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INTRODUCTION

details  see  [1-­3])  and  illustrate   them  with   the  heterogeneous  
4 2O  

Heterogeneous  nucleation  of   4 2O  (DCPD)  was  studied  on  untreated  planar   fused  

contrast  microscopy
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Dicalcium phosphate dihydrate is one of the sparingly soluble 
calcium phosphate salts which also include those involved in 
bone and dentin mineralization, i.e. calcium hydroxyapatite, 
octacalcium phosphate (OCP) and ACP. It has been shown 
that DCPD forms from tooth mineral under caries-like 
conditions [8]. It has also been proposed as a precursor to 
CaHA formation in bone, calculus, and in urinary calculi 
[9]. The solubility product of DCPD, KspDCPD is 1.87 x 10-7 
(mol/L)2 [10]. 
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G =-­i +  Anl   nl  +  Asn   sn  –  Asl   sl          

nl sl sn  refer  to  the  parameters  related  

interfacial  energies  to  the  contact  angle     of  a  spherical  cap:

sl  =   sn  +   nl  cos       (9)
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(1  -­  cos )/2  –  4 r2 nl  cos (1  -­  cos2

G /dr   =   0)   leads   to   the  
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G*:

G* / G*=1/2  -­  (3/4)cos (1/4)cos3

Supersaturation  and  Nucleation

c
cs

  

= kBT  ln(c/cs)  =  2   /r*  (1)

where   kB T
   is   the   free   energy   of   the   interface   nucleus/

r*  
is   the   radius  of   the   critical  nucleus  with   supposed   spherical  

r

cs
c  =  cs  and  

=  0

G i  molecules  
is:

G  =  -­i +  A1 1  +  A2 2  

where  A1 A2
faces   with   corresponding   surface   energies   1 2

A
surface  energy  

G  =  -­i +  A

association  of  i  molecules  which  form  the  nucleus  while  the  
second   term   represents   the   energy   cost   associated   with   the  

radius  r

i  =  4 r3/3   
and  

A  =  4 r2

G
when  d G/dr  
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=  180°)  this  term  is  
smaller  than  1  while  for  
G*


°  <  

illustrate  the  difference  in  heterogeneous  nucleation  of  DPCD  
  

EXPERIMENTAL

H2O2 2 4

cleaned  plates  were  the  placed  in  an  110o

OTS-­treated   silica.  

o

HSA-­coated   OTS-­treated   Silica.  

  
MTS-­treated  silica.    
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DCPD   nucleation   experiments.  

2 2HPO4

  

nucleated  on  the  surfaces  of  silica  plates  in  contact  with  the  

d d  =  m /2n2
m n2

m  =  0)  indicates  the  contact  

region   and   also   re-­construct   the   3D   shape   of   the   crystal   in  

The 
RICM implementation on the Nikon microscope used in this 
study required  incident light 

iris in Fig 3b, bottom, as the dark region around the crystal.

RESULTS AND DISCUSSION 

DCPD crystals were grown at pH 5, at room temperature, 
with NaCl concentration of 0.15 M, and in the [Ca++]tot 
and [PO4

--]tot concentration range from 0.02 to 0.035 M, 

corresponding to the supersaturation ratios up to ~10 (1*). 
DCPD crystals did not nucleate on 
silica   in   this concentration range    Figures 4 – 6 show the 
DPCD crystals grown after 24 hours on other three substrates: 
untreated silica, OTS-treated silica and MTS-treated silica 
substrates, respectively. For each pair of [Ca++]tot and [PO4

--]tot 

lower panel the corresponding RICM image. Comparison  of  

indicating   that   the   DCPD   crystals   nucleated   predominantly  

did  not  depend  on  the  surface  characteristics  of  the  nucleating  
2**

o

o o  and  20o

RICM images 
revealed the “footprint” of each attached crystal and the actual 
contact region between the crystal and the support. Although 
the RICM technique was able to image only a part of the 

of the attached crystals indicated that only in the case of 
negatively charged MTS-treated silica surface the nucleation 
and growth resulted with larger DCPD crystal planes in contact 
with the substrates (Fig 6). Majority of the crystals grown on 
MTS-treated silica showed a well-developed attachment plane 

RICM observation was taken 24 hours after the initial mixing 
of the solution and contact with the substrate, it is not known 
whether the growth of the attachment plane preceded the 3-D 
growth of crystal into the solution or the attachment area grew 
in parallel with the 3-D growth of the crystal. 

OTS-treated silica surfaces showed very few well-developed 
contact planes in RICM images (Fig 5). It seems plausible that 

1 * Calculated using the following data: - dissociation constants of phos-
phoric acid : K

1 

-3 M, K
2

-8 M, and K
3

-13 M, - as-
sociation constant of calcium phosphate complexes : K(CaH2PO4

+) = 681 
M-1, K(CaHPO4)

 = 0.32 M-1, and K(CaPO4
-) 

6
 M-1, and - solubility 

product of DPCD : KspDCPD is 1.87 x 10-7 (mol/L)2.

2 ** 
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those DCPD crystals nucleated on some surface defects on 
OTS-treated silica and that those defects were smaller than 
the optical resolution of the RICM technique. The untreated 
silica substrate showed the least number of crystals with 

surface energy of the three substrates used and yet, the DCPD 

contact regions. The intermediate conclusion is that in the case 

lowered the nucleation energy barrier enough to nucleate 
crystal but the nucleation did not results in any epitaxial growth 
or different crystal morphology. In the case of albumin coated 
OTS silica, the energetic barrier for the surface nucleation was 
not overcome, as no crystal nucleated on this substrate.

The differences between the nucleation of DPCD crystals 
on two negatively charged surfaces (MTS-treated silica vs. 
untreated silica) must originate from the chemical differences 
between the two substrates. The major difference between the 
two substrates is that UV-oxidized MTS-treated silica surface 
contains solution-exposed, negatively charged sulfonate 
groups, while untreated clean silica presents its silanol moieties 
that are also negatively charged. It has been shown that sulfate 
groups on surface-attached polysaccharides concentrate  
calcium  ions  at  interface  and  thus  create  local  supersaturation  

strong  H2 4  
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Majority   of   the   DCDP   crystals   grown   on   different   silica  
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