Inorganica Chimica Acta, 175 (1990) 91-98

91

Linear enthalpy relationships between heats of formation of complex
compounds and heats of protonation of ligands. Copper(I1)-N-(para-
substituted phenyl)iminodiacetic acid-a-amino acids ternary system and
copper(II)-N-(para-substituted phenyl)iminoacetic acids binary system

Huakuan Lin, Shuxiang Liu, Zongxin Gu and Yunti Chen*
Department of Chemistry, Nankai University, Tianjin 300071 (China)

(Received January 12, 1990; revised March 20, 1990)

Abstract

The heats of protonation of N-(para-substituted phenyl)iminodiacetic acids (A, p-RPhIDA: R =CH;0,
CH,, H, Cl) and the heats of formation of Cu(II)-p-RPhIDA binary complex compounds and of
Cu(I)}-p-RPhIDA-a-amino acids (B, AA: L-proline, L-isoleucine, L-valine, L-serine, glycine and a-
aminoisobutyric acid) competitive ternary complex compounds have been determined at 25.0+0.2
°C, and I=0.1 mol dm™3 (KNO,;) by means of a model RD-1 automatic conduction calorimeter. In
the meantime the entropy of protonation of the ligand A and the entropy of formation of the binary
complex compounds Cu(ID)—p-RPhIDA-AA have been calculated. The results showed the existence
of linear enthalpy relationships between the heats of formation of these ternary complex compounds
and the binary complex compounds and the heats of protonation of the ligands p-RPhIDA and the
existence of linear entropy relationships between the entropy of formation of binary complex
compounds, Cu(I)-p-RPhIDA and the entropy of protonation of ligands, p-RPhIDA.

Introduction

We have previously reported the linear enthalpy
relationships of  N-(meta-substituted phe-
nyl)iminodiacetic acids ternary systems [1] and
Cu(II), Ni(1I), Zn(II)-a,a’-bipyridyl/phenanthroline-
N-(p- or m-substituted phenyl)glycines ternary sys-
tems [2-7]. However, in these cases the first ligand
(bipy/phen) forms very stable complexes with the
metal ions under the conditions studied and hence
the ternary system may be considered essentially as
a binary system with M(II)-bipy (or phen) as an
hydrated metal ion. But for a competitive ternary
system it is something else. In order to explore this
particular type of linear enthalpy relationship in
competitive ternary systems, we have investigated
the Cu(I)-N-(para-substituted phenyl)iminodiacetic
acid (A, p-RPhIDA: R = CH,;0, CH,, H, Cl)-a-amino
acid (B, AA: v-proline, L-isoleucine, rL-valine, L-
serine, glycine, a-aminoisobutyric acid) ternary
competitive systems. These studies would extend
the investigation of linear enthalpy relationships to
a wide variety of chemical systems and would
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provide some useful information about certain coor-
dination-related heat effects in life processes.

Theoretical

We have previously reported the calculation me-
thod of calorimetric determination of the heats of
formation of Cu(II)-N-acetylglycine—a-amino acids
competitive ternary complex compounds [8]. A similar
calculation method has been used in this paper but
with some improvement in the treatment of the
experimental data. The following eight independent
equilibria have to be considered in the present system
at constant temperature and ionic strength. In this
treatment all charges are omitted for the sake of
convenience.

K{ =[H][HA)/[H.A]
—H+A )

K7 =[H][AV[HA]
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H,B—H+HB 3)
Kt =[H]|[HB)/[H;B]

HB—H+B )
K3 =[H][BJ/[HB]

M+ A—MA (5)
Bio=[MAJ/[M][A]

M+B—MB (6)
Bor = [MB]/[M][B]

M+2B—MB, )
Boz=[MB,)/[M][BF

M+A+B——MAB (8)
B =[MAB|/[M][A][B]

where, K, K2, K2, KB denote the first and second
dissociation constants of ligand A and B, respectively;
B; denotes the consecutive formation constants of
copper(II) with ligand A and B (i=0, 1; j=0, 1, 2).
According to mass balance, we have

Ta=[A]+[HA] +[HA] + [MA] + [MAB] 9)
Tg = [B] + [HB] + [H,B] + [MB]

+2[MB,] + [MAB] (10)
Ty = [M] + [MA] + [MB] + [MB,] + [MAB] (11)

where, T4, Tg and Ty are the total concentration
of A, B and M, respectively. Let

na=1+[H)/K>+ [HY/KPKS (12)
ng=1+aw/K3 +a* /K K3
(ay=activity of H™) (13)

Then the following three expressions for [M] can
be obtained

[M] = (Ta—nalAD/(Biw[A]+ Bu[A][B]) (14)
[M] = (Ts ~ ns[B])/(Bo1[B] + 25o;[ B

+ Bul[A][B]) , (15)
[M] = To/(1 + Bio[A] + Boi[B] + Boa[ BT

+BulA][B]) (16)
From eqns. (14) and (15), we obtain eqn. (17)
u[BPF +v[B]+w=0 17
where
u=2B(Ta—nalA]) +nsBii[A] (17a)

= = Bunal[AP +[(Ta —Ts)Bu
+ngBro—naBorllA]l + TaBo (17b)
w=—Tnfo[A] (17¢)

Furthermore, if a and b denote the denominator of
eqns. (14) and (16), respectively, then we obtain
eqn. (18)

aTy—b(Ta—na[A])=0 (18)

If an initial value of [A] is assumed, we can obtain
a set of u, v and w values by using eqns. (17a)-(17c)
and a reasonable value of [B] may be obtained by
solving for eqn. (17). From the assumed [A] value
and the calculated [B] value, a and b values can be
calculated readily. If a and b values do not fit eqn.
(18) well, a new [A] value may be assumed, the
computation being repeated again and again until
the absolute value of the left-hand side of egn. (18)
reaches a minimum (close to zero). In this way the
concentration of the free ligands A, B and all other
species in the equilibrium system can be evaluated.
The concentration of the species existing in the initial
solution may be obtained from the following equations

T = [B] + [HB] + [H,B]
Ta=[A]+[HA] +[HA]

[B] = Tw/(1+aw/K5 + a*/KTK3)
[A]=T,/(1+[H)/KS +[HF/KTKS)

Then, for energy balance, the following thermoche-
mical equation can be established

Qc=0n— O =R+[([HA]+ [H AV}
—([HAL + [H ALYV, AHT
+([HAlV;— [HAlV) AHZ
+[([HB]¢+[H;B])V;
— ([HB];+ [HLB])Vi]4HY
+([H,B]V;— [HB]V) AHZ
+[MA]VAHY!
+[MB]V;AHp,[MB, | V: AHE,
+[MAB]¥;:AH\ap (19)

where Q. denotes the corrected heat quantity; Qp,
denotes the average value of the measured heat
effect of the reaction under investigation; Q, denotes
the average heat of the blank tests; R represents
the heat produced by the association of H* and
OH ™ to form H,0; AH} AHY) and AHP(AHP) denote



the heats of the first(second) step protonation of
ligand A and B, respectively; AHY denotes the heat
of formation of ligand A with copper(Il) ion;
AHY, and AHY, denote the heats of formation of
first and consecutive steps of ligand B with copper(II)
ion, respectively; AHyag denotes the heat of for-
mation of ternary complex compounds; the brackets
[ lrand [ ;- represent the molar concentration of
the indicated species after and before the reaction
taking place , respectively; V¢ and V; represent the
total volume of final mixed solution and the volume
of the initial solution, respectively. The heats of
protonation of ligand B and the heats of formation
of binary complex compounds of ligand B with
copper(1l) are known [8] and the heats of protonation
of ligand A and the heats of formation of binary
complex compounds of ligand A with copper(II) have
been determined experimentally. The method of
calculation is the same as that reported earlier [8].
Therefore, the heat of formation of the ternary mixed-
ligand complex compounds can be calculated from
a set of calorimetric measurements by means of eqn.

(19).

Experimental

Copper nitrate (AR, from Tianjin Third Chemical
Reagent Factory) was recrystallized from redistilled
water. The concentration of Cu(II) in the stock
solution was determined with standard EDTA ti-
tration. All the e-amino acids (biochemical reagents)
were obtained from Beijing Chemical Reagent sta-
tion. N-(para-substituted phenyl)iminodiacetic acids
were synthesized by the method reported in the
literature [10]. Potassium nitrate (AR, from Tianjin
Third Chemical Reagent Factory) was recrystallized
from redistilled water. The experimental procedure
has been described previously [8]. A model RD-1
automatic conduction calorimeter (manufactured by
Scientific Instrument Factory of Sichuan University)
was used to measure the heat effects. The instru-
mental constant K was determined to be
(3.66+0.09)x107° J mm~?% (n=16) by electrical
power calibration and was again checked by the
determination of the heat of neutralization at
25.0+0.2 °C and 7=0.01 mol dm~* for the reaction
NaOH (aq.) + HCI (aq) giving a value —55.60 +0.25
kJ mol~! (—13.29+0.06 kcal mol™'). After being
corrected for the values given in the literature [11],
a value of AHy= —13.24 kcal mol~' was obtained
which agrees very well with the literature value [12]
within experimental error. The heat of neutralization
was then determined for KOH (aq.)+HNO; (aq.)
at 25.0+02 °C and /=01 mol dm™® to be
AHy= —59.784+0.10 kJ mol~3, The pH values of
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the solutions were measured by a model pHS-2 pH
meter (precision: 0.02 pH unit).

Two e¢m® of 0.05149 mol dm ™! Cu(NQ;), solution
(with 0.1 mol dm~3 KNO; in it) were put in the
sample tube and 20.00 cm’® of p-RPhIDA (0.01788
mol dm~?) and AA (0.01038 mol dm™>) solution
(with 0.1 mol dm~32 KNO; in it and 95% of the H*
neutralized with standard KOH solution) were put
in the reaction chamber. Then heats of dilution for
the solution in the sample tube were corrected by
blank tests. The heats of dilution of the solution in
the reaction chamber were neglected, since there
were only slight changes in the concentration.

Results and discussion

The data in Table 1 are the determined heats of
protonation of N-(para-substituted phe-
nyl)iminodiacetic acids. The results in Table 2 are
the heats of formation of binary complex compounds
Cu(II)-p-RPhIDA. The apparent thermodynamic
functions of ligand p-RPhIDA and of binary complex
compounds Cu(II)-p-RPhIDA are listed in Table 3.
The experimental data of the heats of formation of
Cu(II)-p-RPhIDA-AA ternary complex compounds
are shown in Tables 4-9. The formation constants
of Cu(Il)p-RPhIDA-AA  ternary complex
compounds are shown in Table 10. The acid dis-
sociation constants and the heats of protonation of
the a-amino acid ligands are shown in Table 11.
The data in Tables 10 and 11 are used for calculating
the formation heats of Cu(II)-p-RPhIDA-AA ter-
nary complex compounds. Plotting the heats of for-
mation of Cu(II)p-RPhIDA binary complex
compounds against the heats of protonation of the
ligands p-RPhIDA shows very good linear enthalpy
relationships (see Fig. 1) with the correlation equation

AR = —0.0347 +0.8334HD r=0.997

When the entropy of formation of Cu(II)—p-
RPhIDA binary complex compounds was plotted
against the entropy of protonation of the ligands p-
RPhIDA, linear entropy relationships are obtained
(see Fig. 2) which may be expressed by the following
regression equation:

ASY=631.3-3.94489 r=—0.982

Plotting the heats of formation of Cu(II)-p-
RPhIDA-AA ternary complex compounds against
the heats of protonation of the ligands p-RPhIDA
shows very good linear enthalpy relationships (see
Fig. 3) with correlation coefficient, r, close to unity.
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TABLE 1. Determination of the heats of protonation of p-RPhIDA at 25.0+0.2 °C, I=0.1 mol dm™3 (KNOs)

R n TAX10? Tux10? pH; pHy Q. (J) Pkt  pK: [9] AHP AH2
(mol dm™?)  (mol dm™?) (kJ mol™")  (kJ mol™?)

CH,;O 4 1.824 1.916 6.78 3.94 0.337+0.04 325 5.62 1.49+0.12 —-2.46+0.23
4 09118 1.916 697 242 -0.16110.02

CH; 7 1.368 1.916 1045 2.98 0.520+0.02 264 5.28 4.09+0.10 —2.40+0.10
6 1824 1.916 10.50 3.95 1.04 +£0.02

H 6 1.824 1.916 737 3.65 2.241£0.02 2.535 5.10 5.79£0.05 —0.34+0.10
4 09118 1.916 729 243 1.111+0.03

Cl 6 1.824 1.916 824 3.60 2.641£0.02 2.584 4.92 7.10+0.04 —2.63+0.09
7 09118 1.916 7.62 244 1.08 +£0.02

TABLE 2. Determination of the heats of formation of the binary complex compounds Cu(II)-p-RPhIDA at 25.0+0.2
°C, I=0.1 mol dm~?) (KNO,)

R n TAx 107 T X 10% pH; pH; [0 ¢)) log K% [9] AHY (kT mol ™)
CH,0 6 4.559 4.680 9.35 6.63 1.36 £0.02 7.41 13.91+0.20
CH, 8 9.118 4.680 10.25 8.17 1.394£0.02 6.43 16.15+0.19
H 5 9.118 4.680 7.35 6.91 1.831£0.02 5.89 17.75 £0.19
Cl 7 9.118 4.680 9.00 7.25 1.89+0.02 5.40 18.48 +£0.20

*The units are the same as in Table 1, also for the remaining Tables.

TABLE 3. The apparent thermodynamic functions of the ligand p-RPhIDA and of the binary complex compounds
Cu(1I)-p-RPhIDA at 25.0+0.2 °C, /=0.1 mol dm~? (KNO,)*

R AGH AGY AHR AHS ASP ASS AGH AHY AsY

CH,0 -32.09 —18.56 1.49 —2.46 112.6 54.0 —42.31 13.91 188.5
CH, —30.15 -15.13 4.09 —2.40 114.8 427 -36.71 16.15 177.3
H —29.12 —14.44 5.79 -0.34 117.1 473 —33.63 17.75 172.3
Cl —28.09 —14.73 7.10 -2.63 118.0 40.6 —30.83 18.48 165.4

*The unit of AG(AH) is kJ mol™! and of AS is J mol™! K1

TABLE 4. Determination of the heats of formation of the Cu(II)-p-RPhIDA-proline ternary system at 25.0+0.2 °C,

1=0.1 mol dm~? (KNO,)

R n T 102 Tpx 10° Ty < 10° pH; pH, QM AH\y5 (kJ mol~?)
CH;0O 7 1.419 9.453 4.680 11.03 9.41 ~5.80+0.02 —15.51+1.29
CH, 7 1.429 9.465 4.680 10.80 8.37 —4.3740.02 —13.711£0.59
H 5 1.118 7.110 4.680 10.50 6.69 —1.35£0.02 ~12.12+0.38
cl 5 1.419 9.466 4.680 10.68 7.18 —3.50+0.02 —11.34+0.33

TABLE 5. Determination of the heats of formation of the Cu(II)-p-RPhIDA~a-aminoisobutyric acid ternary system at
25.0+£0.2 °C, I=0.1 (KNO,)

R n Tax 10 Tpx 10 Tux 10 pH; pH; Q@ AHyag (KJ mol™1)
CH,0 6 1.419 9.475 4.680 10.46 8.57 -3.3740.02 —14.0940.55
CH, 6 1.493 9.463 4.680 10.50 8.54 —3.4340.02 —11.4740.58
H 6 1.491 9.500 4.680 10.36 7.67 —2.80+0.02 ~10.3740.38
cl 4 1.483 9.452 4.680 10.40 7.48 —2.97+0.02 —9.1440.35
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TABLE 6. Determination of the heats of formation of the Cu(II)-p-RPhIDA~isoleucine ternary system at 25.0+0.2 °C,

I=0.1 (KNO;)

R n To X107 Tgx10° TuXx10? pH; pH, oW AHyp (K mol ™)
CH,0O 5 0.6938 9.603 4.680 9.90 7.40 —3.4840.02 —15.95+0.51

CH, 7 1.494 9.451 4.680 10.12 8.40 ~3.9540.02 —14.08+0.69

H 6 1.491 9.524 4.680 9.97 7.40 —3.4010.02 -12.5740.41

Cl 6 1.487 9.451 4.680 9.98 7.14 —-3.3640.02 —11.5240.37

TABLE 7. Determination of the heats of formation of the Cu(II)-p-RPhIDA-valine ternary system at 25.04+0.2 °C, I=0.1

(KNO,)

R n T\ X 10? Tpx10° T Xx10? pH; pH, ol e)) AH .5 (KT mol™1)
CH,0 7 1.492 9.457 4.680 10.44 8.40 —5.0410.02 ~14.10+0.63

CH, 6 1.494 9.463 4.680 10.05 8.12 —3.4910.02 -12.224+0.57

H 6 1.490 9.452 4.680 9.92 735 —2.93+0.02 —10.51+£0.40

Cl 6 1.493 9.491 4.680 9.89 7.00 —2.79+0.02 —9.60+0.35

TABLE 8. Determination of the heats of formation of the Cu(Il)-p-RPhIDA-glycine ternary system at 25.0+0.2 °C,

I1=0.1 (KNO;)

R n T, % 10? Tpx10° Ty X 10° pH; pH; [ Ne)) AHpap (KJ mol™1)
CH,0 7 1.491 9.458 4.680 10.04 8.04 —3.91+0.02 ~15.511£0.51

CH, 7 1.493 9.469 4.680 10.13 7.99 —4.16+0.02 —13.49+0.52

H 7 1.491 9.482 4,680 9.93 7.31 —3.284+0.02 —11.98+0.40

Cl 6 1.493 9.465 4.680 9.95 6.94 —3.3540.02 —11.094+0.34

TABLE 9. Determination of the heats of formation of the Cu(II)-p-RPhIDA-serine ternary system at 25.0+0.2 °C, /=0.1

(KNO,)

R n TaX 102 Ty X 10° Ty X 10° pH; pH, o AHyas (kJ mol~?)
CH,O 6 1.493 9.480 4.680 9.58 7.79 ~3.73£0.02 —14.08+0.51

CH, 4 1.492 9.445 4.680 9.66 7.76 ~3.87+0.02 ~1223+0.54

H 6 1.491 9.468 4.680 9.45 7.06 —3.09+0.02 —10.77+0.41

cl 5 1.494 9.438 4.680 9.51 6.81 -3.29+40.02 —9.69+0.38

Cu(II)-p-RPhIDA-isoleucine ternary system
AHyap= —17.2+0.794AH r=0.999

Cu(II)-p-PRPhIDA-serine ternary system
AHpyas= —15.3+0.7854H% r=0.999

Cu(I)-p-RPhIDA-proline ternary system
AHyap= —16.7+0.7604H} r=0.998

Cu(ID)-p-RPhIDA-valine ternary system
AHyap= —15.44+0.8174H r=0.998

Cu(II)-p-RPhIDA-a-aminoisobutyric acid ternary
system

AHpap = —15.3+0.868AHY r=0.997

Cu(ID)-p-RPhIDA~glycine ternary system

AHMAB

—16.7+0.798AH

r=0.999

On plotting the heats of formation of Cu(II)—p-
RPhIDA-AA ternary complex compounds against

the heats of formation of Cu(II)-p-RPhIDA and
Cu(I1)-AA binary complex compounds, respectively
(see Figs. 4 and 5), some good lincar enthalpy
relationships are also found to exist and the following
regression equations with correlation coefficient, r,
are obtained
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TABLE 10. The formation constants log B;; [13] of Cu(II)-p-RPhIDA~-AA ternary complex compounds at 25.04+0.2 °C,

I=0.1 mol dm™3

R AA
Proline a-Aminoiso- Isoleucine Valine Glycine Serine
butyric acid
CH,O 13.28 12.77 12.57 12.54 12.50 12.30
CH;, 13.07 12.62 12.41 12.34 12.33 12.11
H 12.79 12.34 12.10 12.07 12.03 11.82
Cl 12.65 12.22 11.95 11.92 11.89 11.67

TABLE 11. The dissociation constants [14] and the protonation heats [8] of some a-amino acids and the formation
constants [14] and heats of formation of Cu(II)~AA binary complex compounds at 25.0+0.2 °C, I=0.1 mol dm™!

AA pK} pK? log B log B, AH? AH? AHY, AHY,
(kJ mol™)

Proline 1.77 10.39 8.80 16.30 —43.340.1 0.1+0.2 —-27940.3 ~56.4104
Aminoiso-

butyric A 2.44 10.08 8.34 15.35 —-51.940.1 -1.540.1 —258+0.3 —53.44£0.6
Isoleucine 2.30 9.60 8.16 15.02 —48.5+0.1 -0.9+0.1 —289+04 ~57.6+0.6
Valine 2.34 9.57 8.15 14.97 —47340.1 -0.351+0.1 —-26.0+£0.3 ~53.3+£0.6
Glycine 2.36 9.56 8.16 14.97 —47.7+0.2 ~0.38+0.1 —28.0+0.4 ~56.3+1.0
Serine 2.29 9.05 7.95 14.52 ~45.510.1 -3.99+0.06 —26.11£0.2 ~534+04

| 190}
{ CHy0 T

~ 18 K] r
T CTH3 £

£ I T e0r
= 16L H g i
Ia T

I (1))

a | < 90}

AR L o\ CH;30
' ' L 1 160 L

o] 2 4 6 8
AHS (kJ-mol~1)
Fig. 1. Plot of the heats of formation of Cu(II)-p-RPhIDA

binary systems, AHY vs. the heats of protonation of the
ligands, p-RPhIDA, AH?.

Cu(II)-p-RPhIDA-isoleucine ternary system
AHyas= —29.2+40.947AHY r=0.996

Cu(II)-p-RPhIDA-serine ternary system
AHpmap= —27.2+0.935AHY r=0.995

Cu(II)-p-RPhIDA-proline ternary system
AHpmap= —28.3 +0.910AHY r=0.998

Cu(II)-p-RPhIDA-valine ternary system
AHyap= —27.8+0.978AHX r=0.997

Cu(II)-p-RPhIDA-a-aminoisobutyric acid ternary
system

AHyap= —28.4+ 1.03AHY r=0.993

10 14 18 122

ASP (JK-1.mol™t)
Fig. 2. Plot of the entropies of formation of Cu(Il)-p-
RPhIDA binary systems, ASY vs. the entropies of pro-
tonation of the ligands, p-RPhIDA, 4AS?.

Cu(II)-p-RPhIDA-glycine ternary system
AHyap= —28.8+0.955AH) r=0.999

Cu(I)-p-CH;0PhIDA-AA ternary system
AHpap=3.07+0.662AHY; r=0.993

Cu(Il)-p-CH,PhIDA-AA ternary system
AHpan=7.92+0.76TAHY, r=0.972

Cu(IT)-RPhIDA-AA ternary system
AHyyap =8.04 +0.716AHY; r=0.993

Cu(Il)-p-CIPhIDA-AA ternary system
AHmap=10.5+0.771AHY; r=0.977
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Fig. 3. Plot of the heats of formation of Cu(ll)-p-
RPhIDA-AA ternary systems, AHyap Vs. the heats of
protonation of the ligands, p-RPhIDA, AH%.
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a Glycine
© Proline
L]

Isoleucine

AHpyap (kJ-mol™1)

aHY (kJ-mol™))
Fig. 4. Plot of the heats of formation of Cu(II)-p-

RPhIDA-AA ternary systems, AHy,g vs. the heats of
formation of Cu(II}-p-RPhIDA binary systems, AHY.

a~Aminoisobutyric acid

Valine

Serine

Glycine

Proline CH30
Isoleucine

@™
s o O x o b

AHmag (kJemol™1)
IS
°
T

25 26 21 28 29 30
AR (kJ-mol™T)
Fig. 5. Plot of the heats of formation of Cu(II)-p-
RPhIDA-AA ternary systems, AHy.g vs. the heats of
formation of Cu(II)~AA binary systems, AHN.

From the data in Tables 4 to 9, it is interesting
to note that, first of all, the heats of formation of
Cu(II)-p-RPhIDA-AA ternary complex compounds,
AH\ap, like the heats of formation of Cu(II)-N-
acetylglycine—-AA ternary complex compounds [8],
were nearly equal to the sum (AHY + AHY). This
would mean that no wbackbonding formation and
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A a- Aminoisobutyric acid
o Valine
X Serine
o Glycine
® Proline
e Isoleucine
Log By C:'V

13 o:/%:f/;//x%
12.0-}%/

P,
Fig. 6. Plot of the formation constants of Cu(II)-p-
RPhIDA-AA ternary systems, log B;, vs. the dissociation
constants of the ligands, p-RPhIDA, pK.,.

a-Aminoisobutyric acid
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Serine

Glycine

Proline

e © O = o D

Isoleucine

200 /
190 ;’%/ e —
[_.x

nz w16 18
AS) (J-K-l.mot™")
Fig. 7. Plot of the entropies of the formation of Cu(Il)-p-
RPhIDA-AA ternary systems, ASyap vs. the entropies of
protonation of ligands, p-RPhIDA, AS2.

ASmag (J-K-1-mol™!)
|

no interaction exist between ligands A and B in
these ternary systems. Secondly, the magnitude of
the heat of formation of Cu(II)-p-RPhIDA-AA ter-
nary complex compounds is largely dependent upon
the magnitude of the heats of formation of Cu(II)-AA
and Cu(II)-p-RPhIDA binary complex compounds.
However, from the data in Tables 1 to 6, it is also
seen that no linear enthalpy relationships exist bet-
ween the heats of formation of Cu(Il)-p-
RPhIDA-AA ternary complex compounds and the
heats of protonation of the ligand B(AA). Since the
heat of protonation of the ligand depends mainly
upon its strength of basicity and the extent of solvation
on solution, while the heat of formation of the
complex compound depends not only upon the ba-
sicity of ligand and its degree of solvation but also
depends upon the steric effect due to the ligands
which might play a role in these systems and fail
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TABLE 12. The entropy of the formation of Cu(IlI)-p-RPhIDA-AA ternary complex compounds, ASyap; 25.0+0.2 °C,

I=0.1 mol dm~3 (KNO,)

R AA

Proline a-Aminoiso- Isoleucine Valine Glycine Serine

butyric acid

CH,0 202.2 197.2 187.2 192.8 187.3 188.3
CH, 204.3 203.2 190.4 195.3 190.8 190.8
H 204.2 201.5 189.5 195.8 190.2 190.2
Cl 204.2 203.3 190.2 196.0 190.5 190.9
to manifest linear enthalpy relationships, but manifest References
linear enthalpy relationships existing between the
heats of formation of Cu(II)-p-RPhIDA-AA ternary
complex compounds and the heats of protonation 1 Y. M. Rong, C. Y. Jin, H. K. Lin and Y. T. Chen,

of ligand A(p-RPhIDA). Because ligands A have
similar structures, their steric effect which might play
a role in these systems is almost identical. When
ligand B(AA) is unchanged, the variance of the heats
of formation of Cu(Il)-p-RPhIDA-AA ternary
complex compounds depends mainly upon its strength
of basicity of ligand A and the extent of solvation
in solution. The entropies of formation of Cu(II)-p-
RPhIDA-AA ternary complex compounds are cal-
culated from the data in Tables 4 to 10. The results
obtained are shown in Table 12. The plotting of the
formation constants of Cu(Il)-p-RPhIDA-AA ter-
nary complex compounds, log B;; versus the dis-
sociation constants of the ligands p-RPhIDA shows
that the point of methyl substitution deviates from
linearity [13] (see Fig. 6). The plotting of the entropies
of formation of Cu(Il)-p-RPhIDA-AA ternary
complex compounds, ASmas, versus the entropies of
protonation of ligands p-RPhIDA indicates that the
point of methyl substitution also deviates from li-
nearity (see Fig. 7); a similar phenomenon had been
observed in LFER [15]. These results indicate that
linear enthalpy relationships and linear entropy re-
lationships seem to be more fundamental than LFER
in coordination chemistry.

10

11

12

13

14

15

Thermochim. Acta, submitted for publication.

Y. T. Chen, Z. X. Gu, H. K. Lin and H. Q. Liu, Sci
Sin., Ser. B, 28 (1985) 1151.

Y. T. Chen, H. K. Lin and Z. X. Gu, Sci. Sin., Ser.
B, 8 (1987) 816.

Y. T. Chen, H. K. Lin and Z. X. Gu, Acta Phys. Chim.
Sin., 1 (1985) 87.

Y. T. Chen, H. K. Lin and Z. X. Gu, Acta Phys. Chim.
Sin., 2 (1986) 452.

Y. T. Chen, H. K. Lin and Z. X. Gu, J. Inorg. Chem.,
1 (1985) 13 (in Chinese).

Y. T. Chen, H. K. Lin and Z. X. Gu, J. Inorg. Chem.,
2 (1986) 65 (in Chinese).

H. K. Lin, Z. X. Gu, X. M. Chen and Y. T. Chen,
Thermochim. Acta, 123 (1988) 201.

S. X. Liy, H. K. Lin, Z. J. Liu, G. Wang and Y. T.
Chen, J. Inorg. Chem., in press (in Chinese).

Kalle and Co., D.R.P. 375463,383190c, 19241, 966, 1592;
Fradl, 14, 400, 1249.

H. S. Harned and B. B. Owen, The Physical Chemistry
of Electrolytic Solution, Reinhold, New York, 3rd edn.,
1958, p. 707.

J. D. Hale, R. M. Izatt and J. J. Christensen, J. Phys.
Chem., 67 (1963) 2605.

S. X. Liu, H. K. Lin, G. Wang and Y. T. Chen, Gazz.
Chim. Ital, submitted for publication.

Y. T. Chen and H. K. Lin, Acta Chim. Sin., 46 (1988)
808.

H. K. J. Powell and N. F. Curtis, J. Chem. Soc. B,
(1966) 1205; J. Chem. Soc. A, (1967) 1441.



