SPECIFICATION

POLYCARBONATE RESIN COMPOSITION, AND FLUORESCENCE
DETECTION/ANALYSIS SUBSTRATE PRODUCED USING
POLYCARBONATE RESIN COMPOSITION

TECHNICAL FIELD
[0001]
The present invention relates to a polycarboreganrcomposition usable for a
fluorescence detection and analysis substrateadhthrescence detection and analysis

substrate formed using such a polycarbonate resnposition.

BACKGROUND ART
[0002]

Conventionally, it is known that genetic analyisipossible by labeling a DNA
as a target biomolecule with a fluorescent substadoecting laser light thereto to
excite the fluorescent substance, and reading theergted fluorescence. The
fluorescence of the fluorescent substance useithédiabeling is very weak. Therefore,
a material of a fluorescence detection and analgslsstrate used for the genetic
analysis as described above is often glass oosil@aving low autofluorescence.

[0003]

A material of a fluorescence detection and analgsbstrate is required to be
transparent, highly processable, highly chemicsistant, highly heat-resistant,
produceable at low cost and the like in additiorb&ng low in autofluorescence as
described above. In the case where glass is usea material of a fluorescence
detection and analysis substrate, there are prabllkat, for example, the processability
is not absolutely high and the production costighh In the case where silicon is used
as a material of a fluorescence detection and sisaBubstrate, the processability is
high because etching and photolithography are asaibl there is a problem that the

transparency is low.



[0004]

In general, a plastic material used for a substfatipport) for fluorescence
detection and analysis is preferably transparemifthe point of view of detection
sensitivity. Plastic materials that are being mddas a material of the substrate
include, for example, an aromatic polycarbonaténres polystyrene resin, a saturated
cyclic olefin-based resin, an acrylic resin and tike. With the above-described
fluorescence detection and analysis method, in dase where the fluorescence
(autofluorescence) derived from the substrategh,hithe background of the substrate is
high at the time of detection, and thus the S/Mriatlowered to decrease the detection
precision. Therefore, it is important that the en@l of a fluorescence detection and
analysis substrate should be low in autofluoreseenc
[0005]

An aromatic polycarbonate resin has superb priggedf transparency, heat
resistance, transferability and the like, and tlsusised in various fields for compact
discs, light guide plates of liquid crystal devickght diffusers and the like. Therefore,
it has been attempted to use an aromatic polycatboresin for a fluorescence
detection and analysis substrate (see, for exaRptent Document 1).

[0006]

In the meantime, an aromatic polycarbonate reas dn aromatic ring, and
therefore, has a characteristic of having higheem@al autofluorescence than other
transparent resins. Namely, although a material afofluorescence detection and
analysis substrate is generally required to hawedotofluorescence (low background)
in a visible light wavelength range (400 nm to T0), the aromatic polycarbonate
resin has autofluorescence in this visible lightv@langth range and thus has high
background. For this reason, the aromatic polyazate resin has a problem of not
being suitable for a fluorescence detection andiyaisasubstrate.

[0007]

In such a situation, use of resins other thanatioenatic polycarbonate resin,

which is difficult to use for a fluorescence deiectand analysis substrate, has been

studied. Specifically, for example, as a fluoreseedetection and analysis substrate



that is transparent and has relatively low autoB#soence, a substrate formed of a
saturated cyclic olefin-based resin has been pexposee, for example, Patent
Document 2).

[0008]

A fluorescence detection and analysis substratendd of a polyester
containing alicyclic dicarboxylic acid and alicycldiol as main components has also
been proposed (see, for example, Patent DocumentPatent Document 4 will be
described later.

[0009]

Patent Document 1: Japanese Laid-Open PatentcBtibhi No. 2002-14100

Patent Document 2: Japanese Laid-Open PatentcBtibh No. 2001-231556

Patent Document 3: Japanese Laid-Open PatentcBtibli No. 2005-179410

Patent Document 4: Japanese Patent No. 4903518

SUMMARY OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
[0010]

Usually, a biochip may be treated at a high teipee while being handled,
and a resin used for a substrate of the biochigsired to be heat-resistant. For
example, a PCR (polymerase chain reaction) tredtorem fluorescence detection and
analysis substrate is performed af®@5 An autoclave sterilization is performed at a
temperature as high as about 420
[0011]

Therefore, the saturated cyclic olefin-based resind the polyester resin
containing the alicyclic dicarboxylic acid and gbtic diol as main components, have a
problem of not being satisfactorily heat-resistant.

[0012]
In order to use aromatic polycarbonate, which ighly heat-resistant and

highly transparent, for a fluorescence detectiod analysis substrate, it has been



attempted to decrease the autofluorescence of ribmadic polycarbonate with an
additive or the like and an analysis substrate &fof such aromatic polycarbonate has
been developed. Such an analysis substrate igilmEgcin, for example, Patent
Document 4. An ultraviolet absorber or a phenaduhastabilizer is incorporated into
the aromatic polycarbonate resin to decrease tisegbcence intensity. However, with
this method, the substrate is excited by light fadé¢d to be absorbed by the ultraviolet
absorber or the like, and emits light. Thus, thbstrate does not provide sufficient
performance as a fluorescence detection and asaybstrate.

[0013]

As described above, the aromatic polycarbonateah@®blem of having high
potential autofluorescence although having charsties of being, for example, highly
transparent, highly heat-resistant and highly fiemable. No effective method for
decreasing the autofluorescence has been foundthidrsituation, development of a
material that is, for example, highly transparenighly heat-resistant and highly
transferable, has low autofluorescence and thssitable for a fluorescence detection
and analysis substrate has been desired.

[0014]

The present invention, made in light of the abdeseribed situation, has an
object of providing an aromatic polycarbonate resomposition for a fluorescence
detection and analysis substrate that has signtficdecreased autofluorescence and is
highly heat-resistant and highly transparent, arflili@escence detection and analysis
substrate produced by melt molding performed o surcaromatic polycarbonate resin

composition.

MEANS TO SOLVE THE PROBLEM
[0015]
Under the above-described situation, the presevenitors actively studied
autofluorescence of an aromatic polycarbonate resore specifically, specified from
which autofluorescence is derived, and studied rfechanism of generation and

increase of autofluorescence. As a result, thesenmteinventors have found that



autofluorescence of the aromatic polycarbonatenrésicaused by various branch
structures generated by heat provided during mgldin the like. The present
inventors have also found that the amount of thenddm structures (amount of
autofluorescence) is greatly influenced by the tadeliused or the type of the aromatic
polycarbonate resin.

The present inventors have found the following: ¢bntents of the compounds
described later in detail are suppressed low byowemy micrograins from flakes of a
polycarbonate resin obtained by an interfacial p@gization method; and as a result,
the amount of the branch structures in selectethgraf the polycarbonate resin is
decreased. The present inventors have also fdwntblowing: a transparent molded
product obtained by, for example, injection moldpeformed on such selected grains
has high autofluorescence that is characteristith@fpolycarbonate resin at, or in the
vicinity of, a fluorescence wavelength of 310 nropever, the wavelength range of the
autofluorescence is very narrow, and the autofemgece is significantly low in a
visible light region of 400 nm to 700 nm.

[0016]

Namely, the present invention is as follows.

(I) A polycarbonate resin compaosition, comprising:

a polycarbonate resin synthesized by an intedfgmidymerization method,
wherein the polycarbonate resin composition fdffbrmula (1) below with respect to
fluorescence emission of the composition when betngited by light having a
wavelength of 290 nm,

[{F(310) - F(450)}/{F(400) - F(450)}% 40 ... formula (1)
where F(310), F(400) and F(410) are respectivelgréscence emission intensities at
wavelengths of 310 nm, 400 nm and 450 nm.

(I A polycarbonate resin fluorescence detectiand analysis substrate,
comprising the polycarbonate resin composition etiog to (1) above.

(Il The polycarbonate resin fluorescence detectand analysis substrate
according to (Il) above, wherein a total contenaafompound represented by formula

(A) below and a compound represented by formulab@dw in a hydrolysate obtained



as a result of alkaline hydrolysis performed on ftoerescence detection and analysis
substrate is 5 ppm by weight or less.

[Chemical formula 1]
o

OH
CH; L
h \ / O
CH, CH;,
Formula (A)

CHj;

/_<_ CH, CH,
HO

© Formula (B)

(IV) The polycarbonate resin fluorescence detec@md analysis substrate
according to (Ill) above, wherein the total contehthe compound represented by the
formula (A) and the compound represented by then@iket (B) in the hydrolysate
obtained as a result of the alkaline hydrolysidqrered on the fluorescence detection
and analysis substrate is 3 ppm by weight or less.

(V) The polycarbonate resin fluorescence detectmi analysis substrate
according to any one of (ll) through (IV) above, esin the polycarbonate resin
obtained by an interfacial polymerization methodinsa form of flakes, and the
polycarbonate resin fluorescence detection andysisasubstrate is produced in a melt
molding step performed on the flakes.

(V) The polycarbonate resin fluorescence detectmd analysis substrate
according to (V) above, wherein the polycarbonasirr fluorescence detection and
analysis substrate is produced using selected dlakataining grains having a grain
diameter of 50Qum or longer at a content of 90% by weight or higtiee selected
grains being obtained in a grain selection steq@wioving micrograins from the flakes.

(VIl) The polycarbonate resin fluorescence detectand analysis substrate

according to (VI) above, wherein the polycarbonasin fluorescence detection and



analysis substrate is produced using the selectedsgobtained from the flakes in the
grain selection step by use of wind power.

(VIIl) The polycarbonate resin fluorescence detectand analysis substrate
according to (VI) or (VII) above, wherein the podybonate resin fluorescence
detection and analysis substrate is produced utiagselected grains obtained by
removing the micrograins caused to float by use wéntilation unit.

(IX) The polycarbonate resin fluorescence detec@md analysis substrate
according to (VI) above, wherein the polycarbonasin fluorescence detection and
analysis substrate is produced using the selectedsgobtained from the flakes in the
grain selection step by use of a sieve.

(X) The polycarbonate resin fluorescence detectmi analysis substrate
according to (VII) or (VIII) above, wherein the poblrbonate resin fluorescence
detection and analysis substrate is produced ubmgelected grains obtained from the
flakes in the grain selection step by use of anatleve.

(XI) The polycarbonate resin fluorescence detec@md analysis substrate
according to (IX) or (X) above, wherein the polymamate resin fluorescence detection
and analysis substrate is produced using the sdlgptins obtained by removing the
micrograins in a state where the sieve is vibrated.

(XIl) The polycarbonate resin fluorescence detectand analysis substrate
according to any one of (IX) through (XI) above, esmbin the polycarbonate resin
fluorescence detection and analysis substrate aduped using the selected grains
having a solution YI value of 1.30 or less.

(XI) The polycarbonate resin fluorescence detectand analysis substrate
according to any one of (V) through (XII) above, esbin the polycarbonate resin
fluorescence detection and analysis substrate agluped using the flakes of the
polycarbonate resin having a moisture content & @0m or less as a result of being
dried before being subjected to melt molding.

(XIV) The polycarbonate resin fluorescence detectand analysis substrate
according to any one of (V) through (XIIl) abovehavein the polycarbonate resin

fluorescence detection and analysis substrateogupged by melt-molding the selected



grains in the melt molding step in an atmospherased to have an oxygen

concentration of 10000 ppm or less by additiomeft gas and/or pressure reduction.
(XV) The polycarbonate resin fluorescence detectmd analysis substrate

according to any one of (V) through (XIV) above,emtin the melt molding step is an

injection molding step.

EFFECTS OF THE INVENTION
[0017]

An aromatic polycarbonate resin has conventionadlgn avoided from being
used as a resin for a fluorescence detection aalgsas substrate due to a critical defect
thereof of having fluorescence in a visible lighawelength region. The present
invention significantly decreases autofluorescewicthe aromatic polycarbonate resin.
Therefore, the present invention provides an arienpatycarbonate resin composition,
for a fluorescence detection and analysis substvéetech has little autofluorescence,
has low background, and is highly heat-resistard highly transparent, and also
provides a fluorescence detection and analysistrsuegormed using such an aromatic
polycarbonate resin composition.

[0018]

The aromatic polycarbonate resin composition fluarescence detection and
analysis substrate, and the fluorescence deteatidnanalysis substrate, according to
the present invention are widely usable in thedfedf biochemistry, medical diagnosis,
drug discovery, microorganism investigation, foedyironment, health care and the
like; more specifically, are applicable for biockipuch as a fluorescence detection and
analysis substrate (DNA microarray), a protein dpitein array), an enzyme chip, an
antigen chip, an antibody chip, a cell chip, a micganism chip and the like; a reaction
chip using a lab-on-a-chip, an MEMS (MicroElectredhanical Systems) or the like,
which includes a flow path, a reaction field, ast#ibn unit and the like integrated in a
compact manner by use of a precision processitptdagy using nanotechnology; and

the like.



MODES FOR CARRYING OUT THE INVENTION
[0019]

According to the present invention, selected grare obtained by removing
micrograins from flakes of a polycarbonate resintasied by an interfacial
polymerization method (grain selection step), anddtion molding is performed on the
selected grains to produce an injection-molded yebdinjection molding step). A
molded product, for example, the injection-moldeddoict, obtained as a result of such
steps or the like has very low autofluorescence\abvelength in a visible light region.
A hydrolysate obtained as a result of alkaline blydis performed on the injection-
molded product of the polycarbonate resin produsambrding to the present invention
contains compounds represented by the above-shompaunds (A) and (B) at a total

content of 5 ppm by weight or less.

BRIEF DESCRIPTION OF DRAWINGS

[0020]

[FIG. 1] FIG. 1 schematically shows fluorescengectrum measurement.

[FIG. 2] FIG. 2 schematically shows a method foeasuring a solution YI
value.

[FIG. 3] FIG. 3 shows an injection molding devicsable to produce an
injection molded-product.

[FIG. 4] FIG. 4 schematically shows a mold usdblanjection molding.

[FIG. 5] FIG. 5 shows fluorescence spectra of patponate resin molded

products.

DESCRIPTION OF EMBODIMENTS
[0021]
1. Polycarbonate resin flakes

According to the present invention, flakes of alyparbonate resin are
produced by an interfacial polymerization method.

Specifically, a polycarbonate resin is obtained #®acting an aromatic



dihydroxy compound or a combination of the aromalicydroxy compound and a
small amount of polyhydroxy compound, with a caddmsed compound such as
carbonyl chloride generally known as phosgene, aradh diester represented by
dimethyl carbonate or diphenyl carbonate, carbonorle, carbon dioxide or the like.
The polycarbonate resin used in the present inmens a polymer or a copolymer of
thermoplastic aromatic polycarbonate that may laigdit-chained or branched to a
degree at which the effect of the present invensgarot lost.
[0022]

Examples of the aromatic dihydroxy compound used material used to form
the polycarbonate resin include 2,2-bis(4-hydroxgmpl)propane [= bisphenol A], 2,2-
bis(4-hydroxy-3,5-dimethylphenyl)propane, 2,2-bibf@roxy-3,5-
diethylphenyl)propane, 2,2-bis(4-hydroxy-(3,5-dipiig¢phenyl)propane, 2,2-bis(4-
hydroxy-3,5-dibromophenyl)propane, 2,2-bis(4-hydnaixenyl)pentane, 2,4'-
dihydroxy-diphenylmethane, bis-(4-hydroxyphenyl)hsete, bis-(4-hydroxy-5-
nitrophenyl)methane, 1,1-bis(4-hydroxyphenyl)ethane 3,3-bis(4-
hydroxyphenyl)pentane, 1,1-bis(4-hydroxyphenyl)opexane, bis(4-
hydroxyphenyl)sulfone, 2,4'-dihydroxydiphenylsulégn bis(4-hydroxyphenyl)sulfide,
4,4'-dihydroxydiphenylether, 4,4'-dihydroxy-3,3¢diorodiphenylether, 4,4'-dihydroxy-
2,5-diethoxydiphenylether, 1-phenyl-1,1-bis(4-hydnehenyl)ethane, 1,1-bis(4-
hydroxy-3-methylphenyl)cyclohexane, 1-phenyl-1,%bihydroxy-3-
methylphenyl)ethane, and the like. Bis(4-hydroxgmyi)alkanes are preferable. 2,2-
bis(4-hydroxyphenyl)propane [called bisphenol A] especially preferable. Such
aromatic dihydroxy compounds may be used indepdlydenas a mixture of two or
more thereof.

[0023]

The reaction by an interfacial polymerization noeths caused as follows.
The pH is generally kept at 10 or higher in thespreee of an organic solvent inactive to
the reaction or an alkaline agueous solution, andramatic dihydroxy compound and
a molecular weight adjusting agent (chain termirjaamd, optionally, for example, an

antioxidant that prevents oxidation of the aromatibydroxy compound are used.
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After the aromatic dihydroxy compound or the like fieacted with phosgene, a
polymerization catalyst such as tertiary amine,tepurary ammonium or the like is
added, and interfacial polymerization is performeds a result, the polycarbonate
resin is produced. The timing to add the molecwaight adjusting agent is not
specifically limited and may be any time after tkaction with phosgene is performed
before the start of the polymerization. The reactiemperature is, for example, 0 to
35°C, and the reaction time is, for example, seveialtes to several hours.

[0024]

Examples of the organic solvent inactive to thactien include chlorinated
hydrocarbons such as dichloromethane, 1,2-dichibame, chloroform,
monochlorobenzene, dichlorobenzene, and the likematic hydrocarbons such as
benzene, toluene, xylene, and the like; etc. Théeoular weight adjusting agent or
the chain-terminator may be a compound having aovalent phenol-based hydroxy
group.  Specific examples of such a compound imrclud-methylphenol, p-
methylphenol, m-propylphenol, p-propylphenol, p-teutylphenol, p-long chain alkyl-
substituted phenol, and the like. Examples of ploéymerization catalyst include
tertiary amines such as trimethylamine, triethylaenitributylamine, tripropylamine,
trihexylamine, pyridine, and the like; quaternarymmoniums such as
trimethylbenzylammoniumchloride, tetramethylammaonatloride,
triethylbenzylammoniumchloride, and the like; etc.

[0025]

The flakes of the polycarbonate resin are genegayefor example, as follows.
A dichloromethane solution containing the polycawdte resin produced by the
interfacial polymerization method is dripped intanww water kept at about 45, and
the solvent is removed by vaporization. Thus fiddees of the polycarbonate resin are
generated. Alternatively, a dichloromethane sotutcontaining the polycarbonate
resin produced by the interfacial polymerizationtmoe is put into methanol, and the
deposited polymer is filtrated and dried. Thug flakes of the polycarbonate resin
are generated.  Still alternatively, a dichlororaei solution containing the

polycarbonate resin produced by the interfacialymperization method is pulverized

11



while being stirred by a kneader with the temperatoeing kept at about 20, and
then the solvent is removed with hot water of®@®r higher. Thus, the flakes of the
polycarbonate resin are generated.

[0026]

The polycarbonate resin flakes thus generated havaverage grain diameter
of, for example, about 50 to 3@®n, about 300 to 500m, about 500 to 70Am, or
about 700 to 90um, and of, for example, 6Q@m, 800um, or the like. The grain
diameter distribution of the flakes is 50 to 15080, 100 to 150@um, 200 to 150qum,
300 to 150Qum, or the like.

[0027]
2. Grain selection step

According to the present invention, in a grainesBbn step, from the
polycarbonate resin flakes, micrograins, namelgirng having a shorter grain diameter
than that of the other grains contained in theedtalare removed to obtain selected
grains. The selected grains contain grains haangredetermined reference grain
diameter or longer at a predetermined referencéenbror higher. For example, the
selected grains contain grains having a diamete206fum or longer at a content of
90% by weight or higher. The reference grain di@mand the reference content of
the selected grains are appropriately selectedcaordance with the grain diameter
distribution, the hue or the like of the flakes dise For example, the reference grain
diameter is 10@um, 200um, 500um, 1000um or the like, and the reference content
may be 80% by weight, 90% by weight, 95% by wei§ii€&o by weight or the like.
[0028]

In the grain selection step according to the prese/ention, a sieve having a
predetermined size of openings, a wind-poweredctete device using a ventilation
unit, or the like is usable. Alternatively, a seand a wind-powered selection device
may be used in combination.

[0029]
1) Sieve

The flakes may be sieved by a sieve having a peadeed size of openings,

12



so that the micrograins are removed. Such a sieyebe, for example, a JIS standard
sieve (JIS Z 8801-1), which is a metal net or anregt. Alternatively, a sieve not
conformed to the JIS may be used. Still alterredyjva classification device including
a sieve may be used. In this case, the sieve ragyob example, vibrated, so that
micrograins are efficiently removed from the flakes
[0030]
2) Wind-powered selection device

A wind-powered selection device having a ventiatfunction may be used to
remove the micrograins in a state where the flatescaused to float by ventilation.
The wind-powered selection device causes the flakefioat while, for example,
generating a wind, directed upward, in a cylindgr & ventilator (ventilation unit)
provided in a bottom part of the cylinder. In thtep, the micrograins are caused to fly
by the wind power to pass through the cylinder seeath a diffusion chamber coupled
to the cylinder, whereas the grains which have regéo diameter than that of the
micrograins and are heavier than the micrograinsp din the cylinder by the
gravitational force even if floating temporarilyAs a result, the micrograins and the
grains having a longer diameter than that of therogirains are separated from each
other. Thus, the selected grains are obtained.

The wind-powered selection device is not limitedhaving such a structure.
For example, the pressure in the system may beceedhy an air discharge device
located in a top part of the wind-powered selectlewice, and the grains to be selected
may be caused to drop while the micrograins areetiaw the system having the
reduced pressure. Alternatively, the flakes maysbpplied to a ventilation path
having a diffusion chamber, and the grains to lbecssd may be caused to drop in the
vicinity of a flake supply opening while the micragns are caused to float to be
transferred to the diffusion chamber. Natural wingy be used partially.
[0031]

In this specification, the grain diameter of thedested grains is determined
based on the value of the nominal size of openimgs) of JIS Z 8801-1. For

example, a grain which does not pass a sieve havamginal size of openings of
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200um is defined as a grain having a grain diamet&tO&fum or longer. In the case
where, for example, a sieve not conformed to tf& ail a wind-powered selection
device was used to provide the selected grainsselected grains may be caused to
pass a sieve conformed to the JIS so that theerafergrain diameter or the reference
content are grasped.
[0032]
3. Selected grains

According to the present invention, a compoundeggnted by the following
formula (A) (hereinafter, the compound will be meéel to as "compound A") and a
compound represented by the following formula (Byréinafter, the compound will be
referred to as "compound B") are each containeal hiydrolysate, obtained by alkaline
hydrolysis performed on the selected grains, abrgent of 5 ppm or less, preferably
3 ppm by weight or less, more preferably 2 ppm ksight or less, and especially
preferably 1 ppm by weight or less. It is preféeathat the content of each of
compound A and compound B in the alkaline hydrdkysd the selected grains is 5 ppm
by weight or less, or that the total content of poomd A and compound B is 5 ppm by
weight or less. The above-mentioned content df @acompound A and compound B
and the total content of compound A and compounard also preferably 3 ppm by
weight or less, more preferably 2 ppm by weightless, and especially preferably
1 ppm by weight or less. According to the presenention, the micrograins are
removed from the polycarbonate resin flakes, st e content of compound A and
compound B in the flakes (selected grains) is segg®d low. As a result, a substrate
that is more transparent is produced. The corftemicentration) of each of compound
A and compound B in the hydrolysate obtained bylalke hydrolysis performed on the
flakes (selected grains) is measured by the follgwnethod.

[Chemical formula 2]

14
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Formula (B)
[0033]

The content (concentration) of each of compoundnd compound B in the
hydrolysate obtained by alkaline hydrolysis perfedmn the flakes (selected grains) is
measured by use of LC-MS/MS as follows. First, @.4f sample of the flakes is
dissolved in 10 ml of dichloromethane. To the lesu dichloromethane solution,
1.8 ml of 28% methanol solution of sodium methoxi@enl of methanol and 2.6 ml of
water are added, and stirred for 1 hour. To tkaltent solution, 12 ml of 1 N aqueous
solution of hydrochloric acid is added and stirfed 10 minutes. The system is
acidified and then kept still.  Then, an organielaof dichloromethane separated from
the water layer is put to a constant-volume vesk&D ml, and 2 ml of dichloromethane
solution is sampled. The dichloromethane soluisodried and solidified in a nitrogen
gas stream, and the resultant sample is dissolvediml of acetonitrile solution of
10 mg/l methoxysalicylic acid as an internal staddsolution. The resultant solution
is set as an LC-MS/MS measurement sample. Thisunement sample is subjected
to an LC-MS/MS measurement to calculate the condérdach of compound A and
compound B in the alkaline hydrolysate of the flakselected grains).

[0034]

The content of each of compound A and compoundnBthie alkaline

hydrolysate of the polycarbonate resin flakes asely related with the hue of the flakes.

Namely, flakes having a low content of compoundnd aompound B have a good hue

15



close to being colorless, whereas flakes havingga kontent of compound A or
compound B are colored yellow or amber and tendshawe an inferior hue.
According to the present invention, the selectedingr obtained by removing
micrograins from the flakes as described aboveauseel, so that a pellet having a good
hue is produced. The content of each of compouaddcompound B in the alkaline
hydrolysate of the selected grains is supprességpm by weight or less.

[0035]

According to the present invention, the selecteding have a solution Y| value
of, preferably 1.30 or less, more preferably 1.2@ess, and especially preferably 1.00
or less in order to produce a molded product hasiggod hue closer to being colorless.
[0036]

4. Melt molding step (injection molding step)

According to the present invention, the above-desd selected grains are
produced by molding in a melt molding step suchf@sexample, an injection molding
step. In the injection molding step, the selectedins are subjected to injection
molding to produce an injection-molded producthef polycarbonate resin.

[0037]
4-1. Components of the melt-molded (injection-mdideroduct

In the melt molding step such as, for example,itijection molding step, the
following components may be added in addition te thelected grains of the
polycarbonate resin. The components that may kedadnclude, for example,
additives such as an antioxidant; a phosphorusdbassulfur-based heat stabilizer; a
benzotriazole-based or triazine-based ultravioletogber; a releasing agent such as
carboxylic acid ester, polysiloxane compound, parafvax (polyolefin-based),
polycaprolactone or the like; a photostabilizeid #me like.

[0038]

Substances usable as the antioxidant include ganir sulfur compound, and
an organic phosphorus compound such as phosphite tke.
[0039]

Usable as the heat stabilizer may be at leastsetected from the group

16



consisting of (a) phosphorous acid ester compouanghiich at least one ester in the
molecules is esterified with phenol and/or phermitaining at least one alkyl group
having a carbon number of 1 to 25, (b) phosphormid, and (c) tetrakis(2,4-di-tert-
butylphenyl)-4,4'-biphenylene-di-phosphonite. Sfiec examples of the (a)
phosphorous acid ester compound include trioctyphite, tridecylphosphite,

triphenylphosphite, trisnonylphosphite, tris(octydmyl)phosphite, tris(2,4-di-tert-

butylphenyl)phosphite, tridecylphosphite, didecyimphenylphosphite,
dioctylmonophenylphosphite, diisopropylmonophengigphite,
monobutyldiphenylphosphite, monodecyldiphenylphasph
monooctyldiphenylphosphite, distearylpentaerythdifghosphite,
diphenylpentaerythritoldiphosphite, bis(2,6-di-tkutyl-4-
methylphenyl)pentaerythritoldiphosphite, 2,2-metimgbis(4,6-di-tert-

butylphenyl)octylphosphite, bis(nonylphenyl)pentdbritoldiphosphite, bis(2,4-di-tert-
butylphenyl)pentaerythritoldiphosphite, bis(2,6telit-butyl-4-
ethylphenyl)pentaerythritoldiphosphite, and theslik These substances may be used
independently or as a mixture of two or more thereo

[0040]

Usable as the releasing agent may be at least@npound selected from the
group consisting of aliphatic carboxylic acid, est¢ aliphatic carboxylic acid and
alcohol, aliphatic hydrocarbon compound having mber average molecular weight of
200 to 15000, and polysiloxane-based silicone ollhe aliphatic carboxylic acid may
be saturated or unsaturated aliphatic monovalevdjeht or trivalent carboxylic acid.
The "aliphatic carboxylic acid" encompasses alicydarboxylic acid. Preferable
among such aliphatic carboxylic acids is monovaterdivalent carboxylic acid having
a carbon number of 6 to 36. Especially preferablaliphatic saturated monovalent
carboxylic acid having a carbon number of 6 thro@gh Specific examples of the
aliphatic carboxylic acid include palmitic acideatic acid, caproic acid, capric acid,
lauric acid, arachidic acid, behenic acid, lignexeacid, cerotic acid, melissic acid,
tetrariacontanoic acid, montanic acid, adipic aeigkelaic acid, and the like. As the

aliphatic carboxylic acid in the ester of aliphatarboxylic acid and alcohol, any of the
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substances listed above as the specific exampldabeofliphatic carboxylic acid is
usable. Usable as the alcohol may be saturatedinsaturated monovalent or
polyvalent alcohol. Such alcohols may contain bsstuent such as fluorine atom,
aryl group or the like. Preferable among thesehaits is monovalent or polyvalent
saturated alcohol having a carbon number of 3@®ss.| More preferable is aliphatic
saturated monovalent or polyvalent alcohol havimgdon number of 30 or less. The
"aliphatic compound" encompasses alicyclic compounBlpecific examples of the
alcohol include octanol, decanol, dodecanol, stealgohol, behenyl alcohol,

ethyleneglycol, diethyleneglycol, polypropylenegilcgricerin, pentaerythritol, 2,2-

dihydroxyperfluoropropanol, neopentyleneglycol, ridiethylolpropane,

dipentaerythritol, and the like. The above-desuilester compound may contain
aliphatic carboxylic acid and/or alcohol as impest or may be a mixture of a plurality
of compounds. Specific examples of the ester gfhatic carboxylic and alcohol

include beeswax (mixture containing myricyl palrtetas a main component), stearyl
stearate, behenyl behenate, stearyl behenate, riglyaeopalmitate,

glycerinmonostearate, glycerindistearate, glycestdarate,

pentaerythritolmonopalmitate, pentaerythritolmoerasate, pentaerythritoldistearate,
pentaerythritoltristearate, pentaerythritoltetrasiée, and the like. Examples of the
aliphatic hydrocarbon having a number average midecwveight of 200 to 15000

include liquid paraffin, paraffin wax, microwax, lgethylene wax, Fischer-Tropsch
wax, a-olefin oligomer having a carbon number of 3 to Hhd the like. The

"aliphatic hydrocarbon” encompasses alicyclic hgdrbon. Such a hydrocarbon
compound may be partially oxidized. Among the abbsted substances, paraffin
wax, polyethylene wax, and partially oxidized pahydene wax are preferable.
Paraffin wax and polyethylene wax are more preletab The number average
molecular weight is preferably 200 to 5000. Sunhaéiphatic hydrocarbon may be
formed of a single substance or a mixture of sulggts having any of various
components or any of molecular weights, as lonth@asnain component is contained at
a content in the above-described range. Exampléiseopolysiloxane-based silicone

oil include dimethyl silicone oil, phenylmethyl isbne oil, diphenyl silicone oil,
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fluoridated alkyl silicone oil, and the like. Tvow more of these may be combined.
[0041]

Necessary amounts of such additives may be gntmeted together directly
by a tumbler, a mixer or the like and added togblected grains of the polycarbonate
resin. Alternatively, a master batch formed of thik additives may be formed and
used to produce a melt-molded product such asjection-molded product or the like.
Still alternatively, necessary amounts of a partthed additives are entirely mixed
together, and a master batch of the other additheasbe formed.

[0042]

It is preferable that the selected grains aredditedecrease the water content
thereof before being used for melt molding suchirction molding or the like.
Specifically, the selected grains are dried to ses®p the water content thereof to
preferably 300 ppm by weight or less, and moreguedfly 200 ppm by weight or less.
The suppression of the water content of the salegtains prevents molding faults
which may otherwise occur to the selected graimsgkample, foaming at the time of
injection molding.

[0043]
4-2. Melt molding steps other than the injectionaimy step

The melt molding method used to produce the satestrwhich will be
described in detail later is not limited to any @fie method, and may be any
conventionally known resin molding method. Specdkamples of the melt molding
method include commonly used molding methods swscimjaction molding, injection
compression molding, compression molding, extrusiorlding, hot emboss
(nanoimprint) molding, and the like. Injection rmdimlg and injection compression
molding are especially preferable from the poinvieinv of productivity and freedom of
shape. At the time of injection molding, a supéical fluid may be introduced
together with the resin into the cylinder. In tluase, the fluidity of the resin is
increased, and the transferability of microscofiapes (grooves, holes or the like) is
also increased.

In the melt molding step, the selected grainssatgected to melt molding in
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an atmosphere having an oxygen concentration insyiseem of 10000 ppm or less,
preferably 5000 ppm or less, and more preferabl@03ipm or less. Such an
atmosphere is realized by addition of inert gag@maressure reduction.

[0044]
5. Fluorescence detection and analysis substrate

Now, a fluorescence detection and analysis substecording to the present
invention will be described. A "fluorescence détat and analysis substrate” is a
generic term of members that are used for a ddwaicalyzer, microscope) that detects
fluorescence as a signal and are formed of a rahteaving low autofluorescence.
Especially in the fields of biochemistry, medic&ghosis (clinical examination), drug
discovery, microorganism investigation, food, eamiment, health care and the like, the
term "fluorescence detection and analysis sub&trafers to a device substrate usable
to manipulate and analyze a biological substan@ aremical compound as a target of
analysis at high precision and efficiency. Speaify, the "fluorescence detection and
analysis substrate" may be, for example, a bio@neaction chip or the like.

[0045]

The fluorescence detection and analysis subsgatet limited to having any
specific shape, and may be substrate-like (glage-kke, card-like, disc-like, etc.),
fiber-like, spherical, tube-like, film-like, (micjwell-like, or the like. The
fluorescence detection and analysis substrate reag member directly subjected to
detection light or a member located in the vicirofya member directly subjected to
detection light.

[0046]

A "biochip” is a generic term of devices, with whia biological substance, a
compound or the like as a target of analysis is afifized to a substrate (support), such
immobilized substances (probes) or such an imne#ullsubstance (probe) and another
compound (target) are put into contact with eadhegtand the resultant specific
interaction is detected. The biochip is mainly duder functional analysis of a
biomolecule, integration of manipulations, sensiorgthe like. The “interaction”

encompasses an interaction by which a chemicattstel formed by ion bond or
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covalent bond is changed by a chemical reactioth,aégso encompasses an action which
may produce a situation where a chemical strugtub®nded with another substance in
another mode such as hydrogen bond, coordinate, Mamdder Waals force, chemical
adsorption, physical adsorption or the like.

[0047]

Specific examples of the above-described bioldgscdostance include DNA
fragment, synthesized nucleotide, protein, enzyamgigen, antibody, epitope, sugar
chain, glycoprotein, glycolipid, cell and the likeThe "fluorescence detection and
analysis substrate" according to the present inmergncompasses biochips such as a
fluorescence detection and analysis substrate eis&dl extraction, purification,
proliferation, recovery, analysis or the like of BNDNA microarray), a protein chip
usable for purification, crystallization, expressi@analysis, condition search or the like
of protein (protein array), an antibody chip, aaughain chip usable to analyze sugar
chain capturing or the sugar chain-protein inteéoacta cell chip usable for cell
separation and analysis, and the like.

[0048]

The fluorescence detection and analysis substeterding to the present
invention may be surface-modified or surface-tréai® such a degree at which the
effect of the present invention is not spoiled. eTéurface modification may be
performed by any of various methods. Specificdlby, example, introduction of an
aldehyde group is preferable, by which physiololdycactive substances are covalent-
bonded to each other on the substrate to increasgriength of immobilization.

[0049]

According to a preferable method for introducimgadgdehyde group, an amino
group is introduced and then multifunctional ald#dys reacted therewith. Methods
for introducing an amino group include treatmenthwan amino group-containing
silane coupling agent, plasma treatment in a r#nogtmosphere, coating with an
amino group-containing polymeric substance, andikee Treatment with an amino
group-containing silane coupling agent is preferaibrm the point of view of

simplicity and uniformity of the treatment.
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[0050]

A preferable example of the multifunctional alddbyis glutaraldehyde. The
surface treatment may be performed by any of varinathods. The treatment may be
performed with, for example, cationic polymer, ptHWysine, polyethyleneglycol

(derivative), phosphatidylcholine group-containpmymer or the like.

EXAMPLES
[0051]

Hereinafter, the present invention will be furtleiscribed by way of examples.
The present invention is not limited to any of tieowing examples and may be
altered without departing from the gist of the intren.

[0052]

In these examples, first, from flakes (grain digenedistribution: 50 to
1200um; average grain diameter: 8f; solution YI value: 1.33) of a polycarbonate
resin to be commonly used among the examples (HWRQffoduced by Mitsubishi
Engineering-Plastics Corporation; aromatic polyocadie resin), micrograins were
removed. Samples of the resultant selected geamshown in Table 1 below. The
samples were each injection-molded to produce ad@dolproduct. Regarding the
molded products, the fluorescence spectrum antbthkeconcentration of compounds A

and B were measured.

[Table 1]
Comparative
S lel S le2
ample ample Sample 1
Siev 5
Selection method Sieve Of_ 00pm Classification device Not selected
openings
) . Grains of less than 500 | Grains of less than 500
Micrograins removed Not removed
pm are removed pm are removed
Micrograins remaining ND 3-5% by weight -
Solution YI value
of the flakes 1.10 1.12 1.33
Total concentraion of .,
compounds A and B in the flakes ND ND 4.0 ppm by weight

[0053]
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The selected flakes of sample 1 were obtainedebyoving the micrograins
having a grain diameter less than %00 from the flakes of the above-described resin
by use of a sieve having openings of a size offs@0 The selected flakes of sample 2
were obtained by removing the micrograins fromfthkes of the above-described resin
by use of a classification device (turbo screeneodgpced by Freund-Turbo
Corporation) capable of automatically selectingda
[0054]

The flakes of sample 2 were selected as followshleyclassification device.
First, a blade in a synthetic resin cylindrical having openings of a size of 50
provided in the classification device was rotated &igh speed. In this state, air was
absorbed by an absorption device (ventilation uoit3upply the flakes, together with
the air, to the inside of the cylindrical net fran opening at an end of the cylindrical
net, and thus small vibrations were caused to #te PAs a result, most of the flakes
having a small grain diameter dropped through & sidrface of the cylindrical net
relatively quickly. By contrast, selected grainsieh did not pass the net and a small
amount of flakes having a small grain diameter ndoiean end opposite to the end
through which the flakes were supplied, and drogpealigh an opening at the opposite
end.

[0055]

The resultant selected flakes of sample 2 obtaibgduse of such a
classification device contained a small amountiafefs having a small grain diameter.
Namely, the selected grains of sample 1 did notasormmicrograins having a grain
diameter smaller than, or equal to, the size ofdpenings of the sieve used, whereas
the selected grains of sample 2 contained grainindpaa grain diameter less than
500um at a content of about 3 to 5% by weight with ee$go the total weight of the
selected grains. In this manner, use of a clas$ifin device causes a small amount of
flakes having a small grain diameter to be conthifit realizes quick selection of a
larger amount of flakes by use of a centrifugalcéor Comparative sample 1 was
formed of the flakes of the resin with no selecti@ing performed.

[0056]
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Next, an injection-molded product was producedubg of the selected grains
of sample 1 described above. For producing thexiign-molded product, an injection
molding device 100 shown in FIG. 3 was used. Tijection molding device 100
includes a molding cylinder 10 including a resitraduction part 11 at a tip thereof, a
screw 15 built in the molding cylinder 10, a hop@érthat is attached to the molding
cylinder 10 and supplies selected grains 1 as amahof the injection-molded product
to the molding cylinder 10, a screw driving devic® attached to a rear end 16 of the
screw 15, and the like. The screw 15 located éenrtiolding cylinder 10 is an in-line
screw that plasticizes and melts the selected graiand also acts as a plunger. A
heater (not shown) is attached to an outer circtenfee of the molding cylinder 10, so
that the selected grains 1 present in a gap 17eeetwhe molding cylinder 10 and the
screw 15 are plasticized and melted. The selagiaitts 1 and additives (not shown)
described later were transported in a gas stretorthe hopper 20 from a resin storage
part via a pipe (not shown) and a transportatiort @d. The composition of the
selected grains 1 and the additives used was lasviol

Selected grains 1 (sample 2 described above; adigoate resin lupilon H-
4000F (produced by Mitsubishi Engineering-Plasti&srporation)): 99.92 parts by
weight

Adeka stab PEP36 (bis(2,6-di-tert-butyl-4-
ethylphenyl)pentaerythritoldiphosphite; producedMaleka Corporation)): 0.05 parts by
weight

Rikemal S100A (glycerinmonostearate; produced IxgmRVitamin Co., Ltd.):
0.03 parts by weight
[0057]

Downstream with respect to a discharge part 2&ldéid to the hopper 20, a
blower (not shown) is located. The blower was aietd to make the pressure inside
the hopper 20 negative, and the selected grainsalfiake state were transported in a
gas stream into the hopper 20 from the storagegfatie polycarbonate resin as the
material of the injection-molded product via theeand the transportation part 21. It

should be noted that the method of transportatidheselected grains 1 from the resin
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storage part to the hopper 20 may be any method.
[0058]

The selected grains 1 transported from the hogpeio the molding cylinder
10 were heated, plasticized, melted and transpdugetie molding cylinder 10 and the
screw 15. The barrel (molding cylinder) 10 hadrbeet to a melting temperature of
240°C. The screw driving device 18 was actuated tateathe screw 15 while pushing
the screw 15 forward to pressurize the melted sadegrains 1' containing the additives
in the molding cylinder 10, and thus the melte@steld grains 1' were injected from the
resin introduction part 11 toward a melted resjedtion part 54 (see FIG. 4) of a mold
assembly 50. In the mold assembly 50, the mekéstted grains 1' were supplied via
the melted resin injection part 54 into a cavity@8vided between a first mold part 51
and a second mold part 52. The melted selecteiisgdd were provided to fill a
portion of the gap 17 between the molding cylintiérand the screw 15, the portion
being between a position of the molding cylinder tbOwhich the hopper 20 was
attached and the resin introduction part 11. 8. Bl the melted selected grains 1' are
shown to fill a part of the portion of the gap 17.

[0059]

To a rear end part 12 of the molding cylinder hGlee screw driving device 18
side, an airtight state forming member 13 is atdctnat puts the rear end part 12 into
an airtight state. A sealing member 14 that putspace between the airtight state
forming member 13 and the screw 15 into an airtgfate is attached to the airtight
state forming member 13. Such a structure kepsplaee, in the molding cylinder 10
in which inert gas (e.g., nitrogen gas having atpwf about 99.99%) was flowing, in
an airtight state. As a result, the oxygen corred¢ion in the molding cylinder 10 was
suppressed to about 100 ppm.

In the case where the molding cylinder 100 itseHirtight, neither the airtight
state forming member nor the sealing member isssacg.  FIG. 3 shows the flow of
the inert gas with arrows.

[0060]

The injection molding device 100 also includesirrt gas source 30 and a
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pipe 32 used to introduce inert gas from the img$ source 30 into the molding
cylinder 10. The pipe 32 is attached to a positibthe molding cylinder 10 that is on
the side of the screw driving device with respediie position of the molding cylinder
10 to which the hopper 20 is attached; more spadlf;, the pipe 32 is attached to the
airtight state forming member 13. The pipe 32 rhaattached to the rear end part 12
of the molding cylinder 10 on the side of the sciwing device. In the middle of
the pipe 32, a pressure control valve 33 and aspressensor 34 are provided. In
order to detect the pressure in the hopper 20hdipper 20 is provided with a second
pressure sensor 35. The pressure control vahen83he pressure sensors 34 and 35
may be of a known system and structure. Outputhefressure sensors 34 and 35
are sent to a pressure control device 31, and gubaf the pressure control device 31
controls the actuation of the pressure controle@8 and the inert gas source 30.
[0061]

An inert gas injection opening 38 is a gap throwghich the inert gas is
allowed to pass but into which the polycarbonasenras the material of the injection-
molded product is not allowed to flow. There isgpecific limitation on the position
or the shape of the inert gas injection openinga88ong as the inert gas passes is
allowed to pass through, and the polycarbonaten resithe material of the injection-
molded product is prevented from flowing into, timert gas injection opening 38.
The inert gas injection opening 38 may be linead more preferably circular, instead
of being dot-like.

[0062]

The inert gas was caused to flow from the inest grurce 30 to the outside of
the system via the pipe 32, the inert gas injectipaening 38, the molding cylinder 10
and the discharge part 22 attached to the hopper R0this point, the hopper 20 was
filled with the selected grains 1, and the selegieins 1 were plasticized in the portion
of the gap 17 between the molding cylinder 10 drel 4crew 15, the portion being
between the position of the molding cylinder 10amoich the hopper 20 was attached
and the resin introduction part 11.

[0063]
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In this state, the pressure in the part of thedmgl cylinder in which the inert
gas flows (specifically, the rear end part 12fas,example, higher than the atmospheric
pressure by about & 10° Pa (0.02 kgf/crf). The pressure of the inert gas or the
change of the pressure in the rear end part 12bmaletected by the pressure sensor 34.
Based on the detection result of the pressurepthssure control valve 33 may be
controlled via the pressure control device 31 totad the flow rate of the inert gas.
At the time when the selected grains 1' were trarted in a gas stream into the hopper
20, the pressure inside the hopper 20 was maddiveegaAs a result, the pressure of
the inert gas flowing from the inert gas sourcet@@he outside of the system via the
pipe 32, the molding cylinder 10 and the hoppem28 changed. Such a change of
the pressure inside the hopper 20 was detectelaelseicond pressure sensor 35, and the
pressure of the inert gas in the rear end part 42 detected by the pressure sensor 34.
Based on the detection results of these presstikeas possible to control the pressure
control valve 33 and the inert gas source 30 \egpttessure control device 31 to control
the flow rate of the inert gas. Therefore, evayutih the pressure inside the hopper 20
was changed, the flow rate of the inert gas flowmagn the inert gas source 30 to the
outside of the system via the pipe 32, the inesgt iggection opening 38, the molding
cylinder 10 and the hopper 20 was kept substantalhstant.

[0064]

Gas that was generated from the selected graplasticized and melted in the
gap 17 between the molding cylinder 10 and thewsdi® was discharged to the outside
of the system from the discharge part 22 via thgpko 20, together with the inert gas
flowing in the molding cylinder 10.

[0065]

In example 1, the oxygen gas concentration inhibygper 20 and the molding
cylinder 10 to which the selected grains 1 as tretenal of the injection-molded
product were put was controlled to 200 ppm by g gas supplied from the inert gas
source 30. The oxygen gas concentration may beeased by use of an injection
molding device 110, in which the molding cylind€ras a gas discharge opening (vent

part) 19 as shown in FIG. 3. In the injection madddevice 110, the pressure inside
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the system may be easily reduced by use of a vagump (not shown) via the gas
discharge opening (vent part) 19, or nitrogen maasily injected while reducing the
pressure inside the system.
[0066]

The injection molding was performed under thedwihg conditions.

Injection molding device: Injection molding devidER100EH2 produced by
Sodick Plustech Co., Ltd.

Molded product size: 100 mm lomgl00 mm widex 3 mm thick
Molding temperature: 280

Mold temperature: 10C

Molding cycle 40 seconds

[0067]

By such injection molding, the polycarbonate resas injected from the resin
introduction part 11 (see FIG. 3) to fill the cgvB3. The polycarbonate resin filling
the cavity 53 was cooled to produce an injectiodd®d product having a shape
corresponding to the cavity 53 (see FIG. 4).

[0068]

The injection-molded products in examples 1 thloug and comparative
example 1 as shown in Table 2 below were produgedse of the selected grains of
sample 1, sample 2 and comparative sample 1 dedcaibove. The injection molded-
products in examples 2 through 4 and comparatiangke 1 were produced by the
same method as in example 1 described above efareiie oxygen gas concentration
at the time of molding.

[0069]

The fluorescence intensity of each of flat-pl&st pieces obtained in examples
1 through 4 and comparative example 1 was measured.

The fluorescence intensity was evaluated as falowEach of 3 mm-thick flat-
plate test pieces obtained in examples 1 throughddcomparative example 1 was set
as shown in FIG. 1 such that the angle of incidesfca light beam of excitation light

would be 45 degrees and the outgoing angle on Itlteescence measurement side
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would also be 45 degrees. The fluorescence emisgpectrum was measured in a
three-dimensional measurement mode and a fluorescdata mode by use of a
fluorescence spectrophotometer F-4500 produced ktacti High-Technologies
Corporation.

The measurement conditions were as follows: eoitsside sampling
interval: 10 nm; excitation-side slit interval: innfluorescence-side sampling interval:
5 nm; fluorescence-side slit interval: 2.5 nm; sspeed: 240 nm/min.; PMT voltage:
950 V; response: 0.004 seconds; spectrum correc@d) shutter control: ON. The
wavelength of the excitation light was 290 nm.

The fluorescence emission spectrum was measuredmattemperature.

[0070]

In various analyses performed by use of a fluaese detection and analysis
substrate, fluorescence emitted by each sample etectdéd. Therefore, lower
autofluorescence intensity of the substrate is rposéerable.

In general, the wavelength of the fluorescencdtethby an analysis sample is
in the visible light region. Therefore, it is daffve that autofluorescence of the
fluorescence detection and analysis substrategisfisiantly low in this region. A
polycarbonate fluorescence detection and analygistsate uses polycarbonate as a
material. Therefore, fluorescence emission deriviedm the structure of
polycarbonate is observed at or in the vicinity3@D nm. As a result of studies, the
present inventors have found that fluorescence stomsin the visible light region is
caused by various branch structures generated dtygheen in a step of molding or the
like. It has also been found that the fluoresceimtensity at or in the vicinity of
310 nm is decreased, and instead, the fluoresceeersity of a wavelength in the
visible light region of about 330 to 410 nm, longdan 310 nm, is significantly
increased.

[0071]

As described above, the fluorescence emissionsainaple to be analyzed by

use of the fluorescence detection and analysistrati®ss often in the visible light

region. Therefore, it is preferable that emissioym the analysis substrate is not
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present in the visible light region. Accordingtt®e studies of the present inventors,
low emission from the polycarbonate analysis sabstin the visible light region may
be rephrased as the fluorescence intensity at 81.Qumich is the original fluorescence
emission of polycarbonate, being higher than therfiscence intensity in the visible
light region, which is longer than 310 nm. FIGslows fluorescence spectra of the
polycarbonate resin molded products. The solice lirepresents a preferable
fluorescence spectrum from the fluorescence detecnd analysis substrate. The
fluorescence intensity of the fluorescence spectepresented by the dashed line is too
high in the visible light region, and thus a susigrhaving such a fluorescence spectrum
IS not usable.

[0072]

Based on the above, the present inventors havedfdbat an effective
polycarbonate fluorescence detection and analysisstsate is a molded product
fulfilling the following formula (1).

[{F(310) - F(450)}/{F(400) - F(450)}% 40 ... formula (1)

In formula (1), F(310), F(400) and F(450) are exspely relative values of
the fluorescence emission intensity at wavelengtf&.0 nm, 400 nm and 450 nm.

[Table 2]

Comparative| Comparative| Comparative

Example 1 | Example2 | Example3 | Example 4 Example 1 | Example 2 | Example 3

S . . . . Comparative _ _
Flakes used Sample 1 Sample 2 Sample 2 Sample 2 Sample 1

Microerains removed Less than Less than Less than Less than Not removed _ _
s 500pm 500pm 500pm 500pm

Oxygen concentration

at the time of molding

Total concentration of
compounds A and B

Value of [F(310)-F(450)}/
{F(400)-F(450)}

[0073]

200ppm 1000ppm 500ppm 200ppm 1000ppm - -

ND ND ND ND 11.5 ppm - -

95 89 70 103 5 27 15

As is clear from Table 2, in examples 1 throughh4, value of formula (1) is
clearly larger than 40, which indicates that theofescence of the visible light
wavelength region was decreased.

[0074]

The value of the left side of formula (1) is prel@ly 45 or greater, more
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preferably 55 or greater, and still more prefera@@yor greater.
[0075]

In comparative example 2 and comparative examplde3 formula (1) is of
polycarbonate resin compositions respectively olethi by incorporating 0.1% and
0.3% of a benzotriazole-based ultraviolet absontiteraromatic polycarbonate having a
structural viscosity index N of 1.2 or less desedlin Patent Document 4.

[0076]

From the results shown in Table 2, it is seen that polycarbonate resin
compositions of comparative example 2 and comparakample 3 have a small value
of formula (1). Therefore, the resin compositinreach of comparative example 2 and
comparative example 3 had a fluorescence intemsithe visible light region higher
than that of the fluorescence intensity at 310 ngirally derived from the aromatic
polycarbonate, and thus did not provide satisfgcfmrformance of the fluorescence
detection and analysis substrate.

[0077]

The injection-molded products in examples 1 thlodlgwere subjected to
alkaline hydrolysis, and LC-MS/MS measurement @ like was performed on the
resultant hydrolysates to specify and quantify ithpurities contained in examples 1
through 4. As a result, compound A representefobyula (A) was not detected in
any of examples 1 through 4. By contrast, in caajpze example 1, compound A
was contained at a concentration of 11.5 ppm byktei Based on this, it has been
confirmed that the concentration of compound A éetated to the value of the
fluorescence intensity.

[0078]

In order to check the relationship between the diune polycarbonate flakes
as the material to be subjected to the injectiofdmg and the fluorescence intensity of
the injection-molded product, the solution Yl vauef sample 1, sample 2 and
comparative sample 1 of the flakes, as the maseofathe injection-molded products in
examples 1 through 4 and comparative example k measured.

[0079]
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FIG. 2 schematically shows the measurement of latiso Y| value. The
solution YI value was measured as follows. Tweajvams of each flake sample was
dissolved in 80 ml of dichloromethane (special gjaand put into a transparent glass
cell having an optical path length of 50 mm. Thhkigon YI value was measured by a
spectrophotometer SD6000 produced by Nippon Denshalustries Co., Ltd.

[0080]

The solution Y1 values of sample 1, sample 2 amdmgarative sample 1 of the
polycarbonate flakes as the materials to be sudgject injection molding in examples 1
through 4 and comparative example 1 were compar@d.is clear from Table 3 below,
the solution Y1 value of each of sample 1 and sa2plvas smaller than the solution Yl
value of comparative sample 1. From these restltsseen that in the case where the
components having a small grain diameter were eotoved from the flakes, the
solution YI value was increased and the hue wasrideated. The total concentration
of compounds A and B in the flakes of each of sasd and 2 was very low, more
specifically, lower than the detection limit (ND)By contrast, the total concentration
of compounds A and B in the flakes of comparatiamgle 1 was 4.0 ppm by weight.
Based on these results, it has been confirmedhbabtal concentration of compounds

A and B is an element related to the hue of thedetbbroduct.

[Table 3]
Comparative
S le 1 S le 2
ample ample Sample 1
Selection method Sieve of 500pm openings | Classification device Not selected
. 5 s 5
Micrograins removed Grains of less than 500p | Grains of less than 500p Not removed
m are removed m are removed
Micrograins remaining ND 3-5% by weight ND
Solution YI value
of the flakes 1.10 1.12 1.33
Total concentraion of .
compounds A and B in the flakes ND ND 4.0 ppm by weight

[0081]
Specifically, neither compound A nor compound Bswiatected from the flake

materials having a solution Y1 value of 1.30 osles
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[Chemical formula 3]

o
OH

CHy _>_/ CHy
CHy \ / CH,

Formula (A)
CHa CHy
/< CH; CHy

HO Formula (B)

[0082]

Based on the above results, it has been confirthaedan injection-molded
product produced by removing a predetermined amolinbmponents having a small
grain diameter contained in the polycarbonate rdlsikes has a significantly lower
fluorescence intensity in the visible light regi@s well as improved hue and
transparency, and provides greater effects thanjaction-molded product produced by
a conventional method of adding an additive tofldlees.

[0083]

As described above, according to the present trgnan injection-molded
product or the like is produced by removing miceogs and selecting grains from
polycarbonate flakes obtained by an interfacialyparization method, and thus a
polycarbonate resin fluorescence detection andysisalsubstrate having very low
autofluorescence is provided.

[0084]

So far, the present invention has been describsddon preferable examples.
The present invention is not limited to any of #hexamples. The structure of the
injection molding device, materials used, injectimolding conditions and the like

described in the examples are illustrative, and beagppropriately altered.
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CLAIMS

1. A polycarbonate resin composition, comprising:

a polycarbonate resin synthesized by an intedfgmdymerization method,
wherein the polycarbonate resin composition fdffbrmula (1) below with respect to
fluorescence emission of the composition when bemgited by light having a
wavelength of 290 nm,

[{F(310) - F(450)}/{F(400) - F(450)}¢ 40 ... formula (1)where F(310), F(400)
and F(410) are respectively fluorescence emissitamsities at wavelengths of 310 nm,
400 nm and 450 nm.

2. A polycarbonate resin fluorescence detectioml amalysis substrate,

comprising the polycarbonate resin composition ediog to claim 1.

3. The polycarbonate resin fluorescence detectiod analysis substrate
according to claim 2, wherein a total content ebenpound represented by formula (A)
below and a compound represented by formula (B)vb@h a hydrolysate obtained as a
result of alkaline hydrolysis performed on the fiemcence detection and analysis
substrate is 5 ppm by weight or less.

[Chemical formula 1]

0]
OH

CHy /[ CH,
" <:> <\ /> ° . . >

CH, CH,

Formula (A)

CHs CHs
HO / \ OOH

—/— CH, CH,

HO

Formula (B)
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4. The polycarbonate resin fluorescence detecdiod analysis substrate
according to claim 3, wherein the total contenttted compound represented by the
formula (A) and the compound represented by thendiket (B) in the hydrolysate
obtained as a result of the alkaline hydrolysidgrered on the fluorescence detection

and analysis substrate is 3 ppm by weight or less.

5. The polycarbonate resin fluorescence detectiod analysis substrate
according to any one of claims 2 through 4, whetiegnpolycarbonate resin obtained by
an interfacial polymerization method is in a forinflakes, and the polycarbonate resin
fluorescence detection and analysis substrate asluped in a melt molding step

performed on the flakes.

6. The polycarbonate resin fluorescence detectiod analysis substrate
according to claim 5, wherein the polycarbonatenrdiiorescence detection and
analysis substrate is produced using selected dlakataining grains having a grain
diameter of 50Qum or longer at a content of 90% by weight or highke selected

grains being obtained in a grain selection ste@wioving micrograins from the flakes.

7. The polycarbonate resin fluorescence detectod analysis substrate
according to claim 6, wherein the polycarbonateinrdiiorescence detection and
analysis substrate is produced using the selectedsgobtained from the flakes in the

grain selection step by use of wind power.

8. The polycarbonate resin fluorescence detectiod analysis substrate
according to claim 6 or 7, wherein the polycarbenasin fluorescence detection and
analysis substrate is produced using the selectaihsgobtained by removing the

micrograins caused to float by use of a ventilatiait.

9. The polycarbonate resin fluorescence detectiod analysis substrate

according to claim 6, wherein the polycarbonatenrdiiorescence detection and
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analysis substrate is produced using the selectedsgobtained from the flakes in the

grain selection step by use of a sieve.

10. The polycarbonate resin fluorescence detectiod analysis substrate
according to claim 7 or 8, wherein the polycarbenasin fluorescence detection and
analysis substrate is produced using the selectgdsgobtained from the flakes in the

grain selection step by use of another sieve.

11. The polycarbonate resin fluorescence detectiod analysis substrate
according to claim 9 or 10, wherein the polycarlierrasin fluorescence detection and
analysis substrate is produced using the selectathsgobtained by removing the

micrograins in a state where the sieve is vibrated.

12. The polycarbonate resin fluorescence detectiod analysis substrate
according to any one of claims 6 through 11, wimerie polycarbonate resin
fluorescence detection and analysis substrate aduped using the selected grains

having a solution Y| value of 1.30 or less.

13. The polycarbonate resin fluorescence detectiod analysis substrate
according to any one of claims 5 through 12, whertie polycarbonate resin
fluorescence detection and analysis substrate aguped using the flakes of the
polycarbonate resin having a moisture content & @20m or less as a result of being

dried before being subjected to melt molding.

14. The polycarbonate resin fluorescence detectiod analysis substrate
according to any one of claims 5 through 13, wherthe polycarbonate resin
fluorescence detection and analysis substrateogupged by melt-molding the selected
grains in the melt molding step in an atmospherased to have an oxygen

concentration of 10000 ppm or less by additiomeft gas and/or pressure reduction.
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15. The polycarbonate resin fluorescence detectiod analysis substrate
according to any one of claims 5 through 14, wimetbe melt molding step is an

injection molding step.
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