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METHOD OF TREATING CERAMIC SURFACES 

[0001] This application claims bene?t of the ?ling date of 
US. Provisional Application Serial No. 60/111,887, ?led 
Dec. 11, 1998, the entire contents of Which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to methods for modifying the 
surfaces of ceramic materials in order to alter the interfacial 
energy of these surfaces With liquids, thereby rendering the 
ceramic materials more suitable for use as sample holders 
for electrophoresis and/or isoelectric focusing. The inven 
tion also relates to devices made With ceramics having such 
modi?ed surfaces, and in particular relates to ceramic ves 
sels used in electrophoresis. 

[0004] 2. Description of Related Art 

[0005] The ability of a liquid phase to Wet a solid phase is 
related to the difference betWeen the Work of adhesion (i.e., 
the Work required to separate the immiscible liquid and solid 
phases) and the Work of cohesion (i.e., the Work required to 
separate the liquid from itself). If the Work of adhesion is 
sufficiently greater than the Work of cohesion, the liquid 
solid system Will have a positive spreading coef?cient, and 
Wetting of the solid by the liquid Will spontaneously occur. 
If the Work of cohesion of the liquid is greater than the Work 
of adhesion, the spreading coef?cient Will be negative, and 
Wetting Will not spontaneously occur (because additional 
Work Will be required to overcome the attraction of the liquid 
for itself and make it spread across the solid surface). The 
determination of Works of adhesion, Works of cohesion, and 
spreading coefficient are related to the surface tension, and 
to the closely related concept of contact angle. 

[0006] Surface tension can be thought of as the change in 
Gibbs free energy per unit change in the surface area. 
Contact angle is measured at a gas, solid, liquid interface of 
a sessile or pendant drop of liquid on a solid surface, 
typically by an optical comparator. A larger contact angle, 0 
indicates a decreased Wetting by the liquid of the solid. A 
contact angle of 0 indicates that the liquid completely Wets 
the solid. See HiemenZ, Principles of Colloid and Surface 
Chemistry, Marcel Dekker, 1977, pp. 209-251, the entire 
contents of Which is hereby incorporated by reference. 

[0007] Isoelectric focusing (IEF) is a technique Widely 
used to separate proteins according to their different iso 
electric points. Asample containing proteins to be separated 
is placed on a gel, often a single lane gel or gel strip having 
a pH gradient (such gels are typically obtained by electro 
phorescing carrier ampholytes through the gel or by 
covalently incorporating a gradient of acidic and basic 
buffering groups When the gel strip is cast). The protein 
molecules migrate along the gel in response to an applied 
electric ?eld until they reach a point in the gel Where the gel 
pH matches the protein’s isoelectric point (i.e., the pH at 
Which the net charge on the protein is Zero). Isoelectric 
focusing can be used to discriminate betWeen proteins 
having differences in isoelectric point as small as 0.01. See 
Stryer, Biochemistry, 4th. ed., pp. 46-48, the entire contents 
of Which are hereby incorporated by reference. 

[0008] In order to increase resolution of the isoelectric 
focusing, it is desirable that the proteins be denatured prior 
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to and during separation. Denaturation helps to provide a 
single protein con?guration for each protein, and to mini 
miZe interactions betWeen protein molecules or aggregation, 
as Well as to expose internal ioniZable amino acids. Dena 
turation, as Well as solubiliZation of the protein, is typically 
achieved by placing the protein in a solution containing urea 
and/or detergent prior to application to the gel. 

[0009] In SDS-PAGE (sodium dodecyl sulfate-polyacry 
lamide gel electrophoresis), mixtures of proteins are sepa 
rated according to the difference in protein molecular 
Weights. The protein is contacted With SDS, Which is an 
anionic detergent. The detergent both denatures the protein, 
and provides a large negative charge to the protein mol 
ecules, sWamping the effect of any charge carrying groups 
on the protein itself, and providing a mechanism by Which 
the protein Will migrate in an electric ?eld. The protein 
mixture is typically combined With SDS or applied to a gel 
containing SDS, and electrophoresed doWn the gel, so that 
proteins having loWer molecular Weights travel farther. 

[0010] TWo-dimensional (or 2-D) electrophoresis is a 
Widely used method for the analysis of complex protein 
mixtures extracted from cells, tissues, or other biological 
samples. The technique sorts proteins by combining the IEF 
and SDS-PAGE techniques in tWo discrete steps. In one of 
these steps, generally the ?rst step, IEF is used to separate 
the proteins according to their differing isoelectric points. 
The other, generally second, step separates the proteins 
according to their molecular Weight, using SDS-PAGE gel 
electrophoresis. The molecular Weight separation is carried 
out across a dimension of the gel normal to the ?rst 
dimension of the gel (i.e., normal to the pH gradient). 
Typically, this is done by placing the strip obtained from IEF 
across the top of a polyacrylamide gel containing SDS and 
applying an electric ?eld. The result is a tWo-dimensional 
“map” of spots of separated proteins, each having a char 
acteristic pI and molecular Weight. With a large enough gel, 
2-D electrophoresis can be used to separate large numbers of 
different proteins from a single sample. In addition to 
providing information about the isoelectric points, and 
apparent molecular Weights of these proteins, the amount of 
protein present in the sample may also be determined. 2D 
electrophoresis is also useful to analyZe cell differentiation, 
detect disease markers, monitor therapies, micropurify pro 
teins, as Well as in cancer research and drug discovery. 

[0011] The gels used for isoelectric focusing and for 2-D 
electrophoresis can be supplied in the form of prepared 
strips that are then supported by a stripholder. Solution to 
rehydrate the strips and/or apply the sample thereto may be 
supplied to the stripholder, and the strip inserted. 

[0012] Ceramic materials, While desirable for use in elec 
trophoresis equipment due to their high electrical breakdoWn 
strength, high thermal conductivity, chemical inertness, and 
loW cost, can create problems in such applications due to the 
someWhat hydrophilic nature of the ceramic surfaces. In 
particular, When used to make stripholders of the type 
described above, the urea-containing and/or detergent con 
taining protein carrying solutions tend to Wick over the 
stripholder Walls. The Wicking solutions carry protein 
sample With them, leading to loss of sample material and 
potentially inaccurate results of the isoelectric focusing and 
2-D electrophoresis. 
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[0013] Similar problems occur With ceramic materials 
used for microarrays of multiWell plates used in combina 
torial chemistry. 

[0014] Accordingly, there is a need in the art for methods 
of treating ceramic surfaces to lessen or avoid the Wicking 
phenomenon responsible for sample loss and potentially 
inaccurate electrophoresis results, and for ceramic surfaces 
so treated and for articles, in particular IEF and electro 
phoresis sample holders, made therefrom. 

SUMMARY OF THE INVENTION 

[0015] The invention provides tWo methods for modi?ca 
tion of ceramic surfaces so as to reduce or avoid the Wicking 
phenomenon associated With sample loss and potential inac 
curacies in IEF or electrophoresis sample holders. 

[0016] In one method, the surface of the ceramic material 
that Will come into contact With aqueous solutions is 
mechanically polished With an abrasive material until the 
Wettability of the ceramic surface by the aqueous solution is 
decreased. This decrease is sufficient to lessen or prevent 
Wicking. In a particular embodiment of this method, the 
ceramic surface is the surface of a IEF or gel electrophoresis 
sample holder or a microarray plate for use in combinatorial 
chemistry. 
[0017] In another method, the surface of the ceramic 
material is modi?ed by a silane heat-treatment method, 
Whereby a silane is contacted With the ceramic surface and 
heated for a suf?cient time and at a suf?cient temperature to 
decrease the Wettability of the ceramic surface (and, it is 
believed, the silane is covalently reacted With the hydroXyl 
moieties on the ceramic surface). In a particular embodiment 
of this method, the ceramic surface is the surface of a IEF 
or gel electrophoresis sample holder or a multiWell microar 
ray plate for use in combinatorial chemistry. Desirably, these 
sample holders have a ceramic surface having a contact 
angle of greater than about 40° When in contact With an 
aqueous solution of from about 6 M to about 9.8 M urea. 

[0018] Both methods are believed to modify the surface 
characteristics of the ceramic material in such as Way as to 
decrease its ability to adhere to aqueous solutions, including 
aqueous solutions of biological molecules, such as urea 
containing or detergent-containing electrophoresis solu 
tions. This decreased adhesion (i.e., increased hydrophobic 
ity) betWeen the ceramic material and the aqueous solutions 
leads to decreased Wettability, as measured by an increase in 
contact angle. The resulting ceramic material is suitable for 
use in articles requiring decreased Wettability, and in par 
ticular,, for gel or gel strip holders used in IEF or 2-D 
electrophoresis and microarrays or microWell plates of the 
type used in combinatorial chemistry. When used in these 
applications, the ceramic material prepared by the invention 
lessens or avoids the loss of sample material that has resulted 
from Wicking of sample solutions out of the ceramic con 
tainer. This avoidance of sample material loss increases the 
accuracy and reliability of the IEF, SDS-PAGE, combina 
torial, or other analytical procedures carried out on the 
sample. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS OF THE INVENTION 

[0019] As described above, one embodiment of the inven 
tion is directed to a method for the mechanical polishing of 
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the ceramic surface is one method disclosed for the reduc 
tion of Wetting by the solution(s). Polishing can be achieved 
through several standard methods; these methods include, 
but are not limited to: lapping, tumbling, vibratory milling. 
These procedures can be carried out With a slurry containing 
the abrasive or abrasives. Contact With a rotating polishing 
Wheel containing the abrasive may also be used. The abra 
sives used may be of any form and of any particle siZe that 
Will provide the desired results. Diamond particles have 
been found to be suitable, in particular diamond particles 
having a particle siZe ranging from about 3 microns to about 
9 microns, and having an average particle siZe of around 6 
microns. Silicon carbide particles can also be used, in 
particular those having a similar range of particle siZes and 
a similar average particle siZe. 

[0020] Polishing is generally completed When the ceramic 
surface has been rendered visibly re?ective. More particu 
larly, the surface ?nish can be checked after polishing to 
determine if sufficient polishing (i.e., a suf?cient polishing 
time) has occurred. Polishing can generally be discontinued 
When the surface ?nish ranges from about 8 to about 15 
microinches (about 2*10'5 cm to about 4*10'5 cm). Typi 
cally, this Will require a polishing time of about 10 sec. to 
about 20 sec. per square centimeter of surface. 

[0021] FolloWing polishing, the ceramic surface is cleaned 
to remove any remaining abrasive particles and/or abraded 
pieces of ceramic material. For eXample, the surface can be 
Wiped, e.g., With a paper toWel, contacted With a Water 
solution of dishWashing detergent (e. g., DaWn), spray rinsed 
With Warm tap Water. This can be repeated several times as 
needed. A ?nal rinse With deioniZed Water and drying With, 
e.g., a paper toWel can then be conducted. 

[0022] The mechanical polishing process of the invention 
can increase the contact angle betWeen ceramic materials, 
such as alumina, and solutions, such as aqueous urea solu 
tions, from about 15° to about 20°, prior to treatment, to 
above about 40° after treatment. 

[0023] As also described above, the Wettability of ceramic 
surfaces can be modi?ed by a silane heat treatment accord 
ing to the invention, and this modi?cation lessens the ability 
of aqueous solutions, such as protein solutions containing 
denaturing agents, to spread or Wick over the ceramic 
surface. While not Wishing to be bound by any theory, it is 
believe that this decreased Wetting results at least in part 
because reaction of the silane With isolated hydroXyl moi 
eties on the ceramic surface in effect removes the hydro 
philic nature of these moieties With hydrophobic alkyl 
containing silane groups. These isolated hydroXyl moieties 
can be thought of as chemically bonded Water that is not 
easily removed from the surface of the ceramic material. 
Normally, they are removed only With great dif?culty, 
requiring very high temperature eXposure (e.g., eXposure to 
temperatures of around 800° C. to around 1200° C.). Under 
this theory, the method for modifying a ceramic surface, 
comprises; 

[0024] (a) contacting the surface With an alkyl-con 
taining silane; and 

[0025] (b) heating the surface and the alkyl-contain 
ing silane under conditions suf?cient to react at least 
a portion of the hydroXyl groups on ceramic surface 
With the alkyl-containing silane. 
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[0026] The reaction is believed to proceed as shown in 
equation (1): 

4+HX (1) 

[0027] Where n is an integer betWeen 1 and 3, Y is an 
inorganic species capable of binding to hydroxyl moieties at 
the ceramic surface, and X is halogen or other suitable 
leaving group. The reaction of TMCS With an alumina 
containing ceramic material is provided beloW in equation 
(2) as a more speci?c example (it Will be understood by 
those skilled in the art that both Y and A1 are bonded to other 
atoms in the ceramic material, Which other atoms are not 
shoWn in the interest of convenience: 

[0028] The silane heat treatment procedure can, of course, 
be combined With other techniques for removing physically 
bonded Water and for removing chemically bonded Water in 
the form of adjacent hydroxyl moieties (both of Which can 
be accomplished by heating, as described in more detail, 
beloW). 
[0029] The ceramic surface to be treated may be of any 
ceramic material that may come into contact With aqueous 
solutions under conditions Where Wettability must be less 
ened or minimized. Often, the ceramic surface Will be 
alumina or an alumina-containing material. The aqueous 
solutions may be solutions of detergent and/or urea, e.g., 
aqueous solutions containing about 6 M to about 9.8 M urea. 

[0030] The ceramic surface is contacted With the alkyl 
containing silane capable of reacting With the surface 
hydroxyls. This silane may be a methyl-containing silane, 
more particularly a methyl-containing silane having a halo 
silyl bond. Trialkylhalosilanes, in particular trimethylhalosi 
lanes such as trimethylchlorosilane (TMCS), trihaloalkylsi 
lanes, in particular trihalomethylsilanes, such as 
trichloromethylsilane, and dialkyldihalosilanes, in particular 
dimethyldihalosilanes, such as dimethyldichlorosilane are 
examples of suitable silanes. The silane may be applied as a 
solution in a solvent (e.g., ethanol) in a concentration of 
betWeen about 5 Wt % and about 100 Wt %, or may be 
applied neat. The length of Contacting time may vary With 
the ceramic material, but is long enough to sufficiently react 
available hydroxyl moieties and provide the requisite hydro 
phobicity (or at least decrease in hydrophilicity). Typical 
contact times range from about 1 min. to about 60 min, more 
particularly around 10 min. The silane used in the contacting 
step may be in the form of either a liquid or a vapor. 

[0031] After the requisite contact time has elapsed, the 
coated ceramic material is heated in order to remove residual 
unreacted silane and to stabiliZe the reaction surface. Heat 
ing can be at any temperature betWeen about room tempera 
ture and about 800° C., but typically is conducted at a 
temperature of about 200° C. to about 500° C., more 
particularly, about 200° C. to about 400° C. Heating is 
carried out for a period of time sufficient to remove residual 
unreacted silane and stabiliZe the surface, typically ranging 
from about 10 min. to about 90 min., more particularly about 
30 min. The heating can be carried out in an inert environ 
ment (e.g., in an Ar or N2 atmosphere, or in a vacuum), in 
a reducing atmosphere (e.g., in the presence of H2 or CO), 
or in an oxidiZing atmosphere (e.g., in the presence of air, 
O2, CO2, etc.). When an inert atmosphere is used, the 
maximum heating temperature is typically the decomposi 
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tion temperature of the Si—CH3 group (a temperature of 
approximately 800° C. Will produce SiC). When an oxidiZ 
ing atmosphere is used, the maximum heating temperature is 
typically the oxidiZing temperature of the Si—O—CH3 
group, Which is typically about 400° C. 

[0032] As an example of a suitable contacting/heating 
arrangement, the silane heat treatment can be performed in 
a glove box under a nitrogen atmosphere, Which reduces 
reaction of the silane With moisture contained in the air. The 
presence of organic materials, e.g., Tygon tubing in process 
equipment, is desirably avoided during the contacting and 
subsequent heating step, since most organic materials Will 
also react With the silane, potentially reducing the effective 
ness of the treatment. 

[0033] The silane heat treatment of the invention is 
capable of increasing the contact angle betWeen ceramic 
materials, such as alumina, and solutions, such as aqueous 
solutions of urea from about 15° to about 20°, prior to 
treatment, to above about 40°, more particularly above about 
80° to about 90°, or even higher, after treatment. 

[0034] As described above, the silane heat treatment can 
be combined With other methods for removing physically 
bonded Water and more easily removable chemically bonded 
Water, and these methods are typically performed prior to the 
silane heat treatment step. For example, physically bonded 
Water (e.g., Water bonded to surface hydroxyl groups or to 
other surface species by hydrogen bonding) can be removed 
by heating the ceramic material to a temperature ranging 
from around 70° C. to around 150° C., more particularly, 
around 110° C. to around 120° C., for periods of time 
ranging from about 10 min. to about 120 min., more 
particularly, about 30 min. to about 60 min. Other suitable 
methods for removing physically bonded Water include 
vacuum treatment (i.e., placing the ceramic material in a 
pressure suf?ciently beloW atmospheric for a sufficient time 
that the physically bonded Water is released), and solvent 
Washing (e.g., contacting the ceramic surface With a Water 
miscible solvent such as acetone). Chemically bonded Water 
tied up in adjacent surface hydroxyl groups can be removed 
by heating the ceramic material to a temperature of about 
500 ° C. 

[0035] Both mechanical polishing and silane heat treat 
ment may, if desired, be carried out on the same material. 

EXAMPLES 

[0036] The invention is further described beloW With 
respect to nonlimiting examples thereof, Which are not 
intended to restrict the scope of the invention in any Way. 

Example 1 

Mechanical Surface Polishing Method 

[0037] The internal Walls of an alumina electrophoresis 
stripholder Were polished using a rotating polishing Wheel 
and a slurry containing diamond particles approximately 6 
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microns in average diameter, and having a particle siZe 
distribution of: 

5% 10% 50% 90% 95% 

[0038] Prior to polishing, the surfaces Were visibly dull, 
and an aqueous solution of urea (a typical protein carrying 
solution) Was observed to readily Wick up the sides of the 
strip holder. Polishing Was carried out for 10-20 sec. per cm2 
of surface. 

[0039] After polishing, the ceramic surface Was cleaned 
by Wiping off excess polishing material With a paper toWel, 
repeatedly (6 times) dipping and shaking the material in a 20 
ml/L solution of DAWN dishWashing detergent at room 
temperature for about 5 seconds and spray rinsing, ?nally 
rinsed With deioniZed Water at room temperature, and Wip 
ing dry With paper toWel. 

[0040] The surface Was visibly re?ective (shiny) and urea 
Was observed to remain in the bottom of the stripholder and 
not Wick up the polished stripholder Walls. Contact angle for 
a urea solution of the type typically used for electrophoresis 
of proteins increased from 15-20° before polishing to 40-50° 
after polishing. Polishing of the ceramic thus increased the 
urea contact angle and minimized urea Wetting. 

Example 2 

Silane Heat Treatment 

[0041] An alumina electrophoresis stripholder Was heat 
treated at 110° C. for 30 minutes to remove physically 
attached Water. The alumina Was then dipped into a trim 
ethylcholorosilane (TMCS) solution for 15 minutes. After 
the treatment, the sample Was heated to a temperature (400° 
C.) in an oven to complete the reaction and remove the 
residual silane. After the treatment, the contact angle 
betWeen urea and the treated alumina surface Was measured 
using an optical comparator by OGP, Inc. Values measured 
after the silane treatment Were 80-90°, the contact angle for 
non-treated samples Was 15-20°. This large increase of 
contact angle demonstrates that the solution Wetting Was 
drastically reduced by the silane treatment. FolloWing the 
treatment, tests Were also done to insure the durability of the 
modi?ed surface. TWo cleaning tests Were performed: 

[0042] 1. 8 hours in an ultrasonic bath With 20cc/liter 
DaWn detergent at 85° C.; 

[0043] 2. 300 scrubs With a medium nylon brush 
(medium pressure to insure bristle ends made right 
angle contact With surface); 

[0044] In both cases, the surface appeared to be durable 
and functioned the same before and after the cleaning tests. 

[0045] The invention having been thus described by ref 
erence to various speci?c embodiments, it Will be apparent 
that other variations and modi?cations are possible that do 
not depart from the spirit of the invention, and such are 
intended to be encompassed Within the scope of the 
appended claims or equivalents thereto. 
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What is claimed is: 
1. A method for modifying a ceramic surface, comprising 

polishing the surface With an abrasive under conditions 
suf?cient to decrease the Wettability of the ceramic surface 
by aqueous solutions. 

2. The method according to claim 1, Wherein the abrasive 
comprises a slurry. 

3. The method according to claim 1, Wherein the abrasive 
comprises particles having a particle siZe ranging from about 
3 microns to about 9 microns. 

4. The method according to claim 3, Wherein the abrasive 
comprises particles having an average particle siZe of about 
6 microns. 

5. The method according to claim 1, Wherein the abrasive 
comprises particles having a particle siZe distribution: 

5% 10% 50% 90% 95% 

6. The method according to claim 2, Wherein the abrasive 
comprises diamond particles. 

7. The method according to claim 2, Wherein the abrasive 
comprises silicon carbide particles. 

8. The method according to claim 2, Wherein the surface 
is polished by lapping, tumbling, vibratory milling, or by 
contact With a rotating polishing Wheel. 

9. The method according to claim 1, Wherein the surface 
is polished for approximately 10-20 seconds/cm2 of ceramic 
surface. 

10. The method according to claim 1, Wherein the surface 
is polished until it becomes visibly re?ective. 

11. The method according to claim 1, Wherein the surface 
is polished until it has a surface ?nish of about 8 to about 15 
microinches after polishing. 

12. The method according to claim 1, Wherein the ceramic 
surface exhibits a contact angle With the aqueous solution 
that increases from about 15-20° before polishing to about 
40-50° after polishing. 

13. A method for modifying a ceramic surface, compris 
ing contacting the ceramic surface With a silane and heating 
for a suf?cient time at a suf?cient temperature to decrease 
the Wettability of the ceramic surface by aqueous solutions. 

14. A method for modifying a ceramic surface, compris 
ing, 

(a) contacting the surface With an alkyl-containing silane; 
and 

(b) heating the surface and the alkyl-containing silane 
under conditions suf?cient to react at least a portion of 
the hydroxyl groups on ceramic surface With the alkyl 
containing silane. 

15. The method according to claim 13, Wherein the silane 
is a methyl silane. 

16. The method according to claim 13, Wherein the silane 
is a halotrialkylsilane. 

17. The method according to claim 16, Wherein the 
halotrialkylsilane is trimethylchlorosilane. 

18. The method according to claim 13, Wherein the silane 
is a dihalodialklysilane. 

19. The method according to claim 18, Wherein the 
dihalodialklysilane is dichlorodimethylsilane. 
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20. The method according to claim 13, wherein the silane 
is a trihalomethylsilane. 

21. The method according to claim 20, Wherein the 
trihalomethylsilane is trichloromethylsilane. 

22. The method according to claim 13, further compris 
ing, 

removing unreacted residual silane from the surface. 
23. The method according to claim 22, Wherein the 

removal is accomplished by heating. 
24. The method according to claim 13, further comprising 

removing at least a portion of physically attached Water on 
the ceramic surface prior to contacting. 

25. The method according to claim 24, Wherein said 
physically attached Water is removed by heating the surface. 

26. The method according to claim 25, Wherein the 
surface is heated to a temperature betWeen about 70° C. and 
about 150° C. 

27. The method according to claim 26, Wherein the 
surface is heated to a temperature betWeen about 110° C. and 
about 120° C. 

28. The method according to claim 25, Wherein the 
surface is heated for a time betWeen about 10 min. and about 
120 min. 

29. The method according to claim 28, Wherein the 
surface is heated for a time betWeen about 30 min. and about 
60 min. 

30. The method according to claim 24, Wherein said 
physically attached Water is removed by subjecting the 
surface to vacuum. 

31. The method according to claim 24, Wherein said 
physically attached Water is removed by Washing the surface 
With a solvent. 

32. The method according to claim 31, Wherein the 
solvent is Water miscible. 

33. The method according to claim 32, Wherein the Water 
miscible solvent is acetone. 

34. The method according to claim 13, Wherein the 
contacting comprises eXposing the ceramic surface to a 
silane that is either a neat liquid or in the form of a solution 
or vapor for a time ranging betWeen about 1 min. and about 
60 min. 

35. The method according to claim 34, Wherein the silane 
is in the form of a neat liquid. 

36. The method according to claim 34, Wherein the silane 
is in the form of an ethanol solution having a concentration 
of silane betWeen about 5 Wt % and about 100 Wt %. 

37. The method according to claim 13, Wherein the 
heating comprises eXposing the ceramic surface and silane 
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to a temperature betWeen about room temperature and about 
800° C. for a time betWeen about 10 min. and about 90 min. 

38. The method according to claim 37, Wherein the 
heating comprises eXposing the ceramic surface and silane 
to a temperature betWeen about 200° C. and about 500° C. 

39. The method according to claim 37, Wherein the 
heating comprises eXposing the ceramic surface and silane 
to said temperature for a time betWeen about 10 min. and 
about 30 min. 

40. The method according to claim 13, Wherein the 
ceramic surface eXhibits a contact angle With an aqueous 
solution that increases from about 15-20 degrees prior to 
modifying to about 80-90 degrees after modifying. 

41. Aceramic material comprising a surface that has been 
treated by polishing the surface With an abrasive under 
conditions sufficient to decrease the Wettability of the 
ceramic surface by aqueous solutions. 

42. The ceramic material according to claim 41, Wherein 
the ceramic surface comprises alumina. 

43. A ceramic article made from the ceramic material of 
claim 41. 

44. The ceramic article of claim 43, Which is selected 
from the group consisting of an IEF gel strip holder, a gel 
support, and a microarray plate. 

45. A ceramic material comprising a surface that has been 
treated by contacting the ceramic surface With a silane and 
heating for a sufficient time at a sufficient temperature to 
decrease the Wettability of the ceramic surface by aqueous 
solutions. 

46. The ceramic material according to claim 45, Wherein 
the ceramic surface comprises alumina. 

47. A ceramic article made from the ceramic material of 
claim 45 . 

48. The ceramic article of claim 47, Which is selected 
from the group consisting of an IEF gel strip holder, a gel 
support, and a microarray plate. 

49. A sample holder for chemical analysis, comprising a 
ceramic surface having a contact angle of greater than about 
40 With an aqueous solution comprising about 6 to about 9.8 
M urea. 

50. The sample holder of claim 49, Which is adapted to 
hold a gel strip for isoelectric focusing. 

51. The sample holder of claim 49, Which is adapted to 
hold an electrophoresis gel. 

52. The sample holder of claim 49, Which is a multiWell 
microarray plate. 


