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Abstract: Human kidney stones consist mainly of calcium oxalate monohydrate (COM). The role of addition
of some organic compounds in the kinetics of the dissolution process was investigated. These compounds are
aniline (A), p. methyl amine (T), P-floro-aniline (FA) and their hydrazides AH, TA and FH. The amounts of these
compounds vary between 10  and 10 . The results revealed that the dissolution process was effectively5 6

retarded in presence of the organic compounds. The retardation effect followed the sequence TH >A> FH >
T > FA> AH. The possible adsorption of these compounds on the surfaces of COM crystals might decrease
the concentration of active sites on COM leading to a decrease in the dissolution rate. The dissolution process
was mainly controlled by surface process.
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INTRODUCTION involved in regulating biological crystal growth suggest

Formation of stones in urinary tract is one of the that modify the morphology of these crystals. Our
oldest diseases suffered by humans. There are mainly four previous studies, some amino acids [5], some plant
types of calculi. A bout 75% of stones existed as calcium contracts [6], some organic solvents [7] and some organic
containing, calcium oxalate or calcium oxalate mixed with compound [8] were used and found to act as inhibitors for
calcium phosphate [1]. Calcium oxalates were the main dissolution and crystallization of COM crystals.
inorganic components in pathological deposits and play The present work reports the results concerning the
a key role in the formation of ordinary stones. COM is the role of organic compounds in the dissolution process of
most thermodynamically stable state of calcium oxalate COM crystals at 37°C, ionic strength (I) = 0.15 mol/dm ,
present in the most types of human's stones. pH= 6.5 and at degree of undersaturation ( ) = 0.09.

Dissolution of solid material from solution is one of
the oldest and most frequently used operations in MATERIALS AND METHODS
chemistry [2, 3]. The mechanisms of dissolution and
crystallization of sparingly soluble salts are of Details concerning preparation of calcium oxalate
considerable interest, due to wide spread and universal monohydrate (COM) have been given elsewhere [8].
applicability in spite of its importance, the theories of Calcium oxalate seed was prepared by adding 1 L of 0.1 M
dissolution and crystallization in aqueous systems are CaCl  solution to 1 L of sodium oxalate (0.1 M) at 25°C at
poorly decupled particularly from a kinetic point of view a rate of 500 ml/hr. The sodium oxalate solution was
and still has un-answered questions. The presence of constantly stirred throughout the addition. The seed
non-constituent ions or molecules may affect the rate of suspension was allowed to age with stirring for 24 hr then
crystal growth or dissolution of COM crystals. The  role filtered and the seed crystals were washed with de-ionized
of organic compounds in the formation of biomaterials distilled water to remove surface contamination due to
remains largely unknown. At one stage of renal stone chloride and oxalate ions. The seed crystals were aged for
formation, the organic matrix found in most stones was 30 days then refiltered and carefully washed with de-
thought to play a unique role in stone formation. Previous ionized distilled water and this process was repeated
studies have been found that, the matrix macromolecules several times.

that these macromolecules posses certain inhibitor affects
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Techniques:  Dissolution  experiments  were  carried out by adsorbing on the mineral surface in competition with
in  double  walled  Pyrex  glass  vessel   thermostated at Ox  anions, so reducing the number of empty sites to
37± 0.1°C. The vessel contents were stirred in presence of receive the dissolving lattice Ox  anions. By similarly,
nitrogen gas bubbling to exclude atmospheric CO . according to this model:2

COM Dissolution by Constant Composition Method: A Ca  Ca (1)
measured volume of de-ionized distilled water was Ox  Ox (2)
transferred to the cell and a known volume of NaCl was Ca + Ox  Ca C O (3)
added, then a definite volume of calcium chloride solution Ca C O  Ca C O (4)
was added followed by slow addition of a known volume
of  sodium  oxalate  solution  over  a   period   of  5 min. In the surface reactive molecules, by integration
The total volume was usually 300 ml and the pH was model, the mechanism of inhibition of dissolution of COM
adjusted to the required value (6.5±0.05) using a crystals may take two modes of action: i) The inhibitor
standardized sodium hydroxide solution and/or standard might be specifically adsorbed at the lattice sites and thus
HCl solution. Satisfactory stability of undersaturation preventing the transfer of COM units between the
solution was verified by constant e.m.f reading for at least adsorbed state on the crystal lattice as in step:
30 min.

RESULTS AND DISCUSSION

In the present study, the rates of dissolution of COM hydrophobicity of the macromolecules used as inhibitor
crystals were studied at 37°C, I = 0.15 mol/dm , pH= 6.5 are important factors affecting their degree of inhibition.3

and at  = 0.09 in the presence of Aniline (A), p. methyl Hydrophobic one are less effective and linear
amine (T), P-floro-aniline (FA), p. methyl amine Hydrazide polyelectrolyte (allowing for maximum molecular flexibility)
(TH), P-floro-aniline Hydrazide (FH) and Aniline are good inhibitors [9]. ii) General adsorption of the
Hydrazide  (AH) using  constant  composition  method. inhibitors on the crystal surface might occur, so that, the
The different rates of dissolution of COM crystal in adsorbed inhibitor competes with the adsorption of Ca
presence of different organic compounds were measured or Ox . This reduce the amount of latter on the surface
and the results are given in Table 1. Fig. 1 depicts and hence slow down the rate of dissolution or growth
representative the change in degree of inhibition as a and also would decrease the number of empty adsorption
function of the concentration of the organic substrates sites free to receive calcium or oxalate ions dissolving
added for Aniline (A), p. methyl amine (T), P-floro-aniline from the lattice. In this case, the dissolution rate law
(FA), p. methyl amine Hydrazide (TH), P-floro-aniline would be modified depend on whether the inhibitor was
Hydrazide (FH) and Aniline Hydrazide (AH). Examination negatively changed and so compete with Ox  for the
of Table 1 and Fig.1 show that at concentrations as low as adsorption sits or was positive then it compete with Ca .
10 mol.dm  the degree of inhibition of dissolution of Inhibitors which are were basic or negatively charged also5 3

COM crystals measured 76.5, 66.1, 43.1, 85.5, 66.6 and some cations are good inhibitors for dissolution and
41.5%  for  A,  T,  FA, TH, FH and AH, respectively. crystallization due to adsorption on Ca  and Ox  active
These results suggest the order of inhibition follows the sites. The molecular volume and molecular structure of the
sequence: TH >A> FH > T > FA> AH. inhibitor  was  also  very  effective.  Previous  studies,

In  the  present  study  concentration   as   low as Salih [5], Sabar [6], Yehia et al. [7, 8] illustrated that the
10 mol. dm  markedly reduce the dissolution rates of ionic strength of the medium affect the mechanism of5 3

COM crystals. The dissolution rates decreased by dissolution and crystallization of COM crystal at the same
increasing the concentration of the additives due to the experimental  conditions of  t = 37°C,  I = 0.15 mol.dm ,
blocking of the active sites on the COM crystal surfaces pH = 6.5, so the interaction between the inhibitor molecule
by the additive molecules. Anions are adsorbed at and Ca , Ox  active electrostatic in its nature. On the
cationic sites and cations at the anionic ones on the studies using amino acids, it was found that increasing
surface. The anions of the additive molecule (or more the number of basic -NH  groups or presence of -OH
basic groups in this molecule), slow the rate of dissolution groups  increased  the  inhibitors  effect of the amino acid,
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Table 1: The rate of dissolution and degree of inhibition of COM crystal in presence of some organic compounds
Organic compound Rate x 10   (mol/min/m ) Degree of inhibition (%)8 2

Aniline (A) 1.88 76.5
Aniline Hydrazide (AH) 4.68 41.5
P. methyl amine (T) 2.71 66.1
P. methyl amine Hydrazide (TH) 1.16 85.5
P-floro-aniline (FA) 4.55 43.1
P-floro-aniline Hydrazide (FH) 2.67 66.6

Fig. 1: Depicts representative the change in degree of inhibition as a function of the concentration of the organic
substrates added for Aniline (A) and p. methyl amine (T)

so the present study suggests that the inhibitor under The effect of hydrazides of A, T and FA on
study adsorbs on Ca  sites through -NH  group of the dissolution rates of COM crystals are studied under the2+

2

additives. To support the suggestion of adsorption of same experimental conditions using constant composition
molecules of additive on active sites of the surface of method. The degree of inhibition of dissolution of COM
COM crystals, the adsorption can be interpreted in terms crystals increased by increasing the number of -NH and
of Langmuir-type isotherm. Hydrazides exhibit important -NH  groups in the additive molecule. The increasing of
activities in biological systems. Moreover, versatile the basisty of the molecule leading to increasing the
chelating behaviour for which they are widely used in inhibitory effect of the additive. The additive molecule
analytical chemistry as a selective metal extracting agent adsorbs on Ca  active sites on the surface of COM
as well as spectroscopic determination of certain crystals, blocking these sites and decreases their numbers
transition metals. Chelating therapy is the most successful i.e. decreasing the dissolution rates. The low
means of   treatment   of   heavy    metal   poisoning  [9]. concentrations of the inhibitors that could inhibit the
In destabilization has resulted in an increase of heavy dissolution or crystallization processes indicate that these
metals in environments and as a consequence of their inhibitors are effective and that low surface coverage
determinately effects on health, there is corresponding mediates the rate determining step [15]. Natural materials
interest  in  their   detection   and   sequestration  [10]. contain impurities which are released by dissolution
Acid hydrazides are versatile class of nitrogen substituted disintegration of the mineral there exist two possibilities:
molecules with high degree of chemical reactivity, used as a) the impurities are released into the solution, from which
precursors and intermediates of many important organic they are adsorbed reversibly to the surface of the mineral,
molecules such as heterocyclic, pharmaceuticals, acting there as inhibitors. b) They are adsorbed
polymers,   dyestuffs   and    photographic   products. irreversibly at the surface either directly from the
They have been in general use as the starting materials in disintegrating mineral or they are first released in the
the synthesis of 1,2,4- tri-azoles and 1,3,4 - oxa-diazoles solution from which they are adsorbed to the surface [16].
which are widely used as very active bactericides, In case (a), the surface concentration is related to the
pesticides,  fungicides  [11-13],  anti-  inflammatory and impurity concentration in the solution by an adsorption
anti-tumer agents [14]. isotherm.  But  in case  (b),  complete  irreversible  binding
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released impurities to the universal surface was assumed All additives used are good inhibitors even in small
so the impurity concentration becomes zero. In case of concentrations and inhibition of additive increased
reversible adsorption (a), the concentration of inhibitors by increasing concentration of it.
should be reduced significantly. The molecular design of Additive molecule, block Ca  active sites on COM
prospective successful COM formation retards crystals by adsorption through basic groups in
(macromolecule), should lake into account the nature, additive molecule (-NH Or -NH ).
density, distribution of charged or active groups, the H and FH are good inhibitor than AH due to they are
molecular weight of additive, steric effect and all weak more hydrophilic than AH.
forces due to uncharged inactive parts of the Hydrazides of A, T and FA are good inhibitors than
macromolecules. An important factor in which crystal them due to the increase of -NH and -NH  groups
growth proceeds in supersaturated solutions the crystal (basisty).
size and shape of the crystallization solid [17]. Also the A is more flexible than T and FA so, it is good
ratio of charge to the mass of the additive is big, so it will inhibitor also due to that the ratio of charge to
be good inhibitor. molecular mass of A is more than that of T and FA.

On the assumption that the crystal surface is TH is good inhibitor than AH and FH due to the
surrounded by a hydrated monolayer, the observed increase  of  ratio of charge to the molecular mass
kinetics of dissolution may be explained in terms of (due to the presence of -CH  group, which increase
stationary [Ca ] and [Ox ] concentration in the adsorbed basisty).2+ 2-

phase, dissolution accusing through. The simultaneous
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