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ABSTRACT

A hydrophilic powder, QELBYfrom the feldspar family of clay minerals was investigated for

its ability to form structured or exclusiaaone (EZ) water. We demonstrated microsplieze

zones aroundlifferent fractions of the QELBYpowder or its hydrated pellet. Averaging
approximately 100 em, these zones grew to a
Nafion standard. In the case of silica (control), only occasional microsfreereones of about

70 & m we Fudherfstudies tb investigate QELBYs ener gi zing effect
and early sapling growth in brown chiplea seeds showed at least2f?Id increase in roet

length and/or formation of shoots. This was seen in deaitied in QELBYsupernatants or
surounded by QELBYpowder outside the vials containing the seeds. This indirect effec

observed whether the QELB¥as dry or hydrated.



. | NTRODUCTI ON

A highly hydr(@®plhBYdev emaotpeeftu athyt utmh eEnerigsy Com
manuf attchwo egh a dpean alheprfeedeassgpar. fDaesmdyl sof

composirei pnesented i n-1a7R8un&j np upbal ti esrhiiend{ BeA sledv
hydr om&t éiical shows variety of tibiderehramnsddmegn tp
ofvaricetd ol pgioc&dtsBeessuse of the diversitty sof

prestim@lneechani sm iisomedhateege nt o hler ceghout hte
l'i kely sulwat @nmoag keiampl|l e, one of OQBREBNOSt i1
the absorption of wultraviohetolrdghy &aodt ami s
of wat erprsotprowscetdu’tepn i B o lil In dgdaknr ebce oaf seofuerrcgey h e

for matsitomcdafured water, othegEAi wat Enown as e

I n additi onf etagt @@h& pso wadpetri csehlows ver gs hwghl zas
semionducti $.Ehimpha¥esbr patari ty, which can be
EZgr owt Bot h chaffBlQB®rnsdclieasti on si aenfoarEZA
eneggwner at i nfgors utblsd afn@remacta no nb eo f atnBtZi scwi gppaetretd t

enhahoedatti €&Z &rLBwodd®®rai ns

Il n thisexpelpowretdhieer f or mMmOE &L BpYauwderaa md compar ed
itoahetBAafoimed around ot herWeh yadrsoop hiidv es tsiugb
dynamics oOAsSsEZA gueawtskeld nat ur at hbsesckabucshei pawd s
t he mamponfeen@BYkst udpl wadertaken to compl emen
on cemddidlassr of health and dBs@maBEEs wivé he po lpsnd
around pELBIYs we ex ptlhoer ewla twehre tthhreart was i n cc
when separated centri fugtailllly if mfolmu etnhcee peoaw dl e

specifically seed germination and early sapl



(I EXPERI MENTAL PROCEDURE

A. Powdeeagantds

Powdepaerdt i(cl e ©@EkBan>3 0 il@m)ca (control) partic
a gengeirfotrusf rom the Quantum Energy Company, K
The suspension used for determining EZ size

pol ycar-boxtygndh t(BPol ysci ences I ntat é&x)L;83R24I y 2t.
coateemd (Pol ysciences | dAa@a;t ek )L 9 &Ind;, .o %tosnvo Igil d
20me( Polysciences Inc; # 19823) .niTzheed nwactreors p(
water) obtained from a Barnstead D3750 Nanop
gr a(dle8 .q2 CMr boxylaateal andc opaotleydstmiremespheres
charged, whereas the holl owenmil asls|l gphmeutsalayr
buoyant. The volume ratio of depeodtphheg rkeinntdo

of experi ment perfor med, and kept constant

concentration differences.

B. Setup

Oridnary glass slides (Ther moi kmishhepatSceremtifi dr
QELBand =sioht@aning water dmdpll-ateexpopriitngea.ed
mi crosphere exclusion studi essl,dewe hasnddckra bupd
a rectangul ar polycarbonate plastic block (4
mm di ameter, 4 mm deep) in the center, secu
Scientific) at the boetcwmn@bBicwyeld) i olSdiimee 8¢ d c

(8vel | Per manToexk )s.| i de; Lab



Polycarbonate plas'ﬁ

il

Glass slide/

FI GDilagrammatic repr-®lsieche achamberf. t he gl ass
C. Procedures

Pattern formatioh OG.0Weiagletr Dyopoblktsme)wassuspen
prepabDlewdtoebnt ai ned from a Barnstead D3750 Nan.
system (type 1 gJPh€ guspensii8n2whbls stirred f
bl ender and a portion waPufpbster  @8mto&B2ngaphbe
EM pore si ze; What man) to remove the | arger
with a 0.1 % suspebbtvadrerof Hoiwleivea , padweernt oi n
particles (Em)s,s tththeans i8l itcoa 1sOu & p esams PmB ewadsd zfeic
ashless, Grade 42 What.malnhEe o uiantteirteadt iavned fuinlfti
silica water suspensions were examined using
Exclusion of mi crospherfesf eavnt pac Ipeasrd o fc $ BE IsB %
powder were <carefully pwealcledc haa mbtelree d b dPtetr ama
pol ycarbonate plastic chambered gl ads odl iade.
diluted miucsmpehprsabmme r apheref t mi ©d o wat er wa:
type of microspherEhet¢iishmdr anbtcveswhertess tweé d .h
was oOoObserved using an inverted microscope (£
was done via Imaged software.

Exclusion of microspAelr%ssusnpearysbrransaaf i pdedd L mofy

(weight bBPwadleumavlas vortexed over ni gAftt ehror i z

p



centrifuging the mixture at 30@O0Onorwvperd faoird 43 b
as -EP &rURDii | e the residue r e maiREISh gRrBbSShi nd
respectivel y. When c-BERBar ¢RiESviQEtha ctkheed wehs t &
residue (three hues of browrcreVorfleadmd estiie | ¢ n
resi dupei pweetrteed t o for mOt Bnynmpelolne ttsh e( abhaurntb e
pell ets were allowed to dry at room temperat
pl aced on the stagerofAla i heiegd eAlxgoanttOlxyadf inhilc
witheL4ddobhe diluted microsphere suspexoiadbed(vo
2me mi crosphewas t DT I®@ Oiwmtt eerhaec tmi em osfpher es wi t
QERE®Tr s®BiREMHae! |l ets was observed in the brig
|l ewdi ch all owed visualization of the pellet
vicinity of the two kinds of Allliemageaapgr ecxe
was done ussafntgwarnmea.geJ

D. Preparation of powdei bsepsSpratanmntssopgr UV
We placed @i dfo (sweipgemt by ovolsure)caofpo@BHlEBY i
contained in a 50 ml porltyegopxeopyl eme2h ube. oVE
temperature and centrifuged thereafter at 3
super@&EsdmPteSrUPSiThese wever s amawedl eeaA@® hnmang
using t heéi-NOdarR y5 OOV ntohdee | maansu gpleri nstructi ons.
E. Seed germination and sapling growth.

Bi ol ogi cal QEI Bpovmadsnrd ft htenier powder supernat ani
AGnt act o-comad afae| experi ments.

Contactl modbl s model, we pl aceZlmls ecefdst hhen pdav
super natSaPt)s pf@pared ab. dEestchr itblea Z2Alboaredk eav e

powder preparations were tested. For otshei s st



already fAsproutedo under controlled conditi
were set up with seeds/ sprouts iSnuRfewos etdy piens s
of cont@imlerpgol yppyrpoydemieg, nwinglCoc inamigwve |l he b
as |liquid scintillation glass vials (chemic
gl a-we)y e examined for their ability to suppor
regul ar conditiomd todmpearbd@tbar ese galfsi vktr eac he
germination (prot-2udagn, obndadapl ehgafiwerelh
Nowont mecd &leesdesl ect ed for similarr iapped namde a
i n DI wa tTehre sien weirael,s.in turn placed in pl as:H
amounts ofy weEF®BYConn2t)r,.ol s consisted of the s
that the petri dishes cont i sedi wSdugpmns wavrerequ
separated by a rpthacdéd &bhueimiesumr faomideegdte cetdh e
standard conditions of olfabd2rSeteodrsy weirgehtc haetc k
protrusion of radi2cldegy(sget emdnaapbnhgafiver elr
vials at thvee&ndeofiod, obéotted gently with

i mmedi ately. A few expaeromoennths pwenedharveste

DI Water Dry Qelby Dry Si Wet Si

FI G.Noaaont actDimgdealmmati c representation of b
dei oni zed water (DIlI) water contained in | iqu
one of several matieshabs ©Obnwaite8d. dny pwewet C



F. Dat a Serdal yweirsni nation is normally describe
with water I mbibition by seeds and cul minate
may change hae cloerndgitnhg otfo tth e-5mrd.d itldrlee c umr aeqitn g
we recorded seeds that showed emergence of t
germi nat ed. OPercentage seed germinationd we
emerged radicles (1 mm) when compared to the

|l some cases, we further substantiated these

shootsdé as the percentage of germinated sapl

[ll. RESULTS

A. Pattern formation in water droplets
Although droplet evaporatiostudiesgenerally focus on the pattermemaining afterfull
evaporation, weexploredthe patterns occurring at various stages durihg evaporation

process, moving the microscope stage minutely in order to obdiflerent egions.



(b)

FI G.Clar zones of several hundred micromet e
mi nutes after placinAh ®Krepplestentan itvlee Qgll sys p
wetB) Representative silica powder droplet, s
As depFcHedti was possizolneefst® fobwelmwmdrrce @ ami c

single particles in the eeQE4AMBONr stuismpd ltdre@mml| et s

zonpeesr si sted until t he evapor aaridsn tphreo cersdg, W

¢



occumigdng all t h,e ei@aag ttiycpliecsaltnojgoeotphbeere er n on

sl i de. eHoewevienr ,t hiet dwa® ds piaftlt ep ms sialrleea st o Friegc

4 .

(a) After 8 min. (b) After 10 min.

(c) After 11 min. (d) After 12 min.
FI G.Qed by powder droplet evaporation viewed
after 12 minutes.

Cl ear areas ar oundd sstipbrbgsleenypfadr tio fc | &3 QEDRY et s
containi hgrehyesuggesti ngh&@&LBiYmtdamaat adn r wi t
I n the cacsenofasi hi ogl epopswder, cl ear tavméas$ hwer e

30 drampd etttsei I esisz estnawAIHOMmary of results i



Clear Zone Size in Qelby and silica droplets
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FI G.Cl®ar zone size distribution in a Qelby

suspensi on.

B. QEAR®8Nticl es isnusnpecnrsoisogprhser e

Similar to that -evwasparvetdi d @QE & Bhpee pder noepnl tejtes p |
suspension of geneodfch brdgpdeeco ezroedigeMsi cr ospher e
exclusion waseclbohg basterng. cWear Howewerf,or
guantifying the fractiusemoonf waarsteiotolfe d higee keh@mad
of i dentifyingSomeipadtuiac! parshtived .t ange, mw
resembl ed-ftrleee gamteisc lde s c rwihb d & faaldi diveeds (tFo gs. h o3v
exclusion ef amhaealttéhsep lne rcavo sdpdteuraelsl y gat her on
obome h@ELBpyarticles. This diversity of behavi

the QELBY powder might s hsekei @¢i sOi,ndelpwdi ffe



(a) (b

Qelby particles in polycarboxylate-coated 2-um Qelby particles in polystyrene-coated 2-pum
microsphere suspension (8-well chambered microsphere suspension (8-well chambered
Permanox slide) Permanox slide)

(c) (d)

Qelby particles in polycarboxylate-coated 2-um Qelby particles in hollow glass microsphere
microsphere suspension (glass slide chamber) suspension (8-well chambered Permanox slide)
FI &Cl ear zones, free of microspheres, wer e

various chambers (agh)d. mi crosphere types
On the oimet ahaedipelsldinsaptomaygdoccasi ofnrage mi cr
zones; those t haotbvwewusallogibesre rtvleadn wtehrees e sur r o

particles (Fig. 7)



Silica particles in polycarboxylate-coated 2-um Silica particles in hollow glass microsphere

microsphere suspension (8-well chambered suspension (8-well chambered Permanox slide)

Permanox slide)

FI G.Cl2ar zones, free of mi crospheres, wer e
microsphereeasi ons of various types, but small

ThOELB&Xxcl usion zones deddroiskee dz ommbesv es ereens enne
hydrophilic surfaces sumh zaosmeNafiinon.hel nvifcdam
particles grew with a velocity compam/adb)l e to

( F.igg .
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FI G.GRa& e of exclusion zone formation around
particles i n-c opact2-eydc aa gouoexayd paetres i o n and Naf i
pol ycarbox®dgnmhtnra crosphere suspension-weéide pl
chambered PermaeoxurmrsyV enskemod p rt ehsr eeret nmelres ur e men't
C. idrosfpkerenes around hydrated pellets

Fig. 9 shows representdtrieee ziomaged oofmetdh @ dini

RES aiiR&€SSipell ets (formulated as demicmutbeed I
exposure to microspheres. Capturingbl mwages

stabililmadgedZsoftware was used tof meamseasg.e tFh

(a) (®)
FI GReresentative i mages of excslods-REfazone
andRB$S (b), al so detailing dthteaiuns earoefa tnmeea slu

Douslialed arrows represent a few of the mar ke

Since the -fmieer ozsoprheesr e we-u ei fteygpmnec a £t b ynp untoant i o n
necessary. We measuRBedandcdet mateamiodt a hppeeplel d te
zonfel .( Computing the difference and dividing
gave the mean EZ width. We perfor mendi ntuhties c :
span, and averaged the a@dksuddcsh tEixmerwimemt a

sampllhee. mean EZ RESe pedl et hemma@ENHTeamNTDd2N t h e



SIRES pelwhatch servdteasmodestr 8D i ndicated th

reasonabl y sTthaeb |see souveetrs uummaer.i zed i n TABLE 1.

TABLE I : EZ width, measured with cREDoxyl a
and-RES pellet interface (n=4 ¢pvhfaereed. pel

QERES pell e SiRES pell et

Average EZ s 107 N 12* 74 N 9OF

D. -UVsible Spectroscopy of powder supernatan
When compared with, tthlee sQEplieBr¥ ad lapnd rsn asthaonwvtesd
bet wed4ePBONn MOverall, powder suspensi abmsovbanhexe
units than those vortexed forfrigh adkya@d=D>b0

absorbance meaSSWPr earBedPtSaS ecsfp e@E | vel y.

FI G. 10. Representative -SIbBofa)l-f@amdEcibe c poavd e
supernatants in DI water. Powder solutions w
room temperature. Supernatants were 20&nned
nm.
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