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ADSTRALTY

The enthalpics of lization of H*. Cu**. and Pb** to laciate and 3-hydroxy-
propionate ions were determined by ealorimetry at 29515 K in aquecous NaClO,
(2 mol dm™?). The first two (stepwisc) lizational cnthalpics are of small magnitude
(the first usually exothermic. the sccond cndothermic) while the third is strongly
exothermic, possibly indicating a change in the kind of bonding.

INTRODLUCTION

The stability of metal complexes with monocarboxylatc and hydroxymono-
carboxylate ligands was systematically investigated in this laboratory using various
meihods (sce e.g2. ref. 1). In order to support 1he stability data with the information
from an independent source and 1o clarify the way of metal-ligand bonding in these
camplexes a thermochemical investigation was designed.

EXPERIMENXTAL.

All reagents were ol analytical reazent grade; ligands were purificd by repeated
recrystallisation. Ligand solutions were standardised by alkalimetrie titration and the
metal ion stock solutions by complexometry. Sodium perchlorate was recrystallised
from water {once). and melal perchlorates three times, also from waler.

The calorimeter used in the present work was described by Iviéi€ and Simeon?.
pH measurements were made by means of a Metrehm E 436 Potentiograph equipped
with a combined glass’Ag. AgCl clectrade, standardised against a 0.02 mol dm™?
HCIO, solution in 1.98 mol dm™* NaClO,: pH is thus defined on the concentration
scale: pH = — log(lH " {{mol dm™*)).

To determine the lizational heats the calorimeter was charged with 35 em?
of half-ncutralised ligand solution (pH; = pK) and the ampoule with 0.8 cm? of
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meial perchlorate solstion. Both solutions contained NaClQ, (2 mol dm™?) 1o
mainiain an approximalely constant ionic strength. Alier assembline. the calorimeter
was keft 1o thermally cquilibrate with the thermosiat bath kept at 29513 - 0.1 K.
The bath was controlled 10 1 mK by means of a Tronac 1000 A temperatune controller.
The initiat and finzl rating penods lasted at lcast 10 min while the duranion of the
main period was typically 2 10 1 min. Each “chemical™ run was followed by an
clectrical calibration. The corrected temperature rise was cvaluaied using Dickinson’s
mcthod. The enthalpics of ligand protonation were determined in much the same way:
the lizand solution was conlained in the ampoute and the calorimeter was chareed
with 2 2 mal dm™? NaClIO, solution conlaining an adequate (> 107,) excess of
NaOH 10 suppress the hydrolysis.

The final pH in the hgationzal-heal determinations (pH,) was defermined in a
scparate serics of cxperiments in order to ensurc a long cnough time for the cquilibra-
tion of the glass clectrode and for a very careful calibration. The amounts of various
specics (HE, ML, ML,. ML,) wore cakulated from the analytical concentrations
(Cy- Cy- Gyl initial and final pH values and relevant stability constants which were
taken from mef. 1. Afier computing the composition of the solulions snd after
allowing for the heats of dilution and prolonation (O} a sct of three simultaneous
cquations of the type

A(ML)  dg, M = n(MLy) 350 = a(MLy)  dg.Hl = — O/, m

where O, = Qg — Quz. — Q4 Was obtained and solved for the cumulative hizational
cnthalpics, d,//. The species with 7 < 0.01 nyy were neglected in the compulations.

TABLE 1

LICATION OF Cut AND PBH-" To LACYATE AND 3-HVDROXYPROPMINATE NS ~ CALORIMETRIC DATA

Lipami Central  Cr. Cy pHy Qs Qeist3)  Quutti QAJ)
for v fomaf Cmped
a2} dm3;

Laciate Co=" 0035H 006612 2513 10IH3) s3un ~040 202(23)
009076 001612 5073 103122 B3I —-023 20325
02912 0006637 3323 I5AKI6) 9.76(25) -=0.11 3 3430)

PH=- 00s08d 005036 2 6.TM3) 2%S) —~026 4.6H6)
01005 DO3036 3133 333N 22%35) —-0.18 6.26)

02321 003056 3.59% 9313} 22%5 -1 T34}
3-Hydroxy- PB<" D00 005036 3620 1IN 2N o ~OVHF)
propiocaate 01007 003036 23550 1THI)  27%5) 0 - 0515
02969 005036 4130 A3NH6) 22NH 0= 2028)

» {Ousl < 001 3
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TABLE 2

STEPWTSE FQUILIERIUNM CENSTANTS?, EXTHALPILS, AXD ENTROPIS oF LiGaTiox ofF H-_ Cu™"_ axp Pb<-
TO LACTATE AXD -NYDROXYPROPIONATE IOXS AT 29513 K (1 2 sson. g = an. Nacio;)

Srsrcm o fog K" N R lac1=8"
kS waal V) (1K Ymol?)

H" & lactate 1 352 - 71 29
Cus" = Rctaie I 2.66 - 26 42

LA 162 = 44 36

3 0.61 =174 —~370
Pbh=" -+ lactaic 1 2116 - TS 16

2 107 = 1853 52

3 [ 2 ¢ —~ 90 ~290
#H* + 3-hydroxypropionalc 1 456 - 14 83
Pb=~ + Jhyvdraxspropionaic 1 210 - 02 41

2 107 = 23 =~

3 0.3 — L2 —170

* Taken from rell J.
RESULTS

The basic calorimctnic and analytical data are collected in Table 1. Each @
term is a mean of at keast ten independent calonmetric runs. The fizures in parentheses
are double standard errors of the mean. Although it is difficult e assess the contnbu-
tion of the npon-calorimetric sources of crror 1o the overall uncertainly in @, this is
unlikely to exceed some 1072 No data were colkcled for copper 3-hydroxypro-
pionates because the precipitation occurred at the concentrations high enough o
permit the calorimetric mcasurcment.

Sundard thermodynamic functions (log K*. 4. JfF, dau23"), given in
Tabie 2, refer 1o the stepwise ligation reactions of the gencral type

ML..; + L =ML, )

As the concentration of any reacting species was considerably lower than the con-
centration of the background clectrolyic the measurcd enthalpy changes should be
very close to the respective standard values. The standard state is defined here far
cvery reacting specics as a hypothetical ideal solution of unit concentration (¢® =
rmol dm™*) in 2 mol dm~ ? aqucous NaClQ, which is regayded as a solvent. In order
Lo distinguish the so delined standard state from the conventional one (S )it is denoted
by * supcrssmipl.

DISCUSSION

It can be inforred from the data in Table 1 that the net ligational heat effecis.
0., arc cssentially differences of twoe larger numbers and that their rehiability is
thereby considerably reduccd. This especially applics to the data for copper laclates,
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and to the protonation enthalpics. Although for the Ltter case the primary data arc
not displayad it may be sand that here (oo a difference of two large numbers — the
measurced heat and the heat of ligation of H® 10 OH™ — jis taken. It is a fortunate
circumsiance. however, that the contribution of @y, term is comparatively small or
cyen mil.

Whatever the uncertainties in the reported data may be, it i< not likely that they
could aler 1he basic relationships between the values displayed in Table 2. What
justifics such a belicf are the magnitudes of the proportions ol individual ML, specics
in experiments with differemt €/ Cy; ratios. The expeniments were designed in such
a way that at the lowest value of (' almost exclusively ML complex was formed:
at the nest higher €, there was a mistene of ML and ML ; and, linally, at the hizhest
C, some ML, wacg present_ alone with quile hich amounts of the first two complexes.
Because of a low amount of ML ; complex (3-1170) the 4,; #/7s are probably the
keast cehable of all the values determined.

The first step in (he metal ligation is accompanied by a small. vsually exo-
thermic, enthalpy change. The sccond step is ¢endothermic, the magnitude of 44
being similar as in the first onc. The final step 15 strongly exothermic. This large
cxothermic enthalpy change is. howearer, almost compensated by an adequatcly high
negive entropy change.

Althongh 1t is difficult 10 draw gy conclysions on the ground of a rather
himited body of data it seems that a kind of rcarmangement takes place when the third
lizand molkecuke cnters the coordination sphere of the metal ion. Such 2 conclusion
is sugaesied by surprisingly high exothermic 4. /7" values (and cornesponding hishly
nczative 4. ,5°). According to Larsson® up to three kinds of bonding can be observed
in glycolale complexes with a given central ion: (i) the ligand may act as unidentate.,
coordinating via ils carboxylate group only. (i) chelates with carboxyiate and
alkoxylate donor groups may be formed, and (i) a chelate ring may be closed
including the carboxylate group, the centraf ion, 3 waler molecule and finally the
alkoxyhate group. For a given composition of the complcx, ML, cxcn a mixtore of
all the throe bonding isomers is possible. It should be mentioned that Larsson’s IR
spectroscopic work was devoted exclusively to ML complexes which means that an
cven grcater complexity may be expected in the proseat case. Thercfore a more
cxhaustive study of these kinds of complexcs seems to be necessary to clanfy their
thermochemistry.
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