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;e3e| ny 486TnNVO 9'" May 2003 Device and Met hod for Concentration of
Sanpl'es by M croc i jon Background of the invention 1. Field of the
invention The pr‘ﬂmmﬁm\m‘»@\gﬁml on relates generally to the fi & Ma¥200%mpl e
handling and to s oncentration. Mre particularly, this

invention relates to *6%t hod and device for concentrati on of sanples, such
as anal yte solutions, on the principté-of crystallization. 2. Description

of the priog art. In order. to, neet the requir nt. of current .

envi r onment Y‘cﬁiaBG[Mﬁ{hegl for, Cpncentration "f:g%ff‘?@fng,y E?"eryﬂtﬁ‘ﬁézaflﬁf‘or mation is
needed to be drawn froma small anount of sanples, 10 such as bl ood or a
solution containing quite snmall anount of interesting conpounds, suitable
devi cespasbroghdofithd@@entién be devel oped for handling and concentrating

t hese sanples. The nost wi dely used nethods cu “\mmmmmtased on
extraction, such as solid phase extraction, somﬂmu roextraction,
and |iqbid -Ficiof hednteniieni on. There are al so ot hgjg ket hods which coul d be
used, such as evaporation. There is hardly any nethod for 15 concentrating

sanpl e sol ut irﬁggremﬁ% Ao %tg%gé;a;a]mgﬁ%aig el 5t %h@éﬁ‘&ddﬁﬂgafﬂ‘?d"sa% le

crystalline phaSe i's torned hase process Is co nly

cal | gd pre¢shicehirhtic.i MoreDpteti&datiyethiv FRemeIreeddtss toya lyetidd ahd dewias , foi ons,
and nol ecul es may be built in a crystal lattice) crystallization has been
used i nconsdnsation gfoamplasd sidhrag anpkyke solptiony, ephsdumgiple o emstalizaten.ect ed
conpounds (usually the major conmponent in the 20 liquids, such as water in
aqueous,sol uty i olvents in organic solutions) crystallizing
out fro%ithetkg%ﬁF%ggﬁgﬁggggﬁ?%g purified, the other conpounds (usually the
m nor conponents in the liquid, or analytes when they are the conpounds of

i nterest) betworles anmeeattharemirementwf cuaent envirgninemsal, Siochemmiezkeandosiindoat r at i on
is a process for concentrating aqueous solutions by renoving water in the

f or m of apalgsis, heig marg dafarmatici is ggeded to de csw Horpd gnalh Amrdat ofmplesyi de

sevelel ANATAARER, ONRl Rk dR BN AR EF AR Olhahute sl |

anal yti _ h™as ext raction and evapora
et hods defic@xdridaatineds nétd ©radiveioped ¥ Han@lingid edrkeritrdtRaasdeSsagiptesneeded
during crystallization, which will reduce the danger of contam nation to

sanpl es ThAadnodievidolyt usedr methods currently are based on extraction, such as solid phase
extraction, solid phase microextraction, and liquid - liquid extraction. There are also other
methods which could be used, such as evaporation. There is hardly any method for

15 concentrating sample solutions based on the principle of crystallization.

When a crystalline phase is formed from a fluid phase, the process is commonly
called crystallization. Due to the high selectivity by which atoms, ions, and molecules may
be built in a crystal lattice, crystallization has been used in industry for producing high
purity compounds. With the selected compounds (usually the major component in the

20 liquids, such as water in aqueous solutions and organic solvents in organic solutions)
crystallizing out from the liquid and becoming purified, the other compounds (usually the
minor components in the liquid, or analytes when they are the compounds of interest)
become concentrated in the remaining liquid. Freeze concentration is a process for
concentrating aqueous solutions by removing water in the form of ice. Using crystallization

25 to concentrate samples can provide several advantages over other concentration techniques
often used in analytical chemistry, such as extraction and evaporation. Compared with
methods of extraction, no organic solvent or any other reagents are needed during

crystallization, which will reduce the danger of contamination to samples and the cost for



. Stn May 2003 .-2 disposing toxic reagents. Conpared with evaporation,
crystallization can be used to concentrate seni-volatile and vol at I e
sanples. In addition, crystallization can concentrate anal yt s May 2993 d
sanpl es which can be changed into |liquid state under certain conditions,
such as heating themto a certain tenperature. Few concentration techni ques
in current 5 analytical chemistry can2concent rat e solid sanpl es directly.

Until nqQw, there .are on f ew papers | ch..ad

concent HppRE i anaopty <CopbyieB R LvAKGaitt SrbtlRRaRt SR B neal

sol uti ogoRaaRste RBmi-VSI8ER MANGRIME s, 1T a@dlﬂbﬂcw&anfzaﬁdrem@@aﬁ% ration
is usually quite long, generally several hours, and generally requires

| ar ge samgdytes sosalidi amplgsavhicke gan be ehangad mm)hqumbstﬂeo@dcll 9ertam conditiensi nt ense
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different ways so as to produce |arge nhunbers, or ibraries, of hew

nol ecul aeperaavalable whicthadupess cofidentratert dnd zmlaymswzf opgasm stﬂlvaenbsyartdrmnsnmnal

synt heti c approache em. Re [ en dr 15 .

G oo PGS SORFIAR aSHar e GEAEre, SPCE BTN CEHCAPRI S ofTEA7S Py AR s
handl e

ol ecu AP0 EHBod Rabit SV, A8 senfAlp e 16 e BfMons
sought amdedshedvergmilctures will need determ ning. In addition, nost

conbi natori al nethodol ogies yield only 0.1 to mcronole quantltles of
product, which are |ocalized on pol yner beads, plastic "pins"

mcrbtiter piRscentiyewith theyinfense Phopnarentich dand discovery eftants tCPV‘ibt‘}aé’spaér e
demande e
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of this invention The present invention is directed to a nmethod and device

whi ch cdnpeidnes leegsasindiers, 26 libkries of naw enclequlas varipnty mych monp pidisicndy Saal |
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containing said plurality of sa Stn May a second
conpl i mentear ydaysanarpﬁ) a‘t)Qnr«acmommwdl lipwagsn ©f e mgblecuﬁﬂruﬂalqtmys ofulsequimtlyi ng

means whi ch ar ted to b serted,in ective sanples .in said
e | ot DR e s ety OF e A5 {EGnk fnd GRRSE R RS gty o
first t gAREARIH! ﬁlogp&;rﬁlﬂhatgﬁﬁ‘lnﬁne{hbgﬁbéﬁb 91&&‘68@0'0 5 th SHRRSRSIHT, aﬁt’?c'[Hsrd?'
nmeans such that an anount of heat fromsaid plurality of sanples is

di ssi patprddudhr whigh asaliodalpedioalpolyynenbeadsn plasti¢ finsis amsn microtited |phage wellanot her

ot T e vt gl B sicn e asitslies A deprapgs Aihe aahod, O8kcRpRL Be pigkedt ur o
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pluralit sanpl e inserting aconducting neans I nto each sal
sanpl es,thewsand obtieucsimaiiammasly could be very useful and highly desirable.

Summary of this invention

The present invention is directed to a method and device which can simultaneously

25 concentrate a plurality of samples in small volumes based on the principle of crystallization.

In one embodiment, there is provided a device for concentrating a plurality of samples
comprising:
a first temperature control means having a plurality of container means for containing

said plurality of samples;



_being nounted relative to a second conplinentary tenperature control neans;
cooling said plurality of sanples by neans of said first and second
tenperature control nmeans to selectively crystallize conponeﬁt May 2Q03 g
sanpl es; and 15 renoving said crystallized conponents from said sanpl es.
The first and second tenperature control neans may include any suitable
means for controlling the tenperaturedof the plurality of sanples. In a

Compr S 1 1 rop e ol ke hp N ERRO SRR L R SRS SRonFRR 11 o1

cool i ngnémaRehicste 3aEBd t€ BO lrisegedimaBSpeCOVPSang RS ihlsaidplstatity 20ca@aiherol | ed
cooling neans for providing a constant tenperature, a stable variable
t enper dneAns; aml t enperature gradient, or a series of tenperature gradients.

In certain elgbugzil :L:‘n(rjg[;eng%asn%s f(grhl%sglglt{nsé sgf}{' tg]raé t%%lﬁ?gtutrg 0K rro?hl%%xgsr %grqts[a%l secr:rcgsn ns are

i ndi vidual l'y 3 romcirc ers and coo heat 1 ng and

cool § ngepbeakie aolrdll Hethshathshat laf adndhebehéf dreragdi pretity bheandbley &l ity of
contai ner neans are located in a face of 25 the first tenperature control

means, dissdpat¢rbthronghlsatdi plarahtyaefsondugtinggesang | ayer of insul ating materi al
di sposed on a face of the second tenperature control neans opposing the
face of the first. tenperature control neans on ich,t |urality of
contai ner meAffording P Goatet TRBTMADY el bV eerd BROPE PSSR E R i ng
means pPassEsy &f QML [p&-tenperature control neans through the

i nsul af@ng ?ryateri I ar?g,ﬁﬁi g%use, into the plurality of sanples in 30 the

plurality of contplacieg anerality of s8Bmpldshy aXii8Gtemperthee icostmdlaneang haemgsa
preferably partly or conpletely prevents transfer qof heat between the first
temsgraxelufaéltméﬁqn@ﬂmqusgwomgl%% BIUF%%Q%%&“EF&%S;COMMI means. In a

particul arly pref ﬁ%rgﬂ%gg%{gﬂtcl )eaxkff&‘toie%%ﬁ&ih@&ngﬁé@ﬁid%ﬁ@d%iﬁg?ne@nso' astic

foaminsulator. 5 nmeans may conprise any sulita conducti ng
mat er i abeingAduney réletief toalvecond doatplEndndriniethpeeitufeawintrol meass; t he conducti on
of heat fromthe sanple through the conducting neans. Preferably, the
plurality of conderdlinggaidhwiuality efganpesdyamenngphsaid frsbandgepensl temperatwe es nay
be forned. from mett aIere oé %/rcrers izréocr &@n}lctorf,s%r aanig mart1 rial, and
prefera%(frgsro Bﬁﬁ?% Qe 08&64 Wl?a«g% SRR & B SIHH)'TSI’? onprising an outer
protjgctive | ayer. rehtbvity §dMeEBGRIze 36Rp&ientd ortishi@Samplesi ncl ude a singl e
wire, or may include a plurality of wires. Preferably, each of said wires
has a di aneter of from about several nanoneters to several centineters.

Mor e pref er abhg first aoéh sedond ligmpdratgee ¢ragrohmgansmaie mchide aby wuitable means for

controlling the temperature of the plurality of samples. In a preferred embodiment, the first
and second temperature control means comprise first and second cooling means. More
preferably, each of the first cooling means and second cooling means comprises thermostat
20 controlled cooling means for providing a constant temperature, a stable variable
temperature, a temperature gradient, or a series of temperature gradients. In certain
embodiments, the first and second temperature control means are individually selected from

circulating heaters and coolers, heating and cooling blocks and slush baths.

In a preferred embodiment, the plurality of container means are located in a face of

25  the first temperature control means, and the insulating means comprises a layer of insulating
material disposed on a face of the second temperature control means opposing the face of

the first temperature control means on which the plurality of container means are located.
Most preferably, the plurality of conducting means passes from the second temperature
control means through the insulating material and, in use, into the plurality of samples in

30 the plurality of container means.



_mllimeter. The container neans nmay conprise any suitable neans for
"containing the plurality 15 of sanples. In a preferred enbodi nent, the
cont ai ner neans conprises a plurality of wells, each of whi cR" MYetQs one
of the plurality of sanples or is adapted to receive a sanple container
hol di ng one of the plurality of sanples. In this regard, the sanples may be
i ntroduced directly into the wells, ed-nay be placed into sanple containers

which are in_turn placed in the wells. In the |atter case, is preferred

It
that each safkpf diWHIng MERNSCBRFHTRRIESPASRY LTt SnRpletplyt Pre¥enss tangfer of et
part! Cubatyeed iR IFB el e LBMPbIGHEAD bAL BR'se SbEpesfe Borttof Sheand U RS- Once
ce, the te

the sanples are in p Irst and secon erature control neans
ar e generpdrtigulaady gdeferred anbaimenty theshdulatingt meams cp@peitdsve plassict foam i n
whi ch the conducting nmeans are inserted into respective sanples. This nmay
be achi 8¥BWA; t her nanual |y or 25 automatically as desired. In use, the
conducti ng neans, having been inserted in respective sanples, and

advant ageous : : ' y. | gation.
Fur s Rer i e 26bdiRing ndRPRY cbibrill a0 Lo HREr B YE ey 60
cryst al bt aedsuinbiehfortionhiuk tfadiiitatee aesconductivgh efheat Sropphe tsamplectheouptiuhd | Ng
means advantageously facilitates renoval of the 30 crystallized conponents
f r om t heordsisting mepnsyeBreferablysthesplyrality\ef condndingrraeans wemprisgsplugHity pf

oot . L it A _
i T+ oa ipey rEHe TRy B8 ey o i, potEbE Mo AR LR RO B o851 01
t he chapadférably Toipis®toppbewsddRuebwira dptiddatly dembrisifle int Bater SrORCEVY Rapdre.

However, the crystallization will generally be carried out at a tenperature
of f¥om Furiigompre, gochupt €. wiesnmayiiindludeca gingler wire.oor gy anghudesoplusddity oéd i n

the art, .the sanples ake any suitable fo In particular, the present
nvent | M ey BETISE ] of SHE et ts Adirris ShiectetEi ey sftometi§ AR ¢
sol uti oRgverfll caifinettss W Mdte GBreblY | SuéRl b theURGRE 184 Aldmetandf hbssy for
exanpl e at el evated tenperature. e solutions remaining in the sanple
cont ai neniflinagter.concentrat ed sol uti ons which 10 nay be used for further
anal ysis by other analytical instrunents. Another cycle of concentration
may al so be R i ed.out after the c.ré/st al s N the wires are rem)veq. by
heati ng e container means may comprise any suitable means for containing the plurality
15 of samples. In a preferred embodiment, the container means comprises a plurality of wells,
each of which receives one of the plurality of samples or is adapted to receive a sample
container holding one of the plurality of samples. In this regard, the samples may be
introduced directly into the wells, or may be placed into sample containers which are in turn
placed in the wells. In the latter case, it is preferred that each sample container comprises
20 atube, bottle or vial. In a particular embodiment, the sample container comprises a dialysis

tube.

Once the samples are in place, the first and second temperature control means are
generally moved from a loading position to an operative position in which the conducting
means are inserted into respective samples. This may be achieved either manually or

25 automatically as desired.

In use, the conducting means, having been inserted in respective samples, and
advantageously act as a support for nucleation during the crystallization. Further, in a
preferred embodiment, as the crystallized components are crystallized on the conducting
means acting as a support, the conducting means advantageously facilitates removal of the

30 crystallized components from the container means.



_or: ot her nmethods. Wiile those skilled in art will recognize that there
“exists a .multitude of applications relevant to the present ipy ti%(?mthe
invention will now be described in the context of the 15 anafly

aqueous sanples by freeze concentration) a particularly suitable
application of the present invention. Additional features, aspects and

advant ages of certain enbodi nents of -tShe i nventi on will be nore fully
under st ood n con3| dered_in connection WI e acg anyi.n ravvi gs and
t he det ai | ed %WHH%F%‘HP?Q‘}PTS&MWW ‘@‘fl a%gfélfggf?aéﬂygﬂ rHQO‘gr aw ng

Fi g. ala% &fﬁaﬁé irflf QHrfj‘rBeOéarﬁ&FleeM'qcénﬁferzft&% Mlﬁﬁ &lede ?f to'notﬂef or

concentr t ura |ty of sanple solutions sinultane
m cr ocr yBdrattbtigtassi of. thOnsamp@esy bndirthayddsired hiomal tmmenteamnstmamm thtne real

device can be as nmuch as 100 x 100 or nore. Fig is a_schematic diagram
of part FBIStalliz{iog W‘Ulg@\‘i!FftaHXé’ﬁ cAIridPUb Aka Fe&we&wlmf f5om s JRpt do @bt Fer s
when t he deV|ce|nf|g is in operation. Figs. 3Ato 3Dillustrates the

f t f t d
Pl gggsz chnce 1?% *Imtﬁ&‘%m%ﬁ gﬂggé?m SR iEhE APC AL SAhGHs ?ﬂyk'fgk@%% ur “9

|'e contai ner as an

exanpl e suititde féhn s Ihrpartlgman; ahe @memtr mpéeiongnaybe wed ao laedcelnyrateavuriduar y
el ectrophoresis, of five kinds of mor&ani c_anions before and after
appl yi n@Quenus f solieions c oRgNe salitiens, peroselids whichneanybe diguefiedwiaden eertais Fi g.

Sis the typical. el ectro [ ai ned by capillary el ectrophoresis,
of two ﬁﬂg%g‘f’gs 58‘%8’?%“%%5@%@?@%%*&3%9% the freeze concentration process
of the present invention. Fig. 6 is the typical electropherograns, obtained

by capillary mleaglitRRbeéRfhing ifthd sathpls edriindis ARS ebfecaftstedkblatio®PRhithng t he
freeze concentration process of the present invention. Figs. 7A and 7B are

t he thr onan dgresssior phadalygis gis other caralydighla prspruments 1 AArptlagintyelg gifvent s
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t enper atdrhdrafdthedsed cooling device. Detailed Description of a preferred
enbodi ment

While those skilled in art will recognize that there exists a multitude of applications
relevant to the present invention, the invention will now be described in the context of the
15 analysis of aqueous samples by freeze concentration, a particularly suitable application of

the present invention.

Additional features, aspects and advantages of certain embodiments of the invention
will be more fully understood when considered in connection with the accompanying

drawings and the detailed description which follows.

20 Brief description of the drawing

Fig. 1 is a schematic diagram of the device of the present invention for concentration
of a plurality of sample solutions simultaneously by microcrystallization. Only 3 x 6 array

is shown for demonstration. The real device can be as much as 100 x 100 or more.

Fig. 2 is a schematic diagram of partial section view taken along one row of the

25 sample containers when the device in fig.1 is in operation.

Figs. 3A to 3D illustrates the process of ice growth and separation from the

concentrated solutions during freeze concentration, taking one sample container as an



15 Referring to Figure 1, a device for carrying out mcrocrystallization
has two thernpostats 11 and 12 for controlling tenperatures, hﬁL@urzadoisty of
wires 20 for conducting heat) a thermal insulator 30 between”tH&Y
thernostats 11 and 12, and a plurality of sanple containers 50. Each of the
wires 20 has two ends 21 and 22. The wires 20 are immbilized vertically
and individually on the bottom of theéthernostat 11 in an array so that

t heir ends %0 21 are located in the thernostat 11 and their ends 22 lie
out si de*t1 ¥ Thernostat 11. The wire ends 22 al so pass through the thermnal

i nsul ator 30 which is inmobilized on the outside bottom of the thernostat
11. On the tpfp.afis tHeaypibdremeabplierdgtama, ¢btainel byt dapiifaryveletttophOresiseotfi@at ed in
the sane array pattern as that for the wires 20. The size and shape of the
wel | s 4Bindhofiingrgamictnienscbefore aing aéies appheing fthe fiecze sapteatradon piosess PILE so
that the sanple (t:ont ainers 25 50 can be put in and taken out easily from
the wel PESS 188 Phere are littl e spaces between them when the containers
50 are in the wells 40. If the wells 40 can be renoved fromthe thernostat
12, tshe wel | Fff) sGathdigpiealaidctrophdtbgiang] sbtaih&dby ddpilldeleb@opordsi, bEtveo 50
could Stn May 2003 Eave caps or no caps. |In either way, the top of each
of the phenslsebeferctand nfiesamlying thefreeae sorpensyinnropnss ef iepsesent inggniiep. t han
any ot her inner space of the sanple containers 50 so that the crystal

produced can e s.enpved. W i £ > | i 50.
For operati n&%‘ %‘gﬁevgggwoé&@gﬁ%%@t gllﬂzllll\lllédl’)l@ é#?“%g%goéh%?é&?‘. gﬁéﬁc\)/vi th
known 5 pyabiH§B&foRY andiodfied! a?;ﬁ?iﬂ%@ﬁe fbdzB chi@nttatidt fotsss of thefprédefdinkétitont he
sanpl e containers 50 first.” Then containers 50 with the sanples are put
into the wells 40 individually. Finally, the thernostat 11 noves down so

t hat each of Higse A rad &ilidarethe chrpmatopraphis.i oltained dYi gagi ciramatogsphpl ef
contginers 50 and imersed. intq the.s le solutions. Fig, .2 illustrates
e [k QESAREF 0GR BEsgevatoodnis et ebn g thé 1382 daPenfson i3S ner s
50 and theheieest aledtion.hi s 10 stage. The tenperature of the thernostat 12
is adjusted to set the tenperature of the sanple solutions in the sanple
contai ners 50, whereas the tenperature of the thernostat 11 is adjusted to
an appr opr i atlhettemp cthgrmesataas wa¢dhereafeer rafest tacd tapenessties iegulaied coghpg e

sol uti o?is W ll crystallize out. Tine is recorded in order to control the
time foY¥& concentration. Finally, when npst of the sanple solutions in
the sanple containers 50 attain 1 S crystalline state, the thernostat 11
noves up. The crystals produced will be renoved, along with the wires 20,
from t hapaamngd Beﬁeﬁkﬁhrﬁrﬁpﬁ@erré}i}@maﬁmﬁr ated solutions will renain in

t he sanpl e contai ners and can be noved with the sanple containers 50 for
further analysis. For another cycle of concentration, the crystals outside

the W res 20 Refermingnte Figugxtl, i dewse fon Gamging conlvmicrosrysfaligation Bas &Wper
| . : _ “bed
nbove” cAherflosHENY 48,12 forohGofRf Seritprablt, & HRAy, IERIH] for PondlRRGE, O,

be,any apRpamaheHRS ihduRitorC3Nbatet e themmtatsd 11 eénd EDJ arRixapRkality of satplat i ng
heater and cool er, heating or cooling bl ocks, thernoelectric devices, slush

bat hs ( |containers 5hdEashiofthe wiges Hbhascpio ands 21 pad 22 aThe wiren2@ presipumabiliagdei t her

S| oo et B gt oyl B ROUBRIN e BEHEo AR R Lt 3ol b tpci O
t enpgg atay fe QAN HRY thermYostap il | andiref bnd$/32 &k loMtsideqhd GERASsHt W ETHE W@ by

the thernostat 12 should be in the range of tenperatures between which the
sanpl e winds 28ealsonpiss dbiough tthe thermili insulatoe 30ewhich 43 immobilized ohythe jputside
thernostat 11 ould be in.the range of t era es betwee ich the

maj or cdRSEHLA gae ew%ihﬂ&‘&ﬂ& Bgﬁ’frts § 'ttigdaé’ rf“l\i\ﬁor}‘\é\gkr@} & when
agueous ' g RerdCasRACBP AL REs 20, el A7 ARSiADe S tRAReIRe

t hose vm(l'srg te%gir)\ﬂ%gﬁ@r %Pta‘?t@ (t:emger ature beFow 0 C because t ce freezing

poi nt of 40nstioald mstck tHe, sizermhd tshapet dfeliensanipdd cdbfainers S@ o tHaothe sadnplelvon@ainers 9 "

May 2003 g control the tenperature abovggeéto C.. The he&;F produced in the
sanpke coEH PP IBEnd (aken Qut eAsHA LT ther WellseAbarkl BereraWila MaeEdIrty e wir es
20 into : | $5§ . ‘;nl;[? only
formfi rgshtg &o&ln t ég@%h?t%}r%és %ng[eﬂg tgmé ?’gng?\?{?ﬂé g’ﬁ%yﬁg%@%? (r)W Spt él? ﬁlﬂanto

t he ot hetheahesatdf, tiieewsld HOchio be sdhple leenthinesd alsd. dfe, saipée eataihers S9siohild
separated from5 the concentrated sol utions because it will be renoved
together with the wires 20. If desired, the freeze concentration process
may be accel erated by choosing a thernostat 11 which can generate a much

| ower tenperature , for exanple, - 70 C, or a thernostat 12 which can
generate a tenperature quite near 0 C. It will be seen in the foll ow ng
exanples that the growh rate of ice may be controlled in this way.



' 10 For purpose of conducting heat and separating the crystal produced,
the preferred wires 20 shoul d be those having good thernal c%mduct'vity and
good nechanic strength. Metal wires, especially copper wres, d@ﬂ%.?%sis a
good choi ce. However, other materials, such as polyners, can be used al so.
The dianmeter of the wires 20 can range fromcentineters to several

m cronmeters, or even to nanoneters, depending on the volune or the anount

of 15 the sanple needed for concentration. For small vol unmes_of sanples,

t hin wi Ma¥e gapsor dogaps-daciher wrnhdbe tprificaet alt the samBlg FoR2Rer, A tied helpe

mat eri al ] / ] I : he
sanpl o b okt atioss sREN RuRP AT Yl Itk DS UHHBECEIAGESH sh o
exanpl e theofypar ppiducedceun bt demoned withltRerwires 20 @t thesampéntonadiners 8pper i ons
i n agueous solutions. Sometimes copper ions can cause damage to the

activities of_some 20 enzynes. |In such cases,. a thin Ia3{er of anot her
material is GAtPErating:the deBispf thi pessentonversinte SampleeTutions eith kaewn The
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plurality of sanples conprising: a first tenperature control neans having a
pl ur al i dissiphted ahtcaghehe maeass20,oandc thetedorei fagilsae dhelcantadli ofy thef grommtiplofs; 5 a
second conPI I mentary tenperature control means having a plurality of

conduct CHeans which are adapted to be inserted in respective sanples in
said plurality of container neans; and insulating neans for insulating said

firsts t emper s, EQH&BEL&;&E??%&E %Blaﬁig}a%r gﬁ%?ﬁ; qggér?r{galelga Oﬁgf)srﬁts%f'to means

such that an anount of heat m sal ssi pat ed
t hr ough cenadetitrple Wrgdrii¢ yolofiorsaamd wolids) Guckeanbenzene, Aytkae i &gl plenor.di ng to claim
1, wherein said first and second tenperature control neans conprise first

and second cqgling nmeans.. 3. A device according to claim 2, wherein each of
said first cg‘g!OF“n ‘Hﬁ‘gﬁ% t%afts‘é{ﬂﬁf%c@swﬁa t%o‘k‘? Cﬂlafeﬁ%‘ﬁséeé&‘r'rliﬂqf’s@'é’vf ef nost at
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meank) afeinysamauatssafiagalyfes in aaveeys selaHenscis fsmosgrted.| ayer of insul ating

mat eri al di sposed on a face of said second tenperature control neans

EXAMPLE 1

In this experiment the performance of the device of the present invention is
demonstrated to concentrate five inorganic anions (Cl, SO,>, NO,~ NO, and Br’, each at the
concentration of 0.1 pg/mL) in high purity water. A slush bath (prepared by mixing ethanol

15 with dry ice) with a temperature of -70 °C was chosen as the thermostat 11, and a water
bath (room temperature 25 °C) was used as the thermostat 12. The copper wires 20 were of
diameter 1 mm. Eppendorf tubes with a volume of 500 pl. were used as the sample
containers 50. Time of concentration was rec':orded when the shush bath was poured into the

thermostat 11.

20 Fig 3 is a schematic diagram illustrating the changes of the sample solutions in the
sample containers 50 during freeze concentration (Fig. 3A, 3B,and 3C show the changes at
1, 5 and 7 minutes after the slush bath was added into the thermostat 11. Fig 3D shows the
final stage when the ice and the wires 20 were separated from the concentrated solutions
remaining in the sample containers 50.). From Fig. 3, it can be seen that the ice came out
25 first on the wires 50 and then spread into other areas of the solutions. With the anions
continuously rejected from the ice front, they were concentrated in the remaining solutions.
The whole process was finished in 8 minutes. Fig. 4A shows the electropherogram of the

sample before concentration. Fig. 4B shows the electropherogram obtained after applying



20 opposing said face of said first tenperature control means, said
plurality of conducting neans passing fromsaid second t enpega &qpgnt r ol
nmeans through said insulating material and, in use, into sald p ura 'ty of
sanples in said plurality of container nmeans. 5. A device according to
claim1l1, wherein said insulating neans partly or conpletely prevents
transfer of heat between said first téhperature control neans and said

second %g erature control {%ans . Ad evslf ccordldﬁjg to Ci
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devi ce %ﬁéHn@‘aHSn%s %éh{ail wherein said plurality of conducting neans
conpri ses 9" May 03 - 14 a plurality of wires. 8. A device according

to claim?7, wherein sald plurality of wires are formed fromnetal, polyner,
inorganic or organic material. 9. A device according to claim 8, wher ei n
sai d wi EEAMBRBrd se copper wires, each wire 5 optionally conprising an
outer protective layer. 10. A device according to claim?7, wherein each of
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bat W sayemgdon. At gan be teendhasmgamly 8¢times covmﬁwrat%&aél n6dd first and/ or
second tenperature control

EXAMPLE 3

Many biological molecules, such as proteins and RNA, could be damaged during
high temperature or organic solvents treatments. Freeze concentration can be a good choice
for concentrating such thermally labile and chemically sensitive biological molecules because

15 it doesn’t involve any high temperature or organic solvents. This example demonstrates
concentrating two proteins ( Lysoayme and Trypsin, at the concentration of 12.5 pg/mL and
17.5 pg/mL, respectively) using the device of the present invention. First the concentration
of the protein solution by the conditions in the examples 1 and 2 was tested. Small
concentration efficiency (about 1.5 times) was obtained. The reason may be due to the low
20 diffusion coefficient of the proteins. The growth rate of the ice in the above conditions was
significantly faster and may be larger than the diffusion rate of the proteins. Therefore,
much of the protein molecules were included into the ice lattice. As such, the growth rate
of the ice during freeze concentration was lowered. After using a slush bath (prepared by
mixing ethanlene glycol with dry ice) with a temperature —~ 15 °C as the thermostat 11,
25 nearly 100% recovery for both proteins was obtained. Fig. 6A shows the electropherogram
of the samples before concentration. Fig. 6B shows the electropherogram obtained after

applying the freeze concentration process of the present invention. It can be seen that nearly

12 times concentration was obtained.



means are manual |y or automatically noveable froma | oading position in
‘whi ch sanples are | oaded into said container neans, to an opg,&;,ziyizjtyvznﬁo3
position in which said conducting neans are inserted into reSpective
sanples. 17. A nethod for concentrating a plurality of sanples conprising:
25 placing a plurality of sanples in a first tenperature control neans
having a plurality of contai ner neanslif-or containing said plurality of
sanpl es; Stn _May 2003 -15 inserting a conducting neans into each of said
sanpl esEXMBLEdnduct i ng means being nounted rel ative to a second
conplinmentary tenperature control neans; cooling said plurality of sanples
by nmeans of ’ i : SRR : n I ively
crystallize 'ggllsn%g%e %ﬂg%gg%?gﬁ’dggg%l es; {“g% Egmﬁfe)%gioélegﬁ%gi% %:I?d)lfsl?a E% zed
conponesinsgplés erhictaiack sangidarsd td8be Aiffietlhdyy et oundemgedmmentration éthodser ei n
sai d conducti ng nmeans conduct heat from said sanples and act as a support
for nucMsthapgln chanclagd aggtenccary sidgly poedirayanaterals becayse;they are gepdyalvenss  sai d
cr ys?al Hr%ﬁ:ﬂlycc gﬁl?&?@t’ﬁ'[eir]c%nc&tmi)ﬂé)gl iﬁﬁlfs(?{iﬂ' \pz%tév@at&l aqfd%;fz?e el gtk Sal d
sanples are rn e formof "aqueous 10 solutions, organic solutions, or

sol i ds wéunGificreadingdd & ithi tHel @€vebshmung of clsdiitAl induwaisdl 1d io itiporddht tAKNGY BT
according to claim 17, wherein said crystallization is carried out at a

t enper atQNCENBALIONS| i SBSEHELer el OFALT utoe CoWAlr Biesthegnaminants. oFsedbutheiz 0C t o
about 0C._21. A neth according to.claim1l7, erein said firs

Fenper aEUENEH e B SRS ddfbrd fe Rl of IR GINRL RecE sy ars 1y
of sanphgite MRitbghile, IBRdPhate @dracomdddstot dosk Mefl in A6 cdde. VAL FolSaits
second tenperture control neans is set at a tenperature at which sel ected
conpdnehtw dfo saii beepl fonnd ka gxtodct shempl Heweves, ifriy suite leasyetd encentfate dhem i on.

22. A m::t.hodh accordi.ng t.o cllélai m 21, wher eiln said first  tenper atcg}re.c ntr ol
means i Ssiaghepresent dnveation, In 3, pyfictlarexample. 3 gaslewaish taks Gr@c r ol
nmeans

means kgc()@g&nﬁg%%g@gﬁgs; WhSuPEa0Wa0%m nyl¥h thethtffadt o fndV&NsdNablinAne
solution. After filtration, 0.5 ml solution was filled into the Eppendorf tube in order to

apply freeze concentration. Other conditions for freeze concentration were the same as that

15 inexample 1. The concentrated solution after concentration was injected directly into a GC
instrument (HP series 5890 plus) to measure the concentration of acetone, ethanol and
methanol. FIG. 7B shows the results after concentration using the present invention. FIG.

7A is the chromatograph of the solution after filtration. It can be seen from FIG. 7 that the

present invention can be used directly to preconcentrate trace amounts of methanol, ethanol

20 and acetone in wastewater for their analysis.

The foregoing description of specific embodiments of this invention have been
presented for purposes of illustration and description. They are not intended to be exhaustive
or to limit the invention to the precise forms disclosed, and many modifications and
variations are possible in light of the above teaching. It is intended that the scope of the

25 invention be defined by the claims appended hereto and their equivalents.
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insulating means for insulating said first temperature control means from said

second temperature control means such that an amount of heat from said plurality of samples

10 is dissipated through said plurality of conducting means.

2. A device according to-claim 1, wherein said first and second temperature control means

comprise first and second cooling means.

3. A device according to claim 2, wherein each of said first cooling means and said
second cooling means comprises thermostat controlled cooling means for providing a constant
15 temperature, a stable variable temperature, a temperature gradient, or a series of temperature

gradients.

4. A device according to claim 1, wherein said plurality of container means are located
in a face of said first temperature control means and wherein said insulating means comprises
a layer of insulating material disposed on a face of said second temperature control means
20 opposing said face of said first temperature control means, said plurality of conducting means
passing from said second temperature control means through said insulating material and, in

use, into said plurality of samples in said plurality of container means.

5. A device according to claim 1, wherein said insulating means partly or completely
prevents transfer of heat between said first temperature control means and said second

25 temperature control means.

6. A device according to claim 1, wherein said insulating means comprises a plastic foam

insulator.

7. A device according to claim 1, wherein said plurality of conducting means comprises
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9. A device according to claim 8, wherein said wires comprise copper wires, each wire

5 optionally comprising an outer protective layer.

10. A device according to claim 7, wherein each of said wires has a diameter of from about

several nanometers to several centimeters.

11. A device according to claim 10, wherein said each of said wires has a diameter of

about 1mm.

10 12. A device according to claim 1, wherein said container means comprises a plurality of
wells each of which receives one of said plurality of samples or is adapted to receive a sample

container holding one of said plurality of samples.

13. A device according to claim 12, wherein each sample container comprises a tube,

bottle or vile.

15 14. A device according to claim 13, wherein each sample container comprises a dialysis
tube.

15. A device according to claim 1, wherein said first and second temperature control means
are individually selected from circulating heaters and coolers, heating and cooling blocks and
slush baths.

20 16. A device according to claim 1, wherein said first and/or second temperature control
means are manually or automatically moveable from a loading position in which samples are

loaded into said container means, to an operative position in which said conducting means are

inserted into respective samples.

17. A method for concentrating a plurality of samples comprising;:

25 placing a plurality of samples in a first temperature control means having a

plurality of container means for containing said plurality of samples;
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temperature of said second temperature control means of from about -70°C to about 0°C.

21. A method according to claim 17, wherein said first temperature control means is set
at a temperature at which said plurality of samples would be maintained in a liquid state, and
15 wherein said second temperture control means is set at a temperature at which selected

components of said plurality of samples are crystallized out of solution.

22. A method according to claim 21, wherein said first temperature control means is set
at a temperture above 0°C and said second temperture control means is set at a temperature

below 0°C.



