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Abstract: Recently, calcification was observed on im-
planted intraocular lens (IOL) surfaces when viscoelastic
substances were applied during surgery. To elucidate the
mechanisms of mineral formation, the crystallization of cal-
cium phosphates on IOL surfaces was studied in vitro with
nanomolar sensitivity using a constant composition method.
Three different commercial viscoelastic materials (Viscoat�,
OcuCoat�, and Amvisc� Plus) were investigated and it was
found that some IOLs treated with Viscoat� or Amvisc� Plus
induced the nucleation and growth of octacalcium phos-
phate crystallites under biological conditions. After treat-
ments, the IOL surfaces became more hydrophilic probably
because of the high viscoelastic phosphate and carboxylate
contents. In contrast to Viscoat�, the use of OcuCoat� during

surgery resulted in virtually no octacalcium phosphate nu-
cleations. Calcification studies of IOL surfaces treated with
fatty acids, which are present in human aqueous humor,
suggest that hydrophobic cyclic silicones adsorbed on the
IOL surfaces interact strongly with hydrophobic hydro-
carbon chains of the fatty acids, creating a layer of am-
phiphiles oriented with functional carboxylate groups ex-
posed to the aqueous solution and serving as active
calcification sites. © 2004 Wiley Periodicals, Inc. J Biomed
Mater Res 71A: 488 – 496, 2004
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INTRODUCTION

Viscoelastic substances (OcuCoat�/Viscoat�/Am-
visc� Plus) are indicated for use as surgical aids in
ophthalmic anterior1 and posterior2 segment proce-
dures including cataract extractions, intraocular lens
(IOL) implantations, corneal transplantation surgery,
glaucoma filtering, and retinal reattachment proce-
dures. Some calcification phenomena have been re-
ported to occur on the IOL surfaces intraoperatively
during cataract surgery with implantation of some
silicone IOLs3–5 or in the early postoperative period
after implantation of some hydrogel IOLs. However,
significant deposition of crystalline materials on IOL
surfaces are uncommon. Previous studies have sug-
gested that the deposits are composed of calcium
phosphates but the mechanism is not fully under-
stood.6–8 The question arises as to whether this min-

eral formation is directly related to substances used
during surgery.

Another question concerns the composition of the
aqueous humor.9 Previous studies have shown that
traces of long-chain saturated fatty acids are present in
ocular fluids,10 and that the levels of these free acids
are significant in senile cataracts.11 Fatty acids that
have been identified in the aqueous humor include
myristic, palmitic, stearic, arachidic, and behenic. Con-
siderable research has been directed toward elucidat-
ing the mechanism of long-chain fatty acid transport
across cell membranes.12 It was found that the adsorp-
tion of the fatty acid molecule is chain-length depen-
dent.13 However, there are no reports concerning cal-
cification that may take place at the interface between
adsorbed fatty acids and IOL surfaces.

Although the presence of hydroxyapatite [HA,
Ca10(PO4)6(OH)2] has been reported in IOL deposits,
other calcium phosphate phases have often been sug-
gested, such as dicalcium phosphate [DCPD,
CaHPO4 � 2H2O] and octacalcium phosphate [OCP,
Ca8H2(PO4)6 � 5H2O] that may serve as precursors,
before transformation to the thermodynamically more
stable HA. These precursors are more soluble and
have rate constants for crystal growth considerably
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greater than that for HA in aqueous supersaturated
calcium phosphate solutions. The presence of an apa-
tite-like layer in OCP may allow for the epitaxial over-
growth of HA and OCP.14–17 OCP also seems to have
a significant role in the chemistry of bones, teeth,
phosphate fertilizers, and other precipitated calcium
phosphates.

MATERIALS AND METHODS

Materials

IOLs, optical implants for the replacement of human crys-
talline lenses, and viscoelastic substances, OcuCoat� (lot
1356; Storz Ophthalmics), Viscoat� (lot 01E10A; Alcon Lab-
oratories), and Amvisc� Plus (lot B010420; Bausch & Lomb
Surgical), were used in this study. Myristic acid (lot
99H0725), palmitic acid (lot 110K03011), stearic acid (lot
49F8449), arachidic acid (lot 41K1558), and behenic acid (lot
96F84151) were from Sigma Chemical Co.

Calcium chloride, potassium dihydrogen phosphate, and
sodium chloride solutions were prepared using triply dis-
tilled deionized water and reagent-grade chemicals dried
under vacuum at 110°C. They were filtered twice (0.22-�m
Millipore filters) before use. Carbon dioxide-free potassium
hydroxide solution was prepared in a nitrogen atmosphere
from washed reagent-grade pellets.

OCP crystallization on Hydroview IOL surfaces

Freshly manufactured Hydroview H60M IOLs were
tested both uncoated, and coated with OcuCoat�, Viscoat�,
or Amvisc� Plus (see Table II). The lenses were placed in
inserters (IC-2BU, model IM002) containing a few drops of
the viscoelastic substances and the coated lenses were
placed by injection into 2.0 mL of 2.94 � 10�4 mol � L�1

behenic acid in 90% ethanol solution for 30 min.
Constant composition18 OCP crystallization experiments

on the IOL surfaces were made in double-walled Pyrex glass
vessels maintained at 37.0 � 0.05°C. Supersaturated reaction
solutions [�OCP � 2.28; where the relative supersaturation,
�, is defined as (IAP/Ksp)1/16 � 1, IAP and Ksp being the
ionic activity and solubility products of OCP, respectively]
were prepared by the slow mixing of calcium chloride
(2.50 � 10�3 mol � L�1) and potassium dihydrogen phos-
phate (1.88 � 10�3 mol � L�1) with the ionic strength main-
tained at 0.15 mol � L�1 by the addition of sodium chloride
solution. Potassium hydroxide solution was added over a
period of 45 min to the supersaturated solution to adjust the
pH to 7.10 � 0.05. A pH electrode (Orion 91-01) coupled
with a single-junction reference electrode (Orion 90-01)
along with a pH meter (Orion 720A) was used to monitor
changes in hydrogen ion activities. Nitrogen gas, presatu-
rated with water vapor, was bubbled continuously through
the reaction solutions during pH adjustment and crystalli-
zation experiments.

Once effective equilibrium of the metastable supersatu-
rated solutions had been attained, the IOL samples were
introduced, and the compositions of the reaction solutions
were maintained constant by the simultaneous addition of
two titrant solutions from mechanically coupled burets, one
containing calcium and sodium chlorides, and the other
potassium dihydrogen phosphate and potassium hydroxide.
The concentrations of the titrant solutions were calculated
using the following equations:

[CaCl2]t � 2[CaCl2]rs � 4Ceff (1)

[NaCl]t � 2[NaCl]rs � 8Ceff (2)

[KH2PO4]t � 2[KH2PO4]rs � 3Ceff (3)

[KOH]t � 2[KOH]rs � 5Ceff (4)

In Equations (1)–(4), the subscripts t and rs refer to the
concentrations of titrants and metastable supersaturated re-
action solutions, respectively. Ceff is the effective concentra-
tion of added titrants with respect to OCP, or the moles of
OCP formed per liter of mixed titrants. The value chosen for
Ceff for this crystallization study was 1.00 � 10�4 mol � L�1.

During the experiments, the constancy of concentrations
was verified by analysis of filtered aliquots (0.22-�m Milli-
pore filters) for calcium by atomic absorption spectrometry
(PerkinElmer Atomic Absorption Spectrometer 3100) and
for phosphate spectrophotometrically as the vanadomolyb-
date complex (Hewlett-Packard, 8452A, Diode Array Spec-
trophotometer). In all cases, the concentrations remained
constant throughout the precipitation reactions to within
�1.5%.

After washing with triple-distilled water, the IOL samples
were air-dried overnight and examined using scanning elec-

TABLE I
Crystallization Tests of OCP on Hydroview IOLs

Treated by Cyclic Silicone and Fatty Acids

Experiment No.
Fatty Acid

(10�4 mol � L�1)
Induction

Time, � (min)

C1 No 1200
C2 No 1160
C3 No 1210
C4 No 1180
M1 Myristic (1.84) 80
M2 Myristic(1.84) 90
M3 Myristic(1.84) 85
P1 Palmitic(1.84) 170
P2 Palmitic(1.84) 185
P3 Palmitic(1.84) 180
S1 Stearic(1.84) 260
S2 Stearic(1.84) 250
S3 Stearic(1.84) 220
A1 Arachidic(1.84) 330
A2 Arachidic(1.84) 350
A4 Arachidic(1.84) 340
B2 Behenic(1.84) 390
B3 Behenic(1.84) 380
B6 Behenic(1.84) 370
B7 Behenic(1.84) 380
S4 Stearic(2.94) 30
S5 Stearic(2.94) 20
S6 Stearic(0.54) 320
S7 Stearic(0.54) 340
S8 Stearic(0.4) 430
S9 Stearic(0.4) 400
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tron microscopy (SEM) (JEOL JSM-5300; Noran Instrumen-
tal Inc., Middleton, WI) and diffuse reflectance infrared Fou-
rier transform spectroscopy (PerkinElmer 1760S FTIR
spectrometer).

Relative supersaturations, �, were calculated using the
following equation:

� � � IP
KSO

�1	


� 1 � S � 1 (5)

in which 
(�16) is the number of ions per formula unit of the
precipitating phase. S is the OCP supersaturation ratio. Ionic
concentrations were computed from mass balance, proton
dissociation, electroneutrality, and equilibrium expressions
involving calcium and phosphate species as described pre-
viously.19,20

Calcification of Hydroview IOLs

A total of 26 Hydroview H60M IOLs, air-dried overnight,
were coated with 2 �L of 6.44 � 10�3 mol � L�1 cyclic silicone
(D4 cyclic) in hexane, air-dried (about 2 h), and immersed for
30 min in 2 mL of the fatty acid solutions (myristic acid/
palmitic acid/stearic acid/arachidic acid/behenic acid) at

concentrations ranging from 4.00 � 10�5 to 2.94 � 10�4 mol �
L�1 (Table I). They were rinsed in triple-distilled water
before placing in the supersaturated solutions.

RESULTS AND DISCUSSION

In practice, homogenous nucleation may not occur
immediately after the creation of supersaturation.
Rather, a period of time, the “induction time,” �in,
elapses before new crystallites persist in the supersat-
urated solutions. Although the induction period is a
complex quantity, if the simplifying assumption is
made that �in is essentially concerned only with the
nucleation process, it can be described by Equation
(6)21:

ln � � �C1 � C2

�SL
3

k3T3ln S�2� (6)

where �SL is the interfacial tension and C1 and C2 are
independent constants. It has long been recognized
that there is a close relationship between solubility

TABLE II
Crystallization Tests of OCP on Hydroview IOLs Coated With Different Viscoelastics

Experiment
No. Viscoelastics

Treated With
Behenic Acid

Induction
Time, � (min)

By Constant
Composition By SEM Comments

1 None (control) 30 min 650 No No Clear
2 None (control) 30 min 670 No No Clear
3 None (control) 30 min 690 No No Clear
4 None (control) 30 min 700 No No Clear
5 None (control) No 630 No No Clear
6 None (control) No 680 No No Clear
7 None (control) No 660 No No Clear
8 None (control) No 635 No No Clear
9 OcuCoat� 30 min 720 No No Clear

10 OcuCoat� 30 min 600 No No Clear
11 OcuCoat� 30 min 670 No No Clear
12 OcuCoat� 30 min 640 No No Clear
13 OcuCoat� No 670 No No Clear
14 OcuCoat� No 710 No No Clear
15 OcuCoat� No 680 No No Clear
16 Viscoat� 30 min 310 No No Clear
17 Viscoat� 30 min 350 No No Clear
18 Viscoat� 30 min 390 No No Clear
19 Viscoat� No 300 No No Clear
20 Viscoat� No 330 No No Clear
21 Viscoat� No 320 No No Clear
22 Viscoat� No 300 No No Clear
23 Viscoat� 30 min 240 Yes Yes Visible
24 Viscoat� 30 min 220 Yes Yes Visible
25 Viscoat� 30 min 220 Yes Yes Visible
26 Viscoat� 30 min 230 Yes Yes Visible
27 Viscoat� 30 min 225 Yes Yes Visible
28 Amvisc� Plus 30 min 60 Yes Yes Visible
29 Amvisc� Plus 30 min 70 Yes Yes Visible
30 Amvisc� Plus 30 min 80 Yes Yes Visible
31 Amvisc� Plus No 70 No No Clear
32 Amvisc� Plus No 50 No No Clear
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and interfacial energy. Sparingly soluble salts such as
the calcium phosphates always have much higher in-
terfacial free energy values than more soluble salts in
aqueous solution. As a result, they have relatively
wide metastable supersaturated zones and large in-
duction times; for HA, at � � 18, � is �10 h. However,
OCP is much more readily formed in metastable su-
persaturated solutions because of its relatively high
solubility and low interfacial tension (Eq. 6).22

OCP crystallization on Hydroview IOL surfaces

The calcium phosphate reaction solutions were sta-
ble for more than 3 days even though the supersatu-
ration with respect to OCP was high (� � 2.28). In the
absence of the added surfaces, after the induction
periods, �, some precipitated OCP crystals could be
detected on the electrodes and walls of the reaction
vessels. The experimental conditions are summarized
in Table II together with the induction times, �, after
IOL introduction. � was taken as the time from the
introduction of IOL surfaces to steady-state titrant
addition. Typical titrant volume curves as a function
of time for OCP crystallization on the IOLs are shown
in Figure 1. In all the experiments, two stages were
clearly distinguished. First, in the induction region,
the glass electrode potentials were constant and the
volume of added titrant, dV, remained essentially
zero. In the second stage, titrant was added continu-
ously, as nucleation and growth of OCP took place.
The decrease in induction time from 3 days to several
hours reflected the heterogeneous OCP crystallization
at the IOL surfaces.

Heterogeneous nucleation is an almost ubiquitous
phenomenon, often initiated at impurity sites and for-
eign surfaces. Because the nucleation of calcium phos-

phates would destroy the utility of the implants,23–26 it
is essential to elucidate the mechanisms and to be able
to control these heterogeneous nucleation reactions.
Classical heterogeneous nucleation models27 are
based on the assumption that certain solid bodies,
extraneous to the system, promote phase transforma-
tions and crystallization by reducing the overall free
energy for the formation of critical nuclei, �G*het. This
thermodynamic parameter can be calculated,� by
analogy to the theory proposed by Volmer28 for the
heterogeneous nucleation of liquid nuclei29–32 by us-
ing Eq. (7):

�G*het �
2 � cos��1 � cos��2

4 �G* � � � �G* (7)

where �G* is the corresponding free energy for homo-
geneous nucleation; �, a factor related it to the heter-
ogeneous nucleation free energy; and �, the contact
angle between the nucleating phase and solid sub-
strata.

In Table II, it can be seen that the values of � for
eight control IOL surfaces, before and after treatment
with behenic acid, were around 660 min. The agree-
ment between these times implies that treatment with
fatty acid does not influence the stability of the super-
saturated solutions in the presence of IOL surfaces.
After extended times (�10 h), however, precipitation
occurred in the bulk supersaturated reaction solutions
to which untreated IOLs had been introduced, but it is
important to note that no calcification took place on
the IOL surfaces, and this was confirmed by SEM.

Similar results were observed on IOL samples both
untreated and pretreated with behenic acid, when ex-
posed to OcuCoat� (Table II). The induction times,
600–720 min, were close to those of the control IOL
experiments and no crystals were detected by SEM
[Fig. 2(a)]. Similarly, with the exception of five sam-
ples [Fig. 2(b)], no OCP crystallization was induced on
IOLs pretreated with Viscoat�. However, in this case,
the induction times for all these surfaces were mark-
edly reduced, indicating that, in contrast to OcuCoat�,
Viscoat� may promote OCP nucleation in bulk solu-
tion. Amvisc� treatment readily induced surface nu-
cleation of OCP with a mean induction period of only
�70 min.

Clearly, IOLs coated with different types of vis-
coelastics display different calcification properties.
Some factors, which might account for these differ-
ences, can be identified. Thus, sodium chondroitin
sulfate, a major constituent of Viscoat�, has a number
of polar carboxylate and sulfate functional groups (Ta-
ble III). Numerous studies have shown that when
some polymer films such as HEMA, poly(tetrafluoro-
ethylene-co-perfluoropropyl vinyl ether), are exposed
to aqueous media, polar functional groups such as
OOH, and OCOO� migrate toward the water–poly-
mer interface. These reorganized surfaces, upon con-

Figure 1. Plot of titrant volume as a function of time, IOLs
coated with different Viscoelastics media, treated with be-
henic acid for 30 minutes and then tested for OCP nucle-
ation. �, Amvisc� Plus; ‚, Viscoat�; ■, OcuCoat�.
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tact with water, result in a significant increase in elec-
tron density on the surface and a reduction of
interfacial energy between the polymer and aqueous
solution. The presence of functional groups may not
only reduce the energy barrier to diffusion of calcium
and phosphate species from the bulk solution to the
substrate but also bind Ca2�, providing suitable OCP
nucleation sites and inducing heterogeneous crystalli-
zation. Furthermore, the polymer surfaces become
more hydrophilic because of the presence ofOCOO�

groups resulting in a marked reduction of interfacial
tension to a value close to that of OCP. These factors
will contribute to the observed facilitated crystalliza-
tion of OCP in the presence of Viscoat�. Thus, it has
been reported that OCP is much more readily precip-
itated onOCOO�-rich collagen33 and treated poly(m-
ethyl methacrylate) surfaces34; similar results have

been obtained in the presence of other COO�-rich
additives.35

Another factor contributing to the observed miner-
alization in the presence of Viscoat� is its relatively
large phosphate content (�17 � 10�3 mol � L�1) re-
sulting in an increase in calcium phosphate supersat-
uration, decreased reaction solution stability, and low-
ering of �. Compared with IOLs pretreated with
OcuCoat�, the chondroitin sulfate-containing Viscoat�
has a major role in the observed nucleation induction
of calcium phosphates in the supersaturated solutions.
However, in light of its lower molecular weight and
hydrophilic properties, sodium chondroitin sulfate
will be much more readily dispersed in aqueous so-
lutions rather than adsorbed on the IOL surfaces.
These factors may explain why, although there is ex-
tensive nucleation and growth in the bulk reaction

Figure 2. Scanning electron micrographs. (a) Calcification test, 720 min. No crystallization on sample IOL coated with
OcuCoat� after treatment with behenic acid. (b) Calcification test, 220 min. Visible deposits were observed on 5 of the 12
sample IOLs coated with Viscoat�. (c) Treated by 2 �L of 0.2% cyclic silicone, 5.4 � 10�5 mol/L of stearic acid.
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solutions, none occurs on the IOL surfaces. It is inter-
esting to note that OcuCoat� not only has fewer an-
ionic polar groups than Viscoat� but it also contains
magnesium chloride (�3 � 10�3 mol � L�1) (Table III)
which is well known to be an effective inhibitor for
Ca-P nucleation and growth, even at very low concen-
trations (10�7–10�6 mol � L�1).36

Calcification on Hydroview IOLs treated with both
cyclic silicone and fatty acid

The experimental conditions and induction times, �in,
are summarized in Table I. The supersaturated solutions
were stable for about 20 h after the introduction of con-
trol IOLs, pretreated with 2 �L of 6.44 � 10�3 mol � L�1

cyclic silicone in hexane. This suggests that the adsorbed

silicone not only had no influence on OCP nucleation,
but also that the IOL surfaces were more hydrophobic.

After cyclic silicone exposure, the IOLs were treated
with the fatty acids myristic, palmitic, stearic,
arachidic, or behenic, at a concentration of 1.84 � 10�4

mol � L�1. It can be seen from the titrant plots in Figure
3 that these IOL surfaces induced calcification, result-
ing in well-developed OCP crystallites on the surfaces
[Fig. 2(c)]. The significant reduction in � for these IOL
surfaces from 20 h to 85–380 min is shown in Table I.
It is interesting to note that the induction periods for
these pretreated surfaces decreased as the fatty acid
CH2O chain lengths decreased from 22 to 20 to 18 to
16 to 14 for behenic, arachidic, stearic, palmitic, and
myristic acids, respectively (Fig. 3). Myristic acid-
treated surfaces were the most reactive, inducing het-
erogeneous nucleation and growth in 85 min, fol-

TABLE III
OcuCoat�, Viscoat�, and Amvisc� Compositions

OcuCoat� Viscoat� Amvisc�

• 2% hydroxypropylmethylcellulose
(HPMC) (F.W. � 80,000 Da)

• 4% sodium chondroitin sulfate • 1.6% sodium
hyaluronate
(F.W. �
55,000 Da)

• 0.49% sodium chloride (NaCl)
• 0.075% potassium chloride (KCl)
• 0.048% calcium chloride (CaCl2)
• 0.03% magnesium chloride (MgCl2)
• 0.39% sodium acetate
• 0.17% sodium citrate

• 3% sodium hyaluronate (F.W. � 22,500 Da)

• 0.045% monobasic sodium phosphate
monohydrate (NaH2PO4 � H2O)

• 0.2% dibasic sodium phosphate anhydrous
(Na2HPO4)

• 0.43% sodium chloride (NaCl)
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lowed by palmitic (� � 170–185 min), stearic (� �
220–260 min), arachidic (� � 330–350 min), and be-
henic (� � 380 min) acids. The morphologies of the
OCP crystallites induced on all the modified IOL sur-
faces were similar (Fig. 4).

Nine IOL samples were subjected to the same solu-
tion of cyclic silicone in hexane before treatment with
different concentrations of stearic acid. Figures 5 and 6
show that the induction periods decreased with in-
creasing stearic acid concentrations. At the highest
acid concentration, 2.94 � 10�4 mol � L�1, OCP nucle-

ation occurred almost immediately (� �20 min) upon
the introduction of the treated IOLs. In contrast, at the
lowest concentration of 4.0 � 10�5 mol � L�1, the
induction time was increased to 400–430 min.

It can be concluded that the hydrophobic cyclic
silicone adsorbed at the IOL surfaces interacted
strongly with the hydrophobic carbon chains of the
fatty acids, to create a layer of fatty acids oriented with

Figure 3. Plot of titrant addition as a function of time for
calcification tests of OCP on IOLs after treatment with dif-
ferent fatty acids.

Figure 4. Scanning electron micrographs, after calcification test. (a) 2 �L of 0.2% cyclic silicone, 1.84 � 10�4 mol/L of
myristic acid; (b) 2 �L of 0.2% cyclic silicone, 1.84 � 10�4 mol/L of palmitic acid; (c) 2 �L of 0.2% cyclic silicone, 1.84 � 10�4

mol/L of stearic acid; (d) 2 �L of 0.2% cyclic silicone, 1.84 � 10�4 mol/L of arachidic acid; (e) 2 �L of 0.2% cyclic silicone,
1.84 � 10�4 mol/L of behenic acid.

Figure 5. Plot of titrant addition as a function of time for
calcification test of OCP on IOLs after treatment with differ-
ent concentrations of stearic acid.
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functional OCOO� groups exposed to the aqueous
solution. These provided nucleation sites for Ca-P. It is
well known37 that long-chain fatty acids are deformed
and occupy more space than those with shorter chains.
Thus, the latter are more readily adsorbed at the IOL-
cyclic silicone surfaces, resulting in shorter nucleation
induction times. Nucleation is also promoted by in-
creasing the concentration of the fatty acids used to
pretreat the IOL. It should be emphasized that the
fatty acids cannot bind directly to the IOL surfaces and
do not induce calcification (Table II). The cyclic sili-
cone acts as a bridge between the IOL surfaces and the
fatty acids which, in turn, create active calcifying sites.

CONCLUSION

This study examined three viscoelastic materials,
OcuCoat�, Viscoat�, and Amvisc� Plus, used during

IOL implantations. Viscoat� more readily induces
OCP crystallization or calcification in calcium phos-
phate solutions supersaturated with respect to OCP
and HA. The IOL surfaces treated with Viscoat� be-
come more hydrophilic because of both the high con-
tent of phosphates and carboxylates, which increase
the possibility of calcification.

Both silicone and fatty acids, such as myristic,
palmitic, stearic, arachidic, and behenic, have impor-
tant roles in inducing OCP nucleation and growth on
silicone-treated IOL surfaces. The reaction sequence
probably involves the molecular adsorption of silicone
at the IOL surfaces resulting in an increase in hydro-
phobicity, followed by fatty acid adsorption, thereby
exposing hydrophilic carboxyl groups to the supersat-
urated solutions.

These results strongly support the previously noted
parallelism between surface hydrophilicity and the
ability of substrata to induce calcification.38

Figure 6. Scanning electron micrographs, after calcification test. (a) 2 �L of 0.2% cyclic silicone, 4.0 � 10�5 mol/L of stearic
acid; (b) 2 �L of 0.2% cyclic silicone, 5.4 � 10�5 mol/L of stearic acid; (c) 2 �L of 0.2% cyclic silicone, 1.84 � 10�4 mol/L of
stearic acid; (d) 2 �L of 0.2% cyclic silicone, 2.94 � 10�4 mol/L of stearic acid.
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