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ABSTRACT 

Solubiiity studies of cadmium hydroxyapatite. CdHA. precipitated in aqucaus media at 37T wcrc 
made in a medium wilh a CJIISCIII~ ionic environment of 0.165 M tiium nitrate. Purity of the sxnple was 

confirmed by analytical. X-ray and photomicrographic techniques. Dicadmium phosphate. CdHPO, and 

CdHA. were considered to be the virtual solid phases that controlled the solubility equilibria in the acidic 
and alkaline pH ranges. respectively. Thermodynamic quantities. AGO. AH”. ASa and AC: for the 
dissolution process of cadmium and calcium hydroxyapatites at a convenient pH of 5.0 were calculated 

and compared. 

INTRODUCTION 

Since it is known that cadmium can be incorporated into calcium hydroxyapatite, 

Ca &PO, ),(oH),, CaHA [ 11, the mode1 system for the crystalline inorganic fraction 

for the skeletal system [2] causing “Itai Itai” [3] a very painful bone disease with 
osteoporetic-like effects, it would seem relevant to investigate the solubihty be- 
haviour of cadmium hydroxyapatite, Cd,,(PO,),(OH),, CdHA, the final product of 
the Ca*+ -. Cd2’ exchange reaction in CaHA according to the following equation 

CalO(PO,),(OH), + n Cd*” - Ca,,_,$d,,(P04)6(OH)2 + n Ca2+ 

EXPERIMENTAL 

A sample of CdI-IA was prepared in aqueous media at 37OC by the method bf 
precipitation used earlier [4]. The sample was dried at 110°C for 6 h and was 
analysed complexometrically [S] for Cd and P contents. The weight percent errors in 
the determinations being 20.4 for phosphorus and 40.01 for cadmium. The X-ray 
powder diffraction ‘pattern was obtained on a Debye Scherrer U&am Camera with 
CuK, radiation. The individual crystals were, characterised by using a Meopta 
binocular research microscope. The solubility studies with’ the sample were made by 
the method of equihbration at 37°C [6,7] over a pH range 5.0 to 8.0 under a constant 
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ionic environment using 0.165 IM NaNO,. Sodium acetate-acetic acid for PH 
5.C-~5.5 and borax-boric acid buffer combinations for pH 7.0-8.0 were used. 
Cadmium and phosphorus present in the saturated solutions were determined 
complexometrically [5j. The solid phases formed during equilibration were char- 
acterised by micro analytical determinations and from the constancy of their pKip 
values. Dicadmium phosphate. CdHPO, and an apatitic phase appear to dominate 
the solubihty equilibria in the pH range 5-O-7.0 and 7.5-3.0, respectively. Standard 
thermodynamic parameters AGG, AHo, AS* and AC: for the species soveming &he 
solubility equilibria of CdHA and the dependence of solubility products, K,, of the 
soIute phase on temperatures berween 37 and 52OC. at intervals of S°C, and at a pH 
of 5.0 were investigated. Similar studies were repeated with a pure synthetic sample 
of CaHA and the results compared with those of CdHA. 

FEXJLTS AND DISCUSSION 

The experimental molar Cd/P g atom ratio of I.68 is close to the theoretical 
Cd/P = 1.67 for pure CdHA. The lattice constants Q = 9.012 A, c = 6.614 A (re- 
ported earlier ir = 9.01 A, c = 6.61 i [8,9j> and the rod-like morphology of the 
crystals in the photomicrograph indicated that the sample of CdHA prepared is pure 
and free from other extraneous phases. 

The results of the pH dependence of the solubility of CdHA are given in Table 1. 
From a knowledge of the total dissolved phosphorus (P total in g-atom 1 -I>, 

cadmium and the pH of the medium of equilibration, the concentrations of H,PO,, 
I-I,PO, , HFC$- and PO:- are evaluated and included in Table 1. The following 
relationships are considered 

P IOld 
= [l&PC&j + [&PO,] f [HP@-] + [PO:-_] 

Where K,, K, and K3 are the three dissociation constants of ot-thophosphoric acid at 
37OC [l&123. The Kjp and pK,, values for the species expected to be formed are 
inchacted in Table2. The calculated & values are synonymous with the solubility 
product in’ the present context. By analogy with the dissolution of CaHA, the 
probable solid phases formed during the equilibration of CdI-LA in aqueous media 
are CdHPO,, Cd(H, P04)2, and Cd,(HPU,)(OH),. The constancy of pK,, values 
with ‘an average of 2.0766 X 10” and 6.6982, respectively (for Nos. I-S} in 

columns9 and 10 show that CdIiPO, is the virtual solid phase governing the 
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Fig. 1. Log-Iog plot of the solubility isotherm for dicadmium phosphate. 

solubility equilibria in the pH range 5.0-7.0. The wide variation of the values of KiP 
in columns I I, 13 and 15 in Table 2 rules out the possibility of Cd( H,PO, )2, 
Cd,(HPO,)(OH), and Cd ,0(P04)~(OH), as the controlling solid phases. The sudden 
drop in the Kit, vaIues of CdHPO, and the constancy of the Kjp and pK,, values in 
columns 15 and 16 (for Nos. 6-7) indicate that CdHA is the controlling solid phase 
of the solubihty equilibria in the alkaline pH range of 7.5-8.0. This latter observa- 
tion can also be explained with the help of the solubility isotherm represented in 
Fig. 1. 

The isotherm Fig. I represents the log-log plot of Cd(OH), and H,PO, for the 
dissolution of CdHA at 37°C. The lower region of the isotherm indicates composi- 
tion of solution undersaturated with respect to CdHA, whiIe that above the isotherm 
shows a region of supersaturation. In the lower portion of the curve the chemical 
potential of Cd(OH), is relatively high in spite of the fact that the concemration of 
the Cd*+ ion is very low. As one Moves up the curve in the direction of higher Cd*+ 
ion concentration, the chemical potential, i.e. the activity of Cd(OH),, decreases 
because of low pH values. The decrease in chemical potential of Cd(OH), is 

compensated for by the increase in chemical potential of H,PO.,, so that the 
quantity 10 p Cd~OM), + 6 p H,PO, of the process 

%I,* + 18/~H@= lOpCd(UH),+6pH,PO, 

remains constant,.where AF” is the standard heat of dissoIution of the process. It is 
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evident that when the medium is basic the solution becomes supersaturated and 
results in precipitation of CdHA. while in acidic medium the solution behaves as 
undersaturated and the composition will not move further down the isotherm. These 

effects of the pH of the medium of equilibration are consequent upon the positive 
slope of the isotherm. 

CdHA being the &It of a polybasic acid the following equilibria are considered to 
be estilblished during its dissolution in the acidic pH range 

Cd,,(PO,),(OI+, G= IO Cd’” i6 PO;- i- 2 OH- (5) 

PO:-- 4-H” tiHp($-- (61 

HP@- + H’ = H1P04- (7) 
HZPO., + I-IL = H,PO, (8) 

Cd’ T -t HPO;- = CdHPQ (9) 

Cd” +-2 H,PO, = Cd(H,PO_& WI 

Since Cd(H,PO,), formed according to eqn. (10) is converted into CdHPO, [13] in 
aquecus media. eqn. (9) can be considered to dominate. However, consequent upon 
the decrease of the chemical potential of H,PO, in a more basic medium the solution 

tends Lowards the supersaturated region (Fi g. 1) resulting in the precipitation of 
CdHA as a stable solid phase. Hence in the alkaline pH range investigated, CdHA is 
the virtual solid phase governing the solubility equilibria. 

The values of soIubility products (in terms of -log KS,,) for CdHA and CaHA 
are calculated by the equations 

-log 1Y “P =A/3-‘+B+CT 01) 

TABLE 3 

Conlpaison ol cxpcrimmtal and c~lculztred values of -log K,, of cadmium and calcium hydroxyapatitca 

at diffcrcm rcmpcrsturcs and pH= 5.0 

CaHA F+rcm 

Expcrimcnral 
Thcorctical 

CdHA System 
Expcrimcntal 
Tlicoretical 

37T 42°C 47T 52°C 

6.4104 6.4299 6.5211 6.5962 

6.422 I 6.4358 6.4940 6.5945 

6.8599 7.0036 7.0283 7.1256 
6.8229 6.9774 7.0907 7.1649 



TABLE 4 

Thermodynamic qua,nritics of cadmium hydroxyaparite system at pH= 5.0. and tcmpcraturc bc~wccn 37 

and 52OC 

Temp_ AGO x 104 

(“Cl (1 mole-l dcg-‘) 

(-) Af1Q xroJ 

(5 mole-‘) 
{-) AS0 (C) w;)x IO’ 

(J nwk- dcg-‘1 (J ntalc - ’ dcg - ’ 1 

37 4.049 I 6.4664 320.2702 27.%39 

42 4.2075 5.076 1 . 294.7324 18sERX 
47 4.3438 3.6635 ‘50.2422 28.4737 

52 4.4558 2.22X7 205.75.?0 X91K6 

For CaHA 

27803.65 
-logK,,= T - 172.3795 +0.28746 T 

For CdHA 

-log Ksp = 
-257I 1.466 

T 
+ 161.80711 - 0.2324 i’- (13) 

The experimental and the calculated values are compared in Table 3. Both CdHA 
and CaHA shoti retrograde salubility. Since in CaHPO, [14] and CdHPQ, the solid 
phases considered to control the solubility equilibria exhibit retrograde soIubility, 
our observation of temperature dependence of the solubility of CdHA and CaHA 
are understandable. 

The thermodynamic quantities A&‘], AHO, ASo and AC: for the process of 
dissolution of CdHA and CaHA at pH 5.0 given in TabIes4 and 5 are obtained from 
eqns. (14)-( 17). 

AG” = 2.3026 R( A + BT+ CT') (14) 

TABLE 5 

Thermodynamic quantities f#r calcium hydroxyapatite qsrem at pH=5.0 and temperature belwecn 37 
and 32°C 

Temp. 

WI 

dCDX IOJ 
(J mde-l deg-I) 

AHO x 103 

(I mole-‘) 

(--_)A@ 

(3 mob-l beg-‘) 

(--,ac; x IO” 

(J mole -I -I 
,deg ) 

37 X311.3 +3.421 I II.9077 34.1190 

42 3.88 10 - 13.775 166.9385 34.6693 

47 3.9782 -31.247 22 I .9693 35.2196 

52 4.1030 -48.994 277.tMluO 35.7699 
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AH” = 2.3026 R( A - CT’) 

;1p = -2.3026 A@ + 2 CT) 

AC; = -2.3026 R(CT) 

where ,4. B and C are the empirical constants of eqn. (11). 
The negative values of AH’, indicating that the process of dissolution for both 

the apntites is exothermic. expiain the decrease ir: solubility with the increase in 
temperature. The higher negative value of LLS of the species for the CdHA system 
indicates that the order produced by the Cd” ions in solution is greater than that 
for WL in aqueous media during dissolution. This can be understood by consider- 
ing the size of the Cd’; and Ca’+ ion (0.97 A and Ct.99 A, respectively); the former 
being a smaller ion with a high charge results in higher entropy in solution and 
hence CdHA is less soluble than CaHA under chosen conditions. The values of &Go, 
Lff“ and fi.S” are higher for CdHA th,an CaHA in aqueous media, indicating that 
the dissolution process for the former is more energy consuming and hence it is less 
soluble. 

The authors (N.S.C. and P.P.M.) thank the University Grants Commission, India, 

for research grants. 
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