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Abstract

In 0.1 mol/I KH 2PO4—NapHP Oy (pH 7.80) buffer solution, the potential of zero charge (PZC) and the open circuit potential of gold-coated
silicon were determined to be abou0.6 and+0.10 V (vs SCE), respectively. The open circuit potential was higher than the PZC, which
indicated that the surface of the gold-coated electrode had a positive charge. The ellipsometry experiment showed that the adsorption
fibrinogen onto the gold-coated silicon wafer surface arrived at a saturated state when the adsorption time exceeded 50 min. The percental
of surface without adsorbed proteih,was about 63%. This means that the proportion of surface actually occupied by fibrinogen was only
about 37% after the adsorption arrived at saturation. The solution/protein capacitance value was determined in an impulse state aroun
—0.59 V (vs SCE) and was stable.24x 10~° F) at other potentials.
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1. Introduction onto a gold-coated silicon wafer. The proportion of the sur-

face actually occupied by fibrinogen and the solution/protein
The adsorption of proteins onto surfaces is an important capacitance value were calculated.

phenomenon in biology, which is involved in many biologi-

cal process [1]. The adsorption of proteins is an irreversible

process. Rearrangement of the structure of a protein mole-2. Experimental procedures

cule might take place on a surface [2]. The conformation

of proteins at interfaces has always been an interesting sub2.1. Reagents and solutions

ject. Many studies have examined protein layer structures

and adsorption mechanisms [1-19]. Ellipsometry has been  The fibrinogen was purchased from Sigma. The support-
used widely to study the adsorption of proteins [20-23]. It ing electrolyte was 0.1 mgl KH>POs—NaHPO, buffer
neither needs to mark the proteins, nor destroys the proteinsplution (pH 7.80). All other reagents were of analytical
membrane. Electrochemical methods, such as impedance ograde. Distilled water was used. The gold-coated silicon
cyclic voltammetry, have been used to study the adsorptionwas washed in bBO4 + 30%H0> solution (7:3), distilled
of proteins [24—-34]. An electrostatic double layer exists on ethanol, and ultrasonic water for 3 min.
the interface between solid and solution. The adsorption of
proteins brings changes to the electrostatic double layer, andh 2 Experimental equipment
so the adsorption of proteins can be studied by using the
impedance method to determine the change of electrostatic Impedance data were obtained with potentiostat CHI
double-layer capacitance [24,25]. o 650A (CH Instrument, USA). A three-electrode system was
~ In this paper, impedance measurement and imaging el-;seq consisting of a gold-coated silicon wafer as a work-
lipsometry were used to study the adsorption of fibrinogen g electrode, a saturated calomel reference electrode, and a
platinum black counterelectrode.
* Corresponding author. The Polarizer—Compensator—-Sample—Analyzer (PCSA)
E-mail addressgajin@imech.ac.cn (G. Jin). ellipsometer has a collimated expanded beam as a probe and
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a CCD camera as a detector [35]. The gray scale indicated
the surface concentration of protein. The adsorption of fib-
rinogen onto the gold-coated silicon wafer surface could be 251
measured by a real time PCSA ellipsometer, so that the time

when protein adsorption arrived at a saturated state could be 24 P o Py s 70
obtained.
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Fig. 2. The potentialV—C; graph. 0.1 mall KH>PO4—NaHPOy
(pH 7.80), using the impedance—potential function of the CHI650A, alter-

3. Methods nating current frequency 962 Hz, amplitude 5 mV, iferl0 mV, quiet
time 2 s.
3.1. Impedance measurement
1.9
. . | ]
If the counterelectrode is a platinum black electrode, and 184 s
a high-frequency alternating current is added, the result- 3
ing equivalent electrical circuit of the electrode is shown in A
Fig. 1. R is the ohmic resistance between the working and w16
the reference electrode€; is the capacitance represented E
by the constant-phase element. The impedance transfer func- 3 e
tion for the one-time constant circuit could be written as 141
1 1.34
Z=R—j ) (1)
2nfCy 12 : . ; , :
0.0 -0.2 -0.4 -0.6 -0.8
Z' expresses a real number afti expresses an imaginary Potential / V
number, so
Fig. 3. The potentialV-C4, graph. 0.1 moll KH2PO;—NagHPOy
1 (pH 7.80). The impedance—potential function of the CHI 650A was used.
Ci=5—"75,- (2) Alternating current frequency 962 Hz; amplitude 5 mV; ingr.10 mV,
2nfZ quiet time 2 sApg = 1.1 mg/ml. The data were obtained in 1.5 h after the

protein were added.

The value ofC,; can be calculated [22,23]. In 0.1 mibl
KH2PO:—NgHPOy buffer solution (pH 7.80), using the
impedance—potential function of the CHI650A and selecting 4. Results and discussion
962 Hz as the alternating current frequency, the impedance

of the gold coating was determined at different potentials. 4 1
Thus the values ofC; were calculated to draw & —Cy
graph. The potential of zero charge (PZC) is the potential
corresponding to the smallest value@f.

Impedance measurement

The capacitance values were determined by AC im-
pedance at different potentials. Fig. 2 is a potentialC,
graph. The potential corresponding to the smaligésvalue

3.2. Protein adsorption measurement was —0.6 V (vs SCE), and so the potential of zero charge
(PZC) of gold-coated silicon was abou0.6 V (vs SCE).
An 18-ml 0.1 moJ| KH>2POs—NgHPOy buffer solution Fig. 3 is the potentiaV—C,, graph. It shows that the

(pH 7.80) was added to the cell. The chip was rinsed in potential corresponding to the smallest capacitance value
distilled water and dried with nitrogen gas. The imaging el- changed to—0.12 V (vs SCE). The PZC depend on the
lipsometry was adjusted after the gold-coated silicon wafer double electron layer of the surface. The protein adsorp-
was inserted into the cell. A sample of 800 ml fibrino- tion resulted in a change of the double electron layer, and
gen (26 mgml) dissolved in 0.1 moll KH 2POs—NgHPOy so the PZC changed. The same amount of fibrinogen was
buffer solution (pH 7.80) was added to the cell through the added again, but the capacitance value did not change. This
sample input hole. The fibrinogen adsorption was measuredmeant the adsorption of fibrinogen on gold-coated silicon
by imaging ellipsometry in real time. wafer surface had been saturated.
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Fig. 4. The open circuit potential graph. 0.1 mokH ,PO;~NayHPOy, Fig. 5. The gray scale—the adsorption of fibrinogen with time. 0.1/mol
(pH 7.80); Apjg = 1.1 mg/ml. The experiment was carried out as soon KH2PO1=N&HPO, (pH 7.80); Apig = 1.1 mg/ml. The experiment was
as the protein was added. carried out as soon as the protein was added.
4.2. Measurement of open circuit potential arrived at a saturated state, the protein could not occupy the

o ] surface completely, because the structure of the protein was
The open circuit potential of the gold-coated electrode ¢ compact. There were “holes” in the protein layer [23].

was+0.1 V (vs SCE), which was higher than PZC. This A schematic representation of the adsorbed protein layer
result indicated that the gold-coated electrode had & posi-gniq the surface was shown in Fig. 6. An electrical model
tive charge in 0.1 mgl KHoPQO~N&HPO, buffer solution a5 sed to describe the capacitance of a surface-adsorbed
(pH 7.80). See F|g._4. At 11lh gfter the fibrinogen was ab- protein [23]. Considering that the protein has many charges
sorbed, the open circuit potential wa€.05 V (vs SCE). and the structure of the protein would change when the
The change was very small. protein was adsorbed onto the surface, another model was
brought forward in Fig. 6. According to the model shown in
Fig. 6, after the fibrinogen adsorption arrived at a saturated
state, there were two kinds of capacitances: capacitances
of bare surface and capacitances of surface-adsorbed fib-

ellipsometer. Fig. 5 shows the plot of gray scale vs adsorp- rinogen. The capacitance of surface-adsorbed fibrinogen in-

tion time. The gray scale indicated the surface concentration¢!tded solution/protein capacitance and protein/surface ca-
of protein. It showed two plateaus, one starting at 1000 s andPacitance. Because the hydrophobic patch of fibrinogen con-

the other starting at 3000 s. This means the adsorption satufacted the surface, and the hydrophobic patch of fibrinogen

ration had been reached at 1000 s and the second plateau 412 N0 charge, there was no double electron layer on the

3000 s was due to protein rearrangement on the surface. contact surface, and the protein/surface capacitance could be
ignored. The capacitance value in Fig. 3 was less than that in

4.4. The percentage of surface without adsorbed promin, F|g 2, and so the Capacitance of the bare surface should be

and theC, value of fibrinogen in series with the solution/protein capacitance. The equiva-
lent electrical circuit of the Fib adsorption surface is shown

The protein possesses two kinds of functional groups: ain Fig. 6.

hydrophobic functional group and a hydrophilic functional ~ When Cy; is the capacitance value of the bare sur-

group. The hydrophilic functional group has an electrosta- face which is not occupied by fibrinoge@y,, is the solu-

tic charge while the hydrophobic functional group does not. tion/protein capacitance valu€y; is the total capacitance

When proteins adsorbed on a hydrophobic surface, the mole-value of the surface, an@, is the capacitance value of the

cule was rearranged to make a hydrophobic patch or func-surface without the fibrinogen adsorption, from Fig. 5, we

tional group to contact the interface [2]. The contact angle get

of the gold-coated silicon wafer was %%nd so the surface

of the gold-coated silicon wafer was hydrophobic. However, 1 1 1

once the adsorption of fibrinogen arrived at a saturated state,c_dp + Cux = C—dz' (3)

the surface became hydrophilic. It showed that the majority

of hydrophobic functional groups contacted the interface and Suppose the unit area capacitance value of bare surface

the majority of the hydrophilic functional groups oriented to- which was not occupied by fibrinogen was the same as the

ward the aqueous solution. Though the adsorption of protein unit area capacitance value of the surface before the fibrino-

4.3. Measurement of fibrinogen adsorption

According to the method mentioned above, the adsorp-
tion of fibrinogen was measured in real time using the PCSA
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Fig. 6. Schematic representation of the solution/working electrode surface with Fib adsorption layer and the equivalent electrical circuit.
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Fig. 7. The impedance graph. 0.1 mioKH,PO3—NaHPO, (pH 7.80); i ]
init. £ =—0.3 V (vs SCE); high freq. (Hz)= 1.0 x 10°; low freq. Fig. 8.C4p=V. 0.1 M KHaPOs-NaHPOy (pH 7.80), 962 Hz; amplitude
(Hz) = 0.1; amplitude 5 mV. (1) Adsorbed before; (kg = 1.1 mg/ml; 5mV; Apjg = 1.1 mg/ml; adsorption time 1.5 h.

adsorption time 1.5 h.

between the electrostatic solution/protein double layer and

gen was adsorbed, and so the gold-coated silicon wafer surface according to the model
Cox =6Cy. ) mgnptlgged above, and so tig, value was stable except at

wheref was the percent of surface which was not occupied
by fibrinogen. Then

1 1 1 (5)

_—t— = —. . .-
Cap 6Cqs Cy The potential of zero charge (PZC) of gold-coated sili-

The impedance graphs were made before and after the surS0n Was about-0.6 V (vs SCE) in 0.1 mofl KH2POs—

face was occupied by fibrinogen at the same potential. TheN@HPOs (pH 7.80) buffer solution and the gold-coated
6 value could be deduced by choosing two groups of data electrode has a positive charge. When the adsorption of fib-
from 500 to 1000 Hz. rinogen on the gold-coated silicon wafer surface arrived at

From Fig. 7, we can determine that thevalues were & saturated state, only about 37% of the surface was oc-

60% (966.8 and 810.5 Hz), 67% (810.5 and 664.1 Hz), and CuPied by fibrinogen. The'y, value was recorded in an

63% (966.8 and 664.1 Hz). The average value was 63%. That/MPuIse state around-0.59 V (vs SCE) and was stable

meant the surface occupied by fibrinogen was only about (4-2 > 107> F) at other potentials.

37% after the adsorption arrived at a saturated state.
According tof = 63% and the data from Figs. 2 and 3,

5. Conclusion
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