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Abstract 
Coordination numbers have been calculated for the ordered structures prevailing in aqueous sus- 
pension of macroions for its different governing parameters viz. sizes, charges, impurity ion con-
centrations and temperatures by integration of region r2g(r) in the limit 0 - rmin around the main 
peak in g(r)-r curve in order to examine the effects of controlling parameters on the coordination 
number. The failure of RMSA method has been reported in case of variation of temperature and 
effective charge over macroions in terms of volume fraction. Orderings of FCC/HCP type with 
coordination number nearly 12 amongst the macroions suspended into water have been reported 
to exist. 
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1. Introduction 
Macroionic suspension contains particles sizes [1]-[3] ranging 50 Å - 10,000 Å with about ionizable surface 
charges 102 - 105 per particle [4] in electronic unit. These particles dissociate into a suitable solvent like water 
and provide large electrostatic negative charges per particle. These negatively charged particles, called ma-
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croions [2] [5], arrange themselves in the suspension due to their electrostatic interactions. Mainly the repulsive 
coulomb screened pair potential i.e., Derjaguin, Landau, Verwey and Overbeek DLVO pair potential [6] devel-
oped between suspended macroions due to their surface charges monitors the arrangement of macroions in the 
suspension. Depending on strength of DLVO pair interaction potential, ordering i.e., gas-, liquid- and solid-like 
structures prevail in the macroionic suspension [7]-[24]. As ordering amongst the suspended macroions develops, 
pair correlation function g(r) versus distance r curve bestows peaks. Integration of region r2g(r) in the limit 0 - 
rmin around the first main peak in g(r)-r curve approximates the coordination number N i.e. total number of the 
nearest macroions surrounding an individual macroions [7] [8].  

Concentrations of macroions ρ and impurity ions ρi, charges over the macroions z and impurity ions zi, di-
electric constant ε, sizes σ and absolute temperature T of solvent are the governing parameters of the pair corre-
lation function through the pair interaction potential and hence these parameters control the coordination number 
[11] [12]. Tata et al. [7] have calculated the coordination number for different concentrations of impurity ions to 
study the effect of impurity ions on ordered structures prevailing in aqueous macroionic suspension using the 
method of integration of region r2g(r). Pandey and Tripathi [8] have calculated the coordination numbers using 
this method to study the ordered behavior of binary suspension of macroions by changing controlling parameters 
of the suspension. Recently, Pandey has used the integration method of region r2g(r) in the limit 0 - rmin to cal-
culate the coordination number in order to ascertain the ordering nature in the plasmas [9] and biomacroions 
[10]. The technique of integration of region r2g(r) in the limit 0 - rmin however, estimates somewhat higher nu-
merical values of coordination number in case of liquid like ordering than solid structures, and endows an idea 
regarding the arrangement of macroions in the suspension [7]-[12]. It is an easy approach to estimate the coor-
dination number under the theoretical considerations in order to predict the type of ordering prevailing in 
aqueous macroionic suspension if measurements of lattice parameters are not available or possible. 

From the literatures survey, it is found that the structural behavior in aqueous suspension of monomacroions 
has not been studied properly in the light of coordination number for its different controlling parameters viz. 
sizes, charges, impurity ion concentrations and temperatures [1]-[32]. Therefore, it becomes quite imperative to 
calculate coordination number for various governing parameters to ascertain the ordering nature of macroionic 
suspensions. In the present theoretical work, coordination number has been calculated by integrating the region 
r2g(r) in the limit 0 - rmin around the first main peak obtained in g(r)-r curve to study the effect of above control-
ling parameters on it as well as to ascertain the nature of orderings prevailing amongst the suspended macroions 
into water. The pair correlation function g(r) data have been obtained from the Fourier transform of structure 
factor S(Q) data computed with rescaled mean spherical approximation RMSA method employing DLVO pair 
interaction potential between suspended macroions [13] [14]. Close packed ordered structures amongst the ma-
croions suspended into water with coordination number nearly 12, indicating FCC/HCP type of structure has 
been found and reported. 

2. Theory 
The DLVO pairing interaction potential between macroions [6] in its dimensionless form is  

( ) ( )exp , 1;U x kx x xβ γ= − ≥                                  (1) 

where , ,  1 Bx r k k Tσ κσ β= = =  and κ is the Debye-Hückel inverse screening length given by 

( )2 2 ,i i Bz z e k Tρ εκ ρ= +∑                                 (2) 

and ( )2π expo kγ β εσψ=                                   (3) 

is dimensionless coupling constant and its value is 1γ   in macroionic suspension [2] and the expression of 
surface potential oψ  of each macroion [13] [14] is  

( )( )2π .o ze kψ εσ= +                                  (4) 

The contact potential between pairs of macroions in unit of kBT is 

( ) 2exp π okγ β εσψ− =                                     (5) 
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The Ornstein-Zernike OZ equation [25] given by 

( ) ( ) ( ) ( )3

o

h x c x h x y c x dxρσ
∞

= + −∫                            (6) 

relates total correlation function ( ) ( ) 1h x g x= −  and direct correlation function ( )c x  together with mean 
spherical approximation 

( ) 1, 1;h x x= − <                                     (7) 

( ) ( ) , 1;c x U x xβ= − >                                   (8) 

help defining the structure factor 

( ) ( ) ( )1 12 exp
o

S Q h x ikx dxη
∞

= + −∫                              (9) 

where 3π 6η ρσ=  is volume fraction of macroions and Q is dimensionless momentum transfer. 
Fourier Transform of ( )S Q  gives pair correlation function ( )g x  [27] 

( ) ( ) ( )11 1 sin
12 π o

g x S Q Q Qx dQ
xη

∞

= + −  ∫                         (10) 

Coordination number can be obtained using relation [7]-[12] 

( )
min

224
x

o

N x g x dxη= ∫                                  (11) 

where xmin is the first minimum in g(x)-x curve. 
Structure factors have been calculated using program developed by Hayter and Hansen [26] for the input of 

pair correlation function calculated using a program developed by Hayter [27] to get the input data for the coor-
dination number. Coordination numbers have been calculated by self-developed computer program in FOR- 
TRAN-77 using Equation (11), which has already been tested for its accuracy elsewhere [8]-[12]. 

3. Results and Discussion 
Figure 1 shows the variation of pair correlation function with dimensionless distance for the system ρ = 4.0 × 
1018 m−3, σ = 800 Å, T = 294 K, ε = 78.5 for charges z = 600 e. The Coordination number has been calculated by 
integrating the region x2g(x) in the limit 0 - xmin around the first main peak obtained in g(x)-x curve as shown in 
Figure 1. 

In order to examine the effect of charge over macroions suspended into water on coordination number N, the 
coordination numbers have been calculated for the macroionic suspension of parameters ρ = 4.0 × 1018 m−3, σ = 
800 Å, T = 294 K, ε = 78.5 for charges z = 600 e, 800 e, 1000 e, which are given in Table 1. The value of N in-
creases with charge increase over macroions. It is because, increase in the charge over macroions increases the 
intermacroionic pairing interaction potential that results an increase in the bond strength between ordered ma-
croions. Thus, the bond lengths between ordered macroions contract, which cause more macroions to come close 
to take part in the ordering and thereby increase the value of N with increase in charge over macroions [8]-[12]. 

Table 2 contains the coordination numbers for the aqueous suspension of macroions of parameters ρ = 4.0 × 
1018 m−3, σ = 872Å, z = 440 e, ε = 78.5 for temperatures T = 294 K, 313 K, 323 K, 333 K and 343 K. It is clear 
that N remains nearly same with increase in temperature of suspension. This indicates that temperature does not 
affect appreciably the nature of pair correlation function via pair interaction potential and thus, N remains almost 
unaltered with increase in the temperature in RMSA calculation. 

The results of present investigations, not expected, are in disagreement with the experimental results reported 
by Schaefer [28] wherein temperature has been found to play naturally a significant role in the ordering and dis-
ordering phenomenon occurring in macroionic suspension, which leads to a complete disappearance of peaks in 
g(x)-x curve and thence lessen the coordination number with increase in temperature. Dielectric constant of wa-
ter, as it is a polar solvent, decreases with increase in temperature. This causes to decrease in the degree of dis- 
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Figure 1. Variation of pair correlation function with dimensionless 
distance for the system of ρ = 4.0 × 1018 m−3, σ = 800 Å, T = 294 K, ε 
= 78.5 for charges z = 600 e.                                     

 
Table 1. Variation of coordination number with charge for the system 
of ρ = 4.0 × 1018 m-3, σ = 800 Å, ε = 78.5 and T = 294 K.               

No. of charges z Coordination number N 

600 13.1 

800 13.5 

1000 14.0 

 
Table 2. Variation of coordination number with temperature for the 
system of ρ = 4.0 × 1018 m−3, σ = 872 Å, z = 440 e and ε = 78.5.         

Temperature T(K) Coordination number N 

294 17.2 

313 17.2 

323 17.2 

333 17.2 

343 17.2 

 
sociation of particles into solvent and produces less value of charge per macroion. Thermal energy per macroion 
also increases with increase in temperature of solution. The decrease in number of charge over each macroion 
and increase in its thermal energy with increasing temperature results decrease in the pairing interaction poten-
tial between them and hence weakening the bond strength between them. Under these circumstances, each ma-
croion therefore, tries to follow Brownian movement due to melting of crystalline order of suspended macroions 
on increasing the temperature and hence shows poor ordering in the Schaefer’s experiment on ordering of ma-
croionic suspension. This behavior is not found in the present calculation using RMSA method for the same pa-
rameters. As the RMSA method does not include temperature dependence of dielectric constant, so it is of no 
use to present the discussion about the results in Table 2. However, present study suggests some modifications 
in the RMSA method to replicate results of Schaefer’s experiments of temperature dependence of ordering in the 
suspended macroions [8]-[12]. 

The effect of concentrations of impurity ions on the coordination number has been studied for the aqueous 
system of macroions of ρ = 4.0 × 1018 m−3, σ = 1090 Å, z = 600 e, ε = 78.5, T = 294 K for different impurity 
ions concentrations ρi = 0.0, 0.001zρ, 0.01zρ, 0.5zρ, zρ, 1.5zρ, 2zρ and 3zρ. The coordination numbers obtained 
for these parameters are in Table 3. The coordination number decreases gradually with increase in impurity ion 
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concentration. Tata et al. [7] have also reported the same behavior with increase in concentrations of impurity 
ions. The increase in impurity ion concentration reduces interaction potential and screening length between ma-
croions, which leads melting of the crystalline order. Addition of ionic impurity ions concentration reduces cou-
lomb screening length and thus g(x) smears out with shorten of the peaks in g(x)-x curve that gives scanty value 
of coordination number. 

Coordination number for the suspended macroions of ρ = 4.0 × 1018 m−3, ε = 78.5, σ = 800 Å, 1090 Å, 1200 
Å into water at temperature T = 294 K are given in the Table 4 for z = 500 e and for z = 800 e in the Table 5. 
The coordination number decreases with increase in the size of the macroions. This behavior may be explained 
in terms of effective volume fraction [29] ( )3eff 1 2 kη η= + . Intermacroionic distance remains unaltered at 
fixed concentration of macroions. However, surface-to-surface distance between macroions decreases with in-
crease in their sizes and therefore, causes to increase in effective volume fraction that results decrease in pair in-
teraction potential due to decrease in surface potential [15] [16]. In turn, peaks in g(x)-x curve shrink in their 
width and enhance in their heights that indicate the weakening of binding strength between intermacroionic lay-
ers with increase in interlayer distance and thereby N decreases due to decrease in correlation length between 
macroions. In another approach as pointed out by Wagner et al. [30] the effective charges ( )eff 1z z η= − , in-
creases with increase in size of macroions which gives rise to increase in intermacroionic pairing interaction po-
tential and then to correlation length. Because of this, more macroions would come close to take part in ordering 
and therefore, N should increase with size increase of macroions. Instead, it decreases in the present calculation. 
Thus, present result is again in contrary if explained in terms of effective charge. 
 

Table 3. Variation of coordination number with concentration of im-
purity ions for the system of ρ = 4.0 × 1018 m−3, σ = 1090 Å, z = 600 e, 
ε = 78.5 and T = 294 K.                                         

Impurity ions ρi (× zρ) Coordination number N 

0.000 15.5 

0.001 15.3 

0.010 15.2 

0.500 14.6 

1.000 14.0 

1.500 13.7 

2.000 13.4 

3.000 12.3 

 
Table 4. Variation of coordination number with size for the system of ρ 
= 4.0 × 1018 m−3, ε = 78.5, T = 294 K and z = 500 e.                   

Sizes (Å) Coordination number N 

800 12.9 

1090 12.6 

1200 12.4 

 
Table 5. Variation of coordination number with size for the system of ρ 
= 4.0 × 1018 m−3, ε = 78.5, T = 294 K and z = 800 e.                   

Sizes (Å) Coordination number N 

800 13.5 

1090 13.2 

1200 12.7 
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4. Conclusion 
Coordination number depends linearly on the charge in inverse with impurity ions concentration and size of ma-
croions. The results of the present calculation disclose the failure of RMSA in the case of temperature variation 
as well in terms of effective charge over macroions and thus, RMSA requires some modifications to make it ena-
ble to reproduce the experimental results with variation of temperature and effective charge. Ordered structures 
of coordination number nearly 12 indicating FCC/HCP types of ordering prevail in the aqueous macroionic 
suspension. In order to ascertain either FCC or HCP types of structures, an experiment needs to be performed to 
measure the intermacroionic layer distances i.e., the lattice constants. 
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