)3P=0 and those against (CH30)sP=0O and
(CeHs)3P=S obtained at 298.15 K in CCly. O and
A, OH~acids; @ and A, NH—acids. Reference bases
for the vertical axis are: O and @, (CH30)3P=0; A
and A, (CgHs)3P=S. The convergence point shown
by “4” locates at (—1.85, —1.85).
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(CeHs)3P=0 and (CH30)3P=0 are used as the refer-
ence base, a family-independent straight line that ex-
trapolates to (—1.85, —1.85) can be plotted as shown
by the solid line. Equation 10 suggests that the lin-
ear relationship is due to the constancy of the ratio
AH;iB2/AH;iB17 which is equal to the slope of the

line, independent of the acids. When (CgHs)3P=S and
(CeHj5)3P=0 are used as the reference base, two family-
dependent straight lines both of which can be extrapo-
lated to the point (—1.85, —1.85) are plotted as shown
by the broken lines. Thus, Eq. 10 suggests that the ra-
tio of AH® is virtually constant only within each family
of acids. It is important that all lines shown in Fig. 3
are considered to be converging on the point (—1.85,
—1.85), because, as determined from Eq. 10, the appear-
ance of the convergence point at (—1.85, —1.85) sug-
gests that the apparent ASfo value is constant (=—35.4
Jmol~! K~!) independent of the acids and bases.

As summarized in Table 3, family-independent or
-dependent LFERs all of which converge on the point
(—1.85, —1.85) can be plotted for all of the acids-ref-
erence base systems. When Eq. 10 is applied to the
results, it is concluded for all of the acids-reference base
systems that the appearance of the convergence point
can be ascribed to the apparent A,S'fo value being con-
stant and that the linear relationships are due to the
constancy of the ratio AH ;iBZ /AH, ;iBl, which is equal

to the slope of the lines, at least within each family of
acids.

Effects of Reference Acids on log K Values.
For 1:1 hydrogen-bond complexation of a set of bases
B; (=1,2,3,...) against reference acids A; and As, the
following equation is derived from Eq. 4 by procedures
similar to those used for Eq. 10:

HY 5. AHR,; . ASg
0g K A,B; AHXIB]» og Ka,B; +( AHngj)2.303R.
(11)

The above equation suggests that if the terms
AHAsz /AHAIB], and AS; are constant, the plots of

log K of a set of bases against reference acids A; and

Bull. Chem. Soc. Jpn., 68, No. 12 (1995) 3407

A, would give straight lines which pass through a point
(AS; /2.303R, AS; /2.303R) corresponding to (—1.85,
—1.85) in the present systems. The slope of the line
would be equal to AHXZBj /AH,:IBJ, .

The plots of log K values at 298.15 K of the five bases
against 2-naphthol or carbazole vs. those against phe-
nol are shown in Fig. 4. In the figure, the point “4”
is located at —1.85, —1.85 which matches the conver-
gence points shown in Figs. 1 and 3. A family-indepen-
dent straight line which can be extrapolated to —1.85,
—1.85 can be plotted in the phenol/2-naphthol systems
as shown by the solid line. In the phenol/carbazole
systems, as shown by the broken line, P=0 bases give a
straight line, but sulfide and selenide bases deviate from

4

log of X (Base with Acids)

log of X (Base with Phenol)

Fig. 4. Relation between log K values of bases against
phenol and those against 2-naphthol and carbazole.
Reference acids for the vertical axis are: O and @,
2-naphthol; A and A, carbazole. O and A, P=O
base; @ and A, (CgHs)3P=S or (C¢Hs)sP=Se. The
convergence point shown by “+” locates at (—1.85,
—1.85).

Table 3. Linear Relationships Converging on a Point (—1.85, —1.85) Observed among log K
Values of OH- and NH-Acids against Phoshorus Compounds in CCly at 298.15 K
Reference Reference Functional Slope of Standard Number Family
base 1 base 2 group line deviation  of data dependencya)
(Ce¢H5)sP=0  (CH30)3P=0 OH, NH 0.86 0.035 9 X
(CeH50)3P=0 OH, NH 0.75 0.083 9 X
(CeHs)3P=S OH 0.57 0.031 6 O
NH 0.65 0.016 3 O
(CeHs)3P=Se OH 0.55 0.057 6 O
NH 0.65 0.016 3 O
(CeHs)sP=S (CeHs)3P=Se OH, NH 0.98 0.030 9 X

a) O: Family-dependent Line; x: Family-independent Line.
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the line. Since the functional group of the sulfide and
the selenide differs from that of the P=0 bases, their
deviation from the broken line may be ascribed to fam-
ily-dependent behaviors: each of these bases is thought
to be on a different straight line.

Family-independent or -dependent LFERs, all of
which converge on the point —1.85, —1.85 can be plot-
ted for all the bases-reference acid systems. Features of
these lines are summarized in Table 4. When Eq. 11
is applied to the results, it is concluded for all of the
bases-reference acid systems that the appearance of the
convergence point can be ascribed to the apparent ASfo
value being constant and that the linearorelationsohips
are due to the constancy of the ratio AH, 5 /AH, g,
which is equal to the slope of the lines, at least within
each family of bases.

The Cause of the Magic Point.  As mentioned
in the introduction, family-independent and -dependent
LFERs, both of which converge on the magic point, are
regarded as general features observed in 1:1 hydrogen-
bond complexation systems. Since the behaviors are in
accord qualitatively with those observed here, it is sug-
gested based on Egs. 10 and 11 that the cause of the
LFERs converging on the magic point can also be as-
cribed to two thermodynamic features: the constancy
of the ratios of AH® (AH, p,/AHy 3, in Eq. 10 and

AHZ2BJ_ /AHXlBj in Eq. 11) and the constancy of the

apparent AS; value as an average of the ASfo values
ranging from —49.2 to —9.77 Jmol~! K—!. On the other
hand, ASfo calculated from the magic point is —21.1
Jmol~! K—! which is in the range of variation of the ap-
parent ASfo value obtained here. Thus, the magic point
(—1.1, —1.1) is in accord with the convergent point ob-
tained here within experimental error.

It is concluded that the appearance of the magic point

Features of 1:1 Hydrogen-Bond Complezation

is due to the constancy of the apparent ASfo value in-
dependent of the acids and bases. The results suggests
that the constant term log Ky in Eq. 2 is virtually equal
to AS,5/2.303R in Eq. 4.

Interpretation of Family-Independent and
-Dependent Behaviors. As reported on the ba-
sis of Eq. 2 in our preceding paper,?® if two reference
acids have the same functional group, a family-inde-
pendent LFER of bases-reference acid systems would
be expected. On the other hand, if two reference acids
have different functional group, a set of family-depen-
dent LFERs would be expected. Similar features would
be expected from Eq. 2 for acids-reference base sys-
tems: For example, family-dependent LFERs would re-
sult only when two reference bases have different func-
tional group.

When the equality of the constant term log Ky in
Eq. 2 and AS,5/2.303R in Eq. 4 is taken into consider-
ation, the following equation is derived from Eqgs. 2 and
4:

(12)
For the reactions of a series of acids A; (a;—x;; i=
1,2,3,...) with reference bases By (b;—yi) and By
(ba—y2), the following equation is obtained from the
above equation:
AHziBz
AHIOMB1

— AHjp = 2.303RT (nx + Ny )waws.

- ("7)(1' + Nys )wb‘z (13)
("7xi + M1 )wbl .

If the two reference bases have the same functional
group (7y,=my,), the term AH;iBZ/AH;iBl in the
above equation would be a constant (=wy,/wp,) which
depends only on the residual moieties of the reference
bases. In such a case, as determined from Eq. 10,
the plots of log Ka B, vs.log Ka,B, give a family-in-
dependent line of slope wy, /wy, . On the other hand, if
the two reference bases have different functional groups

Table 4. Linear Relationships Converging on a Point (—1.85, —1.85) Observed among log K
Values of Phoshorus Compounds against OH- and NH—-Acids in CCly at 298.15 K

Reference Reference Functional  Slope of Standard Number Family
acid 1 acid 2 group line deviation  of data  dependency®
Phenol 2-Naphthol =0, =8, =Se 1.04 0.028 5 X

1-Naphthol =0, =S, =Se 1.03 0.011 5 X
CF3;CH2OH =0, =8, =Se 0.99 0.008 5 X
CCI3CH20H =0, =S, =Se 0.89 0.046 5 X
CBr3CH,OH =0, =S, =Se 0.86 0.071 5 X

Carbazole =0 0.82 0.085 3 O

=S, =Se 0.94 0.015 2 O

Indole =0 0.78 0.088 3 O

=S, =Se 0.90 0.014 2 O

Pyrrole =0 0.72 0.080 3 O

=S, =Se 0.84 0.013 2 O

Carbazole Indole =0, =S, =Se 0.96 0.012 5 X
Pyrrole =0, =5, =Se 0.89 0.021 5 X

a) O: Family-dependent line; x: Family-independent line.
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(My,#My, ), the term AHI:Z,BZ/AHI:Z_B1 in Eq. 13 would
become constant only for acids with the same functional
group (nx=constant). In such a case, as seen from
Eq. 10, the plots of log Ka B, vs. log Ka,p, would give a
set of family-dependent straight lines whose slopes differ
from one family to another depending on the functional
group of the acids.

For the reactions of a series of bases B;(b;—y;;
7j=1,2,3,...) with reference acids Aj(a;—x;) and
As(ag—x2), the following equation is obtained from
Eq. 12:

AHXsz _ (Mxz + Ny, JwWay

S = (14
AHAlBj (Mxy + Ny; wa, . )

From the similarity of Eq. 14 to Eq. 13, it is easy to see
that a family-independent straight line of slope wy, /wa,
is expected when the two reference acids have the same
functional group (nx,=7x,) and a set of family-depen-
dent lines is expected when the two reference acids have
different functional groups (7x,#mx, )-

As shown in Tables 3 and 4, family-independent
LFERs exist when two reference bases or acids have
the same functional group, as in =0/=0, OH/OH, and
NH/NH systems. These results agree with the theoret-
ical expectation described above. On the other hand,
all the family-dependent LFERs shown in Tables 3 and
4 exist only when reference bases or acids have different
functional groups, as in =0/=S, =0/=Se, and OH/NH
systems. These results also agree with the theoretical
expectations described above.

A special behavior is observed in the plots obtained
by using (CeHs)3P=S and (C¢Hs)3P=Se as a reference
base: although these bases have different functional
group (=S and =Se), a family-independent LFER with
a slope close to unity (0.98) is plotted. An important
point is that these bases have the same residual moiety,
(CeHs)3, with the same wy, value. When Eq. 13 is ap-
plied to the result, the family-independent behavior can
be ascribed to the equality of the n, value (n=ge~n=s)
of these bases and the slope close to unity is due to the
equality of the wy value.

As described above, all of the family-independent
and -dependent LFERs shown in Tables 3 and 4
can be interpreted thermodynamically by applying
Egs. 10, 11, 12, 13, and 14.

Conclusion

It has been revealed that the convergent linear rela-
tionships among log K values of the 1:1 hydrogen-bond
complexation of OH- and NH-acids against phospho-
rus compounds can be ascribed to two thermodynamic
features: the constancy of the AH® ratio and the con-
stancy of the apparent AS° value of both the acids-ref-
erence base and the bases-reference acid systems. The
interpretation presented here can be applied to the con-
vergent LFERs observed in other 1:1 hydrogen-bond
complexation systems.
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The family-independent and -dependent LFERs so
far have been ascribed to the difference of the electro-
static : covalent ratio contributing to the adduct forma-
tion expressed in terms of the angle §. On the other
hand, the results obtained here suggest that the con-
vergent LFERs can be explained thermodynamically
based on the constancy of the apparent AS° value and
the constancy of the AH® ratio. The interpretation
presented here is of importance as a new view of 1:1
hydrogen-bond complexation in inert solvents.

We are indebted to Professor Kikuhiko Koyama of our
Department for giving helpful suggestions and reading
the manuscript.
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