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Potentiometric studies on thef ree hgand and the metal complexes of La(ID), Pr(lli), 
Nd(ill) and Sm(III) With Q .. hydroxy dJbenzoylmethanc were earned out 1n 75% V /V 
acetone l\-ater maxture 1 he stabiiJty constants of these complexes formed were computed 
by BJerrum~CaJvm pH-t1trahon technique, as used by Jrvtng and RossottJ at 27 5° at an 
JODie strengll of 0 OSJJ (NaCI) 

A review of the literature showed that the stabtl1ty 
constants of complexes of lanthanides w1th a­
hydroxy dtbenzoyl methane (H 2 0DBM) has not 

been Investrgated In the present work the metal­
ligand stabd1ty constants and other thermodynamic 
functions are reported The complexes of La 8 +, 
Pr8 +, Nd 3 + and sms+ formed With H~ODBM have 
been studied potentiometrically by the method of 
CalvJn and BJerrum 1 2 Improved by Irving & 
Rossotti 8 In 75% v;v acetone water medtum The 
thermodynam1c stability constants \Vere determ1ned 
at 27.5° byconductJng exper1mentsat 0.025MNaCl 
0.05 M NaCl and 0.1 M NaCl1ontc strength 6Gg, 
6,Ho and 6 so values were calculated by carrying 
out experiments at 27 5(), 32 5° and 37 sa respectively. 

Experimental : 

Materzals H 20DBM was prepared by the proce-
dure described tn ltterature4.. Rare-earth metal 
chlorides were prepared from their ox1des Small 
amount of HCI was added 1n stock solution to check 
hydrolysis The oxides were estimated gravimetri­
cally by oxalate method CarbondJox1de free 
NaOH was prepared by washtng NaOH pallets first 
for few times by borlrng double diStilled water and 
finally d 1ssolving 1t Jn double dtstJlled water 1 M 
NaCl was also prepared tn double distilled water for 
ma1ntainrng constant JODIC strength 

Apparatus. 
pH measurements were made using a photovolt 

pH meter 112-4 With glass and calomel electrodes 
The thermostatic bath maintained a temperature 
1n the range t±Q .. 2° .. 

B}errum-Calvzn Tztrat1ons .. 
For each set of expertments three titrattons were 

carried out. The final voJume In every case was 
100 mi. 

(t) Actd titration 

(u) Reagent titrat1on 

Hydrocblor1c actd +water 
+acetone 
Hydrochloric actd + 
H13 0DBM+acetone+water~ 

(111) Metal t1trat1on Hydrochloric actd+H 2 0DBM 
+metal cblortde+acetone+ 
water. 

The concentrations of HCI, H 2 0DBM and metal 
chloride tn the final volume was 0 01 M, 0 002 M 
and 0 0005 M respectively. The sodtum hydroxtde 
used was r-..~ 0 1 M .. 

An approprJate amount of sod tum chloride was 
added to maintain constant IODJC strength .. 

ResuJts and Discussions 

The values of nA at dtfferent pH valuse were 
obtained by express1on9. 

- _ _ (V"- V')(N+E•) 
DA-Y TVO""+V')Tc!!.. (1) 

where Y ts the number of replaceable hydrogen 1ons, 
V' and V" are the volumes of sodium hydroxide 
solutton for set I and II, N, EC', T cL are the JDJtJal 
concentration of sodtum hydroxide, hydrochlortc 
acid and total ligand concentration 

The stepwtse stability constants were obtatned by 
plo,.ttng n aga1nst pL; where n ts the average number 
of ligands attached per metal ton and IS gtven by 

n = (V'''- V'')(N +Eo) 
(Vo + v~)fi.A T CM 

(2) 

where v~~ Is the volume of alkali for third set and 
T eM IS total metal1on concentration pL- the free 
l1gand concentration ts gtven by 

i 

{2P~ (anttl!g pH) n (V" + V"')} 
pL- =log t1-o (3) 

{(TcL-nTcM)Vo} 

where p~ ts overall proton ligand stabthty constant. 
The pH meter was calibrated for the stotchtometrtc 
value of hydrogen 100 concentratron 1n acetone water 
mtxture and the pH meter readings were thereafter 
taken d xrectly for calculatt on-
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Thermodynamic Paran1eters : 
The value of 6. Go was obtained by expression 

~Go= -2.303 RT log P (4) 

~Ho was determined with the help of an isobar 
equation 

dIn .8 ~ ~Ho 
dT - RT 2- (5) 

which can also be written as 
dIn P ~Ho 
-- - =- ------
d (1/T) 4.576 

(6) 

The values of log fJ obtained at different tempera­
tures \Vere plotted as function of 1/T. The gradient 
was equated to -lf/4.576. The value of b.Ho thus 
obtained was used to determine 6 S _) according to 
following equation 

~H~-6Go=T6So (7) 

The values of thermodynamic functions and stability 
constants are summarised in the following tables. 

Tn.BLE-1 

l.Ietal Constants IO!""IC STRENGTH 
Ions 0.0 0.0125 0.05 0.1 

log k 1 9.48 9.44 8.84 8.40 

r..a.•"' 
log k1 8.58 8.44 8.12 7.62 
log k 1 7.96 7.78 7.74 7.46 
log fJw- . 26.02 25.66 24.40 23.28 
log P~ptl 26.04 

log k 1 9.56 9~54 9.54 8.70 
log kz 8.66 8.50 8.32 7.92 

Pr•+ log ks 8.32 8.10 8.02 7.52 
log f1ca.l· 26.64 26.24 25.46 24.14 
log ~exptt. 26.6~ 

log k 1 9.58 9.62 9.62 9.16 
log k 2 8.88 8.78 8.48 8.10 

Nd'+ log k. 8.44 8.30 8.14 7.70 
log f3cal· 26.90 26.70 25.78 24.62 
log fle~ptl· 26.98 

log k 1 9.70 9.66 9.42 9.20 

Sma+ 
log k~ 8 90 8.88 8.62 8.34 
log ka 8.66 8 58 8.30 7.98 
log ~cal· 27 28 27.12 2G.34 25.52 
log ~exptl. 27.28 

A graph between pH and volume of alkali 
required for corresponding pH was plotted. A dis­
placement in the metal titration curve with respect 
to ligand titration curve indicated that as complexa­
tion of metal with ligand took place, the hydrogen 
ions were liberated. The hydrolysis of metal ion 
also takes place with the liberation of protons and 
this process will also give a shift in metal titration 
curve.. Since the hydrolysis of metal ion is only 
possible at pH>8 and due to the formation of preci­
pitate at pH......., 7. 5, the calculations were restricted 
only up to pH......,1.0. 

The fi values when plotted against pL- show two 
inflexions upton values-..3 (Fig .. 1). Both indicate 
the formation of 1 : 1 ; 1 : 2 and 1 : 3 complexes. 
The values of pL-at n=0.5; 1.5 and 2.5 give the 
stability constant of 1 : I, 1 : 2 and 1 : 3 complexes .. 
The calculations were also carrjed out by least 
square method and spreading factor method but they 
do not show much difference. 

The pK value for H 2 ODBM was found to be 11..18 
at 27.5 and 0.05 M NaCl ionic strength. This 
suggests H~ODBM to be a strong chelating ligand 
and this is confirmed by high values of stability 
constant as indicated in the table.. The value of 
thermodynamic stability constant was calculated by 
extrapolating the plot of log fJ vs ionic strength (p) 
to the value p = 0. 
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Metal Constants 
TABI.,Jt-2 

Ions 
Temperature - .:1Go .6-Ho ASD 

27.50 32.50 37.50 KJ/MOLE KJt:~IOLE J /AI ole Degree 
Kl 8.84 8.66 8.44 K~ 

La•+ KS 
8~12 8.02 7.90 
7.74 7.64 7.56 

24.70 24.32 23.90 144.3 -343.3 Kl 9.12 8.93 
-651.0 

Pr'+ K2 8.88 
K3 

8.32 8 29 8.08 
8.02 7.92 7.80 

25.46 25.14 24.7G 138.0 Kl -329.9 -631.8 
Nd•+ K2 

9.16 9.00 8.96 

KS 
8.48 8.36 8.22 
8.14 8.04 7.88 

Kl 25.78 25.40 25.0G 187.1 
Sm•+ K2 

9.42 9.22 9.18 -217 .. 5 -626.6 
KS 

8.62 8.5G 8.88 s.so a·os 7696 
26.84 25.84 25 .. 52 186.8 -32G.S -622.0 
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kli. PADMfNI MENON Sl'ABii.I1'Y CONSTANTS AND THERMOb\'NAMrC fUNCTIONS OF SOME RARE ETC. 

Pr Nd 

Sm 
La 

Reference 

F 1g. 1. Ligand 0-Hydroxy Debenzoylmethane 
Temp.--32 5" 

Ion1c Strength 0.05M Na.Cl 

S. l!. l& VING .. & H S. ROSSO .rTI~ 
.. 

4 1\f eta 1 amm1n e fo rm.a. t1on 1n aq nao us 1. J .. BJE:RRA!rf, h 1941 J Ohem Soc. 1953, 3394. 1954, 2904 . 
solution .. Ha~se, Copen agen, · 

2. M. CA.I.,VIN & K. W. J. Wtr.6s7oN2 ... 00, 3 
J. A mer. 0 hem. Soc .• 1945~ ~ · 

i. Org Synth vol. IV, p 279. 
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