WD 2006/ 007593 PCTI US2005/ 023757 MNMETHOD AND APPARATUS FOR MASS
ANALYSI S oo ARI-ESs BACKGROUND OF THE | NVENTI ON [ 0001] Therosneent7s7
I nvention relates to the sinultaneous neasurenent of mass properties
of an array of sanples. Mire specifically, the invention relates to
the determnation of the mass in the g to gramrange, but also in

ranges higher or_|lower, of an may of sanples. [0002] Gavinetric
nmeasur ement s atMEREORHYDHBF RAT R FR &F BHMPLES

rel atively ponderous equi pnent and inefficient neasurenent speeds.
There is a need for norepafdi@Ei ?ﬂN fbgﬁﬁ F®Rigeri ng and
recording the mass of a nu%oer % rral?giria slﬁfry or g? to eval uate the
properties of and/or screen and sel ect optinmum candidates for further
devel opi®il] [ OTESpreFint irpjention redeteson the simaitendonb sichomemss dfimasea properties
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fast as well as Taccurate to deal with the | arge anount of data

associated with the optim zation. Parallel rather than serial
measur eh@2] wouGrvimetricimeaseremapisat tedeyantoygnscele hiae hedmranapered by

charact erjization. . These neasurenent.s.are particul arl eful in e

et er mi SraY BPaagRE G IRAR SR BRI B ShgpéitBieds, dRerds « sfhd Ee
proper t infse s£idiend snethiids 3¢ ehonitedAn@ Al RO6dingttha BRESHE a WkthBdY ofdaterials in

i ndicators of potential performance in a variety of applications.

[0004] PrdsE dvavabpate Hig nrerstien gndior paven weowsinst (wtiays candifrtanfos farther
t he pasrde@éﬁﬁrﬁ&t Silicon mcromachining in particular enables full

i ntegration of nechanical and sensing elenents, offering cost

ef f ect i V@003] oduthe opiimizateradd matedans derase $n suchhapplentipns esdataystofind

produci n array, of .sensors._.as i ngle  integral, unit. [0005
bl | PHEH DU PaUB AR E A Oty o ieduTbes of Soroles Py 55 2
subst r atrﬁ:idl"y%s aFMES Aﬁﬁﬁﬁi@éﬁedﬂi@gé #r sSQEPBREA G SraRbn AREPOERst as well as

deposited on the substrate. Sanpl may be deposited on the sensor
i n sol uerematgfo geal wehdhe Segoshoudof deaapwecidtawitivieatptiosirative. Paralle]

nmeasur e ' ude. rature t. aci. t her onductivity,

Ty o taphfit 85iel BEREEhat ol R AR I bend NI a0 B

el asti Cichiractegpaiont dhes: MBS dré pRRRPRFY uesfl 11086 BlteMiindBs2OB50
teaches a nmulti-sensor device for gravinetric cheni cal nmeasur enent s

of gasediRPeHIes\PA PEHOBRACE OB AR SRREYIS SHFRICIIPRFI e UBh B9 airfacamtpagnd pore
plural i s fer, whichQré AR BPSotEeH a2 XnE B/ Plariety of applications.

[0004]  Micromachining technologies have become widely available in the past decade.

Silicon micromachining in particular enables full integration of mechanical and sensing
elements, offering cost effective production of small transducers with the potential of
producing an array of sensors as a single integral unit.

[0005]  Publication US 2002/0028456 Al discloses a sensor array disposed on a substrate
to measure various material properties of samples deposited on the substrate. Samples may
be deposited on the sensor in solution or by vapor deposition. Properties, which can be
measured, include temperature, heat capacity, thermal conductivity, thermal stability,
dielectric constant, viscosity, density, elasticity, capacitance and magnetic properties.

[0006] WO 00/20850 teaches a multi-sensor device for gravimetric chemical

measurements of gaseous or vapor-state analytes comprising a substrate and a plurality of
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sensors made from pi ezoelectric elenents realized with thick-film

t echnol og g:SuUbstrate. The sensors are coated wt T?%} Lt
coati ngs ?ﬁ]odr)ibg IE@?%sisng the anal ytes. [0007] US 5, 983, 7leE | s@?%i%?%
tenperature-controlled gravinetric noisture analyzer conprising a
sanpl e hol der attached to a wei ghing nmechanism a tenperature sensor
and a 5 heater and controller responding to the output signal of the
t enper atsanserssaadoiom fidzdckatierdemaiesalized witlsthidsSlnatechnolagy o the

wei ghi ng devi ces, however. [0Q08], WD.03/071241_.di scl pses, a _spr.ing
scal'e. f SRS CLiRReGHIH FecoRER ROl AR T S TGS G PO OB LISy at
| east t gnm f I exuradg5Pri fisSoded aderpdrhtatPARS]Ed 3ARimMit MdMtida@alyzer
connected strain gaugées for neasuring strain on one side of the

f | exur alcomprisings. saffipler lenlder atfached te agtpighingmeelanism, frtempegiuroaanger ang a
devi .. hoy _.[Q009] US.4 t ea tic.ad '
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of powdefpes astliRFosd ThRGraf of eighlind Jevides Srvpiver.cel |s W th associ at ed
val ves, controls and sensors. The anal yzer can neasure surface are

total [B9SIvol W 031074 2bdiseloses aspring aeals fg auprerweighige sempysge 2 loa

ore-si . . . . o _ o
o T © et heREE faf Rodh i} Hkinat oS ARG lafue, with bridge
known ardonhéttcicstaipgagbs fig rdaeugny piziesn ofie sileofthe Slextral sprigs.i There is no
[ 0010] The art dges not ug}gﬁ%tg howeyer, either an apparatus or a
met HBd fSGgg“e‘?FP’éE?%@‘"f%ﬁé‘é’ \HeWEeH ROWRYEr r ay of sanpl es cont ai ned
in dist '[Iﬁgt?/sgsa”@s%,@@é,@'% ﬁactéywaaxngﬁc%&ﬁma;@g@g?ﬁ Ofkler fdie

present nti on pProvides an apparatus and a netho Mass
anal ysi specformigaheastrearenty orey plofalisnofpoyeder samplienveng a phnaliy odgaraple cells

distinct s | e | ders positioned to nteract wth | ur-al.i f
sensors ‘ﬁ?@%ﬁ?ﬁ%g d ﬁﬁ’ b ?rtC%Eﬁ@lrtEl 5'1“@ SEBRST iF[g]le ﬁaa%egscaﬁ g{egglgg s#rﬁ'%ag% ér/aa§°ta1
of sanplgge vihRUBIIEHSE vORRhe &G agd fifte kali@d) ndporekallaad stifecerap d
determ nation of a variety of properties of the sanples related to

theils medistrib@itnseybegmiiablysiyelncersly op e phiraliy of jamples. Jhhis angyes repressnts
are expelgrg)t egagb Oag:%g%lpﬁ%%rgﬁrp%g Céffthgpfe Qgﬂ‘}gﬁﬁ o the invention

provi des u anal yses  of each of ‘an array of

sanpl es qDom]ri SiThe astiilods hetsugfestilmivenat eislemph eplrobite vsa neduiddoneligting
t he sanples positioned to interact with a plyralit f . m crobal ances
provi di ngassenalyses o Faray Q:féﬁf‘ﬁlp%icﬂ’&aﬁ’ﬁgén ?%Cté?fnglﬁgmla‘g?%y of
sanples. 30 [0013] In a yet nore specific enbodi nent, the invention
provi des an apparatus for masgsoeled YsesarNSaENTIeN an array of

sanpl es conprising an array of distinct sanple holders -2

20 [0011] The present invention provides an apparatus and a method for mass analysis of
each of an array of samples contained in an array of distinct sample holders positioned to
interact with a plurality of sensors providing output signals comprising mass data on the array
of samples. Through such analyses, the invention enables the rapid determination of a variety
of properties of the samples related to their mass. Subsequent analyses of further arrays of

25 samples also are expedited.

[0012]  Ina more specific embodiment, the invention provides an apparatus for mass
analyses of each of an array of samples comprising an array of distinct sample holders
containing the samples positioned to interact with a plurality of microbalances providing
output signals comprising mass data on the array of samples.

30  [0013]  Ina yetmore specific embodiment, the invention provides an apparatus for mass

analyses of each of an array of samples comprising an array of distinct sample holders
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WO 2006/ 007593 PCT/ US2005/ 023757 containing the sanpl es positioned
to interagio oéburgwspl urality of spring scal es providing pcqmgqmsm;;-,rs—;
signal s conprising mass data on the array of sanples. [0014] In

anot her specific enbodi nent, the invention provides an apparatus for
mass anal yses of each of an array of sanples conprising an array of
baskets containing the 5 sanples posrtloned tg interact with a

plurali cwwmnmthemlmmq@sdw intavect suthRplulighel spring seales EPW@J%SS
data on the arr of sa S. native enbodi nent,
the i nvaHPF MOQPP&P&S“? d&aa‘? Lha%ésé asr?gf%l/%frs of an array of
sanpl es j¢m4p! agh agothBEspREMREMbddanerd, thajnvehtict pmvrales amappmha&us“m dess,

positioning the sanple holders to interact wt Iurallt.

sensor s apAEEe Gf??gh@ﬁﬁﬁﬁfralépﬁﬁ?é?# SRS EIE Y %Y,?éi’g (FL P array
of I RS alshe
out Ssﬁ[rpéiﬁgf‘?%eﬁ% tﬁ%%%%i ; r{Q% VLnlular?ae spe%f?f%fﬁ%%{nﬁg?l \?z odr rre , the

i nvent i eamprising chess dataren ﬂmcbﬂagrofsamp]ss anal ysis of a nultitude of

les by placi h f di.stinct | :
o Rer s aE: £ iaAtalsonB  Bnbraiital dutev ol prldis oA B sfass apalygs
of sensqkg, @)’é@aﬂﬂlefs'bﬁﬂa&ﬁg ﬂiéta&‘dir uﬁa:gﬂ@dyscmaﬁrct Sanfiile HEIESrsCpdsitionimg

the array o l'es, subsequently exposing the array of sanples to
ac hangeher aan@twhqi@rmm@ﬂra@mﬂl a p ity @ﬁﬁﬁ@%ﬁﬁlw@ﬂ&ﬁ%@m sigRplseaepising

t s f th
o B8 b o NS L B SRS 25T ER P o e

Dr es
Si gnal sofufpgﬂglgﬁms array of sanpl es before and after the change in
envi ronment al “condi ti ons. 20 BRI EF DESCRI PTI OF THE DRA NGS OcPt1Z]
Fi gure (100161 ustinas maresppeifis altempie srabrdiment; the IRysLeR PRV

i nventiqQp hedas

wth s g SRR Srd R adRt e Rty Hlochiatnd NG, BO4ERHY gfl}ﬁﬁiﬁwr
i |1 ust r aoklers, b&ﬂ@ﬁﬁg dtewsample hdiders toviateracowithre nraditphoiiensays providing first
conprising a . 25 s %chalelna eIerret of. an _arra

Fi OB o |GPEPUC GO GBS FESOASIR 0 R ot FODie S CH BP0 T ey
MBSS anadﬂé%hﬁle? td P8a8ke H QMR nin¥ntad céhdﬁfd% Sub llbﬁ!}aﬂne@uﬁﬁF ¥éend output

illustration of a spring scale connected to a basé part 0021]
Fi gure \signalsifisim teswsraytod sapples.candgletsrminiig onpQ RIS Pronsriigs of fiaet

conpri si sg%pf‘es b% %msn‘ﬁ%?ﬁ n%% I l§1‘i"gt1:1als i hin laﬁﬁ? gk sa%pl@ﬂqbe%lre%d after the

change in environmental conditions.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0017]  Figure I iltustrates a broad embodiment of the apparatus of the invention
comprising a small array of six sample holders interacting with a plurality of the same
number of sensors.
[0018]  Figure II illustrates the apparatus of the invention in an embodiment comprising a
25  spring scale in an element of an array.
[0019]  Figure III shows an example of a bridge circuit that can be used in mass analysis.
[0020] Figure IV is a cross-sectional side-view illustration of a spring scale connected to
a base part.
[0021] | Figure V illustrates the apparatus of the invention in an embodiment comprising a

30  suspended basket in an element of an array.



WD 2006/ 007593 PCT/ US2005/ 023757 [0022] Figures VI-A and VI-B

i |l ustrat g@edhdg9snati ve arrangenent of the m crobal anggr/@&o@n23757
cantil ever. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0023] In sunmary,

the present invention provides an apparatus and a nethod for mass 5
anal ysis of each of an array of sanples contained in an array of

di stinct sanple holders positioned to interact with a plural.it of
sensors WD]\/I d IBig.lrasJme arsll YhB ilustoigpa aiemptive syangement ofthefmic

of sanp es. t hough el enents of the nethod and associ ated appar at us
are dedt?f VP?\ the singular, it is to be understood that two or
nore parallel or series sets of each element or of the entire

apparatus are wthin DE@AEED@JE&CRMOM@EMINVEN[{%M] The
"array" of sanples and sanpl e hol ders enconpasses at st

f
ror e UHIBBY y  Snuinapr b piesen guiseta P IE FASETSYHY § PO o s
\C,)Mp: I}.?Ogaltmlﬁ ysggé Jhc c Pg%ﬂlaﬁéﬁ%f pled ﬁtaﬁﬁmﬁlx 83 2o LEHRE Samplk hoRlers

e 1’nven |ont at some nultiple of these
nunber s phsiticpdtta ineedcd witlh h@haﬂlltgy)fsmbrsqxoﬁdmg @8ipuggignals comphsing mass
arranged in a row and- co i on SI | ar .t

i Cr ot el by s Qapiaty AR AtLy Bt At apgaretus are
separ at ?ﬁscﬁ'ﬂ%&ﬂ?glln it ‘ﬁ ﬂ‘i!@ia? IRAR&HSI Dbt tRForahére parillel adariesseaddfeach

separ at sensors is within the sanme nuneri cal
ranges QEMSomﬂihdeﬁtnBap;bwawamwﬂﬁnéhﬁcﬁcom@ﬁféﬁame@?me nunber of

Wl nb f X I
Condl dobgh ¢ neTRERR T BhPIrL i oW DAL RASR SRR pP AR 08 &) more
or sequept; su@{@'oi/ﬁio?e geﬁéi@ll?ﬂﬂ!bﬁm@t ) indroptionatlyr foepy e gt (48)ror mme
anal yses according to the known art woul d be 20 rel ativel Si ve.
[0025] Bymplanpd holdezrg ﬁfeamlthsn thgiseenefdhe Wema’fﬁa% )éP@é’Egth%
d d. T t t
[ od YR P e DR FLPE RRfp R A2, 395 or 064 Ay QRBERABH dilcolumn

the |i Kefornp@fosi sithi¢aray &ipbfs nﬁérohteq ltnayl Hmﬁéraldatthmmq: boldpnstare snatioly
toionic liquids, monitoring

| ubi |
Pos$5 bl GeesaegFe B MALRREPES B st SRR TS ¢ ne
i nvent i Q@iur&lﬁ’é/ BT&%ﬁsor T%n@é’ﬁﬁner%ﬁﬁhgé%ﬁﬁ@dﬂlﬁd f610Mp 6akials’; and

conposi t s and neta l oys, internefallics, carbon, ionic
sol i ds, prefema:;umammbn miés,enws'zsl the saneastbe kuwber of sampleg ané semple pplders.
mat er i aI S

hi ch ouHTHEEARR SRt Ends P A PP P PR o AN RR,

preferrege %@Bﬁﬁ@ﬂ%&/& wmmmh@p@e@ gscordiBg eCtits khowh eviesordd te
catal ytic 0 agents. -

20  relatively expensive.

[0025] By “sample” is meant a substrate for which mass analysis is desired. These
substrates are often solids, but not necessarily limited to solid materials, for example liquids,
gels, slurries, and the like. Possible examples of liquid applications are with respect to ionic
liquids, monitoring gas solubility in liquids, etc. Possible examples of solid samples

25  comprise, without limiting the invention, ceramics, molecular sieves, other inorganic
compounds, composites, metals and metal alloys, intermetallics, carbon, ionic solids,
molecular solids, covalent network solids, organometallic materials, organic polymers and
combinations thereof. Substances for which surface properties are important are preferred,

and especially preferred substances comprise metal oxides, molecular sieves and catalytic

30  agenis.



WD 2006/ 007593 PCT/ US2005/ 023757 [0026] Sanple formis not critical

to the de{igyghdqs@f the invention. If a solid material $epddspasih e
may be a single solid nonolith, or as particles, filnms, plates,

di scs, beads, spheres, rods, wires, or any formsuitable for the
anal ysis to be conducted. Preferably the solid sanple is in the form
of particul ates, and a fine-powder form of sar’{gl e is especiall

pref er r p926] n Habpie frempeonolesriticalte the/datngféonpeiiine Biventign: e[fg>s9}i@%4a}:e§ials,

i 1| f _ i | .
0.1 m & B zemPmenb o ey AU A, HHIE e s Ba RS,
sanpl e hek dghss, oMby foRmSRITIE fdtahsi@talysty to berbaduesd. (Rreferabégliaolid saxiple

sanpl e to be anal yZed. The sanple hol der may_be any device I ch can
cont ai nisdn¢zenforra of partighiatas, ans a fingRewdes fera %%EWZ@ Freﬁmféalb’ﬁ%f’m@'oﬁb%

defined .10 hereipafter, Preferably . i
or o1 deSnaPUgTR e “vireseutrRer e LTI TAS: {ORdRL Ph ST00TLlCks
Wi t hout skl S BE 8Bkteah 03 ke gen pi tabl e configurations

conprise, Wt ho{rjt l'imtation, pans, cups, saucers, plates,
i ndent af00afp arfthe megnbiweuinn comlprisehan dvay) of sample holdgss.avitor spapplpriglder

conprise a basket i Fs.suppoerted on S :

ring, cPf f)?mﬁpgﬁowe‘gf%gﬁch %&;Pz‘%%’ﬁ?e 3%31 2%4-:8%‘%&%‘}& %P@c‘?l&g‘g‘% R%%ggcrl?pv?cg
15 in aw3adHe8 Betdes sdohland wansfietarderhile anahd fromnaseasursobe defidedde:
* avoi dance of sensor contam nation by direct contact with fpe

sanpl e, hewsthafter. Refamlly the semplsr holder onsepinghpRvides A conpfaxe pETacqifagiog ne

handl i ng_of sa C ' . higegdle mul tiple
sets of %ggﬁﬁﬁs‘@ﬁﬁ%?‘glgﬁ@gﬂ‘[eo%% ‘%%]f/m%a sggfg}b%%aﬁg@%@gggkhgt ad‘\a/.ersel

af f ect esfihirationk cohpriss) sifimusliinitatiot, paid, eufsosaucads, pliies.sadqntations ek .

Preferably the surface of the sappl e hol der that contacts.t.ne sa

o ot aeiccaans: AU eh BoSaNEI e Y OB AORSD RIS UTARA: Bp @
t he anal_ ysi r of; ) al ds TPl th 1

especi al#@*%?%?@rg?%do%?ﬂ‘fghéehps’gﬁg g?ﬁgléﬂc}g?tgﬁér[éggg%ﬁ AR i nput
to the admalsyaple hokleptwbs dadfateddaghd fvm ssenpordnelvdieier . For  exanpl e,

w thout Ijmtation, the sanpl.e hol.det. (elpge] ey rial |y

conduct i v"lea‘f?é awee af sense %Oﬁ-%ﬁﬁ%ﬁyc#ﬁgg%@%@“ %ﬁ%%éﬁvél g’e to the

sanpl e or+ jRepIRPRPEBIHARafirerhBifs RPIRAIR] MERSHE Rehdlifb o saaples,@hy cleaning
ma

el ectrical energy be transmtted to the sanple through the

y )
sanpl e hdlsatsple hotdersthygughimultiple ssisepsample ppliefsayent i on that the

| . od . ! nat 1he
nalyai SOURTG o of APl fag b YT Serotel o PRSI, of B8 andty U 1 SUEPE for
i tsehf anelbangle heldat. Rty tHeausticd eithe sfmiiladoklanfhhecdrtdotethe sémplagh

chem cal or 30 physical bondipg, evaporation.,and.he |jke. [003
Fol | owi regatieendineit Ja e samplers al epadiiions of fhmetiod o8 7 amalysis, es"é%ﬂ‘e"f

My D€ . ramic and metal materials are especially preferred for the sample holders,

[0029] Optionally, input to the analysis is provided through the sample holder. For
example, without limitation, the sample holder may comprise a thermally conductive material
25  through which heat may be provided to the sample or the temperature of the sample
measured. Alternatively, electrical energy may be transmitted to the sample through the
sample holder. Tt is within the scope of the invention that the sample holder is coated or
layered with material that aids in the analysis through physical or chemical action. Further,
the sample itself could be coated onto the surface of the sample holder through chemical or
30 physical bonding, evaporation and the like.
[0030] Following the analyses of the array of samples, each analyzed sample may be

unloaded from the respective sample holder and a fresh array of samples then is placed on the
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unl oaded fromthe respective sanple holder and a fresh array of
sanpl es t{gohSoPssced on the -5 WO 2006/ 007593 PCT/ USZRQ% D43 /025757
array of sanple holders. Preferably one or nore additional arrays of
sanpl es on additional sanple holders have been prepared while the
anal yses are being effected such that the additional array of

sanpl es may be positioned to interact with the plurality of sensors
whil e ey affsatmpieibldenp Pesferably dneiongronmpdsiidiens] frays afisainples o8 gaditipyad

| e hol timall 51 i i ned
A T MR S A L P T
SENsor s aid@tiPhah6faf BEsHTBY MalBE f6ditoried 1P QRtrhttofitiOhe thealigndeesors while
this manner, the " preparation and unl oadi.ng of sanples w || n(gl'g ) daedyay
r ]

t he anathpsinglyged srampieeare baing winadedFprtheiniespestive samplg hokicsd

tiljze re eff i o ; ' il
o x it < e eS o pato s ie R i BUEE whickl i BuRRe B uald Y affaratus
pl ur al i tympfisibg ¥er86RIO Hlacp tisatipighaddrpirt pasitgmadnsthe sexpoiss in ghismesner, the

data on the array_ of sanples. The, sensors co | se ri S es 19

cont ai n@eePRIAN A HRlosding of evaplenwill Dot deley i sto‘?fsng@Pq%ﬂﬁ%%?iual

uni t of ' : ' es. As discussed
B P ol B e e

her ei na urality” conprises at |east 4 such
units, §0031pr ef Bigatel lillasttadesgararragofisiardisiocusaimpde haldefsdodeitioged toaiptezact

sensors i.nclude.any,type that c measur.e ss_changes a I
st e Ao bai e R i G be TR SEp IR Sp PR S i O R Uekey ot
Si |1 con g, AbRer The QHsGRRIHGHOE sfRpthlas 59 calt@fedh a and0As dpakipadr s,
menbranes and the like, with “sem conductor naterials such_as si].icon

bei ng peteinbeloay foy obavashwdnalpméiaf thewx sanple heldsts andspring sealgs; ¢ discussed
conprise _m crobalances. ..i n.parb: 6ul ' ' '
b naPEBHAPoYS (B A oF RGBSR TphsEh St SEDRR 4 Brger
her ei n ipmbksSofantidsr ety by reference thereto. The preferred spring
scale 19 conprises_a |load platformsuspended in a surrounding, fra

by LireadB0A ot SHiile SRYE S LD AN IAS? FUECL O BEP
strain ggly ﬁ%o?de&.a?gxg%g ri &?x'fifris@gné bE AbR S&AER, Slidf, 8fhet he

fl exural springs. rgure I'l shows a preferred enbodi nent of
t he i nveshiondsahermaterial) glgsses) carbengwlysrsf membrpoyvand the &ipe,iwigh scal e

19, in this exanpl e havjng .the.shape.of a.squar has,in its cente

a | oad SPREoOBAAT ESRRAPEhoY %ﬁé@%ﬁﬂg@%&“ﬂ%ﬁ’ forsho Riclpredselints Sf e
i s pl acefyenfiBR chbRptlse RIGbHAAP:S, ih ParSieiReHIRE stilefad dRBEDed iR IntBRANIOND
fl exural beans or flexural spri'ngs 3, which  beans/springs are in the

shown exRubjibsicar Wehea7 Q44 ghiaishnesirpraied fereist inifseentisein bp refereapmihereto.
and s i tﬁﬁ?ﬂ%&gﬁ? Fﬂ:%g%cﬁﬁgfb <%tn§:pr1]‘1€sgs Y foaﬁ%fﬂopﬁ%ugp%nﬁéfﬂf adsqmtolﬁﬁding frame by

fl exur al

means of at least three flexural springs, with bridge-connected strain gauges arranged for
measuring strain on one side of the flexural springs.
[0033] Figure II shows a preferred embodiment of the invention schematically in a view
25  from above. A spring scale 19, in this example having the shape of a square, has in its center
a load platform 1 upon which the sample holder as shown in Figure [ is placed. The load
platform 1 is suspended in a frame 2 by means of flexural beams or flexural springs 3, which
beams/springs are in the shown example arranged along each side edge of the load platform,
and slits 5 and 6 have been etched or machined to provide the flexural beams 3 in such a
30  manner that a slit has one slit part 5 on the outside of the flexural beam 3 and a continuing
part 6 on the inside of the next flexural beam 3. In such a construction the flexural beams 3

become relatively long and compliant, i.e. the load platform 1 can be given a deep swing.
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30 manner that a slit has one slit part 5 on the outside of the

flexural RRMPGoPRSs @ continuing part 6 on the inside qfcﬁt?&%d%ﬁ%i‘m
flexural beam 3. In such a construction the flexural beans 3 becone

relatively long and conpliant, i.e. the load platform 1 can be given
a deep swing. -6 WD 2006/ 007593 PCT/ US2005/ 023757 Each fl exur al
beam 3 is situated in a gap between the frame 2 and the | oad platform
1, whi cBachgigxuied beahidrieditinfed e spibetvyesnthe Bamed aed tigalond plagfiom &) which

i roct | FA0S Q0B 1 I wetraan- datsh Hoh o e AR E T o e
to frang,dplH8Rnarsuais d'i:i‘%@ﬂsré osii® e atthdihent ba@ dMantabfict@dlixural beam
pl atform 1 and reference 4 esignates strajn gggt%es for this

pur poseto mZaSs@@pﬂ ae h@ﬁdd@r rgoordinge wad on thenlead plagform)laandiefgrance e

| at f K i f
P1 exiur afesiipaies St defledt B REolBlel Wilend @RMIRURBSE NRES B BEIRE
Sb T[le NEG e ) |1§ﬂ15@leﬂi(‘jdfm| \?ﬂltsililﬁﬂtnai c%uhebﬁ@wll aaa;eﬂ?mtrthe obneastee mdrthmﬂtf amral
apou an axl s er pendil cul ar (6] e ane, or.
t he | en§edmso} “’Ehbglﬁe%ﬁ@@sm%%{rﬂ?@%%&a? e ?}ﬁ(ﬁPV’ Qoﬁé‘l’: Eﬁflp?af%) gk]]‘e n at
YL UG ARRE PR OO ABRE o s hr e BEHEAY 1D 8R lard d&’ﬁﬁé‘loﬁ@e

platformi’s € nost I ntense chani cal stresses in the
beans amphtbhannd thalenpi dﬁhsbemgﬂamemm&&bstaﬁmd}rymomfanﬁ | oad platform1

|..attheat h t spo t her ef ore .f avor

Coufft o100 oSG Mok atriofe € SSakiin e fiGabal HifhS b futled Y ARieSimd &
Al t emat gcya%}e tl?é ﬁ%sﬁhfeﬁg&ngémm §Rses REHEDRALS frel BukdiR the @FBLNE Srehdto
t he | oa atforminstead of crossmgis to the frane, but this 15 wi ||

require ﬂm@eandl leatiglaffomll t(h@ at theattac apoteand 8)-t Kds hewep favorable to
Mot e TmER it Exiees 4 Piernie Gt eE S PRI ABRR AR B e can

di recti @R phdinfddethe @o@mgsrw e 1@@11;31@@@@%5@05&05@1@ tbmheaﬁhahe;dm‘sﬂme
bridge. The sensors/ gaugres can alternati ve unted in differ

di réct i ovitl requie lenestisiads Frampn glaingaugss apg 6 prapssioeeaUpRn n
other tvo. W @é&ﬁg&gﬂ ﬁgéé Lpﬂav%f bR faobhied SEF Clil Rfr cAlhek 9&%%]31&5{163 in

strain gaug can e arrange as separat sensors (6] tOp of
Cr 0Ssi nghe same diteetidn mbrﬁattiban@hn‘ﬂm cospmtmg ﬂmsen?e)rs by Vﬁmtssomﬁondge The

depositing and patter formn d si stor
ATt or natsPRReryEeuEes AR gERIEEy %&ﬁm%qré’ra drsis. f e3P bl tymipg tvo

manuf acyfﬁf‘e% % 18 ukz@%oemé %thepax;& wath 1o diBMRIOR O Hie B cohiidéGibalr € or
arranged as a surface elenent in any suitable manner. 25 [0036] In a

faver abl[%ﬁt}bodfh@ﬂ:talmgaug% 4icay &n eitenget g sérataie EﬁfﬁﬂlfsdmrfPP pF Birgrogpings in

of " som chfuise GRRRR s S0n; By ARy B (e efln BN oPbffine
strai n gaaMyassistbfseAReRtivelp] St gzﬁ1§5§ﬁ1itki@f(ﬁﬁsdfi‘;ﬁﬁbsres1stors can be

manufactured as an integral part of a favored silicon structure or arranged as a surface

element in any suitable manner.

25 [0036] In a favorable embodiment of the invention the load platform, flexural springs and
frame are shaped as one micro-machined or etched piece of semiconductor material;
optimally this material is silicon. The strain gauges, preferably piezo-resistive resistors
arranged on a crossing between the flexural spring and the frame or load platform, may be
integral in the piece of the solid material. The semiconductor material, primarily for shaping

30  the spring scale, thus also may be applied to shaping the sensor elements used for detecting 2
load.



arranged on a crossing between the flexural spring and the frane or

| oad pl at @ fhosi®kePe integral in the piece of the sol igmed863:@k757
The sem conductor material, primarily for shaping 30 the spring

scale, thus also may be applied to shaping the sensor el enents used
for detecting a |oad. -7 WO 2006/ 007593 PCT/ US2005/ 023757 [0037]

Fig. Il shows an exanple of a bridge circuit that can be used for
provi di ri§037]mas Fig. A ahgws an erammbanta eridgernircais fias oyt be wed fprriemiding a mass
i nvention., The hridge.gircuit |.S: e ' ed
o the celbvaryRdprlelsEhbhe B W ehinfe e THE e, B OBCRATER T

t he samewilkitaohé BridgeHaptet taihe cgaleRTEg ALdn evhich dvieey Stominpadgerdels insdunted,in

and the Weatstone 5 bridge circuit is coppleted.by a currgnt source
(bat t er yihe samedisechione hhe FtsH1gen ¢ ara indhg 1012 of reyiflars; andhe Wheatsiape

type;ci gt o i ' ' e YREEAN 1S 2HBY rh@skiSRRnt Mstrument 12.
connéct i%?\ﬁg%v?n tﬁEgﬁggrﬂ%ﬁgﬂ?%ﬁ%@%ﬁlﬁﬁ ot h_I(:;,}"rj strain guge _n _

conf i gur Bk issstarjdafB@be bincudt, bnbatierchrisipeicironit varidnis nepy beigsesidalcennection
accordi n%,éo the jnyention.is not .restricted to a single piece or

from se REhGE pryPodiznents vt other Stiain gaugg tet'Pi cal 10 shapes may
be used @83810N9 128 bEda8 EHRHIANL! tﬁé‘@]grﬂ{ hlRrabedrBing 4s BRITIdeshtiy ighod east
c

three flexural springs that connect the load platformwith a
sur r oundiesticted dore singBaieje @ikona bensicarducios negigriadi Faviheri mapy geometrical

substanti.ally ciycul ar | oad atform i psi e ' '
ram cipaemry bl (R R BalTo Blnd is Slohitedby P fj«itkck fofurel
pl ?t f ?rg%;gi_hés ﬁ{a?ﬁ@mé@c&ﬁ@%&aﬂ St%mrl:isiﬂ?iﬁbwﬂdgdin%ﬁm”em Spolt S are
situate irec opposi te each ot her, bu ey, may overlap Q
even spi 104B9Ing ﬁﬁ@tq?tan@ﬁge ezbedigienbis 2 sybstapd 3@5@9\%@% pi’qtéqgnp%%%e &

| at f or m, t . r & aﬂ%%l ' e
1I‘O | exur aﬂ@%ﬁoggﬁé%@ Te's ?8?‘&% ot eﬁgarﬂzgﬁe&%%rﬁﬂﬁ %te % g%én%Hﬁggﬁt 13%J]t he
spot s whglatforsw b bframe tespadively. dfisuatie theostachimert epote aiersitatedidigectiyyopposite
operation. [0040] Another possible confj.guration conprjses
Pt adgul Sichioghi 1 S RN SUFARD AF GBI B LU OB T RSB RO
platfor mdfé'iﬁadt Iﬂétférh@éﬁ- thSkale SGAHOE D gedRUIRERE afeQlitubiRg bR Flexinl bien

chne

three atta t spots can be connected in a nodjfied bridge .
connect i attachifienisspots to Pheuirathe ox/plationadeettthe spotshere sunkpge steeas is gf thempast
requirenents of the.inventi.on. [0041] A construction with four

f1 exur al TEHPP i VFEMNEPS A0 e, for at |east three reasons: 1. In a

Wheat st o4y i dendther Poseiela cenfigtRetion ¢opliprfsodis iia@gilat liad phatforinnat delee.
25 2. To have a stablé load platform one should not use too ny .
beardd. 3flexusel heams bpovese shedopdplatfarn and the famg. | Jtedn gayges; @O@t%% gnstance

that silican (10N NBLE! s%oﬂ;ac\éﬁ bk QWhriected in a modified bridge connection. Thus, a

plurality of geometrical shapes will satisfy the requirements of the invention.

[0041] A construction with four flexural springs is preferable, for at least three reasons:
1. In a Wheatstone bridge of standard type, just four resistors are included.
25 2, To have a stable load platform, one should not use too many beams.
3. For a micro-scale manufactured in silicon, it is a point that silicon (100) wafers have four-
fold symmetry and this entails that the piezo-resistors should be positioned along the [011] or
[011] directions.
[0042] Figure IV shows schematically a cross-section through a central part of a spring
30 scale 19 comprising a platform 1 upon which a sample holder has been placed in accordance
with the Figure I embodiment of the present invention. The central area comprising the

platform is thinned down relative to the frame 2 which may be substantially thicker. The
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fold syt”metry and this entails that the piezo-resistors should be

posi ti onegodepdh7idie [011] or [011] directions. [0042] prir@ish&ishYsrs7
shows schematically a cross-section through a central part of a

spring 30 scale 19 conprising a platform 1 upon which a sanple

hol der has been placed in accordance wth the Figure | enbodi nent of
the present invention. The central area conprising the platformis

t hi nned fidaumal besnzst3 sppeaosuch ghat Feprbeamsgandls shety ineside viewandiexhibif an

t hi cker., The -$ WD 2006/ 007593 PCT/ US2005/ 023757 fl exural beans 3
appear SUHP¥hat two beans can be seen in a side view and exhibit an

S- shape [p(43943] THHemBedRGINBHMSH B TV alsishows ¥h abtiehal basspast24 which can
optional basSe part 24 which can _be nmade of glass_and attached. to e

. h

frame 2 beynadeshglass anthatrchedioribe figme Bpyraeans o1 eredis bepdag. By making the

fend i e > W it f
P piar BiEs4 bltend BGRB8 Bektorin 1, ObTRs BB AR biofa | 20
shown, tglefoamsieasosafetd fumtion forrthy flaarealppripped. wisthown,dbnbasalpasgémnisag
25 f dtoi ti d cl | ng. th l.e, .
ont | onalHidur PRy s pgel G ned o e pdprRet o SEHERER Shpve e
POSSi DI §cq18 Wiy ig%ﬁ}’i%&fjlé Ray b?ﬁfbﬂﬁe@%@@%@h& stﬁﬁﬁﬁ pfBdtivn ahb%@gbﬁbl@

central openin n the roof 'in 10 order that an object to be )
wei ghed swdmgshipvaad fhrdeadpleiforith  OptickaPy,dhdro i cadtal apaning:2t indhe rookiry

be provided faor sign | eads, fromthe.strain he

o1 258 *arsier g Dl Pla pe G e A o5 I bR o SRR, [ QlacPRehEus
enbodi MRty BSHSvVRIBATE sighl leafdiém B RtAn balgder THOIGI niay el glassdnd GRedito
m crobal ance ‘as a hangi ng basket as illustrated in Figure V. A

support thohgeipgd4an 15 array of microbal ances, a portion of one

0,020 O e B B ST P it

suspende[ angi ng bas romthe mcrobalance“via a
at t achedbr dmidrbigalarice fae bhbeging bashet & illistentin Higure tVh eA Isopgre Gompritdsen

basket sanple holder 18 . In thiis epbadi nent,,the hangj.ng,basket
sanpf e HSTAYSHE migtobalaRRsnt PRHOR REORA EISRAIEIGE Seing AHoWR St Hgte. A sample
connecti » At ?g’l%'s t feRhadnb
of thosemg?l%aﬁ %&h?ﬁr?ﬁ'?ﬁggsaz?@\%ﬂl C %%%ﬂ%@ﬁ gggn%lc&gb%%g?enai n

st abl e uhearicrobatameridta wins 3@ fromhbe hap29 tal Yasket safpBisiiden 18holnghisi t
is preferr

5 PhetSELed gt oL Iest anelichen BopcOREHELEP LRt BoShaRLo, SRHEES:
her ei nabgy ganiebtihSthdlatthiiment AR BARRE WkkdthembRMBIer ofhyttRainy of fiRise known
nmet hods of detecting the deflection of the m crobal ance _ .
20  in the art which can contain the sample and remain stable under the conditions of the mass
analysis.
[0045} Although it is preferred that the mass analysis be conducted using strain gauges,
and particularly piezoresistors in a Wheatstone bridge as described hereinabove, it is within
the scope of the invention that other methods of detecting the deflection of the microbalance
25  may be used. These methods include but are not limited to the use of optical or magnetic
detectors. In one embodiment, deflection signals from each of the microbalances are
determined using a photodetector.
[0046]  In yet another alternative embodiment, the sensor 19”* is a microbalance
comprising a cantilever; two examples are identified in Figures VI and VIL. In Figures VI-A
30 and VI-B, a cantilever 31 comprises a ring configuration 32 for suspending a sample holder
18’ which preferably is a hanging basket. The basket is attached to the ring of ring

configuration 32 of cantilever 31 by any suitable means, preferably via a wire 30°. The
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25 may be used. These nethods include but are not limted to the use
of opticalygpdfmeaati ¢ detectors. |In one enbodi nent, dehagbidnizrsy
signals fromeach of the m crobal ances are determ ned using a

phot odet ector. [0046] In yet another alternative enbodi nent, the
sensor 19" is a mcrobal ance conprising a cantilever; tw exanpl es
are identified in Figures VI and VI]. In Figures VI-A 30 and VI-B, a
cant i | ebifze33 elihp caniieven compijsasstringangasi ‘iR the faray ofniergesstriony toetiect

I I 18' .whi.ch f ' i.ngebasket. The basket i
a1 achedtBaprBay gt GraRpR Tl e Sy RIS 200 | Sver 31 by
any/ Sui mhyp nﬁarr&g%ﬁg g’[[EA%HW}:IVPMEs@sw r%;’aﬁ)a carfitlever 39’ WenROAG DI#FO3
PCT/ US2005/ 023757 ' 33 t ti . ' t
gauges SORRENNON Y APoTpaig AemploRader SR Preferabl ineshangine el
O 3 T Saib Sty okl SUBARROLARE 93 or JAO4 T iy Gandl |- A

and sensor I's a cantilever 31" c rirsing a sling |

conf i gurattilever 32’ b¥ any suitepleniéans, preferabiyt Wa dteddy . 1Bridgerd 3 lof pestileverily
is a hangi ng basket. 5 The basket .sanple holder.18. is attached. to
the I ROTBRSSIORAG SBRR SR B S50 BOERE B eree\ e =it pffolgt

sui t abl g iBRMPace@ iR BRbIE MilderWBr. e 30". Bridge 33' of cantilever 31°
conprises strain gauges 4' in the formof piezoresistors to effect

t he nmas§0048hI ysSignas teom thempicebplaness arg igad Fecughvpreadonsibgasd apd processed by

[0048] Signals from ] bail r adaqut
boaf% ar"i‘dj%fi’fc’(%lél?g%ﬁ gﬁm%%éﬂ%gg?%%%&rrggp %erd _ﬁ;%@%ﬁpsg%g@ﬂfegi pgl gnal can
be used deperdionResisnd serk6r. TiRMREpatiukesigatd panbepoeidet fidnea Sepusate resihe or
tenperature signal can be provided froma separate resistor or

di ode, sHodsner ArPenRBRANGF therfatat Brdae IBYHIRE r esi stance. [0049] In
measur ezm V"eflﬁ%léﬁﬁxe?ﬁéﬂi’g et ﬁh@ﬁaﬁlgﬂgisq{eaﬁﬂ Ok 6bled, MELIREl8GicVoftages at
at” junc ?F e be

vol t age I ons can affect the neasurenents.” This can

conpens gngtiohy camentfestitheahdaguemichish Thiy cat He obfapetsatedihyreniodisally switcing
and subtr t(ll:_lti ng the ouhﬁ)ut fromthe rreaﬁzijrgtrren s. One can al.so use a
conpdun®IHRe srrientisawrce | Aaf sulizeying et SReLihg meapgepent. One can also

measur engph coxh?ﬁ&féﬂ alERSURGERHERT(AKS eR6iHhiBRAAD Widdk-Buhéatietesof t War e
for designing e test, controlling the environnent, and acquiring

and anal{083%g dEheceropeer sreaiipped wih pritably sofiverefortdesigaiagthetsst, controlling

0051] Pyeferab h .anal vsi s i focted |
bor 1 oo eisRmesh A SRR ALY Sl sk dild B ARt e BRI bPthe samples.
and sanqbesipol defeferabls thé ALerknalyshiinefatedin a sontrellsditdvdlphment dliabl e

chanbers which isolate the sanple holders from uncontrolled s
enviZh onrASHITAIERS e bP GARITOLIEd pilien AP FERIICSOH dRETP 5 0145 s st Pefhinugpe or

conpris %oﬁéﬁsﬁﬁ&% sealable chambers which isolate the sample holders from uncontrolled

environmental conditions. Environmental conditions to be controlled comprise, without

limitation, pressure, temperature and fluid composition, for example but not limited to gases
surrounding the samples and sample holders. Suitable pressures comprise between 107%° Torr
25 1o 300 bar, and preferably from 107 Torr to 150 bar; temperatures generally are in the range
of -200° to 1000°C, and more usually less than 500°C. Any suitable heating or cooling device
known in the art may be used to conirol the temperature.
{0052]  The composition of the fluid medium in the controlled environment may be varied
for weighing the samples and to effect tests described hereinafter. In the case of the fluid
30  medium, suitable gases include without limitation one or more of nitrogen; carbon monoxide;
carbon dioxide; ammonia; SFs; argon, helium or other inert gases; and butane, pentane or

other hydrocarbons.
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limtation, pressure, tenperature and fluid conposition, for exanple
but not |\ 408chdrsesgases surrounding the sanpl es and saghlws2603l00856% .
Sui tabl e pressures conprise between 10' 10 Torr 25 to 300 bar, and
preferably from 10-6 Torr to 150 bar; tenperatures generally are in
the range of -200 to 1000C, and nore usually |l ess than 500C. Any
suitabl e heating or cooling device known in the art nay be used to
control B%Blt enpéenenyiconments ppndiiensBesyiadqventigre in weder tq deiering sample

in the I i :] f | ghi anpl es
and o orpiEeeE deE el BATENOAE Y TRA AR ey | oL B OB R P
30 nedi wubstsatial alfnge gatapetratnisehanpé hopresshiarandia changerie canpositianabf

ni trogen; carbon ponoxide, carbon dioxide: a nj a, . SFE?; Iﬂziirs(%on, ¢

hel i um JPVBPHBENL REF ¢ %sopeaﬁawawaaaﬂewﬁ?%e%mn&# gytie Sieps o

hydr gcar QoRgring A3t YneOOMAOFAAIndhrTd 3 280BIL 23b5ekque t@jgéﬁ:]og%g & array of

envi ronnent al condi ti‘qns are vari ed over tine in order to (erm né
sanpl e samplere A ekangs il esdranbwatd eomlitiins) swbsedrisatly mepsuringrseenngd output

Com B B T g e B o A Pt
exanpl e, safikes By cORipariRg teait 29 sRndRRtgie bighalkNTHe b&pél Ray Sk eqpeated of the
s

measuring first output signals fromthe array _ of sanples,
subsequeattedsamgiessthraych iseduspeesyof srbsequantly expesingithe aaay of fegted samples to a

envi.ron I Lt S ' : :

ot gribi's D Rk b i Sm S AR, LRIy Me-SEEATfor i Bt signals
pr oper t i fsm tHe BAGTofehmplee, and alRpr@nilyy oospascr pgojichitesfdfieath afle sanpledby
out put signals. The steps be repeated on_th tested s |.es

t hr ough YEHIERE & BPW M Tt desiget fhe gﬁﬂw_oeﬁlan@@trgg&m array of
sanpl es thﬁr&aﬂaﬂcés‘%ahlﬁ%rc?ﬁgﬁﬁﬂ%efd}e G A IREHaRbe PO OLRRR ] condjtions.
subsequently neasuring turther output signals “fromthe array of

sanpl es, Prafecabifethéy isiefilecigd osieg erknpenecppoopave farsadi ofthe phoklity lof spring
sanpl es b%]F conparing the output signals fromthe further testing.

The def | ¥&FF-on si gnals of the array of m crobal ances can be conpared

bef ore apgsff t endshals6 BB meAsREV by ROSRMAhe 6BRIEqURASY of tBE &fagE@bAl¥ce
this is effected using a known sensor curve for each of the plurality

of spri napdislaticathesaccpaiiigiio tMasguagibs ove aly/nb evhreak iy td spying siftess, agd m is
t he ei genfrequency of_the | gaded hal apce, and rel at,ing this acgordi ng
to the e@aaﬁ?we ARasp.clhg W@P@nwng’et cethby Fgte %1%@@,0?5‘%?@’%@6 pay
the eff | : j ty : '

SRAb¥ed PRa® ggigﬁgaﬁietﬁe% dfsglpﬁ%&mgg)fgscﬁ E&I‘éiﬁ%ﬁl‘l‘ié’mtéﬁgs ]'@Qﬁ?‘i)e used for

agitation o rray y nonitoring ree
osciz2bl at ¢atibmatioh, crandastrziventsevhedergrefihets aanupérimpesed ohdhe @ansducer output

calibratjon r measur.engnts when | arge offsets are superinposed on
the tr anSdLRAIeGRPRRRTC criocts)

Uses
[0055] The microbalance of the invention could have one or more of a variety of uses in
addition to sample weighing. For example, monitoring weight changes in samples due to

25  changes in environment or as function of time can yield data on surface area, pore size and
volume, acidity/basicity and metal function among other characteristics. Changes in the
environment due to mass changes in the samples can be monitored, and the microbalance can
be used for reactivity testing.
[0056]  The microbalance array by itself could be used to weigh samples for a sample

30 - array. This function could be used as a preparation step for another operation, for example

characterization analysis, reactivity test, or synthesis. Also the weight change alone could be
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(e.g. by thernoelectric effects). Uses [0055] The m crobal ance of
the i nvenigoRegeisd have one or nore of a variety of usegridyagesinzzrsy
addition to sanple wei ghing. For exanple, nonitoring weight changes
in sanples due to 25 changes in environnment or as function of tine
can yield data on surface area, pore size and vol une,

acidityl basicity and nmetal function anong ot her characteristics.
Changes alkny phut of @narialyimiarolvihgexposurasta sl %Eplbmtmmempb@ conditipes

noni t or d.the. m obal ar n e use actl Vi

10056] " i GHRE AR B PRy iR oF) e i Rt tehL e b Bobte
sanpl es ugg,rm@u@mguﬂﬁgnﬁd@y This function coul d be used as a
preparation step for another operation, for exanple characterization
anal ysi §Sotheé@§ﬁ510m?@UstséﬂledPéﬁbesMﬁqwbﬁs Al so the wei ght change al one
could be -11 \{1\8 20 /007593 PCT/ US2005/ 023757 a key part of an
analsysi S inv§| posure of a set of sanples to a specific set of
condi tions (E@th& thé Qh@grﬁ@@@@!hdtioﬁf(sﬁ@lé 1gyer adsdiption) yr e BET (Brdbagen

upt ake at hi pressurei1 possi bl'e uses include, wthout
linitation: %@@ﬂ%lﬂﬁé Te @MW@%@B@HYW%WPMM& ergppIapFiptece

Area Either Ea‘&gﬁ,! I i
BET ( Brunauer, ?h Eﬁlﬂ%‘%ﬁ? % dtﬁlﬁ by %Féa%g?éy d&%rptl on)
or any ot her daﬁpﬂ‘(?pfcahj?mtrdgeﬂm:tl;edhsﬂetadsorbaﬁbng or calculating is

used to derive a surface area fromisotherm data. Typically nitrogen
is iked as®t Kera¥elrBate. 10 Pore Vol ume Using the Kel vin Equati on,

0 o0, SRS 5y UL BB AEMEEa 5LBpthin

al ong wi th t helited ofipprdsquati on i s conbi ned vvlth 15 various ways to
estimate an adsorbate fhl m t hi ckness as a function of its partial
pressure. Theédee Rige SHPEIoN ¢ used to estimte the distribution of
pore sizes f ofy fa1s i eSorptiOf SRERI AorsARRE ik Yc d6th FRudhiMER cBRibikE with
condi tions (VJSO %ressu?lgl ?terrperature t he ar%lunt of probe

15 various ways to estimate an adsorbate film ickness as a function of its partial

pressure. These equations are used to estimate the distribution of pore sizes for a
sample.
e Adsorption Capacity
For a given set of conditions (vapor pressure and temperature), the amount of probe
20 molecule adsorbed is measured. This value is of interest for evaluating or comparing
materials. Typical examples are selective adsorption and gas-storage applications.
Also of interest is the adsorption capacity for a single adsorbent using a set of probe
molecules of various kinetic diameters. This is analogous to McBain measurements,
and helps to classify the pore size of a material.
25 ¢ Adsorption Kinetics (diffusion)
By measuring the uptake rate of a probe gas, an estimate of the diffusion constant for
the adsorbent/adsorbate system can be made. When made at a range of temperatures,
this method can be used to determine an activation energy for diffusion.
e Heats of Adsorption
30 Measurement the adsorption capacity at several temperatures allows for calculating

the heat of adsorption for a given sample and adsorbate.
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20 nol ecul e adsorbed is nmeasured. This value is of interest for

eval uati ngyPipo6mdRey i Ng materials. Typical exanples arg&@he6e§d048757
adsorption and gas-storage applications. Also of interest 1s the
adsorption capacity for a single adsorbent using a set of probe

nmol ecul es of various kinetic dianmeters. This is anal ogous to MBain
measurenents, and helps to classify the pore size of a material. 25
Adsor pt i Isothkimeforoheiifororst Ruabe Blolemdasur i ng t he uptake rate of a
probe gas, an,estimte of the diffusion constant for the
adsorbentlédséF@HYe system can be nade. Wien nade at a range of

tenper at ur es, Thd fthSuref i@{gﬂ)b@%@sé}@lsuﬂﬂd bha sdﬁgﬁrdmm@ uBed RGstiaid thenumber
energy for diffusion. ats of Adsorption 30 Measurenent the

adsor pti on cagfesid siteafordhe samplet Byseaking sithsr adsosipnfmeasugmenisat sengral

the heat of a r pt i Y z

2006/? 007593 g@%ﬁ%ﬁ%ﬁ@%%?ﬁ?ﬁ%rﬁﬁsﬁ ?@rgnse g‘?nﬂ’g%l%‘%%g’%ra‘é%\gf

Mol eg ul es dACieﬁipbmtdE&&h@mﬁﬂ Bﬂ‘eﬁrﬁt)h dispribmiien Lﬁmasd aﬁﬂﬂi@dfietmdﬂz dgﬁmteﬂalrrpl e
can be used_to estimate the nupber . of aci ite r e sanple. By
maki ng ei t hExampledrpes Mﬁlm§:u%ﬁps£&?&§%vﬂﬁ%ﬁiﬁlpﬁ tures, or
by measuring the a BErﬁA&&ﬁﬁggesor bed as a function of
tenperature, the acid strengt Istribution for a sanple can be
estimated. Exanpl Btréptibel AMtideiteses: NH3, CO, Pyridi ne,

Tri met hyl phosphine o Nunmber of Acid Sites o Strength of Acid Sites
10 1Basicity BpH¥f%ar to acidity, but using probe nolecules to

characteri ze §%§'}agig(% YoidityharRiSe ﬁroggﬁld}@}u%q& @&raﬁéﬁz%ﬁﬁsicﬁﬂrppige’

1- But ene o Numni I I

Ba1 i'c SItess o Strength of Basic Sites
Met al Funct iExamBle BrebeMolsrglesh Etlepps Ryppénst &-Bytesise nol ecul e, the net al

or netals | oaded on a,sa e.Cﬁ be characterized. |If the anpbunt of
metal | oaded on & hEUERRYPFL ¥ehown, the amount of a probe

nol ecul e adsor begd Bﬁeﬂmgf]}@di§3ﬁ@’lt aining a nmetal function can be
used to determ ne
15 s Metal Function

By selecting the appropriate probe molecule, the metal or metals loaded on a sample can be
characterized. If the amount of metal loaded on the sample is unknown, the amount of a
probe molecule adsorbed by materials containing a metal function can be used to determine
. the amount of exposed metal atoms. If the metal loading is known, this same information can
20  be used to determine what percentage of the metal is accessible for catalytic reactions. This
type of information would be very useful to characterize the metal dispersion as a function of
impregnation conditions, secondary treatments (e.g. hydrothermal), and deactivation due to
carbon deposition.
[0057]1  Mass changes in samples due to redox of metals on a sample can also be used to
25 characterize metal content, dispersion, and activity.
o CO Uptake
o HsS Uptake
o Hy/O, Redox/Uptake
Atmospheric Sampling
30 A set of materials could be placed in the microbalance array, and exposed to a process
stream or gas from the surrounding environment in order to characterize the process

stream or gas. One example would be to select a set of microporous materials
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t he ambunt of exposed netal atons. If the netal |oading is known,

thi s samewigyog¢amedson can 20 be used to determ ne what mb@gm—gfl
the metal is accessible for catalytic reactions. This type of

i nformation woul d be very useful to characterize the netal dispersion
as a function of inpregnation conditions, secondary treat rrents (e g.
hydrothermal ), and deactivation due to  carbon deposition.

Mass changes donetngmiange afipore sizes dbschomiqhstagterial would a&lﬁ IaéSQ,fh W‘é?%’ées m

be used to 5 r Sﬁ&’ﬂ%

o CO Upt ake %oég%c%%%gﬁéb%t%g ?bo?g%% télarrﬂl;lis%5 erl ¢ %&%%a%}é
30 A set of rm&teﬁ&laﬂhs gﬁ@ktteinbmm&ctemzéme m crobal ance array, and
exposed to a process streamor ¢as fro the su roun%ejh envj rogment

in order[of)%S]chaF‘&ﬁEf"E"’é-ﬁ‘r"k%’é'E’E"ﬁ'i 8§ Spest Ce‘%i‘ﬂ?’&sr g

woul d be, Rie§ Bbu1Q alsBTHE RBPIAUSrATRESE b hSstrchh, WO 2006/ 007593
PCT/ Szoggﬁgg%g%ecgverl ng Sa rangeo pore si gesS Each uni que

mat er i aIRmtldardelmEmemﬂhs nol ecules in a specific size range. By
si mul taneouﬂi’%l conparing the amount adsorbed for each material, the
gas strea gbe characterized. [0058] Likew se, materials

cont ai ni ng A%E&bﬁt's&eﬁﬁtch@'ﬂépﬁlgé’d o@é’r% KT EPBmpRs CHANBE amBuddTRaMbh ON

propertl es coul al so be used to characteri ze a gas stream Reaction

Pul se Expeldepmrtertfm a@m}nngﬂsb: qapde magasuredr Fhimpeemidesdnipmingion ahvaat the set
of sanples, ep ed for a given pulse can
be flasured ﬁ' %aBﬁig?ﬁcg' l(fnrﬁaﬁeraf%?sgcﬁq Bftgt he 10 reactivity, and

deactivad i %d&@te for a set of sanples. Redox Exposing a set of

sanpl es to_an oxidizing and/or a reducing environnent while neasuring
wei ght chaffgpesing o 6% of sdroplesita anoxdizing aﬁ%@oﬂ reghicing] enyirapmertaplils moasuring

Thi s woul d_be mlar.to. a
pol yror i 2ol PR EE B Aoy TR R0 AL BT e would be
pol yner i zakingifhr @t iiGalS et meniibn Sbdes can be

15 e Polymerization
Information about activity and kinetics of polymerization catalysts or initiators can be
estimated by exposing such materials to an oligomerizable or polymerizable gas.
Combined Techniques
The combination of two or more techniques for in situ analysis of properties of an
20 array of samples would be a particularly valuable feature of the present invention.
o IR Thermography + Microbalance Measurement
The microbalance measurement could be combined with IR thermography
measurements. In this experiment a base (or acid) is introduced to the sample array.
During the exposure, the microbalance would be monitoring the weight changes, and
25 the IR camera would be monitoring the heat changes and heat of adsorption. The use
of both techniques simultaneously provides much more information than each
technique being run independently. The information from both measurements can be
combined to determine the number and strength of acid (or base) sites in a material.
o Acidity
30 o Basicity

o Reactivity

-14-




estimated by exposing such nmaterials to an oligonerizable or

pol ymer i zaly Bo@@Sses Conbi ned Techni ques The conbi nati on pefr idens@B3757
nore techniques for in situ analysis of properties of an 20 array of

sanpl es woul d be a particularly valuable feature of the present

i nvention. | R Ther nogr aphy + M crobal ance Measurenent The

m cr obal ance neasurenent coul d be conmbined with IR thernography
measur enmené s.Telipetdtine +eddigobalmnt Medsaremefibr acid) is introduced to
the sanple array. . During th e osure, .the m robalaagce woul d be

moni tori ng t K& W@}H&rﬂﬂ SRG €53 4 fimckion &7 the gystem could
moni toring thgahedtas %@ﬂ&ﬁ%% A 18 ARHERLISPOnd B $fonitef Dot h

techni ques simultaneously p des nmuch nore information than each
t echni que beinhgnoroena sude pewedien désprptibnes iarffuentiontof dpmparaiird sanplate oxidation

rreasur ement s conmbi ned, t.0 ter m.n r.ength of
aci d (or bas rgqof g‘°’§ (Par‘?sggﬁgtdélﬂng s tegp lfﬁﬁ f%@@ﬁg%%% ’ucg%r
Reactivity - Jré'v%e)ﬁgaagﬁ@ﬁﬁgﬁ% PCT/ U82005/ 023757 Tenperature +

M cr obal ance asurenent By nonitoring the weight changes as a
function of tERPerMiupkalandedessureamntoul d function as a conbl -tga

(t hernmo-gravi.getrd c I el

wat er desor ptﬂ’g’ bgpaﬁﬁ%%[eﬁ%:ﬁ %ﬁ% cé‘&nlgé’rg‘a %meam ?8‘%}3 oXi at |52

for zeolites &mﬁbﬂ)gn@dsﬁredibﬁt ng skl stampp;ebaﬁlarbe expmﬁe)i,to a@r&mgabumms
kinetics for regeneration studies. XRD + M cragbal ance Measurepent

The 1fi cr obal abstemyEkishwekkthall %Wwé@l @Mﬁ%ﬁ%%@a&u@éﬁ.a fpgjion of the
(x-ray dlffr Ll d be exposed
to a probe gas |n9%&g%§ra?g§{%em %X\ADQ}FSL%I ow structural

information to be Inﬁﬁswfembtasormﬁiwuﬁtmmn of the anobunt of probe gas
adsor bed. Sone ex | e es cou of water on unit cell
size o | npact of ig‘:gﬂ AGHHE Hﬂﬁﬁgb%f’rlhqﬁce e4® si ze o I npact of

carbon (coke) og qﬁirgacﬁ%*darb%m@oléé)Bn%mtw@@i&@@ﬁlsﬁﬁﬂceﬁébaaémb§>0591 The

above description and exanples aré 1 ntended illustrative of the

i nvent i gH59] The above descnpuon and examples are intended to be illustrative of the invention
without limiting its scope. The skilled routineer will readily understand how to extrapolate
parameters of the disclosure to other embodiments of the invention. The invention is limited

only by the claims set forth herein.
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without Iimting its scope. The skilled routineer will readily
understand how to extrapol ate paranmeters of the disclosure to other
enbodi nents of the invention. The invention is |limted only by the
clainms set forth herein. -15 CLAIMS: 1. An apparatus for nass

anal ysis of each of an array of sanples conprising an array of

di stinct i@gﬁé@ hol ders (18, 18') containing the sanples and a
pIuraIit9 ensors (19, 19', 19", 19"') wherein the array of
sanpl e hol ders are contai ners having a concave surface 5 sufficient

to contajn a ﬁﬁ'ﬁﬁbﬁamg:f& rﬁ%s@@ﬁﬁl?éi@@f Each @f _@t ﬁrr{q{l OMabpesRlolipRkinkYan@fray of
e

sensors and are "capable of interacting w plurality of "sensors

so t hat diséngssampleibpldest (188 beantpniogitkesangpiesputd agilgnabitysofeemors EPnlp’,

mass dat a,,0n .tk rray. of sanples.contained in.the array of sanple

or der 5. 15 e wBGEPtpSar S TReSbi B AR PR o B B eea o UiGe <
(19, 519 suffi8entk8 cdntainlds @A) atSesnstialile fPdhdOkortied SIbRAliNERRnsoPs anthBe
apparatus of Claim2 wherein the array of m crobal ances conprises an

array of capgpleiof nteraalingswith G pluralitprf sepiony s that the pleralitypBsansers meqvide
conpr ] . nr _ )

o 51 O LA PSR O L 68y IR W R 5P
frame. 1kol8ers.The apparatus of Claim 3 wherein each of the spring

scales (19) ¢ rises a | gad platform (1) suspended by qne or npre
f1 exur al %Aspriﬁﬁgaqusa rﬁmm@e&%me el seiset (1§¢]r9§ilr9 95%33 (4)
ar r aggededrri B &% Mo flctHalhined. one side of each of the one or nore
flexural springs (3). 6. The apparatus of Caimb5 wherein each of
sai d strain gigayatat)s dflainp? eherartiestiay of n@@obasiet opmpiises Therray of

appar at us_ of Chai@binmherein the array of sanple holders (18, 18') is
pl aced i WESHYEEY Wi th the array of nicrobal ances. 8. The appar at us

of O aim2 furkd@ipaf@igdfi1hing3 FuRRERURsitstLf 084 (2) %ré}idfefd&ﬂztmﬁhgﬁﬂbhining
generator and filter with a lock-in anplifier (11, 12) for detection
of a def? @bgleghess ofmateriat whereingthe amey ai vigingsedjercis dytegrah with the frame.

15 5. The apparatus of Claim 3 wherein each of the spring scales (19) comprises a load
platform (1) suspended by one or more flexural springs (3) each having a bridge-connected
strain gauge (4} arranged for measuring strain on one side of each of the one or more flexural
springs (3).

6. The apparatus of Claim 5 wherein each of said strain gauges (4) is a piezo-resistive

20  resistor.

7. The apparatus of Claim 2 wherein the array of sample holders (18, 18°) is placed in
contact with the array of microbalances.

8. The apparatus of Claim 2 further comprising a compound alternating-current signal
generator and filter with a lock-in amplifier (11, 12) for detection of a deflection signal at an

25 encoding frequency.

-16-



