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ThisL;:i~~~~~·~6~.-:;~1~i~§-·-"t:·5.:··lii~rfr~·":tunc;tionalized 
solid substrates, methods for their pre-

paration and conjugation of the functionalities to a 

wide variety of compositions. Articles of this type 
s find extensive use in diagnosis, therapy, processing, 

as well as other applications, where binding of a par­
ticular moiety to a solid surface is desired. 

Background 
Solid surfaces play a significant role in the 

10 ability to separate a component from a mixture or com­
ponents, to localize one or more moieties to a specific 
area, to investigate characteristics or various mole­
cules, molecular aggregations, cells or tissue, or in 
other situations where having a moiety in a defined 

15 region,- optionally in relation to a particular mediu_m, 
is of interest~ Thus, solid substrates find applica­
tion in .diagnostics, for haptens, antigens and nucleic 
acids, affinity chromatography, apheresis, oytophoresis 

.as well as other applications. There are many charac-. 
20 teristics of interest with the solid substrate, such as 

degree of non-specific binding, clarity, ease of fabri­
cation, availability, etc. The characteristics are of 
varying importance,. depending upon the particular 
application. For purposes of the.s.ubject invention 

25 important characteristics include the ease with· which 
functionalities may be introduced, the convenience of 

such functionalties for linking othe~ groups, the -
interaction between such functionalities and the moie­
ties attached to- such functionalities, the density of 
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runct1onal1zat1on available for linkage, reproducibil­

ity of the runctionalization and the methods employed 
for linkage. There is also an interest in being able 
to easily view the contents of a container, such as a 

5 bottle o~ flask. 
In many situations, it is highiy desirable to 

have a high density of a particular moiety on the sur­
face. By having a high density a greater number of 

interactions can be achieved in a predetermined surface 
10 area. This allows for smaller volumes to be used, 

shorter contact times, greater· intensity of signal, as 

well as other advantages. 
There is, therefore, a continuing interest in the 

problem of developing new methods and compositions 

15 which allow for improvements of solid substrates. Such 
improvements can have effects on the sensitivity and 
efficiency of diagnostic assays, the efficiency of sep­
aration of components in a complex mixture, the ability 
to pack particular moieties into a small surface area, 

20 as well as other improvements. 

Literature References 

Olah et al., J. Am. Chem. Soc. (1962) 84:3687 
. . . 

reports nitration in tetramethylenesulfone. Function-

alization of polystyrene is described in U.S. Patent 
. . 

25 Nos. 3,956,219; 3,886,486; 3,974,110; 3,995,094; and 
4,226,958. Linking through a Schiff's base to a solid 
support is described in u.s. Patent Nos. 4,419,444 and 

4,217,338. 

-
In the invention, functionalized solid substrates 

30 comprising addition-polymerized aromatic monomers are pro­
vided. The preferred substrates are polynitrilo substi­
tuted substrates produced by nitration of the aromatic 
polymer surface by an electrophilic agent, particularly 
a nitrating agent, in a solvent substantially incapable 



• 

.. 

3 

or dissolv1ni the polymer, containing a small amount or . ·~ 

a polar coordinating agent. A high proportion or the 
aromatic groups are substituted with n1t~o groups. The 
ni tro groups may· then be reduced to ni tr1lo grou_ps, 

5 particularly amino groups or other reduced nitrogen 
groups which may serve as a site tor linking to a wide 
variety of molecules. The resulting solid substrates 
tind particular use t~r separations or high density 
packing ot a moiety or interest. 

10·· 

Pref arably funotionaliaed aromatic substrates are - . provided, where substantially tha entire surtao6 ot a 
solid aromatic substrate ls runctionalizad. 

0

Highly . . 
15 tunot1onal1zed surfaces are achieve~ employina electro-

philio agents capable ot aromatlo eleot~ophil1c substi­
tution, particularly a nitrating agent, and a soLvent .. 
Wh1oh 1s relatively non-polar and ln which the polymer 
1s substantially 1mm1ao1ble and not swelled. Included 

20 in the reaction medium 11 a small amount ot a polar 
aubatanoa, pa~ticularly a hydroxylio compound, whloh 
can coordinate with the electroph111c agent. 

The solid eube~t·ate will 'be a homo- or co• 
polymer, usually non.;.crosa-linked or having a low level 

25 or Ol."088.;.llnka (<2.0S polyene monomer) wherein at least 
50 molS, more usually at least about 80 mo1s·w111 be 
aromatic addition polymer1zable hydrooarbon monomers, 
particularly having aryl groups ot trom 1 to 3 rtnga 
and having trom 0 to 1_ alkyl aubst1tuenta, from 1. to 3 

30 car~on atoms, usually at other than the para-position. 
ro;: the most part, the substrate will be polystyrene . 
whtoh is produced in aoco~dance with conventional ways 
and appea~s in a variety of ro~ma, such as.vials, 
m1crotite~ plates, Petri dishes. plates, containe~s. 

35 fabricated a~ticles, and the like. Instead or con­
tainers, the solid substrate may be particles, hollow 
tibars, strands. chopped strands. mem~ranes, or ~he 
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like. ~he polymer may be molded, extruded, machined or 
the like, usually resulting in a clear relatively 
smooth surface. 

For the most part, electrophilic agents are 
5 employed, particularly nitrating agents, where the ni­

tronium ion is coordinated with an anion which allows 
for significant ionization in the solvent medium, par­
ticularly a complex anion, more particularly a poly­
halide anion. Illustrative polyhalide anions include 

10 tetrafluoroborate, antimony hexafluoride, phosphorous 
hexafluoride, etc. 

The solvent will be one in which the polymer 
ls neither soluble nor swelled, particularly tetrameth­
ylenesulf~ne (TMS). Included in the solvent will be a 

15 polar coordinating compound, which ls able to coordi­
nate with a nitronlum ion. Conveniently, water may be 
used, but other oxy compounds may also find use, such 
as methanol. The polar compounct_sho.u.1.d be capable of 
displacing both the anion and the solvent from coordi-

20 nation with the nitronium ion. The polar component 
will preterably be present in not greater than about 
equimolar amount to the nitronium ion concentration, 
usually present in at least about 0~05, more usually in 
at least about 0.25, and generally at least about 0.5 

25 ·times the molar concentration or nitronium ion. 
The nitronium ion will gene~ally be at a con­

centration of at least about 0~05 M, usually at least 
about 0.1 M, and usually not greater than about 0.8 M. 
The particular concentration is primarily one of con-

30 venience, so long as there is a sufficient amount of 
reactant to substantially completely functionalize the 
polymeric surface. 

The temperature of the reaction will vary with 
the nature of the reagent, generally being at least 

.35 about 4°C, and not more than about 60°C, usually not 
more than about 40°C, preferably ranging from about 
30°C to 40°C. The time fo~ the reaction will vary with 



,. 
~:· ...... 

/~· 

.. 

.. 

5 

. .. 5 

the temperature, so that longer times will be related 
to lower temperatures. Generally, the reaction will 
tak• at least 1 hr, and not more than ~bdut qs hrs, 
generally running rrom about 2 to 2~ hrs. 

The reaction medium is contacted with the 
polymer1o surface to provide an amount of ~aactant 
stoichiometric with the available aromatic groups at 
the surrace, usually at least about 1.5 excess, where 

. . . 
greater molar excess may be employed aa convenient. In 

10 some instances it may be desirable to prepare a number 
ot reaction mixtures uatng d1tter1ng amounts or nitro­
nlum ion to optimize the lev~l ot runct1onal1zat1on or 
the surtace • . 

Attar oompletlon ot th~ reaction, the reaction 
15 mixture may be· discarded and the surtace washed to re­

move any residual mater1a~a. Various solvents may be 
used tor cleaning the eurtaoe, such as .met~anol,. ,etha­
nol, dimethylaultoxide (DHSO), water, n1trometbane or 
the like. The pat'tloula.r mater~al employed to~ . 

20 cleaning ls not crlt1cal to thla lnvent1on and is 
primarily one or convenience, so long as the polymer is 
insoluble and ia not swelled b7 the solvent. 

The raeultlng polymeric a·urtace ls found by 

eleotron epectrosoopy tor cbemiaal analyeis.(ESCA) to 
25 have a ratio ot nltrosen to aryl ot at least 0.1, usu­

ally at least about 0.15, more usually at least about 
o.25 to about 1001 depth. Preferably the ratio of polar 
group e.9. nitr09en to aryl will ba from about o.25 to 1. 

The resulting aurtaoe nitrated polyaryl solid 
30 au~strate has a number ot desirable characteristics • . 

Prepared 1n·acoordance with the above procedure, the 
resulting tunot1onal1zed polymer ls clear, so that it 
oan be used fOt" t·he transmission or 11sht th~ough the 
polymer without slgni_tlcant interfer::-enoe. Thus, the 

35 nitrated polyaryl solid substrate o~n be used ror var­
ious appl1oat1ons, particularly where one wishes to 
transmit light through a sample and have the light tra-
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verse the container, so as to determine the amount or 
llght transmltted through the container. Or, one may 
wish to observe events occurring 1n the container. suoh 
as cell pro11reration, pla~ue tormatlon, cell vtabll~ · 
ity. aggluttnatlon, etc. For these purposes, the nitro 
group will usually be modified to provide a mare conve­
nient runctionality tot' linking various compounds. 

In these appllcations, one is usually con~ 
cerned with the ettect or irradiation on a sample, 

10 where a sample may abaorb light, tluoresae, or alter­
natively, a ohemilumineecent reaction may be involved, . 
where the sample will am1t light. 

The n1tro groups are capable or undergoing 
~eacttons·through·intareediate reduced ·atatas to pro-

15 vide· a nitrilo group suoh as nltroso. oxime, azoxy, 
azo, hydrazlno or amino, depending upon the pa~ticular 
conditions which are employed. In some instance~ where 

I 

tile product baa two nltros;ena, the nitrated aui-tace may 
be reaotad with a eeoond nitro compound, so that a 

20 mixed produot will be obtained connected by a nitrogen 
bridge having trom one to two n1t~ogen atoms, or, al- . 
ternatively, an amino compound may be employed whioh 

· oan react with an 1ntermed1ate-partially re~uced tuno­
t1onal1ty, such aa nltroso, where the n1troao group may 

25 reaot with the amino sroup to torm an azo group. ot 
particular interest ·are the d1aza (-N-N-) groups, suoh 
as diazo, hYdrazone, semicarbazone, hydraz1no, etc. 

Moat of the conventional reagents employed 
tor reducing nit.ro groups c~n be employed with the · 

30 nitrated aubstr..ates. '!base raducing·agents include , . 
catalytic hydrogen, ••CJ· with platinum or palladimi; ,. . . 
stannous chloride; sodium ditbionite; 
metal, e.g. zinc. iron, or tin ~acid or -water couples; . 
Al(Hg)-aq. ethanol; aluminum hydrides; bot'ohydrides; 

3S ammonium sult1de; sodium at'senitei electrolyt1o 
reduction; etc. 

Depending upon the nature or the tunction-
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ality, various reactions may be carried out to link 
compounds of interest to the solid substrate surface, 
while still retaining clarity of ·the solid substrate. 
The reaction of 
been indicated. 
wide variety of 

nitroso groups with amines has already 
Aryl amines are known to undergo a 

reactions. The aryl amines may be acy-
lated under a variety of conditions, using the non-oxo­
carbonyl (carboxy carbonyl of functionality) such as 
acyl halides, anhydrides, active esters, such as para-

10 nitrophenyl, N-hydroxy succinimidyl, p-nitro-.2,-chloro­
phenyl, etc~, or carboxylic acids activated with acti­
vating agertts such as carbodiimides. 

The amino group may be reacted with a nitroso 
compound -to form an azo li.n_kage. Amino halides may be 

15 employed to form hydrazines with the amino group. 
Aldehydes or ketones may be reacted, particularly under 
reducing conditions~ e~g~ sodium borohydride, to form 
imines or alkylated amines, respectively. 

Amines may be diazotized, where the amines may 
20 be substituted with a wide variety of functional 

. . 
groups, such as halides, acyl groups, oxy groups, mer-
capto groups, cyano groups, silyl groups , or. the like. 

Alternatively, the azo group may be coupled 
with an activated aromatic compound, such as a phenolic 

25 or a N~N-dialkylaniline compound: Additionally, tyro­
sinyl compounds may be coupled with diazo groups, where 
the tyrosine may be part of a larger molecule, such as 
an.oligopeptide or protein~ Instead of tyrosine, vari­
ous purines or pyrimidines may be coupled with the azo 

30 group, where the purines or pyrimidines may be mono­
meric or part of RNA or DNA single stranded or double 
stranded chains. 

Furthermore, the amino group may be function­
alized to provide various reactive functionalities, 

35 such as isocyanate. urethanes, cyanamides, or· the like, 
where the functionality may be reacted with alcohols, 
amines, or thiols to form urethanes and ureas.~~~~~~~~~~ 
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• Instead of amino groups, hydrazino groups may 
be prepared as indicated, or alternatively by the re­
duction of the diazo group, where "the hydrazino group 
may also serve as a site for linking. Hydrazino groups 

5 can be oxidized with a variety of agents to form diazo 
groups or with nitrogen-oxides to form azido, where the 
azido group under UV-irradiation forms nitrene. The 
highly reactive nitrenes will insert into a wide vari­
ety of compounds, particularly unsaturated compounds, 

10 both aliphatic and aromatic. Thus, aziridines may be 
formed which may serve as a site for bonding of a 
compound to the substrate. 

Because of the significant interest in cou­
pling peptides to the surface, a number of specific 

15 linking groups or spacer arms will be preferred for 
linking the peptide or other moiety to the surface. 
One group of linking group reagents will involve car­
boxyl groups resulting in amide formation. The carbox­
ylic acids will be functionalized with a variety of 

20 active functionalities to produce covalent bonds with 
peptides, as they naturally exist or have been modified 
to provide a coupling site~ 

The functionalities for linking include alde­
hyde, carboxyester~ haloacetamido; mercapto, and di-

25 thioether. The carboxylic acid group may be further 
substituted with oxy groups, hydroxy or ether, cyano, 
substituted amino free of hydrogen atoms, quaternary 
ammonium, etc~ The hydrocarbon chain may be aliphatic 
or aromatic. 

30 Specific linking reagents include .E.,-formy1-­
benzoic acid, N~succinimidyl tartarate, mono-hydrazide 
of tartaric acid, .1?_-iodoacetamidobenzoic acid, 3-
mercaptopropionic acid, and 5-a-pyridyl-3-dithio-
pl'opionic acid. 

35 Reagents other than carboxylic acids may be 
employed to provide stable linkages, such as poly(dial­
dehydes), e.g. polyglutaraldehyde, where the amino~~~~~~ 
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group adds by Michael addition, leaving aldehyde and 
olefin groups for further reaction. 

In addition, the amino group may be efficient­
ly diazotized and the resulting diazo group used in a 

5 variety of ways. Diazo groups may be substituted with 
oxy or thio functionalities, to produce functionalities 
which may be linked to a variety of groups, may be 
reacted with nucleophilic functionalities such as phe­
nols, anilines, amino, etc, to form a bridge, or may be 

10 reduced to a hydrazino or amino group. The bridge may 
be relatively short or long depending on the purpose 
for the support. 

Illustrative linking· groups include bis·-p­
hydroxybenzamide of diaminopolyethyleneglycol, where 

15 one phenolic group is coupled to the diazo group and 
the other phenolic group may be coupled to nucleic 
acids or proteins through a :£_-di(diazo)benzene or 
.2_,p'-di{diazo)biphenyl. The dlazo group may be direct­
ly coupled to a protein through a tyrosyl group. The 

20 phenolic group may be extended with ethylene oxide to 
provide a linking group, which may terminate in an 
amino functionality. This bridge may find application 
in in situ peptide synthesis. The hydrazino group may 
be coupled, as may an amino group, to a glycol cleaved 

25 glycoprotein, to form an !mine or Schiff's base, which. 
may be reduced to a methylenehydrazine or -amine. The 
hydrazine may be coupled with glyoxylic acid, leaving 
the carboxyl functionality for linking. 

The mercapto group may provide a thiol for 
30 linking or the diazo group may be substituted by a 

mercapto group to form a thioether, such as reacting 
the diazo group with dithioerytnritol. 

Other bridging or linking groups employing 
different synthetic scenarios may also be employed. 

35 The literature has an extensive variety of reagents·and 
procedures for coupling molecules, such as proteins, 
lipids, saccharides, nucleic acids and small naturally 
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occurring or synthetic molecules to functionalities on 
a surface. 

The bridging or linking·groups may be a single 
bifunctional group, an oligomer or polymer, such as 

5 poly(amino acid), polyurethane, polyurea, polyalkylene 
oxide, polyester, polyamide, nucleic acid, or the like. 
In some situations it may be desirable to have a cleav­
able linkage, eo that a bound molecule may be freed 
from the surface. Linkages may be employed which are 

10 cleaved by reduction, oxidation, hydrolysis, or the 
like, conveniently employing enzymatic catalysis. The 
linking group may therefore include specif le recogni­
tion sites tor such enzymes as dipeptidases, e~g. ·KEX1, 
collagenase; papain, neuraminidase, amylase, other 

15 endosaccharidases, endonucleases, phosphatase, pyro­
phosphatase, where the linkage involves an amide, 
ether, phosphate ester, or the like. Chemically cleav­
able bonds include disulfides~ peroxides~ acetals, azo, 
carboxylate ester~ etc; The cleavable linking group 

20 will be selected to avoid the presence of the same or 
similar cleavable groups present in the moiety to be 
released~ 

The subject products, by being coupled to a 
wide variety of substances, can find extensive applica-

25 tions in diagnosis, therapy, processing, synthesis, and 
the like~ The various groups of interest may be linked 
directly to the functionality bound to the aryl carbon 
atom or a spacer or linker arm may be used. The 
spacers find use where steric hindrance may be of con-

30 cern, where sepa~ation of the group from the solid sub­
strate ls of interest, or where the spacing may provide 
an environment of interest for the group, such as po­
larity, charge, or the like. Usually, linking groups 
will be from about 1 to 30 atoms or greater~ more 

35 usually from about 1 to 20 atoms in the chain and ·may 
include, carbon, oxygen, nitrogen, sulfur, phosphorus 
or the like. The partic~lar choice of spacer or link-
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ing arm will depend on the functional groups involved 
in the linking arm, the properties of interest, synthe­
tic convenience, spacer length, and the like. 

As already indicated, a wide variety of mole-
cules having different functions may be linked to the 
surface, effectively in a monomolecular layer, or poly­
molecular layer, if desired, and used in a wide variety 
of applications. The subject techniques provide for:' a 
desirable orientation of the molecules bound to the 

10 surface, in many situations enhancing their availabil­
ity for binding and/or manipulation~ 

The compounds which are linked include li­
gands, such as haptens and antig~ns, receptors, such as 
antibodies, enzymes, natur:'ally occurring receptors, 

15 such as surface membrane proteins, lectins, blood pro­
teins, e.g~ thyroxine binding globulin, complexing 
agents, such as cryptands, crown ethers~ porphyrins, 
phthalocyanines, etc., nucleic acids, both RNA or DNA 
or oligonucleotidei, dye~~ fluorescers, chemilumine-

20 seers, enzymes, where the enzymes are used as catalysts 
rather than receptors, enzyme substrates,. inhibitors or 
co-factors, or other molecules which may be of interest 
tor detection of the same or different molecules, or 
used for manipulation, isolation, reaction, interac-

25 tion, or other phenomena, whe·re a result of interest is 
produced~ 

The literatur~ has an extensive repertoire of 
groups which may be used to link almost any functional­
ity through an amino functionality to a solid surface. 

30 u~s. Patent No. 3,817,837 describes a large number of 
functionalities which may be used for linking proteins 
or haptens to amino functionalities, which disclosure 
is incorporated herein by reference. Other references 
which show linking to affinity columns, surfaces for 

35 apheresis, surfaces for diagnostics, surfaces for chr:'o­
matography, surfaces for reaction and the like may be 
found in rererences cited in such catalogs as the BRL 
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catalog, Bio-Rad catalog, Sigma catalog, Pierce cata­
log, Pharmacia catalog, etc. It is evident that the 
particular manner in which the c~mpound of interest is 
bound to the surface may be varied widely. In particu-

. -
lar situations one spacer arm may be selected over 
another because of particular properties. 

The subject solid substrate may allow orien­
tation of immunozlobulins, either as Fab fragments or 
Fab' fragments, or as intac·t immunoglobulins. For ex-

10 ample, the amino groups of the substrate may be iodo-
acetylated, followed by reaction with the available 
mercapto groups of the truncated immunoglobulin. Al­
ternatively, the intact immunoglobulins may be oxidized 
with a gl~col cleaving agent, e.g. periodate, and the 

15 resulting dialdehyde reacted with an amino group or 
hydrazine to form a Schiff base or imine. 

Nucleic acids may be linked to the solid sub­
strate ,using a polyalkylene glycol arm, where the al­
kylene will be of 2 to 3 carbon atoms, and the chain 

20 may be of from 2 to 100, usually 2 to 30 alkyleneoxy 
units. The linking group can be achieved by using the 
diazo functionality on the solid substrate with a 
diacylated a,w-diaminopolyethylene glycol. e.g. 1!!.­
dimethylaminobenzoyl derivative of diaminopolyethylene 

25 glycol. The dimethylamino activated aroyl group may be 
used as a site for linkage, where one will become cova­
lently bonded to the diazo group, leaving the other to 
be used for linking to another compound. In this 
manner, phenylenediamine, benzidine, or other aryl 

30 diamino compound may be diazotized to form a link be­
tween the dimethylaminoaroyl and a nucleic acid. The 
use or the diazo group for linking nucleic acids to the 
surface has already been discussed. 

The applications of the subject invention will 
35 now be considered. The first use to be considered.will 

be diagnostics. Diagnostics involving solid surfaces 
are tor the most part ref erred to as heterogeneous in 
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that they involve a separation step, though there is an 
increasing number of diagnostic protocols where a solid 
surface is involved without the necessity for a separa~ 
tion step. In diagnostics, there may be of interest 
the binding of members of a specific binding pair, com­
prising ligand and receptor, which bind to form a com­
plex, where the homologous members of the specific 
binding pair have a high association constant for each 
other, usually greater than 108 l/mol. 

10 The haptens will generally be from about 150 

to 5000 daltons, usually up to about 2000 daltons and 
may include naturally occurring hormones, naturally oc­
curring drugs, synthetic drugs, pollutants, affector 
molecules··, growth factors, lymphokines, amino acids, 

15 oligopeptides; chemical intermediates, nucleotides, 
oligonucleotides or the like. Diagnostics for such 
compounds may be in the detection of drugs of abuse, 
therapeutic dosage monitoring, health status, detection 
of disease, e.g. endotoxins, and the like. Proteins 

. . . 

20 are of interest in a wide variety of diagnostics, such 
as detecting cell populations~ blood type, pathogens, 
immune responses to pathogens~ immune complexes, sac­
charides, naturally occurring receptors, and the like. 
Receptors may find use in binding to haptens, proteins, 

25 other receptors, or the like, .or detection of the pres­
ence of pathogens, the level of a· particular protein in 

a physiological fluid, the presence of haptens in a 
wide variety of samples, such as physiological fluids, 
air, process streams, water, etc. Nucleic acids may 

30 also find use in the detection of proteins specifically 
binding to nucleic acids, complementary strands, and 
the like. 

Of particular interest is the binding of 
microorganisms and cells, including viruses, prokary-

35 otic and eukaryotic cells, unicellular and polycellular 
organism cells, e.g., fungi, animal, mammal, etq., or 
fragments thereof. Usually, these large aggregations 
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will be non-covalently bound to the sui-fa~e thc-ough 
specitic binding pa1r member complexes. By having a 
high density or_ binding members bound to the surface, a 
cell or.virus maybe complexed by a large number or 
binding pair members, providing very st~ong anchoring 
or the cell, virus, or tragment. The system may then 
be subjected to vigorous treatment without concern tor 
dialodg1ng the· specit1cally bound entity, while non­
specitioally bound materials may be readily removed • . 

10 A large number or _protocols exist ror detect-
·1ng the various analytea ot 1nte~est. The protocols . 
may involve use of a signal producing system. which in-
volves a labeled conjugate, which ma1 _be directly or 
1ndlrect~r detected. These teobnlqu·ea may employ dyes, 

15 enzymea, enzyme substrates or oo-taotora, enzyme 1nh1b-
1tors, tluoresoera, ohemilumineacera, particles, or the 
like, 

20 

Por th• presently described purposes, 'the label 
used preterably provicles a signal related to the presence 
ot analyte in the eample· which reaulta in·the detection 
ot electromagnetic radiation, partlcularly light in the 
ultra-violet: visible or 1ntrar.ed range~ By use ot the 
subject solid aubetrate, the light may be deteoted 
through the aol1d subatrate, rather than re~u1r1ng re-

25 tleot1on~ whlcb .1e. normall-Y aubjeot to a11n1t1cant er­
ror. In addition, technlquee lnvolv1ng-total internal 
retiectlon may be employed aa described in u~s: Patent 
Ho~ 3,939,350~ Other patents ot interest, both domes-. . 
tia and toreisn, which deaoribe pL"oto9ola or intel'est 

30 1nolude U.S~ Patent Ho. 3,654,090, 3,850,152, 
4,!41,312; EPA 2,963, and ~~tarenoes o1ted therein. . . 

Assays can be car~1ed out in acco~dance with 
the var1ous protocols. In aocordanoe with the subject 
1nvent1on,· the sample la contacted with the subject 

35 solid substrate and various operations may be ca~~1ed 
out, such as the addition of various ~eagents, 1nouba­
t1ons, washings, and the like. The tinal result or the 



·, 

. . . 
""!"'· 

15 

assays will be the change in the amount of a product 
which absorbs or produces light, either by light ab­
sorption or by light emission in ·relation to the pres­
ence or amount of the analyte of interest. Usually, 

5 this is as a result of formation of a specific binding 
complex between complementary members of a specific 
binding pair, where one of the members may serve as a 
bridge to form a sandwich, or there may be a single 
complex, or complexes may be bound to complex binding 

10 proteins, such as S. aureus protein A, rheumatoid fac­
tor, immunoglobulins specific for immune complexes, or 
the like. 

By having fluorescent markers, such as fluo­
rescent particles, fluorescent conjugated antibodies, 

15 or the like, the sample may be irradiated with light 
absorbed by the fluorescers and the emitted light mea­
sured~ For example, where one has microtiter wells, 
one can measure.the fluorescent light emitted through 
the sides of the well~ substantially minimizing the 

20 background resulting from the activating light. Where 
dyes are employed a·s the label or produced as a result 
of a reaction, e.g~ an enzym~!;-ically catalyzed reac­
tion, the light may be transmitted through the sample 
and the container and measured as an indication of the 

25 presence of the analyte, since there is a relatively 
low level of absorption by the container~ Thus, highly 
sensitive assays can be employed with the subject 
system. 

Similarly, with nucleic acid assays involving 
30 hybridization, one can carry out the necessary steps to 

determine whether complementary sequences are present, 
and by employing a wide variety of protocols, provide 

·ror a colored or fluorescent label or product or the 
label, which will indicate th~ presence or absence of 

35 the complementary sequence. 
For example, one could activate the surface 

immediately prior to carrying out the assay by diazo-
~~~~~~~~ 
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tizing the amino functionalities, add the nucleic acid 
sample to the activated surface, so as to be covalently 
bound, and then employ probes having a sequence comple­
mentary to the s·equence of interest and functionalized, 

5 for example, by having a biotin label. After completion 
of the hybridization step, one could add enzyme conju­
gated to avidin, which would bind to any biotin bound 
to the surface through hybriGization~ After washing 
away non-specifically bound avidin, the substrate for 

10 the enzyme could be added and the formation of product 
would be indioative of the presence and amount of the 
complementary sequence. 

The subject containers may also be used for 
detecting··. pathogens~ Monoclonal antibodies may be 

15 linked to the surface to serve as catching antibodies. 
The sample would then be added and cells having the 
epitope recognized by the antibody would bind to the 
antibody on the surface~ Non-specifically bound cells 
are washed away leaving substantially only specifically 

20 bound cells. Labeled monoclonal antibodies are then 
added to the container which are specific for an epi­
tope other than the epitope recognized by the catching 
antibody. After incubating to allow reaction between 
the antibodies and cells~ non-specifically bound 

25 antibodies are washed away and the presence of the 
label determined, as described previously~ 

A variation would be to employ an antigen rec­
ognized by a cell receptor. The antigen would be bound 
to the surface to catch the cells and a labeled antigen 

30 used to label the cells. The receptor could be surface 
immunoglobulin (sig). In this way the presence of the 
specifically bound cells could be determined, whereby 
having the antigen of interest complementary to the 
receptor bound to the surface, cells having the sig 

35 specific for such antigen could be determined. Instead 
of having antigen, one would have antibodies to the 
antigen bound to the surf ace to non-covalently bind the 

~~~~~~~~~~ 

antigen to the surface. 
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The subject solid substrates can also be used 
for affinity columns, chromatographs, or the like, 
where a particular substance is bound to the surf ace 
and complex formatiop or other binding event can be de-

5 tected. With the subject solid substrates, one can 
visually observe along the length of a column and de­
t~rmine the particular site at which complex formation 
occurs. This technique can also be used for diagnosis, 
where different antigens or receptors may be bound at 

10 different sites along the column, followed by introduc­
ing the sample through the column, followed by adding 
the signal producing system, e.g~ enzyme bound specific 
binding pair member ang developer, and detecting the .. 
areas of .color formation. 

15 The subject solid substrates may also find use 
in isolating various products of interest, such as 
blood plasma proteins, growth factors, clotting fac­
tors, anti-clotting f'actors, or the like, which may 
then be released from the complex by various salt 

20 solutions~ 

The solid substrates may be used ror a variety 
or other purposes, whenever one wishes to provide a 
high density of oriented molecules at a surface or vis­
ualize events or provide for t'eady transmission of 

25 light, where a substance is non-diffusively bound to a 
solid surface. 

30 

The following examples are offered by way of 
illustration and not by way of limitation. 

EXPERIMENTAL 
Into the wells or a 96 well microtiter plate 

of molded polystyrene is introduced a 0.5 M nitro 
tetrafluoroborate solution in tetramethylenesulfone 
(TMS) and the reaction allowed to proceed at 37°C for 6 

35 hrs. At the end of this time, the reaction mix is· 
discarded and the wells washed with methanol. Into the 
plates is then introduced a 1 M solution of stannous 
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chloride in 6 N aqueous hydrochloric acid and the 
reaction allowed to proceed at room temperature for 2 
hrs to reduce the nitro groups to amino groups. The 
resulting amino groups are diazotized by adding a 1% 

5 sodium nitrite solution in 1 N aqueous hydrochloric 
acid at 4°C and allowing the reaction to proceed for 20 
min, after which time the reaction mixture is washed 
away and a solution of a protein containing tyrosine is 
added at 0.1, 1~0, or 10 mg/ml in 0.1 M borate.pH 9.3 

. . 
10 at 4°C. The reaction is allowed to proceed for 16 hrs, 

whereby the protein becomes covalently bonded to the 
surface. 

The above reaction procedure was repeated 
whereby w.ater was included in the nitration medium at a 

15 concentration of 0.5 M, in equimolar concentration to 
the nitronium ion. 

In order to evaluate the number of function­
alities introduced, electron spectroscopy for chemical. 
analysis was employed~ Instead of covalently linking a 

20 protein by means of a tyrosine, the dye 3,6-disulfona­
tonaphthol-1 was employed~ In this analysis, the sur-. 
face is irradiated with soft X-rays where ejected.elec-
trons are a function of the kind of atom hit by the X­
ray. The number of electrons of a given energy re-

25 fleets the number of atoms of a given type. The 
following table indicates the results~ 

30 

35 

1iii1i111~r 
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In the next study, binding of 35s-methi6nine-labeled 
avidin to activated T-25 flasks is demonstrated. 

A. [35s-met]-labeled avidin t-boc-[35s-Meth­
ionine ]-N-succinimidyl ester (Amersham), 830 Ci/mmole) 

5 was used to label the E-amino groups of lysine residues 
of avidin employing the reaction conditions of the sup­
plier. The labeled avidin was diluted into a 10mg/ml 
solution of avidin (Sigma) in 0.1 M borate buffer, pH 
9.3, to iive a final specific activity of 428 dpm/µg. 

10 B. Diazotization of T-25 flask containing 
surface aniline groups and covalent attachment of [35s­
met]-labeled avidin •. 

25 flasks were nitrated with 5 ml 0.5 M nitro­
tetrafluoroborate in the presence or absence of 0.5 M 

15 water in TMS at 37° for 16 hrs. After decanting reac­
tion medium and thorough washing with distilled water, 
5 ml of 1 M stannous chloride in 6 N HCl was added and 
the reaction allowed to proceed for 2 hrs at room 
temperature. The flasks were washed with 0.01 N HCl to 

20 provide the amino functionalized surface. 
The amino groups were then diazotized by addi~ 

tion of 5ml 2% sodium nitrite in cold (4°C) 1 N HCl, 
followed by gentle agitation on a platform rotator at 
4°C tor 20 min. The resulting diazonium tunctionalized 

25 flasks were rinsed with cold 0.01 N HCl and 2.5 ml cold 
10 mg/ml [35s~met]~labeled avidin in 0.1 M borate buf­
fer, pH 9.3 was added. After gently agitating for 16 
hrs at 4°C, the flask contents were aspirated, the 
flasks rinsed with 0.1 M borate buffer at room temper-

30 ature until the total counts in the wash were below 
2000 dpm. Approximately 3 of. 4 sub-uni ts of the bound 
avidin were· removed by treatment with 2.5ml 6% sodium 
dodecyl sulfate (SDS)/0.1 M dithiothreitol (OTT) for 48 
hrs at room temperature. Based on the dpm recovered in 

35 the SDS/DTT eluate and the specific activity of the 
[35s-met]-labeled avidin, the amount of avidin cova­
lently bound to the activated T-25 flask was calcu­
lated. The following table indicates the results. 
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In the next study polyglutaraldehyde was 
employed as the bridging group. 

Polyglutaraldehyde (PG) was prepared according 
to the procedure of Rembaum et al., J. Immun. Methods 

.. 
5 (1978) 24:239. The product was vacuum dried at 90° to 

complete dehydration and remove residual monomeric glu­
taraldehyde. The dried PG was dissolved in dry TMS at 
37° to give a 10 mg/ml solution. Into T-25 amine func­
tionalized flasks was introduced 5ml of the TMS solu-

10 tion and the flasks incubated at 37° for 16 hrs. After 
rinsing with warm TMS and distilled water, 2.Sml of 
[35s-met]-labeled avidin in 0.1 M borate buffer, pH 
9.3, was added and the flasks incubated for 16 hrs at 
room temperature. After thorough washing with 0.1M 

15 borate buffer, p~ 9.3, [35s~met]-labeled avidin sub­
units were released with 6% SDS/0.1M DTT as previously 
described and the radioactivity counted. The calcu­
lated amount of bound avidin in the PG-treated flask 
appears in the above table. 

20 The above experiment was repeated using [35s-
methionine] in place of the avidin. The polyglutaral­
dehyde derivitized flasks were incubated with 5 ml of 
0.1 M [35s]~methionine and 283 dpm/mmole prepared from 
[35s-methionine (Amersham), 1250 Ci/mmole] diluted in 

25 cold 0~1 M methionine in 0.1 M NaHc13 at 37° for 16 
hrs. After washing with 0.5 M NaCl, the flasks were 
rinsed with distilled water, dried and broken. F1ask 
bottom pieces were recovered, weighed, and counted. 
From the known weight of the flask bottom (3.2 g/25 

30 cm2), the specific activity of the [35s-methionine] and 
the counts recovered, the amount. of methionine co­
valently attached to the flask bottom was calculated to 
be 43 nmoles/cm2 • 

35 
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The next study involved the use of Immulon2 
plates (Dynatech). 

A solution of nitronium tetrafluoroborate 
(Fluka, 0.5 M) in tetramethylenesulfone (TMS, Phillips) 

5 was prepared and made to 0.9~ H2o. The solution was 
added to the 96-well Dynatech Immulon2 plates via a 
Transtar 96 (Costar) delivery system inside of a glove 
box equipped with a Drierite drying cvlumn and circu­
lating blower. For each well of the plate, 100 ul of . . 

10 the TMS solution was added, and the plate was sealed 

15 

20 

with an adhesive-backed cellulose acetate cover (Dyna­
tech) and incubated at 37°C for 6 hrs with gentle 
shaking. After incubation, the plate seal was removed . 
and the nitrating solution drained, followed by washing 
with copious amounts of H2o~ 

The previously prepared nitrated plate was 
shaken dry, and to each well was added 200 µl of 1.0 M 

Snc1 2 in 6 N HCl: The plate was shaken for 2 hrs at 
room 

. H20: 
(200 

temperature and washed with copious amounts of 
The plates could be stored at 4°C over 0.2 N HCl 

µ!/well) or used directly after the H2o wash: 
The derivatized amine plate was shaken dry and 

cooled to 4°C. A solution of 2% NaNO in 1 N HCl was 
prepared at 4°C (noxious odors produced), and 200 µl of 

25 this solution was added to the 96-well plates~ After 
shaking at 4°c for 30 min, the plate was shaken dry, 
rinsed with cold (4°C) 0~01 N HCl, and treated with 
various protein coating solutions. 

35s-labeled human IgG (Slgma) in 0.1 M borate 
30 (Na+), pH - 9.2, was prepared in dilutions of 10, 1.0, . . .. 

0.1 and 0.01 mg/ml. The 1.0, 0.1 and 0.01 mg/ml solu-
. . . . . . 

tions were also prepared with 0.2% Tween 20 present. 
The previously described derivatized diazonium plate 
was treated immediately after preparation with the 

35 protein solutions at 4°C. In exactly the same manner, 
an underivatized Immulon2 plate was also coated at 4°C. 
After incubation for 96 hrs, the excess coat~ng solu-
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tion was removed from the plates and th$ wells were 
rinsed with PBS (7 x 15 ml) over the course of 48 hrs· 
at 4°c. The wells were then placed in scintillation 
fluid and counted. The following Table 3 provides the 

5 results. 

10 

15 

20 

25 

30 

35 
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The next study involved the binding of an 
immunoglobulin to an amino-functionalized polystyrene 
surface through the use of hydrazone links. 

Following the procedure of O'Shannessy et al., 
5 Immu~ol. Lett. (1985) !:273-277, a 2 mg/ml solution oi 

. . . + 
IgG (mono- or polyclonal) in 0.1 M acetate (Na), pH= 
5.5, was cooled to 4°c. The solution was treated with 

. . 
an appropriate amount of 0.25 M NaI04 in H2o to bring 
the total ro4- concentration to 10 mM, and the solution 

10 was gently shaken at 4°C for 1 hr. The crude product 
. . 

was purified by a G-10 spun column (0.1 M acetate, pH= 
5~5) (10 ml bed volume/1 ml reaction mixture). The . . . . 
void volume typically contains 70% of the original 
prot~in in the same volume. The aldehyde solutions 

15 were used immediately to avoid oxidation to the acid. 
To the oxidized IgG solution described above 

was added sufficient tartaric dihydrazide (Lutter et 
al., FESS Lett. (1974) 48:288-292) to bring the . . . 
concentration to 0:5 M in tartaric dihydrazide. After 

20 30 min with shaking~ the solution became clear: The 
reaction was stopped after 2 hrs by passing the solu­
tion through a G-10 spin column (0.1 M acetate, pH• 
5~5) (10 ml bed volume/1 ml reaction mixture) followed 
by diaiysis at 4°C (0~1 M acetate, pH • 5.5, 1 L for 8 . . 

25 hrs and 2 L for 8 hrs)~ Final purification was 
achieved with a G-10 spin column (0.1 M acetate, pH• 
5~5) (10 ml bed voiume/1 ml dialyzed.solution)~ The 
void volume was found to contain 50~ of the original 
oxidized protein with a slightly greater volume. The 

30 solution was diluted to 0~1 mg/ml CA280 = 0.160) and 
used to coat the aldehyde surface (see below). 

A solution of 0.25 terephthalaldehyde in 
glacial acetic acid was exposed to an aminopolystyrene 
surface (0.15 ml/cm2) prepared as described above. The 

35 reaction proceeded for 2 hrs at room temperature. The 
solution was then removed and the surface washed with 
absolute ethanol (1 ml/cm2 ) for 15 min, a total or 6 
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times. The surface gave a positive Schiff test. After 
rinsing once with buffer (1 ml/cm2, 0.1 M acetate, pH 
5.5) the surface was treated immediately with the IgG 
hydrazide. 

5 The IgG hydrazide (0.1 mg/ml, 0.1 M acetate, 
pH = 5.5) was coated onto the previously prepared alde­
hyde surface (0.10 ml/cm2) by gentle shaking or ro~ling 
for 14 hrs at room temperature. Depletion of the pro­
tein could be monitored by reduction of the 224 nm 

10 absorbance of the IgG hydrazide. The surface was 
rinsed with PBS 5 times (1 ml/cm2) and stored at 4°C 
until needed. 

Alternative Procedure 
15 A 0~5 M solution of tartaric dih~drazide in 

10% aqueous acetic acid was coated onto the previously 
prepared aldehyde surface (0~15 ml/cm 2) for 2 hrs at .. 
room temperature. The solution was drained off and the 
surface washed with copious amounts or H2o. 

20 A 0.1 mg/ml solution of oxidized IgG ~n 0.1 M 
acetate, pH • 5.5, was coated onto the previously pre­
pared aldehyde/hydrazide surface (9.10 ml/cm2) by incu­
bating with gentle shaking at room temperature for 18 
hrs. The solution was drained and the surface washed 

25 with PBS 5 t~mes (1 ml/om2) and stored at 4°C until 
needed~ 

In the next study, polystyrene beads were 
runctionalized with immunoglobulin~ 

Following the previously described procedure, 
30 polystyrene beads (1/4 and 1/8 inch diameter, specular 

finish) were amine functionalized. A portion of the 
beads were diazotized and 3.groups of beads, untreated, 
amine functionalized, and diazotized, were incubated 
for 16 hr at 4°C with 10mg/ml [35s-met]-labeled human 

35 IgG [35s-IgG] in 0.1M borate buffer, pH 9.2. After the 
reaction, the [35s-IgG]-labeled beads were washed ex­
haustively at 4°C with 0.1 M borate buffer, pH 9.2, 

. .' ••• :"!•· 
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containing 0.5 M NaCl. Washing was continued until the 
. . 

total wash counts per 2 hrs wash dropped below 200 dpm 
for untreated beads and 2000 dpm for diazotized 
beads. The amount of [35s-IgG], specific activity 1·.48 

5 dpm/mg was determined by_-0ounting the beads directly in 
Opti-Fluor (Packard). Results are shown in the 
following table. 

Table 4 
10 Binding Of 35s-IgG to Activated Polystyrene Beads 

Untreated 
<. 

1 /4 in. 1 /8 in~ 
Amine 

1/4 in. 1/8 in. 
Diazonium 

1/4 in. 1/8 in. 

15 

20 

dpm x 10-3/bead ~~640 0:7905 -6.165 1 ~309 405.2 
Area/bead (cm2) L267 0~3167 1.267 0.3167 1. 267 
Density (µg/cm2) L94 1~69 

.. 
3.29 2. 79 216 

Denity Ratio 1~00 1.00 1. 70 1.65 111 

In the next study, antibodies were bound to 
amine functionali·zed T-25 flasks providing for high 
levels of available binding sites~ 

In a T-25 flask was combined 50 mg of R_-

25 formylbenzoic acid (FBA) and 450 mg of tosylate N-cy­
clohexyl, N'~(N''-methyl morpholino-2-ethyl) car­
bodiimide in to ml of TMS and the mixture sonicated for 
30 min. The FBA functionalized flasks were contacted 
with succinic acid dihydrazide (0~2 M) in glacial 

30 acetic acid for 2 hrs at room temperature on a platform 
rocker. The flasks were then washed 5 times with 
distilled water, 3 times with 0.1 M borate buffer, pH 
9.2, 3 times with distilled water, 3 times with 
isopropanol, and 3 times with distilled water. The 

35 flasks were stored at room temperature with acetate 
buffer (0.1 M, pH 5.5) until used. 

93.40 
0.3167 

199 
118 
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Anti-Leu-1 monoclonal antibody was oxidized as 
described above and conjugated to form the hydrazone as 
described above. The resulti~g ant1-Leu-1 conjugated 
flasks were then used in the following study. 

5 Monocyte-depleted peripheral blood lymphocytes 
(PBL) were prepared from human blood as follows. Buffy 
coat cells were added to 75 ml HBSS-E (Hank's Balanced 
Salt Solution with 1mM EDTA) and mixed well. The 
blood-HBSS-E solution was then divided into 4 aliquots 

10 and placed into 50 cc clinical centrifuge tubes. The 
solution was underlayered with approximately 14 ml of 
pre-warmed Histopaque. The cells were centrifuged at 
1500 rpm (J6B6 centrifuge) for 30 min at room temper­
ature. The interface layer was harvested and the cells 

15 washed once with HBSS~E. After centrifugation at 1000 
rpm for 10 min at room temperature the supernatant was 
aspirated and the cells cooled. The cells were then 
washed 2 more times then re-suspended in HBSS-CMF 
(Hank's-calcium and magnesium free) plus 1j serum 

20 without EDTA then transferred to T-75 flasks. The 
flasks w~re incubated on their sides for 30 min at 37°C 
to allow monocytes to adhere to the surface. After 30 
min, non-adherent cells were removed by gently swirling 
the contents of the flasks. The flasks were washed 

25 twice with HBSS-CMF and the non-adherent cells col­
lected by centrifugation at 1000 rpm for 10 min at room 

temperature. The cells were then re-suspended in HBSS­
E containing 1% serum. The cells were then seeded into 
T-25 flasks, 2.5 x 107 cells per flask. The flasks 

30 were incubated on their sides for 1 to 2 hours at room 
temperature with gentle swirling of the cell suspension 
at 20 to 30 min intervals. At the end of the incuba­
tion period the non-adherent cell suspension was 
removed and the flask washed 3 times with HBSS-E to 

35 remove remaining non-adherent cells. 
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Attet" incubating at ~oom temperature tor 1.5 
·.: 

hrs with the anti-Leu-1 su·rrace pt'epared as described 
above, with mixing every 20 min •• non-adherent cells 
were recovered for staining. Adherent cells were 
counted. 25 x 106 cells were introduced with 99J 
viability. 20 x 106 cells w~~e ~ound to the flasks. 
The non-adherent calls were analyzed by fluorescence 
aoti v.ated call sorting ( FACS) l!hioh showed a 98. 7~ and 
95S depletion respeotively.ot Leu-1 and Leu-4-pos1t1ve 

1 O calls. Atter 14 mM mas.nesium chloride elution some or 
the tlasks were .reused with 20 x 106 PBL.Cmonooyte~ 
depleted). 99~ and 91S depletion ot Leu~1 and Leu-4 
positive calla was achieved. 

It 1a evident trom the above ~esults that the 
15 subject invention provides a substantial improvement 

ove~ previously available solid substrates, particular­
ly as oontalnerq, al~des, beads, wells, or the 11k~. 
By use of the methods described, high concantratibn• 
ot aubatanoea oan be applied to the surtaoe in a non-

20 d1ttua1ve manner to insure the retention ot the su·b­
atanoea at the surtaoe. Thus, small volumes may be em­
ployed for high ertio1ency and sens1t1v1ty in determin­
ing or iaolatins a w14e variety ot compounds ot inter­
est. The amino runct1onal1ty is a very versatile tuno-

25 t1onal1ty, so that relatively easy prooedures may be 
developed tor linking various tunct1onal1tiea to the 
surrace, either d1reotly or thro~gh a spacer arm. By 
virtue ot being able to achieve high clar-1·ty, reactions 
oan be observed, .oell growth can be obsat'Ved, and can 

30 be t~ansmitted throus~ the surface and be measured, 

35 

,. . 
providing for greate~ erriciency and sensitivity. In 
add1tlon, dea1~able o~1entat1ons or ligands and reoep" 
to~s can be achieved to provide ror hig~ levels or 
epitopes and binding sites. 
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It ls evident from the above results, that the 

subject invention provides ror substantially improved 

soll~ substrates ror use in a wide variety or applica­

tions. A high proportion ot the available a~yl groups 

5 present on the surrace may be runctiona11zed, so that a 

large number or mo~eties ot interest may be Joined to 

the surrace, either covalently or non-covalently, to 

provide solid surfaces with a high desree or function- . 

alization. In thls manner, a variety of processes, 

10 diagnostic, therapeutic, processing, or the like may be 

oarrled out with greater etticiency, using smaller 

volumes, and having improved results • 
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1. An article comprising a surface function­

alized polyaryl addition polymer having at least about 

5% of the aryl groups to a depth of 100A, as determined 

by ESCA, substituted with a polar group, with the 

5 remaining aryl groups substantially unsubstituted with 

said polar groups. 

2. An article according to Claim 1, wherein 

said polar group is amino, hydroxy or mercapto. 

3. An article according to Claim 2, wherein 

· 10 a ligand, receptor or nucleic acid is covalently joined 

to said polar group directly or through a spacer arm. 

4. An article comprising a functionalized 

polystyrene having at least about 25% of the styryl 

groups at the surface functiona."lized, capable of being 

15 prepared by a process comprising: 

contacting a surface of said polystyrene with 

an electrophilic substituting agent comprising a 

polyhalo complex anion as the counterion to said 
' 

electrophilic substituting agent in tetramet.hylsulfone 

20 in the presence of from about 0.1 mol% to about 1 mol% 

based on said electrophilic substituting agent of an 

oxy polar compound. 

5. An article according to Claim 4, wherein 

said oxy polar compound is water. 

25 6. An article according to Claim 5, wherein. 

said water is present in at least 0.5 mol%. 
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7. An article comprising an amino function­
alized polystyrene having at least about 25% of the 
styryl groups at the surface functionalized, capable of 
being prepared by-a process comprising: 

5 contacting a surface of said polystyrene with 
a nitronium nitrating agent comprising a polyhalo com­
plex anion as the counterion to said nitronium agent in 
tetramethylsulfone in the presence of from about 0.1 
mol% to about 1 mol% based on said nitronium agent ·or 

10 an oxy polar compound to provide nitro groups; and 
reducing said nitro groups to amino groups. 

B. An article according to Claim 7, wherein 
said article further comprises a ligand, receptor or 
nucleic acid bound to said surface through said amino 

15 group. 

9. A method for producing an article com- .. 
prising a functionalized polystyrene having at least 
about 25% of the styryl groups at the surface function­
alized, said method comprising: 

20 contacting a surface of said ·polystyrene with 
an electrophilic substituting agent comprising a poly­
halo complex anion as the counterion to said electro­
philic substituting agent in tetramethylsulfone in the 
presence of from about 0.1 molj to about 1 mol% based 

25 on said electrophilic substituting agent of an oxy 
polar compound. 

30 

10. A method according to Claim 9, wherein 
said electrophilic substituting agent is a nitronium 
nitrating agent to provide nitro groups. 

~l~ A flask or bead prepared according to a 

method according to claim 9 or claim 10. 


