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PERFORM NG CHEM CAL REACTI ONS The present invention relates to an éerRat?Q[B
for heating chemical reaction mxtures. In particular, the present
invention relates to an apparatus applying one or nore sem conductor 5
based m crowave generators making thejapparatus suitable for parallel
processi ng of chem cal reaction m xtures. The invention further relates to
nmet hods for perform ng chem cal reactions, e.g. nethods for heating a
plurali ty \RbrsMAYESPPARRYLE HARPMETHOBS F%ﬁ%ﬁﬁ@lﬂﬁihhycHéWERP%Aéﬁ&Ném”' toring
a mcrowave heated chem cal reaction and where the optinum
conditions with respect to frequency and applied power can be determ ned.
10 One of Thheravetonvephiat witestofaprappsrawis emiegtimhewingtal teactmy mistutehen phime

consumi ng c%%arIQ@prfeQJnt GvEhtfdnGBiatet Q1 EE Sppdiats g@;ﬂ’ﬁg &%rﬁr%é Semiéshd@dlo exanpl e,
t he avera perfornmance sone ten years ago in the pharnaceuti cal |ndustry

was ar otn a%’ 'B'G'O(‘,“&?H‘E)P‘é'ieéatg'ﬁﬁ‘éatk%c@% apRAa Bﬁé‘fﬁaE'F fﬁé’}a'i)%'d’r’ocreé%’m Ffichemical an
equal anpuedctiod mhewes eRiicabti@nuithéregda@as tobwbdd at paroamily kgetiaNdadadrs. 15
Today the f expected to be
inther egldog%g%dig%rg%gﬁ%% pl;%%gtry Ofgﬁ'lhpbég@'h‘ o V\%l‘é!ﬁr %§9 m.Qr?y qu& 64s for

phar maceutiEEPrnarimsreraye hapigd chemistlgatntien epmpibpds Wb¢'ad'@ fi’Pd'Ethl dopeitieison of
ways of 1 eginGlesi@ct toMegubncdrang apeneal pRRREBAN bd dlRdtnidelicat i on of ways of

creati ny 20 chem cal diversity, devel opnent of new synthesis routes and
maybe rel ntroduction of old "inpossible" synthetic routes. Also, it is a
const ant ¢hmaldf gregeajproobseath fol aagsgmico¢hemitt abday mtbwucieemhﬂamnmtaicb f@s. As it

will be aRRdidRloutdsAbigific kAN, DG on DG AR ESVASH p%trf%QndzﬁJe 4 1ol yglfefs a
way to 25 circunvent at | east sone of the above-nentione narrel

speedi ng GB° {8 PRAEVFINCR! PAYSHY t"1‘i‘s§é‘\}‘§i’e§|5 Wr%@?t%?”bﬁﬁg?ﬁstpﬁﬂﬁﬁmm PRpI OV ng
t he yi el dyedr r@shﬁﬁ’ig(]ﬁbn é@.&C'érh&ﬂﬁ of nekfcasming datigdress pﬁtﬁntn&ly»ewfdrﬁd‘l&na.e&uétl ng
product,d bl £ ngd_t voi din 3 urities fromside
react i ons%daﬁ' eégu% 6Srsrﬁ%ngapgoecgsé Ffro’)3 ?%ﬁdly s%?neben 38%{;‘].0%‘1 '8 thG Peon of"
convent i oﬁQPOtSrWé'rYﬁfr heat| ng techni ques. M crowave assisted chenistry has
been used for many years. However, the apparatuses and 35 nethods have to a
great extent bee ased. o nvent i on donmesti.c m crowave ov 2
32! 2003 Tt e el oa o SR sh S e TR RGPy SO S ER Jomi e
use of si figitenmhae@ye alietvem tay ® dbg devstmmene [entificdtiors efeweysef cle@irtg, 393, 492

and US 26, 8Rdmiddl Qiversiy, d0bikshertt O nmvfgwew@é(@mg?ee%n@h@m feftrb@lcBbd ¥ H@m nat ed
by negnetrons. In sone situati ons. travel g wave tubes (TW) are used to

ampl i fy a FPEPERIBVEURHRHUtesTAP e é'fraec";“é(?&%ﬂ 198 A {A3RR Slgesss PePEeBeWo t he
convent i orsdmieppatitdsuses. Sonme of these will be listed in the follow ng: It
is a disadvantage that the energy distribution in conventional m crowave
ovens is nonl0 uniform This leads to a varying tenperature in the sanple
dependi ng#8rt WiH&e 3eRarent dienoihe follewingmpligrovaves Resigekehemiiv dtsrsby ey, tot he

non- uni2zbokimuaiengat Iekisssdmdisitthe BbavaloasitibheddprbbiéredyInbmbip obt ai n reproduci bl e
results. This effect is especially noticeable if an array of sanple hol ders
such as a mcrotiter plate (e.g. with 96 wells) is used. Rotation of the
sanpl e i n*t rpeairanurdte seagtivn Hingmiithi sewerell oydarsipi roamitbdes, r epr oduci bility. 15

I n conventi q,lgg.lovﬁi q,t,ee%dtorgheprgggﬂeag{,&\g ded to each sanple in an array of
sanpl es can only e cal cul ate as an average power per sanple by dividing

t he measur ecdfieripaubishesweritywf tire tepidtingopratiuat Gud & rapifl hsatingl and theby avedinge

non- unigbor migp&sRY rdhsdidel roatioRd) shd the cavity this calculation will only
provi de a rough estinmate of t he applied power to each sanple. 20 One way of
cont rol | i hg ACHEMMRGASEFINS MDA fiBth ROSHPIB MEYaaPYensoRe! therpahattitee in al |

i ndi vi dual wetHnsauedhi s may give information of the conditions in a
specified well during a particular run. Changing the position will give a
different result leading to poor reproducibility. An alternative way of
tryi ng t oMgtewive assisiail Eoamistenkasgpen baad fobmeoyrarss Howeysraibe apparatysge andad i n
the cagbt pheinddLBavard@lgrdad eRBs08dn BASIIDH dBALEtiBRYI LOMBILK - midrowave ovens.

Domestic microwave ovens have amultimode cavity and the energy is applied at a fixed
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Singl e node cavity resonators offer a possibility of high effici eng% AR 2003
controlled heating patterns in small | oads. However, the dielectric
properties of the | oad often change considerably w th tenperature.
resulting in very large variations in power absorption since an essenti 30
ally constant frequency m crowave genegator is used. Hence, the process
becones difficult to predict. A further disadvantage of conventional system
rel at es to the fact ns, u on provi de_.a. fjxed uency
or a minor "8ANEY %%{41@46 ﬁgyﬁ P 3""{’ ¥ I‘%'qcl,?él?%v L * % °f§§’gfﬁam°r‘1jeet°ra ‘6'%
Fur t her nor egvendgmbedenoer®riadvaze 9. &ﬁpﬁé%ﬁé&ﬂamd@%é.ﬁéﬂlﬂégr and are extrenely

t enperat ure sensi tive, especially when the efficiency decreases, towards
the end of its "life" 2 ~AA'R? ~~3 3 TW' s have be used as variable
frequency afpMarhetfy migIBYA\FePEnerRiRS i taialy Jompipaled BY HASNETORS- AR OTRT BIBITIORS v
conpl i cabetrat@lingswavehubds HEWTD re usddNb' @nplifyGuinicewaae sigug. Theme afsesbond st art
meani N9t NakadWiidel ARG o AP LA RASRLLEREEL. 8BmBRANRLL wal L iRAd!A L, vear
out of TWI S 1S a980Ci at eq i gh mal nt enance costs. magnet r ons
and TW' s fdigwinge a hi gh voltage power supply, which is a disadvantage in
view of conplications and the ri sk In US 5,521,360 a variabl e frequency
heati ng apParat us for Erow di ng rowaves into a 10 .furnace cawtx IS
descri bed. "Tha YS3pr e éhaéé’u’ﬁo? égéfs %{”%'P? D EBHEPD MLV A L SRR F &0

gener at do, uaifarol. Thigdeadont & vdrkied tqprerawrplin the eampindegengonen taerpdsitonef theThe
power anpl L8 i gﬁxc}e@n acuxmmorl;hﬁqeﬂ% unforRPHeRY | AR ¥n %n&%%uh%the

furnace cavit ower delivered to the furnace i s determ ned P/
nmeasuri ng Ph@"b@ﬂfé’f’“‘?“éf reseite d e eFRTY H esPeeif Y oEcsRbledbema i samele &pldespon
pl aci ng a sadi<La lnl"br(ith& pﬂ:eab’ld.g/ Withr gl @el)s) passr. Reayiohef telsphpl it thetdven sanpl e

15 causing the te r. A o change. The system described in
US 5, 521, 3gﬁessﬁ?t gqrog g'mf) E%ﬁ\?%ggngél'ﬁtﬁt%ned di sadvantages relating to

e.g. TWiSs. 20 It is a further di sadvant age of the apparatus described in,

US 5, 521, 3G0Dcdm@htidnbi gy§ternesﬁer bR PrdviRicd e iR dambit fh amrvaycm%aﬁayg E3h diy nace,
i.e. paral I el heating urality of san\‘gl es - ferent heating

usin
par anet er s °f @ ﬁb’f’tepﬁs"’glaﬁ?’égep’l"fwﬁ'é’e G B ?%%fhed‘?eag'ﬁéd HPEE BN e MHPEREi on
to provi detanl rapger at t:spEenPud ®ithgna1 -frivfiog ersegd @Strid@iva Uic trer cabias thibk calcu-

el ect r omaneL) G IEAFLALRE o B Rubble¥ vARRbLAl: [PLachobilhigy 2 sampl e,

whi ch apBar atus are capa% of performng a controlled heating of the
sanpl e i s anot her object of the present invention to provide an
appar at us oapakyeofabnip@nbandiicagiopas &l helitoppreseasinigedberamny insdimaliviiual Wi t h

| v U1 LRt R8PGO REARRR oA ATHELS SUB0LAR A0, JFEGUSHRKuPONC

tenperature, press ther oD ent 1 nvention

to provi de Chanaipmtie gesitonc W adivee %ffferﬁ'ﬁrrp%uaﬂqaﬁg‘g r‘r&ﬁ?‘”sfai?fﬁ‘l’l@sb"lth APagiigrmagive

Wi th i ndi vindyas lyingas bbi@inl a3hifefm pméa@\ﬁ&anmlbarﬁo%&e&usrbe a%d i @geensyin
pressure et AP ~ 2Q03 4 It is a still

pover ature,
furt hert2§ é%’f PP RGO Jagie u"'ﬁ"v’@'ﬁtl on to provi de an apparatus capabl e of
control

Single mode cavity resonators offer a possibility of high efficiency and controlled heating

patterns in small loads. However, the dielectric properties of the load often change conside-

rably with temperature, resulting in very large variations in power absorption since an essenti-
30 ally constant frequency microwave generator is used. Hence, the process becomes difficult to

predict.

A further disadvantage of conventional system relates to the fact that magnetrons usually
only provide a fixed frequency or a minor adjustment around the centre frequency of the
35 magnetron. Furthermore, magnetrons have an unpredictable behaviour and are extremely

temperature sensitive, especially when the efficiency decreases, towards the end of its "life”.



ling many sanples in parallel, with individually adjustnents of prgc,’esbsf}R 2003
paraneters such as frequency, power, tenperature, pressure etc. 51t is a

still further object of the present invention to provide an apparatus in
‘whi ch sanpl es can be evenly heated by using various applicators. It is a
still further object of the present inyvention to provide an apparatus in

which the frequency of the applied energy can be varied. 10 It is a still
further object .of the present .ipvention t rqvi de a tus in which it
i s possi bl Je‘%\/tcr ¢ VAPt uﬁ?e@ BNa" % g’r *8% et r'?r'ﬁ'lps ﬂn\ﬁeveﬁg&Tcsg LEFRENTN t he
el ectr orragaretwfmnafeemwtpivmectawﬁm Ftrrtfyrrmielw@hamnwm werfn- ttphfencsa&fwlee:talﬁ It is

a still fugbhets mmﬁwrsetamrofaeap%%@m.taheuentah@efftraataawrr JRaPButFPRRTALHS 1N
which it is possible to neasure the tenperature in the reaction vessel by

noni t or i ng®YSAEAEH R Ligh{"FUERNGACES T equency of a second materi al

i ntroduced into the reaction chanber. This material could be a crystal,
sem Conducéc%"n rr?ar n&bh %L@?\VVT%OIJBIJLQTB fflﬂgr?v E;g E)B\i%r s%{)lb Whi helgBed s%B\Halr-?a e in
dependent resonance ?requency ment1 oned o jects are 8orrpll

W th by prwwmfﬁ@rnr'ﬁate?nﬁraﬁéﬁhea%ect an appar atus for providing

el ectromagnetic radiation to a first applicator, said apparatus conprising:

Fi t t t di at 25 b
) 2, BTSSRl SR AR, SRt PhePheht A it Bk ey 2°
radi ati 60, fugjacaeavity is @srscg:mdmtgartdaem&nqﬁmnhs@da allege conealpdeticownedyaiet on to
the first pppl %9&&9& corﬁf])q?dggre%mé%d a%w%P%ﬁr et 'Tﬂgpw@ thﬂﬁefr n% Erati ng

means and the firs means, wherein e generate I'ect onagnetrc
radi ati on EWiplhesBYTés ?ﬂem*'ara"r/foar%ﬁdetaue%r@ee cany- Wrecrodien delivered it B

gener at i NngfuRR8 % REEMINGE b infeSturmghd pomengeffRAFronl Medgh@Blusiab laypo®@nst i t ut ed
by sem Congigt Q5o QIRANGNLSpie 38 ueaGRP AR Joter BT L LUIRY B Sem gonduct or
conponents IS R the'ed nponent s genera I ng i &le ronagnet i c

radi ati &9 cauelnerﬁh%tsmpﬁeturfeqfutrhﬁeaﬂﬁewerhamsens| stors - are semni conduct or
based power transistors. 2 < ~P~ 2Q03 5 In the present context, guiding

T o B e B e e PR 0T ol B S et ©

wavegui desrelafihgtaggagdiwg'sneans nmay al so conpri se active and/ or passive
conmponents such as 5 couplers, dividers, splitters, combiners, isolators,
power neters, artificial |oads, spectrum analysers etc. In order to perform
par al | ef0 plt scalihegisspvantage af Ahg ?RPaSa&fﬁﬂeé%”bFﬁé‘ YD Par2d3Ge Akt it sRipiFiedde a
second appbd a2t avithamty Gidicadibl Rurgide dien garaiBnsatihgof gwiutiitypf asmpleassingpart  of
the anmplifj iation to the second applicator.

General ly !e G Réa% %E)?ggg{}?agl 8‘1?052%% abl e to provide el ectronmagnetic

radi at i on vmth d| fferent frequencies to the first and second applicator.
Ther ef or e It tsm.oappaf,a& P trré&yesﬁanpoérﬁ.en ao sreoreadn gmeertast &dﬁgmm@msfsi Gé’mr

gener at | on Scctt rt?ama tl e % atd erator % epflrr a frca¥or90r rdm uencr F a
second 'Ry e afee o1 93 CI?EP g The & (?Pr SRR MR 8

gener at ed watane as&ae@nble génermwngga man@d Heatingr efehe §amqtﬂr ovi de

el ectromagnetic radiation at a plu 15 rahty of frequencies the second

gener ati ng means and the second anplifying means are pref rably constituted
by seni conﬂﬁ&”&?hebﬁﬁﬁféﬁéﬂles°’es§ﬂ'c'ﬁv%{§'°%éh? gﬁﬂ%lﬁ'&f"b‘?a'aé%s“@aab; NeReTePG | st or s.
Exanpl es oparadCro@esing ot mhanyssasiptesswah édividublyoseitdgs bf precgpopmbmete@nstis bor S.

It is e a e transi stors nay be used in first

gener at ?%86%8'241 BO\M}’[ Wﬁ%ggrér%p‘gﬁghefe;?ng means. 20 To increase flexibility
of the apparatus, the guiding neans nay conprise neans for guiding the

el ectr omagpeatd ﬁnﬁe&dﬂb@t:i @rnhamlsiarftiuwdnw tbhﬁox&ecami;pmk ictagébragaf MRAaRsngo t he
second appli cator[ | (’ d "ﬂ 1 % mg rers COfTBI’I se
neans for 'Bfﬂy(ﬁaﬂ’@eéf" ‘?aé gk Vi rf‘ 'V"F” 8'I 1 prmi‘éss aramer adr af'r o anplified
by the secordoyampWerd yarmgranwansreswretdte. first applicator. 25 Al so, in order
to furtfer increase flexibility of the apparatus the guiding neans my
conprise nmeans for switching the el ectromagnetic radiation anplified by the
first anplifying neans between the first and second applicator.

Furthernore, the guiding neans may conprise neans for switching the

el ectromagnetic radiation anplified by the second anplifying neans between
the first and second applicator.



30 The first and second applicators nmay be of various types. PrefetabABR 2003
the first and second applicators are selected fromthe group consisting of
gquasi static, near field, surface field, single node cavity and nulti nobde
cavity applicators. 35 The frequency of the el ectromagnetic radiation
generated by the first and second gengating neans may vary according to a
first and second control signal) respectively. These first and second
g?rgfr]?: CZ![IQ.aagfnn?_%ger ?bfg:fva g%’etéj%”éﬁh%”‘??& tf)fprovh(jmaﬁeagﬁaratus ca{}ablé/bf control-
accor dance ling ttamasdnplestin asmdlleh vsléc»omddlmﬂntad19$trr@ngmﬁlpr0cp%mﬁe@n¢tvrelsyn.:h A4 so
these si ng SRY, &e,eprtgybggtg,eb};,eg&ee gentrol neans. The control neans nmay
2 ~ A~ corrprl se a general purpose conputer. Such a general purpose
conputer may formpart of a neural network. The frequency of the

el ect r om@gnek iaGtifl Aftinat dbpsat gemerpaased ifgniidhetofdrévede anmbps@eBNA whRheRAbieBy 5
means is wthi such as within the range 0,5-3

GHz or wit PR ?ﬁé‘”‘f eateg%@ UiBBV@—?zus aﬁ)p“ga_%second aspect, the present

invention relates to a nethod for pertorming a plurality of chem cal

reactions g i@lélstt ﬁ’-ﬂﬁ@@ﬁéb}'ecQBf 8 QURMtIiRlehion ©arélideINNEHaGQI¥AA WhidAGhE he st eps
of: 10 a) provid 9 first sanp Ie|ntoaf|rst applicator, b) providing a

second sar’rﬂ[eé‘”?’ﬁt’ﬁ H‘%"’@E’t’fﬂ&”‘é’ﬁblcf"b%et‘@r”e and 15 c¢) appl yi ng el ectromagnetic

radiatiom to the first and second sanpl es sinultaneously or sequentially

for a pred r.m e . SA NRAL [ havi ng a

frequency ﬁ%]%tahs(ta'p?uq'[hgr Jb(#{jg %‘etﬁ%dﬁgbﬁc&n 0'Elbhtg\r"% | ect ?%}r?% sr{glg}lhe?cthr'g iation

may be pr owHoggkle SQ)@@IUPW@@PIS?P"&??H thefadl Fet aamicd) etfecteqe iheotleqtsaraguetfanpl es.

I n addi ti opsdrPonddaphbiRg ad @éﬁ&.v.&n&gm@tgaﬁ,preadl ation nmay conpri se one or nore

pul ses. The sanples nmay be collected in sets conprising at |east two

hol ders. The sanple itself nay be a PCR m xture. During exposure of a

sanpl e ttie lelsectil mbgnetdce of ¥dipadsednvenijonte rapyide achpparatisoh edichfit iapos-east

two steps Vm# ‘{é ur§%n¢pe¥a?ur§9|9llveergaﬁ5n R8s by FLHIKII!OHI% Rakhangt mQ@éBhaﬁ*)éCl e. 25
e

Preferably, ctromagnetic radiation is F (dgusm an garatus
accor di ng t@qyeppgy efiarsggond apgtegel infdycd nf thyrgagtio ﬁ'\’laé'?’f‘tef R's majFrig! H'Frb Jaspect ,
t he presentcrysty sahic@nuateloasrgtiteosdid stetemmtbriblovithpaeheratine glependbrg mesoadnce
reaction, SRk gen@®t hod conprising the steps of: 30 a) providing a sanple in
an appl i ator gf appl ying el ectromagnetic radiation to the sanple for a
first pr determ ned period of tinme at a first |evel of power and varying

t he frequerihy abdvetntentianke chieatsnare pemplied wihdiy atdvigingliea fiteteasrechan apaatusdest er mi ned
val ues and prbvidhg2icRirGSHRA&IE Mdkaieh bRtk biipicibr, suthpPahtas Borbrisaga refl ection
factor of electromagnetic radiation fromthe sanple at at |east sone (two)
of the frequencies covered by the range of the two predeterm ned val ues by
det er m ni ngt Aérs| geperptingfmegny lepgRnpraing egchw@agneqcr{ecﬂ@tgy obtaining a first set
of reflggi on factor s) 2 4 APB V03 7 c) changi ng the physical andJor

chem cal ?pggrs{amé)h n Ong sﬁ%pﬁ%?ﬁ é(éd‘ ec?rl:n% gﬁ?ef?é“’BQ.Q R’:' ¢ radiation to

the applica vary the requency of the
el ectromagnetic radi ati on between two predet erm ned vaI ues and with a
c) means for guiding the amplified electromagnetic radiation to the first applicator, and

30 d) means for controliing the first generating means and the first amplifying means,

wherein the generated electromagnetic radiation comprises a plurality of frequencies, and wherein
the first generating means and the first amplifying means are essentially constituted by semicon-
ductor components,

35
By essentially constituted by semiconductor components is meant that the components generating
the electromagnetic radiation - such as the required power transistors - are semiconductor based

power transistors.



5 predeterm ned resolution, the range defined by the predeterm n%é Aﬁ’ﬁ’u@@g\a
bei'ng included in the range defined by the predeterm ned values in step b),
and determning a reflection factor of electromagnetic radiation fromthe
‘sanple at at |least sone (two) of the frequencies covered by the range of
the two predeterm ned val ues by detergining the level of the feed-back
signal, thereby obtaining a second set of reflection factors, and 10 e)
repeating step c) and d) until the difference in reflection factors

cal cul ated as the mathematical difference (subtraction) between the
frequenci €8 hePsweEMtEPRIEANIORI fRNSHSNP Y DRIRGTPERehRfANY Etearst capelfle efcquiding f act or s
i Is Wi t hin decpbastpiers miste smra.meta%c&nﬁ@s 61)cabray, sGaERIcbSHEal S4HMs)tr Mgve-

el ectroma y..or in

addi tion, %%gqh%ﬁmﬁg g %&‘@énho %ﬁ“ or k%ﬁsygg&ﬁﬁ ng&tggn%‘e added to

t he sanp’? ecouplergslividers, §n¥éeféhcpm'@m€éﬁdﬁé‘at0rﬁ. P@Wremtpr@narf'mqldnasisa @emrmrm n the
predet er m pedsdrapge after the first execution of step c) and d)) step e)
wi Il off course no longer apply. Furthernore, if the difference is close to
being within the predeterm ned range, it mght not be econom cal to perform
step e), andrdettomarjor@anll poeadsin@d alpiraityfsomplehitha spraratys miecqpmpdseatecond

l n}[/ﬁn'él on dpﬁﬁc@io?ﬁndéﬁnta%lé@bh@%e&ﬁ! forp@idfr@rameaéi pért @fhl%fﬂrﬁiiﬁhedré?&%hwg txé?' d

met ho risin cat or

by anpl 91 MERRa Pt gt ool Fel e B Ry e o e b =plede BRulk Poiitgnet o
radi at i on heopetiegadiation with difigert freayaegirsylo the firstandyseengd epplicdtore Gomefong, the t he

applied el@ﬁ&é@g&we&mﬁsé éiﬁécaﬁd déﬁer WRERs fo nafam%;&irshé@@tno?@dM%M% and
with a preql I on f

o] bt comm AT TR nlitRe Hubaha afbint ol B Bffingtle SiEhSRareB gy
f eed- back asnejAlss byilheiseRgnagenkiatingtmesas-tin erfert;rovide sleaygmagnetineadipticalamby of
the el ets rrempgmeqicaciesidé sdcbmiyenérBithgieasy ardahededbriti digpiifyihg Hidhid@e b%ve%bl,of t he

feed-back c%k&nﬂx?éd’ by. sgﬁlcgr{dﬁg&%nr%%ongﬁfs sﬂ@n fsl s%%n cor?dqgtgp ggsgcgp%aéi at I Wher e the

reflection fact rmne *3 8 1n a
fifth aspéeempiene SB?WH’L"ﬁ"ﬁ%ﬁ@ﬁ?fecﬁﬁ’c?'\eqa&t'@smt"éf t@“ﬁ@?ﬁdﬁ'sﬁwﬂe'}i&aﬁ Hemi ng a

chem cal rsame tyipe Bf trahsibters MRl Be Osed aNMPstigener@ing ARatsl MR SheTist anpiyiey mehidg a
sanple in an applicator, 5 b) applying electromagnetic radiation to the
sampl e, the el ect romagnetl c radiation having a starting frequency, c)

varyi ng?d He inereege iy @Fthﬁﬁ@a@t‘@cfthﬁa%i%@?i"‘@ M3y PARIS MePRT eSSy ar ound
t he st art ieegtrdiagheteqaditioy amplifieddsttier secoridragnpiifying frearaito te skant appliddtor. In

el ect rom%&aancm@@d.b }ngghsfn‘i mrmecoﬁ,amalneeahyfoﬁ@m; Ut Ralidafl of HY lech] 2
f eed-back signal at t C requenc ncrenmental |y
| ver ¢ harPBREEedoR o i R AP e R B PRAent al 1y i ghor
than the starting frequency, 15 e) repeatlng step b) to d) until the

r e}‘ I tectza{) rAlsfoaiﬁToner tosur{ﬁbnhdnuaé AdxIBilify &thé%bpa?&&etﬁé gu.é.ﬁyemwngﬁ%pkom&%%nt I on
rel at es 0 a

compr i si ng"Fe 2t e B0 ponsli otafer et s 8 1sh SR TRT 08 Peiveen

the first and second applicator. Furthermore, the guiding means may comprise means for switching
the electromagnetic radiation amplified by the second amplifying means between the first and
second applicator.

30
The first and second applicators may be of various types. Preferable, the first and second applica-
tors are selected from the group consisting of quasistatic, near field, surface field, singie mode
cavity and multi mode cavity applicators.

35 The frequency of the electromagnetic radiation generated by the first and second generating
means may vary according to a first and second control signal, respectively. These first and
second control signals may be provided by the control means. Similarly, the amplification of the
first and second amplifying means may vary in accordance with a first and a second control signal,

respectively. Also these signals may be provided by the control means. The control means may



b) applying el ectromagnetic radiation to the sanple, the electronagneﬁéc
radi ati on having a starting frequency, 25 c¢) varying the frequené& ohPR 03
electromagnetic radiation increnentally around the starting v frequency, d)
determining a reflection factor of electromagnetic radiation fromthe
sanpl e by determining a 30 level of agfeed-back signal at the starting
frequency, at a frequency increnentally |Iower than the starting frequency

daf ' hi [ f
compari ng PR A BOREITER R bl ep & BB B Rl b PR ar | cct f on

factor, 33epipirayisting the starting frequency to a frequency so that the
determ ned reflection factor is within a predeterm ned range around the
predetermped reflectio r - q) i e Q as often as
et abl o. T ghdpnp e UesB5h.aEqs 388 tlachBRAbY I o3L SR sEforiBeldadiy ) Lo
of 300 MHZPSDEs@HPIn therranger308 MHzrI0P (it sugh ae withe theeange QU8 cFHa giavithip dguency of
t he el ect riangegpoetoo cHzadi ation may be varied are in the range of 300 MHz-300
GHz, such as within the range 0,5-3 GHz or within the range 50-100 GHz.
Preferably, the reactions according the third, fourth, fifth and sixth are
per f or med 'D8iSAYPNAASPSClalhp ATEERN §VERIER FRAFTHO AENTHAdder PaRp@IRg adfurdiyef feaisaht

i nvent i on. readiioss sirMutandonsiasxeqientislip esar restbad compriging thestepsadfat es to a net hod
for periié)rm' ng a chem cal reaction) said nethod conposing the steps of: 10
a) providing a sanple in an applicator, b) applying el ectromagnetic

radi at i on oPoMding a st @Mpie ite PRATHEPPACHY T st pul se with a predeterm ned shape
and characterising a reflected pulse fromthe applicator by performng a
mat hemat i cal rati ; i £ reflected spectrum 15 c)
changi ng t e"%ﬁ‘g'@%é?&é‘mg "%’?e '&ﬁg?néggﬁdr%g?'g%%ﬁt%&%s of the sample, d) applying
el ectromagnetic radiation to the sanple in formof a second pulse with a

pr edet etdri d) e dprapdecandaghb@ radistonits iha grsbandesebandtsetplpisimataheqsly bhe

appl i cator by, pEnkA B 4refeterPind® bORARE i:rﬁélsalgg%[:@&ﬁagﬂaé??ao"f’a?iwf If'?qtvﬂugraa' na

second reflected spectrum e) repeating step c) an unt i e difference
bet ween t he f’?‘i“é’f‘cyd?\ﬁ‘eé@@%ﬂﬁ)opé’f"&é@?é%gspectra cal cul ated as the

mat hemati cal difference (subtraction) between the first and second spectra
i's within feRlLHGhRHNEEhLEARIE be Brovibidd dpb&hidhly ARlifiRE& by teddcrefthon factors
is with i t he Fred(ft,ernh{led_rarll?g% after tp_e_flrst execution of step_c) and
d), st e% PRIEP 1M BIFIOBGT PRI T IRGRY DG FUONHIM REPTTE08S OF PR RS Ffer ence
i s cl ose tsamples ngy b tdiedied ih eetp rardprising af Inasdl twoehmiriers. The saimgletitselfobaylbe a PCR
econoni cal milBrePBidng leRpo3heRf £Iampi e blectfBRdagh&ic Q4bidtibefay 5 SpfldaRbies b

mat hemati cal o e;atl on ;or oblt ai ni Ing {%get i rst ’?nfd seCO{; reflection
spectra 3 eac%??%rsegﬁg' #8 {I%is2PP S PE PHETS! 8 mB Re" 81 PRI ASFi ve operations may
al so be applicable. The nethod according to the seventh aspect of the

pr esent 25 rrreBiabgNthdr@yctMafetd RuEBGh is ploN@edlbing[Hpappdrates AL6aihglionse firte fir st

aspect of th s ation. In a eight aspect, the present invention
rel ates toatsf) °é9‘ﬁ§%§’§#e"g‘ﬁye§g%‘ar atus according to the first 35 aspect of the

present invention for heating at | east one sanple conprising at | east one
or gani ¢ COnptHiaGspdchtie padsedtivestidApdistes to@yndihtdtfbraerfrming fal chemitd eablion/dalde

reagents gp ho%%.tnﬁﬁk"?}l Itp(egﬁp%aa;:al yst. Preferable, the apparatus according the
first aspect of e |§rese t 1Tnvention is configured to heat two or nore

reacti o m xtures, such as PCR m xtures, sinmultaneously or sequentially or
i nt er m tt ent prigviding 2 sarfpld’m an'appRcRGO3 10

b) applying electromagnetic radiation to the sample for a first predetermined period of time at a
first level of power and varying the frequency of the electromagnetic radiation between two
35 predetermined values and with a predetermined resolution, and determining a reflection factor
of electromagnetic radiation from the sample at at least some (two) of the frequencies covered
by the range of the two predetermined values by determining the level of a feed-back signal,
thereby obtaining a first set of reflection factors,



The frequency of the electromagnetic radiation, the |evel of irradiated

power and the period of applying the electronagnetlc radiation is 24 APR 2003
determ ned by pre-set values for the chem cal reaction in question, such
pre-set values being stored ma storage neans associated with the control
means. 5 Correspondi ng data of frequeg y and reflection factor may be

stored in a nenory for further processing. Further processing may be

per f or med |n a neural network. In.a ninth aspect, the present invention

rel ates t o®achangng 8ie PyRiGa Wfof hemical ProRg s IfP E&P'&peci es with a reagent
optionally under the action of a catalyst, wherein the chem cal reaction is
performed yn, a;gyJgoeléﬂmgﬁgmaamw&h@@p&eat&hﬁ alsbdond |e@a9ﬁ56wep£ndtv9§m§¥h%sent

i nvention, Kit conposin er,_conprilsin st one

of the r eageﬁ?q‘ﬁﬂﬁ' 9 e & Y‘?"&ﬁ%&?t'cd 3‘?%“09 g?‘?’eﬁ') twﬁr‘?'eQFt@' rY?l?ess?"Hr‘"é{@é means
conpri sifg datedeternied resotutiort, Ihe rarige mietad by dearedeternbrddmvatans beig idchidediaiec al
speci es and {hge HERGER) thé‘Bx‘!@éterhﬂféd erﬁ:éé)nﬂ lep %FTathJbté?iﬁmenB% rERkh Y for ofsalhd

el ectroni c storage neans par for retrievin

Gata 11 om t hErRaNEe AR KOPD OEREEl U Shrte ADLP! U6 TSEPHeSHTRE | he
appl i cation tfe rangeef e twoonmedgptrenined vaichsdy ideterntinngsthe thvel afthé ethbdclleignal. 20 Thi s
aspect may | Wokdbg boGAfPh sdnk B 6f KAddigifcb@0HadI ng addi ti on of the chen cal
speci es (io the sanple holder. Figure 1 illustrates possible conbinations of
the thr& nain nodules in an apparatus according to the invention. 25

Fi gure 2 i)l oeatanstep arendreh odi tre differsoerpin irefliectign &ctotsirelcalpipd paitha sratheroaticdli ng t o

the present 'diﬁ&n%ﬁée'(&ibtra&b@)tﬂe&/e%n tHe'f#é&&ér@?‘e@ﬁss@élat@d‘-’W:’tH R TR a8 detloh @
mcrotiter pl illustrates a mcrotiter plate with a

nmi crowave cof %ﬁ%%ﬁ‘“%d%véw‘ %S’fﬁ%?rm'be 9% the centre of four wells. Figure

S5 illustrates a mcrotiter plate wwth transmtting type applicator with

i nput  aygl ﬁb‘ﬁ @Uﬁay%gm%étaﬁplﬂlgg @é&oﬂq@gne’? & Eﬂdfaﬁona‘or' HeEM@ttﬁ@éaﬁt%leaAl@nﬁf \@fy'ot‘ ﬁ,l’
plate wit 2003 11

n a
s rent | ortéie el B335 B P seAne 8 P Tred Sk inghmt ples s ot hods
f or per f ordifarepce maefection facécatlswm themfecre@"a'becyrameaﬁettaqe firsleexetutionnf step e or ned
in paral | ednd df\ sRp'ef Wit bl 8durdeHodrgst dppg. Fiembrrior:, @ theldiRrepppa iBdets b@&ﬁﬂ!hﬁ)i ng to
the i nventth ede%ert %ed lr"asnee Otfml mn%%%ggl%tm(?{af %%gpé?ﬁ%@t Se Iarrmld ttFw% §I (gn
gener at or an f“ P Cati o ans 'Pom the 1ol ovm ng, the
sem s %fbnduct or Si gnal generat or offers hitherto unrealised advantages in
chemi cal siyatiduas aspeanthe phident alverdion Feldtécto BRtettad Sor pertadmity B ghdnilcal fegctiomvent i on.
The main puy We?r‘?od%ém%s'ir{q ﬂﬁég sBkCcrowaves or other electromagnetic radiation
in an apparatus an s tor performng chem cal reactions is to heat
and/ or catal yse reactions taking 10 place in a sanple exposed to m crowave
radi at i on.a)Ppmefidingbkymiidie apappicaton, s pl aced in a sanple holder in the
applicaggpr of the apparatus. Al so, according to the apparatus and the

met hod accordl to the present |nv ntio th
applygng electromag%etlc radiation to t e samplé, the e?ectromagnetic radiation having a

Y starting frequency,

¢) varying the frequency of the applied electromagnetic radiation between two predetermined
30 values and with a predetermined resolution,

d) determining a reflection factor of electromagnetic radiation from the sample by determining a
level of a feed-back signal during at least part of the varying of the frequency of the
electromagnetic radiation, and

35

e) determining, from the level of the feed-back signal, the frequency of the electromagnetic

radiation where the reflection factor is within a predetermined range.



signal generator can be controlled in response to the actual |evel Df APR 2003
signal energy supplied to 15 andJor absorbed in - the applicator. This
feedback rmakes it feasible to control e.g. the tenpe rature of the sanples
to a very high degree. The termmcrowave is intended to nean

el ectronmagnetic radiation in the frequgncy range 300 MHz-300 GHz.

Preferably, the apparatus and nethods according to the invention are 20

performed wth f - ithin
Phe. fr equenty. 10 abasy b FieERiteRpRRinalo 20l PRt ip RERLFRARY, i
such as 300MpRd comprigipgthe §teps ofs 2- 20 GHz such as 0,5-3 GHz or within the
range 50-100 GHz. Figure 1 illustrates a preferred enbodi nent of an

appar at us C i t r i nven25 tion. The nunber n of signal
gener at or S3%8%5%515?@;53@%3%4&;?2%{03@' ified by signal anplifiers 29 are
connected®to the number m of separate applicators 24 through the

di stributing repplyingelkctddagretpradistantte the lsympld ehebadectrpmadnitic @aiatianehavihg ai s seen
that all conpgwbsrea;egqponnect ed to the power supply 44 and the controller
45. Figure 1 illusStrates parallel processing of sanples, and that
generators and applicators are preferably controlled in response to the 30
coupl i ng of c)mvaryogehedrequencgyf thenelédiremalnsticrradation mgremebialyr acpuridhiee s\filg cat or or
the sanphg. |ty.5hp, d be nentioned that each applicator 24 can contain one
or nore sanples. If the average power to be delivered to each applicator 24
is less than the maxi mum out put power of an anplifier 29, the nunber of
appl i cat or sd)24lezaminiex g ediectibin cloufisectrapfagomin eadidtior Sordthe 28mpla tly detpiriringer s 29,

hence n < m |iyel 18 (@4RHRAAG BN stoting FeqlBhdyY SBikqbhcf RERnRRRN G/ Han24 1S
| arger than the maxi mum ou e power for each

t put wer of an anpljfier 29, the p
appl | cat or  car T HTSTEALETPY B BEMEPTRETT Tl BonsEingh e SREngiRaT=B0t put
fromsongbanplifiers can be Z ~ ~" ~?~~ ¢0~J3 12 distributed to several
di fferent appllbgatifysep o) B d) Dt iedsRctioh BacREBRGkim@h. applicators 24 can be
| ess than the nunber of generators 28 and amplifiers 29, hence n > m This
gui ding and coupling of radiation between anplifiers and applicators is
per f or medbyintaeixtilaspesti theipresegt ineentign iklaegto aFaethpddfenrierférming aghdmigplpkactien, e#id can
al so be coupk@®bd tdmpadhg Be stehdr. is n=m 5 In the follow ng, the individual
conponenis conprised in the apparatus will be described in nore detail,
including sone preferred features. The generating neans 28 and the
anpl i fyi ng Pedyidpg agemplednaoaPPieloy constituted by semi 10 conduct or
conponents. in order to be able to generate a signal between 300 MHz and
300 GHz, seyer. L ndj vj : e e | eeded.
The poner o (E2Y ALk Bl o e B e R Bl e e B 7T W
The signal gerf&®9HFMeEYcapabl e of driving a signal anplifier and/or a
power anpbifier. Furthernore the 15 signal generator is
control | abl g/ REGRE HITRRRCy 51D diddGoh QAL IcOhdiftbn ferembMSy RO Rle ddifpgt | ONS i's
in the form'of Controll'ing the anplitude, frequency, frequency bandw dth,
sighal form [P§PE% orm or duration of the signal/pul se and any
conmbi nations of two or nore functions at the same tinme. 20 Sem conduct or

based mi cr Oé{)a‘ﬁéteﬁﬁ@\%&Leﬂé&io%@to@&fglektfdg{%b%ﬁ@ Fé&\éii&%n%t)?é! Ahak ¥y ‘%’ﬁ@‘é@g ages

over conienti ona , gyrotrons and nmagnetrons. anpl'es 0

advant ages ar éevel E3d8pdbaniFapp! Bbiheslaging BrRUSN N et adiByRIEY IpTRBEntalksiRyer thahy si cal
di mensi ons  Nahetggingvehtengeandedfiequandy invhmertially iighentie tieastarting feaqderncel | abi l ity
25 No warmup tinme, therefore immedi ately availability

e) comparing the determined reflection factor with a predetermined refiection factor,

35 f) adjusting the starting frequency to a frequency so that the determined refiection factor is within
a predetermined range around the predetermined reflection factor, and

g) repeating step c) to f) as often as desirable.



No wear-out parts which significantly reduce cost nai ntenance an&#j n/%{g‘f\éﬁ
apparatus uptine Far higher MIBF and | ower MITR conpared with T 12893
gain curve flatness conpared with TWIf ~ ~ Lower noi se conpared with TWI The
anplifying neans 29 can conprise a signal anplifier 29 and a power
anplifier 30, as shown in Figure 2. The signal anplifier 29 is a

sem conduct or - based devi ce being adapt’ed to anplify the signal fromthe
signal generator. The gain of the anplifying nmeans_is adjustable 35 by
varyi ng t héhe ¥7t9 fispuence BAY PP t'ﬁ’@ﬁ’&l“”ﬁﬂﬂﬁz REHnPha Rresterdined ¥alussut put  can
be sel ect egethyentwhhapareati@icy of thelectroMagheAdidtdbn Ty bp osvaNd apip ttiefragge 30 i S
provi ded f9§o L SQRE 2 R b Wik Aiho8 b3 & Qi B 15 laBliogpl! f1er . The

power ler 1s also a sem conduct or - based devi c an adj ust abl e
gai n. The ngeFF“Pbér’ (e rgastipnp posPERRi iRy NiEch DUt il angrsidh B RETFEPCLIYNAN. 5 The
heati ng powsiaradppkcteeding to fitshaspagpf the pesamt ingenporef er ably in the range of

1- 2000 W dependi ng on the sanple size and the chem cal reaction in
guestion. Typical ranges are 1-300 Wsuch as 5-50 W 10-1000 W such as
30-100 W Hiftresgntarpectipe ieserhig Vet e/a1e ok methrd fifcRed o A (hemice! rection

el ect r omagesd methedactimpbisimntheisieps éfor noni tori ng or "scanni ng" (see 10 bel ow)
is typicall y only a fraction of the power needed for heating. Typical
ranges are 05 100 Wsuch as 0.1-10W The tine of application also varies

dependi 1§ B)n H’?Yé"r@érﬁﬁl“@e "b?’b%pég"?ménd the chenical reaction in question.
Typical reaction tines are 0.1 sec to 2 hours such as 0.2-500 sec or

0.5-100 seg) %ﬁyﬂ@@e&r‘%‘abﬁe‘n@F!ad%hcﬂﬂé‘{he ssrﬁ;m Fnh@rmadm bits ﬂdlé&%tﬁ%ﬁu’?&jeleﬁnlged

distribute nor e | I cat ors .us a distributing n

di st nbut ng neMaR%IRC ERRPLBBP ?é@eﬁﬁ%@)"ﬁeérﬁ?“d’?ee%"p"q@f°éB¥ @’?”@Pﬂﬁ\@a%m@r‘f’ébdl msnt
of the appar aperstioncos ksabtain afirstebflected spectofm,t hese features. Figure 2 is only
an exanpke illustrati ng 20 how the different features can be inplenented,
and the order of the eat? e 2 is not restrictive. The foll ow ng

features cSh BRIGNSANEH F?F?‘tfﬁ%e"aﬁfag?ff’?%‘t?ﬁ E‘Be AEPRork: - circulators 31 -

bi -directional couplers 32 25 - power neters 34 - 38 - artificial toads 33

- dividersgplky ly@&é‘@!tr@ﬁmé&neﬁ@raﬁmﬁdﬂ&@ﬁmé'dﬁﬂn;ﬂé\ﬂ'fdfﬁﬁff§sé’t@n@@mﬂ&»ﬂfhat hese features
wll be deSCI’IB

o roulator 3 RPEvI T Rl el Bk BB R RIS ol perifra g or 24
and t he2@i st mathematical m%mﬁoﬁop?t@ﬁ?é?ﬂoéﬁ’ rqﬂgstqdrﬁ@egmr anpl i f| er 30.
Instead the refl ected pomer is 35 directed to a dunmy | oad 33 optionally

connect od L0 SheirepRPAR o) TFh B e SRR RSN SO UE DL RABRLFERRIG O 5 and

arrpllflers eneratorsla
calculated as the mathematlcal difference (subtractlon) between the first and second spectrais

within a predetermined range.
25
If the difference in reflection factors is within the predetermined range after the first execution of
step ¢) and d), step e) will off course no longer apply. Furthermore, if the difference is close to
being within the predetermined range, it might not be economical to perform step e), and it may be
omitted. Preferably, the mathematical operation for obtaining the first and second reflection spectra
30 comprises Fourier Transformation but alternative operations may also be applicable. The method
according to the seventh aspect of the present invention may be performed using an apparatus
according the first aspect of the present invention.

In a eight aspect, the present invention relates to the use of an apparatus according to the first

35 aspect of the present invention for heating at least one sample comprising at least one organic
compound. Each of the samples may further comprise one or more reagents and optionally a
catalyst. Preferable, the apparatus according the first aspect of the present invention is configured
to heat two or more reaction mixtures, such as PCR mixtures, simultaneously or sequentially or

intermittently.



2 ~~ ~ 2003 14 affected by backscattered m crowaves, and the ci Q$UIA%w?003
31 is not necessary when such generators/anplifiers are utilised. Th
circulator 31 is adapted to be operationally connected between the
anplifying neans and 5 the distri buti ng network, and has at |east one input
termnal, an output term nal and at f@st one conbi ned i nput/ out put
termnal. The input termnal is operationally connected to the out put

term nal of the anplifying nmeans and the conbined input/output termnal is
operationally connected to the distribution network. Furthernore, the |oad
33 and fi rEie fipavency ofdhecsglecBdmagnetib@dipirmothp taveltod tiradatet ipewer@pd e trarodi of

Connfct l Ona;mytna tmcﬁbrﬁé‘dﬂb@t@ammm dm@maw w prblsbt meglf& w@rckerﬁéw rRBBR i Se a
coupl er, Sl N

u
hpot 1 er niMERIEn i Pl B b B P ek et atse Bl g Pl prers. °"
out put t &r @orresponding dath ppitpauensy andrefleciemfabier myereastorethialal njereconfeeltted t o t he
out put t er gh&BLing Fukndr bro€essihg A} B4 PdrfoRhedaiB hidrbiglerwdnd the out put term nal
is operationally connected to other parts of 15 the distributing network.
The bi-directional coupler directs a fraction of the input and/or the
refl ect ed pewinth aspedtitoe peset inyantien relalBs taam gt f8Gchemivalivt ladatids gheminel speties wido
nMeasur es ag RAkdnt Qgﬂloﬁgny LfRr e \WBtiontof ﬁ@éiﬂ}'slttvﬂ{érémhé B@en@léar RattlcAR &QWefﬁ% dnh ef
es a portion o

applica

the povel PTARLRPECER h I BTSSR P PR PR bR, R TRRR T Ot e
applicator(s). The power determ ning neans can provide signals to the

contr ol | er a4%.sarhpig hBibsrichinprising GiNieBa biwbfithCiatgent 51 16O BMOHH atGIdEDI ners 50 and
dividers 51 in order to facilitate parallel processing. These can incl ude
switches so that the structure of the network can be 25 varied. In general,
t he di st ri Dutehglctrasicwisrageimeany enripieen $ate caceping Hetahergicaliraciancetwegmriignet i ¢

radi ati 95 geRrRénéspeaiRsamiheé tdabet unit g obtkbﬁalsa@f'ﬂrﬁ&%uﬁia%t §d|d3é1éﬂtror§]@ner at or
and t he sem C ndu%egrqs g‘glpéa;rrétgsr gelrg,c'; ﬂ%gﬁgé O{ I'ell ééln%the Oggr} aiF]e g?ra%e m? gl I f I ed

signal can be strrpu arali ators.
An exanpl e oﬁ"%ﬂfé?ﬁsanm%ﬂﬂm%q@t@WP'd'Pe ehpbagan vﬁanelqsirwam@ r?d’?t'em er to
split up thespovwanrde Bdignal |ine in as many power/signal |ines as needed to
feed all the separate applicators. Alternative ways of acconplish a
distributing network is to use wave-guides, strip-lines etc. 35 The

di st ri b&?i HY 3reeshork fuRhsf cBEPiss 'WSHF%‘Q?SJFQ?S%(PQ adgitiop jobthe phamicahersFietiadiyyn as

w | be showet Homef-i gures 3, 4, 5 and 6. 2 ~ h~"f~ ~~J03 15 Applicators
such as 24 can be of various types. According to the present invention sone
features are preferably conprised in the applicator. Sone of these
preferred Fi@gue dilbstryips possi@leroadinepens af ihe HeeerBrip HAdMIGS Wl AharrefaBisence to
Figure 2. #colamg tdedesihteddolescri pti on of a nunber of enbodi ed applicators
will be,given later. 5 The m ninmumrequirenents of an applicator are: a) an

i nput termnal 12, pb) a sanple holder 1, and
Figure 2 illustrates an embodiment comprising of the apparatus according to the present

invention.

Figure 3 illustrates an applicator mounted in a microtiter plate.
30

Figure 4 illustrates a microtiter plate with a microwave conductor mounted symmetrical in the

centre of four wells.

Figure 5 illustrates a microtiter plate with transmitting type applicator with input and output
35 parts 12 and 13.

Figure 6 illustrates a microtiter plate with an individual antenna for each sample well,



10 c) neans for confining the microwave energy fromto the input t2dmARal 2003
12.- In order to control the operation of the signal generator and anplifier
in response to the power absorbed in the sanple (or reflected by the
applicator), sonme neasure of the total power absorbed in - and reflected by
- the applicator has to be obtai ned. In order to determ ne the absorbed
anount of power (or energy) in the sanple, the applicator can conprise
means for determning the el ectromagnetic field strength. The applicator
can conpr|A§é“%fﬁ'°6‘?.ﬂiﬂ.?t’e't‘B? Riefeqt ygR Qé‘t‘?’Bﬂg?ﬂif‘?:"Bﬁ'ﬁB‘étaéa meghogs [f5 Parfedingn at
absor bs t h@emiebilreshiocs, pasnaably bﬁ)emnbeheeaa:ﬂprhs patobhed Rhiah@r ApeRiculbrobietebtingoWer
Measurt ng R3S o & grafag%l%@éra.ﬂg i BBRRGAL 6% &iQehiSnd A00 oA NE
control neans S nt enna crowave recel ving
means. Thdn F't?éﬁ?“a'rﬂe@ﬁ’ﬁﬁ” pad é'@ﬁ'ﬁ@ét"éﬁmf’ﬂ‘sa“f‘ |"‘f"f‘PP?i?ﬂfvé'r°"‘rﬁ@a§‘ﬂ'PF"ﬁ‘g H’Eéﬁg' 38
and the acaiahmkor%aasQeA&atoTbﬂeramMatdmnéal.eéte@bdaaragesaa cR&icd QoRhasit Hana 13

are used f nitorin receivin 25 m crowaves transmtted through
t he sanpl eglisagsg'{‘r“é tg?% HGOPRE '8 th‘Q"“'erfe%'(()mpower neters 37 or 38. The

di fference between the power irradiated at the sanple and the power

transm ttegll n{aﬁi b&ES8 G Qm.stnfaem&%mab@g or@i’ﬁé%‘ié’chWa#nlanE BRIREGH In V& AR meters
dependi ng on the exact setup, indicates the sumof the energy |l osses in the

syst em and"e SRS ANRSHHAING Fheprire! ERRRYANS s tnkeak apsl/ercatabise ceaRtions kg br at ed
by measiy iphge ihes&y@é expobasmasicivalé eadititibo.arterdraB 1B pdnwaisqilacbe inas Rimplee
sample is | Pt rquced hlcart](twooftt RS apf{"%f)l jcator. The energy absorbed in the sanple
w | | charac erise errs of dielectric properties at a given

t enperature and frequency By scanni ng the frequency within a given range)
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moni tor - angRARkeLaglS :3BRkHRH 8y, M crovave energy to the sample or
sanpl es. Sensors R ~~~37 16 Tor neasuring any paraneter
characterising the extent of the process or reaction, such as pressure,
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nmeans, asu ri ns e fre cy.sel ective t he
electrona t| m§&8| dﬁPﬁHFggsgg @Bb& Eﬁ?%ggﬁg)glne dependent, e.g.
pul sed, analysis of the tinme and frequency spectra of a pulse irradialO ted

at the Safﬂ?Ju%1 mnéiraft&ea ,;reffehe&aeslé&,h@rnwamasslar&ugragélo;dé@gdyf BleSeny @bl e

i nfor on of the sa . is anal ysis can co
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appl i caporcan have. a quasi stati rface f I
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frequency of the signal 20 connected to the input termnal 12, e.g. by

adjusting certain geonetrical paraneters, such as
If the average power to be delivered to each apphcator 24 is less than the maximum output

power of an amplifier 29, the number of applicators 24 can exceed the number of generators
35 28 and amplifiers 29, hence n<m. If the average power to be delivered to each applicator 24
is larger than the maximum output power of an amplifier 29, the power for each applicator

can originate from several amplifiers. Hence the power output from some amplifiers can be



a resonator rod, of it. The sanple 1 can be placed directly in thel 4 APR 2003
applicator, but the sanple is typically placed in an open or closed sanple
hol der 2. Such sanpl e holder could be an integral part of the applicator 25
or a separate reaction vessel of any material suitable for use in mcrowave
heating applica tions. As will be knowy to the person skilled in the art,
the material constituting the sanple holder should preferably not absorb

t he m crowave ener us t es of I and can ed.
Spect 11 cal 19 Bieveglerin FREpRs 4P B e B pmaPbd ahestog 20 an BS

pr ef er abl y las tbisethewehercofgeneratorst 38 afd memipére 29i lsenheaeed Toismuidirmn@ous| y. A
plurality OJouﬁnﬁ»gDAfeaMo%a%éﬂ aﬁen.eb@aesep%mkcﬁg.sldarfem%gf e dilislRhg Set .

such set-up can generate a very even heating o es S|nultaneously
The sanpl e "RV eRér23c Berhr amRliferang eerlisatop Fave!theke s PR é"a?PﬁFe‘hPhFé‘t"‘and out | et
ports forssanple transfer in and out of the applicator and the sanple
Rt T R R LT O R A Rt S
in order tmmdﬁ@llrede@lnmﬁpnbﬁemm@eﬁd gmtsees and the sanple. It is however
preferred that the sanple holder include a lid. It is preferred that the
applicator includes at |east one inlet/outlet for providin i nert

at nospher e 1§ @H@ag%@éa’ﬁmdtth%a@ﬂh’ﬁi‘%meﬂstzé’r%%F?S\?%‘fi')}' c?%é't‘gf)‘h%seé'ﬂove
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hydrogena“@ﬁa- AR e A AR 0 dghggofbd RephEhally, De able Lo
sust ai n hi ' At er nal pressure e|t orme cal reaction or
formed intentlonally to create a hi gh pressure atnosphere as a reaction

paranet er . ﬂe%vdenbe{h@@enmtes svgﬁa vbﬁesruahmlohyy H&a@emd afd BN b dighal NCT ease

the tenperature of 10 t oint for_ t liquid
phase. rr?’he %?P%’é"s"ur‘seca@awe Begrwg%t %{?na a'B?'g'ae? é’I{O'rhpﬁe}ér RAVIE 5?’"&?’5‘9'58358 as a
| evel notd tignbegemeceede conwolidbéd/progyednmable Aopr s sentellgyEt. §he copor pocedneds a
saf ety val vg iy opeorften.nmret%.m@ f?équmey REGRAYS m@@.&pr@@,@ﬁem and

personal safety. 1d cooling es can be a very practical
feature, \/\HPE‘F\OE:%%H*“E%‘ Qfd ?'9@&@'?%3Wr@yéﬁng'Pét&”6Pf R PIRPEYUNGRARNMAIEBDI i ng
sanpl es wi tdamsttingly use of neans for cooling, the time for the sanple to
reach anbient tenperature is usually quite long, |eading to undesired side
reactions and ot her unwanted phenonena. A forced cooling can therefore be
used to 4f niemieeedugier basad microwayeHenerators dampliisIsre\ddes darety %) PeetagrHi ned
t enper at ur everd EshveRVNBINIVES, JFRIIHE aBMafiRtofhs, ERMBEY 3f tBes.adCintsdet ate Ny ai r,
circulati ng water or of her ui.d cooling nmedia, pettier elenents, etc. The
cool i ng devi c&SEE %"‘E?é'e'ﬁﬁ&‘i'd °8tp(':’bﬁ?‘?'%l the tenperature during the
process cyod Gsmaﬁlr;ﬂ.ymaa)mrrﬁ@mbnsappl i cation of the cooling device is where
tenperature, cycl.in | s desi ) e- progr amred

t enper at ur € g%ocil"%h g%mﬁgé%?”'{%“ag'%h% oPT e Sah nd reﬁabfﬂ "Whe sanple with

m cr owavas satb wont- umgmefthemtaaresanquddeatdjwawﬁbﬂgyt he cooling 25 device. An
exanpl e of SUehyall AP Rl Lk .ﬁcan,gmze{,@é oL GG 8 REL L8Pl AR HR
reaction (Polynerase ain tion he cont ro 45 has a central
function as ghegwn in figure 2 The controlling deV| ce is a conputer based
system for £qit highdr MEBH dndMovhdr BT 1808Spalel vahdrWT ogr anmi ng of t he apparat us
30 and all its nodui es/conponents. The controller 45 m ght be connected to
one or sever HetPCgan Aunie AEpeEsrRMATed WIS T nt er f ace and/ or conputing devi ce

for one @ sSa¥@erhoitd EdmpimEvidPPArat uses. In this way storage

The amplifying means 29 can comprise a signal amplifier 29 and a power amplifier 30, as

shown in Figure 2. The signal amplifier 29 is a semiconductor-based device being adapted to

amplify the signal from the signal generator. The gain of the amplifying means is adjustable
35 by varying the level of a control signal. Thus theamplitude of the output can be selected by

the operator.



neans for storing data and/or processed data and/or data concerniny, APR 2003
predeterm ned process 35 paraneters becone avail abl e. 2 r~1uR ~IfJ3 18
The control signal provided to the generating neans 28 by the controller 45
varies according to a first function of the back-reflected or transmtted
signal fromthe applicator 24, said bagck-reflected or transmtted signal
bei ng detected by one of the power neasuring neans 34 - 38. The control
signal provided to the anplifying neans 29 and 30 by the controller varies

5 accor di nght Bover LEwREiR 390%%’??"8%96’1‘ Whe Sineghe é'@f'%dm&}thf’ FYRYAMPIEY-

si gnal fromé bevapplpitatosiso & adnticdndakerrbabddeddvied voth dnr amsrablet xth Begiaal isbei ng
detected b r I means 34 - 38. The control signal
provi ded t%a %qwqéﬁéggP?%ggﬁégﬁgﬁgg @%%ernlnes t he out put frequency, the 10
control signal provided to the anplification neans 29 and 30 determ nes the
anmpl i tuds ohe h&ﬁlné’-mérfaipﬁﬁbd&bgm&pphm s'alpb’fpﬂei’dbl#dﬁ t&fraﬁdheofaﬂ'@d)ddmp&i»cﬂ{ba'

can be varie as a f unct on % t Ee(non eetlo &o ? stem f% é&v

different B széragf’ Rfpeheicplreqetion INdues iy e 'B'QeﬁI?Fﬁ PP KG SRS s 3)
progranmm n§- amdemm@@caw sugh b 80460 W. ahd é@ 2060 Mhsusk at 110G-1900&V.put s specific
requirenents to the configuration of 20 the controller. The controller is
capabl e of setting and controlling the output power fromthe signal

anpl i fier 39e BRESREPIIRIEF amABFTaagpetiggadiatiopured 19 MENitering o GTFRPHNY "elsed s
capabl e10f béIBﬁwisaanHgy bhe asaagﬂ@i ofgaenecrv&tr @deday férheatirigy rra;b.cegeﬁ@éabr@ro @8 so as
to generat

rectangul ar? gpv I é‘]ﬁ Ouﬂ"i(g&vgj\r/%e bk opapfﬁca??'nn ElﬂSoa\ﬁaé'e%:doe tegé"[‘g °p Y scfﬂ‘tp%’m rcle of
t he si gnal pregsss dnd t%&jﬁ‘»h@smcablieect@o imguestipr: dyried rasponigs are P. 1tfh=e 193 hdetsi ver ed
signal . Thg,abRvweBB80tiON0s-heatay. e is provided by applying a first control
signal to the signal anplifier 29 and a second control signal to the power
anplifier 30. 30 Another feature, which has to be incorporated in the

cont r ol H&r The gmpltied aighdliftoxn the amolifyinometrisds distriputed o eque@nagre @pplicherssusgiyal
gener at or. a%k%%u*&?mﬁ@%hlngs relating to frequency scans, i.e. start
frequency, stop frequency, frequency resolution and scan tine nust be
controllable fromthe controller. The starting frequency is in the range of
0.5-300 GHrhe @iét@ff)ﬁl’r@mew&rla cérheonﬁr&i@gﬁmaﬂ,f fedrudd. Eblzre ZFQhBQETanéH%&ﬁﬂeManUE&_
gretem?ﬁnt mg;lgpg?ﬁanés c%rnpélgnggg%le ntob?heg? %%{urbei%rrpg gtzlﬁgor}%g aR aegilar?;;ll gﬁra Vér : eg 4
AR ~~?~20 190\#@!?61 %Prmrfeawmehearpbwmemeﬁearfddhe ardeb?fphefe@up?méyyreo? ispart s
of a proceas reftriktlve] THEOLNRENgTRARIrdsABA b B S IsePinsho UisHlibbenLilve@! | abl e.
Measuring the input power to the applicator by neans of a power neter 36 is
acconplished, 5 however, the optinmal position of power neter 36 depends on
t he exact eordregearatdion of the distributing network. Likew se) the
retlected pover '&58””E99'qfﬁ icator is neasured with power nmeters 34 or 35

whereas 37 or e power coupled out fromthe appl
25 — power meters 34 - 38

— artificial foads 33
— dividers 51
— combiners 50

— spectrum analysers
30

Some of these features will be described in the following with reference to Figure 2.

The circulator 31 prevents the reflected power from the microwave applicator 24 and the
distribution network 23 from entering the power amplifier 30. Instead the reflected power is
35 directed to a dummy load 33 optionally connected to a first power meter 34.Some semi-

conductor baser generators and amplifiers, e.g. Silicon-carbide generators/amplifiers, are not



cator. The power absorbed in the applicator can be nmeasured by calibrating
the apparatus with an enpty cavity to neasure the | osses in the adbﬂiéﬁﬂoﬂm3
This calibration can be done 10 within the frequency range where the sanple
is to be processed. By subtracting the reflected power and the | oss power

of an enpty applicator the absorbed pqyer can be cal cul ated. The power
signal neasured by the power neters 34 to 38 are transmtted to the
controller so as to be used for controlling the frequency of the sign
gener at or 2HedpgPyvPackpratgEI NP WEKES 780 Be g 8Nm8h§1FVF%Pe%§mﬁhHW8?ST%b power
anplifier 3Z@nerdibe/sapnifiarObleattilisdd. can al so provide control signals for system
conponents - such as directional couplers 32, circulators 31, etc. The
controller can provide other types of signal processing. The controller can
control andhesiulater Jdprplapteshiodiveareiasorally iforpected sk epnibe amplifesg meens g1d, 20
conduct i \§ tiye d.ahsunng%bﬁ@rﬁ mad%eut 104kS |o)ie n@mt 1eAhIRE, SEOSPLSterniial GHE bERLst

measuring of such parangters | er. an re ar a
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radi ati on an he sanpl e and varyin uency and power of

radi ation ﬂ§'%§§EHWT%Wth¢%¥?ﬁ@ﬁﬂﬁF@"wPW%‘WF%gﬁ@WEVaET t he electronagnetlc
radi ati oy)p can be changed in response to a change of the |level of the

f eedback si I t han a redeternlned thre
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refl ecti on chaméeraompridirat welewttthmledleecﬂqaemgwm{tplc t@@ﬁlrmﬁjarata omiared isnpl e 1,

can be storgg {er@ngem.xpdtqanﬁ.wwese weo&%aglyr&nnéc@eotmhmampwemgamde a
scah function is avail able that nornmli ses froma first scan

(gi ves a stPafitcvBREal ?’H@“}’er ﬂﬁ’d’hﬁgt‘t@& SR 'ﬂ?’f‘i"&?"g Ve PPHited e thPief P ed
basel i netsduxé dgigiributing mbevoriaf subsequent scanni ng cycles. Tracki ng and
locking to the frequency that gives 35 nmaxi mum power absorbed in the sanple
1, (rnoving maxima) is another available feature. The frequency of the

m cronave Joasrdeeongicouplendijagit alirdion 9f His ienit @ng/opihe Aeflacted19Wa0 M WYbund a
centre fr e%@eweters&%nmeRTRa tHild porer MERN36 h&aaﬁ&%’ pdrisn OPGE dbRSr I N
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avai | abl29 frumesurésca pptierneiche pAwertrdngalitied imtherapppsiteglirastinegd i e.caya ritoe e event s

wher e ever YipRics%AN! Thasovitlr dbRABHINGMeaRE B4856vias sibiiUio. thd\ cHRNESSS. par amet er
is e.g. power, tinme pressure etc. The apparatus can al so conprise neans of

col l ecting and processing all process data and store and/or retrieve said
dat a fr om &dhe distribntival netmelk een eled eomerise damiipaseb0 4@ dBydeans bh@p aderap adiladtas

with said rsem@.gracggmanﬁwegees.; Akhbd Sy ABRE So SRR G WS Br @b nb&RH NG Of
the follow ng paranmeters to be variable: frequency, waveform power, tine,

t enper atr é’a““ﬁ'r essure, artificial atnosphere, it is possible to optim se
and) mai ntai n t hese opt| mal conditions for said chem cal reaction. 15

Ref o1 1110 4001 1f Ond hidHb Riof neRflor AL Airal e BLGLANEYRASSLAL R, HREH CO

and bi ol ogi cal"eact | ons 'S |
appar at us aemsated a@mmpﬁvgci \qsgng the semiconductor signal generator and the semiconductor

amplifiers respectively. The generated and amplified signal can be distributed to a single or to

30 a plurality of applicators.

An example of such a network is coaxial cables with dividers in order to split up the power/-
signal line in as many power/signal lines as needed to feed all the separate applicators.
Alternative ways of accomplish a distributing network is to usewave-guides, strip-lines etc.

35 The distributing network can be an integral part of the applicator design as will be showed in
Figures 3, 4, 5 and 6.



reaction conditions for said chem cal reaction. Another set of fgﬁgurﬁg&gha
the apparatus ains at nonitoring and controlling the optim sed c 'P

for said chem cal reaction. Yet another 20 set of features aimng at
process data collection, data processing, storing and retrieving data from
an internal and/or an external dat abage. Wien two or nore starting
materials reacts chemically they are subject to changes in their physical

and chem cal properties., These changes in erties are usuall
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m cr omevesOfe?ﬁ‘@G'ﬁﬁbP?Fé'la‘P@r‘M'BP AR 13- the transferred ener gy into the
reactings mat eri als is dependent of the dielectric properties of the
starting med mat er i as §adlé “cgt t he chem cal 30 reaction. The
dielectric HB'B'&“FI S s RPREUT & d€pendent and will therefore vary
during the chem cal process. Changes in dielectric properties will also
take place due,tQ;f.of hRga0f2, new materials in the chemcal reaction. The
dielectric properties of naterials are also known to change wth the
frequency. 35 B7 samrlapgidealA%i th frequency tuning, an optinmum of coupl ed
ener gy ot o the meaacior esnininglthotunswavie edergpdoin tocthé frpquenaiyal 1Bhi s frequency
wi Il change according to the tenperature in the reaction in accordance wth
t he dependence of the sanplespermttivity e wupon tenperature. Z ~ ~~,r~~
~~~3 21 Thie order i cqirehithe aperpiqicefi tha sional opnrraiatany Aorliferdn resRgNse e tganeiver and
or gani ¢ reﬁetrbem.rttnygérwm@g)rmemfeamté %nmoﬂpr@mrﬂ@s% oA tHeCRMRp &) bond
between twg a ?JDDE‘EEY' eac of clusters and | arge

nol ecul es. aqs?tbg‘ft@uladabéeﬁﬁag?’s heRd° P& 9o includes 5 reactions

where efgymes are involved as catal ysts, e.g, thepol ynerase chain reaction
(PCR) and glofel 8 adidfie L abARL! Mibnt th%mreh%vegatw)r.ﬁecetta%;e' FhePBicSlabl v a
reaction involving organic conpounds, i.e. |ow nolecular _organic conpounds
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esterifi cahicRWavélRealingXkhad. iTBe I0RBtaBtehhd BadohAdtied ot BIFEPAIdr Gikasuring means
dehydr ogenéaél on, addl ion spych as 1, 3di pol ar addition, oxidation,

i sonerisatTon, acyPatl OR - “alkyl ati on, amidation) arylation, Diels 15 Al der
reacti ons such as nal e| ni sati on and fumari sation, epoxidation) fornylation,

hydr ocar boxyl8bieRentdled BRSO @@tah@ ra,op taadee.gaen@t.teqrted Pk G Meirat dn@Receiving the
hydr orre%gtl | ation, reduction, sulp i,on, am none hyI ation, ozono SI S,

oy T8 ligurr s At iiee PSSR P AP B A e ARTOY th AReHeL Gt

i nvention @r3e. Tspdfierahdeybeswiednetie bowerigadidted as thersambleiang tierves traminetted)-
catal ysts r?mttmt 3 YRR r+&ase.t§amhteswmt QR mgt;rsTtt%e&Jwgmn%L ek&@ction
can take place ina sult e solvent or I n neat solvent is
used, it i%tysr BPispeethersyat ofithe eRAresIoEraE irohesxeiedrand srerpy asotbsd dethe) i s
greater t hs%ﬁapabmw a;ian&«ﬂoraian rbefb.anbtrampw Alebdueing E)@amateesrosﬁes Sﬂthbalbloedeﬁjm vent S
ar eacet gni ter n itrile
et hyl eng(pgﬁp{/)hcgfdr b et%’ﬁéamqjﬁf—s n (yva (?en} °ue§ca§) P oﬁag P ﬂ‘e, enereqyfgsorbetd nh
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sol vent. Theg fear%ncgaéy chﬁrﬁrtd thsfreﬁﬁ(&b?%}ltlhh‘l 4 Gived té%g@ 4. aut BHQ aﬁatrewtatlng
(subst rate or chem cal %f{)em es' eagent and Optl onal ég/ a cata

(e.g. an éhgyARAISTiR thego ﬁ%P’n’ﬁ%ﬁ"étB? BMPNGR bIapREPLYEY therplPetadyanply m

mat eri al canithal a8 YossibrRNb Gallonsinb ptavnse of A casyicghaseipnsol i d phase, | i quid
phase 055 30 gas phase. Included in starting materials are all materials
used for e.g. solid support of reactants in chem cal reactions. Starting
mat eri al s Tegoplicatf predsainfiudmicsreralerergimal exineiat 4e teceryolieon R thder

t he chem Gadnitbe@fet doRflolansl afiiBatiRe of aNGbWEIeasthesy taaMe Sdnipld briigmpRt.Behadrs f Or a
subsequent chem cal reaction during the sanme process or in a new process
performed in the same apparatus. Staring material or reagents can al so be
included in the gas phase of an 35 artificial atnosphere. The finished
chem cal product froma previous chem cal reaction, perfornmed in the
apparatus, shall also be considered as starting material for a subsequent
chemi cal reaction performed in the apparatus. ~n~wil ~O®B 22 The
applicator 24 conprises a cavity or cavities for applying mcrowave energy
to one or nmore sarrpl es 1. It shoul d be understood t hat the var| ous types of
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adj usting the resonance frequency of the cavity) input and output 9|W2\?J 5
| oop antennas 18, 15 and optionally a gas inlet/outlet 15. The mcro (gs 2003
are introduced inductively through | oop antennas 18 as showed in Figure 3,
alternatively they can be introduced capacitative via a distributing

network feeding the whole array. The sgnple is placed on the resonator rod
16 in the outer tube 17 of the cavity. The Iength of the resonator rod can
be adjusted for changing the resonance frequenc he cav oy Al |
conponent s 4888 YBE'Iam&?ﬁﬁQ‘H?Céﬁ'Sf”S %Sﬁeﬁtt?{épe 6°etst°§°f (ﬁaﬁﬁ' R 8B<L8d
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B where four sanple are assenb nmretrical 1n a sanple of der
set. A shi e3ViieAde PRseeddRYd 8424P34-he zé?gt%?/'P@ SpEh SEnEAY PR 2I9BPIYIF? Bunds t he
four sanpl mebkglerve ahbentbfpoasBaMBoibeansite ishinplg. device 5 is placed in the
centre of the space defined between the four individual sanple hol ders and
thereby irradiates the four sanples 1 sinmultaneously. Thus, in the

enbodi ment Spdctymt anatyeets ican F¢ gennectad tathgupelyer measuiing mbensefthbe @pwerf mezsnpl es
are procesggflmbihsRahdeliRlbuer§ skikbii! rf@ﬂeeéjedtr'aanlgalﬁE Bigh & dirBcthd W @k labMicBior
cavities can be arranged in an arra%/PS|m ar to the array described in

rel ation t 8 'iFegirPendsnt. F8-mulfar < 8lYH't PLYE IReADIATe0UHEY RACHEIHA PR F'@dPhe
transm 10| @ adtha @eie/ iangd tideviierad/rddmared sSRinbke spegéld valliable Bf@matunrdiate on
the botto I 6 |s
mount od oneT e HaD G ERE Ly E HRuE oS B b Al Bebdtfeq dotfis, 16 0.

or 12, canff’Gé"?rﬁum ewcéwa&m@nhmed tpHige perliceret mtaeret ig e cmémpm Sareagwe- but

is not Ii mnbmd flofh pavmncewt; iat e.me.%ﬁt RtAloBs inTthB sPdrh, aBYdhA LAtHBanaRsing RRahd d 6
define a cay h % rrega 3]' A vial made of a suitable materi al

(gl ass or 5’5 K ?co'Bp'{fe BBVV OWeﬁe is inserted into the netal tube to
serve ad5a sanple holder 2. A cooling device can be attached at the

bot t om pl agg, adpﬂcé‘?&qglbretfé?ably gdjust"blggo #APR cZ bl hed %Lﬁp&h%omscééa\é\@d{ﬁg &her gy
not absorbed, the |lid can include a m crowave absorbi ng materi al

cool i ng detfiecised Hpaugnay wouidibgoied ther theaprlicgtorcan B?VGé’qutaﬂs‘La%i%ée%’é'F'é of the
di ssi pat edsefaed iy, sifgle nidbetdvap b raditi ode calify, £meuaarsfah Bp@l@hecﬁdamsnkbes@ncan be
attached to tt rhcean b.equr?rtljdt/ Ongakt t?e rgs%ktn%g}fp at &; [ rres one th One esseof tﬁa q
pressuri sefP By Y N8 eI i S CAF R RISV S P\ STt EFRETTH ' JEREPH ed
pressuréofFWch@tQﬂ@mMFefﬁmbﬂ(?rﬂ bmaéluat'r@mﬁtﬁnamqtneaamarb@ewmpww by
usi ng a hi ghespediér obij ity body at 12 or 13. Thereby the lid can be renoved
and the applicator becones an open-end applicator. Figure 6 illustrates a
mcrotiter plate with an individual antenna 5 for each sanple well, where
10 t he ant Emnserirde 1 parebspldeddrditehily is dAngérpligeadrt buSherpdreplavis|tically elaggd iareged i n
an array aghnarRRL& s héde%uzr @,Qun%mew&hd a§a@.n§éa»aelpgn oAhglaaél%a{%rr

pl astlcgga npl e hol der Yplca ly inserted into the netal tube

serve a °’saa?ﬁBP'é‘t%'6P‘Hé’P ve ‘na’tyﬁ'éa’%'é?éé“"GP'etfﬁ’é’sér‘ﬁ)’Bm‘WéaHFé‘e?if“gl*—’?’ﬂtfﬁe 3 and
5, each satiglseAs silpseokrRssad thdpérsdnckikalbd . th&Ertmaerrawénagcwndmhmigeﬁ]e aadple
St il Bhod B0kt M ol MRS B NS RO Bl B0 eBlang

1998, Vol . glzspeswmweasmd'chlwr Mr@pbW%ofaﬁysn@erpmgplaHartveyca('@daft)rablv
Acadeni ¢ Ps£ssed HRAGHrdilf 3¢ éarﬁblmg 'hézﬁéﬂ aﬁ,uﬁmpﬁw A &]ﬂr@lﬂty oP SamighEndipar at us
accordl to the i tion i hw@ é heating at | east one reacti OE

e ur 630 s ears el b ol e S8 Sith <BF Gt oeBBAB LR PRSP PR B

m Xt'ur e orsagmids sohultaheouslyacti on m xtures (sanples) can further conprise one
or nore reagents and optionally a catalyst (e.g. an enzyney. 25 In a
particularly interesting enbodi ment, the apparatus is adapted for heating
two or mor Bers8Eete; holfentat twtbermore g ?’3)’?6%‘5’!"5 SPPPie gl @r Peler porgy for sample
interm t t eﬁnédsya; i zhfhdm of fieQipbiator aRM 1d saRble Hldet BRinG o B@RMleeh MeGRbded, a

pl ural |§é/ 38 ) rp”p] r%aé:tl ons are perforned in parallel. This is
realistic aus q[ 3R RESEef fi ci ent construction of the apparatus 30
according to the invention. Figure 1 illustrates the principles behind the
paral l el processing of a plurality of sanples.



The present invention also provides a nethod of perform ng a plur@j tAPpf2503
chem cal reactions sinultaneously or sequentially, according to the third
aspect of the present invention 35 described earlier. 7 ~ ~;~~ zao~ 24
This and the foll owi ng nmethods are all suitable performed by using the
apparatus defined herein. The fact th the el ectromagnetic radiation can
be adapted to each sanple (e.g. with respect 5 to frequency, heating tinme,
power, pulsing of the signal, signal cycles, etc.) is inportant, e.g. in
opti mi si ng 'p? g&%%%"’é% ;g aPWCf’tI‘?éC%'b'Pstt"PGd‘t"lhd’? RS PSR aﬁdieb? JPIRRPR al
corrpounds bbtvebh @adsat bed thG&Sreple.allﬂ)é Hbiwlel @ rpesteres thir the ashplv hbiewhdildenn fdle

}/g‘;l g;st rhg?tgentafear‘rtegqmt%]l Ou?ca%or ] t% o%% %?Iegg%de rye%%lr}-t?e%)f?r rﬂvnge érgleﬁietnsat ed

i nventi on, atmr@pl@mpatv atewsaqesabeseewefsemplpr élwmthgv,a@heemlewapmnhalsamplbrsafrnyd of
com 10 DQUMS a(rBhcthve 38, %, FONPREN S ketuth $QdroddrariGiPRaERhYSs and the met hod
according to the invention can be used to prepare a | arge nunber of
conpounds in a parallel process, where the conpounds are not part of

conbi nat or iThé apdlibatar should. peefenable ibe ablego s bindl Srtetoal podsserh @itkerCoMMAED by the
structural featis rEibtion | bi f%mue% .p@ﬁﬁanlahﬁm' diocfo pﬁrgﬁlple@me LRGP Rers 206 Fedcl
apparatus is capabl e coupling the application of the electronmagnetic
radi ati on PHR&EhH @a‘wreénﬁ' RBEDEH Eofeally [uged 3t Fmethedio Pereasecthe M@oemrrp aht is

t he cont1onmmreecmr a{elbemn@ﬁo.mrdspomn.dw layaydsrrrhg)rasss@rmh%eh@btdﬁra dﬂ@dé'zé?g a
sarrplelnle atter situ ] e can be

i ntroduced |'%%$eveaﬁb?rng?{oﬁs qtvef ”ogeggs(cseﬁdﬁdod all peloy aéﬁ'es%'fe ﬁysf georgo-

ri nsi ng soraw¢s osefety wlvb Segtientar yrthttlprmduwe@retsmngugcpmmwstampﬂ eersorlabt
thereby foggi®g the sanple out of the sanple holder through the sanple
outfet, and a new sanple is subsequently introduced. Due 20 to the
relatively short reaction tinme under m crowave heating conditions, a |arge
nunber 46 Bax‘rqbbﬁsmgansmiepr@nes&edrﬁ macp‘aalabéteie (Biew esrabe safiplised mahéders) or
sequenti al LynitaBe \RARRL RS 55 ,%sts&yn@égms{s%m& ng, thd finf ESPECt
to the frequency an power o 3 ectrom netic raoTlalon are
control | edf¥yha %?@’R‘R)Wt'ﬁ?ﬁhlaé?be@&;‘ﬂmpeﬁwg Pﬁ}&Pﬂ'Vb@‘tﬂWGér Igedirsitoryngpsiethsidabove,

t he el ect r arBgHetahe onadmamrmu N&n&h&faell\abﬂcyd afduwg dﬁ'dthbbéfcﬂe asmgaqeduct or

based si gnal ygensrat or articul n ratu f| n i n
m ise ime it take or the sample to r ac o% ermined
first as of frh pr esent 1 nvent pon n arn app I'?m 3 a% ﬁ’e °°§""%here

a heati# Jéqymel a3 b@yxf lapy $ast ¢.@qgiicpletng @"heme!laé'og M@mgnethuechquaidr;oatmgomed@

preferabl y,aap Ieleefdmwte?cr fihd &o%nmd yevm/él deR BREbE USldYo cBRYol Qmemgram@%.ngan be
activated 30 int erm nt | one above the el ectromagnetl C

radi ation " PRFAPY &F"s 8ei ‘?°é‘£l‘1 §P”F A Lh"g£OTRE IgURpIELNer tePeragye oach
sanpl e/ sanpicindhoi e sample ispfesicabis Apes-errebmmed ggnaperaiare P rld éntsey ts edravot .

Thi s nmeansyddhag ofaelbafbie it rﬁi@mae& &HuCoBIrg R BREAmIBRASY ushgl the L6dbhg
condltlggs or 35 that sets of sanples are treated under substantlally

i denti caP SVfGi £ EHIHEC! RISAAN PPYIFRYIA F 19EPERTEVTE PTG e fogaitae BER eeafifines,
or that al{Poymepisechain@etdtieat ed under substantially identical conditions.
In the event that a set of sanples is treated under substantially identical
J~ ~P ~1i 1i3 25 conditions, it can be advantageous to use an applicator
essent i al | JhexpnirplanSrhas e gentral Fungtieneassshown dny igur 8. Brergentrolling dryics i e :
col l ect ed mnp%eérs:as&ﬁs%ﬁm fBgcdhftroﬁM@(rGrﬂ 1if¥® &6ntfo HAl %rd@ﬂﬂln@iﬁ’hé of theSBbarls f OUr

sanpl e | ders .is s in Fiqure Such sanpl e hol der sets typically
385 5r5' s o SlebiteReteat o

consi st typ| cally from 3-96 sanpl e hol ders.

The controller 45 might be connected to one or several PCs in a network as a user interface
and/or computing device for one or several microwave apparatuses. In this way storage
means for storing data and/or processed data and/or data concerning predetermined process

35 parameters become available.



5 The apparatus will be able to generate data as an expression of ?2 PR 2
progress and conpletion of a chem cal reaction. Such data can be s re'ﬂ'i A003
a database operationally associated with the controller. Furthernore the
dat abase m ght be provided with information regarding the product arising
fromthe chem cal reaction, e.g. puri ﬁé/’ enantionmeric purity, yield, etc. In
the 10 event that a plurality of reaction m xtures are heated

si mul taneousl y in separate cavities under different con itions 9:

condi ti ons'RA "t%"?'e%%ﬂé'c‘tm‘t"bedfﬁ”éﬁ%%??(?{f‘"”?\%f’?%@g PY Hg, conBalter Ag V@S}?ﬁ %°§ "dH8at i ng
power, coneenfisafuhaibnf trreeagmnmectsubstramnettmdg@nyomabah;ymcatosngid shape,
reflected Qacwﬂeciep%p%m & 8 rvx?r,e.ng% 9&9&5@%%96 omgaéwgﬁmem ihd IrBhet 34

at nospher e, e via or subsequent he sane

separ ate ca%$- tThesorUmﬂe'enfd Provisied e ﬂm’nﬁ"tvr"@rfseang 3é H’”GI&P(?VI‘BB wpprotiet ‘taé'PS

pr oper asaﬁabsm&g(te a&ec@»utf@rﬁmmdf fHoadak Bdfl6@tkd 8Nansmitsdd sﬁ’ér&Vl‘rdﬁ tBe BSHIG4ET,
possibilit ptim ndition for use uent simlar

0 e reaction c
Chen cal ' bbrbiuleterer fraautd i P e et Bhars Bk RRrA Bos vl o
anal ysi ng mesiscad -a381 eval uated to find optinal paranmeter settings and
conditions. The result fromthe process can be processed by mul tivari ant
data anal ysis for optim sation., 20 Furthernore it wl|l ossible to
provi de a 5@ cagfrokyignebmiPdsdetodht B eEAIREIMePTHES f"f)tF'"srl’fﬁs’Eﬁﬁéﬁ’f‘ ' PEAtEPbrike of
the sameot yqfrol Sgrl pdUb&L dotthit eoplific@Bat inGds 29Sind BOesp@bies itite ah@EBEIeQSt the
catal ysts, a S| 5 1n a
further pros%ﬁ 55'8?3%{’8 a géug%)??fh%vgﬁ)gf'ésdog&]a[ ‘%s er?\%%és%ggm}% nofsucf"u dat a
for optimal for suitabl e) process paraneters for a nunber of standard type
reactions egdcdiol J61h Hak @tebMitfeRBr MBdR dr@berfiod:he apparatus and be
provi ded together with the apparatus according to the inven tion. Thus, in
a preferred enbodi nent, the storage neans associated with the controller
i ncl uded5a secti)omaﬂbesrhgmat ed for predeterm ned process par arreters Such a
section could b s a replaceable nenory card (or a "Smart Card")
whi ch can be up a%%dtoﬁidﬁ%€I y by the supplier of the apparatus and
provided to the3’Lf§%Q*a’6'F"”t9We>dﬁppar atus. Consequently, the present invention
also relates to a method and the use as above wherein the frequency of the
el ectromag etlcr dlatl N SURRL he 35
Level of t{riar{gtm aomroﬁ’er 434 Rg\ t%g nl'so%e p'(l% §gml ?elqlln{:earj]t;elngsn A ﬁ%’ig%?anok of
el ect roﬁﬁgﬁetqoctrfr"aﬁﬂa@ Ferojler '@ié@@?'ﬁl%é@f"b@/afpﬂr 'eoﬂsfe’d'"g/memplﬂmowteh@'eﬁefm cal

reaction i Qgr%ﬂ@ﬁ&llf@ﬂze smdne r%e,e.saﬁpwarl 3E FulRrigres Rl @fltrbiler & @atpemage rreans
associ ated w er o

P
Thus. a furPHRmE PR EE pirgrats Bt e JoaRBOLRY 38 e oF oernseets RRORPHL h-
aspect, t heignl,egusit isiarfwestion ohtime sechidsta regengsiee 9 glhgylarmaue farmg Inethe lseme cal
speci es W L& rtﬁegswtc.rapu fHeaddntl HIWBE aliji§aRie b QQtd)rfed@ceCﬁE%BW%tt of pere the
chemical _reaction is perforned in an apparatus as defined 5 mthe first
aspect 6P feluerpd #8alt i nvention. In the ninth aspect, it should be
understood that the sanple holder provided with the kilcan conprise one or
nor e necessar ent I t ser only
needs to p?%v%a ﬁ""”’%" ?eggjr%)f @é‘."’wy agplﬁ’ 'hg%af 2 ﬁxﬁ{rﬂss?)cri%m tﬁx%%@g%l vent (if
a sol vent #mplifier 2fbenssaspcgndogontte 'QTEbIOe‘)‘ePQW?J’r%WFé'f'%ItﬁW al so provided with
the kit so as to ensure that the reagent and cat aI yst will becone fully

reagent RS R e PaP TR o dtinsr A BT Pl Bund BPVSOP PR &% ne
i sol ation @ﬂpmtﬁeqmductheefgnblmnerh@m eap tlneesecmngemeatmbaoTreeuapwapatsuse makes
it possi bl gk GeRRNEPR sWBpFUERST rr&fueRdyBEoMRN YRR sEanEhRESE BePEorBlidbR from

the controlier. The starting frequency is in the range of 0.5-300 GHz, preferably in the range

of 1-30 GHz. Predetermined values between which the frequency of the electromagnetic

35 radiation is varied are in the range of 0,.5-300 GHz, preferably in the range of 1-30 GHz.



m ng chem cal reactions. In one enbodi nent, the progress of the rea tlAcrrR h,ﬁ,m
si mul t aneously monitored by scanning the sanple before (reference set of '
reflection factors) and after application of the el ectromagnetic radiation.
By conparing a set of reflection factors after and before (reference set)
heating, the progress can be determ ned. Conparison of mcrowave 20 signals
between a reference situation (errpty applicator) and a situation where a
sanplelsmtroducesm an pIC l|s descri bed ip US 5, (360. In
respect of RUHBBIPEs dht p’P‘fF\?%HF‘ PdH,2 ?"{“p S POSETLY BVal'y ‘B’ﬁ%esfsﬂfd&'@§‘§'ves more

par amet er s thyn orpanep giouldhre coomtltablel er (45) in response to the neasured sets
of reflection factors. The sets of coupling efficiencies can preferably be
normal i sed and/or transposed before conparison. 25 Thus, the present

i nvention d\‘?ﬁ?P'ﬁf@s‘ha"’rﬁ’é{)'l’fb’l‘f'F‘therP@P'fcé?"gBYlQ“eé“%‘Hé’hﬁ%‘éﬂ’ meaes 36 15 ACRPEIIENg t o
the third amppectr, oe dphaalp;roemesmbf bdwee Mieted IB6CHRBEEdS A dh&axdet ednfiglmati@Nef the

i ntriguing t |osen r i of ..t he he first
(refer ence)a{g U%n? neEt oek fL geTtigaﬁggtgé pfw%r)fm"( g)e)ap{) Pca?or Ct m'ej’sureg Vﬁ'rér f ormed
prior to i rttor/\@dumer!’o% of 35:Wb¢r¢@a$7 e ifseasures the nower sawfbﬁdeoutTW@ thampble can

conpri se an ez oNer amoml.rewla%pu%oac&ed,é medsQfed Wyl Glbrbdiey &Q%Hi&aﬁﬁhs
substance is _a substrate or a I'%gep?sgeT e subsequent "scan" is

perfornmed aKd' ThE Ry CREPERCEFHE 1 Pdhe PredEPT TE'sé’ﬁ’ﬁ?é?ft%cFaf‘Bet"@'FT ect
the int e‘l(homirmntﬂaeif.eqemytnh@emm malsarspjdosttameeroamw ey smrrpﬁm@rt_bos redibctiebe
sanpl e. ;{:%“%P'Qrﬁ’adih@?&i; 8@& Q%naeﬂ,pﬁﬁap%ﬁ %Llysolbgzi%% &é?l.goe"caa'icu?aQéde or
studying the interacti oh bet ween |gan strate an an enzyne

heating (step Ic)) is often om tted in thi s variant. Furthernore, repeating

t he _ 2 ("j' A',heipowér sigral %Zaﬁﬁe@ﬂﬁ/ thé bbw@rﬂwéferb@4“6@3%&3{r%smte‘3rﬂﬁﬁe thuhdrdy ]E he
mentioned inte actlo e on sono two sets o
reflection afé%%’%l"gedw i°f £oN '8"'?\%@13 it ”encywt Sé%nﬁlogre"ern{) ﬁPglé’eH‘[e B on

al so pr o\ chimaloanmitiero 1@f°rn®enmeﬁymnlg'enﬁ®n mumreflection 5 (or two or nore
mnima) for application of electromagnetic radiation (especially where the
predeterm ned range conprises the freque t hat provi des optimal coupling
bet ween t hel"&I°8RY 'Sh‘é%ﬁ@‘t?'?? 9’%7’%?9”8&'(:'%9?6'stfﬁ'esyétéﬁ‘p‘f°§)p°“?“t% S{Ressiregiong!

i nvention mooMerde®, arqutdaodl,oftc.pibe fcontmllagean pedvede atlbdr ty@aoF isiphal deeswhiglg t o
et o 2REGh b AR mn B BaAlFRH BRA £l Ehuret BTl o

i nvention al so provi or seekin a frequency re reserﬁlng a
| ocal (F0 gaoewpy'tw €19, HEing BYg Previausly er'wdﬁe'rsrom Wﬁarr@tmwmlof pedct i on,
i.e. a nethaehnterfahé 86riloNd can €é%6d5ﬁd(iﬁ£ phre@eiet QBctﬁEﬁQzﬂdﬂeﬁﬂnéd)vild’b@ m.sxt h
aspect of t hgs !Br tesert]t | m/merr]rg {/q 8 noq§o Q)g:%e e%rJulnr?r th oc-lc;gsean E\xlentl ]

furt her nor €°provi des *a Hethod  Tor seekrng Tor- a1 redquencywnef & THa vae
refl ecti on "Phta gl belay dyring wdereeesii- ned | evel while perfor m ng a chenical
reaction, i.e. a nmethod of perfornmi ng a chem cal reaction accordi ng to the
seventh%%s ect of F pr ﬁseg1 |nvt Rl descr i bg

especi alTy 1T EPEG RGP Y et Fﬁ@ctﬁ%r??%atéc (51 '58?'] B ﬁé?'@?ﬁa”%éﬁrﬁ'"garrpl e
conpri ses abe frepebcyoire pemey ofetha naijatibu istdseantiale Bgthesearp) ®e ifrequenPCBRY thext ur e.
The PCR T e%%&:h&ﬂadn%u@ra%%’ﬂ&ﬁ 9&” @Jéﬁénée@tlﬁ Fe@?&ﬂsggo é‘Qﬁ’Ang %Tf 'tl‘%r]e\teQBf tthgqeed-
appar at us accor |ng he sixth aspect of the present invention as the
appar at us [PPevFiena byarasthamp PipdRiPImHRPdtREsIlY ¥alvRy Dot ¢dneerBing thp fragypreyerdd( and
t hereby t hend afmafgaémé.awf.fn&aam ¥ z&:el)lecﬁﬁﬁ fidcddre lbytwden rthhaéﬁafn@gnétme f
appar at copprise or, C ollin nitoring the progress o

t he PCR%r%eacc{IB'O" a"i—ﬁ%’"ﬁtﬁ; B ((’q"ﬁemlasmgenérl??arlf{};t)1 GBEETTHE in US 4, 683, 202
and US 4,683) 196. The use of m crowave radi ation for heating PCR m xtures

i's known, Innﬁmrﬁgnqm.m%d bs nctwa.ﬁ&a%ieléﬁirﬂorameme%n%ﬁ?@.afmwever

pr ocessi ng usi n arat us accor to the rese ventl on

P ovi dos AT EONEbA cEel HbRAL 208 2o 608 M dlHeieByiPTe B St sple ing o

gui del i nes nb@berhdrdbdetgenaschnping cedsi MeckigRan Iktkinge the frgquehenther giver e

ranges %@d n%&ﬁ‘:l.u?n power absorbed in the sample 1, {(movingmaxima) is another available feature. The
frequency of the microwave generator 28 is adjustable to an extent of at leastt 30% around

a centre frequency



nunbers and tines) can be found in WO 981 06876. A typical exanple E ?{m
tenperature cycle for a PCRis a denaturation heating step up to a durfd’ R 2003
80-100C (e.g. 0.5-3 mnutes), a 35 cooling step where the mxture is
brought to around 20-40C (e.g. 0.1 to 1 mnute) and a polynerisation step
at around 55-75C (e.g. for 1-5 minuteg). A conplete anplification reaction
typically involves 15-100 cycles, e.g. around 25-35 cycles. ~~ |~ p.~?
~~1~~ 28 Wth the present invention it is possible to control the
application of energy very accurately and to apply the energy in

cont r ol | abWeerdibs @spagnds drer@teoin frégearsmimpnesietbe possiditglby creatirgs stoong.educe t he
cooling Stepg, .nggxot &%{Msﬁg ehin-biin loh GevBPAHnBl %&%mmgtlﬂguwem@;t%gr ess of
the 5 reactions low intensity m crowave

reacti on n#veiaplegor @egpe’a’iOh %H@WOé(bso? PiSPrer @pmed seavepes Gb%‘@ﬁ%"ﬁ@'*t eMerY

conpl et i ®Neveheladlat MBstione pRICER 43 ifduttl £ piodssQfardrieter i€ 3G, ipoWSs, tifRYSessiBe

el ect romagnetl c radiation is preferably applied in cycles of at |east two

| evel s whef'& the sanples are cooled at |east during a part of each

cycle. The at least two | evels can represent the tenperature |evels of

80-100C anﬁnesa%pgfglgs cg-ryg&cp@rlrky:}ﬁse m§n§&Qzlohé‘wnb %n& B}Jchgr%dalﬂ&odegs 9£t9%5d to

reach a tenperature | evel C. The cooling can be appl i
const ant | ystp'& 2gd/of 'ﬁ"leh"esﬁ"?)f’?f? (5‘Pmaa"d6135’ab1”t5‘é?{ eC‘b*‘d’t‘?' (S’ﬁTaBP%ﬁ e) in or der to
obtain @& steeper cooling gr adi ent . 2 ~r;~; ~~~3 29 CLAAIM5S 5 1. An

apparatus for.providin clronmagnet | ion to a plura
appl i cat oré Us' "‘Fu‘ agf’arat%s dv't%lsalrda r& ﬁogf find 8 pp #@Lt%?nsea%se?ong Py ap%h éc/f '?agt Al d a
reaction v@fssefollwng aprnmntgrSatosbarmh@'ﬂt éfeseer@XpUS‘e&!OW pehves ttimeitegretatge,

radi ation M’Qésb.% w.aauraﬁassrphag ¥ R5584iblb $o HPhiLd arbe,qa.h&.rpn@s@a;ptMecmd%ﬁé ity
of .applicator sai d aratus conprising; 10 a) a plurality of generating
nmeans for G FPé‘f’%ﬂBF‘r‘FQ &&’ of el ectromagnetic radiation, each of said
plural ity of generating nmeans being capable of generating el ectromagnetic
radi ati on @l fhPlddinaAbire of LEAPRICIS SucrdRal) o AlIEH RO TERADS, S di ng at
| east part of & gener ated wave o ectromagnetic radiation to at | east one
appl i cat orfeb‘fmt‘sn'é ilgpieted-iQng obfheapai feer o INaARPEY T BIMSTBIPT R adns f or

i ndi vi dual deyctiom Bbridatlohs ndg sta.behahmnabacmyn Ofnogen @EBdfi fBgruFER &R Shd zﬁ:pﬁr@ﬁx@Qﬁﬁsﬁ to a
control si nn?olnit xsn%I C:i1d(<::8n JI['orlh% t§e gpr{?‘mse ec.fongfsr%sngrg g ﬁérﬁﬁgsreé%(vor? Yse?rrlpotl?erl n Z0
an applicator. TN paratus accor ¥ nufber

t he pl ug@l et pf @@tugemmlm priogeendata HS‘@@IU%WWQ‘E@F@Q' gomsondrieteying @ahe
gener at i ong & at RerviYsHorch &tedrd uoapaeet i ¢ radi ation. 25 3. An apparat us
according to claim1 or 2, wherein each of the plurality of generating
means conprises a signal generator and a signal anplifier. 4. An apparatus
accor di ng Whsn wfo @ lngirerstaitin®d mardniels eearts ¢remipaitylthey ane swigect eorphangesin Jtkir

swi t chi ng A58 ahPEnehkh Ylofiftd, wh&g%sﬁqek I.m&op@rv.@s %tdaﬁamwﬁ@skurehe

pl ur al |%§ gener.at i nq means and ural i licators. 5, An
appar at %FBE’I?P'&& fberpigal a9A7 RS A hafgt %"6 ‘?fbatc?'%t“iaﬁ“é’ "’W’?&'iaé‘i'ﬁ“t H‘é‘a?ﬂeu‘f‘%ll ity
of "appl i Cadpeétﬁofahereﬁﬁioﬁcﬂreﬁbpﬁy’ afvugih eneggovpnit e Sindtrangaidfa reaaion f Trel ferm of

surface-f II%L g%{)ﬁ?édneg\egl om%g @erg%&éué?{‘)gﬁra@o‘?;%' %ﬁﬁ'tﬁLg\fes %tc 'ﬁ’pthgpgse 06}'[ us

according to he seni con onents used
in the gerfevrcm'viams agfsupriied ypwes emrmeﬂ@dtarnefﬁﬁgchenffrev e rsect'sglniamnbas bi de

power tr angeh&ldektSof tHdiSiactric Sroperties of th¥ starting and -formedTiaterials during the chemical
30 reaction. The dielectric properties are temperature dependent and will therefore vary during
the chemical process. Changes in dielectric properties will also take place due to forming of
new materials in the chemical reaction. The dielectric properties of materials are also known

to change with the frequency.

35 In an apparatus with frequency tuning, an optimum of coupled energy into the reaction will
occur at a specific frequency. This frequency will change according to the temperature in the

reaction in accordance with the dependence of the samplespermittivity €' upon temperature.
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clains, wherein the power of the el ectromagnetic radiation generated by a

gi ven generating neans varies according to a second control signal from

that applicator receiving the electromagnetic radiation generated by the

gi ven generating nmeans, said second ceptrol signal being provided 5 via the
controlling neans, 8, An apparatus accordi ng any of the preceding clains,
wherein the plurality of generating nmeans generate el ectromagnetic

radiation at essentially the same frequency. 10 9. An apparatus according

to any of dhateie "¢hemicalfrecten it eenfedipuBeRiyaf inerhenie prstergavmgadtiondnvolving

radi ation mnﬁa&@d oereakngkj yeﬁ(cg%mmdna@efmmwbamr% a@Q&é‘ﬂrag'chtrﬁéra first
control signal gnlyt hat [ i ca iation
¢

ﬁ | rl%t e el gc omagnet aa
gener at ed egf’c?cﬁ‘é é‘ﬁ'sgaé’ '5? P‘ﬂﬁc‘h%sa 5 °§3| prEtood At Py %I”CB #hg
provi ded 5Svieclidnstviercenymes bierigolyedns catmstsmgampmlabmseam\emrrelacmgn tReRany  of
the pr ecedlancgsﬁlhﬁ'ltoﬁes O\M"%cﬁér{} ﬁ'll).becl'fem ?e@gtllcﬁ'rslsgteférgﬁy g'r@a%‘ 5@W&Qﬁ br%anlc
radi ati on generated P/ plurality of generating nmeans are wt
range 3D0 KpBRrABMs Gy °stue'ﬁ°% oygapisi RRMPANds ANg diatpairaBorgppic BeMRGUDEH w q he 20
range 50- 1QRzykdde). nléqunAama;p@are&hus 2 G@bAVERgon 6f B Yh&rhiciltendiit@LAdF Bk or
clains, wherein the cont rol, akeggl means conpri ses a general purpose conputer.
25 12. A mBPRodo8e periormng Bplurality of chenical reactions
si mul t ar®ously, said nethod conprising the steps of: a) providing a first
sanpl e i nt grackdntisd r@@@ﬂs%@é Bbical}briInidéHRWiicH AGchons &% WEnSATRIEal tHoRnd
second appl i cat or, &R F ﬁ 8 el ectromagnetic radiation to the first
sanpl e in {HEIGYSLg a Bfﬂ% ec aYRIFe! F9P6HeTE RS Ae gRwBpref PYCisRRA At T st
gener at i ng catrangechmorgativa patbiifeatdn, hedregakiiorg dehedbgedpavgin edditon wdh a¢ 1 @30 at a
PLural Ly Olobl SNEACHSSmioR Soctley BB VAo EL SELITR AR En [ ATRN OB.1 0 the
second sanpl e e’ second applicator froma secon enerati ng nmeans, said
second d@né¥dat feagtions svd WeraignizaipaBPefugtarisatienr quwgt'cm' Exmylatiang Redrpaar-
[ﬁd' altl otn abxyaanlaltw u{ya}dbbaén?f hEIB@Ji\ldﬁm|h(?8mx¢l5kd)n49y(ﬁ‘%métﬁlghyd dbkﬁlcha/n &Q;mot?l i Bg
e electromagnetic radiation a rst.and second a cator by
| ndi vi dual (ORI PAEEBE RSPy R Tt [t PPt 0P rrirtieathibods g o %
ZQ03 31 generoatiiaty theasention arespetigdy suedtonreagtionsi igyrMing cmecnwrtorﬁeca‘mlvm and
second apphbi£Rt e&ytnmeti orfadi®lrBRdomccording to claim 12, wherein the applied
el ectrogggnetlc radiation is 5 wthin the range 30p MHz~300 GHz. i4. A
nmet hod cording to claim12 or 13, wherein the el ectromagnetic radiation
appl i ed t oTbhehehiizas teactiveh e caiechlaarnph euiteblecsobepeatin abdtyfonhdvieamsofvergsiency
and essent {,alyl ¥ id m&eﬁmapm@%ssipsw 1280y 7 1ds9 ERATR & grbﬁerfthsrﬁéboané osggond

sanple to 10 essenti al IE% he sane conditions. . according to any
of clains [PMBEMPERIISBfPPES P UEpble folvatt BiRacLonitice OMEr BMSERNNP K VatcEs. 15
16. A net hesh-meaor, drarg deazamiyie Odthpéra digcoll 2cetone Vi, Ehé]frédiﬁmﬁ,»i &abd garegneti c
radi ati Lied to th I I S where
the samarestaf Sbtshialdhe MfaR ARy Bihadlo S o on Bl posk e e g LS o
acc‘ordl ng to any of claims 12-16, wherein the el ectromagnetl c radiation z0

is provi dedh@%emaagearoas %.@ﬂmoav@gswu@wa@a‘.m GuBbtPaRe &r LhemitSl- sp&,émt hod
of performn react

g Lo, sai d risin tesi)t
providing &' aﬁaﬂa@ °H"°é‘r?”‘ébﬁ?tiaef§‘t 819; 3’2%”255""5;35“ 9? %ﬁef&c’ét@?'s eé""s"’

radi ati on e $theting avapdriel dan beanwcldmical fsulyssancp i sey phiasd sahq:)mi@delﬂqaldmhamors hape
and cha@acgs‘srah%wgn&dw A&&&.ﬁg mgjtélnglg aréﬂ%gtbﬁalégmdlfsﬁé 9 dsot? SLR,%B& of rsla@g a

mat hemati cal operation so as tain a first ecte rum c)
changi ng t RBsghyRsreisa! reastiensr SEﬁﬁ‘éﬁl'E%IF"ab"r ﬂifb\"t:'i’é%s %&m?tﬁé"ss‘&ﬁﬂ'%a‘ sb‘)sm&ppl y| ng
el ect r omagee) iemeddhdrt tr&rbhbm.cbheacsamah@cmmbé %ﬁﬂd@fed&as&@@&lt‘dinrmjh&enal\ﬁfdrh a
QLSFFES{ (r)nr Qt%%le St.lgallgcq\erar‘lrl]cgl r%gc on ({]?#aﬁi mé‘gFogz‘;a%e&éﬁ%'anW LJ 9%1 grneﬁd |3 tt%eecond
refl ected sqm@cmparmu53§taer)g rnepedtqr mjgslltepartylsahel m}udemmlthe 94’1@*@?# #feanence

bet ween 3 hgifikifiStmadpHers €EQNGhidhed bRGHi @fﬂ pRIAGEL frén Q@r&)ﬂﬂu@'fcﬁgm@ﬁ réd36on,

mat hemati cal difference (subtractiaon) between the first and second spectra
is within BFRebEPHPRPEE YA s 2R Pe @”S'%'ﬁ%?ﬁé'd”%d'&“alah‘gj" f GURSPACHRE 18,
wher ei n t heheridahereddnazifoop@riatiecppbm@rusobt ai ning the first and second

refl ection spectra conprise Fourier Transformation.
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reaction is conducted in an apparatus according to any of clains 117'5
2X. The use of an apparatus according to any of clainms 1-11 far tenperature
cycling a PCR m xture. 22. The use according to claim?21 for performng a
chemi cal reaction in a sanple, whereig the frequency of the el ectromagnetic
radi ation applied to the sanple in the 10 applicator, the |evel of

irradi ated power and the period of applying the el ectronagnetic radiation
is determ ned by pre-set values For the chem cal reaction in question, such
pr e- set vdheespligationgd4 sompestsiarragitserondites toe apyizsniovave dnakgy p ¢reeorcont r ol

nmeans. 23moTé1%n§§@s AGEH R SrdestRbAha hédVardds t mecrfeclam.@sogr{deamqggh data
of frequency 15 refl ection factor ar e storedln a menory for further

processi ng' C?E'eST%eﬁfgbd'éf(‘f&eSF PR P Y PLAEPRIS At REP B PRPAFANY S ?Fé?’dﬁ}gdeé%%l ng
i s perf &r pedentrin@ntieurial tha@ppwatks inABin2ible nldyenwbe mfapﬂma'@ppaﬁralt kewaaesy di ng
to any of &Jh@b«ﬂ?wﬂm ;Ijh{'erén[? dQ&rQ&e&tQUQ&sW fhg p@es@w m\TeR ion Q%Q? lﬁn‘?i dyto t@eagtelcng

chem cal speC| es Wth a reagent optlona e action of

said kit d&esHyrpetineed \e?)"aawsgﬂrmﬁéo"nmn@e?'ffEfeﬁb?m@dwgmétshpwstdﬂémeﬂ@pph he
reagent arghot B&;g?@tah@laaéreﬁaﬁ %r}!ﬁe‘l proaé‘_hsnhﬁ iodesetRel Thesy EmISIdHh M€ mAR 8étSe
conpri si n data con 32I reacti on between the chem cal

| Sl e cnsm

speci es a a'f‘?{'éatt"éﬁé FaRAL? FEWE 'fional action of the catal yst, said
el ectrdfi c storage neans and apparatus being adapted for retrieving the
data fromglfig §ﬁ19£tﬁa§l& JIRENSer M daiRGotatedn SRLAIRE Qaﬁ& @a% bteobtﬁtQFh t he

30 applicat’ion of el ectromagnetic radiation to said
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'?f Z JVVJ) Yregpectlvely are mounted on the bottom-plate 8, and where these devices form an array. T

o<t e cal cal caleal calcal catlpal cal ol cal Salcal 2ol e alealcay ca car

be mounted on the lid. The bottom-plate or the lid can be, but is not limited to, a microtiter

35 plate. The bottom-plate 8 and the lid 6 define a cavity with a metal tube 3. A vial made of a
suitable material (glass or a polymer, e.g. polystyrene) is inserted into the metal tube to serve

as a sample holder 2. A cooling device can be attached at the bottom-plate. In order to
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ress, Lon

25 In a particularly interesting embodiment, the apparatus is adapted for heating two or more

reaction mixtures simultaneously or sequentially or intermittently.

In one important embodiment of the present invention,a plurality of chemical reactions are
performed in parallel. This is realistic due to the cost efficient construction of the apparatus
30 according to the invention. Figure 1 illustrates the principles behind the parallel processing of

a plurality of samples.

The present invention also provides a method of performing a plurality of chemical reactions
simultaneously or sequentially, according to the third aspect of the present invention

35 described earlier.
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(and enzymes) can be compensated for by the apparatus. Thus, in a further embodiment of
the present invention, the apparatus is used for preparing a combinatorial library of com-

10 pounds (at least 4 compounds). Also, the apparatus and the method according to the
invention can be used to prepare a large humber of compounds in a parallel process, where
the compounds are not part of combinatorial library, i.e. where the compounds do not share
common structural features, This is possible in a parallel process since the apparatus is
capable of coupling the application of the electromagnetic radiation to each sample indepen-

15 dently. A further interesting variant is the continuous preparation of compounds by using a
sample holder having a sample inlet and a sample outlet.In this latter situation, a sample can
be introduced in a sample holder formed as a loop or spiral of a tube, a rinsing solution is
subsequently introduced through the sample inlet thereby forcing the sample out of the
sample holder through the sample outlet, and a new sample i1s subsequently introduced. Due

20 to the relatively short reaction time under microwave heating conditions, a large number of
samples can be processed in parallel {several sample holders) or sequentially (one sample

holder)}.

The process parameters, i.e. with respect to the frequency and the power of the electromag-
25 netic radiation, are controlled by the controller (45). As should be understood from the above,
the electromagnetic radiation is preferably provided by a semiconductor based signal gene-
rator, in particular by an apparatus as defined in the first aspect of the present invention. In
certain applications, e.g. where a heating/cooling cycle is required, the electromagnetic radia-
tion is preferably applied intermittently. Alternatively, any cooling means can be activated

30 intermittently.

As mentioned above, the electromagnetic radiation is adapted specifically to each of the
samples, i.e. for each sample/sample holder the process parameters are independently
selected. This means that each of the samples are processed under different conditions, or
35 that sets of samples are treated under substantially identical conditions but conditions
different from other sets of samples, or that all samples are treated under substantially

identical conditions. In the event that a set of samples is treated under substantially identical
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10F710%&' ¢he cbdOMBr. (FurthdrinbA™MHO ddraRR @R De provided with information regarding the
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"109&' (1p ]aw[gy@t—lgldprahty@flmmglﬁ/ﬂl Atyres yr.elhfgn;!& s(multaneously in separate cavities under
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power, transmitted power, temperature, pressure, artificial atmosphere, type of sample vial,
etc) or subsequently in the same or separate cavities under different conditions, such data
15  will after proper analysis {e.g. automated statistical analysis) provide a unique possibility of
optimising the reaction condition for subsequent similar chemical reactions, The processed
data can be analysed with a suitable analysing method and evaluated to find optimal
parameter settings and conditions. The result from the process can be processed by multi-
variant data analysis for optimisation.
20
Furthermore it will be possible to provide a set of suitable reaction conditions for subsequent

reactions of the same type, e.g. substitution reactions using a specific class of catalysts,

Diels-Alder reactions using specific substrates, etc.

25 In a further prospect of the present invention, it is envisaged that such data for optimal {(or
suitable) process parameters for a number of standard type reactions can be identified by the
supplier of the apparatus and be provided together with the apparatus according to the inven-
tion. Thus, in a preferred embodiment, the storage means associated with the controller
includes a section designated for predetermined process parameters. Such a section could be

30 formed as a replaceable memory card {or a "Smart Card") which can be updated regularly by

the supplier of the apparatus and provided to the user of the apparatus.

Consequently, the present invention also relates to a method and the use as above wherein

the frequency of the electromagnetic radiation supplied to the sample in the applicator, the
35 level of transmitted power and the period of application of the electromagnetic radiation is

determined by pre-set values for the chemical reaction in question, such pre-set values being

stored in a storage means associated with the controller of the apparatus.
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10 necessary or desirable) is preferably also provided with the kit so as to ensure that the
reagent and catalyst will become fully dissolved/dispersed. Alternatively, the sample holder
can contain the reagent and/or the catalyst in immobilised form so as to facilitate the isolation

of the product of the chemical reactions.

15 The apparatus makes it possible to perform a number of other valuable methods for perfor-
ming chemical reactions. In one embodiment, the progress of the reaction is simultaneously
monitored by scanning the sample before (reference set of reflection factors) and after appli-
cation of the electromagnetic radiation. By comparing a set of reflection factors after and
before (reference set) heating, the progress can be determined. Comparison of microwave

20 signals between a reference situation (empty applicator) and a situation where a sample is
introduces in an applicator is described in US 5,5621,360. In respect of the present invention,
it is possible vary the process parameters by means of the controller (45) in response to the
measured sets of reflection factors. The sets of coupling efficiencies can preferably be
normalised and/or transposed before comparison.

25
Thus, the present invention provides a method for performing a chemical reaction according
to the third aspect of the present invention described earlier.

In one intriguing variant {the "biosensor” variant) of the above method, the first (reference)

30 varying of the frequency (step (b)) {a "scan”} is performed prior to introduction of chemical
substance to the sample. The sampie can comprise an enzyme or abiomolecule or a cell, for
which the chemical substance is a substrate or a ligand. The subsequent "scan” is then
performed and the difference in reflection factor is expected to reflect the interaction between
the chemical substance and the components of the sample. This embodiment can be an

35 especially interesting variant for studying the interaction between a ligand/substrate and an

enzyme. The heating (step {c)) is often omitted in this variant. Furthermore, repeating the
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electromagnetic radiation and the sample}. L.e. the present invention provides a method of
performing a chemical reaction according to the fifth aspect of the present invention
described earlier.
10
The invention also provides a method for seeking for a frequency representing a local (or
global) reflection factor while performing a chemical reaction, i.e. a method of performing a

chemical reaction according to the sixth aspect of the present invention described earlier.

15 The invention furthermore provides a method for seeking for a frequency where the reflection
factor has a predetermined level while performing a chemical reaction, i.e. a method of
performing a chemical reaction according to the seventh aspect of the present invention

described earlier.

20 In an especially interesting variant of the methods described herein, each sample comprises at

least one enzyme and, further, each sample is a PCR mixture.

The PCR reaction is a particularly interesting application for the apparatus according to the
sixth aspect of the present invention as the apparatus provides means for varying and pulsing
25 the energy applied (and thereby the temperature of a PCR vial) accurately. Furthermore, the

apparatus comprises means for controlling and monitoring the progress of the PCR reaction.

The PCR technique is generally described in US 4,683,202 and US 4,683,196. The use of
microwave radiation for heating PCR mixtures is known, i.e. from WO 91/12888, WO

30 95/15671 and WO 98/06876, however processing by using the apparatus according to the
present invention provides unprecedented advantages over the known systems. General
guidelines for handling and processing PCR mixtures (e.g. temperature ranges and cycle
numbers and times) can be found in WO 98/06876. A typical example of a temperature cycle
for a PCR is a denaturation heating step up to around 80-100°C (e.g. 0.5-3 minutes), a

35 cooling step where the mixture is brought to around 20-40°C (e.g. 0.1 to 1 minute) and a
polymerisation step at around 55-75°C {e.g. for 1-5 minutes). A complete amplification

reaction typically involves 15-100 cycles, e.g. around 25-35 cycles.
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10 in order to reach a temperature level of 20-40°C. The cooling can also be applied constantly

{e.g. in the form of a cold block (bottom plate) in order to obtain a steeper cooling gradient.
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radiation to at least one applicator of the plurality of applicators, and

¢) controlling means for individuaily controlling the plurality of generating means in
response to a control signal, said control signal reflecting the status of a sample in
20 an applicator.

2. An apparatus according to claim 1, wherein a number of the plurality of generating
means uses semiconductor components in the generation of the waves of
electromagnetic radiation.

25
3. An apparatus according to claim 1 or 2, wherein each of the plurality of generating
means comprises a signal generator and a sighal amplifier,

4. An apparatus according any of claims 1-3, wherein the guiding means comprises
30 switching means for individually controlling wave paths between the plurallty of
generating means and the plurality of applicators.

5. An apparatus according to any of the preceding claims, wherein the plurality of
applicators are selected from the group consisting of near-field, surface-field, single-
35 mode or multi-mode applicators.

6. An apparatus according to any of claims 2-5, wherein the semiconductor
components used in the generation of the waves of electromagnetic comprise silicon-
carbide powaer transistors,

40
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109& () -f &fmopygnetlc radiation generated by a glven generating means varies accordmg to

a first control signal from that applicator receiving the electromagnetic radiation

generated by the given generating means, said flrst control signal being provided via

15 the controlling means.

10. An apparatus according to any of the preceding claims, wherein the frequencies of

the electromagnetic radiation generated by the plurality of generating means are

within the range 300 MHz-300 GHz, such as within the range 0,5-3 GHz or within the
20 range 50-100 GHz.

11. An apparatus according to any of the preceding claims, wherein the controlling
means comprises a general purpose computer.

25 12. A method of performing a plurality of chemical reactions simultaneously, said
method comprising the steps of:

a) providing a first sample into a first applicator,
30 b) providing a second sample into a second applicator,

c) applying electromagnetic radiation to the first sample in the first applicator from a
first generating means, said first generating means being capable of generating
electromagnetic radiation at a plurality of frequencies,

35

d) applying electromagnetic radiation to the second sample in the second applicator
from a second generating means, said second generating means being capable of
generating electromagnetic radiation at a plurality of frequencies, and

40 e) individually controlling the electromagnetic radiation applied to the first and
second applicator by individually and independently controlling the first and second
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15 16. A method according to any of claims 12-15, wherein the electromagnetic radiation
is applied to the samples in cycles of at least two steps where the samples are cooled
at least during a part of each cycle.

17. A method according to any of claims 12-16, wherein the electromagnetic radiation
20 is provided by an apparatus according to any of claims 1-11.

18. A method of performing a chemical reaction, said method comprising the steps of:

a) providing a sample in an applicator,
25

b) applying electromagnetic radiation to the sample in form of a first pulse with a
predetermined shape and characterising a reflected pulse from the applicator by
performing a mathematical operation so as to obtain a first reflected spectrum,

30 c) changing the physical and/or chemical properties of the sample,

d) applying electromagnetic radiation to the sample in form of a second pulse with a
predetermined shape and characterising a reflected pulse from the applicator by
performing a mathematical operation so as to obtain a second reflected spectrum,

35
e) repeating step c¢) and d) until the difference between the first and second reflected

spectra calculated as the mathematical difference (subtraction) between the flrst
and second spectra is within a predetermined range,

40 19. A method according to clatm 18, wherein the mathematical operation for obtaining
the first and second reflection spectra comprise Fourier Transformation.



N(*(w H X#9% =- 1247: <D@ ABDpFHI +MHOSUXY[]0_}adwfil Il m 24 APR 2003
oqt suvy$| ~ea: >l ?8=S3xxwht W( ?. BHIN(* | "H#SUR () *+,-./0123456789:;

<=>?6Ti nes New RomanAri al Couri er New'h Root EntryWrdDocunent |

" #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~

| " #$U& () *+,-./0123456789: ; <=>?@\BC 3,

20, A method according to claim 18 or 19, wherein the reaction is conducted in an
apparatus according to any of claims 1-11,

5 21. The use of an apparatus according to any of claims 1-11 for temperature cycling a
PCR mixture.

22. The use according to claim 21 for performing a chemical reaction in a sample,
wherein the frequency of the electromagnetic radiation applied to the sample in the

10 applicator, the level of irradiated power and the period of applying the electromagnetic
radlation is determined by pre-set values for the chemical reaction in question, such
pre-set values being stored in a storage means associated with the control means,

23. The use according to claim 21 or 22, wherein corresponding data of frequency and
15 reflection factor are stored in @ memory for further processing.

24. The use according to claims 23, wherein further processing is performed in a
neural network,

20 25. The use of an apparatus according to any of claims 1-11 in connection with a kit
for chemically reacting chemical species with a reagent optionally under the action of
a catalyst, said kit comprising:

a) asample holder comprising at least one of the reagent and the optional catalyst,
25 '

b) an electronic storage means comprising data concerning the chemical reaction
between the chemical species and the reagent under the optional action of the
catalyst, said electronic storage means and apparatus being adapted for retrieving
the data from the storage means and processing said data so as to control the

30 application of an electromagnetic radiation to said sample holder.,

26. The use according to claim 25, wherein the kit further comprising instructions
regarding addition of the chemical species to the sample holder,
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