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I. INTRODUCTION
h'iarse‘number of analztical methods are baéed orn the
rate of reaction ofla ssmele with a réasentﬁ Inrmﬁhef

.Qordsy the kimetics of é reacﬁion e;n'be uﬁéd ig 6btain

Cinformations such és’the eancéhtration of an unknown: which

ié of anélstical interest, Tﬁéae methods are Foﬁnd to he

_Particularls uﬁeful in:cliniCBl arid hiolmﬁicél analwsis.

In selected_éasasbkinetic methmdévare Pfgferred»to

eauilibrium methods beéaﬂse'of'ane or more of the

advantages listed below (1),

1. »Bifferenceslimrreaction r3£95 of similar comFounds
are oftern sufficiently larsge to allow 5imulfan@0u$
detefminaﬁions. Time éon%umihﬂ_or difficult
sepérations maa‘ba avoided‘

2. Chemical reactions which are nmh w@ii nehaved iﬁ
eauilibfium techrnieues maw be used.

3 Ademuéte kimetic measurements maw be maede b@foré
side resctions bhecome siﬁnificahtv or‘when>an
eauilibrium reaction ié n0£ sufficientlw -
muantitsiive.

4. ‘Catalgzed»reactions‘have great rotentizl for Lrace
analusis.

9+ Reaction rates Més be>3dJu5te6 to select a2

reactant of imterest or to matech imstrumerital



ry

limitétionsibs vargins feagtion‘conditiohﬁé
6.  Extremely srecific enzumatic methqd5 maw*be useds
7 Kineti¢ m@aaurements u§e>tﬁe relatimn of one
messurement to anéther rather thén reuiring an
8b501utﬁ resronse from the Bétectof susten,
ﬁuiomatibnlof the meaSQréant‘FfQCQSS'iﬁ necessars tq'
allow the dét@rﬁination to eroceed ré#idls'aﬁd |
economically, Dther herefits of~autbﬁ§ticn:iﬁclude
increased feprodu:ibilitstSreater samrle throushruts snd
easier integrétion of the results of the analgtical
techniéue into & laborstorw data swﬁﬁem; The dats ﬁuﬁtem‘
Bilows ra&id‘récall of ﬁpecific'infmrm&ﬁibn‘fr0m an ever
ihcreaéingvdata hase of‘all‘twwesrof informatiqn; ary
imrortant feature when dealinﬁ,wiﬁh ever modéraﬂe“sixed
vlaborators data reaﬁirementé."Theifeadg availabiltu of
data esses the use of more‘soﬁhisticated auality control

rrocedures in the labhorstory,



IT. HI@TUMLIAL hLUﬁLDFMLNT“

tstaollsh@d analutlcal t=cnn1auws wh;vh Fam he used
for kinetic analusis or which 3?9 @s 511w sdarted tovkihetiﬁ
énalégiﬁ include the folio@inﬁ?

1 Classical menual MEthOdﬁ'maB.b@=Q§ed ifrthé
reaciion rates are slow éﬁou&ho *Alimuot5 of,bh@ reactionf
mixture maw be Péﬁimdiééils‘sgmwledy euenched if necessargy -
”and determined5ﬁu nﬁérls ang arrlic $bie‘méthédeb If‘fﬁe
determination.method'is'cohtinQousévit ﬁéQ be soséibie ta
rlace the reactioﬁ yessel ir the s&mwléﬁdﬂm#értmént ofitha
measuring instrument and Fol owvth@ rezction from the ﬁime-
of mixinﬁvuntil‘ehoush data is coll@ﬁtadvfor,célculatipnjaf
the results. _PﬁoblemS'with classical manu51 meth0d5 are
IOQ sample throuﬁh#ut; high costs gﬁilléd'technicians are
remuiredy énd re13tivel3AlérﬁéfamOuﬁta of reaé@ﬁtﬁ and
solutions maw be r@éuired;

2, Segméntedffi§Q 3Pwafatuév,suéhza§ that develored -
- bu Tébhﬁicbnv essentially aﬁfomaieb the marial téchnidueg
(27, Seﬁmenton f]ow t@chﬁlaueﬁ usei§ myltich&nnél
#eristaltid Pumé.tm Prdﬂél sém?l@é and Péwm@ﬁtb’tﬁrOUQh th@:
_énalwzer ssﬁtém; To assure Qomplét@ miuinﬁwlﬁutbulent-flow~
ig mainfained by ressing £he‘rééctfoﬁ‘ﬁﬁreamr which is
sedmented bu indected B;P huboles; thrquéﬁ.helical mi st i

coils, A number of r@aSents maw he added to the reasction



stream in this manmer. ther»debuhblinﬁbbhelﬁbﬁéaMy it is
wasged‘throgﬁh*é detecﬁofy,pricagis‘évédloriﬁeier, Dfteny |
elaborate caliﬁf&tions-are necegséru‘hb corréétifhe
resultin3 siﬁﬁe1 since waitinéjfor‘fhe‘occurfamcéFOf a
steardy state-wodld reduce thé 5amé1e”tthU3hPUt‘£¢'_
unacbeptable hétes‘QS)g The instrumentations TéBSéﬁtﬁy anﬁ
mainténahce for segmented flmu‘m@thddg are telétivela
expeﬁsi§e@ Throughrut iﬁbseneréils:1ouéfvthanff10wr
,indection>£echﬁiauesﬁ |

3. Flow Indection ﬁnélséis‘was devéloped‘tb solve the
exéenae and thrmughput<pfbb1¢m$‘df 5eﬁméht@d flow.metﬁqu
for srecific determinations. fg it is 8 relatively new
vtechﬁiauevvmahs Posaiﬁilitieﬁkfor fuf£hef devélopmant .

wist. In contrast to éeﬁmented flowe Tlow ihdg&tiﬁn ddea

not serarate aamwl@s:bu gir bubbles. The samele is
iﬁdécted into a8 reagehtjcarrier.étféam and’é PTQCéﬁﬁ!
gnalqgaus to chtqmatogfééhw witho@t;ﬁartitioniné‘and
without 2 statinnéfs Phase,@o;digtuvb the flew;aaftefny
OCCUTS. Inatrumentahioh'baﬁ be?Qeru éimplefbé wide ranéé
of detectors are avgilsble fqr“uﬁaiﬁexp9$sive"muantiti@g of
resdents are nbt_reéuir@d?'ah& contihﬁdus étf@émg s be
easile samrled (20,

4. Storred fiow 3naIssis i§ an ihherént kinetic.
'methdd-and is designed for following rarid Vé3§t10n9,

Reagents and samrles are held in two swringes which are



(H

rawid13 driven to force tﬁe sdlutionavthroush a8 mixer ahd
into an observation cell. 'A 5toﬁpiné 59rin3ey.&ttamhed to
the cell outlety fills to a Prédetermined roint. after which
flow is no londer woéa;ble.‘ As soon as conditions in the
observation cell stabilizEy the Proﬁfésﬁ of the resction
can be followédf.generalla by orticsl mesns.  Commbn
instfumentation allows useful observations to ﬁegin BE S0000
as four millisecomds after:mixiné (4. Instrumentation is
moderately expensi§e§ flowing gtreama“must'be gsamrledi and
samrle handling is*éuprmblem hecause of:the-neéd'to fill
and emrtw the swringes which force the amlﬂtimnthhrouﬁh
the instrument., |

G Continudué flow kiretics wBS'fﬁe‘firﬁt method
develéped for'studsins fast reactidné; Initial
instrumentatioh.was PfimitiQQ 8nd.cdn5umed-larﬁe amourts of
reaséﬁt§ (S)Qv With modern instrum@htétioﬁv‘cdﬁéiﬁérable
amounts of readgents are still conéﬁ@ed Fof}true»continuou&
flow methdds? howevébp;tecﬁgiﬁueﬁ éuéh'ag accelérafed ard
Pulsed flow can minimize thig>problem, Unfortunstelus
accelerated and ulsed flow ﬁethdds resuit i more
comrlicated samnle handling rroceedures due to the
necessity of widelw yarainébthe flow rates of the resgents.
In this asrecty thew have little advantaﬁe.ayer stoPPed
flow technicues,. | |

Turical continuous flow instrumentation consists of



&

samrle sources: & midery and an obsevvation tube with s
detector which can be rositioned at severzal rlaces slong
the tube. The rlacement of the detector determines the

time between mixing and observation of the extent of

reachtionr.



IiI. ENHANCEMENTS éND FOTENTIAL APPLICATIDNS

The‘additidh af multiéle'detectorﬁ Spaééﬁ aglons £he*
vobservatidﬁ tube allow»the nesrly ﬁimulﬁah@ous seauisition
of'avlarée‘nUMEér o?kdata Foints uhibh‘defiﬁe thegemieni ﬁf
reactions Fitting these roints to the emxrected eauation of
the resction via‘a'least sQUaTres wrmca@durevﬁill.ﬁiveﬂ
immeroved resultsrover thé conveatiohal'sinélé'oé'du&l'poiht
mezsurements., This is beéauée errqré in_the‘ihdividuai
measurementsvdue to‘randomvinstrumentgi»hoige of
ihstabilits are minimized bw the leest sauares mroceedure
Uéinﬂ 8 large number of.data roints, The mﬁe’ofbmultipleb
detectors makes évailéﬁlé the data whiéh is reeuired to
s0lve the Sét Qf ﬁimulténéoué emuaiions reaultiﬁé.from
several unknoﬁnsbreactiné st differenmt rates with a COmmon
reagent. Thus it is Poésible to calculate the
comcentrations of the>cdmponents @f an appropriéte’binars
or ternary mixtufe using this instrumental teehnimue.>‘Thev
use of détectorsvwith varging charscterigticsy ie.s
différent wavelength sersitivity in light absorﬁﬁion
swstemsy is also rossibley and mBB»COHtPibuﬁe.tmvthé
selectivity aﬁd fesoluiion of £he overall déﬁection susten,

Concentrations of the comronents o? an arprorriaste
mixture at intervals of é fraetioﬁ'of a ﬁecbhd aré

obtainable with this inmstrumentation, It could he used as



a sensor in Erocéss cdhtnélfaﬁélicétiohé‘wher@frgpid n
addustment. or moﬁitbhiné of a3 sggtém'Parametet isg needédiu
" The inétfument‘would be'Particularlu u§e?ul’when-the otherp 
’methods required 3 sep;bstion.ﬁte#‘beforé géodb
determinatidnéaof‘tﬁé Séedies'ﬁf ihﬁéféﬁt were wégéiblea
é simi1§r apwlicationiis a,seleétive.ﬁétector fmr‘
liguid chromatograrhu., Severél”mbdea-0f~0peraﬁiqn"ar@
rossible. TH@ first ﬁakeé advéntaﬁe_af tﬁe sélectivitu éf
kinetic methodsy sllowin the-ébmwonent b% int@régt.to,be
determined tq the exclusion of other comﬁoheﬁtsg, Yarious
,Post—column reactions have béem xtenaivels Q5ed té'im#fove
the detectabilits of btherwise dif?icult‘mr’imwoasibie ta
detect specie5w’ ﬁs»an,exampiér amino acids éré ﬁéparét@d
chromatodrarnically and then reacted with ninhudfinvﬁu form
3 detivatiwe whi&h is éaailw detectable.colmrim@triéallu,‘
Theireactioh rroceeds to compietioh befgre tihe meésurement
is made in this caser howeVef} given a comruter sgstem |
whnicn could raridly calbulate Cbnéentrations from initisl
reaction ratess there is no rééﬁmn_why*kinetié,methodﬁ
could rot be used witﬁ this or other reaﬁtiona ﬁ@‘imwrﬁye
sensitivitu., Resmlution of mixtures incomrletelw resolved
ty the chroﬁatoéraphic Frocess is rossible if the raﬁeﬁ of
reaction of the unresolved comronents with the reagent are
éufficientlu different.

Adding 2 chromatodgrarhic sameling valve to the samele



gtfeém results in s continuous”flqw kinetic detectﬁr for
flow theciionjanalasi;;>‘ﬁkﬁmall,Pluévof samele is
indected into én inert samplelstream whibhvreactsawith‘the
reésentﬁailthe‘mixer.> Rathe% than observing steadws stste
condiiiéns”in'the feactiqﬁ‘tﬁbey the gamﬁle’Pluéwhill
awwearr»with charnging Phgsidai chérécteristics accofdinﬁ'to

the reasction kineticss, at successive detectors. Thisz mode

of orerstion rromises to reduce the samele reauirements of

contirmous flow kinmetics to reasoriable amounts,



‘Iv¢[‘INSTRuﬁEﬂthiﬁN7

The dgoal of desishiné an iﬁéﬁrument cawaﬁle of
continuous kinetié5éq8135is uhiéh.isvrelgﬁivels’ﬁimple'andf
inexp@nsive»is é consiﬁefable éhalienééouthrthemePEy the
deuelo@meﬁt‘of the,insirument.muSt advance”the state ofrtﬁga
art of analuticsl chemistru'iﬁ samé aswect tg Jugti?u
itself as @ tosic of_regearcﬁ»' Aréas of invésiiﬁation
Creeuiring expéﬁsive‘emuiwmeﬁté areéé wﬁidh'are‘wél1
develoﬁed and‘éréaﬁfwhich'db‘ﬁot immed£é£e13 éhou a need
for imeroverd inﬁtrumentation:shoulﬁ he'avoidédo $hu9-£héq
areas 6fvmulticompmneﬁt~¢ontinu0us flow kiﬁetic‘éﬁalssis is
a8 Frime baﬁdidate f@t develorment.

The.instruﬁentél'develépmentiié-ihtended tﬁ advance
the state of the art of snslutical chemistru'ﬁs srrluins
ﬁhe»lét@at i rawidls»evolvinﬁ eleétroni& téchnéloés to é
'combingtion o?lcﬁemical techniques to‘ﬂnﬁance‘their
uﬁe?ulﬁess; Iue to the gsnersiﬁtic effeétgvof knowlédgelsﬁ
d@veloéménts i bbﬁh‘mh@miéthgland elegtﬁoniCSa 7 dreater
sdvancement is rossible than if-cfoés«fgrﬁilized;
devélopméﬁt iz avoided., |

The succesé of thé RtaJect will be éssUfed”if it
HM0OWS tﬁat tﬁe»teéhnimue# and imﬁfoﬁéméﬁts.in?éstiéatéﬁvafe
feagible. Fullfiliins the obvious doals of'an;

instrumentasl desidgny imrrovemernts in senmsitivitws reduction

o



11

i reauired.ﬁémﬁle six éé'impféyéMths»in #feCi5ion arwd -
.acguracwv'Impfovémentafin_samﬁle-thﬁouﬁhﬁﬂtv ar decrga§é§ 
ih EHEense are deﬁitahleubUt'not:necessarilgfthe-ﬁfiMéﬁs'
 goal of the Prodeci; Neltﬁer is the 1n%trumenb lﬁt ariced to
he s@heﬁﬁllalapplicahleo |

Egperienéé at tﬁé Nutrition In<t1tute of [ﬁé Hnlted
Stataﬁ-mepartment‘of'ﬁﬁfibultuﬂe/g.Aerlcultural R@%earth
Seryice-in'Beltsyiiiev MarQléhdy £he Food Bnd Druq
ﬁdm1hlltrdb10ﬂ iﬁ'waéhinston? ﬂ;*C,é,and tﬁe‘8n3lwtica1'
laboratories of the Chemicals and P]““tlc Broﬁw of Da
IndUQtrieé in Paramugleew Jérsesv indibétes tBE ‘PuPPPnt
r@au1rﬁm nts i ingtrqmentatiqn_afe for deviéeawuﬁiéﬁhhéeﬂ
8% few Preliminarw SGPar3tion‘and samele wor&~up ﬁtePs as
rossible. wilﬁﬁy(é) indicates_thaﬁ demand todsw is for
reretitive auanﬁitative meaguﬁéméﬁté§"ﬁedica£ed
inetrumenté with minimsl cohtrols 10uer'coétsrand imerove
réliabliﬁw bsveliminaﬁihﬁ oFerator errors. M1n1m 1 samsle
handlinsy minim31 5en5itivi€Q,to,amhieht éonditqnﬁv tigh
signal to noise ratioss and outwuf of dafa‘diféétis'inu
cmmpoaitién urnits are addltional ronu1r@mentf oflihe rew
dgeneration of analstical_instrumenteq Thereforey the
vpotentiél srecificity snd rossible multiboméoneht
determination of thg‘multicdﬁpdhent cohﬂinuous flow kinéiic\
analesis téehnimmé ab@'ﬁossible'PartialfsolutiOHS'to thef

Froplem.



thaﬁ_ﬁuﬁﬁf@déth £HOQéaﬁds ofléaﬁélés uill*ﬁe
\deﬂermiheﬁ’bw E:MQtﬁod over .3 Péhib&‘of°?eét5‘: lt_is'
ﬁherefﬁhe ecgnﬁmieallg fgaﬁibié'to mbnfié@fe_br,déveloﬁiaﬁ
'iﬁstfuméng>fr0m13 3r§uE1of;ihgiﬁm&ém$31 bui13inﬁvblockg-tq
Farform 2 sinsléﬁ'speéific &Qtéf@inatidn‘fapidls‘and
ef?ibiéntlqu Qﬁe Qf;tﬁe Pf{ﬁé:éharacteristic§ df“the 
r@ﬁuitingvingtrum@ﬁt‘islhi§h ﬁse¢ificit3ffdr the‘sﬁeciea of
Cinterests arui éﬁainfkihétiC @e£h¢ds!@33 béféf'QaiQe‘
‘Com#pterization:ié;hecessapgfio.hahﬁlé tﬁ§S‘uolu;e,o? .vﬁﬁ’
é&m#l@s”éﬁﬁ,the;maés of reéui@aﬁﬁ‘data ih 8h)dr5anizéd’3hd;v
efficieht manhef,' Becayse £he ih$£$ﬁméﬁ£ wiil”fémuir@
com#uterizétipﬁ tbyhandlevthe additiona1 3é£a'Qf’£he
.im#ro#ementa»tofﬁﬁe_traditioné};édntinuouéfflgg.kinetic.
melhods dié&usaed ih.the intrddﬁétiqné carefﬁl Plannihﬁ of
'thévcompuﬁeﬁ ﬁgéﬁem so:tﬁaﬁ iﬁ:can'hanﬁlé'both_the“ 
iﬂsfrumeﬁt antroi and the ﬁata”bégé maﬁagement and
r@sorﬂing taﬁkﬁ woul be édQéﬁ£B§§Qd§¢
Wheﬁ cmhéiderinﬁ lonﬁ-térm;éraJectéfwitﬁjlérSef
;anbers of»sammlegéfaﬁalitw.asaUPanCe becéﬁes»é'vérﬁzreal'_
#rdbl@my Tovaasure'ebnsist@ﬁt determinaﬁionSyrstandgrds
w111 hava‘t¢ be develored and‘détermined,Periodiballs.r Tﬁe
data égétem will ﬁeed\t& Frerare and“éheek daiibration
cﬁb?e%z Calculate:finél results based on the celibration
curvess and keer stétisfie&l'recordé over thevii?etime 0?;

the rrodect. Should sisnificant deviastions from exrected



13

valﬁeﬁ'occurjvthe in5tfument orerator must be notified §0> 
that he cen take corrective aétione |

The instrumenty develored to expldre these
'éhafacteristicﬁz consists of fbﬁr ma.jor Subéectionﬁlas
'indié&ted in Figur@ 1, Th@lsamwles.andvreagenﬂégafe
ﬁéﬁdled i th@;irénaportvswstem'which iS,PESFQﬁ%iblE‘fDP

samrling and rroviding 2 consistents kriowr flow of

material. Thelmix@r'assures comrlete ard uniform mixing of

the aamwleyand reagents. The reactionédbserQBtion'cha@bef
rrovides the time delaﬁbr@muired far the feabtioﬁ in
'addition to Providipgbmechanical_mountiﬁa—PQints‘fof-thev
detectors, Finailsy thé‘data'acmuisition arid P&bceséing
swétem contrmls-thé other‘cmmﬁan@nts ofvthe'a#waratus arud”

mzakes the rneeded caleoulstions.

L
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Ay Thanﬁpdrt Sustem

‘Continuous flow ﬁfan%ﬁdri swstems offer the:advanfaee‘.
of minimal éample”ﬁ&nipﬁlaﬁioﬁ heésugé fibyiﬁé‘sﬁreamﬁgara
utilized rathéf thaﬁ_#h&sibél movement‘of‘coﬁﬁaimefsf, The
éwefahiohﬁyésséciat@d witﬁ»Continhousjfiow.tféhs#ﬁrt
ﬁwstehalare iﬁherenﬁlaigimple¢ Fﬂf,ihé PuTPO§e5 b? ﬂﬁis‘
imstrument, 2 mqtiyg forcea'fl§w s@ﬁ§or aﬁﬁ;éontrallerp,ahd
reasgent COniainﬁeni'3#ﬁaraﬁﬁs §0nsitiﬁu£e thé traheport
éustems | |

The cbntainméﬁtiaﬁééfaﬁgs is_constbuctedvdf commor
laboratory msteriaiao  513ﬁ9treasent r@ﬁervoir5 éfe fitteé‘
with adépterﬁlfmrithe>Chemihért fFE‘atuhimﬁ USed to c@nhéct
individual.PieCes;Qf‘aé#érgths; On th@vOWWOQiteiend of ﬁh@
reservoirss éonnéétidné‘aréhﬁéde:to s source of‘preésqrized
ineét_éaa bu'biosels_fitfing'élaﬁgémlastic cohnectora;
Tﬁis grrangemeﬁt isveasilz &mﬁﬁtruéted'aﬁd Can withstaﬁﬁ::
low PPESSUPéSo-{I?‘eM.QSSiV@ Has PPQS&QT@QbUiid§IUP9 ﬁhe&é_
connectionsfwiil se?arate rapidlﬁr thué re1easinﬁ,the
FTessLre witﬁbqiﬁgamasQ to'the'aﬁparatus ar 6Pefé£in§
rersonnel, ,Tgpféaligj é:BrésSufe‘dﬁ»a.féwuéoundﬁv#er
suare inch is‘méintaiﬁed in the r@asenp reﬁePQQir which'?
aééufes‘the.abilitgvof thé floujqcntpoligr t0 deliver»an
adééuafé'aﬁdunt'of régﬁehﬂuv | |

As ereviouslw indicatedr the force rrorelling the
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resdents through the ﬁQSt@m iS Fressure FrOmféh inert 555?
In»contrest to manw twres of rumrsy this arraratus is
relativelw in@ﬁﬁ@ﬁﬁiVE7'vefBVéimﬁl@y Fulselessy reauires
littlé maintenance and can éasilQ e cmnﬁtructediof iﬁert'
materi#ls. Inexrensive Périﬁtaltié PUMPS xhibit
ﬁignificant Euléatimn as-well =34 reeuirihg tubiné
.ré#lacement;due tO\dESPédation. Chromatograrhic UM S are
more PEIiable but exhibit ﬁofe Fulsations are‘rélativelﬁ

wrensive and are sensitive to asir bubbles and abrasive

[y

=articles. fhe&e,#umps alsofremdire-metal aonatfuétion
materizls oecsuse thew are deaign@d for hisher eressures
than will be encountered im this instrument. _It‘is.
Posﬁible‘that some rotertial readents woﬁld résc£ with the
matal rarts of the mhr@matoﬁrashiq‘pumpﬁ uith'uhdésifablé
results.

As with anw analutical technicuer it is hecéggars tp:_
krow wreciselwbthe amount'bf>resﬁent andnsamwle invdl§ed in
the reaétiono It was s00n di$COQ@P@d,th8t>3ﬁ'8§$umﬁt10ﬁ of-
eaual flows in hotﬁ“tﬁe feaéént émd”sémpléitranspmrt‘guatém
throuﬁh‘the mixevbcmuld not be relied u#bno Mihor
irreﬁulétiﬁiea_ih:ﬁhe conﬁtructidﬁ mf:tﬁéAmix@rirééuited ir
greater flow in one or the other chanrielss even wher the
‘reﬁmrvoifa were at emual-lmyelﬁ»and wre§5urized fﬁom‘the
'ﬁém@ SOLTCE . R@Servbir‘balgncé waé rééidlu lostQ éddihévﬂé

the differences in flow rates. Therefores in the asbsence

-



af woﬁitivé diﬁﬁlacement #royidﬁd ha the swrinﬁes,of
atorrad fiow awwaratuamor’gériouﬁ tsﬂé&jbf FuméﬁQ 8 mMeans.
foar MQasuPinﬁ;and‘controllihﬁ the flmw.of‘reaﬁenﬁﬁ'isy
FMEeCesssry . | “

Imelied in cohtroliinﬁ the flpw'is th@‘abiiitB‘£Q'
m@&gur@ it Tt wauld e can?éni@ht! bﬁtﬁhot néceﬁﬁarw}btm;
have comstant flows in this‘ihstfument aérloﬁﬁ aé the fléw
rate is accurately knmwh¢ Givern a good Fiowmeteerit iz
mot difficult to ﬁen@raté viéédback ﬁéchaniam which will
f@ﬁult i constant ?lowtthrmuﬁh bhe uaé'df't@chhiauE$'well'
oW to FrOCRES Cohtrol‘@nﬁineers'and_dégigh@rs bf
circ@its involviﬁﬁvo&ératimnal éméii?i@rﬁ'(7),v Ihcludinﬁ,’
the comsutery which is whiéh'iﬁ cpntfolliﬂﬁ other 35#@Qts'
of the in&trum@ntatiphv in theifeédback 150E,¢0hsid@rablw
@%P&ndsithe fanﬁevdf reaction ratég aheehvaﬁlé'ba_the'
instrument. For e:'-éia‘;m-}"# ler it ;';5‘ ,F’;t)"t%'s»iti 1@ tc)» vary th@ flow
EF the reagentr under mom#uter éontroiy to cﬁanée:ﬁhe
obgérQéd ?ea&ﬁiéﬂ_féte ﬁb_thétiqéﬁiMHm M@ésuremémt
conditions éf@ ﬁain%ained'ih7ihé7r§a¢ﬁi0ﬁ~mﬁéervétidh tube.
This sllows a8 single Qbhcentratiqnbéf feaéent‘tdrb@ used
OVETr 3 much widerdfénﬁelof-céngentﬁéﬁidns of ﬁémwl@ thar if
the entént of feactidn'ih the ébﬁérvatimn tube waé the Gﬁlg
variasble observed. -In other thﬁﬁy the éehsitivits of the
’detecﬁor o e varied to'obiain oFtimum messurements,

Anoth@r advantage of this flexibilite is that the



réaﬁ@ﬁ@:flmw‘can:be varied tobmaintain gbnstaﬁtlcbhditiohéfl
S th@ﬁr@@ctian~oh$ervatidn iubé; Thié‘isuédﬁmoﬁlw

referred to ag the "5tat*:teéhhimue3(3)q 'Pbtehtiéﬁtété 2
wHatétﬁiare exam&léﬁfmf the use o?'tﬁiﬁ‘téchﬁiauef A
mutﬁténdihﬁ:ﬁhargctﬁyiﬁtiﬁ dfqthe-'ﬁtaﬁfﬂﬂémhnimge iﬁ‘that3
the detector ne@d‘hot bé 1ihear for'éogd.rééuitﬁg ALl that
i imwoftaﬁf ig‘thatbtha inﬁuis to the 5B§tem caﬁ-Eé Vafiéd' .7
inosuch 3 mann@r;ﬁhatltﬁe-detector outwuﬁsis eéséﬁtiallsf
-Cmnétamt¢ ’fhi§ i5 {uﬁf,énéthef”apﬁlicaﬁioﬁ mf thé feedbaék'
-Wrihci#le‘Pr@vioﬁslw~aépiied tovthe.wrmblemvof maintaininébf
2 constant flow 0?‘re8gént,amd sémwle, In-mfacﬁicey

serfect consistencs of the detector outrut is not rossible

’,}@Cauﬁe théAmeihédiféh@ifg§7aﬁ efﬁ@r;iﬁkﬂﬁ@ wositive ar
néﬁati@e rRsFONGEe direwtibﬁ tb éllow it:to determine in
3uhimhvdirectimn;£o ch3h3&.£h@ainnyt Pav3meters;‘ Houeygrrl
ifithizgerfof“ié §uffi¢ieht1Q:émally;the>§halif0$cillaﬁiaqa
arourd ﬁh@,deéired.value”willvhot bekmbdgctiéﬁab}é.é

A conéemﬁ&ﬁcévOfithié rah§évbficbntfnl'iS £h3t‘the.f"
ingtfuméﬁﬁibam easily bé‘adapted_to Qerfcrm titrations on
flowing stresms. Flow>Ma3'5e édJuﬁted'ém‘tha£ the ﬁfdduct B
of thm:flow and'¢0hcentr§tipn in the.FeBéén£“éide matches
that af the samrle side. o | |

Fr% Cr = Fs % Cs

,SOJQing for the samele coneentraﬁimn&

Cs = Fr % Cr / Fs



Thusy the samele concerntration is essily csleoulsted from
tihe flow or ratio of the flows in both samele and resgent

sidesy and the ressgent concentration.



1;vvF10w‘C0n£rmllef
The'flow boﬁtrollihﬁ element is a micromeier

carillary valve (Model ﬁ?iOviFlennt ln<trumnntrv Great
N@cky-NY),"The'vélve is construct@dbof slaﬁs and Teflon
which are inert with‘régwc 2t to mést'ﬁmtential reaéents.
Gla%é t6>Chemih@Pt®)Bd8Pt@P§ Frovide @ simele means of
connectinsg th9 vélve to the ather comﬁaﬁents‘of ihe "u'temo
A mndwfled i gh torade digital wrowbrtional GETVO (quel |
bDﬁ“1°0g4-7 He 1h Co.» Beﬁtmﬁ’Héfbori WI) is meﬁhahieélls
coupled to the yalvevltﬁUs a]]owlng the compdtér.ﬁo coﬁfrdl
the flow throush the valve b3 r0Latin3 the micrometer in
o directimn.or,th@‘éther;  The¥éontr01-ranﬁe of the val?e'
s From 14 to 1002 of masdmum flow. The range of.,SZ to

Om? z 100~-fold chansgaes i5 e&§i1s'achievablee  In thé range
‘UF 1% to 10% of meximum flow the f@gﬁlstidn of the valve is
5@mijlbﬁarithmi03 Tﬁe Fiow is directlu rrorortionsl to thé
#reﬂgm§é‘drow éero&s thé valve and invérﬁélu PPOFOTtiOﬁBi..‘ 
to the viﬁgmaitu of the flﬁidy

Flow f@ﬁulation in the 5éhinldsarithmic region

r@muiréﬁ 14 of the 20 wo&aiﬁle turns of the micrometer.
allowing srecise control of the fluid flow, The best
clbséd‘loow control of the flow hy the compl@ﬁe sustems
fldwmeterv comruter control alﬁ@riihma ahd cOnfrollihﬂ-

valve Was O”“PPLPH“@d in this redgion. The valve was
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petuwean ona~eiﬁhth ahdfthree~muarterﬁ owén under.theae
vdonditiOHSﬁ |

'Tha directioh'and.rbtatioﬁ‘of the motor is under
'dir@mt'éomputer contf@l Bcédfding to the7$chemétic diaﬁram
in Figure 2. To:?revemt Eatatidn’wsgt tﬁe“limit&sz the
Gawillaru‘valvev in?rafed emitterﬁ‘andasénsoﬁﬁ 35@
Pgaitimned ét the degired @ﬁd:9oint§ af:ih@‘micrmm&tef’g
Am@v@ment'agfindic&téd:@ﬁ Figuré.s} Befofé:éfartinﬁfénﬁ
movements the comeruter mugt_check tﬁeg@»éeﬁﬁofé‘tm
determine if'thé‘r@mueS£éﬁém§?éﬁeht ié:aliowable; I rote
'éctivation of the @Qtor‘ﬁdéﬁ‘npt aceury aveiding‘dsmaﬁe,to

tine valve,
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2. Flowmeter
Messuring low fiou‘fateﬁ‘gf é'iimuid,acqupatelu»and
in 8 closed swstem ia‘nét a sims?e-matt@r if dgﬁ#uter
comeratible signels are reauired.  In 3 éssteﬁ wheré the
low megﬁuremeﬁt can-b@‘maﬁe;at fhe‘emd_mf 2 tube oren to
the atﬁaapheréx_ﬁuch és the eluent of 2 liauid
chromstograrhys the lieuid can be collected gver =a Peridd of
time and the flow determiﬁ@d ﬁraviﬁetficalls+ Al automatic
serroach Lo this method collects the liauid in é container
wlaced on a&n el@ctrmnic halance which Periodicaliw rerorts
the measured wéiﬁht to a comeuter system,  The fiou can be
cdetarmined From the change in weidght and the demnsitw of the
liauid being messured, Maagurém@ntﬁ can bhe made as often
as every 2 or 3 secondﬁ; alldwing obﬁervation‘df relatiQélu
ﬁhoft rermdtations of the flow. This method of flow
measuremant oan eaﬁilu be used to calibrate flowmeters
‘which will aubﬁeauently he ugéﬁ in closed sdstems.
Characteri§t105 néc@gﬁaru for the flowmetérs ta be

wsed in the transgort 5watem of this imstrument are the
?bllmwinéﬁ

1 Oweratable in‘a.cloged sustam.,

2. Frovide comeuter comeshbible outﬁut,

3. Smsll size - The ?1mwmat@r must orerate Qith.low

volume cellsy less than the 2 millimeter diameter



of the comnecting tubimsg in the swstam.
4, Rerid resronse - Resctions of less tham a second
durztion. sre antibi#at@d. The flowmeter must

resrord to changes in flow on segroximatelw this.

seale, It is unlikely that flow chanses of

shorter duratiQNy ﬁiveﬁ 2 constant avéraﬁebflmwy
wili‘afféct the inﬁtrum@nt’é'deﬁerminétions since
multisle rasid det@rminatiaﬁﬁ_eah ne 3véré§@d"oﬁér
an aw#rmwriate #eriod of'time; ”Réﬁiﬁ res?onge
will emable better feedback tm!th@:fldw controller
also, -

LT AﬁCQﬁf&tQ fiThe tgt;l.errafiof tﬁe’det@rminahion ig

s furiction of 211 the mezaur@ﬁegﬁﬁ and the
§uﬁgéauent wimcesgihﬁ afbtﬁevmeéﬁuféméhtSé
Cmnsemueﬁtlﬁv miniﬁﬂm err@r;iébdesifeﬁ ih B
messurement s fundaméntal=aﬁbthe flmw rate to
~avold é#:eﬁsive Wrcwagmﬁiuﬁ Qf;é??OP&» |

b Inexwengivevm'sevaral Q”iia‘afe_reauired»

7 Consthﬁctednaf %mert;matérials t0 avoid

contaﬁination‘df reagents.

'A vafieb9‘m% fiow @eaéurin3'techniaﬁeﬁ'ekiﬁt« The
COTnON rotam@tér'flowmeterghcdnsiét éf‘a'ﬁreeigimh tube
through which thé fluidffloy54  The tubexis.woéitioned
vertically &nd tﬁe flﬁidlpuﬁﬁés.% émé11 bé1i;ﬁi§ﬁeP in the.

tube according to its flow rate when rassing from the
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entrance at the pottom of the tube to the exit at the toéQ‘
The flow rate is réé&‘frmm é‘gcale @nﬁr#ved,bn‘tﬁe tube .
Altnough this tupe of fiowmeter'¢0u1d e made comsuter
'cmmhatihlef the adé#tatioﬁ woald be‘makéﬁhift; to saw the
leasty, sred would degrade the‘alreaduvihsufficient aécuracﬁr
The rotameter is slso sermsitive to air'bubb195 wﬁichiare
aften difficult to remdvef

fAr ts#é of flow meter r@lQinB o rotatiﬁg Mechanical
sensors 1s unsatisfactory becasuse of size restraints. The
mezsurement of a small rressure difference aéroaavan
arifice is not limear and would reauire verw sensitive
FTESSIUITEe tanéducerﬁ Wit 1OW'daadvvolume‘t0 avoid
disrersing small samele rlugs,  The construction of 2
sressure transducer of comeletelw inert materials is
i fficult,

'Exmtic devices pased ﬁn the time between some
rerturbation of the fluid and subsecuent detection of the‘v
sevturpetion some distance downstream are éenefalls
exrensive ard comeles, H@viées using thié téChniQUE
ihcludé the nuclear madnatic r@ﬁonance'fldwmeter which
flirs the‘swin Qf g erotor in the Fluid énd later detects
the fliwwed_aﬁins (8. Ultraﬁomickdopwler effects (9) and
laser inﬁerf@rmm@tepu,h&ve neear used in 1ér3ér dizmeter
FLEeS Wher warticle§ afe Preﬁen£ in the Fluid. it‘is also

rossible Lo add heat rulses to the fluid and detect
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.

temrerature chahség 6bwh§tr@ém‘(10)» ’Thiﬁﬂproceedufe.ﬁcﬁld
Lrigsger uhwaﬁﬁéd.?eactipnﬁ‘ih thevfluidf ﬁnviﬁéﬁfUmeﬁt
em&lm&inﬁ this method is availgbleﬂfor Iiéuid
Ghrqmatqgrawhéy bt is excessivelw exﬁeﬁﬁivgo 'Fiaher &
Forter’s ogcili§tihg héll fléwmeteb&Ibééédidn'an imeroved
roiamaﬁefa 15 1iE@wiséf@xc&§$ivé1g exﬁ@nsivelfll);

The el@bﬁro&agmetim Fi¢wmQter r9main$ és é;
crotentially gafigfactmrs leQ‘measqrimﬁ-débidé-(iﬂ)g“ It-iﬁ
 hased on the Erinciele of'el@menﬁafs'ﬁhéﬁiesﬁwhigh‘ 
indicat@%btﬁat & cufrent,ig indumedbwheﬁ“é mediﬁm PBS§@§ ‘
throush a'hagh@tic fiaeld, »#lqwmetéﬁs bése@ﬂbﬁvthis
,wrimciplé at@ uaed to mesﬁqré_fiUid,flow‘in larée Pipeg;in
ihdugtriai Wlahta§ iimuid‘ﬁetaléviﬁjhucleaf téacﬁéfﬁ énd in
hleﬁ R€§8@1ﬁa Imeroved éﬁpafé£u5 ;S?reGyired‘£Q>thain
the sccuracs desired a2t the low flog @hoguntéréd in the
continuouﬁ flow inﬁirum@hté' |

.Réf@rriﬁﬁ tdvFigure 4y a>pot9nkiai:di?féfeﬁ¢ég @y iﬁ
mbsérveﬁ betueén’the electrodes thch_is‘wtowofﬁiéhal tQ
Ctine veloﬁitu-qf thé fluid a£,ﬂi§ht,éh§ie§ tbnthe maﬁneiic 
field as eﬁm%éééed iﬁ Emﬁatioﬁ,l (iﬁif ‘ | o

o = & *H* d % vk 5.0*:;&:8 ’vi:l’i‘” , : B | NI
H is the magnetic Field irn DafétedSv‘d ige diamefér af the
bube dn centimetersy v ﬁhe‘é§éT8éé>ve1mcitw af ihe'flgid e
cross section. The ﬁansitivitgjbflﬁhé flowmetefrrks i§vi

Cunder ideal conditions.
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Figure 4. Elettromagnetic Flow Meter
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As a8 Cmnaemuenee’of the'1ow flow'rat@s éncouhter@d'in
"thiﬁ in&trumeﬁt; the onserved Wotehti3i'is Qers’lou anﬁ.
direct currehtlamwlification using 3 Pérmanént magnet 38 &
~$0urcé uf the mmﬁnetié field is imrossible. The:use of &
solermoid éxcit@d e an alternating current s 2 maSﬁetié
field Seh@réﬁor a#llows the use of AC courled amplifietﬁ«andﬁr
has the furthér sdvantage of avoiding rolarization of the
_electrcd@é, UnfoftunebeISy wse of an zlternsting magnetic
field imtroduces addiﬁional‘comwon@ntﬁ £é the Pot@nﬁiélv ey
messured in Figure 44 due to the-@ffects of masnetic
induction+ A multitude of disturhing effectsloecur at‘the
electrodes and contﬁibute to the noise in the flowmeter
signal. The desisgny conﬁtrucﬁionv and evaluation of the
fiowmeter is Pfé%énted ih detail in the following section.
In gumméruv a linesr resronse offaboutkl ® 10*#“7'v01t5‘§er
millilit@r Fer minute over a rande of 2 to 30 milliliters
Far minute waﬁ’obtained? The noise level correquﬁds to a2
Tlow of 20.2 milliliters rger minuté,, |
The magneticéllﬁ’iﬁducéd fiow gignaly on th@'ordef ofr
1w 10%%~7 volts rer milliliter rer mihutey,mustvbe
amelified to 2 level which can be digitixeﬁ with aﬁeQmate
resolutimnqb The current imwl@mehtation Of ﬁhe fiéwmeter
@lectronics has 2 sensitivity of 3 millivolts rer Unit at
the voltage to frecuencwy converter imsuts thué the gain of

3205000 inm the rest of the flowmeter circuit results in &
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sensitivits df ahout 1 x 10%k~8 volts rer resronse unit at
the flow cell. This corresronds to 8 flow of 0.1
milliliters rer minute,

Am=lifications of.the order of 0,1 to L million (100
to 120 dir) will be reauir@d to obtsin the desirad‘fléu
resolution. It is not sracticsl to obtzin tﬁisv@xtremelu
larsge éain with OC courled amelifierss therefcre_ﬁﬁ courled
amelifiers will he required, The lack of 2 0C refererce
level in the swstem recuires that the asrrlied excitation be
chorrady de.y burned on and off so that the difference
netween the on and off states can be used as avmeaaure ot
the swstem’'s resronse. It will be seenm subseauentlws thst a3
mumber of other advantaﬁaﬁ'are obtained from chorsing the
exeitation source. Flicker or 1/f neise will he =
significant rroblem with larde sains at low frecuenciesy
thues shifting the banderass of the amelifier to higher
frequencies bw chosring wiil helr solve this rroblem. The
"loclk-in amwiifier“ uses this technieue to limit the
bandeass of the swsbem to s narrow freauency r@ﬁioﬁr thus
Credecting some of the noise which exists at all
freauencies., Recause the sidgnsl occuries the bandezss of
the amelifiers and rnoise outside of the the band#ass is not
integrated into th@'outﬁut signaly the gignal to noise
ratio of the swstem is imeroved bw this techniaue. The

term "lock=-in® arises from the fact thaet as the bandrass is
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madg natrowvto req@ct,th@ @ mem amounﬁ-of ndigé; minor
changes in the fremuenéw mf‘the chosser cou}dlplaqe the.
signal outside bf the amnlifiér»ﬁandpasg;vbTo rémedﬁ this
rroblem the amelifiér is sunchroﬁizeﬁ 0r Flébhedwiﬁ? to the
ochosrer.
| Tt die well kho@h thaﬁ‘eleétrﬁdeg ra?idls”béﬁbmé

Palarixeﬁ'if s OO rotertisl is allowed tm)éxiﬁt for a
5iﬁnificgnt’am§unt 0f timer  thus r&wiﬁlw»mékina‘thé
meassuremants worthiéﬁg; ‘Tovcohnt@ract ?61ariz8timﬁ in
electomssnetic Flow meterss nohpolariééblé éléctrbdes have
hean u%ed;> Urfortunstels théﬁe‘eiectrddes reéulﬁ im hisgh
cell resistances and are aﬁbdécf-iovdiétufbanQEsy #erhéﬁsf‘
due to Flow over their gurf3ceso ﬁ_chh‘moré”saﬁisfactoru
solution igvtg a;terﬁéte'thé #olérit# of,ﬁhe;excitation
fiéldy~thus keewiﬁﬁ Poiérixation_at arn averase value of
=eros Tﬁ@ qhoéﬁinﬁ FrOcessy fempireﬁ beéause;éf Al
courlings éan.gebeaﬁils &odified to reM@ﬁs”thé:Pdlgrization“
Froblem.

The simwle&ﬂ‘wau td chor the fléw ceil excitation is
o turn an eiéetoméénetv,whiCh_ié,ﬁuwwlwingfthé'ﬁaﬁnetic
field to Lhe Fiou‘cellv Qh and off. Invaddition?
alternatinﬁ the directioh of the current in the masnet coil
willleliminate the effects of pblarization.

Initial flowneters Qééd sine wave excitations essilw

obtainable Trom AL rower surelies or oscillastors (13).



ﬂmwlitude ard Eh&%@ detection”methodﬁvwere used to extfaci
the flow 5i§nal from 2 number of seqgrious signsls ihddced-
by this swstem. In an effort to reduce the effect of these
SEUTLOUS siﬁmalQQ 5auare'and Pulsed' ﬁcitaticﬁvwageformﬁ
were used (14), The semi-scuare wavebmégnet egcitationv~
oW in Figuré,Sw re%UIts in very lardge 5wikeé in the
mbéerved waveform. The srikes are orders of masnitude
larger than signal due to flow. This is bhecause the
current inducéd iﬁ 2 atationérs conductor by a M&énétic
field is srorortionsl to the time rate of change-of'the
masretic field. The masnetic fiéid ig’changing Qers
ra%idlw,aﬂ the edﬁ@é of the amuafe wévey ProduCing Pulses’
which. reeulre thé‘amwlificétion sustem to haye fgat
resranse and a~§ef3 larde dunamic randge if the fiaﬁ'siﬁnal
is Lo be undistorted. With sauare wave.éxCitétiqng'
mea;ur@menta are made after the ssﬁtem'hés reached an
euiliorium ﬁoint Bnd.thé‘%wuridué siéﬁaié.have deéawed'to
insigrnificance. This is s form of rhase ﬁensiﬁive
detection and may bhe achievedvbg éatins'anbamplifier ‘bn“
at the srorer timé im tﬁevexcitétidn cuele. -Thémsmuare
wave method is ﬁuwerior‘to sine wave mgthcdé'becauée the.
amrlifier maw be on ?orka 1arﬁer rortion of the éébler
allmwiné more ﬁoise to be averased out. |
Advancing aiStep further: éwplsins_a trawezoidai

excitation waveform (15) reduces seurious signals
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SEMI-SQUARE WAVE
MAGNET EXCITATION
10 v/p1v

TRAPEZOIDAL WAVE
MAGNET EXCITATION
5 v/D1v

FILTERED TRAPEZOIDAL
WAVE EXCITATION
1 v/p1v

Top TRACES - MaGNET EXcITATION 10 v/D1V

Hor1zoNTAL SWEep 20 mMs/piv

FIGURE B VOLTAGE INDUCED IN A WIRE BY VARIOUS
MAGNET EXCITATION WAVEFORMS
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considerably because the time rate of change of the
magnetic Tield is srestls reduced by rounding the share
edges of the square wave aﬁ_ﬁhown,;n Figure 3. Filterihﬁ’
fh@;wavefmfm generator dut#utvfurtﬁér reduces répid.
ex:itation changes and results in the béttom trace of
Figure Sy where it can be seen that ﬁhé induced ﬁiﬁnala BTE-
gsignificently sttenuated., 8Sidgnagls of this'magﬁithde do rot
rresent mroblems of resronse and ﬁsnahic range in the
ﬁﬁbsemueﬁt circuits,

The sisnals rewréﬁented i Figure 5 are those‘indyced
in a wire i the-excitétion:méﬁnéﬁic field, A similar
:ﬁiﬁﬂal is also induced iﬁ the electrodes of the flow §Ello
Because this induced sigrnal is not relsted to flo@v it ié
desirable to eliminate'it¢ Referriﬁﬁ to Figure by a-wire
rasses along the tor of the flow cell rarallel to the
electrodes in the cell. The masnetic field will induce
eausl currents in both wirea? noweverr hecause thevihducgd
flow of current is in owwqéiiejdirections im the Pafailelz
wires making ur the lmoPa tHe'chrént5 resultihg at the
amelifier in#ut contain onlw thebcomwohents indﬁced in the
 ?10w cell. The Com#mhentﬁ induced in ﬁhe @lectrodes anq'
return wire cancel each other., It is necessarw to rosition
Cbhe excitationvm&ﬁnety the flow celly and the return yire
verw-wr@Ciﬁelw‘to 3chieve th@ comrlete cancellation of

Cron-flow signels,.  The effect of imrerorer rositioning is
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Figure 6 Flow Sensor Cell
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illustrated in Figure ?@‘ Pmmria cancglléd induced~éiﬁnél§
result in significantly higher baseliﬁéjlevéls.

Invadﬂitidn to the ?ositi?é and hégatiﬁe'tfapézéiQSI
sulses shown in thé msﬂhet @xcitatién wavéfbfm?of Figdﬁé”ay
a reriod of time withmut excitation hés.beénﬁleft éftef_
fé;é¥3 FUlee. LBétéuéé‘of a.lafﬁe’numbér of’éfrofSyL£hé  
éiﬁnal observed when norexcitatimn‘ié'apwlied m§w'nOt'be'
zero., Thusy if it»QQre #o$sible't0 sub;ract thevnpf
e#?itatimn siénal'?rbﬁiﬁhé Si3nal iﬁ the Pf@géﬁcé af
éxcit&timny these @rrors wbuld he céncelledbtié)x

To zchieve this‘canceliétion 6? errmrsfbs subtfécéing
Cthe no excitatibnbgiﬁnalé to reduce,theveffectlofgéé'Hz
bﬁower liﬁé roise bw ihteg%atiné the sisnal over a”multiﬁle
0f>th@‘P@Pi0d70f the power cwcles and to,digitiﬁéltﬁé
‘ 519ﬁB1s a'voltése_to‘freauéncu'cbﬁyertefﬁfﬁlléwéﬁ bs_a
we/down counter was used in the current imwlameniatiohf:
Th@ UFC'Producéﬁ a2 train of rulses whose Freéheﬁcs is |
‘éﬁq#ortional to the ineut voltage.. Refefﬁing;té‘FiQUre’Bp
fha count@rAéccumulétéﬁ the Puiseé rom the UFCfdurinﬁ'the~
éérimﬁ wher th@'edunt ur line is low. When th@‘coﬁht dowr
line i lowe pulses from thé UFC decfemén£ the cbuntepv
Ceffectivelw auhtréctinﬁ thé ey exritatiﬁh véiueo The'fead
counter Pulséﬁ& ocourring Just'aftér eédh of these cpunt LiF
and ﬁmuht down cucless interrust the cdeuter which ther

obtains the value in the counter amd resets the counters
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v ﬁ?_;gvlil|ll :
NoTcH FILTER ! ! “t!!.‘
QuTPuT .-..’ﬂ-...

.5 v/D1v

VFC INPuT
1 v/p1v

Top TRACES - MaGNET ExciTAaTiON 10 Vv/DIV

HorR1ZONTAL SWEEp 20 Ms/pIv

FIGURE z UNBALANCED MAGNETIC FIELD SIGNALS
i WITH No FLow oF 1,0 M NaCL
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,readuiﬁﬁ it for Bnmtherkcscie. Th@'coUﬁt upland‘cbunt’dmwn
Fulses are POﬁitiOﬂ@dbﬁc that thés'ére active durimé the
steadwy state condition of thé_amplifieﬁ'flou siﬁnalg which
“iﬁld@laaed slishtly in comearison to the excitation sisnal
b@ﬁaugé of the heavy filterins.in the Flmwmeter amerlifier,
The rulses are areroximatelw twigevaﬁblong the reriod of
‘:tﬁe 40 Hz rower line Treeuencss thus 60 Hs ﬁiﬁe Wwaves
surerimrosed on the flow 5iﬁnaliﬁhouldbbe-iﬁtegratedjduﬁo
Ar additionél advantaﬁeboflﬁhe'no éxcitation
éubtraction fezture of this fld@meter is tha£ slow shifts
Sy DC level of the UFC"inPut 5i$nal are Cpmpenéated fo a5
Lorng aﬁisiénficant'éhift$‘do riot, oecur:duriné dﬁe
exeitation cucle, Referﬁiné té>Figure19y where'the camers
Shuﬁter‘wﬁﬁ Qwéﬂ_ldng enoush to casture rortions of two
"ﬁuép@edinﬁ~hsclesv it can bevéeéﬁ that the NC level 5hifté
b@twe@n cucle§y burt is\rélaiivelQ c0hét8ﬁt'within a cscie.
vaabﬁoiute 1ével detectgoﬁ WES usédé'the$e ne Iey@l'shifts
would result in noise levels shove commorly @ncoUntefed
flow ﬁiﬁh&lﬁvfﬁhﬂﬁ mékimg the flo@meter usele$é¢ .Theéé DdV
level shifts Prohablx originste a2t tﬁe electrodes in the
-.flﬁ@ cell. It arrears thét‘changeg in flo@ Paﬁe:faPiélg
shift the 80 to 100 miilivolt rotential observed acﬁbés the
electrodaé in some unrredictable manner;:'Eveniuﬁder'no
flé@ éonditionév tﬁia #Otemtial‘ﬁidwlg drifﬁs ir ﬁne

direction or arother, This characteristic necessitated
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VFC InpPuT
1 v/p1v

ToP TRACE - MaGNET ExciTATION 10 v/D1v

Hor1zoNTAL SWeep 20 mMs/piv

Ficure 9. FLOWMETER SIGNALS WITH A 50 cMm
Heap oF .05 M NaCL
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( v . .
caracitive courling of the insuts to the-insthumenfatiqn
amelifier indicated in Fisure 10. Hécauae of thé?

” rsm#iif‘ier’s gain (4000)s even s small chanse ir the
difference between the Flus BﬁﬁbmiﬁUﬁ iﬁﬁnta resulté in
anelifier ssturations incarscitating the flowmeter, The
courling caracitors block this DC Potentialy gllowiﬁg;thef
higﬁer Freauency ﬁC»flow dewéndent'wmﬁentiéiS;to Pass; Tﬁé
ca#aciﬁora must he lafaé to sssure the loQ'freéyean (4 Hz)
flow eidnals rass undiétﬁrtedv thus the‘éharﬁiné aﬁd_ |
discharging of the capacitarsvisialow}'cmntfibuting-io the
slow shifts in OO 1evalgbobsér9éd ih»gubgéauent ﬁaétionsldf,
the circuit. |

“Comstruction of the electromaénetiu flowvgemsiﬁﬁ cé11' -
“aﬁpearé to be 50mewhét of an art. A:numbef of designs aﬁd7
configurations were tried before'adeguaﬁé'tesults~wefe' |
consistentls obtained.

The flow sensing cell is cohaﬂvugtéd;bs»eﬁlafgihs dhe'“
'of-thegpaﬁhs in a CheminertGDCJ*4031H;Qfoss’ cbnnéctdr ﬁoia
1/16th inQﬁ boreob_élﬁhouﬁh thgﬁgﬁcdnﬁectorﬁ‘afe‘ﬁpecified'
'Qiﬁh-ifléﬂh ireh boreés it 3##éa§5 tﬁét'ihoge”réceivédvhéd
 boreﬁ dF'ab0ut half of ﬁhatv$99Cifiéd+ Eauatioﬁ is oﬁ;b3%e.
27y indicates & flowmeter réswongekﬁrdﬁor@ional tg thé
‘diametefvand VQlocitsé‘thus;‘th@ amalljdiameter que7sﬁﬁulﬁ'
cexhibit reduced rESFONSEE . é,éiﬂhificant'increaée‘in |

velocity . is reauired to maintain 8 constant deliverw of
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lliauid 50 oﬁe woﬁld eg&éct to sée‘a'h@t’increase-in
,rés#anﬁe with &mall@b bbres; ﬁﬁpafehtlu oﬁherheffectébére
more imrortsnt under verw éméll diémeter‘coﬁditionsy_and‘ho
Plow related feapohﬁé waévdﬁtaihed ét a1l« Larger
vdiametérﬁ were trieds, and 2 1/16th inch:hore was selected
3% aAégnvenient‘cmmonmiae; Bood reﬁwbnﬁe chatactefiﬁtics
Were thaihéd Wi th this desisri,

The electrode ﬁuffaceg are vérg im%ortéht
Eéniributﬁfﬁ to the cell r@siatanca; uhicﬁ‘shmuiﬁ h@ lowrﬁb
réducm:noiéé; The smallerisurfaée até35 of rolished metals
are much 195§ §ati5féctgru thanbélectfodes with larse
ﬁﬁ??écé éreés; Platinized slatirum eleétrodeéléﬁpear“to be
 0ﬁé of the'heﬁt’choicéé (i?)+

The electrodes in use are wlatinﬁm-wires.@hich.have
been #latinized bw Paééiﬁﬁ a8 current of 50 micfoamperés
hmtween”ihe el@ctddes after,conﬁtructins.the flow detécﬁof
‘cell,‘ The Platinizinﬁ solution wgﬁ‘é Péﬁcent béiweisht>0ff
rlatinic chloride in 2 N HCl. The diréétion bf the CUrfent
HEs Blternated-periodigalla durinﬁithebseﬁéral our
elatinizstion reriod, The Platinixéd electrodes wakeﬂ
well ih comsarison to oth@ra tFied¢ A siivéf coated Coépér
inré worked Pmorlw_untilfcmrrosion of the exrosed correr at
“Lhe tie of th@,Qife'dcéurredp confirming the fact‘that'

1Br$é surface éreé'elécﬁrodeg are result in lower noise

levels., Good rlatinization of the electrodes is verw
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‘iﬁpdftant‘tm_minimize”thé‘louvfr@&ueacsfﬁdiséiof'thejC?11;
Aﬁnheveﬁ.cbéiinslo? wlatihﬁm‘black‘oye% thévvéfw,aliéﬁtlé;
 #rotPudinﬁ tipé,6fvthe'Platinum wife[iéjnecessarg}i‘if 
dig¢oipri;ations or bare.éﬁgﬁa‘éré_ﬁféé@h£}7556f;noiée
#érfdrmance ig,verw 1ik913;t01r95ult+

The electfoaea éré madQSQf'é#Pfomiﬁételurl.C@»ieﬁgthﬁ
Cof 22 guage rlatinum Wire, ‘Donﬁéctihg wiﬁe5'8r9'5d169red1 '
té the Piatinum wirés'after'whiéh i£ isiiﬁserted}ihtoithe ;
remainihﬁ'twg holes in the‘*ﬁrqéﬁ" cohﬁéftbhar'Thése h61é$;
Care 3t‘90 degree anﬁleé;to ﬁﬁé eﬁléréed;f19u 9§th. The 22_ ‘
gauéé Wwire is Jdust 91iﬁﬁ£13 larﬁéflﬁhan £ﬁe 'ﬁiétins:ﬁéleé”
'in the éliﬁhtlu deformabié;wiaﬁticucgnhégtér,,regu1tin§ in
& tight fit and hw~liguid'leaka§e«x Glué_méw be used to |
fTurther attsch tﬁe wire$y bu£ it,is‘nai ﬁecéssér99~

The Curreni'induced in.phé‘élecﬁréées bu'the‘chaﬁgihg
magnetic fieid is nulled by anﬂemq81 CQrfent~iﬁduéed'iﬁvthé
Kd'ﬁauﬁe'wire‘uﬁiéh istQed to conmect the far w13£ihium n
'électfode to ﬁﬁ@lﬁhiéidéd twisteﬁ'Péi} méb1e cﬁnn@ctins thé
flow sensor iO the ?1owméterlelegtrqnié5+ This wife;is
bfmlded Qvér the tor of thé'fléw cell and its-#dﬁitiah
1caféfullu adiusted for ﬁinimﬁm deyiation:fromla,ﬁpfaiﬁﬁt:,
liné at ihé»VFC"inwut Undef.stoﬁfedAflédwcanditidﬁsg

Th@‘ﬁroghd réf@réhé& f6r the ireut inétfuméﬁtétiéﬁ;l.
am&li?ier ia 2lso imp@ﬁﬂéht'iﬁ f§guciﬁ3 noise; ChEmine%tGD.

CJ-3031 "tee" cormnectorsy constructed in the same was as



the flow sensor “crmssf connector$§ 3fe.u§@d upgﬂream ard
dowﬁstr@am from‘the flow ﬁensar,td maﬁé_fh@ ﬁroﬁh&
ann@ctidﬁ} vThis‘arraﬁsement miﬁ@mites»the‘P@séibilits’_'
that curr@ntﬁ'm}ght Tlow thrquﬁﬁfth@ liéﬁ;d'ﬁue ﬁo‘sdmé-
externel influence. -Phéblemé;duevt@"gﬁéﬁéﬁurrenﬁfflmgs ére
mfhen encouhteréd in induﬁtrial‘Suét@mébwh@ﬁe méta1'wiwé?”
gre uﬁed.' Externsl curren£,fldw:éhouldnnqﬁ'be B2 Prmb;em ih
“this totally nom-metsllic sustémxﬂuﬁdééU§té,ﬁroﬁhdiné i§’
ﬁtillvnemegﬁaru-ta,minimiie theféffecté bfvéo?h§ 1ine7n6igé
whibh is eaéilgiinduéed ihto'ahu conéuét0r bu’buiIBinﬁ_
wiringt-v | | |

The ihﬁtrumehtatimh amwlifief isvrésﬁﬁnaibie Forttﬁej
iniiia1 8mw1ificaLi0n"df the'siﬁﬁéliand fof feqeéiiné 8%
.much noise 2% PQﬁﬁibley Primarilu,the”éO-Hz‘wbuev'linef
induced signal which is common.to bpﬁh'éiéétﬁodéa'of'ﬁhéw
v;flow cell. 1Thevénaloé DeviceS qu@l'610'ha5 a CQhMOn moﬁex;
fémctmn ratio of 110 dbs = 3007000 Af‘;’olf.jv voltage reduction
i sigﬁalﬁ Common'to both inPu£§¢ 'Ifican e ééeh ihaﬁ.thig
iﬁbnot_adeauate Qith'soiutionﬁ af 16@ cbhdUCtivitQ as
imdicated in Fiﬁure.lio' To imrrove the redection of 60 Hz
noiseg‘a Qeru'ﬁeleciivé‘bahdredeét"filﬁef wanémnstquted%Au
using a Burr«Brpwn‘uﬁiwersal atti?e,filter; UﬁFFchksee'
Figure 12). The.out#ut of thiﬁlfilt@r iQﬁéCce#tabJE_for_
' _m0§t solutions. Since thié filtebkreJect§ §m1s‘6Q quv

freauencs comrorentsy it is followed bw 3 low rass filter
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INSTRUMENTATION .WKV ‘Y‘J"jt 94104

\/ ViVIAVAVA TV, YAV.Y
VRGN -

1 v/p1v

NoTcH FILTER
OQuTPuT
1 v/p1v

VEC InpuT
1 v/p1v

Top TRACES - MaGNET ExcITATION 10 v/p1v

HORIZONTAL SWEEP 20 mMs/p1v

Ficure 11.  FLOWMETER SIGNALS WITH NO FLOW
oF .01 M NaCL
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Qith B 3 dﬁ éutdff freaquancy of 3b0ﬁt_40 Hz

It was Fognd that the noise level of the‘sastem is
“heasvily influenced bw the conﬁu&tiyits of thevsﬁlﬁtion-iﬁ,
the flow cell. The'ex#eriﬁeﬁtal data“of‘FiSQréS iﬁ_tﬁﬁouﬁh
21 sre summarized in Fisures 22 and 23 where baseiihé.
levels and noiﬁe levelsf%s.ihe ﬁtandérd deﬁiationvof.the
onserved sishal 8?@~Pla£ted’V$¢ cthentrétion af NaCl}. It
can be seen that 10w cbncentfation resgit% in high ndiéé
and high ba%eline 1evéiso A Pwssible reéSon fer fhis

charscteristic is that the moise signalsy seen to be.

D

Primariiw 60 Hz lime int@hferenceg'hav a hishér sQUTCEe
impédance than the induced flow siﬁﬁélﬁ and thuslare
“atterusted more ba‘incréaaed cell‘conductivits; Hotice
ihat.the fTlow signel amelitude in:FiSure‘24 is slso
attenﬁated at hidh coﬁcenﬁration} which also suw?or£S this
theorw.v

Comductivity of the 5olutihn_doeg rot épéeaﬁ im
Feustion 1 on mage 27y which describes the flowmeter
'transduéer. .Hofé.detailed”inveétiSationslsth that
conductivitQ dependentbﬁerms are mot siﬁnifiéant (189,
vExPeriments nave shown little conductivitw derendence over
a8 wid@ randge of values (12)’, Condudﬁivitw‘determiheﬁ the
noise level of fha sustems? thus; hish COﬁductivitwvimProveé

the results.

The rresent results indicate that sdecuste
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' TR R S
Sl VNG AT VNS
AMPLIFIER QuTPUT HH“‘*“H“

1 v/p1v

NoTcH FILTER
QutPuT
1 v/p1v

VFC INPuT
1 v/p1v

Top TRACES - MaeNeT ExcitaTioNn 10 v/p1iv

HORIZONTAL SWEEP 20 mMs/p1v

Ficure 13. FLOWMETER SIGNALS WITH NO FLOW
oF .01 M NaCL
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VFC INPUT
1 v/p1v

Top TRACE - MAGNET EXCITATION 10 v/p1v

HORIZONTAL SWEEP 20 mMs/p1v -

Fieure 14,  FLOWMETER SIGNALS WITH A 30 cM
HeaD oF .01 M NaCL



INSTRUMENTATION
AMpPLIFIER OUTPUT
1 v/p1v

NotcH FiILTER
QuTPuT
1 v/p1v

VEC InPuT
1 v/p1v

ToP TRACES - MagNeT ExciTaTion 10 v/D1v

Hor1zoNTAL sweep 20 Ms/D1v

Ficure 15, FLOWMETER SIGNALS WITH NO FLOW
oF .1 M NaCL



INSTRUMENTATION
AMpLIFIER QUTPUT
1 v/p1v

“NoTtcH FILTER
QuTPUT
1 v/p1v

VFC InpPuT
1 v/piv

Top TRACES -  MaeNeT EXciTATION 10 v/DI1v

~ HORIZONTAL SWEEP 20 ms/p1v

Fieure 16, FLOWMETER SIGNALS WITH A 50 cM
HEAD oF .1 M NaCL



INSTRUMENTATION
AMPLIFIER QUTPUT
.5 v/D1v

NoTcH FILTER
QuTPuT
.5 v/D1v

VEC INPUT
.5 v/p1v

Tor TRACES - MaGNET ExciTATION 10 v/DIV

Hor1zoNTAL sweep 20 Ms/Di1v

FiIGure 17. FLOWMETER SIGNALS WITH NO FLOW
oF 1.0 M NaCL
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INSTRUMENTATION
AMPLIFIER OuTPUT
1 v/p1v

NoTcH FILTER
QuTPuT
1 v/p1v

VFC INPUT
1 v/p1v

Tor TRACES - MacNeT excitaTion 10 v/piv

HORIZONTAL SWEEP 20 ms/p1v

Ficure 18, FLOWMETER SIGNALS WITH A 50 cM
HEaD oF 1.0 M NaCr
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ARBITRARY
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Fleure 19, FLOWMETERRESPowééfVS TIME WITH .01 M NACﬁ
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'FIGuRe 20.  FLOWMETER RESPONSE vs., TIME WITH .1 M NaCL
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F16ure 21, FLOWMETER RESPONSE vS. TIME WITH 1.0 M NaCL
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rerformance is obtainasble at Concéntfatimhslsreﬁter thar

L0002 M NaCly and that the flowmenter maw rea@iré'

regalibratibﬁ if th@vCoﬁbahtﬁatimnﬁQéTiegjﬁféatluo Notice
that in Figufe 24 the flow minusbbéééiihe’giénal.is hdt
céngténtfwitﬁ:Qoncenirétiono‘ Tﬁeﬁeiiimiiaiioﬁsfafe'hati‘ 
serious in eractice aihéé mostﬁféactién$ ték@'ﬁla&é;in 
buffered ﬁolutipﬁs'Q;th,teiati?ela,cmnapéﬁt conductiyitieén'v
wihich are in the range which resu1£ iﬁ\lé@ noisé,ieﬁelé,i5
QVPOSSiblevF@8§0ﬂ for the'iess thgh_oétiQO;

ﬁerfotmancé of the cdrrent;flowmetér 6mpiifief iSvtﬁét the
imeut imeedance of abqutg300-k1100hmgvis-much;iowérlihan,.
erevious desidns which ﬁad‘impédahcéé»bf,éo tO'SOiszohmg,
Unfortuﬁatelsv‘this imw.iméeﬁéﬁéé wa5 hepéﬁééfg to@Su#g12‘
the inFut bias current for tthihﬁtvuﬁentatidﬁ’am#lifiéf;

| At the outrut of the r.o‘t,ch"%’i:r_-_t.-é:r;:_the sissf,‘ai"ﬁ.;;ss‘.,
beern amelified by s factor of shout 1650005 ahﬁ:ﬁéﬁnéaﬁ 
widelw varwing DC comronent thch re$q1%§‘ﬁhbaﬁplifiéf ~
satufatioh if furthefaamwlficatiqﬁ i#vaﬁﬁémﬁiéd. :évh£§hv
#3585 filter:with 8 share cutoff'arouhd é or:3¥H§‘is'neeﬁedw
CdﬁsthCtion,of snother low PBSSbfiltéT_with‘a”Y@PB l9h§ 
time constant (3 db down at 0.5 H::)7v’ithe_”caé.rt.s“%f.,d,t‘ of V-whvi‘c:h':{‘;_sv‘
suﬁseauen£13 §pb£rac£ed'from the shorter time,coﬁétaht_léwf
Fass Filter (3 dh down ai 40AHz),fesuifad inithe\aﬁch more
,ﬁatiéfscidrw circuit shgwh_in Fisure 25. :The Lons tefm‘hcl

comronent of the signal is now subtractedy but the more
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‘Qﬁiéklu varginsg compmnenté due Lo the f1§w’5i9nal5'aﬁ,ahout_
‘4 Ha aﬁe ﬁdt Signficantiyvaffected{ shid %ﬁrtﬁé? -
amelificstion i% rossible without Saturation;'fThé‘DC level
of thébUFC'in?ut signal is adduéﬁed} bg»tﬁé offsét |
éatentiometer o?‘Figurezgﬁz tp he shove one volt and beio@
ik volts to aécomquate the VFC’s Pdﬁitive'vbltaﬁ@vinpﬁi
r@muirement»and'agsufe thgt'momentarw ne level tfansitﬁong
o ﬁbt causé ne#ative UFC ineruts, |

 As indicated éarliérv the‘wavéférmléehératqf‘3150 
Provideé 5ignai§ to control_ihe direction ofjgduntins b?
thefréal‘time‘cluck countera-%nd to iﬁterﬁuﬁt fhe‘comPUtef
whern one Tlowmeter excitatior cucle has occured.  The |
gereration bf thé_count ur and count down #uiseﬁ f%om>the
UFC aﬁtwut arevilluatratédrin Figure 26,  The resdltant
counter value is gtore& invthe Prpcessor'ﬁ memﬂrsyvaftef
whiéh the countér is cleared irm sreraration forrthé neﬁt
excitation cucle. | |

ﬁvveru 5ub5tantialvamduht of néiﬁey‘#rimarilg due to

the remaining DC level shifts in the flowmeter 5isﬁal whicﬁ
were mnot removed bw the anzalod sidral rrocessing
electronicsry is removed bw averéginglthe flowmétér 9i§na1
aver @ reriod of 16 seconds. This is accoﬁ#iiah@d‘bs‘
entering easch succeéﬁive value obtained’atvinpérrupt time
into 3 44 roint circulsr buffers dverwritiné~the value

ohtained 6% moints rreviously. To further imsrove the
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stanility ofkthis averadgey the value entered iht§ the4
huffer iz never allowed to differ from the éveréﬁe}véiUE bw
more thaﬁ 32 unmits, This restriction csuses resronse to
vrapid &h&nﬁea-td 5@ very slows but rasid chan395 in fl@id
Sl ] conditioms a2re not eﬁcounteredvunder normall
circumstances. In additi@nyblarﬁep_rawid»chénﬁeé:iﬁ:th@'
desired flow rate are not @§$9htiai fdr adeauaté 
rerformance of the instrument. This 1imit3£inn'is~
Necesssry because the [C level of thé flowmeﬁerysiﬁnal
occaGimhails‘sHi?ts vioientls in response to'exﬁernal‘moiae “
rulses, If entered into the cireﬂlar buf?ef? thesenierE-’
noise values would influence the average value‘f6f~theynext“
16 seconds pefore thes would be raplaced‘bS'a rew valu@a"
resulting in vefg roor Plowmeter #erformance becausé.tﬁ@
noise values zsrve often mahQ timeé thé amrlitude of thé
nqrmal v&luésrehCOuhﬁered»

The circul&f'buffer is §ummed'afterventerinﬁtéamh
limited difference vaervéndlthé ddﬁhlerpﬁécisibﬁ-h55u1£‘ié
stored in memory fof u59 hﬂ other sections Qf the:sdftuafe.‘

Im addition to generating th@LBVGPBSGIflow‘related
Siénal at e&chfcuclé com#leted ihi@rruwt;_3 ya1ve cont%ol
sidnal is déveloped,everg fourth excitation cucles.
aPPraximstels'bnce each second. The con@rol signélvis the
sum of the difference bhetuween the avérasedvflowmetef 513n31

and the goal or setroint value and 8 negative multirle of
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the derivative of the avéra§ed flowMéter é;ﬁnél;fiThié
causes the valve‘to be dri&en in afdirection thchzuill
reduce the error .'tevr*m,o» The totzl flow res;‘u1at;mr. gss-&stem
has 8 considerable time-cohétanty'ié»y,ﬁhé éfféat’mf the
cﬁntrolasigngl is not a#sarénﬁvfor sevefalvaéédhdswb
Because of thigw‘theuﬁerivé£iQ@ signal is subtracted»frqm'“
the errmrxéi%naié Producinﬁlleéa éorfective'aeticﬁvuhen thé
averaded flowmeter signsl is éhaﬁéihg touafd thg.deﬁireﬁ’
Cwvalue snd more if it is ﬁoihﬁ'iﬁkthe OPEQSite'directiono 
Thig Pfocg@dure»résults iﬁ a.mote étgble'sﬁsteﬁ”witﬁ
ﬁreatiQ reduced oyérshoot@ng of the éoa; dr éet FOint. 'I£
operatés in much'the‘samé manﬁer‘aé the.dam#iﬁ§HC06tfdl'of'
mars chart record@fﬁe" o |
Oﬁ@ of ?our»dif?ereht‘valve movement Qaiﬁeﬁ is

selected each second bw the ébntboliéf'sof£Q35é4 Iflﬁhe
b'&ccumuiated erroﬁ cmnbrolvvalue.ig sﬁaily n0 m6vemeht of
the valve is made . Movementg'of apéroximatelw 2;'8;»0r 30
degrees of rotation are.éelegted'asithé efﬁor‘vélﬂé"
increésés¢

"The contrﬁl élgorithm WES deQéiéPed'empitically'bg‘
qbgervin§ tﬁé effects 6f:&haﬁﬁihﬁfthe Paréﬁetéﬁ§'of,th@
algorithm, It falls iﬁto_the class of FID (gpoﬁortiqhal
Integtal Derivétive) algofibhmgy,cummmﬁ in @nsiheeriné and
Eraceés bmﬁtrol BPPliCétiOhﬁ (73, ﬁviheoﬁétiéai $nd>

mathematical ortimization of the algorithm is rot rnecessarw



&7

because the common senser emriricslle derived alsorithm
rroduced satisfactors cortrol and avoided the excessive
effort recuired to translste the mathematicazllw obscured

theory of errocess control textbooks into sractical

FTOSTS8ms
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3. Electronic Balénce
Ary thus model 300 electronic balance was émbiowed‘tO;;
célibraté and_evaluate théamwératibh of thé:flow@é%e;o
_ Basicallwvvtheucompuieh'feads:the-balance ﬁérimdicalls,éﬁd
‘célculatea the difference in weight hétweéﬁ readip§s:
resulting in the flow rate which is stored for iéﬁér
comrarison with values éihultaneouéigvgbﬁaiﬁéd'ftomhthe
flowmeter. In_?raeiicey thisfsiméleséfaceéﬁfe reSults ih'
an excessive amount of noiSé Becaﬁsevdifferenées'of‘lesé
than 0.1 aramalinlloo ﬂra&é are.béiﬁgvobservéﬁo, Iﬁ
additions it wes found that the ussda-t,é; rate ’bof‘?‘"'t»hei
bélancé’a RO iﬁ@er?acé,?afied]bgiween 0¢5 aﬁdf2,§:sec6nd5y‘
dererding orn the totsl weiéht dn the_balance»andLatﬁér
unknown Factors. Tﬁisbvafiablits contributes lérséls to
ih@ @rror. Fmr:examﬁlev»if.meaéureméhﬁs Qéfe:takén atx30-,ﬁ
5@¢ond>intérva1ﬁ§ it is éogsibie that the firéfvvélue
f@wréé@ntﬁ the weiéht 2.5 ééconds eariiéé %ﬁaﬁ iﬁﬁ@nded»’
I the fihal'meaéufemeht{feflécted the curreﬁt'wéisht
Qalﬂey ﬁﬁé fldw ratE'ﬁétéﬁmined would ﬁe,ih"erfpﬁ}bgl
u345/301éfor 8jEérCén£;_ This r@wrésentsv?héQm?ximﬁm_error
because the finai.Meésurémentdig 3156 iikelu,to be late by
iaxsimilar amouht} 'Theseﬂﬁroblems Qere siﬁhificéntlgﬁ~n«
:nredu§ed~bs a@éragihé thewﬁéﬁéhtﬂ@;iﬁes»over é:ééébndf

reriods hefore taking the differencesr ss exrlained later.
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Ohaus’s ﬁpﬁionai'BCﬁ inier?&ce.fervtﬁeir balancé
Cﬁnsiﬁﬁﬁ of 3 foﬁr bit latohes aﬁdvsbm@‘caﬁtrdi lgﬁic whicﬁ»’
stores the informétiom rrasented onlthérbélénce dispiaw s
arid makes‘it available tobexterﬁél deviCQé4 In aﬁditioﬁsne;'
‘balané@ dorne line $i$nais the coﬁ@letipﬁ foibadiﬁ§ of:new
data into the latches. This fésulis in}2i oQ£put iine§'
from the balance. A balance buffer showr in»Fiéﬁfelg?yi
was constructed to comserve Pé?&ll@l intéffece lires, iThe
iffer consists of'eiﬁht'fﬁur;biﬁ,reﬁisiérﬁ‘whiéh‘can‘be’
loaded.ba the bélanée. Tﬁe'coﬁwuter reaﬁS;ﬁhe redisters by
seauentislly selécting oné of the eights whichhﬁheh
sraserts its,data'oh fburlﬁits-ofva Pafalleifin;ut'worty
urt il alivdiéi{sistured invthe ?egi§ters ar§ thaimed., Tﬁai
inruts of the balance buf%e% §éﬁiéters are cohnedteﬂ=to thé 3
halance dia%las»bué.bs-replaciﬁﬁ ore df:tha'létches of ﬁhé",v
Ohaus‘BCD intér?éce-bu‘antinteérated circuit”socke#,uith : iv
Jumeers from the ineut rins to the 6utpu£‘Pims4“Thé |
agddresses of the'balahce:buffer regiétersvafé:séieétéd ag® af;
74148 prioritu ancoder'whmse'inﬁuté are éoﬁh&étédftd the
load latch sisnals of‘theiﬁﬁégg ROD interface. vTHu5y,£he.
 ba18mce‘buffer latches,afe ioaded-uhder.control &%ch?“'
balance'whenever”&‘neu'wéishf valu@'iﬁfaQéilébléo, After
the balance done“ﬁignal.ihterfuétsvﬁhe‘cam#uierg.thé :
Cbalance bufférvméwfbeﬁfééﬁfbé“thetéomputer st anw time.

Maturallwy this resding should be done as soon as rossible-
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to svoid the rossibility that the halance maz urdate tﬁe_
halarce huffer registers during the readinﬁ‘#foceséy
resulting in erronecus vaiu9$o kB@cau%e the halénce buffergl
are urdated at'é‘mamimum rate of 2 Hzy no rroblems in |
resding the;balahcé buff@r values before th@Q'ar@>¢hahﬁed‘>
are anticipatedo; | | »

The bslance software ig orgenized 3% 8 Forﬁﬁ‘task:for
minimum effect on. the rest of the‘software o#eration; A
task is 2 self cdhiained softuware conetfuct’which‘
surervises s srecific orerstion. Tasks are diécusg?d iﬁ‘
the data acmuistidn Section¢ Thevinﬁerruwt servicé. |
routines when activéted Dy the balahée done ihterruﬁﬂ from
the balance»ihter?aCEg transfers thé iﬁforﬁstion in the
halance buffer to an éiﬂht buté buffer in‘the‘ﬁalaﬁcé té5k r
table before re-enabling the Procéégcr interPUPtSQ CThis
agssures that tﬁe infofmation:ig réad bu the.CQmPutef béfpre‘
the halance updatés the valuesiin-the'ba}ance-bdff@r
redistersy even if the computef;iﬁ-busu with:snother hiéhv 
level task. The interrupt service rputineﬁélso clears the
balance tashk 5tétu5‘wqfd s0 that thg nigh ievel Qodevof“the
task will be executed when the mulfiPPQSPammef 1oop,rea¢hesav
the halance tésk;

Whern éxecution of the‘balance task is ensbleds the
BRCH diﬁit; stored by the iﬁferrunt service'routine:are

multislied bw the rower of ten corresronding to their



aiSnifidanceé‘ The‘resuiiént values are:théﬁ summédyi
leaving thé‘ﬁinars.repﬁegéﬁfétioh:bf'thé»heiﬁht bﬁ the
palance #=an bn the stack, ,Thisivaiué;isithen'stopad in:£he‘
balance task tables makiﬁﬁ‘it'eésilu'avéi1§b1é %0r,uéevbujf
other tasks. Thé balaﬁcé task(is'theh déactivated:bs.ﬂ
settihg'it% status wofd'td ;l;viavtﬁe‘STDP défini£jod;
Wherever the interrust service routine clear$ thé‘$élanqé 
status word following asnother baiénce dane interru§ta the
com=lete PPOC@?SViéVPEPEBtEdo Iﬁ this mannérv a'vériabie~
is alwaws asvailable in the ﬁaléﬁcé task'tébie‘ghigh;‘
rewresents‘the CQPrent weight oh th@,bélanee Péﬁ.

Because detérmihation'of,théjflog ﬁété rémuirégb
accurately timed,observatidné}ithevbalance taskruuith_itg
variable re#ori rétev cannot be uﬁed to Perform thi§ =
fumetion, Conﬁemuentlur the oweﬁétions'reﬁﬁirédwﬁayefbeen
incorworated‘in one of thé-flowmeteb‘taaks.:1E10ﬂMe£eh
interrusts ocour at a réte vers close to 4‘Hér£zw undéh
control of 2 stable erusﬁal oscillatmry $r6Qidin§ the
asccurate time base remuired. Two operatiohéiare ihym1yedr
the first being the maintensnce of‘ah:averasé weiﬁht_aS'
rerorted bw the balasnce over the lest six seconds. Thié
involves ricking us the balance value"frpm‘balahcartéSM'
“four times a'ﬁééond and imserting it intd a circular‘buffér'
of 24 roints. The sveradge value of £his buffer i5 thén'

calculated and stored in the halance taﬁk“table f0r5uSe by



s

ather taakgo; Thi$>Qaiue~B§es nutuméﬁﬁesent ihe current
Qéluefof:the Qeiéﬁﬁ‘én the:bélsﬁéégbe£ that 0f ébdut four> 
aecdnds earli@r;*ﬁThéNCiréﬁlar bef&rléohtéiﬁs,vélueﬁ‘fhamv
at 1&8&@ ﬁuo hélgﬁcé‘updatesléhd p@fhaés uP‘to'ten_UPdateéf;
‘when the halasnce value iswhdﬁ changing raéidlgj thé-avefsﬁé;
is a #ood indicator.mf,the curremt’weiéhfok Whén;the wéight 
is chanﬁinﬁy theiaverage value of‘tﬁé,laét{sfﬁ'ﬁécbﬁds willu”
he obtaiﬁedy keering in mind that even tﬁe.balénce outEut
is slish;tle; behind in repaﬁt,if,s'_ the trug weisht. Thuss
considerahle ﬁoiﬁe iévtO»bébexPectéd in'the‘flﬁw.pate
values,

To.échieve‘é more current value Qf:tha.?iow fétenthan'
would be Obtaiﬁed.bw taking thé]diffefehce iﬁ weigﬁﬁsv@vEfQ
30 secondss anéther cirmulaf buf?er with = 1éngtﬁ 
'corfeépohdihﬁ~tb 30 seconds can be mairtained. ‘Every‘timéa
a new welidht value is added to the buffers the Qalﬁe it
rerlaces can belgﬁbtractedvFrom'thevneg valuer resﬁitihﬁ:ih,
‘the change in wéiﬁhtybor flow rate for thebiégt 3675600nﬁs¢ ‘
Thusy everw 5ecdﬁd.or,5qy a3 new f1ow;ra£e vaiue;mas be\' |
obtained which represents the a#eréﬁe Flow rate'of:the'lastg 
30 seconds. ‘T5e130 é@cmnd rariod was‘éhosenftb“mihfmizeu
the noise du@‘tmvﬁﬁé~balan¢e uPd8te‘Period-uhcertaihfg andf~ 
srovide a,reasbmable difference in weight5; ‘ﬁubh éﬁalier
Cintervals sre subJegt to Quantiﬁatigh<é%}df5_aue"to_the

digital nature of the rrocess. Much'lohﬁet_ihtervals woisrla -
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rnot bhe Senéitiue to short tefm variations. Fiftéeh secord
ﬁeriodﬁ;;oﬁld'havg heerr chosen to match the avéraging
rariod of the eléctfmmasnetié'?lowmeterp ﬁmuéver mare. noise
ir the‘balence'flmw rate would be observed and auantization.
erroré‘wmuld beiiarger-than those_émwefien&ed o use‘of tha
30 59&0nd inté%va1¢

The 30 aecond‘flowraie vslué is then multirlied Dy
two andﬁsﬁdréd in the halancé task tsbler msking the flow
rate in 0né+hundredths‘of é milliliter rer miﬁQte availablé,
to other tasks, The buffers reauired to calculate the
averadges and differences,are maintained in the uhﬁﬁed
dictionars ares of the baslsnce taSE,. |

.Pramticalvéomﬁiderationﬁ make it impéssible to check
the short term accuracy of the balance %iowmeter¢ The
averadge Tlow rate OV@V-B‘P@PiQd af minuteé canbeasils beb
determined by the weidght difference between the beginning
and énd of thevperiod;_ Assuming s cdnstént %109 rateys the.
short term asnd long term flow ratesbshould~matéh. Tabhle I
#reseﬁtﬁ the results of seversal runs at different flow
rates as‘maintéinéd by the electromasnetic flowmeter» ,Run5
1 throush 7 show 8 consistent errar of. sbout one-half df 
_one.wercenie Fart of the error can he attributed to the
“fact that the flowmeter time bases which controls the
»haiancé reading intérvalp iz fast bw about 3.3 ms’ﬁér

second hecsuse the wavelTorm denerstor uses binary rather
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Tatble 1. Initial Balange Flowmeter Error

Furmd  Wt. Flow. "Bals Flow Ffabtidhél
gm/min - CoEm/win. - Erroro

3,185 3,135 e 0063
8.064 LoB.021 S =L 0053
S5.483 5,448 o - 0064
10.45%7 10,104 =a 0052
12,662 , 12,8591 -, 0086
14,918 14.839 e 0053

DO L D
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than decimal_counterso This means thaﬁlargécond for the
nalance floumétef is onlwy aboul 929,467 Percent-of.a real
secontdy aécauntiné for sbout half of the ohserved erbér;
AThig error- is thfécted bw adding 0.33 Pércent tb the
outrut flow v&lue.‘ Note that at Tlow raﬁes‘of'}esétthan,3
ml/mirey nothiné is zdded to the flow value because_the
correction is 1?35‘th3ﬁ_0”3 unit (ome-hundredth of &
mli/mir) i thﬂﬁ’Véluéé are reﬂorﬁeéq Aﬁ%raximaﬁeis 2 to 3
tenths of 8 Ferxcent of error arefléftt&néécouhtéd fbf.

Evaroration of thgrliéuid ir the ¢diléc£ioA container
is 3 SﬁQfCEAOf,EPPOT wihiich affecis noth the 1oﬁé tefmvand
ﬁhort term.flowfraﬁe measurehentsveauailso A eQaPoration
rate of 6@017 ﬁm/miﬁ?ﬁésvobsevved at & room temgeféture of
24 degrees Celsius using s beaket 85 é Coiieétion véssel{
Thereforeg_all‘flow ratesimQSBUféd bw the bélance'érexabouﬂ
2 units‘of 2 hundtedthﬁvof"milliliter'#e%‘minuté low. A
correciimn fmr thig wbuld'need to bhe determined emrirically
hecause the eQaPoraiign rate ia depéndéﬁﬁ onftéﬁéeféturév
Chumiditwy licuid surface ares and lbcalléir'mpvemenﬁ. The
.Qvaporétion eroblem was_%clved:bgfguhétitutinﬁ»a rMarrow
mouth coll@ctioh ve§se1 for théfbeékér} ‘Nb_weiSht io%waés
.obagrQ@d durihﬁ 2 20-minute test reriod: - |

A subseauent ﬂest'fﬁﬁ is reporﬁed in Table Ii:u§ins 3
narrow mouth collection vessel anﬁ.em#iosing‘cmrrectibn"of

the time base error. Note that the error observed is about



Tabhle II1. ft)'m*ri-acted Balarce Flownmeter Error

Rurd . Wt Flow Bal. Flow Fractional
gm/min Bm/f‘m‘in : v Ervrar

0.003 0,001 - '
1.623 . 1.617 -, Q037
4,038 . 4,025 L Q032
&, 35, ba343 : - 0019
8560 o 8,553 =L 0008
10,949 10,927 ~ Q020
13,454 13.428 S =L, 0021
13,364 . 13335 S D023
15,487 0 15,628 =, 0038

[RR R

R sRrsER NN &



two tenths of a rercerit gxcept uﬁefévthetcorfgctidn’é “
fractional Eart'is siﬁnificaﬁta‘ﬁut'is not added bécause'
integer arithmetic is beihg used, Th;a,ééaﬂfé helow 3 |
ml/mir, | |

The linéaritu'of tﬁe avéréée vélUQé is.egqelleht Qver

the flow range observed. It was observed that some runs

0]

3hibitéd‘900f@r coﬁtfml»than othersy The fac£0r éommbn.to,
thesea funs was that the cswillarg valQé Was ne;r‘ité

Cextreme oren pégfiibnjwhere ﬁméll»éhanées;iﬁ'#bgiﬁibn3méke
-Large‘chanﬁés in flow. ATo avdid this mroblems fhe dr;vins.‘w
das Preéﬁure should bé addusted 50'thatjthe:fioQ”réte
‘desiréd oceurs when the valve ia aPPE0ximate13,§he eighth

Lo one héif opén; In thiS'rénﬁepV?low Qpntr01 ié.chh

hetter,
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4, Flpwmeier aﬁd'Cohtrclléf Per?ormahce , 

fvTﬁe Pgrfprmance of the éomﬁiete’?loumetérvahd =“-
conﬁro;léf swﬁtem;'ihcludinﬁ‘the gpntndllérralﬁohifhmavQés‘_
evalugteﬁ ﬁuiexeﬁutiné 18 flo@meter célibratidﬁ;ﬁﬁnsvover a
'geriod,&fcﬁevéral dégé wi£h>s§ver31 gsalt w%iéff 'v | “
'"cancentrationa and;eﬁ#eriméntal confiﬁu;atiqnse' Eesch
léélib%a?imnirpn cohﬁisted‘d? é 5eauence‘of,téh‘éOélsbor'
flow seﬁ#diﬁts»” éfter each'?lowj§08l wasg§chie§edy
‘flowmetet‘and béiance readings wereiobtaimeﬁlev6pg sacond
fof fivé‘minUtQSg'résultinéjin“infofmation ?ﬁomf&hich
cealibration cur&eg fof tﬁé flowmeﬁeré‘Coulqibelgaﬁs£fuéteﬁ¢ 

Invaddi@iohy,the'eff@ctivénéé$,0?»tbe flow'cbhtréliat;

fvariOQS'rates,cah ba obtaiﬁ@dyﬂaalwélljas ihf@rméﬂion.ab0gi1y
bﬁhe‘wr@cisién:of the“calibraiibn'Qu%Qesfaﬁﬁ‘tﬁéirf
vdasf£0§ﬁag‘rééroducibilits;”g -

Fremﬂéht cslibration of thg.cuvren# Sgsteﬁ‘will be- ”
»necégsarufbécauée Qf its manu an3103 c0mF6hent§;‘
ﬁddugtménts are reeuired to gﬁmpenéat@ fbr cOmP0neht

'itoleranceé. ’Temperature‘coeffieien£5»masvbefexsectedvto"be'L*“
significant since maﬁgvémmﬁoneniﬁ ére béin§ 0Péraﬁ¢d a£
hiﬁh,gain.or.naép their'Performanqe limits}y Thebmagnet
 excit3tidn reaﬁifeﬁua moderéteig~hi3h ﬁéwer-amﬁlifiér whi¢h 

~is irherently not as steble or insensitive to temrerzture

Cchandges s8s lower Fower devices. The Tlowmeter is rushing
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the ataté of théAartr?ﬁenerallw achieviné:%ldw:éohtfol of
hetter than ¢0925 ml/min‘0§ef the rahge oﬁV2;5 to 25
ml/mirie - I the,#robable owerational:réhse pf the
instrum@ht} 10»t0w251m1/Min?,a‘b@ttérftﬁan ohe‘Pefﬁent
j  wélati?e!mtanﬁafd deviation QF the dmntrqiléd %1nwfw§s
V'BChieved¢ Most of thevprevioug electfﬁhaghétié fléwmeﬁers
We re déﬁisned.for'bi@icﬁidsliawwlic%tiéﬁé Qhef@ Flow was
meéﬁuréd iniliterﬁ mer minﬁte. This flow leQelvwréduces
 much greéteriéiﬁhélsjlconéemgentlw randmmihaise 15 notvsﬁéh,
@ sidnificant mattgr although other noise sourcess ﬁuchvas
_phusiologibal-Pﬁﬁentialsp are\ﬁisﬁi?icanto The.scceétablej
‘hbise ievel of these devicess 1 or 2 rercent of full;scalei'
is in the 10 tq 25 ml/min rarsge which is neaflu ?ull scale
cor the current flowmeter sgstemo
James (13)VP@?Q#tE the béatkflmumetehvper?drﬁSch‘

values found in the'literaturé. - A stabiliﬁg of 0.5
vmifmihravlinearits»of £0.25 ml/miﬁ'was 6b$ervéd7uéing i
desigr. Uerw‘carefullw degiﬁnédivacqﬁm tuhe eeuirment was
used st flow rates less than 50 ml/min, Thirﬁg HEBTS
Clatery with the benefit of vastlw imwréved_éieéﬁfohi&
teehnoloéw bt mihiﬁallré5ouréés far déﬁiﬁn éﬁd
constructions thevmuch moré difficult task of Cbntroliing
thé Flow achievédua”maxiﬁgm_devia@ion from’the‘deéifed'flow 
'vaté of £0.5 ml/min aiihalf the esrlier flqw raté (¢ 0,2

ml/min cazleculated from the relative stardard deviation) and
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a tupicglideviaiian of the individugl flow values from 3
leaﬁtléauaras line'of'ito,llml/min over: s ranée of 2.9 to

25 hl/min, The Tlow bes#bnﬁé'exhibited avsligﬁi decreéSe

in amelitude and‘beduced'ﬁoiae ley@}s with incréasihﬂ
conductivity of the Fluid beins measuréd@ The sioﬁe:of the
flowmeter calibratipﬁ'cur#eideviateﬁ 2 @égimum’bf 2'ﬁercent_‘
from ﬁhe.averaéé valué over lObbaiibrétiqﬁ-ﬁung of 0}1 M.
NeCl, =s rerarted in Table III. The relative standard
devistion of the‘pbserved slores ig'i.Os;éfcént féflt
flowmeter 1 which wes dontralliné the‘fiqw and“BQi‘béfbeﬁt
for flowmeter 2 which exhibiteﬁ mbre hoisé'ihaﬁ f1¢Qme£ér   ”
1. o

Thiﬁlﬁocd rQProducibilita'of the_fléwmeﬁér
calibfaﬁion pafémeters indicates that ;alibr#fimn OF‘thé
flowmeter is necessary only when mado% change$ in'
vvconditions-éfé'énbouhter@q¢ 'Uﬁtil.more'reééatéﬁiiﬁgvﬁata
18 obtaiﬁéﬁy calibrations should be dome at 1eé§tf¢nce Fef
daw and everw time the agpératus is turnedfonyi‘Napurallg;‘ 
@asch reasent will fe&uiré its_owh‘ésliﬁrationvcufve}

After sOme,exPeriehce_withﬂﬁhe flowmeter sﬁétemv i{
hecame arrarent that éven 3fe§£erqéénsit;vitgluas-ﬁeguifed,
because lower flow fafeg wéré to be used. ‘é»aoupiingvdf
fthe’flouméter serisitivity uaé achie§ed‘b3 addiﬁ$ s second
"émlénoid on the orrosite side of the flduﬁéterlcéll.from:

thebmrigional. This doubled the field exPerienééd‘bu the



Table III. Fldwﬁeter‘CélibrationARuQ results qu;
' 0.1 M NaCl r ‘ AL

CRun I. D, FML Slore  Coeff,  FH2 Slore — Coeff,
SEF L0980 L9998 L1177 L a9

BEF L0984 . .9999 Lo l1ex L aeeen
SEF . .0983 L9999 21162 , 9999

30 20
48 21
9 23

GG O

S6 17 BEF,0984 L9999 L1203 9989
40 20

?"))

A Koo

b &b

SEF L0987 L9999 114l 9999

BEP L0991 9999 L1139 L, 9998
SEF L1004 0 L9997 L1199 9997
SEF . 0966 997 LLAEE L e99Y
SEF . .0973 L9999 RS S & A L9999

29 17
56 20
49 21
8 0

o U L

BER L0980 RS2 5 5 AT 1 55 BRSPS -4-4 -
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‘charﬂésiin the fioujhg straamv'thuﬁvdodblihg the ﬁéﬁected
&6tentiale HThgvnbisg'lével remained tha‘séme sinée'it ié
ot Prmpartional to the aerlied field. The'PerfmrméhCQ
discuééed»earlier is nmow obtained at flaw.fétea of 1 to 10
ml/mir.

Figure Qevahowﬁvihe resﬁitant caiibratipnfcuﬁwe; The
flowmeter élépea{are'apﬁrfximatelu twi¢é thos@_fe§oﬁted'ih'
Table III« Fiﬁuﬁeé 29'to\31>550w'th@ respoﬁsébﬁf flowmeter
#1, flowmeter #és aht] £he baianCE to various ?1ow”fgtés
overva 3 minute ?eriod; Table_IU summarizeé this
informationy giving the minimum,and‘maximum‘flow rates
detected bw the baléﬁce_duriﬁé thevobservétibqbpgridd s
well 28 the relaztive standard déviatibnsiof th@»balaﬂce,and
flowmeter’siﬁhal$~, At flow rates Sreéter'thanvs;o'mlfmiﬁy
turical relatiQe standsrd devistions are less ihan’twb
Fercent and the maﬁihum Beviation From the:averagé flow

rate is rarelw greater tham 0.2 ml/mirn.
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FLOWMETER RESPONSE
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Flowmeter Calibration Rum of 118 35 28 16 13 DEC 1980
Flowmeter # 1
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Figure 29. Flowmeter #1 Resronser 0.1 M NaCl
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FLOWMETER RESPONSE

Flowmeter Calibration Run of 131 35 28 16 13 DEC 1980

Flowmeter #»2

270 1 1 1 I L I L.

‘ , . - - ,
g. 38 - 6P 8 120 15¢ ”v18ﬂ  210
” ' ' TIME, eec

Figure 30. Flowmeter #2 Resronses 0.1 M NaCl
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ml/min x 1@%%2

FLOW RATE,

Flowmeter Calibration Run of 142 35 28 16 13 DEC 1980

Bglance‘Respthe :

T i SR T I A . TR T L

R 1 R
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B 3@ B3 9@ 120 150 180 218 240 278 300

TIME, seo

Figure S 3l. Balanee Flowmetér Resronsey 0.1 M NaCl
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C Table IV, Flowmeter Celibration Fum Summary Resort

TEST OF 118 35.28 14 13 DEC 1980 -
CRUM GOAL BALANCE, 0,01 sm/min FLOWMETER & 1 _

o ) MEAN - MIN MAX - RSD - MEAN . MIN MAX  RSD
0 0 -2 2 -4,37 14 1119 102
32 79 74 B4 L0229 41 KL AN K S
&4 151 138 160 L0335 42 EB 66 0 L0R93
P4 247 252 284 L0283 94 88 99 L0264
128 381 39 393 L,0188 126 117 131 .0196
160 497 484 513 L0115 - IHY 156 142 L0084
192 408 587 425 0134 191, 184 197 L0135
224 721 699 744 L0129 0 222 214 229 ,0123%
S O256 830 795 855 L0145 254 248 264 .0106
288 943 917 970 L0109 287 281 295 L0083

SO N LR O

300 SEC. OBSY. FERIODS coL T S
CORR. COEF, = INTERCEFT = SLOFE  §TD. ERR. ESTH.
L9998 16.86 .02846 10,82

CTEST OF 118 35 28 16 13 DEC 1980 C

RUN  GDAL  BALANCE, 0.01 sm/min FLOWMETER 4 2 .

E - COMEAN  MIN MAX O RSD 0 MEAM - MIN MAX RS
00 -2 2. -4,37 0 -12 ~15 =9 -1l
3279 74 . 84 L0229 0 -2 3 1094
64 151 0 138 160 L0335 v 11 23,118
96 267 2H2 284 ,0283 47 AL BT L0649

128 381 359 393 L0188 - 49 &3 73 L0301

DU O

5160 497 484 513 L01L1s Q7 L0 1020 L0250

C192 408 587 425 L0134 - 124 CoAls 132 0 ,0238
224 721 499 744 L0129 150 S142 159 L 0R38
254 B30 795 855 - ,0145 182 176 190 o L0180
- 288 943 QL7 970 L0109 2046 0 0 195 215 L0212

Vo N

300 SEC. OBSV, FERTODS -
CORR. COEF. INTERCEFT SLOFE  STD. ERR. ESTM.
9992 =17.15 0 ,02348 11,33
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B, _Mi%ér

| ,1t‘i5 eéseﬁii§1 ﬁh3t iﬁé féégéni ah37éamﬁlé stre8ﬁa;7
are thorousghly and rawidls mixéd,befopé‘flb&in3 £hfbu3ﬁ'thé
reasction tubes aééuring ﬁﬁét the detgcf@rs»obéepye‘
'_Qohsistent cqnditionéfv.ﬁ nuﬁbef éf verwﬂebmsiek;@glti;dei
mixers have been emrlowed iﬁ stopped énd;sulsed flo@

)

vﬁtudies where ver3 f3Pid'mi3iﬁ§'ié'neééséafs‘becausé
r@éction times orn the Qrdér of,millisécdmdg afe‘beihs
ohgevved.'_lh céﬁiraéty feactidhvt@meg_ofﬂtens to hundreds
of milliseconds will be ohserved bu this instrument, Alsos
flow rates are ordérs bf»maénitude less than those |
encountered in storred Tlow studies. Tyricallegr 10 ml/min
flow rates are.encountéred} réther than the'lO?QOvml/sec of
étbwﬁéd Flow.

‘Ballou (19) has shown tﬁat‘simplé T"Jet»miMErs
mrovide sdeauate mixing in 10 millisecondé of 1esslat flow
rates of 1 ml/sec or less. His results indicate that
mixing efficiency is imsroved e incréasiﬁg the flbw
velocity or bgldeéreéginﬁ,th@ mixing Jdet diasmeters which
causes an increase in velocitwy if flow'ratés are theld
constant . Littlé difference ir mixins‘efficienés is
observed when the rafio of flow raté5~is chénSQd‘froﬁ 131

to 101l. As exrectedy 2 larde iricrezse in viscositw of the

solutions decreases mixing efficiency considerablu.
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,Baliou 8ttributed mixing to tha.éﬁllisiqn7§f'the‘
solution stfeamgyvcaUSinﬁlth&m to»bréak'ﬁé ihtm sma11
'ihterspérged blocks. The mixiﬁg Jet Prpdﬁcgg;ﬁgrbulent
eddies when A_‘f‘.c.).‘r-i:'imﬁ these blocks to move Bt hivgﬁ_ o
bvelécitieﬁ¢»,Turbulenceycauseg dispersion,dfsthe'fluid
until s hdmoﬁ@ﬁeqﬁs'mixtqre ié obtained..iThéreféréy
arething which iﬁéreéﬁés turbulénée is likéls‘to increase
miedns efficiené9¢ rThQvaiﬁCV@éSiﬂﬁ ﬁhe fio&-rété:»eithér
i ¥ aétuéllsvincreaéiﬁé the flow rate:or by decressing the
Jet diameteff with the flow,raﬁe‘held canstantyiis 11&?13
to imerove mixing, |

| The first mixér“cOhéideredeaé a:Cheﬁihert®>C¥~3031”
tee conneetor;f%h#un in Fiéure 32¢. The Bﬁtuéi'Canector
used has Flow Chénnélé of 1/32% (}031'} dismatar Qﬁiéﬁrfsll
 betweén‘£he 18&395%'(»040')‘andisecond ;arééét (.0?1“) det
isi§eﬁ_ﬁallou tésted.  Aﬁbflow‘rates Qreatérkihén'1 m1/$ecy
‘Eallou 0b5@§ved'3¢od;mixiﬁé‘in less thén:iOAmso‘ This
éohneétof is aisd ﬂ5éd‘eué¢eéé%u11u in ﬁ?quindection
;analusiﬁ wherevflaw fsﬁesléré 1 fové ml/min, Antiéipated
“flow ﬁéﬂeé afe'ﬁ*tb-idf&ifﬁin for the multicomwonent
continuous flow kiﬁétiC‘mchod§ ﬁhusy'thevtée éonnéeiob ié‘”
'Poteﬁtiallg,ugeful_aé a mimirng device. It isvﬁarticdlarlu
convenient‘bécaUSQ it is Cbmﬁérﬁiallu 898118b1€+~

Cafeful testing of the mixiha.&ffitiencgvig nécégggru\

because the anticirated flow rates are much lower than
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those emrlowed bw Béllpu. -Hig results indicate that
Cincomelete mixing is ?JPQSQibiIitSv even,ihough frobiéms
are notvréported at tﬁe ever  lower flow rates"ehcoﬁntered
in flow indection énsiasis;

Althousgh i£ maw be éoséible to iﬁcluqe a'mixing rate 
constant (19) in the overall rate‘emuétiun fbr same.
resctionsy much éimpler arn mbre satisfécﬁors'conditiqns
@xist when mixiné is knﬁwh to occur in 8 reriod mucﬁ
snorter than the half'lifé of the reaction to be,obsefved*
To invéstigate the mixing charscteristiﬁs Qf a suwstemy &
very fast reaction‘maé be carried out. ;Chaosiné;ah:
acid-base heutralixation,and indiéatcr’reacfioh'wﬁiéﬁ is |
diffusian cuntrolied allows anw observ@d féactiqﬁ rate to
be_tfeated:és the rat@bof mixinée ﬁleonvenientvreaction
for this purrose is the'nehtralizatién of'HCIYbQ”NaDH*uSiné
,Metﬁsl,ﬂed a5 an indiéator, >The‘e#tent 0f reactionybie.y
the arresarance of tﬁe red'coloffof écidié Methwl Reds can
he 6bserved at 565 rm by the colorimeters éi&nsvfhé
reactionmobseryatibn tubher aa‘shown in FiSure‘ib(EO).

 at s total flow rate of 20 ml/mir in the-ivmmv
dismeter reactionwobsér&atjbn tube and a 3ch distance
hetweern the mixer and“the'ébservatiOn Point'of the first
coloriﬁetery 2 time reriod of aboﬁt.70-ms ig re&uired for
fluid tranmsit.  Subsecuentlsr the 8 cm'digtahcefbetﬁeeh.'

colorimeters results in 8 transit time of asbout 190 ms
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petweern colorimeters., [Due to the fact that these flow
rates are in the laminar flow redgion: thelsctual detection
of the beginniﬁﬁ of a rlug of Sémple indected inmto the
flowing stream oftern occurs at about 0.6 the time

calculsted above on the basis the volume of the tube, This

is because the velocity of the lieuid in the cemter of the
tube is dreater than at the sidesy causing the origonallw
celindrical =lug to srread out zlong the tube. Even with

this rhenomenon occurringes 39 ms or more elasrses before the

first colorimeter detects the results of thé mixing
oreration.. -x%erience‘indieates; and Ballou’s results
imelwy that mixing will be cmmpletéd'in leég tﬁan 10 or 15
ms if it is to be qoméletedol Certainlyy mixing wWwill hof bhe
imeroved in the‘obﬁerVationf%eaction tube if turbulent
conditions are not exrerienced.

The Precedihgvobservations ihdicate that a reasonable
criteria for sdecuate mixing in the multicdmponeﬁt' |
continuoys flow Einetic instrument is that 211 bolorimeters
Bré i aﬁreemeﬁt wﬁen dbserviﬁs_a ramid reaction. HMore
srecificsllys the relstive standard devistion of the eisht
qolorimeter outpuf-values;‘be a Siven absbrbanéey'éhould
ne roughly ecuivalent when 3 fast reaction is,occqprinsy 2
dilutiﬂn i8 being Pgrformedy or the reaction~oh§ervétion'
tube is fﬁlléd with 2 ron-flowing reagent. Ans trends or

significant variations in the colorimeter outrut values
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whioh_are greater than thé rnoise level of the messurement
area Sufe signs that inadeauste ﬁixinﬁ has occurred,

Table V Sﬁows the fésults of eiéht rums . which test
the mixing efficierncy of & .031° Jet CheminertGDconnector{
Rurs 30 to 32 were conducted under statics orvno flows
conditions to determine what vslue the standafd deviation
lof the eight colorimeter values shoqld be under comrletelw
mixed conditions at Tull scsles blamky and half scale
absorbance vaiues. Runs 41 to 45 were then conducted bw
éddustihﬁ the flow rates until the eink color of ascidic
Methwl Red arrears, The reaction occurins was the
neuﬁralization of NzOH bg HCl, The HNalH contained Methul
red in its basic 3@110Q form which doesn’t absorb at 5465
rm. At the eauivalence roint the Methzl Red is raridly
converted to its scidic forms which sbsorbs 565 rim.
Recause indicstors are binarw in naturer it wes necessarw
to have fhe geid im slight excesss otherwise slignht
vériatians in the flow rates of the reaéenis would cause
very unstable coioriheter resronses due to cﬁanées in the
form of the indicator. ﬁs.the resulting colored SESments
travel down the reactioh~observation»tube over'a.Period of
about one secondr large variastions in absorbance ai
successiQe colorimeters would be exrected unleés this
slight excess of acid is maintained.

®

 Miming with the Chemirert™ connector is not very
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Table V.. HMixing Ef?iCiean with & 031" et Chemin@rég

©Cormmector »
Rurd  Chan 1 Chan 2 Flow Rates  Ave.x SOV RSDV

S ‘ml/min : T
30 Statics Neutralized Rase | 990 146.2 0 4014
31 Staticy Acid Elank 23 13,1 562
32 Statics 30 diluted 131 419 8.8 - 021
41 3,69 4.28 414 80,8  .19%
42 4011 7.28 370 TE.8 . .208
43 8.16  9.01 | 409 . &7.7 .16
44 11,44 12,60 | 563 44,3 079
45 14,80 17,38 o 421 31.0 . .0%N0

X - Arpitrary colorimeter resronse units
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’ébmwléte? thusy it was diFficuiﬁvto detehmihe;the éxabt
‘ appéarancejof'the #iﬁk‘cdlnr;v Thefef0té;jthé avéfage
owvalues obsefved vafs hecahsé o? thé\?abéinéadiiutiﬁns
vex#ari@ncéd wﬁen‘v§f9ihé ekcésses of‘écjd aré‘éﬁéiDSQd»'
Clearluds &ixins'imwfoyéa.with hiﬁhér flew'rates$ hduevefy
mven Run 45 has a3 reiaﬁiQe standard deviétionvof several
times ﬁﬁét of the 5tatic measuremgntg.“1The‘Chemin@rt@D |
connedtoré withvits-}031‘ Jetsy does not sﬁﬁpls'adééu;te
&ixinﬁ‘underianu practical conditions experiehcéd,wiiﬁ the
Multic@M#oﬁent Céntinuods ?idw»ﬂinetic Inétrﬁment,
Obviouslys improved mixing is necessafﬁ.b'Ballou.has
shourn thét.mixiHS: at s cdﬁﬁtant flow rater cazn 5e imProvéd»
:bw vEQUCinsvihe,mixer Jet sizes. é T~Jét ﬁiﬂer Q%th:»014'
Jets was»COnstPUCted& as shown in Fisuré_ﬁ?:-bu driilinﬁ
out éIChéminert connectqr;énd cbnét%uctiné,an ihderté with‘
émallerVJEtsy to-be contaihed in the drilled duiféqftion of
the Qaﬁhector. Greastlw imeroved mixing wasjobservédo
-Uhfortunaielgy the-émall dets of this mixer eésilé became‘
clogﬁedvbs small dirt rarticles in the réasentsﬁ thﬁsyLCBre
ir e&c;udihs‘dirt is r@euired.‘ | ”
fabie UI,éiQes the result of 26 mixer test runs under

& wide varietwy of conditionssy similar to:tﬁése’of Table V.
Itvis cléar that relative sﬁandard deviétionsw éomparable
to those under 5tétic conditithy‘are obiained when flow

rates in both channels are srestef‘thanfs ml/min. Flow
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Table VI. Mixing Efficiencw with & ,014" T-jet Mixer

R

B O R

&5

&
7
9

12
14

164
17
18
20

21
34
35

36

37

38
39
40

Cham 1 Chan 2 Flow Rate»
o ml/mir .

Staticy

Statics

Btaticy.
Staticy

+*
= boL
S = O

oG @
> * D

6,44

3,77
3.24

3,44

3.97

3.465
: 3‘955 B

2.32

e BTN

5,77

4,14
3,58
ENe

Basé}ﬂlank_i
Acid Hlanlk

Ave sk

1
20

Neutralized F. S. 994

#3 diluted 111
brbb '

’76§85'A
634

7.94

7.33

e

«...‘02»_

C 4,30

4,49
5,89
bbb

3,59

2.95.
. 5.37
S H.23

5.03

4.87

4,93
. 3.80
O Be54

416

897
842

ﬁ~939_f'
817

P02
692
800

747

838
583

51

585

575
- 918
1006
896

892

vt
ST E

441

sov

FESTR
IL.9

10.4
- 1809_»
o 14,5
O -
114

1306

29.4

83,9

26.5
29,7
16,9
~11.8

172.9

56,0
14,7

18.0

19.7

X - Arbitrarz colorimeter resronse units

REnv

16,2

1.57.

012

R D g

s 021

L0l
L0188
L 014

s lo0g
g »l 0036 L

A 035 -
L 029 o
o 0023 _
P 032 C

098
L0186
018

.022

SoWQE2
097
L1229

o



hgeh“
 rates ,ir',-;w_'i'g{e,s;s. o 4.5 ml/min rfe*’_;;ion do nat Froduce
,ademuateLmikiné’and aré coﬁ#arabie to_thé §ést;re§u1t5
Jéhtain@d with the‘.031"ﬁet5 i Taﬁlezol‘ »

Reactit‘:n’s wlth KMri04 sre (;n“f rarticular viﬁrt;ene_st
becauae1both’fa?i,én¢<mbﬁerate réacfioﬁ‘réieS h8Qe heer
sbserved with comslexes of‘Fe(II)o_ These[reécﬁidhé PPOVidé:
excellent test swﬁtémé for evaluétion of the instrumeni;
Cparticularly since KﬁﬁOé-absorbs intensely at ﬁés”nmo The
coldrimetérs‘qbaerve the absofbéheevof Kﬁhﬁ4 directly &t
S65 nmr‘rather'fhahlobservins the absorbaﬁée of an 
iridicstor which is fésvondinﬁ to rezction conditions;_

‘Tﬁe»absonbancg oflKHnﬂﬁ is on & qdntinu?ua’séale
'réther‘ﬁhén the two discrete values of sbsorbance exrected
of an indicastor éugteﬁy when dilution is nqt a3 fa&tor.'
Thef@fOfev”aiscohtinuitieg around thé;eéﬁivélence roint are
not exrecteds and are not observed. The NHnD4 beacti0n§
are:also’different in that the diSBPPeéTBHCér rafﬁér than
the appearancéy of shsorrtion is beins obsérved.' it is
thus imrortant that SOme absoébanee remaiﬁy'after‘the
dilution:or réaetionv so'that‘vaiid observations can be
made. This ia«éafticularls necesssre because instrumentalk
relative errof incre%ses ;s‘thé detéction limits are
arrrosched,

Table VII shows thé results of 10 runs which diluted

500 uH_KﬁnOA'solutionS by & non-shsorbing buffer, It is
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Table VIL.  Mising Effieiéncuv‘Kﬁhdﬁ‘ﬁilutioﬁ

Rk ‘Chmn_i

w0

Sl

52

a3

54

bk
9é
57
58

59

¥ - Colorimeter resronse umits eeual to 1 quNﬁhOQ

2.98
393
4,95
ba12
7.48

5,06

799

5.38
Statim

Chan

3 00

3.96

? Flow Rated

ml/mir:

4,95

5398

7281

7.99

TR

L 6.70

Blank
KHnO4 F,8,
KMno4 F.8,

OF PR3 R RY e

Losnv

“30 C’)?

2,07

4,070
L84
1,17

08

RSV

L 034

» 008
L0004
003
005

007

L008 -

1,65

008
006
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cleér that ﬁood‘mixins uhder dilution cénditioﬁs occufs 2t
flow rates gf@ater thah‘4‘m1/min ahd that 1ogér»ré£esp such
as 3 ml/miﬁv still Producevacéeptable resUIts;

The rescticn of KMnO4 with Fe(aa5++ undefv3¢idic
conditions is. fast, O@Currinﬁ in i to 2 ms orjaﬁppdximatels
the dead time of stomrred flow inétru@ehtation'(zl)f; This
ssﬁtem %rbvides another dood test for thé éerfofméhce of
the mixer. Table UIII shows the results of 10 test runs.
 Again? as in th@’#re?ious test’réactiQHS; édeauate“mixina.
is observed at‘flow rétea-Sréater'thanvﬁvml/miﬁ’in b0#H

channels,
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Table YITI. Hi%inﬁ Efficiencss KMnO4 ~ Fe(Il) Keaction

Rurd#  Chan 1 Char 2 Flow Rater Ove.kx SOV RSﬁv
ml/min T '

60 3,78 .9l 98 15 .160

&1 4,90 5,09 3 103 1, S018
&2 5,99 5,97 o 95 1, 020
63 6,28 4.93 143 5. 037

LR S It s A
&b O

022

44 5,29 == KMnO4 F, S. 499

g
.o

&5 5,43 4,94 113 L0014

) 1.54 0
bé- 9,26 5,29 : R00 2.23 011
&7 8,71 8.22° o 93 1430 015
&8 S P.29 5,07 ' 210 2,07 010
&9 10.21 4,93 ' 222 & 77 + 031

¥ - Colorimeter raéponge uﬂita eausl to 1 uM KMnD4



Co. Reaciion*@bservatién‘Tube‘3nd ﬂetectbrs‘
The'reaction~obaérvétioﬁztube consist§ 0f a3 50 om
lenﬁtﬁ'qf 1 millimeter:inside diameter Suprasif@ éuartz
tubiﬁﬁor Thebugé of euartz alldws PBSSBﬁerf Qlffaviolet
lisghts xtendingvth@ Qavélenﬁth range of obsérvétion to
inclgde the ulttaviblet region of the srectrum if |
NRCesSsS3ry. | |
ﬁbsorwtion’mea%urements eén be made in thié Sggtem D
éositioning 8 source and detecﬁqf directlu Qﬁposite each
othefy with the tube between them. A wide range of sources
and detectors afE'Pdééib1Ep with semnsitivits aﬁd cost
considerations beiﬁs thé'Primars_factorﬁ affecting their
selection. Recause of the 1 min #ath length in this
configurstions low senﬁitiviig in comrarison to longer rath
lernsgth is to 5e_ex#éc£ed¢ The maximum time for which 3
ﬁiven kin@tic'reactibn may he followed is dependent_on thé
1ensthv0f'£he obsérVBtion*reéction tube and the velocitws of
the flﬁwinﬁ liguid, HFor'exampley‘a flow velodity of two
meters Per.secondp required to maintain turbulent flow.
conditibnsv.teﬁultﬁ in 2 .25 secohd residence timévin a 50
Som tubéf' This veiociﬁu corressonds to a flow of 94 MIXmin{v
bﬁt 2 Qelociﬁw_of“ﬁ‘méters Penqsecondr a'1 second residence‘
Cpime witsva-flow of»23-ml/hiniisfobfainéde» This is below

ﬁhe turbiulent flow‘cohditions loms thousht to be recuired
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'té avoid excessive dis#ergimn'of the sam#lé. Flow
indection'étudies‘hav@ Sha@n that disrersion and conveciiqh-
can be controlled bw selection of  tubing diametef ard Fiﬁid
flow rate. Excéllentvregults have been obtained Qnder
'non~turbuleﬁt' cornditions (2:22). Theréfore} it is |
#baaible that the anticipafed flow'rates of 10 to 20.m1/ﬁiﬁ
will'Producé good resulis.

The time iﬁterval petween the coloriméteré.in'Fisurev
1 is a8 verw imrortant rarasmeter because it is reaﬁired for
calculation of reaction rates. The time inter&al WBs
detérmined_experimentalls by scauiring colorimeter'Qalues:
at a 100 Hz rate. TH@ reéctianfobgerVBtion tuﬁehis
initially filled with a blank'solutioh'fiowiné at the.
desired rate. After initiélizinﬁ fhe storage rointers a
chromatosrarhic sameling vaiver~which‘selecté'the resgent
or carrier streams is switched to an abﬁorbins SQIUtioh'of,
300 uM KMr0O4y also flowing st the.degired rateg The time.
petween colorimeters is determined.bs coﬁntins the number
of dats roints ﬁaken between the detectién of'absorbance_bs
one colorvimeter and the next colorimeter along the tﬁbe,
Because the transition is not verw distincts the beginninsg
of the sbsorbaznce was identified when theAéolobimeter‘value
chanded by 3 specified amount. To iﬁprove thé resolutiorn
of the meaéurement;‘the interval between the first,and last

colorimeters was measured and divided bws one less than the
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number of eblorimeters involved. The resulting un¢ertéints
in the Qh%erved time rer colorimeter is less than 4 ms.

The resulting values are listed in Table IX. :Also
included inm Table IX is & esleculsted time which is based orn-
the flow rate and‘volume between colorimetets., & one
’millimeter'cslinder of,the‘one millimeter tube has a volume
Qf OQ?85‘¢ubic”millimeterzy resulting in & volumevo% 62;8
cubic millimeters between the colorimeters which ére at
intervéls of asbout 80 millimeters. The observed time
valueé %re é1m0§£ unitormly leés»thén4theicaléula£ed‘vaiueg
b oa faétor.pf about 0.58. This is because the'flow
Cvelocity ih'tﬁe:cénter of é tube is greéter than the
velocity near the wal}s Qnder the laminar cdnditions
.employeﬁ‘in thié instrumént¢, The caleulsted‘volume of the
61 cm tube is 0448 cey asfeeiﬁsvweli with‘values of 0.45 cc
obtained bu fillihg the tube with uateb»from‘a suringe.
Similarlus the weisht of water contained»in’tﬁé tube is
- 0.45 drams. ”

Fi3ura 33 shows & rlot of the colorimeter iﬁﬁefval
bbservedlvs.-flow rate,  The plot is limesr and inverselw
relsted to the flow rater ss exrected. 'Eeuétion 2 ES»thé
ﬁesgitinsréaiibrétion curve.

Intervaly ms = Flow ratey ml/min % ~14.09 + 352,9 . (2)



Table IX. Colorimeter Time Inﬁeryals Ubﬁaruéd.a£1”
10 to 146 ml/min ‘ ' : -

'Fl@vaat@ o Dhserved Caleul&téd5 - Ratio
mlAmir Times ms Timer ms R

10 213 377 SR 7.
12 » 183 314 n Y1
13 166 - S R90 , R T
14 o 1Ee R4 - LT 589
15 , 143 ~ 251 R ¥

16 ' 26 S 236 B
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1. Colorimetef ‘

- | One of the most convéhien£ meﬁhodsvof m0nit0hins4the
extent of 2 kinetic réaction is by meaSure@ent of the
ortical absorrtion of one bf tﬁe specieé iﬁvo1ved in the
Péaction. This method of detection is rarticularly
convenient when a.viﬁibleICOlor? duie téione bf the
‘reactaﬁtﬁ or Prn&ucts; arFears or digapéeahs‘duriné'thev
‘reasction., If colorless srecies are beingvuseds>itrmas bef
Possibléhfd find an indicstor to sield déteétable color
cﬁanses in & convenient region.of tﬁe sﬁectruﬁo

A t351031 ch0riméter consists,of a-radiati6n'sogrcey
B wavelenéﬁh selection mechanicms 23 SBMFIQ cell andv
detector. Should.the”awsorption‘maximum of the spécieS~of
interest fall ih”ﬂhe dreen to red reéioﬁ of the sﬁectrﬁmp =3
light emitting diode (LEDN maw PPOVidé3£he'dESiPed
narrow_béﬁd radiation squrce; It hasvbeen shown thailé LET
can deliver ur to 5 times £hé radiant energs to.é samele
cell then does a 40 watt tungsten lame and ﬁonochrdmétor
Cunder similar bandrass conditions (23). Theref@ref'light\
emitting diodes are able to delivef moreithan édeaQate
rower to the samrle cell,

LED sources are limited'bs the fact thatiohis-four
maJdor visible emission wavelensgsths are available, Greenv

light emitting diodes have 2 resk emission wabelenﬁth at
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5&5 hmy.s&llou‘éivﬁsﬁlnm; orange at 63§?:Bﬁd fedbat 660'nm.
The emissian’bandgassiof E iisht emittiﬁé.diode is auite
Narrows tswicails,lesgrthan £30 nm_st»EO rercent of eeak
outeut and. tiﬁ mm- at SO‘PETCEHt of Peak‘outﬁﬁtr-bpmpérsble
with the bandrsss of‘in£erference filtersQ |

An a3 conéémuénce'mf the small sizes nérrow‘ﬁandpsss
arngd nhish intenﬁits 0f the liﬁht.emittihﬁ diddé’§OUTC82 3
verw COM#BCt measuring awwérgtus.is_ﬁossiblé."Tﬁié enables
the use of a ﬁumbéf of sOurée*détaqtér péirs aldngﬂthe
reaétipnfohéervation tubey making the méasurement.of fhé
kinetic résédnsé of the sustem PosgihléO- |

The colorimeter head consists of the”nérréw’band
light ehittiné diode radiation 50urce;lsamﬁ1e céli;;and
Photodetector,ghcwﬁ §n Fi$ure 34, The coldrimeter'ﬁeadrcan
he rositiorned at anw s0int along tﬁe reaétiqn*qbséfvetion
tute to allow ohservation of the extent of reaetiqh 3t_£he
desired time after mixing,

The comronents of thE'coiorimeter.heaﬁ agre mounted in
a riece Qf‘blackfﬁlasﬁic és'indicated‘in Figure 34, The
hlack #léstic blocks'émhient Light and Frbvideé =3
mechanicall# rigid mounting structure for thé‘liéhi'sdurée
and detectors, Véﬁbieht light exclusion is vers efficients
rractically no éhanse,ig obaervéd‘in the,detebtor‘outﬁut
sidnel when ﬁormai room lighting snd the*&bsenée of ambient

light is comeared,
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 detector
photodiode

2 mm diameter

hole for reaction\ | t==F==d
obs'ervaticmtube\‘< -3 r

” | ——1mm diarneter
~ light path

S e
| photodiode

bearn R e \bl’ac'k nylon
- splitter - Smm diameter ~mounting block

Figure 34. Colorimeter Head .
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The'rolbrimetef}ﬁe@d;coﬁeiéfé o%.lightbsdufééfahd
,deLector sectlons.i The llbht source sactlon lb regpon81blp'
for Providinz_arstabilized 113ht»qutput to‘theﬁdatector
section. Lisht originstes in the lisht emi@tiﬁé di5de and
is»direétéd into‘ﬁhe beam'éplitter thrh.cdnsiéts-of‘a‘
shiort section oflﬁ?mm divm@fer ﬁlssa roo utth one 4u degree_i
face, More than half the ljght is refl@cted 1nto tn@
. detector ares with most of‘the rest rassing throuéﬁ the 4qv
degree facé'taﬁthé Lﬁn re?érencé Photodiadey _The\refereﬁce.
rhotodiode monito;s thé lighﬁ'outﬁuiiéf the'LEﬁ:andu‘
PPOVLdPa 2 51Qnal to the colorlmetur electronlrs whlcﬁ tﬁéh'r
: adqusts the”current tp the 11qht emlttlns dlode to wrodur
3 con§t8n£ 1i§h£féufPut; Peneral [nstrumeﬁt MUS Olu; series
(“4) light emlbtlns diod@s’were used, .
The r@flhcted 113ht travels throush & 1 mm 1iﬁﬁtvpath
to the 1eact10n ohsorvatlon tube where var31nd amounta of
113ht mayw be absorbed bs fhe molecules in the 1 wm 1n51de'f
.dlameter,of the tube;  The detector Phofodlodé,moniﬁqrs the
lisght Parglng through bho tube and . ﬁenerétes 3. éiéﬁai Qﬁich ~
vls Processedwbs_tne colorlmet@r elactronlcr to :roduee thp
final outﬁut sigral. Vactec (St;‘Louiéa WO) model UTB 050 2

blue enhanced rhotodiodes were em?loséd¢
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2;> Cdidfimeﬁer Eiéctfcnidg

 jThe7#hotaﬁetethré éelectéd for the:¢oiériﬁetef are.
silicdn Photbvoltaié diqdeﬁ;. These'déviceé are ‘
characterized by low noise levelss limearity over a wide
duﬁamic'fahge€ 1bw temperaiuré coefficientéy and mo
TFhusteresis OF memory effectﬁoA Their fremueﬂés:rééponée,is
good and thew db”notﬂremuirevexpenéive‘rQSulated-high
VOltaéé éower sugﬁii@é aé dé‘Phdtomultiﬁiiersroh PiN.aﬁB.
“avalanche ?hotqdimdes (25, ”

A iinesr feséoneé to incidenthfadiatioh‘bvé§ 3 wide
duramic rénSQ»is obtaiﬁed when the Pﬁotodﬁéde Ida&
résistanéé‘ié yéf3:10Q¢v The measuremehtvof this féswonge_
is facilitaped'bﬁ'usihé‘aﬁ dperéticnsl'ampiifier in a.

current to'yoltase cmnvertef\cbﬁfigutatioﬁ;‘ Tﬁefﬁﬁbtodiode3yk
is-éonnecteﬁ hetween sround and the invertiﬁg'inﬁut of the
fjamplifieﬁ{‘FThQ‘ﬁPﬁiﬁvertfﬁé imeut is ponnectéd to g@round
and a iaf§e va1ue féédbéck resistor is uséd'betueén;thev’
:outwﬁtzandiihQthing in#utvés shoﬁn_in“Figﬁre éS;vuﬁédauseil
:ihe mperatiénal ampiifier tries t@lmaintain‘the dif%erencei
between the invefﬁing'and hon—inyerting ihﬁutsxat ﬁhe
10Qe$t>V31Ue‘woséible; thiﬁygonfiﬁufation‘resu1t§ iﬁ the
.invertiﬁg iﬁput'seing’at‘nearlsjground Pét8ﬁ£iale> ThiS{iS
’réferréd to as 3 "virtuasl ground® éﬁd.is Frossible becéuse

the current flowing into the duriction st the inverting
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ih#ut'frém'the Pﬁotadiode.is balanced bw that flm@ing ot
 throu§h the feédback resistor to the outrut of the
amplifief. The ampiifier addusts its outEut tao achieve
 this balance at ihevihputSv resultinsg in‘a v0it§3e
Frorortionszl tq the current flowing in the rhotodiode.
This_curféniiis.proportional to.thé”liﬁht inéidéntvon~the
Photodibdey Theviﬁvertinﬁ ihput; with'its virtusl dround
,CharactéristiCSy aﬁwéars to the Photodiode'asva‘vérg low
 1oadvre§i§tance9>fesuitihg the widest Possiblejlinaar
demamic rande. . | Vbi
| The rhotodiode dats sheet (25) indicates that the

‘diode’s noiée.sﬁectrum'ié nearly fiat*l‘HGuevérx low "
‘rfreauencs nciée and drift is'introddced;ﬁu the Qﬁéfétidhal
: amplifie} and it% feedback resistor, ‘fheréférey'beét.'
results are 6btaiﬁed Qhén the oweratins’ffeﬁgeﬁ¢sbofvthe
-‘ésstam is shi?ted to hisgher FréaUéncies7b5~;ghcfPiﬁ§'bQh”

tqfningvﬁhe‘sogfce on.énd off’at 5 rarid rate. %he oﬁﬁput
xgiﬁﬁ%l.is*then derived from the differénce between thé 
‘phatodidﬁe‘ouf#ut whern thé %0urce‘ié'on‘andfﬁﬁen it is off.
'NCise Péffqrmahce i§hfhPeréd hw thisiPrdcess'beééuse:the“
low freégéncs_noigé aha driftfcﬁéhgeé QniQ sliéhtigvbétueén
vtheée'WQBSQfFMéhté while the diffefence due to tﬁe %0urc¢
is relativéiﬁﬁia%ﬁé;f Over 3 1on3éf quiod<oF timesgthé'icu,'
»fréauenés‘hqisenmgs be cdnsiderabiﬁfsrééter tharn the lowest

lisht level detectable, If chorring wes not useds the
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lowe t lléht 1eve] detectable would be set“ha the"nbiée ,

levels leaving muuh of The Potentlal of the ssktpm,;

unutilixed. A addltlonal advantade of ChOPPLHQ the fourre” -

is thet interference from 113ht at FPEGUENPlE" far_removed-
from the éﬁoppinﬁ freGthcs is dreatly reducpdov Poﬁ‘
examrles if a hish 98$S %iiter{i5 uséd to.remové DC aﬁd i§w;
‘freauene? com;dnéntg from‘tﬁe chopﬁed Photodlode alsnaiy
little effeét‘mn the dif?efence signal at the outPuf is
obswrved with VBPBLﬁS 19V@la of amhlent SUHllShty asSumins
the #hotodetector-15~not saturated, nght derlved “from ﬁhe“
AC ﬁower'network is more diffiégit to reqect because of its
higher freauencgiléo tdvizo Hz.‘ EQen with a 1000,Hx
chorring freeuencds a shars cut off hidh rass filtér_is
requireds resulting in coﬁgiderablé disﬂortion ofythef
chorring waveform. To'iﬁéfq§e'£he‘Performance of £he hisgh
P35S fiitery'a 1500 Hz th##inﬁ Treauencs was used., This
aliOWE greater attenuatiph of the vers 10w frecuencies
 whi1e maintainin3 more'féxthfulvreprbductlon of the"
Choépinﬁ wavéform{'b
The high Péss,filter outﬁgt is stored; in analog

;formybhw the samrle and hbld caracitors. Oﬁe.aample and
thold caracitor is charged‘whén»the Soufce isloff;ipfﬁvidins
the rio light r@fevencgvlevel. The other ;s:ehargéd'whéﬁ
the source is ony and the differencé hetweer the two is

then continuously available st the'diffébence'ém?lifier
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:outpﬁt. The sampie'aﬁd hold ém#iifiers aét as an:aﬁalég
lateh.  The Qalu@ on theAbapacitor iﬁ.rapidls charged to
the ineut value wheh.ﬁhebamplifieﬁ’ié invséﬁpleﬁmdde;f In
hold modeys the valuéloh the cépaciﬁér‘wheﬁ tﬁé:contr0i
signal changedvfrdm Sampie‘toihold ig §thinucué13"1'x
availsble at the smelifier ,' om‘it_s'ut'{f This &hééraf—_‘t;evfri's-bic .
produces a sighificanf Pfoblem if hQise is:PreéentQOﬁ.the'
input to the sample and h&ldﬁﬁ IF»@he enﬁ of the saméiiﬁg
“#eriod occurs Just as s hbigezéulse a9#eé£s§ctﬁersampie éhd
hold outeut will be significantly effected bw the noise,
The incofrect.output value will be‘held‘uﬁtil'the‘next’ ;
samrle Perioﬁr.?oéaibls Péoduéins 13%3é;§h£9§tierforsei Thef
reason this occurs is th&t”ﬂhe sahwle éﬁd»hold‘does ﬁdi
really intedrate the inmut siéﬁél‘dqrihg the sampié %eriqd.
High sreed 6Pefétion.is,often-%ééuiredi £ﬁus; thé;éaﬂacitbr;
'is charged to verg.neaftthe irneut vaer"ih’sevéfal
microseconds., Tﬁefefofej:evqn thoush the samﬁléﬁpefiodrmég
he mahs micfoseéoﬁds;lonié the last few;microseﬁoﬁﬁé
determine the-vaiuévwhich will be held un£i1 tﬁé néxt
samrle reriod, _The first_épproaeh tﬁ féducinﬁ thiﬁ sample
arid hold‘ﬁoiSQ Pfoblem is’tovhedudéﬂiﬁé:noiée St the'
amrlifier ineut throﬁ3h uSe o?'an aPPro§£ia£é filter4
:Consistent.phase delaus in’the ?iL£érv8nd ibu saﬁplev(
control siﬁnal Jitter are necessary to avoid iﬁtfoduction

of asdditional noisér warticularle if the endvof the
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9

éamﬁlins'seriOd Q6cufﬁ'whéﬁ £hé.iﬁéQt‘v01tégéfisbcﬁanéiné
raridly, The effect of these Erobiems ban‘be reduced by
sameling on_awglateaﬁxfathergthan on fhe siﬁe of‘a'éine
wave where the éhanée invvdltaSE with time is'Sreét,
»énotﬁerva#Praach~£o samele anﬁ”hold noiéevreduotiéh is to
redﬁéa the chérsins rate of thé cawa¢itov halinsertiqg é
resistance in series with,the;CaPacitof.'rﬁrﬁéer selection
of the resistanceishould result in the ef%e@tkéf |

inteﬁratinﬁ‘the-iﬁsut'aisnal-ovér;most‘of the-sam#le

reriod. Undét these condiiion%;jéhcrt-nbisejPUISes:Pfaduéé
only a verwy small effect dh thevbutﬁut level., - This ;'
modificétion has the undesirablézéffect:of liﬁitins thé
‘large‘siénal resronse of‘fﬁe-sample*and»hold if significant
inteﬂratimﬁ:dvér éssémﬁliﬁs PeriqB ié to bé»bbtaiﬁed. In
the case of ihe'colorimeter{ this'is nét a Prob1ém‘becausé“_
‘bhangés im input'should,bevoccurrihg SlQNlB'iﬁvédﬁPBPiSOﬁ
 to'samP1in3'times?of ékpréximéﬁelw‘tuenté micrdﬁedbn&é.'
The final stade df‘the Phthdétector signal -
’Proceésing'éiréuit iz  a léw,égss filteriwhichgéﬁodtgéythe
- outrut of the differenée1amplifiér:és‘shoﬂn iﬁ:Fi§U£é}36t
This is necessary to Proviﬁe a steady ouﬁpuﬂlsighalgﬁhiph‘nf
does not reauife éohnutér'data ééauis;tibh'at Séé?ific
‘times io avoid/sliéht éhifts ih'tﬁé @ut#ut-ﬁue tbjuﬁdating
of one of the samele and hbldvvaldéé; | |

Light emitting diodes are ideal chorred badiétion‘



. Difference Amplifier X10 Gain Low Pass Filter

‘680 o :

!

0.1 uf

[
1]

‘ Figure 36.

Colorimeter Signal Processing Electronics

LT



118

soqfceé”? cause. thes have Fast rise and fail tlmésy are
éasilélgw;tched-on and offs and remuire 1ou“current ievéis,
Mary 1i3hi emitting dibdeé are SPEPlfled at an average
jeurrent of twents mllllampereSy alloulns Peék ¢urréﬁt$ bf
forts‘milliamperes wher 3 30 Percéﬁt'&gtw cgcgéuis |
enrlowed, Tnis is»eBsilQ sg#plied‘&3 a2 small sisgnal
switcﬁiné_fransistor;drivén bsién operatibna;>3mplifiérr

ﬁﬁ0$tfliﬁht:émittiﬁé Biode§  3hiﬁitia_iar§é variatiohb
in 1i§ht dﬁtput with t@mperaiqre éﬁé‘ére subJeEt‘iqnagins;
effects (23,24). A dusl chva;nr{;i_béera-t.i'cs;.ai mode is
emrloved te-eompenséta for théée.UﬁdESlPBhlﬁ effects, A
‘Photodiode directly monitqré thé lisht outrut OF the.
emittins diode¢ 'Thié Photodﬁdde is of fhe same tBPE 3s thE'
detector Photodmodp ard 1ts'4iéﬁal is Processed in_the same
.manner.‘ The Photodiodesvtupiﬁailg”ﬁaye 1Qw £em§éfé£ure‘
coefficients and do ot sse significantly, In additions
both Phoﬂaqiodeé are ih_similarvthermalfenvitonmenté. The
fout#ut'of tﬁe referenée«channel.is>CDmPared iolé ver9
,stéble'referenﬁp voltage bs theAerror ampllﬁler in Figure
37+ and the error sianal»deyelopedxis applled to th@
mpdulétor;émplifier, fThé‘ehror'céuses the LEDvintengitw tao
‘he chansed to minimizelihe’efﬁOP»éiSnal{‘ﬁhﬁé ma:nb 1n1ﬁ‘_a
very Sféble'light outreut, This outrut can he Con51dered =33
stable as the feferenée beém'mqnitoring c;pcu;t-over loQﬁ

time reriods,
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The charring waveform ié iﬂgefted in the LED
swcitation circuit‘atvthe n0n*iﬁvértiﬁﬁ inwﬁt,of the
,moﬁuiator smrlifier.. Ebméonent vaipeg Wwarre chdseh‘tm cCaUse
the LED to he comeletely off whéh ﬁhe'mbdulation waveform
-is low. The TTL éircﬁi£§h$ivide'éhv.xternéllwvﬁen@rat@d
100 KHz waveform bsvlég»peéuiﬁiﬁéfin”a‘wreciéez SO'éeréent
duty csdle‘gauare”waQe+ Thisris thenfdiviﬁéd bu"ﬁoury
resultins in theumodulation waveform+v Thé‘other eireuits
. 3éﬁeratef£hé sampie.and’ﬁa1ﬁ aMP1i?iéff; saﬁﬁle_control
signals for tﬁébéourbe or éné source off'cmnditibﬁﬁé  These
fafgili;rw'éiréuitﬁv alons‘with the 0#£ica1 i$01é£§rstwﬁiCh
are used to reéube noise eﬁuélinﬁ betwéeh énalcﬁ 3ﬁd~'f
disital sroundss sre shown in Fisure 38,

Figure 39 shows avéeheral block disgram qfig Singlé
‘~éolarimeter channei. :Each squeéti§ny ﬁiﬁcu%é@d.eéflier}
is shoun:in~relafibh tq th@ other subsebtioné af a,cémﬁlete’
eolorimeter_channeio Us @@‘eiﬁht of these chaﬁﬁelﬁ}are
 availa§lth0 moniﬁor thé P@aétian~obserQétimﬁ”tQﬁéz
conditiodébat'ué't0 eiﬁht.different‘pbintsf,

The colariﬁeterfwill.be uﬁad.fo meaédre.ae?érél
isisnals which ha@e‘different vatéﬁ'wf‘chéﬁﬁe.gith time .,

- The steéds state:gignéi obmerved undgr&gdnﬁinuoﬁﬁvflaQ"
“kinetic conditions ‘is rei&tivels cahétant’ahﬁ thue‘do@ﬁ'nbt_xi
reauire rasid detectof-réﬁgpnsé} 'Ra?id fé$%qnﬁe;is.

recuired to detect sccuratels the samrle rlugs indected
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“into = éarrierlﬁtream el flow indéqiiéh %ﬁélﬁsié
techniaues,: Betectinﬁlthe endwoiﬂt Qf‘é,fit;aﬁibh;whiia
varsinﬁ-the'flbw fa£e of orne of thé,reéﬁéﬁtﬁ[feauifas.én .'. ‘;"F
intermedizate resronse féte.

The'freauenca ré&pomse of the tbtalvéoquimetef
sustem is’therefore'sAverB imwortant cgaracﬁeristic; e
rumber of filters are eneﬁuhtefed ih th@-aiﬁnai Pfoceﬁﬁiné
electronics thgh.could have & aiﬁﬁificant‘digidrtiné
affect on the'QbServed-outPuto 'Theﬁfinal low'w&sﬁ filter‘
determines_the hisheaﬁ ffemuencﬁbsiﬁnél the colorimeté; can
resrorvd toy or in other,ﬁord51 the ri39~anq fail timé of
the‘outputusiﬁnalé Shouid thsic31’0r‘chémical chahﬁea i
the observatiqn cellvtake lace fsstén théﬁ thié tiﬁey e
colorimeter would #roduce deceétive results. Idéallwf the
colorimeter shouldbréspond in a much 5hortef time reriod
than any chemicasl of whusical changes reauire. Filter
design calculations indicate that the low caes filter 3 db
roint {70 ﬁeréeht of masimum) Oécuré at 20 Hz. Thig h@anﬁ
that 2 reak 50 ms wide would have an amelitude of 70
rercent of a‘mUChlionéef Peakj saw 1 5ecdnd Qideo

Figure 40 illustrates the resronse of tﬁe ¢mlmrimet@ﬁ.
i 8 more rractical mennmer. AM orFseuUe wWire was Set‘UP to
interrust the:detectdf beam_at a rate ﬁf shout & Hz. The
colorimeter resronse was qbﬁ@VQed eVefw‘milligecond éﬁd.

later rlotted. The =lot indiéates that the rise and fall
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times of the totsl s?stemy wire ahd eiéthéhicS?'éfé shout
10 ms. It is im#qrtant:ﬁd»notiée the,sliéhtveverehd¢£
vprodubedvbs.the Fiiiev; thus},it takesvaboutvﬁoﬁms»to
achieve the finai 6utﬁut‘levé1.' ObServaLiéh Qf_tﬁ@ signal
at the outrut ofvtheuirahaimpedanCQ amwiifier’inﬁicates

that the wire movement‘reauiréﬁ aerproximetely 5 m&a.  The

figure shows that the resronse rate of the total

to

colorimeter is more than zdecuate for digitizstion rates of
10 roints rer second or morers

which exprerience has shown

he adecuate under most of the situstions which are

snticirated. Rarelw will the maximum voltade excursionss

corresronding to mo light and

in sractice,., The Figure zlso

filter ademuatels,filterﬁ”put

maximgm lights be encountered
shows that the low rass

8ll noise due to the chosring

rrocess.  DOnce the signal rlatesu is reacheds sidgrsl.

varistions are rarelw more tham 1 bity the minimum error

realizable by the digitizstion rrocess.

3, Colorimeter FPerformance

The sismal at the outwuﬁvof each chaﬁﬁel

'\

of the

colorimeter is srorortional to the light transmitted

throughkthe redction-obhservation tube.

To obtsin &8 signal

directly rrorortional to the concerntration of the srecies

in the tubesr the abéorbaﬁée will need,tb‘bé calculatéd via

Fauation 3.

ARS = log I, / I

(3



‘IO is the lizght inteﬁsitu? or COlofimeterrrééﬁmﬁSey=with-é
blank in tﬁé béamf;'l is the resronse with the sém%ie in
the beam. “The comruter imelementation of-thiﬁ eGQ5ti0n'i5-
‘rather time consuminsvb@Causé the ratia'IO /‘I i5.uéua11s
orly slishtly éfeater than 12‘reguiring'ﬁhévﬁﬁe‘of,ﬁimﬁ
bohﬁﬁming integer to'floéﬁing Point'canverﬁioﬁﬁ s
floatinékarithmetico The floating Poiht l0ﬁéTithmi¢
function reauibéé ar orﬁer ofbmagniiud@’mbré £ime th&h a8
diviéionyvregultins’ihbexecution times of 20 to 50 |
milliseconds on 3h LSI"il with«FIS;_Paritoé long to be
rractical in 3 real time ssgtem Qith mﬁltiwla detectors amd
pbéervation interyaig of 100 ms},\ |
Because the colorimeter is single bééﬁ'iﬁﬁﬁfﬂﬁ@ﬁtib

IVOOr blard vélues'wiil‘héve to be obtained and stored for
use during the asctual measLUrenent Prdcess, JIF 5 fast
»integéf logarithm sldorithm CmuldAbe d@viaed}‘it_ubuld e
reasonable to immediastelw calculate the idﬁérithm'mf I amd
Io_values and iheh rerform the division bg subtraction of
intedersy & relativelw fast”o#eratioh} There wmqld~be o
,need:fOV fioatingbﬁoint owét&tioﬁﬁ hecasussa ﬁmall‘fractimnﬁ
:uoﬁld rot be-encount@réd{ Eauatior 4 iﬁdiéatéﬁ tLhe
'cwerationsvnoQ required. |

MBS = los I - los I o RRNTY
A 12 bit snalos to disital cohverter'ia_uﬁéd to

diditize the colorimeter outruti thusy the lodarithm



‘alSofithm'wi11 h%9e'aﬁ~ihﬁyt‘f8n§e oP:Q:£b 40?ﬁ§,:OﬁE'iAWui”
urit corfeswaﬁds=£of§f00611§ tﬁérafdréy théf&ysmriiﬁm1

- should Providelat;leaﬁtV?oUr anq éfef@rébiﬁ{fi&é 
significant outFUt digit5fJ deth@r;inQéStiséﬂiohﬁihﬁicatéSf
that baéevz 1ogarithms‘aféﬂe9alﬁé£ed mogﬁ‘afficiéhils bw,‘

S pinarw cdmﬁutév$¢ afté§ whiéh,a‘§imﬁle ﬁgi£i§ii¢§ﬁiéﬁ:will*
caleulate the desired hase i»»(‘)".bl;o's.‘,éri“thﬁ‘-@f._: Inf‘sct
?ollowiﬁ3 the exé@fie of‘Fofthi,i£*i§a?Qséihlefipvﬁerform”
all internal Qperaﬁioﬁs ih.basé”ﬁéicon?éﬁfihﬁitﬁibégéﬁlél'
onlsvuhenvqﬁtput resorts are remﬁiﬁéd;‘*Tﬁisf?rééé&ufe
minimizes gnneceésargfb#gfationéQ:énhénéihﬁfﬁﬁeitﬁfégﬁﬁﬁutxu
of the ssatemjcoﬁsidérah13¢ |

Most 10$$fithm élﬁoritﬁM&\eQélQéié’afﬁfuﬁcated or
modi?ieﬁ,Tle§r ée§ia5 to ﬁerform;ih@ir‘trénéféfﬁétibn5. 
This often'réauif?a seQefal mdltiplieation%’aﬁd‘divigichér
and is excesaiveis timé COnsu@ihg;x‘The f&ﬁtégﬁ ﬁéthﬁd'

‘would be bbfaimiﬁé-the.log valQe‘Fwﬁm Q‘t351e of‘4Q9$

Centriess using exaétls thé same"ﬁrocedﬁre ééiiéﬁddﬁe}

cmanualle Qithfloéaritﬁm tabhles, 'Unfortunat@fgélthié"
reauires an éxceééive amount of mémoryi?éfﬂthé‘lﬁ@kUéA

Ctabler meking the method @mwracticai. o

The algbritﬁm inouse nérmaligéﬁ ih@—iﬁ#ﬁ£‘§a}gev
discards the most sigrificant bhity which 1"8114_;3:3 1y and
ugeé the nekt 8 bits a5 an index dinto ajgéé Qord'tébleé.

Thebleéét sidnficant 3 bits are thern used to intérwdl&te
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hetweéh tabiejvélug5§ gemaratinﬁia"corr@ction‘ to‘be added
£0 thé mantissa cé1cu1éted'duriné’ndfm&lizétidh}"Thié
algorithm calculatéé;lcgariﬁhms:dfv12 bit inwu£ §aiue$ ,
resultiﬁg iﬁ'output 931&@5 scourate Lo }0143 uhitsliﬁ th@»
Fifth decimal #lace ih shout 300 us. Thisiiglsévarél
orders of maﬁnitﬂdé fést@?“than flo&tinﬁ‘#giht series
evaanfien methodé aﬁd ﬁemuive&'a r@éﬁpﬁ&bieiéﬁé.wofdﬁ of
memory for the ibbkﬁp taglé. é\flmaiiﬁé:diQiéimn‘Qéinﬁ‘tha. 
LSI—il‘FIS ihstruétionlgek,gan‘fe@uire‘ﬁé'ﬁm 232 uﬁ§rthuSyTv“
it 15 8dvantaﬁeou$ téfCalcu1sté the in{éﬁervlogﬁfiihﬁ pf |
the I values as thew are h&tainedy and thé@ subtract the
Freviously caleulated and storgd‘loﬁariﬁﬁﬁéxof IO.“Thisrie 
rarticularly chVEHient since 1, &ugt,bé>cbtaih@ﬁ'bef0fe
conducting the d@termihaiion‘éﬁswaw* ‘

A single beém'C§loriméter mugt,be‘Qafu st8b1e7bec3u$e;,
drift would inyalidatéléalculatiqﬁa made with'Io Qaluég
obtairned before a’éiéni?icaht amount of driﬁﬁboc&uréd»'-fﬁé;
colorimeter étaﬁilitsxwés.evaigated'bsvétoriﬁﬁ‘r?adgnggl
consisting of the‘averaﬁe,of 512 cmh§étéiqn$ at é i06~Hz»
rate over s P@riod d? an’hour} Each'ﬁioféd Q&lue
Vepregenta é,tiﬁe{@eriod of Slightls morélihanbfiQ@
seconds. . Table X rewdrts_the‘aﬁeraﬁéQ }anﬁev.étandatd
deviatioﬁy aﬁd relative stendard deviatiqm of theée}hdﬁr
.10n3 runs for eaéh charmel of the.colorimetere ﬁ'hiath

consisting of distilled waterr and two concentrations of
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Tanle ¥: Colorimeter Stability Studies
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- KMrD4 were used in.thefQQéldétihn; A ﬁr@énjliﬁht;@mittihﬁé’
diode with a 20 nm bandwidth at 565 nm was ‘-.J'mf.j 85 the
SOUTCE ., | |

It can,ﬁeiséén,thétlihe fanﬁa of,Valuéé_oyep~the~bﬁe
hour reriods répofted invhundrédthg_of a miiiiéﬁsdfﬁanbé. 
units are tusicslly below 50. Tﬁi$'c6rr@sﬁohﬁé;tb5é'ehaﬁée'
in concentratidn of 5 uM KMn04¢’bTh@'ugefulvraﬁS§tq% this
colorimeter f‘orl“(?’inb# is 10 to 500 uMb there'f‘oréy;..v‘._fﬁ‘r‘i'f‘t is
at or below_theihoiae 1ével for‘éhamneia.3 £Q 7l  THé |
1araefwé%ift observed for chanﬁelﬁ 0 to Q«isbﬁfébabiwvdae
to the incfeased gain>r@muired:in these cbaﬁnélgfaﬁdi
operatioﬁ outside'qf th@ir'optimum'controlvrahge' “éfter
addu&tments‘for sﬁbseaueﬁt‘exwa%imehtsy’thiﬁ ﬁfift.yéé
considerably reduﬁeﬁ. | |

A considerable Qari&tioh in resronse is’dbéé}ved
hetweenvindividuél colorimeters, This ig'wfmhéblw}ﬁué‘to
variationalin constru&tion and varistions ih'the aiameiéf
of the reactionfobservatign‘tUbe.. This Préblem{iéféésilw
solved by rroviding individual‘calibrafion.féptdﬁﬁifbr @aeh
colorimeter. It wasﬂfﬁﬂnd'that the calibrétiéﬁ cufvé
intercewts are raﬁelQ éreater-thaﬁ ,ilo.hundvedﬁhﬁTof,&
milliabagrbance urits mearly 31 order of magnitude smallgv'
than the»drift or noise levels ihuaywthehinterc@ﬁt maw bhe

ignored.

W

Another imrortant colorimeter characteristic 4
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shotometric lineavity. FiﬁQre 41 shOQS‘a'thiCél
calibrationlcﬁryeﬁfor orne of the;bqlorimetera with'@iﬁht
different conCentration?fof Kﬁnﬂ4,_fThé CQﬁfeléiionv
coefficiernt of 0.9998 indiéates é‘Qeru.gmmd‘cdrneﬁpﬁnd@nce .
between readent cnncentratidn:and‘colorimeter fé5?onse.ovar
3 range qf'o to BQO‘UM Kﬁﬁ04; bereater‘ebhbentfatibh$ ﬁ@éihv”*
to show increasiﬁﬁ néﬁative devistions from B@Qr7éiLaw¢
indicating that intra-moleculsr interactiongiéhd étféu;
light effects are bhecoming significant.

The colorimeter hesds are conﬁtchted,mffbiacgfﬁ
rlastic and the LED éource~is'chopped and guﬁchroﬁouﬁlu 
demodulsteds thuss theiprégenée or abéénce of ambienﬁ light
makes no detebtable:ehenge in the»co;orimetefyoﬁﬁﬁut' |
signal. The only source of straw lightpigince thé»LEB
souhces afe rnearly monbchraméti&; is light which még traQQI
throuéh‘the glass walls of the reactionwmhgeryatioﬁ‘tuﬁe
rather thsnm straisht throush the sbsorbing seecies in the
center of?the tube. Even this arrears to mské-nb'
difference when a 10 to 500 uM concentration rahﬁafgf_ﬁﬁhbﬁ
is b@ing uéedo, Inm facty this is 2 dgood linear range for
KMn04 in asnwg ssecﬁrometef,

Eomrarison of the qweration of‘thevﬁEH colorimeter
with’modgrate cost siﬁgle'and dual beam srectrorhotometers
indicates that the LEﬁ coioriméter‘iﬁ'nearlu eausl or

surarior in noises drifty and linearitw. Naturallwr it has
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g limited waveianath'ﬁelection’and fined bandrass. ITts 1

mm =ath lensth cell results im & significant decrease in

csensitivity when comrared to longer rath lengths.
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T. Datélﬁcmuisitionﬁand'Procesging Swstem

Softuare and hérduare are subdect to eQeﬁ mor@‘
Ssnersiéiic'effectﬁ'than‘wreviouaiu diﬁ&USﬁéd for the
relationshir of electronics and chemistrw. vIncr@asinﬁlsy
software is becdminS’one of theﬁmmr@ aexrensive Paftﬁ mf Briw
imnstrumentation Prddect (277, Thefefmre} it is wverw
imrortant té sélectvharduarevand software sustems which
3llow éass and cpnvehieht dévelﬁwmento Tﬁ@ SQFtware'shmﬁlq
aid the user rather th?ﬁ‘COﬁtihUOU$iQ fémuirinﬁ him - to
circumvent its limitationss as often occurs wh@h
‘traditionsllsmftwafevconstructs are usedo In rarticulars
the aresa of real time Prdgrémming has been #OOflﬁ ﬁefvéd By
most existing high level landuassges snd orerating sustemsy
which were rezlly desidgned with the =Hoal of'wrovidihs'batch
twre mathematical carabilities like'thoée available in
larde compuiins sustems. Our exrerience with several
-com%uters and sbftwarevsustemﬁ hss showngthat Bﬁﬁ@mbIQ
landgusge methods must be used whensver one’s a#wlieétion_iﬁ
not exzctly anticirated by the suthors df'évailablé
softwarevﬁsstema. Thig situstior is umfortunste b@ﬁaﬂ%@,ﬁﬁi”
assemble lanﬂuagebprograh reauires a8t lesst Tive times thé
effort to develor as does & similar Frodgram in. a8 hishér
level lansguades sssuming the higher level 1aﬁ$uagekig

carable of rerforming the Job. Thereforer a mixture of
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nisgh 1evei énd;355embl3;13nguage_cﬁnstructg uillﬁleéﬁkto
the o#tiMum‘reéuliﬁwhiCh ié,Prdviﬁihﬁ.aahiéh,Guélitu:
sbftwafE'ﬁuatem whigh'dbég_itﬁ'intended‘doh ih-a,mihiMum
amouni of time. |
1, Forth PPQSramminé éusiem

‘Theée Probiems weré~reé0$nix@d'bs Charleﬁ ﬁdﬁr@ at
tine Nationsl Radio Astrdﬁams Qb$efvator3 in Green'B&nkp
West Virdginia in ihe early 1970’% (287, H@'dEVelbﬁed &
Programhinﬁ ggstem’whiéh he éalled Fortns b@cauﬁe'he
considered it a fbﬁrth ﬁeﬁération langusse, Machiﬁe
languadge is considered the first éeneratiqh§vésﬁemblm
languade the secondy'and,FORTRANv BASICy and\PASCﬁL‘are
rerresentatives of third generatidn:laﬁﬁuaﬁeﬁy"Forth'iﬁ
different from traditional languages snd o#eréiinﬁ guatems
because it cmmbinesktﬁé functédns of both arianﬁuaée ari
oreratingd sustem into & sinsle construct. This srrroach is
remarkabls terse bECBUﬁé‘it mirmimizes dﬁﬁlicatimthf
instruction seeuences vis its bacﬁ~1inkéd dictiohars»
structure. BResic orerations are reentranﬁls P?Oﬂ?éﬁhed ard
loaded intb memory onces after which thew are évaiiahlé for
use -bw other operatoré whichbare sequences of these basic
orerations. These orerstors maw be viewed as subroutines
‘whose arduments are rassed to easch other on. s Farameter
Stéck. ﬁoét Fortﬁvuordgyvor o&aratorﬁy’aci LIF 0 vélueg

obtained from the rarameter stacky leaving the result on



the stack §1s0.-vThi$ stack structﬁre 8110N$>thé>ﬁéé.0f
woat*fix,of‘r@verﬁebpdlish hotétidﬁ§“1ik@ tﬁatlof"
. Hew1ett~Packard:calcuiatoray‘rathéh tﬁan the‘ihfia?ndtatimh’
of traditional 1an§uéﬁés..'Ihfi%ihotéﬁiﬁh iﬁ difficﬁlt to
rarse into machine egecutabie'?prm, th”é remuiriné.
‘extensive proéramsvfor the coﬁveraiqnb“ “

The most imsortant festure of Forth is its
‘éxtendabilituy iesr new words bfldﬁefatdré’can'ﬁévﬁ$dé (¥
combining Previous13 existin3 0ﬁe$; Thegprmgramher'ié rat,
limited to canstructévﬁuépliedvhw”é Qeﬁ@ofv.buticsﬁ.devélow'
'his owh wnich are more‘usefui infhis aéﬁliEaﬁidhk.’Quéntum. 
mechanicians 5ho@1d:récoﬁni:e this‘feature as'oﬁéfﬁhich
allowa‘considerablefs;mplification of cﬁmﬁlam math@maﬁiéal
expre;éﬁdﬁs_ihto a seaquence of évf@w cohsténtﬁ and:37»'
oPeratcfs. v | | |

Examinihg the.structﬁre of 3 FortH uord'mofe ¢10§@lu
zllows one t0 underﬁtaHd hmw:aséembis and hisher level
conStchté mas,bé*easils mixgd to ;chi@ve thimﬁm éﬁgsram
throughrut and déyelo#mant effort°~‘Hi§h IQVQIEFﬁrth‘wmrdé'
-are~ca11ed colon definiiidméibecauSQ @hes 5tartvwitﬁ,avi,
Eaéh‘colon definitioﬁ'contains an initial idehﬁifgiﬁé field
vwhiéh:contains the first seversl 1étters of thé'word}s 
ﬁame« A'back~1iﬁk roints to the;éﬁe?imusldefinitibh ih:%ﬁ@
dictionaru'allouinﬁ dictionarw searches Lo ghartvwith the

last definition emtered and Froceed throush the dictionar3




until the word is fQUﬁd‘OP the énd of the dictidnarw’is-
 encountereds which results in sﬁ-errofe This rrocedure
causes only the last definition of 2 word to be fo&ndy
‘allowing 8 word £obbe redefined.  These ré&efiniﬁidns ma3v
Cocour during develorment and debugging‘of the word)é»
functi6n§ or when additional festures asre beindg added io
the word’s oreration without changing the wordfs rame .,

The next mador field in 3 colon definition isialliét_
of the addresses of #revidusls'defined Wwords which;make LI
the function of the word, The execqtionvof 3 célén
definition‘eonsists of executihﬁ;thé instructimnsvat each
of the adﬁresseé makind us definition; and returning to thé
definitiqﬁ £o firnd the;addeSQ of tﬁe g iﬁstruciionﬁ.
The addresses maé Poiﬁt io”other cqlbn définitiohsy which
then Peffarm similar orerationss or to code‘defihitiohﬁ
ghich coniaih actpal machinebinstructions rathér than é
list of addresses. quoﬁ definitionsbére ideﬁtifigd bQ a
sreciel construct in their rarameter fields théh:ihdicates
that = list of addfesses‘rather thanmeChine.insﬁrueticns
follow. | | |

Code dafinitions are the most wrimaiive OPeratdré of
the»ﬁarth sustémv and 3ctuslly execute the'machine‘
instructions which‘Perform the fumctions of the Forth
words. Code definitions have identificatibn grd. bacl link

fields similar to colon defimitiomsy but contain only
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machinevingtrumtioms{in their Parameter‘fi@ldé»
The,comwiiétipﬁ_ér sesembling of colon and}ééde

‘definitions maw occur st any timé in. e Forthfsuﬁteﬁy'iﬁ
contrast»to‘traditiéhSI orerating sss%ems wﬁibh reinfev
lensthy editinsy‘coméilingy linkings and losding ﬁﬁéwﬁa Im
this asrect Forth ig Simiiar to KASIC, Herveryva Fotth‘ |
word is Comwi19§ Qh13 onces ﬁot intér#rgteﬁ evérg.timebit
is executeds givihg Forth a3 diﬁtinct $Peeﬁlédvantage;
Turnaround timeﬂdufiﬁ§ debuﬁﬁiné iQ;BISO redué@d tbfa
matter of éeCthslto‘minut@ai rathéf.thah tens of mirutes.
as in mahg orersting syste@ss allowing the Frogrammer to
generaste much &ore working code in’the éém@‘émQUﬁtlof‘time;

’ é-real time tomwutér'asstem is mftén required to kear
track dfjseVQral relatively independenﬁ oweratiwnsiat the
same time., 'Interaction bétween'these.operaﬁioné vare from
none to fairlg involved timinﬁ BERAUSNCES » ‘To service’théﬁe‘
operafidné.Pfopérlsy modular sqftwaré'to cohwlemént the
31rea&u‘availab1é7modular;hardware of comﬁuter sggtem%fis‘
‘heedede Dﬁé apprqachiis to d@dicateblogié or indi?idual»
'microprocessora to eaehltaske “This is inef?icieﬁttsimce

. / ' . .

marny of the téﬁksﬂdé‘ho£~hemuire the Powér availabl@ i @
serarate Procesgofo.'Forth has solved ﬁﬁié rroblem bw
2llowing multirle tasks to exist in QOorQQ EéChlféﬁk has
3 vocabulary df words which arejspecific to ité‘apélicgtion

as well as & link to the bssic Forth vocabularw. This
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alldwé-thé,tésk»to use the fe§QUPees of Fdrih witho@t
duplicatiné the épmmom code and-golon'Qefinitiénéf,thugy
saving a considéréble 8mouht‘of-mémors. Eaéh“t85k is'
ailocated ité_o@h dictionarsy géramétef stacky?reﬁﬁ}n
_staék;'and taék ﬁable areé’ Ualues which are uniaué to'?-
.Particuiér task are kert in its task tabled thus: tasks ﬁég;
HSe Commor: roﬁtines.without having tolﬁave‘vaiueﬁ,from

other tashks.

The»cqmputer*5 ti&@ is allacated to_taska o a“roﬁhd  
robin PrioritB échem@. Ezch taék maiﬁtéiné équinter to |
the next task ir the loor. When a8 task releases the
computer due tobthe need to wait for an iﬁwut/éﬁtwut
.oweratioﬁ‘or execuﬁioﬁ of & word which feleasegiihe
comruters tﬁe sﬁétus of the mnext task is exaﬁihédo‘ If.the f
task’s Status ihdicaies it is readw For ;xecutimny sevefal
redisters are féstored,and execution of thet task Pﬁbbéedséjl
Vvathe task is not reardyy Lhe neut‘oﬁe in the'loow’ig
éxamined@l Aside from’the fact that the Pro3fémmer mugif
rememnber to réleasé thé comﬁutevAPeriOdicslls during a CPU
bound orerations this rrimitive mechanism is very efficient
‘vand:has Proveﬁ.gatisfactOPu over z uid&.hange(of_ |
éituationsg’ | | |

The consequence of ﬁhis structure iélthaivé hgmﬁér;off
tasks méQ'bé Pfééent in ore comruter swsbtem with B}minimum

of interaction between them. Unless the srogrammer uses
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a1l the Bvéilable time‘ofstﬁe #roceﬁsofz éhénSGé'ih £hé 
operatibn»ofuqne_téskvdo rot afféct the oge&aﬁion‘bfrﬁther‘
tashs, Becauge t§§ké;can essily cémmunidétep-
sunéhronizaiion is‘more'eaﬁils»imﬁlémenﬂ@d thar in
traditionsl orersting sustems'wﬁéreithe goél is uéﬁallsi
com?lete”isalaﬂion qf‘tasks from éach bther;,

| Insut/outerut orerations maz he done directly vié>c§de
and colon definitions or throuﬁﬁ the.task-strﬁcﬁuré wher
multisle transfefﬁ aré veéuiféd;_vﬁirectlﬁﬁﬁutféut#u£ i£
nseful when haranre.timin$ is not critical and the'mihimum
.#roéram develbpment time-is neceséaf&»‘,when mﬂltiwlé"
transfers reauiring time for hardware o#ermti0h5“betweeﬁ
them sre shticirstedy it is beét t.o éet'up a tashk tb hardle -
the dwerétian;‘.The fir$t 5tem is to set us the taﬁkftéble”
'values to ﬁoint t0'the ldcaﬁian i memorw t6 Qr fro@vwhicﬁ
the Lranster is to aceurs and s count for the Humb@r;of
tranafers to take rlace. AN interrust éer?ice»routine is
writter ﬁb‘#érform each transfer when the hardwara“deyice
sidrals it is readu bu‘assehtinglits interrupt‘lihe. whén.
the oreration is done» the task’s status is set so that it
is éséin~axabuted when it is,t@étéd in thevfound,PObin
loaor, During ihe transfer times the task is iéﬁor@d
because it is not readwy. This situation is anslodgous to a
#roﬁrammedvsimulation,ofié hardﬁérelﬂifemt Memors:ﬁbceﬁﬁ

(OMA) transferr where registers are loaded with 3 memory
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- address and count of trensfers to be made, The harduare

surervises the transfer:. Just as,the'interruptpgerQiéeg

routine does during the programmed trahsfebw"ﬁ Bﬁﬁf'“

rerirheral interrurts the comsutar wher the trénaf@rvis

comeletes Just as the status of the task going to readu

signals that the next ster in the task’s srogram maw be

carried out. The difference betweer: IMA and non-DMA tashks
is arrarent only in the interrust service routine.
This tashk mechahism'més”élso*be used to*imwlémeht"‘

variable time delaws using a relastivelw simrle fixed reriod -

clock rather than 2 more exrensive real time clock. The

task iz set ur with ¥ cgunt of the numbervof‘fixéd,weriod_”

clock interrurts which should occur to sroduce the_ﬁeaivedv';

interval. When the interrusts have occurred: the tashk

.étatus is set to readu, and tﬁ@vnex high level oreration

is executed. | | |
Forth Will ﬁeSulf in muctr faster proﬁram*deVéldPMEHtv‘

‘which'tfanslétés‘into.reduced cost or increased caéabiiitwg

Forth will recuire minimal memorw and mass storage for

mrogramsi howevers data will reauire the same amount of

storage im anw swstem. Forth will allow the dereration of

orerator interaction routimes which are human orierted -
rather than forcing the orerstor to adart to comeruter s
requirements., Forth will zllow the rrodrsmmer to do slmost

anwthing he could in assembly langusses and do it more
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”efficiehtlue The lanéuaﬁe'wili not need td be7§if§umv@nted
st every Qoiﬁt. | | N |
Forth is available~f0r manslcomputer gwgtémszéﬁd-csn

be written‘for»others in a-mattef-ofjmdnthﬁ‘éo tﬁét
availabilits of‘Férth fnr'é Particulatlﬁwsﬂém ﬁoe§ th
Cinfluence thé'hardwafé'seléétiono"'Inexpeﬁﬁivé;.réiiéﬁlev
well ﬁesigﬁed,hardware is haturallé»deﬁiraﬁle{:vﬁeiativelg
essy intetfacingfor‘the svailablity of baﬁic iﬁtgrf§cas to
thevCOmwut@r_ié nedéasérw to svoid Qrolonﬁed Hafdwéﬁe 
'develoPménts; ‘niﬁitai Equirment Corporéfionfs LSI~-11
‘computef was choéen becausé’it me@ts ali‘thé ab0ve
criteria. Very imrortantlur the LE8I-11 has an Qﬁbeilentv
inﬁtruétién sety résultihﬁ,in»éome of tha'ﬁﬁst e%?itient
‘imnlementafioﬁﬁ of Fdrthg
2, Oeerstor Intersction

With the fécilitiés andvconcepts.of Fbrﬂh”a§éilahley
imeroved éomputérfuwerétor-interaction should bhe
imelementable. TQO levels of dinteraction areicbnc@ivahlef
The highest level-of_int@r3ction r@muirés;the orerstor to
initiabe’éll o#eratimﬁs of theisustem at-thevconsoléTbu
invokinsfthe,prqpef words and suprluying the né@deﬁf
rarameters., Theée‘worﬁsv ﬁescriwtions of'their'fUHctidméy
and hecesséru rarameters are obtained from the sustem’s
’_dwerationvmanual e thé'ﬁser} This lével of intersction

Frraovides the sgreatest versatilitw but reauires considerable
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knowledsa'and‘Qndéréﬁandinﬁiof £5éﬁégétem.53 tﬁé’o§erat6f}:
-_For comrletely automatlc‘owerahlony theso ubﬁd and
Parameterﬁ can he Pomblned 1nto 2 slnﬂle def1n1h10n which
.Per?orms 3 comaletey Preﬁrogrammed.analugia'withoutw,
reauirinsfmultipiefdﬁeratér ehtvies¢

At thisllevél'the orerator mawlseneraté definiéiéné 
wihich ProQide an9'de§rée of interaction des ired. Th® 
comreleter Preprﬁsvammed m0dé isﬂugéfqllwhén an,anaiagiﬁ
method is comﬂléiéléydeveloped¢ 'Durinabihé &e?eio?méﬁt df
the methods howévérv the o#eratpr més'wént‘td:trs'difféfent
rarameters or seauences of dﬁérati§ﬁ$ thusy ihtéféétionlat
3 much more detaii@d level is deéiredo The qﬁerator
rerforming develupmemt work is #hobahlu'muifé famiiiar with
the sustem and would he conéiderabiu irritatéd e Lensthe
seaqences of Peﬁeﬁtrian 5nd thldl‘h nuwgtlon% Utlll-@d ﬁu
most traditionaJvSOftwaretto wrovide the vers étilntu
reauired. Théreférév orerator iﬁitiated aetiong at
multirle levels ofléo#histieationy a3s Jdust deéﬁfibedi are 3 
welcome imFrovement in the state of the art.

Another‘leVel is\noasible for #efﬁdns‘who maslneed‘tq
develor méthodsland change orerational ra rametafh but sre
not intimétels familisr with the uwgtem or do riot wan1 to
srend & lot of time studwing the operatlon manualg Thiﬁ
level can be imelemented bw Frogramming an nxLonnx»D-sérieg

of orerstor PTomPtbr auestions, and opwortuhitiQS-for,the
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operator‘io.aignal the Qﬁa;ﬁt@r-tb_wvoceed?£0 th@ raxt
srerrodrammed ste#»  The§e(PQUtiﬁQ5 caﬁube\VieQéd é$‘anH
intérFréter which OF@PB%G% beﬁgeen,the éomwﬁ#er ahd
orerator, It first determines ihe‘owerétdr’é;wisheﬁ
thrOUgh,a garies of Guestionsy anid then,iméieﬁeﬁtﬁ ﬁhem,bu.
translating them into the warametérs and.ggrdﬁ QF thé |
higher level of interactiéﬁ prévioquﬁ digb“35@3; 'Thqs}fit€ 
is rossible for the orerator tﬁ chﬁbse Lheflévéljofv”" |
interaction reauired bw loading or notrléédinsfﬁheiexﬁra,-V
software which #rqvides the Eromptingllevel'3ft@rvihevbé§icf
sustem is loaded. | B | x

Thizs rromrting level of softugrefiﬁ ﬁQtﬁiﬁﬁieméhtedfl;f
for this insirumeht duse to 1ack éfvtime.anﬁlthé:féét'ﬁh@tA
only exwerienceﬁfﬁersonnal.aré xp@ctédiﬁbbﬁﬁégfhéf
instrument, The ﬁa#u;e of Farth aﬁdgéép@»é%&rc{ééﬁ;ih;
develoring the highlw interactive level of software
indicate that very littlé modificaﬁibh'ofvthe ha$i¢~§3étem'
‘would be reeﬂiréﬁ fo»add the‘ﬁrdmgtihgvleQél{ {Ip is
conceivable that the Prométinﬁ level SthH&féV¢QU1d,éHiﬁt 
in 5e§eral versions to mmre‘closels‘suﬁwls<thé~heed$vof
different‘determinétimnﬁ rerformed witﬁitﬁevﬁame or
-Sliﬁﬁtly modi?ied:hardware cqnfigura%ioﬁﬁo. | | '

AnAautomatéd orerator’s manusl maw be prmvided in'the
form of & Forth documentation dibtimﬁaru. Such &

dictionary contains descristions amd»required’P&ﬁameterS
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for all the udrds;in the ﬁofiware dictionah?‘reﬁident'in .f
the memorw of the comeuter. In‘addifimny,mp@53tiﬁﬁ
pfoceeduréﬁv cQﬁméﬁtSf éautimn$y aﬁd'oﬁher;uaéful |
,informatiénicdulﬂ‘be incluﬁed im the ddeumentaiimﬁx?
dictionars;fbMaintainihﬁAthia dictionaru 0n4linevai£h
commandsiavailahié'to'thefmperator fmfrséavchimé énév
disPlasinﬁbtha éntfies; Providés a faéilit5 §uPérié; h@ithe'“
*HELF®* files of traﬁitioﬁal sqftuar@ ssétémﬁor‘yli |

Orerator intera&tian with thé on*liﬁe;dochmeﬁtéticﬁ
dietionary takes the fﬂllowigéhform. Ehtefiﬁﬁdtbe;abrdb
HELF st the keuboard causes a short dé$c¢iétiqﬁ‘6f the;r
HELF facilitw and,itsiuse to be Printed..iThé'éﬁerﬁtbr maw
‘disrlaw the ccntents of the documentatioﬁ diétipnaps_bg
tering HELF WORD  where WORD is a charéctef55£rih$f
representing'the-néme;of the definition ob;#roceedufe'fof
vwhicﬁ infofmationvis desired.

The software documentatioh in Awéehdixvﬂ wasiﬁtﬁdqce& 
i listing all the entries of the docﬁméhtaﬁiohydiétimnarg_:
for the Multicamponent Continuous Flow.Kineticxﬁﬁélsﬁis‘
imnstrument. Due to the 1ar$e volume Qf'infofhéti@ﬁ ih TLhe
documentation dictionarus it must be stored-oﬁ:léygé‘
caracity mass étorége devices. It is not ﬁrébﬁical £o keeP;
more than a3 verw limited subset of the doeumentstiQn' |
dicti&nars_in memorgy thuss the erinted dictiohafs;

‘requiring manuzal searching of the alshsbetized entriesy is
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8 means ¢f1prp;i§in$ftﬁe fe&uireﬁUihformétibn in ésétéméi
withﬁut ma;s‘aﬁﬁhéﬁe.  The Priﬁtédfdiétipﬁaf5‘iﬁblesﬁ
cbhvénieﬁt7£héﬁJﬁﬁé@qﬁ;liﬁe éggtem énd reqﬁireﬁfréﬁfinﬁihﬁ
wher éhanSEs‘§T §ddihiQhé 3re mader,butiiﬁ an §r§éﬁized%
Qérsatile“méaﬁsﬁé% arqvidins §b@ ihf0rm§tiQh neeﬁeﬁ:faf'
' fo#eratins the instrumeﬁtt | . | -

The form qf‘a;démumént&tion'dictiénafs @ﬁtra.is
vr@lativels‘UHstruqtured'aftéf the Tirst 1inév’whichu
cortains tﬁejnaméigf ﬁhe_entr3y the bioék-ﬁumb@ﬁ whéfe the
sourcevcode fdr;tﬁéVeﬁirQ mas be»foundv“the-vbtabulé%u to
which the entrufbelonééy:éﬁd:a've§3 5hort deécfi#iidn of
fthe entry, Subsémuéh#ilines'Fmr actuai Forth définitiona
should cortain anv‘xamﬁle(gf ﬁhe defini@ion’é?ugé anaré
udesefiptian of its function'and'pérameteré. .cher\twmeﬁréf
:entvies mau.taka’anu’fdrm‘sftérith@ fifst‘iiﬁééf |

Thiérfree'fﬁrmatféplowé,the inclugiﬁn Qf
documentation.dictipﬁars Entfie$ which ﬁrdviBé;3eneval
}infdrmaﬁiony direéﬁ.th@ orerator to qthév‘éﬁﬁfﬁés~$upplaih$“
.additional'inférﬁationr ér“identifw'érr&ré:éﬁd §yﬁ$éét
diaﬁnosticbpraceédﬁreé{"The usefulﬁésévo? ﬁﬁe.ﬁ?f
documertation diciiénérss?be i£ dﬁF1inegof>éniﬁﬁ@&z ia
determined by the c§n£ént$‘of itsiénﬁrieé.shdgtﬁé'ébiliﬁg
of.the swétem deﬁighef‘to'#rovide;congiﬁei éléar»
descrirtions and to,ahticipaté.tﬁé user’s needs,

The ?hiloécﬁhs of wroviding several levels of
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software interaction and "HELF" files‘haﬁ;beenédavelgwed

through rersorsl @xwetiencéfwith @ numbéf‘qf éQ té@é_énd
.has.recentlwvb9@n the‘§ubJeét 0f 8 waﬁér hu921e31&§‘K29)é
Who #réwoséd similar’ideaﬁ. | |

| ) rudimentarg,recdrd méneﬁement aQﬁt@ﬁfwaé-,
imwleméhied to aid in organizing andg idéntifuinﬂ_déta
records corressonding to the exrerimental ruﬁﬁ.cohdUCteﬁ
withvthe'instrumento ar owérétorkaasiﬁned‘bun‘number 2rid
the curﬁént cdate and time of daw ére stored in theudata
bufferé alonﬁywith an oweratqr sueelied 40_Qharéétef bufFer
giving ﬁescriptive'information ébaut the:rUny beforév
ﬁtartinﬁ the dsta scauisition. Consemuentlgn &llyfunﬁ'in &
cdgrouwr of similar exreriments are aé%iﬂn@d 5eauéntiéi Puﬁ
rnumbers 2nd data bufferﬁ‘are stored on disk in sému@ﬁtiél
locations. bThesé rQn numbers also COPP@SPdﬁd to the run
numbers recorded in the orerator’s 1Bb0r8tqru'nmt@hbokp
allowiné convenient retreival of the stored dats for = LD
The ture of exreriment determines the other information
stored with the run data.,  All data bﬁfferﬁ irelude the
colorimeter and flowmeter calibration Fémioré.‘ Uthér
information ineludeé reaﬁent-cbncentrationﬁv timing
informationsy coﬁtrol étatﬁﬁ information and adﬁre&meé’of
subsectionslof the data.

This ihfmrmatidm can be used to monitor the

rerformance of the instrument over 2 seriod of time. The
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analusis of atandérd.mat@riala_Perimdicallu‘Qould‘allqw the
eaéu imwlementatioh of =2 Qualitm assurance FTOSTEM .,
Additionsl fields in the data buffer should be sllocated to
wermif the storaé@vof Fost run comments bw the'owerétwr'
about the validitu’offth@‘dataf énti&iﬁéted éo?érhmental
regulations maw reéaquire d&tailéd records on a2ll anélmﬁms
conducteds thusy it maw bavnecéﬁgarw to ﬁubsténﬁiat@ tﬁe
ressons for redecting srecific runs to noﬁwsciéntific
weradnnelo

One of the results of the use of the record
management swustem is that habuléted~exserimental'resultﬁ
maw not exhibit gemueﬁtial IRy numb@f§¢ Thigliﬁ &ﬁpér@ﬁt
in manw of the iables inkthis_work‘ vaimuélwv &
instrumentsl failure reaquires thé redection of the dats for
the run invelved. Such failures includevrQHninﬁ ot of
resgentss leakSy the'inabi1itu Lo mgintain-flow control
over the Pefiod of 38 run anﬁ»daté storade errors. ALl of
these sroblems wefé experienced‘dufing tﬁis st .

ComPuterized-swst@mslallow the rarid generstion of
huge volumes of dsts. It is not =ossible to preﬁént all
the dafa'ih~8'fabm useable b human beingﬁﬁ;thusi
reﬁreﬁentative?&atabmust be gel@Cted fmf.Praﬁ@ntationo
Ariother resson for nonseauentisl run numbers is the need to
tabuléte result$ in 3n order other than the order in whioh

datz wae taken. QOccasiomslly it was desirable to obtsin
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more intermediste dats roints in 2 seaquences or to take
data in 8 random sequence to assure that swstemstic errors

were not beindg observed,



U, ‘IMSTRUMENT FUALUATION
A; Dilution Stability |

Before relisble use of the total imétruﬁ@ﬁt is
Pusaiblmvvan evalustion of the mixing sccurscwe and overasll
Cdnstrument stebility must bhe msde.  The auestions to bhe
angﬁer@d aral 1. Mhaﬁ are Lhe fswical error values to he
exrected when orerating in dilution mode? 2. UWhat is the
oversll stability or exrected wvariation in outrut sisnal
under optimum'conditioﬁa? To answer these questions 3
‘series of dilution runsiof four minutes duration were
conduycted Qith K04 under varwing conditioms to gehefate
the inform&ticﬁ needed to sudgdest the ortimum monditiong
and rerformance charaet&rimti&sy

Imitial results sugdgested that rerformance could be
imeroved by minor changes in the flow control algorithm.
In additiony readdustment of the colorimeter electronics
wis recessary because several chanhalé tad drifled awsw
from the'm#timum range Tor efficient source stsbilizastion.
CThese chensges resulted in sigrnificantly imeroved
rarformance s which is rerorted here,

The baﬁiﬁ‘exwmrim@nﬁ consists of 8 comtinuous Tlow -
dilution of an intensely colored samrle solutiony such as
KMr04y bw & ncn¥ap§orbing resgent.  Various flow rates in
the $&mw1é'and.reaﬁ@ht”ch&nmélﬁ are m&inﬁained hw the flow
COHtPDliiﬁ%,WUTtiOH of the instrument while the detector



rortion records the resronse QF the colorimeters over a
reriod of'ﬁime+ Tﬁ@ resgents and sameles choﬁen'afe sueh
that no chemical réaétimn occursi thuss dilution is the |
.OﬁlH FTOCESS resronsible for anw changes in the observed
outeut earameters. PFrevious ex%erim@nté havéAﬁetQPMinedv
Liaet KHn(4 re&wmﬁds‘linesrlu irm the concentration range Lo
he observed. After careful calibratimh of hotnh the |
flowmeters snd the colorimeters: the observed éolorimet@r
resronse snould reflact the dilution ratio.deﬁermined_bw
the individusl flowvrategq .

Imformation obtained from the 12 runs resarding
iﬁﬁtrumeht stabilite is summarized in Table XI., Flots of
the raw dats ffom the first zeven colorimeters were used to
ganarats an eualuatimﬁ of the totsl sustem’s 5tabilitu'
during the four minute observetion reriod, fhe‘eighth
colorimeter dévelowed exfeﬁaive drift during the tests
thusey it was mot included in the calwulatimné tecause it
could not be calibrated satisfactorilw, Latef electricél
adiustments corrected thié rroblem., The avéfaSe~mf the
relative starndard daviations for the colorimeters is also
rewoft@d.‘ These fidures resresent tﬁe lowest POﬁéible
rnoise levels or error limits which could be ewrected of the
totél instrumental swustem.

Earlier studies hesve indicated that the noise levels

or the relstive standsrd devistiorns of the colorimeter
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‘Table XI. Instrument Stabilitu Evelustion
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‘almne_ié around 0,2 w@ré@nf-at 8 COhé@ﬁt?étiQﬁbbéJﬁoQ ]
Kﬁﬁ04; Atfalmcncentratimn;oflgﬁo'qu"tﬁé vﬁ1&tLve*étéﬁdard
‘deviation is 1@55 Lhan Oﬁs'P@PC@nto R@latiuevﬁ,ahdard
d@viatimﬁﬁ'uf'uw to 2.1 rercent are obaefvadvin:Table XLy
seversl times that uhich wonl o be-émwectéd‘from the
colorimeters alorie. Th@ incr@&ﬁ@ can e éttribﬁteﬁfto
instabhilits in the flow rate of the reaﬁ@ﬁtﬁ:beinﬁ»mixed»
As iﬁ'exwé:tedv the colorimetar response is verw
5mnéitive £u variations in flow rate. Théoréticallgy the
rélative standard deviation of the colmriméter‘éiéhal
should bhe @auél to or less than thé'ﬁum of the relative
standard deviations of the meaﬁﬁf@d flbw rates b@caﬁﬁe the
resronse observed is Pro#driiéﬁal to th@ Tlow raﬁe.ofbthe
sheording srecies divided bw the totsl flow, Under most
conditimnsithe_felative standard deviations of the
colorimeter ressronse (1 second averaging reriods) and the
flbwmet@r réﬁbonﬁe (1élﬁecond sverzging reriods) sre nearlw
aaual . _Conﬁidefinﬁ the shorter sverasing reriod of the
colorimetery significantle larder relative 5tanda}d
deviations might be exrected, The facl that larder
varistions are not ﬁé@ﬁ ihdicateﬁ that th@'flmwmét@r
SIS 4 s PPOC@QQ is where é 1arﬁé Fart of the FTlowmeter
nolese is drnbroduced ard that the sctusl flow rate does not

change raridlaey bt verw slowle as rressures snd licuid

levels ochanse,



Tﬁaﬁé re%uits £u§gé§t théﬂiad&itidhél 8Veragiﬁﬁ Of:
theifiéwm@fer siﬁﬁéifwduldfbewiﬁfmﬁd?fgﬁﬂncebtﬁerndisevbf~”$
tﬁm)ﬁiﬁnal iﬁ céuﬁinﬁrthe'fibQ,£O beiadduéted wh@nfit |
shouldn’t be, This %Qeraéing'sh@ﬁld,ohiu'be/dﬁm@-wﬁén the >
flow réte‘iﬁlﬁear‘the'flwwvgoal to miﬁimixefthe‘tiﬁé
reauired Lo mgke’iérﬁe chanéeﬁ‘iﬁ flow.ratgae Thﬁgi:it.
 a#w@ars as if_tWo'reﬁionaraf cdmtroi'are’needed}'ﬁﬁé First
‘Hwith 1eﬁﬁ‘é9éf3§iﬁﬁ_tm“allow rarid chanﬁgﬁiih flbw*rét@g
and the second with'more éverasihg.ﬁo Pfevaﬁt,aﬁJQstment of
the flow rate whén it'éhdﬁldn’t be.

'Rather”thanréctgallg chanﬁinsith@ganber bf ébints
av&raﬁed} two;paraﬁéte%s'in thalflow cantrbi‘algorithm WeTe.
macie chanﬁ&ﬁle."fhe first rarsmeter reétﬁictﬁ"tﬁ@ fan§@,bF
deviation from thevavefage value in the bdffér which is
Callowed to be entered in the thfero  Redu¢in3 ﬁﬁié f
#arém@t@r reduces tﬁe @Ffé&t.of‘a.flow‘Qéiﬁa”differiﬁé
greatly from the averade on the véiﬁeﬁ'féf’thé,negt 14
gwcmhdg¢ Charaét@riﬁticallué flmum@ter:vaiﬁes greatly
different from thé averagse value are due to roise in the
messuring circuit and often‘awwear.for onlg'mne or two
-meaéubéM@nt'?@riodﬁg'&fter'which'tﬁe &iﬁnélé-ﬁeturh to more
hormal values;

The ﬁecmﬁd waréﬁeter determihés the dewvistion from
the ﬁqal which»céuéeﬁ valve movemert. Increasing this

Cwvalue decreases the movement of the valveys resulting in -



F
in
1

Sluwér 3ddu5tm@ﬁtvof the flmﬁ rate‘ahd ieﬁﬁ 6§ci113tfphs
'ﬁabwuﬁ.thé Flow.ﬁmal“ﬁaiué;:\ﬁn unfmftunété 5ide aff%ct af
'Makins-ﬁhig chanse ié £hat”£he gusﬁ@m’wi117tahd,né9ér1t0
reaéh the flow soal exac@lu¢, Twwi¢éi1ww th@*actQéi f1§w
 i1Vate3wi11 b@ 5li§hﬁlu¢lawér'tﬁaﬁ<thebﬁoalf  Thiﬁlié.nmt
realls 3 qubl@m'ﬁihce thé sotusl fimg réﬁé 88 detefhined*
b the flowmenter is used in 5ubaemueﬁ£“éalculatidn$§
rather than the actuai»flmQ‘ﬁoalanlue.

Satisfactmru flow stenlilitw iﬁ’eu#éfienced Qﬁeh‘the
imeroved flow control algorithm is Qsedy aaimlota of Taw
dats and the felative gtahdard d@viatiah57ii$tedQin Tah1é
XTI $hmu¢1 Mo ﬁiﬁﬁifiﬁ&ht trends are idéﬁﬁifiabiey bther
than theyexwécted fact that lower belativéHatahdérd
.d@viéhidnﬁvar@.obﬁefved as Lhe CQiorim@teh 6ut9u£$ 3%#roach‘
full ﬁcale,' Generalliys colorimeter 5iﬁhéi relative
ﬁiéndardvﬂeviatimné'bf-leﬁs than two wehéent.ar@ |
encountered. Fiﬁur@ 43’$h0wa‘a ~lot of th@ffifst'éeveni
col@rimete}behamnelﬁ (ﬁUW@Pimwméed) f0r’a wériod dF F0uf
ﬁinutaﬁov ) r@lahiv@lu stable cutwﬁt i obsgrvedr.‘it oan
he seen from Figure 43.£hét felaﬁivéia miror Chéhﬁeﬁ in
1o wvmducé cbrr@smonﬁin% éhanﬁ@a.iﬁ th@{haéwﬁhééy
%&rticularlw nesnr the énd of the }uﬁ. |

The asccuracw of the overall instrument can be

-

evalusted by comraring the dilutiorn rredicted bw the ratio

of the messured Tlow ratesy aversded over the observation
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rariady td the regﬁmnﬁe of‘the'coidfimeterﬁo Table XIT
indicateﬁ the-fréétion ijthe Tull %cale“colmfimet@ﬁ.value
which should be exrected onm the basis of the %low gosl
valueé¢ actua1 measpr@d Bricd éveraﬁediflow valuESy:aHd the -
aversge of the asctusl observed values fdr’the first seven
colorimeterss re#mrted.aﬁ a fraction of the full scale.
value,

I many cases the observed colorimeter value is
within twao sﬁandard deviations of the fraction df frall
seale ﬁrﬁdicted'from the messured Plow‘fatQSs 2
ﬁatia*aétérs realt. :Lérﬁer errors are observed as the
"colmrimetar outrut value decreasesy as would be ex%éctedq
EPPOPS of. less thsn two rercent c&m‘be expectéd,und@r

artinum conditions.



Table XIT, Dilution Accurasce Evalustion
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B, Flow .:l:‘;-.,jectim. Analusis

The configurstion of.thi$ inﬁtrument'is vers similar
to that of flow inJ@ctioﬁ'?n&lsgis instrumentastions thuss
itﬁ rerformance under F10w inJebti0n conditions is of
irmterest. A simele flow irniection configurstion Was
aesemiled, cmﬁﬁistihﬁ of & carrier resgent source and flow
Cmntrmlliﬁﬁ element.,. This was followed bhw &
chromatosrarhic sasmrling valve which allowed the irjection
of samele slugs imto the flowing carrier streamy Finailay
tihe reactioﬁ~mbﬁérvation tuber with its sight detectorss
served 8% & coloriméteric detector for flow indection
amalusis.  In this coﬁfiﬁuratimnp only one reasdent stream
e usecd and e miuérvis necessard. Evalustion of the
imstrument’s flow indection Perfofmance Was ddne'with =
nunuﬁbsorhiﬁﬁ buf?ér éolﬁfion as & carrvier, Thé samrle
golution indected into the carrier ﬁtream‘conﬁiﬁt@d‘of the
carrier with varwing concentrations oft KMnd4 zdded. The
coloriméterﬁ emrloged dreen LEDs» emitting radiation at 54635
Fifhi « |

The inatrum@ntal comfiguration is different from
conventionsl flow indection instrumentation in 5everal
WEBHE . Firgty th&':arrier reagent is rrorelled throusgh the
sustem by Fressure ffom dr dinert gas rather then by some

twre of  sume . Althoush many twres of sumes have been used
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successTully for flow in@@mtipn anslusias ohlw sWringe
sumEs erovide comwaréble Pﬁlsaleéa flow‘ ﬁlﬁ@? Preﬁgurizéd
flow is much less exrensive than most aatiﬁfaCtOFu FLHN G
_Pras%urizmd flow ié riot without itse Froblemsy however. The
flow rate is sensitive to ressent reservoir level a2nd
resistance to floﬁ b éompqﬁ@ﬁtg of ﬁhe %ugtéméV It ia
necessary Lo control the flow of the liauids not Just
resgulate the sressure 0f the S35 Ih this‘béﬁwecfv
rositive dissrlacement sumes have the advantadge.

The other mador differenme is inm the detector.  Eight
detectors are evenlw sraced glong the resctior-observation
tube, This sllows the ﬁi%wersion of the samerle #lug to he
studied essilw,.  The current observation tube has an inﬁida
digmeter of 1 mmv_conaid@fablg larder thﬁﬁ‘th@ Oo5.mm whicﬁ ‘
results in the mirnimum amount of disrersion. This is &
COmEromise b@ﬁ@eeﬁ reducing disrersion or coiofimeter
gensitivity by reducing the sbsorstion erath lendgth,.

Exrerience indicates that disrersion is nolt excessive
at th@‘first cblnrim@tarr which is the detector
corresronding to the detector of 8 corventional fldw
inJ@mtiQn sestem.  The effeét mf-diaéerﬁion'durinﬁ tfsnﬁit
of. the tubé iﬁ’iﬁwortant if tﬁg rest of the detectors are
to bhe us@d to follow the srodress of a reaction_taking
elace in the tube. |

The auestions to be snswered are them! 1. What is
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vtﬁ@ affect of diﬁﬁ@fﬁi&ﬁ‘mn'thé raak heiéht} sharay  and
sreat 2. What is the reseonse of the swstem to a ranﬁé of
readgent concentrations and how linear is that regronse?
3. What is the effect of flow rate or reak area? The
Frimary =oint here is the error introduced in Fealk area‘dué
to small changes in flow rate; To answer the#e'muratimnsy
74 runs consisting of an indectidn'af B samele Piuﬁ imto.
‘th@ flowirg ¢arrier stream snd subsecuent dals recording
ware done. Variops flow ratesr semrle loor sizes snd
samele concentrations were us&do

Figures 44 to 46 show the ohsarved reﬁwohsé of the
eight colorimeters to 100 ui indections df 500 uﬁ_ﬂﬁnﬂé at
FTlow rates of 9y by and 3 ml/min. Tt is-clearqthat'
disrersion incresses #s bthe samele slug travels dowﬁ ﬁhe
cobservation tube and as the flow rate ‘r.iec:reafsess. Onlw in
- the last two colorimeters of the 3 ml/min run ddeﬁ‘the
signsl not return_compietelg to baseling i the 40 5ecmnd>>
obhservation time. In all cases the 5iﬁnal eﬁeﬁtualls does
return Lo baseline. It is obvious that increasing
disrersion: due to decressing flow rate orvincreéﬁinﬁ
di%tmhcé‘frmm thevihdecyioh Fointy decresses the reazlk
heiﬁht and increases reak £ai1in3 cmnﬁid@rabls; |

Tatle XIII disslavs the reak ares for each
v:colorimet@r at vgrioug fibw rateso Indections of 100 ul of

FO0 uM KMr04 were used to dgenerate this dats. It is clear
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vx.Table’XIII’_ Feak Arezy 100 ul indections of
' © 500 uM KMnO4 o ' S

Rumd : 47 48 3
Flows ml/min 9 -8
Channel

17.9 18.8 31.1 38.1 51,2 48.6 110.8  91.0
19,6 25.2 33,3 39.1 51,0 74.1 10007 21.4
20,2 20.35 26,7 39.2 44,4 467.7 107,30 P3.8
20.8 22.7 29.9 35.46 46.9 48.4 1025 89,7

20,6 23,8 32.0 34,2 47,0 H4.4 102.4 1.2
23,7 22,9 31.3 38,0 446.7 42,1 103.3 8941
29,1 23.1 28.8 34,2 43,3 Hb6.L1 0 9T.6 922
QI 26,50 3630 FH.3 43,0 6040 106,46 93.7

N Ul G rIe O

Averase  21.4 22,9 31,2 37.1 Ab6.7 bb.4 103.7 91.5
SOV 2,4 2.4 2,9 1.8 3.1 4.4 4.6 1.7
TRSIV T w11 w11 0% W0F 07 .07 .04  .0p



'from.ﬁﬁebtmhi@_thaty aside from fairlw larsge h@léfive
ataﬁdarﬁ d@viatiohﬁy:holcuﬁaiﬁﬁent:tfeﬁdafare Qbééhveda
For 211 Wracticéi er#oseﬁv tihe ér@a‘uhd@r the P@a&bis
eauasl far 511 the colorimeterss even if disrersion varies
greatluy alt = cmnﬁtént flo@»rateq The intesration window
WEs §10$@d hefore the aiﬁﬁal returmned comeletelw to
baselime for several of the final-eolmriMEterﬁlat the imw
flow ratessi howevers no ﬁignificant trendﬁ toward
degr@ésinﬁ area are observed., Ubdder moré gevére tailins
eonditionsy s decrease isg mﬂﬁerved6 thuﬁ;,the érea
cmﬁtain@dvin the extreme trailing rart of the resk is auite
smally as would bhe ex#@cted;

It is also reagonable to exrect ﬂhat émual'areas
would bhe observed under varwing diswarsion Conditiahﬁo, The
ares should be srorortional to.thebammunt of métérial
indected, It should not chandge if & linear detector is
useds everr if the materisl is disrersed in the carrier
stream. Theée amount of materisl sassing the détéctor does

2y

not changer Just the smount of time it tekes for the
meterizl to rass charnges. Obviouslee if the area’&oeﬁ not
changer bhut the fiﬁpersion goesy the realk heisght mast
changes A ﬁt@&dily'decréaﬁinﬁ reak heisght is observed with
incressing dispersion,

A roint of mirnor inmterest is the varistion of reszhk

arez with flow rate. Theoreticsl studies (30) indicate
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that diﬁ#@rsimn ié.iﬁVQrgelg prb#oftiéhal to flow.raté,b Iﬁ»
ha%,h@én aﬁtabliﬁh@ﬂ»that‘éraaviﬁyﬁdt:d@w@hd@nt orr |
vdi%ﬁ@?%imﬁ? but*FiéUfe 47 ﬁhﬁwﬁvthétv_ovef‘the-limited flow 
rate ranﬁ@_of'9 to 3 mi/min; th@fweak’ar@a'ié inverééls
wrmwmrtional to the.fimw rétef Examinins Fi§ure$,44 to 45
it ois a#war@nt‘th§t the samele wlug.gﬁandé mar@ftimébbeinﬁ~
observed Dy theidet@ctor gt lower Tlow ratesy év@h thnuﬁh'
- the Weaﬁ ammlitgq@ of theJPluﬁ ia'not.aﬁvﬁreat,i ﬁn 
intesration method thch'ﬁums #érimﬁicallg‘aéM§léﬁ“ 
amelitudes will obviougls'}eﬁult'iﬁ larger sress if Pe&k:
Camelitude dd@ﬁ rnot decfea&@ Pronmfﬁion&ilu} aﬁ‘itfdmeg hbt
accdrdinﬁ to the Fisures., Assume no diﬁmeréionyyie;v.tﬁe
samele =lug apw@avﬁ H5E 8 eonﬁtémt amplituﬁeunu15@ Qi£h7
share edges.  Ares would then he Siv@ﬁ bu the amwiituﬁe
multisrlied bw tLhe time. ’Tha'areé*umd@r these cmﬂdifionﬁ”
wor Lo bé.invefséls prdwortional'tobthe flow rate because
more Ltime is r@&uired'?dr a3 ﬁémple‘Pluﬁ_bf-a ﬁi?eﬁ size to
rase the d@tectmr?  $0he réductibn iﬁ‘ﬁéisht‘iﬁ?éxﬁefi@hc@d
uriier fldw indection conditionss but it is ohls 2 factor of
about 1/3 under the flow fate range examiméd.“‘The
dmeortant soint tothejoﬁﬁaih@d_frmm thig inveﬁtiéatimn:iﬁ |
that the_&faa ig‘afféctéd by the flbw‘rateé'ﬁhuﬁp cmnstan£
FTlow rates ér@vr@muiréd fmr consistent reﬁﬁlts with this
method¢  |

Tehle XIV rerorts reak sress determined under 2
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Table XIV. . Fesk Areasy 100 ul indections into s
2 ml/min carrier stresm ’

Rurd &L &3 &4 &5 &b &7 &8 69 - A1 y-1¢]
Conc.,s» uM Q SO 100 200 300 400 [0 400 1000 2000
Channel : '
3.0 7.5°17,3 258 32.2 45,2 58,5 92,4 178.,9
4.0 10.7 15.7 29,4 30.1 45,5 35,7 92.1 172.7
4,3 2,2 17.3 26.3 29,1 41.1 2.4 95,7 183.6
.2 7.7 192.4 26.1 30,1 47.2 §7.2 93:3 181.0

Tl b4 19,6 26,0 30.,3-46.4 5B.3 99.2 187.3
S.20 8,2 19,5 27,5 31,2 46.7 54.2 98,6 190.8
Bel b4 13,4 25.0 29,4 42.7 577 104.3 196.9
el P4 13,2 28,0 32,7 47.8 57.2 103.8 194.4
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ceonstant flow rate of 2 wl/min amd(lOO tl indéctiﬁﬁé’of
Qarwinglconcentrétioﬁa‘QT KMn04y'reW0Pt@dAin uﬁf Againe in
the concentration range of 0 to 600 uM RMnOAy no clesr
trends are aresrent. At coﬁcentratfunﬁ abové éOO'qu wﬁere
‘diﬁ%@fﬁimn does not reduce the observed mdﬁcentration af
the samsle ﬁluﬁ to-values below 600 uMy i£ arresTs that
n@%ahiV@,d@viatian$ Frdh linearits result ih glightly low
Brea,valumﬁ‘for the first few colorimeters.

Comnsiderable variatimﬁ ié Qﬁserved betwéen'
colorimeter charmnelsy as ih Teble XIIL. At concent rations
grester than 1Q0‘uﬁv the relstive standard devistion is
less tharn 20 rercenty declining to sbout 5 makbenﬁ at 300
M e ahove . Thereforer the ortimum Coﬁc@ntrétion range
:Fdr‘thié-monfiﬁuration is 300 to 400 uMy with the rense of
100 to 1000 heind usabie. #igure 48 shows that reshk areé
exhibité very dgood linesritw with concentrations even over

the owtended ranﬁ@ of 0 to 2000 uM.
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c,-wﬁlog,Iraeétioh,with-a,meaction

Mf’;’h‘-? of the mo v".'bte.* useful Flow I rdection ‘.11'!";‘?"(‘/??1‘(1:?»‘3355 _mix &
réaﬁ@mt with £hé1c&rviér'ﬁtream;containinéfﬂhe 5&&91@‘%1U$9
‘allmwinﬁ:a rezction to ocoury 5efpr@ thevdeﬂector;iﬁ
’r@ach@d¢"XN_thi$ mannery various chemical-reactidnﬁ:can
Coccurs resulting in the asresrance of diﬁaﬁpwaféﬁcevgf
églor which can be meaﬁur@dvcdhveﬁientlw'bsva sim#le
cmlorimet@r; The Multicomeonent Continudﬁﬁ FléQ.Kihetic.
Imstrumert is easilw cornfigured tmkwerfmrm'deﬁéfminatiONé'
of this twure.

Onme of the chemical swstems chosen Foryevaluation of
this wmode of oweratioh is;the §$me one thast was used for
the midsing @f?ici@hcw avaluatimny the neutralixéﬁioh of
NaOH bQ'Hﬁl. Methwl RedAindicator is added to the base
Wi ot ig indected into évearrier‘ﬁtr93M'conﬁistin$;0? E:
neutrsl ouffer of NeCl, The %émPlEvPIUﬁy'Of bée@ aric
irdicastore in thE':érrief‘ﬁtfeam reacts with & slight
excess of aold in th@'mixef arie th@n flows down the
mhﬁervatimnffeaction tutes . The red form i M@ihwl Red
carrears in the mixer when the solution becomes ﬁliéhtlw
goidic.  The aréé under the realsy d@técted by bhe .
colorimetery can bhe used Lo ﬁreﬁare a'Calibfétimn curve to
gllow determination of variouaycohcentratimnﬁ of the

dindicators The base must be comeletelw reutralized bw the
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aoid before therreq eolorigéﬁGsﬁhéaf. BecaUaé»0f thé '
winary nature m?»iﬁdib&tmr%i the éctuél cmneentrahiong of
base snd acid have no éffeet 3% long as ﬁhe acid‘ié i
BHOOGE s

Table Xu'indicéfeé the wéa& ares observed when’lOqul
indections of base snd indicstor are made,ih 8 6 ml{mih'
neutral carrier §tream which is 5ub$eauentiu migédiwith a.éil
7m1/min acid stream. vSélecied TUNG érevrawqrted ffmh.thé  |
total of 34 conductedvat variau$'r@laﬁive‘éﬁncéﬁfratimﬁz of
Methul Red iﬁdicator im»baﬁet‘ ﬁg-in»Tahla'kIQy'wh@re o
r@action_oééurr@dvvno aignificaht‘trendsiih the»aféa is
pihserved. | |

Trends in tﬁe relative gt&ndard»dQQiation of the #@ékv
areas of a Partiéular rurn corresrond to those of Table XTIV
Cwith co&#arable vélu@54 'Ii'is.élééh'tﬁét-low-relative
concenﬁratimns result in higher dewistions mr,ﬁreétér moise
in the obﬁerved,éreaﬁy as wmulﬁ"be.@xmect@d« Escamining rQn.
Lo run ﬁtétiﬁt#c§ comeiled in fhe laﬁt a@yéfél‘lineﬁbnf the
Tables it is awwarent.thBt‘th@ relétive;étgnﬁard deviations
Qf the average reak sress for the 4 to 7 buna‘&ade st eawﬁ
.relative,coneﬁntfétiun'ave*béﬁiﬁninﬁvfﬁﬂaﬁpro§mh valﬁeﬁ'of
one sercent at thé hiﬁherlabheeﬁtrations. vRelati#é
standard deviations of 1@$s thén one sercent are tgwicél of
gooct flou'iﬁJéction an$1usiﬁ‘ﬁgatemﬁ.

These results indicate that the instrument is carable
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Tanle XV.  Fezsk Areay 100 wl indections of indicator.
imto 2 6 ml/Zmin carrier stream with 2
subseauent resction : '

R R 23 21 b 30 32
Rel. Cormecs - +111 +167 + 333 667 1.000
Charnel ‘ : :

&) 1674 2851 . 4654 B&I7 . 13023

1 1671 2559 5052 8BG846 13503

2 1618 2685 4858 8371 12775

3 : 1583 2810 4694 . B740 134466

4 1444 2420 3096 - 84095 12813

5 14615 2168 4870 2551 12859

é 1399 255 4640 8558 13374 ,

7 ' 1467 2630 4647 8401 12878
Averadge 1567 2584 4809 85464 L3090
sV 114 219 177 171 310
Rany 073 085 L0370 020 024
Averadge of asversdHe aress : :

1622 2406 4885 8453 13160

RSV of averade areas ’ ‘ - -

. +053 « 047 w038 Q16 +005
Averade of channel O reak heidghts

176 258 G525 877 1349
RSOV of channel 0 rezk heights : :
. 086 4039 049 026 008



of sood flow indection aﬁalwsis ﬁ#ération infthe hiéher
cohcemtratibn sortion of the t@ﬁh‘féﬁﬁéou Théﬁev
concenﬁration% Bre Probablg_hiéher than:ﬁné WOUid:PUUtiﬁélﬁb
encouhterﬁvtﬁuéy é,redQctihn”in coloriMeter nqiée*or.ah
‘increéﬁe.in colofimeterrsensitiVitw is deairable».*Thia
:Pfoblem'ig nat‘unexﬁect@d’becadge the Colo%imetéf“Eéth
:lenﬁth is dha tenth that of most inmtrum@ntse

Orne of the fin31 1ines angah1e Xy liéts the»a#era$e
roak amerlitude of chénnel ) at'the variaﬁ§_$elativé:
concentrations. :Thefcbiorimetér qég calihra£éd'Qitﬁ:blank
,vbf Id vaiues obtsined when nanmgbsmrbins materiasl was iﬁ

the tube. Fuil.écales Qr-valueﬁ of 10099vweré:0htainedv
wheﬁ aléolutimh 6? felati?e cmn&entr&tibn mf »33$‘(§;5 el
:Methul Red stock in 100 ml 0.1 M NaOH) was neutralized bw &
' ver8 élight excess‘of acid. Siﬁnificamt disPérSi0ﬁLhaé nét‘
wat occurred st cdlohimet@r 0 because a éeak am#litﬁﬁe of
929 is mbﬁ@rvedo A'Qaluekbf 560'15 exrected bébaﬂse’the
"baée»haﬁ bheen diluted 1:1 bw the reaction with 3n-eGua1>
:flow of ascid in the.mixere |

Fiﬁure 49 ﬁﬁowglthe Calibﬂation‘:ufvefpreFared‘from
the weak'areaﬁlin‘fshié XQ¢ The average Qf_ﬁh@ avetaée
#éak ar@ag'ér@'wiéﬁtediva«'felativ@.cdhéankratiqhw A soqq
'1inear‘re§pmnge is obtaingﬁg Wi th th@vwo@ni at ,667 bheing
ébbut arie atahdafd déviatién low ahd bﬁé 9QinL:6tv¢333;'bne ‘

standard deviation hidgh.
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Fiﬁure 30 shows the Weak'ﬁmﬁlitude‘réﬁﬁmﬁﬁe_df
colorimeter O mlotted ve. relétive concentration;  Good
1im@aritM'i§/expefi@ncéd‘at‘law relative?canéentrations,
This maw be due to the fact that the 111 aﬁd 167
5olgtimn$ We re wre#&red‘hu dilutiom from the';333>501utienv
whiia £h9 +&67 ahﬁ'l;OOO-ﬁolutiong Were 5e#arate‘
Pr@#aration§+ |

A more interesting swstem is the'reacﬁion‘uf KMri4
CwWith F@(am)}+. The flow inJection characteﬁistiCﬁ of KMnO4
:uithout a2 resction have been investigated in the rrevious
sectidn. Table VIII of the mixer section shdwa that this
reaction results in sood miwing at flow rétéﬁ greater than
S omll i aﬁd'thaﬁ the relative étandard ﬁeviﬁtidnﬁ'of the
‘colorimeter values are leéﬁ than two-%ércéhte Iﬁ Contraét
to the acid—baﬁe'indicétorvésgﬁemy 8'dontihubu$cfegwmns@ isv
obhtained. The obhserved resronse to KMn04 at 569 ﬁﬁ»ﬁhould
he dimihiﬁhedvin'wrowortign to the concentration of
F@(am)+f reacting with thé KMr04 samele srlud st the mixer.

In wracticeQ @ 2.9 mM solution of Fe(Il) in =zcid
combirnes wiﬁh thé carrier streams consistins Qf the buffer
golutiph without Feyr at the‘migerf 100 ul.indectiohg of
VEPLOUS cmncentratidnﬁ.of KMr04 in'thé sama buffer solution
are made by the 53mwlinﬁ_val¢e in the carrier shresm.

According to s conventional titratiorn: 1.20 ml of

F@(am)++ isvr@muired to reugtralize 1:.00 ml of SOOfuM‘KMn04¢
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 Therefores the Felae)++ is esuivalent to 263 uM KMnO4.

both-ch$mn@1ﬁv:tﬁe Fe(éd)+} :

With @l f10w fétés7?0r
rméﬁ&nﬁ-gtream_yillibé‘dilhtedjbg_the,carrier stﬁeamQ
‘ragultiﬁﬁvin:&llﬁé QEmv,Feﬁaé)f+ concantfationvihbthe
mixer, Likéwi$e§ thé Nﬁhﬂﬁbsampl@ =l Qili bé‘dilﬂt@dfbw;
Cthe resdent shresm, .On@'w¢u1d @xwect,to_ébéerve a”féswoﬁs@_
rrorortionsl to the Nﬁn04«$8mwle moncentr&tioﬁ mirus the
ausntity neutraliz@d bwvthe Felzad)d+t. ‘

vFiﬁure 51 shows the &aék‘resﬁonse of tﬁ@ firﬁﬁ
‘cmlorimeterbtb various samele éaﬁééntrations.df Kﬁnﬁa{:.lﬁ
is auite obviouavthét thetwreﬁ@nce’bfbthe F@(BQ)++'héS N
digplaeéd the X axiﬁ'iniérCQﬁtﬁfrdm the Qriﬁih_té‘A
‘»wractiéailw»ﬁoﬁ LM KMR04, vﬁfter thé KHr04 concéntfatiunlisﬁ
'ﬁreat@r than th@‘Fé(a§)++v_a good iineariﬁegﬁénéeﬁié
observed. A ﬁimiié;‘reﬁpdnge is obtained frdﬁvthesﬁéahﬁv
areas of the firét molmfimet@ra

Table XVI comsiles reak areas of the‘&dloriméﬁer-
gsignels for runs remr@éeﬁtativ@'Ofrthe,varioug KMhQ4 |
concentrations. The most outstanding feaﬁdrergfbthis Table
:iﬁ that the reak afea,conﬁisteﬁtlﬁ’dééreageﬁ fof §Qccé§$iva”
colorimeters. 'Pr@§imuﬁ t@%t% have %ho@n?th$t:ﬁixiﬁ$ is.
sdeauate and théﬁ‘all Qolorimeiers 33ﬁeé~wheh tﬁe séme
r@éction is conducted in &;n0ﬁ f1ow indectidnimode,
-C?Pefulvteﬁtﬁ §h0w5tha£ this is not an artifacté iﬁ fac£}

Cthe values look susericiously like some ture of rate
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subseauent reaction with Fe(ar)++

104 109 114 118 121
500 800 1000 1500 2000

940 11244 19661 46058 74271
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910 . 7311 0 12681 33504 58738

U154 6356 5 12209 28638 53589
C1285 6358 11191 25489 - 48334

2G2 0 5122 10359 24413 444607
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..Wfﬁdeﬁgfg Fiéu} 52 ewhfifmﬁbthiﬁ_f$ci‘ Flot?tns hh@
ilqﬁé;ithm,of thé weaM'a?@é‘v5§ Qﬁlﬁrim@ter numb@r yhibh
tmrrwmeondv to timevlrésultaﬂin'aléomd 1iﬁe§r~dgcaé_iineQ
'Nathaiigg the~inté?wr@£§tiom 6%_thi$fbb§@r§ationvis
vary im#oftantfif”kiﬁeti0$ afe ﬁm;be don@ i thiéfmode of
idmeratidn;ffThu PLH@T)C” of the thO4 Fgﬁam)#+ reactioh
‘3re‘khqwn~to béf?aat (16) and 1he migeﬁ'is Eﬁﬁwn3t0»ﬁérform
: adeauatu>uog Thuwv abgiﬁnificaﬁt Problém egisﬁé;‘ Cafefullu 

revieWimﬁ the,charact@risticg ﬁf flbw'indéctimn re;?s B3

hhé vhom!aal 00n?13uratlnn of Lhi tem-#binté to the
Vvanswwv The guﬁtem cons1 ta QF a ro(am>t+ r@aqent stream

 m’xin3;withja carfiér,ghieh'mag &thain,a.ioﬁ ul Plu% of
1 $MﬁO4¢>rThe_ﬁe(ad)%+ néu%;éliﬁaélar'emu1vnlent amount of
'KMhU4»in'tﬁe mixery bnb tge‘awétemvis deﬁiéned tawmﬁ@rate
with an excess mffKMhﬂé ﬁé‘théﬂ’ah;ébﬁorbiﬁé"awecies i$ 4
@ﬁeﬁ@nt; é d@vr@a%w'in‘reﬁéon$g-éompared'tb'ﬁﬁe:éituatidn-
where no FQ(@Q)++ is‘ﬁﬁéﬁeht’uili 3@ 055érQé6;'

After leaviﬁgjthe turbui@ht,condiﬁidnﬁ inwﬂhe mixérf
»the»flow in the ohﬂ@rv lJmn tube:ié lamiﬂér~‘ Thé»wluﬁ of
CRMA04 moves down the tube"whila uﬁd@fﬁbiﬁﬁ‘@h@‘qucééﬁ of

S

disrerdion. The mlud srresds slong the 2xis of the tubes
with the center of the slug treveling faster than the
sides. Thiss of courser effects the reak height detected

B bhe colorimeters comsidersnlud buty vers'impohtantlwv it

has beern shown that the arez is not sisnificantly effected.
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The wrocésg of disrersion cmnsistﬁ.of cgﬁvectiONv the

mi i ms of'the molecules within the mam#léiwiQSQIQHQ‘
.diffugimn. ﬁlthouﬁh>£ﬁé wlus maihtains.itﬁ'ehvelaﬁé aé it
travelsy there is obviouéxg HOmE dif?usioﬁ of @oleculeﬁ-'
netweern the cohtentﬁ of tﬁe»ﬁluﬁ and theicarriervérmund ite
. B@céugelﬁh@ flow iﬁ nor-turbulenty the rate of thiﬁ
diffuﬁian i$ low and not much mixing occurs between the
mmlec;leﬁ of the rlug and‘Survbundiné ﬁarrier‘églqﬁimh;

Tﬁe plug in thiﬁlguﬁﬁam céhtéihs‘unnéutralizédrKﬁnﬂévf
.thile the carrier containgiF@(Bm)ffe ‘Tﬁ@-uhekpé¢ted fatefd
which was observeds is wrébgblu tLine diffusioh ofiFé(aa)++~
intos and KMn04 Qut‘of_the'wluﬁ, The émouﬁt gf>KMﬁD4
Qrédualls diﬁawweéra as.thig wrﬁceﬁﬁ occu555 N&théllwg
for anélwtical Puquéaévvthia'ﬁitﬁatimn ié 1o be’évoid@do
3Th@‘next éemtion will inveétiﬁatéﬁaﬂmoéifi&étion wiieh
solves the wrbblem for this ch@@ibal ﬁgété&. |

| As the theorw of flou indeétimh an@luéis hasfénlg
vr@centlw become commorls uhderﬁtémdi arndd Qériog5>90int5 are
atill being inv&aiiﬁated arng thtendeﬁs this inﬁtfﬁﬁental
 §3stem could he used‘to studwy the diffﬁéimh,ﬁrdcesﬁ;
Uﬁdoubﬁedis; this ﬁitﬁaﬁioh‘hasvhewn‘éneouﬁiéred 5Q*Mang
LEars Qf flow indectionpfhut,nbk*Mans‘Peoﬁie,have'the
multiele detéctor Fécilitieﬁ.yhiéh make the étuduﬁof the
FrOCREE Much»eéﬁi@fq

Imitial studies result in first order rate constants
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‘mf'¢é3 gee-] atffidws'of ? ml/min in both channelss .54 at
8 ml/miny and .31 a2t & ml/mir. ﬁﬁditimﬁallﬁtudiés are
reauiredy but one”wouid exrect Lo observe less
ﬂiﬁéﬁweéfaﬁce of KﬁhﬂA if the time elarsed bhetween

~colorimeters was lessy as is the case with ircressing flow
‘b,raﬁéﬁo Ore would rot ex#émt the rate of diffusioh‘to
ﬁhaﬁﬁe with flow rate unless the incraaged‘turbulenéev ciuge .
to incressed flowy caused an incressed amourt uf'miging¢

The rate comstants ébov& were obtained bw,wloﬁtinﬁ,
Lrireak ares) QSthimeo The time inte;Qéi hetween
'colorimétefg was obtained from 2 sreviouslw obtainéd
flawwtime calibration curve. The uncertsinty inbtha rate
émhgtantﬁ is mrobably frester than several Fercenty thus:
it is unlik@lg that ﬁiﬁhi?id&ht diff@r@nceﬁ‘have neen
Obsérv@d;

The diffusion effect is & serious Probiem whern the
~chemical and instrumental swstems can not be resrranged to
~avoid ity as illugtr&ted ih the mext section. annderslice
‘(31)-indicate§ that an extension of his current flow
indection theors (300 will bhe sble to treat diffu5ién and
firﬁt order rate constants. He feels that this inﬁtruméﬁty_
and the chemical reactions studieds are rotentiazl
v@xwérimeﬁual systemﬁ whnich can be used to‘tegt the results
ofbhis theoretical csiculatimng (312 with 2 dood

theoreticsl frameworks it maw be rossible to utilize
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vﬁwgtemé-wher@ diffuﬁioﬁgiﬁ‘siﬁnificént;' It is aﬁwarent
that furthervinvestiﬁatiﬁn invthis:areavié_ﬁeédeﬁ; arcd will
Froduece 2 better understanding of flow inqectioh”anﬁlgsiaf

The same KMn04 m‘Fe(éa)++ re&ctioﬁ]waﬁ;c3rvi€d out in
2 slightly different configuration to eliminate the
vdiffu%igh effect Just.diﬁcu5sedw Thevreagént étr@ém‘now
Q@ﬁﬁiﬂtﬁ of 500 LM Kﬁnﬂ@ thch_r@acts with the 100 1l SUCEE
of Fé(am)++p which are inJécted irto the carrier stream. A
rumber  of conc@ntratiQNﬁ of Felaa)t+ weré‘uﬁedy the most
concentrated being about 3.2 miM Fe(am)++.‘ ﬁ‘éonvenﬁionél
“titretion indicates that 1.30 wl of 500‘uM KMri4 afe
reauired ﬁm nagtralizé 1,00 ml of‘tﬁe‘Fe(aa)++ ﬁolﬁtion+

At the mixerys a 501utioh_of 250 uM KMNO4 (11
cdilution be the carrier stream) will react with & Qlus of
Felaa)++ which is carable of neutralizins é~325vUM KMr04
samrle (131 dilution of the Fel(sa)++ rlug bw the readent
shraam) . és.Fiﬁure 53 shows» the normal "baseline®
colorimeter-value‘of shout 250 quﬁhows & flat wvallew for
colorimeter O ihdicating that all of.thé Felaa)t+t of the
ﬁamﬁie Flug hes not reascted with.the KMr04 of the reaﬁ@ﬁt
stream, Subseauent colorimeters shbu the hormal‘flbw
indection reak shere (inverted) becauae disrersion has
reduced the concentration of the slug by the time it reschs
these colorimeters. vﬂﬁ lower concentrétimns of Felsa)tty

mormal Flow imdection Feak shares sre observed, This
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'ihdicatéﬁ that 211 the»F@(sq)}+ in the aampie P1uﬁgh§5
reacted iﬁ the mi#éf:énd the‘onia_Proceggeg'dccufring ih‘.
the r@action«obaer?étdbh tube aré tﬁ0se of disrersion.
MNotice that’tﬁiﬁ.éonfiﬁﬁration actuailg‘réﬁuitﬁ iﬁ
wvallews rather thar thevtraditional rasks 0f f1Qw indection
ahaluais» Since fhe digarrearance of absor#ﬁinn rather
than its seepearsnce is of interesty one cah shift the
traditional zero value baseline tq.the‘QSO‘uﬁ level of the
umreacted KMnO4. This results in neﬁative Peakvaf@aﬁ after 
irntedgration. Chaﬁﬁihg.the gsign of the outsut reéults in
the more traditional Pbﬁitive areasy from whiéh 8 
calibration curvé can be rrerared. Figure 954 shows the
resulting calibration curve.,  The mmstycgncéntrated
Felaa)+t values are>not.included'when q%lbulatinﬁ the 1@85% 
sauares fit b@cause of the ssturation mentioned.earlier»
Tahle XVII ﬁhéWﬁ ihe data from which this rlot was
rrergrad.  Feask areas for rerresentstive runs at each
relative bmnc&ntration are shown. Relative cqncehtratimn
1.0 is the slight excess of Fel(sa)++ discussed earlier. It
is arrarent that a ﬁliéht trend towsrd decressing ares
OECUTS ét the 10Q@rvconeen£rati0n§§ nowevers hiﬁhér
Comcantratiénﬁlshow a2rn orrosite eff@cﬁ at ﬁucceedinﬁ
colorimeters. This is due to the saturétioﬁ exwerieneed D
the first colorimeters atvth@'hiﬁher concentrations.  The

size of this trend is asbout the masgritude of the noise
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Rurdk:
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Paak Area@leOauifinqecti@nsjmf’Fetaai++

& ml/min carrier stream with a
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level for the messurement. In additiorns & vers small rart
of the tasil of the larder concentration reasks are lost
hecause of data buffer limitations. Thusy it arrears that

the resk zres can bhe regarded as constants as it should be.
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Iie Sinﬁle Coﬁwonent CﬁntihuousiFle Rinetics

It was Feifithat asﬁimwlev pveferablwlfirst’ordefv
kinetic swustem Should‘bé investiﬁatad 28 & test case befmf@
work on tﬁe more involved and ingtfumehtalla demardinsg
multicomnronent swstem‘wés ﬁtarﬁedo This allowed @x%erience
in the oreration and characteriﬁticé of the instrument to
he dained with a minimum of e?fort. It would élsb‘indic3té
the level of Perfmrmancé whiéh may bhe exrected bf the
instrument. This exerciﬁe»Proved to be Qeru valushles
leading to the identifieation and solution of & rumber ofk
Froblems ss well as rointing out the limitétions sl
optimum.mperatiné ranges df the instrument .

A chemicsal test resction involving KMn04 was
-desirable noth becsuse of its high sbsorrtivitwrs and
srevious ﬁecﬁions of‘thié thesis rerorting on wark
involvinﬁ the KMnD4 - Felaa)++ sustem. bThese
investigations led to a 5ériésﬂof four rarere From J. R
Sutter’s laborztory which studied the kinetics af
Permanaanaie oxidation reactions with various ions (32-3%),
The resction with ferrocu&nidé iorn arresred to be ideal
hecause none ofvﬁhe other resctants or Froducts sbsord in
bhe gam@'spectral redion as KMn04., Unfortunateler the rate3
of the resction was too fast (2.464 E 4 1/M~s 2t 13 C) to be

useful in this‘c0ntinuous flow‘instrum@nt (33, vIn the
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wresethasﬁtem‘it‘PPQVQd»}mﬁosﬁibla~to adJust the
:boncantrationﬁ bf:the resctants to rroduce 3 slow erough
5écond order Teactioh‘ad that‘changes”in‘abﬁorétiqn coqld
he observed in other than th@;firgf colofimeiérflylf the
‘KMnQQ concentration Qaévfeducad to a FQiﬁ£ wieldinﬁ uééble
”:fﬁaciiOﬁ‘Péteﬁa thef%eﬁ%itivitw limits of the colorimeters
wreventad'thg obéervatioﬁ of 2 significant signal. If the
fferrocuanide Cmncehtratioh was redﬁced} th@»réactionzrate
.c@uld‘bg féautéd}'but theﬁbﬁbt ehdugh,ferfo¢98hidé u3s,
v%regent‘t0 t@ac£;uith @ aisnificant ambunt.vaKBHOQQT
S Without sn ihcf@aﬁé-in senéitivitu or 3f13r§e~decreéée‘in
the mbﬁeryahlé,timé ihterv@l»hetyeeh cqloriﬁetersz ﬂﬁe'
'ferrmeﬁéhide bééétiqn could ﬁot béfgbﬁerveﬁ‘un&er*aecoﬁd
order conditions. PS@QdO*first-ﬁrder condiﬁihhé are
Hcleérls'out-df tﬁevaueﬁtimh* ‘Thénréaﬁtiﬁnfyitﬁu
tris(iv1O*Phehanthroiine)ifon(II) hasxa‘sliShtiu.greéter'
Sécnhd order ratefcohatant and also denerates ﬁroductsr
which have interfering absarbances (34, The reéétiQn»withf
bromide ion has similar raté'cmnﬁtahté and consists of
mglticmmsonent reéétimhg (35); | |

The reaction Qfﬁ#ermanganateswith iodide»ha$;§ i0wer.”
second brder rate conataht.f59 l/ng;atf35 C) aﬁd'has been
wrevioQQIgsﬁtUdiéd'under péeudo?firﬁt order"cohditibns
(32),  The rate @Quaﬁibn is cgmwléx and has 2 sécqn&vorder

comrorent involving the Mr04- and I- concentrations. @A
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significant third*ofder berm exists which adds Hi to the
'éﬁwr@gﬁioﬁe; FortuﬁétélQQ‘foﬁgﬁﬂe;#urwoseé,of testing the,
,wreéehi'inétruméﬁty‘épﬁaremt,Pseuﬁd;first Qfder ahdlﬁecmnﬁ
order fate comstarnts afe giveh fFor & number of
Cmncentrationv tempefaturé~énd #H conditions. -Thisi
infqrmatiqn wasvugéd'to ésiablish the mrorer opevaﬁihg,
’coﬁditions far thevinsﬁrﬂhenty‘résulfing;in‘maeudmmfirst
order kinetics.
| .'Thélﬁuéémse 0f thesé1em#ériments’iévnot tovéeneraté
Cnew or imphov@d’kinetic datas bﬁt.to;evaluate_£hé»OPeratimn
6? the instrument, Béééuﬁe oﬁqtﬁié,factf'the rormal
rigorous émnﬁrolumf‘rgactibn conditi0n59v5u¢h 3%
teMéeréhuré cohﬁfdlv_hég‘ﬁe rélax&d3ﬁli§htiw.::Fresh,
resgents were carefully #rewarédybs weight'b@fore ééch
”lérmuquf'ruﬁé. “The ratio-ofltﬁé initi31 ab50rb8ﬁcé-of
KMrQ4 to that st time t are thé‘ani9 parametéF$;assdciated.
withvthenKﬁhD4rwhich'ére.involved in the‘péléulétions for
firﬁt Qtd@r kinekieéivthQQEfthe:exsct initial éhncéntration
“Qf KMA0O4 is nbt féé@iredc"Temﬁerature cmntrml-bS‘méansfof
an ambient airﬁbath'wag_femarkabls effective.
'Réattionﬁiwerﬁ,carri@ﬁ out 3tvawwfoximatéiu 25 Cvand
at a =H of‘é.ivfmainiéined tiw whoéphate buffers.-
vLiteratur@ rate constah£$ are70hlu given at 35 C fof this
~§Hi thusy  an édduﬁtment:for»temweratuhe waé«néeded to

comrare the observed data with the litersture values.
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CArrendid s I shows the detéils ﬁf,thiﬁ Calgulétion,._ﬁec&uﬁe
of a iéck'of‘temp@rature d@wenﬁehc3 déta‘%brjéilfthe'ﬁH’ﬁy
5ome.minof-a##roximétiohé wereﬂremuired§ ‘I£ is,uhlikeiw
that they wili seriously aff@éb'fﬁe fesﬂits*qf‘thé> 
,Calculation¢ The resuit of th@ c0rreCtiOn'éalcﬁlafions; 
‘wields an.estiméted 3Pwareh£ seconii oﬁdar;féte constart of
52.8 i‘loé at & temreratiure of stcf

On@_#rnduct of the'reacﬁignv I3Fy ébsoer >
$iﬁnificant13'o§er hhe»visible'ésectrum;,bauéinﬁ @
.mwasuremeﬁtvprchlém bécaﬁsé the measured’absorb&nc&-is thhJ
due to the decfeaaih3 c0ncentratidﬁ»ﬁf Mh04fnéhd:thé 

increasing con&entration.of;ls f‘ The}ébédfbahcg'?&}ﬁe at
_infinitevtime,iﬁjno-lonéer zérd’aﬁd mugt"ﬁe detérmined to
‘schieve thé»cofréc£ rate conétaﬁtﬁ. Unfovtmna£e13} 
'éhﬁorﬁgﬁée'valués;at:chpléﬁioh,ofltﬁe réactiqn-are'not
neée%garilslavaﬁiable?iﬁJthe:cdntiﬁuous'fimQ kinétjc 
-ihstrumént becauge.ofﬁﬁhéflimitédAQbserQation‘time
'»»détermined.ﬁs:thé 1@m££ﬁ @f tﬁé”%eabtipﬁvfubépéﬁd»rate of
thé'reactiqn;n*Fasﬁ‘reéctibhs msu‘be cd&aietéﬁ by the last
several &olbfiméfer$§ h0wévefy tﬁewmor@vnofmai:ahﬁx
deﬁiréble ﬁituétimn'ocbursvéﬁeh the ré%ideﬁée time_in,thé
tube is less than'séveral'haif.livég of:thé:reacﬂionf,
Mea%uheﬁentkerrorssare minimized*under‘thesé circumsfahceg.
In the case of this ex#arimeﬁtal test sﬁstem;

infinite time values can be obtained bw storring the flow
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wery raridly sfter obtaining colorimeter readirigs under
~constant flow conditions. Because the resction is raridy
‘the absorbsnce observed changes verw little after the first

few seconds of static conditions. Notice that in the case

of Run 10 ih Fiaure‘ﬁﬁy the reaétibn is‘neariu cdmpléteias
i£ r@écheé thé;laﬁt colnriﬁetef o th@itbw iinéIOf'theu'”ﬁ
let.- |

Fiﬁure'ﬁ&iéhdgs 3 p1ot'gf’Ln(Qi~Am;i'Q§.'colorimeter7 
Crumber for Runylbrﬂwheré opératiné:éonditioﬁs.aré'ﬂood;
Errorbrahﬁes fbr 5e§era1 of the.cnlbﬁimet@rﬁ were .
" ‘caleulated on the basis of. the stéﬁdafﬁ;deﬁiétibns‘of the
obﬁefved rauw ébsorbénce values and aré:shdéﬁ_iﬁ the Figﬁrey“
_The arror rénﬁea‘are relativelu smali aﬁd éonsigtent'excépt
wh@ﬁ the reactibn’iﬁ neariw Eom#lété at the‘end,§f>tha
tube. |

Table XVIII listssdéta obtainedifrOm»éiﬁhierﬁS at
varwing reagent cmncéﬁtrationstand flow.rété$¢ Runs 10 to
12 are thé‘heﬁty becauSe_KMnQA concentfatioﬁs are in 2 10Q
error”regibﬁ of the cdibfiﬁetef’reswohse levéuand
‘observation of three to fdur’halfllives ofﬁihétreéction is
'Poséiblé. The Péaud6*fibﬁ£'brdér»rate in Runs 13'ﬁo 15 is
v-ﬁréatér_due to the ﬁoubliné of the KI concentratiéhs s I
Rune 13»ahd'14y four:hélf'Iives corresrond to three or four
‘Cplorimétérﬁv,aftér which»efrmrs necome 1af§é’5eéauéé.of>

‘colorimeter sensiti?its limitations and thekfact,that the
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 Table XVIII.

Rk

10
11

12
13
14

15

14

17

18

Roarmd

10
11

12

13
14
15

14

18

o0

KMn4 ~ KI Reaction Summarw

29,9

Averade of Runs 10 to 13
‘ Averadge of Rums 10 to 18
Litergture value corrected for temrersture 52

Tatal seconds/ réte/‘ rate (k)
Flow colorimeter colorimeter  1/sec

ml/min , ' . :

11.94 <185 + 379 215

14,49 + 146 + 387 2465

13.41 + 164 e 295 1.80

12,30 . 180 712 3,96

16,22 <124 LYYt 5,34

16,33 w120 414 3.45

12951 01.?.7 0422 2038

15.87 +129 4416 3,22

1(.()0 1.(.‘) 9125 6274 2*19
Flow of Comce. of- Excess?ﬁr
KMri04  KI KMm4 KI before Rx.
ml/minr 1M ‘i

5,74 46,07 243, 41,1 24

.92 8.94 199, 48,2 35

7,92 5,495 296, 3246 1é

4,02 F.95 251, 79.5 45

6.04 10.07 187, 100.0 76

2,92 6.01 311, 60 .4 28

6,02 5,95 161,  39.8 35
4$5.05 9.87 122, 49,6 58

Q.90 H.99 200, 21

L322
\R62

+ 385

175
130
201

29l

215

316

HOH
L Rt
- > <

f

TR



r@acﬁidn,iﬁjessentialls cémwléﬁe @arly in the reaction

tube . Chaﬁsihﬁ'th@“flow'réteg in Run 15:rést6réd oﬁeration:
to a8 more ortimum region snd resulted invgqod 1inearits,and
lower hﬁiﬁe levels. Runs 146 to 18 were domducted with
lower KMri()4 c0ﬁeéhtratioh9 2dainy the error in observed
Qalgeg isilarﬁer thah.in PPeViQUS runs.  BEven goﬁ $QOd
linearity is observedy except‘For Rurn 17 where the KMr04
concentration is the lowest and consid@rabie scatter in the
mlotted déta»#oints is observed.

CalmQIBtioﬁ of the rseudo-first order rate constants
was done be aFeluYing s least sauares Fit tq datas roints
sranning st lesst three half lives of the reaction. This
included;all éisht colorimeters im all runs ewcewt’13 and
14 where only the first four wdihts were used. Greater
uncertainty ih-thesé‘valdés Qould be expé&téd‘bQCBUSé Fewer
points are available.

An averade srrarent second order rate constant of
53;84w396 was observed for the first éhruns. Iﬁcluding
‘Rung 16 to 18;.where noise levels were:considefablw hisher§
regults'in a,cpnstant of 537:9+-7.2. The averasge of Rums 10
. to 15 is rractically identical to the estimated véluey’an

ktrémelu satisfwing result, considering the manw rossible
sOUTCeS of errvor and approximétionﬁ made, Everr with all
the runs includeds the EFEOPvP3HSES overlar with those qf

{ . .
the temrerature corrected litersture valuesy susgesting
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that there is not.muCh differemce invthe‘valuesg

An-attem#tfto'céléQiéte.rate;bonstahtévwithoui
knowledﬁe of ihehabﬁor#tioﬁ'at infinit@'tima'Qia;the
Guaﬁehh@iﬁ méthdd was made (36). Intervaig vafqur'and
Five colorimeterﬁlweré;uséﬁy correénandiné to‘twb”Q£‘£ere
chalf lives. The resulting daté roints Qere'hm£ in~300d
»linear agve@mént" Siﬁnificantlu 1srﬁ@rirate”comsténts were
obtained than weré balculated'earlief; 'Itfiﬁlolear'that'
the method ig'not_guitable for ase”gifh'thé,1imitéd'number
of dats *Qiﬁtavévailable in tﬁisvinstruﬁent; |

vSuinbourhé-637) haa‘develoned a simiiér_methdd,which
vvailows calcuia?ion'of é first order rate'conﬁtént and an
vinfinitejﬁime yaiue”which best'fitﬁ»ﬂhe”earlier‘déte R
woints, This methodvcén‘be_used to d@termihe_if the
measured infinite time’vaiues are_consistentv@ith'%féyious”
data eoints, ' | |

’Table XIX lists the results obtained:from £hisf
Frocedure. 'fhé averades of the funﬁ‘éne s1igh£13 higher
than those in Table XVIIIs but aﬁr@é-auite Qellt :Tﬁe
Vscatﬁer of the roints is ﬁiﬁniTiéEntluvﬁreéter‘than”in
: Tahi@’vaII. Againy more P0ints than the‘fﬁur wéiré:
cavailable for ihe;above-calculations are’remdiréd for Sﬁod.b
P@rfmrmgnc&. Runs 13 and 14}|whefe the reaction»wés
cémwl@ted'in.the first fourxﬁoéntsé Prbducéalerfonequs

valueﬁ with this sroceedure and were not included in the
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Table XIX. Time Interval Dats Trestment Results

Rund

10

11

12

13
14

18

1é&
17
18

Slore

4,564

4,42
3,50

5.08
T.62

4,99

5,45
4,47
3,27

Rate

'I/QQC.

2.54
1.91
2,05

Ao

3,48
33f34»'

2,39

2,90

2,37

SESERD RS

79,3

k2 Imtercert  rred.

1/‘%"%""%-

49,9 -238

52,7 -182
58.6 =220
28,3 % -256

239

=350

34.8 %

wdad el

60,1

G98.3

Averasge of Runs 10-12,15

]
Averadge of Rums 10-12+15-18 5
Corrected literature value

199
-11F
~144

6648
53,3
88,1

(55,'2 o ’

51.8
B7.8

44,7
TO33.2

3b . 6 )

I
~g
> 4 N
XENE
Mo

% - Resction comelete irn the first four mointss

(«\‘bf‘ Ave fo

652

G741
88.9

bb.1

48,0

90,5

44,2
B4

98.6



averasses.

Gbﬁarbancégvat iﬁfin%ﬁe time were.caléulatedbgg.the 
method anﬁvcmmﬁa;eﬂﬂto the sverasie absorbance at infinite
time yhich wa5'méasufed directiu..‘ﬁgr@@meﬁt,withih.
exrerimental error was ohéefvédJ ;ven for Runs 13 énd714;:
.The Swinbourne method‘ﬁénfirm@d that théwdbﬁerved;iﬁfinite
time values were_cqhﬁiﬁteﬁtbwith tﬁe‘data‘wointé garlier in
the run; Thé méthod reéults invonls a‘glight,inéreaéé in
'uncertéintu over'traditional methods whichiremuir@finfinite

time values.
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E. Flaw Ihdectibh.ﬁihéfiééi

Th@ oreration 0F the multlcom»onenf omuﬁlnqus flow
‘PlnetLL Lnstrumpnt in the flow inqection’mode~igfbf
considerahle;iﬁteresty é§'indicgtéd'in eariierv5éQ£i0ns’
Therefores the éﬁ#erimeﬁté Qf th@'aihﬁlchbméohéﬁi“
continuous flow kingtié section wgre'rereated im flbw
, indectioh mb&é,tofdéfermine the,ﬁharacterl tlcs of tho
imstrument ir thisimoaéa |

The imstrument:zl configuration is similarvto the

revious section. The reagent :tream LOﬂ%tha of O 08 MoOKI

in 3 whoaphat@ buffer. KMr04 1n the same whosphat@ huFF@r

Tin Lnaected imto & carrier qtream of rure »hogwhate buffer

bw s chromatoﬁraphlc %ampl1ng valvo‘ Tha two stresms reac¥

at the mixﬁr and wroceed'down the reaction"observation

tubey rassing the‘colarimeters inm s@auencéq

lata acmuigition cons;sts af pertodlcallw storlné th@*

colorimeter values durlnﬁ the Paa%agp of'the hﬁn04 weaPso
Feak aress are then calculated; ZIt»hasfbegn‘shown_in
_earlier ﬁéﬂtiohsfihat'#eak areavis:indeﬁendéht-of
disrersion snd lineérlu‘reléted't0 t8é'concehtratimn of
abaaﬁhinﬁ‘Speéies'in the tube.

Seyeral sisnificanﬁ Prdblemawexistvwithithis
inaﬁrumentél 3nd'chemical éonfiﬂurstién. ﬁiffﬁsion is

exrected to be signific rart hpcause PPQCﬁlV@ KMr04 reaks are



moving in a‘carrief consisting bf latsevexcesgéﬁqu KI.  §'
previuus'seétinn nas shﬁwn'thét'diffusiﬁn can he a%sisned 3
first qrdérrrate cansién£§ thu$y tﬁe rate 0béérvédv$houlﬁ‘
conglst of-a.fifstqdrﬁerxtérm cdue toAth@.Feéctioﬁ fkl) ﬁlqs
another first order term dué‘tq diffﬁﬁimn (hadd s vThéré'ig
hé Peliable‘waw to direcflu MQésure th@'abﬁﬁfbéhce'8£ u |
:i.l"rf‘if’li'feé time i»‘vr'l 'l‘;?“l'(-:-i:”f“'l_v(:)lvdﬂ i‘r.l-..jec‘fti(l)l'l C?Oi‘fl“'l"\-i.‘.‘ii..‘l“{“latiovr;l ’  Evern if
the Flow could bé éﬁaéﬁéﬁ/and'thé:areé Qf:ayﬁéak'détérminedx
~after the resction waﬁ.caméletéy diffﬁéion'wguld render the
results irvalid, Diffugion; 3s well as the sctual
*-EeaéiionQ produces sn éhsérbinﬁ_#roduct theh compliéatea.
' £he caléuiatién%lconsidgrablgy forcing thé uae qf estimates
of infinite time ‘w,“g_i.ms.,_ The data r‘@.él;tl_‘r,i,hﬁ&"»v.uilJ.. he
Csufficient to shq;"that ‘method is :vo-t;eijit,iall’:u' usefuly
esrecially if instrumeﬁtalbﬁerqumance iévimwrévede
Téble XX~$h6w$ rate cqnstantﬁ caloulated bw

S Bwinbourne’s method (37). Seven of the éixteen'vung
pondu&ted are listéd; Inﬁtfumeﬁtal nqisé is siéhifiCant,
bécaﬂse of the 1qw‘abgorﬁénceﬁ'encountabéd?dﬁe to'ﬁhevexﬁra,
dilution effect of the carrier on the KMn04 samrle. éﬁaiﬁy
 the'four wairs'of_péints_avéil3blé‘fdv'calmu1étimn§~is's
sévére limitation. 'ihcludéd ihvtﬁ@ Téble is. s column
rerorting the correlation coefficientﬂof'the‘least smuare5
fit of the fouri#oint£ of a‘run. It‘één‘be,seeﬁbthét

reasonable rezults are obtsined when this value ig about
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- Table XX;; Flow IHQQctlon Klﬁ@tl? heuulta s i
&wlnbourne s method

Rumd  kly €. Coef. sred,  KI, k2,
1/se0 S A M 1/M-g

20 2,33 ,98 318 L040 58,2
23 1,09 W92 23 .040 27,2
24 1,49 .85 -32 047 31L7
25 2,79 L9770 268 047 59,3

31 1.19 . .987 149 032 37.1
35 1,81 LH08 279 L0040 45,3

36 1,80 +211 313 2040 45,0
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- 0.78 cr-ﬁréat@r;  Uaiueé_0f:thé;$eé0nd mfd@r fat@v§Qnﬁﬁéntv
 f0r the resction coM#aré'bémafkablstéll yith those -
onbtained experimeniallw'ih £hé Previbua»seé{iﬁn (53,8 ”

2,61y when the correlation cgeffiéientvis 8ﬁo§é'0;98,
Prediét@d‘absorbance a£ infiniﬂe timé'Qélue§ a1$0 aﬁpear t0
be ressonable at hiéhvvalues df the corrélati@hxj
coefficiert.,

Table XXI 1ist$‘values‘calculated bu'ﬁhe h0fma1
Lri{Ai-Aco ) vs, tiﬁevProéedureaﬂePredicted.absqrbahée=3£
_imfinite time véiﬁes were,bbtained frﬁﬁ Tablé~xx;‘ Invcégaﬁ
uheﬁe Table XX does riot rrovide a réégonable valuév Qalues
fﬁmm.a-run obtaiﬁed under.simiiér cmnditiahs Qere;uged*

- This Proﬁeduré”must'bé u5e§'vefu éaqtiou51swbé§éhsélﬁhe
SQinboufnebproceduré fesultﬁ in an infiniteliimeréiUE»
'which wou1d weru¢e the best fitho.the'déta. QG8}Qeé Qéﬁé
calc@lated.fcr £HQ QSQUdQ#firéﬁinrder réte-édnstant énﬁ'thé‘:
second order rate constant. berelaﬁionvcoefficiehts»3?9 
.inC1uded.to indicate thglquality of‘the‘least-sQQé;eé'fit{
Bésed onlwrévidus exEeriencer Qaiueﬁ of 1esslthahv0;99v
indicste 2 rather soor linesr fit‘with thisbtépe‘ofidatéo
 ’~ImProved sdreement be@weeﬁ the faté constants iﬁldﬁﬁeryédg
'vaa»wbuld.be exrected from the:incr@asé in data POiﬁtS'w
Fitted and the_abaorbance at infiﬁite time estimati@n
'_wrocedur@y Ever soy the 5ec6ndiorder fate consﬁéh£5 ére

withirn +-1% erercent of the sreviousld determined



Table

Rk

I‘)4

28
31
39

3é

XX1.

2] o

used

318
318

268

C 268

149

279

313

QQ“N'

Flow Irdection hlh?tlc Herults ualm%

PrﬁdlLTed ﬁm Hf

kly Co Coef*
1/sec

2,25 098(3

171 1959 (&)

2.759 + 986 (&)
2,90 994

1,40 ,960 (7)
1.88  ,.988
1.86 980

CKI»
i

<040

047

+ 047

Q32

1040

L 040

k2

1/ Mg

6.2

42.8

Fred. ki

L/sec
2416 W09
2016 -.45

e T - 021
.54 .36
173 -3
201({) “""028
2:16  —0300

i



*@xperiméntalvValué.for rqns with‘gmad correlation
,coefficientSQ'

The laﬁt,tyavcinMnéfof £ﬁe Table»éive»é'ﬁémudbwfirsib»
ordef;rétefcahstant,sreﬁicted Qn‘thé‘baéis;of?tﬁé Frevious |
axrerimerntal reguits’,.Thé‘diffebence obSerVQdfbéﬁﬁéeﬁ this

‘value and the flow indection balue$ éah”bexéttrithédvtmi
exwefimental error'ahﬁ diffuéith It is obvious thai no
conaiStentvtr@nd is Preaent‘ihvthe di?ferénce‘valués.
listed* Experimeﬁtal érr0r is too‘lafﬁe*ﬁo &raw'ans
ICOnclusiohso' From Previbua‘resu1t57 é_diffﬁﬁion‘value of
around 0&5 might be expeciéd. Note that:ﬁuﬁ 2%y which has
é‘relativelu ﬁmdd correlatioh‘cééfficieﬁﬁylﬁivég a“
dif?er@nce value of 0,34, Runsﬁwith #oop’éorrélatimn"
?Eoefficien£5v leading to doubtsiabQUt”the Qaliditu of the

~datar give néﬁative difference‘yalueﬁ;l |

It is cleaf that the multieomnoﬁénf;céntinuoﬁs flmwfr

kinetic instrumehtjhasvéotentiél 35 & kihetic‘detéctor,for_'

flow inJection*améluais,' Effof%é;ﬁhmuld:ﬁe ﬁifeqted

towardé imsroviné,the Pérforﬁahce of‘the”ingtrumenﬁ s
increasing the number'of eélorimeﬁerg and féducinﬁ'theif

ﬁoise level. . Inﬁtfﬁmenia of @His”tsée~éfevneéded:to
fdeyéimw anélsﬁis $wstemé’fof ;ﬁzsmefkihetics in

aﬁricult@ral’and-nutritibnal 1ahorat0riés (38).



F. Multicomwanant Confinubus’FloQ-Kinetims
ﬁulticomponent Kimetic Anslusis has bDeerm the obdéct
cof much research and develorment in the lést 20;398?5
(1+39-42), It is rparticularly useful when the separatibn
of»thé swecie% of interéat from 2 mixture for subseauent
single Cdmponent determination is'difficultvor time
consuming (42), Marderum and coworkers (41:42) have
develored and refined,chemicél énd data handiihs techhimues {:
far multiccmpbnent metzl ion analgsis using sﬁowﬁed flow’
iﬁﬁtruméntstion¢ Excelleﬁt results fdr three or four
comronent mixtures have‘been»obtained via redression
analusis irvolving & 1arﬁe humbér of dats Poiniéitaken
reriodically during the comrlete resction. The dats
handliﬁﬁ method esﬁéntialls‘apwlies leést SRUSTES analssié*
Lo the méthoﬁ of rrorortional eauations‘ Extensive
investigations of exrerimental snd comrutational errors’
haQe resuited in Proceédures énd r@commendationg fOrr
Coptimum anslesis (42).
The intent of this study is to determine the
'feaﬁiﬁiljtﬁ»mf'applﬁing these methods to cbntinubus fléw
analusis, Muiticomwonent‘kineticvanalssis involving
continuous flow arraratus is not arrarent in the
literature., The éﬁcésgiQe_reaﬁ@nt consumetion of earlw

continuous flow methods: along with warnings about slit



width.errqr.and”tﬁe reinnement Qf:turbu1ént flow
cdnditionﬁ caused ﬁevéloﬁment effqrts to b@lChaﬁneled irto o
 stowwed»and wulséd flow methoﬁéf where thesé,#r@bléms‘aré
not‘expefienced in the samé w331143,44>, |

As indicated in earlier 5émtions of tﬁig erki'
advanceé in electronic technoloss and an imeroved
underﬁténdinﬁ of the theorw surrorting flow indection
OPerationy at lower than turbulent flow velocitiess have
given continuous fldw methods @ new vitalitu, SQQh methods
have the advantage of continuous orerations ie.s the
iweriodic taking of discrete samrles 1is not:r@éuired;
Thereforé» autmmaﬁic oFeration is achieved with less effort
and essentially continuous monitoring iS.POBSiElE.
Comrlicated mechanical arraratus can be svoided. |

I£ is also rossible to reduce the sémwle'reguirements
to an sbsolute minimum bw emrlowing flow indection‘samﬁlinﬁf
techniéUQSv as digscussed in a8n earlier Section‘of this
work. In fact; the dreatest utilite of the contiﬁuous flow
imstrument is as & kinetic Fléw imndection detector.
 Currentlu; most kiretic ?low imdection analusis has been
done Dy stopwinsytﬁe»flow to 2llow kinetic measurements to
pe made, Work is Just beﬁinninS On continuous flo@
indection kinetic analusis and the surrorting thedrg (313,

Simrle grarhical methods of data hsndling will be

used for this study becausé of the limited rumber of dats



roints available from tﬁe“@isﬁtzcolorimetefs.‘ Thé u§é~0f
the improved'datafhéndiihs*Proéeedures is dhlw a~matﬁer'b?
implementation.bécaﬁéé qumrimeter P0si£i0niélohérthei
veéctionwohﬁervatibn @ubé'canfbe_COPrelated with the fime
since mixing, Recause the fozl of this stﬁdu is analssisyv
the correlation of the'conéentratioﬁﬁ of the srecies in the
mixing cellyr as determined bw kinetic analusis; Bhd.the
‘concentrstionﬁ calcuiaﬁed from the mixing of tHevbeésents
will be of errimary importance. Frevious sections. of thig
work indicate that sood single comeonent kinetic'résults
sre obtzinable. This section will inveétisate
multicomronent Su§t9m5¢' The number of comronents
determinabley accuracy of determingtiony and imstramental
limitations are of erimarw intefeét. |

The metal(Zincor) - CwOTA ligénd aexchange reéCtion
used by Ridder and Margerum (42) Was chogen far
investigation because bf 8 number. of faQorable‘factors.
Zincon is 2~carhoxz~2’~hudroxs~5'~5ulfofofmazslbenzéne ard
CuliTA is transwlv2rdiaminocuclohexaneerNyN’iN’ym
tetra&cetate¢. The metalmZinCOﬁ comrlexes absord strondlw
at 630 rm with few interferencess thusr an orange-red LEﬁ
will srovide an'e#cellentflight source for the colorimeter.
The rate of the zinc-Zincom resction is verw convenient for
the"coniinuous-flow instrument. The’mévcurwaincon

resction is significentle more rarid than the zinc-Zincon
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resctiony Bllowiﬁé thé Qse of.tﬁEjﬁrashical-dété.héndiinﬁii
:methodo Oth@r ¢dmmon metallimna react too fast qf glow;tO'
e obaervede Aikali‘metal,ians dQ not-forﬁ;db$vaah1e
comelexes, The reacti0h$ 3ve,a11 #H sensitive and the
mercury reaction is influenced‘baﬂchlmride:ioh? thereforey
buffering was né¢eaaar3 to h01d the§e‘pahametéfﬁ cbnﬁianto:v
Resction rates werellisted:forba FH of 8.5 but t@m#erature$ 
‘were‘notvaiven. Rather than‘addust the w»H £6 8;59 work was
carried out at 9.2y ﬁhe value of a'ﬁtandard'bopatefbufferfjl”
Recause zinc iOHVMUSt be_képt in acidvﬁolution‘tb Prévent
Preciwitatianyvénd CullTA is aslso an scids the buffer
éapacitw wéé excégdad at‘0,0E M;NBZB407 and 0.02 ﬁ ﬂaﬁl
emrloved bu Riﬂdérvﬁéﬁ)e. Inconsistent rates were obsefved
.with this buffer so the concentration of NaoB,07 wés |
iﬁCP@%EQd to 0.1 ﬁa A rH of 9.2 was maihtéined ih,this
iffer - and monsistent results were obtsined.

; ‘The reaQtiop-being,obgerved’is the dissocistion of
the intenéelu’édlbred»metél?Zinéén bOmﬁlex and fofmati0ﬁ'0F'
8 hon*ébéorbinﬁ cémpl ¢ of metel~CQUTA aécorﬁihgvﬁq-
Eaquation 3,

_M(Zinbon)z'+ “CuwDTA j “”}"ﬁ(CHnTA) .+v Zincon | (5)‘

Zincon has been used as a"genﬁitivé.calorimetric beagen£
far metél ion deieqtimn (45), It forms‘intenselu absorbingf'
plue comrlexes with"ﬁetal’imns‘such as ziHCy c;dﬁidms and

mercury, Ridder and Margerum (42) are the onlw researchers.



rewortiﬁg-on the’kinétiéﬁvof,thiﬁrsgstem., Theif“éﬁfposev
Was algobinétrumgﬁtalfeyélqétiéni*ihehéfﬁr@y;s#ecifid~
machaniétic gtudiéﬁ_éré nd£ aQ3i1ab1e; To égﬁure that'all
metal ions in theiﬁugtem ar@ in‘eahple#ed,férmy Zinéon is
in an excess of at least six iimes. vﬁeaction-rete$ éfe
,?ifﬁtvordervinimétal"Zincmn'comPlex concenffation;
Likewises to assure thatl éll me£31 i0h5 are cqﬁplexed
after thé diﬁaociétion of the metal*Ziheon chP1e§§'Cuﬁfﬁl
is rresent at sbout twice thé Zincon Cmﬁcentration;
Réactidn ratesuare inderendant Qf'thémésﬂTé:CQNthtratidh.
The mercururZiann reactibn is 5mgrséid'that the
reaction is comrlete before the‘mixﬁUr@4rééchéd~tﬁé\secmnﬂ
 ¢016rimeter ih’tﬁg oriﬁion31 qonfi§ur$£i0n£vpfevenfihﬁ'the
accurate calculation Qf‘mefcuru*Zincon rééctioh:rétés; Thé
flow rate could not be iﬁcreéged enoush £o remed3 thié
rroblems théreforep it was necessarw to change thé‘spacins‘
of the colorimeters at the besinning of the tube so that
sufficient dats Points would be availabla‘fmﬁ aécurate |
cmlculatiOﬁgo Table XXIT ﬁivés the‘diétance from the mixer
tovthe'éenter of each colorimeter; Also 1istedh3re‘thev
,tim@é‘elapsed fﬁmm'mixing‘at'each colorimeter for se?eféf
flow rates. This configurstion is sralogous to‘acmqiriﬁﬁ"
data Péints 2t 8 rate PPOPOPtiOH&l to tﬁe-reaCtion réteiof
@urr@ﬁt interest, as recommernded hglﬂiﬁder 42y, This

résults in the mogt‘efficﬁent use of the limited number:of_



Table XXII. Colorimeter Sracing and Time : I.!‘ltéT“?.IB:[?E‘: :

Colorimeter Distarncer mm' Times ms  at flow rate of
o 12,45 'r']""/"'i.h S 15 055 ml/mir:

5 100 TS
65 144 109
110 244 S isa

: S 421 S &
350 774 o E8E
510 1131 853
590 1309 var

N BGER O
poes
0
=



cdlarimetgbﬁ é?gilable@

Tﬁe dif?@rfﬁﬁ rg@ctibh fatés‘éhd;uneéuallw awacéﬁ
coloviMetmf thfi3uratioh-éllows Processinﬁ;of'daté im the
ifollowiné mannéf§; Firsts the infinite timé 3b§bf83nce‘due
'to'nqn~comw1éxéq’2in¢on.atithélen¢ of the reéctian:ia.,‘
,ﬁuhtréciad fr0m the;obSQPQGd,ébéﬁrbahbeé, ;In ﬁﬁisistuﬁs
the infiﬁite ﬁime‘valués Qefe 6btained bw'étoppihsgﬁhe flow.
and es].lomns ‘the fea}:tion&o sroceed to completions. - This
 §31ue~can 8156 bé\calgﬂlatedv-ﬁivén'the abéa?banca‘of ’v,
Zinecon and itgvconcenération at the end ofzﬁhe feaétibnj
‘determined;frmm ihe initial reasent éénceﬁtrationsfghd
dilﬁtiqn;fa&torso Calcuiatedbaﬁd 6b§erved Qalﬂég érevin
:ﬁédd aﬁreement'in,moSt‘éaéeéf -ﬁinéf différembésﬁ&fe cdue to
oecasidnal_inaccuréte flow valués-beeaugesofjflmﬁﬁéter
stability wrobiems. bExﬁerim@ntal«0bservétion$f@eré'uséﬁ in
.thig‘studg to'redgce the chance for errdr; Storping the
flow would be unzccertable in & non- xpériméntal continuous
fflaw a#wliéatimn} o :

The Mercurﬁmzincon reaction is-fast.cdmpér@d £D’
xinc*Ziﬁédn#zthUSy the absorbance in the last four‘ ‘
 ic01ofimeter$‘c8h he totalis attributedvtqythe mingﬁZiﬁcén.
reaction; The'réte and intercert of the zinc?Zincoﬁ 
reaction can be obtained bw 3lléast sauaréﬁifit to these
-fdata;&gint§¢ This information can be used to calculate the

absorbance due to zine-Zincon in the earlier dats roints of



*th@,multicOmenént reaétion* ,Sﬁbtréct}nﬁfthe ﬁinhﬁ2$hc0h 
‘;ahﬁbrbénce and'a#mlufhﬁvasleaét‘ﬁéﬁéreﬁ fit ioltheffifsi
Athfee resultant Qaluéé;ﬁives‘the‘&eﬁcufuwZiﬁchﬁﬁrgievahd
intércépt;- Thia'#?ocedﬂ?e hés ﬁeen appliﬂﬁ*to éA£§§i§al‘v - 't i ¥
run‘éhbwh‘in Fighrg S?;,;5 v o
The condi£1565 emPidsé3 rééult»iﬁ a-léasﬁxéauérasvfit
mveerne’to tw0 ﬁ@lf_liVésvofvihe’zihcﬁZ?ncdﬁ’fgéétioﬁ’with
_ﬁémical relétfvé:stahdardfdeviatiéhg 0? 8rognq one,PétcentA
Vvin thé data vaiueﬁt Godﬁ faéu1t$ 8vé;05téihed§1é&én‘with.i,»
1¢n13 foarupoints,ayailableo_ Relafive7stan§arﬁ dg&iations
of theﬁthree‘meféﬁwaZinbon Foints indfee%é'?rqﬁ'coﬁhafahle:-" ' 'ff
values f*mi the f‘lr‘ﬁit ?«oin;t; fm[‘tie.stpe’er."‘;lo" arud 5O’Av'?_"}v<"é3‘c:.ent for
the third-éoiﬁtfriThis‘15 due to the rapiﬁit9~6f1thé»*' - v'”  ;7,
‘reactionévwhicﬁ;is eompléte bu ﬁhe'thirdrorufouftﬁ 
coloriMeter. Tﬁéréforérithe'asreement‘0f tﬁé}&éIéQ1ated~
arid détérﬁineﬁ'mercqu“Zincoh cqncéntrétidnﬁ'iSJ‘ |
“surPriainslg ﬁémdf“Thiﬁ #rmblem can be cbrréétedjhw
:fitﬁinﬁ'more wmintsieariier>inithe.fea@tién-; $q3§é5tiqn5
for éccomplishiné-this'will be‘ﬁiVQn'iﬁ the ﬂisCﬂSSioh
section. |
‘inﬂthe case of‘thé tw0;comP§hent'(ziné“gnd?meb¢Ur§)~
”swgtam.ihvestigatedy:thevtutal.obsérved ébﬁphﬁénCeviSSmeﬁé'
cof additive coﬁtribuiions_fram Ziﬁcon; xinc~ZinéonQand
ybmercurstinCon. “Eacﬁ'of theée cmmﬁonentsfhas.a»different

sbsorbancy a2t 630 nm. Zincon’s absorbancy is srrroximatelw



Zn Rate, 1/sec B1.184 Detm’d Zn Conc, uM  15.2
Hg Rate, 1/sec S _
Total Flow Rate, ml/min 15.49 Flow Ra£ip .985 Run # 116
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~2}Peréent,of,;@nc~2ihcon;ﬁ,or mefcufﬁwZiﬁcbn'sz whiéh
differ by sbout 10 rercent. This situstion is different
‘from the more commonly encountered mulﬁicdmwoneht kineiic
ahalu“’s where thevChéhﬁé,iﬁ @ detecﬁad #a;ameter‘igidue to-
’the AFFRAETENCE O disapﬁéarénce 6f\a mbﬁmdﬁ #roduct”df
resctant. This comerlicates the céiculatiahs onlw slishtluv
=33 iona as bthe absorbances are additive and‘ﬁa ﬁwnergistié
effects occur.

A numherhofvinstrumental arid Ch@hicai chafacteristiC5
pecome imrortant at this roint. The colorimeter section
discussed the f&ct that absorbances caleoulated in the
normal»wau agre not useful hecause of wath length and 
coldrimet@r variationg}' It‘is'POﬁﬁible to multisrly the
ohﬁerved'absorbahmes by an individualls determined.
colorimeter factori reﬁultinsﬁin‘cmh$i5tentzblinear 
fesPQN§es from éll.coiorimet@rs. In the case of this
auetemr the colorimeter factor was determined wifh =
solution of 1.53 E -4 M zinc-Zincon in the‘tube.‘ It was
Found tﬁat élaimilar mercury-Zincon solution gave &
slightly higher but consistent reﬁponsey‘aﬁ was exrected,
Fure Zincon gave Qonéigtent values which were ab0u£ 2
Percént of the zinc-Zincon values. Therefore} using the
érawhical data handling rroceedure discussed earliers a
correction facfor'relatiﬁﬁ thé coﬁcentratiéh‘Célculated

‘from the intercert of the fitted lirne will be reauired.



,The hest aﬁreement of cmlculmt@d and det@rmiﬁedf

sirngle comwoﬁentzzinC+Zinbon toncentrat10n5 was achieved‘

with Y factor 6f.0»9?6; Thlr indibateé?an aver3ﬁe:erﬁor of

2+4 rercent becauae the callbrat1mn of the colorimeters

“with zine-Zincon ﬁsi*iqu‘ldﬁre‘sulvtv'"in & factor of 1.00. Three

‘ma.Jor sources of error are Prés&nto Firsts and rerhass the

lardest source af‘errorv J" th@ flow rate measurement in

“the 5ample»and reaaent channeln. Relastive standard
~deviations of the flow valueg‘are turically one rercent’

therefof@y thh flmwnratio'used to‘galculéte;thé‘

concentratxon in the mixer,hasFa relative standard

cdeviation of two wercent.- Suggestions for dimerovment of .
the flow mea&urmpnta ar@3made in the DMscussion section.

The second EDUPCB Ofveerr is in co1orimet@r %ﬂbﬁusxem,

Turical relatlve atandard dev1at10ns of 1933 then O}4'

‘P@rcent over . 3 “0 to 40 soaond Perlmd 1nd1nate that the

'vg;colarlmeter and actnal flow rateq are versystabie,qwer‘the

"Qbservation Period, It ise

‘OSSible‘that deviatiénsﬁfrom
Fear’s Law could cauae B oallhratlon error. ThUs; 1t is

nece%aarw to make sur@ that 400d llnegrlts ‘1% ahta;nod in

‘ theaCanentration rmnge-td,bemohﬁervedy'*Theifinal-source'

of error is the kinetie:analwsig,mrodeedur@; Iri the case

of zinme~Zincony only fOUr'data»woints weve&available'foﬁ &

lesst seuares fits This means that miror errors in the

observed value from & single colorimeter have more effect




on - the caipul&te&f?élﬁgsvthén woﬁld be the‘&a$e 1f‘more
'woin£5 were aQéilébiei"‘Tﬁése P0intﬁ'L.tend aver ﬁhoul ore
~ha]? -life of the re avtlony‘whiéﬁ-iﬁiademuate-fof'ﬁood'
énalus;ﬁ. C0n51dar1nﬁ these Potentlal Probleﬁ$iﬁéﬁ avera3é
error of 2.4 percentﬁla“remarkgblu éood. | o

The aQeraﬁQ c0rﬁéc£idh:factdr fgr'sinﬁlé éoﬁ#Qﬁent;
mercurw-Zincon edﬁéénﬁrépimn"meaéufemeﬁts was io§6f 'Thé
ratim of'mercurw*iincon sbsorbance to that of Zinchincbn; 1u
determined from s tatla uulorlmétrlé me%ureﬁént;u‘iﬁ 1;2&,
This 15~anvaverage‘errorvof wié Pﬂ?c&ﬂt«';l 11aht 0? the
>f&ct that the réaétimhﬁi¢ nearlw comw]&fe.at the thlrd
éolarimetarv‘tﬁe'aﬁiiévSteep JIOPe of th@ 1Lne ?1tt@d tm
threevéoiﬁts maw ho %Pewed Lo lower bhan curvev 'vm]uea;h
because the bhlrd Polmrlmeter S resrofise maw have to be
n@gativé'for the fit to give»th@icorrect-resultss 'It i8_
,apwarent;tﬁat“the:mercuru‘detérhimatioﬁ_éfoérs ha¢I3‘from
‘.inatfumemtal Jimi£é£ibng}f The gg??risinﬁ fact iéﬁiﬁét.@ﬁer
uerrdr;iﬁsh0t ﬁreater1£ Aﬁaini soiutions'tQ thQéé gf§b1em5 
will be Qféﬁented iﬁ the DlSCU¢%10F sectibﬁ.” |

Data‘frpm =] number of glnale mom»mnent test runs at
severélﬁmetal:iph c0ﬁcent§étipn§~are.PrQSQntedfinlTahle
XXIII. }89$e reaétidnﬁvweréTGUh a£ apérokiﬁétélw 271C in,é“
‘0 1M N32R407 and 0. O” M NaCl huffer., ,Thé-CsDTﬁ
'jboucpntraL1on; slso ;n the,abova bufFerr béforQVMixihﬁfwas

2,00 E -2 M»l»Zincon‘coheantrations were slishtls less than
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Téhle_ XXTIT. QlHQl@ Fom%onon+ Lwllb?&thﬁ Ryné_with
' Hg and Zn R :

 Rund He¢ Rate Loncentratlonyfuﬁ Errore %
l/sec vFalc. Found v
100 23,2 . 14.7 1541 2.7
101 25,2 o 1843 16.1 Se2
102 173 1844 19.3 3.8
103 166 17.2 ° 18.9 .9
126 2840 . 41.3 370, o=10.4
127 24,9 - 44,4 44,0 ~0.9"
128 26: 4 46,0 - 43,4 =7
Averade 22.7 Averadge Errvor 0.8
Rurd Zn Raté Cohcentrationv 1M Erroravx

Calc, Fourmd

104 1,09 15,0 15,3 2.0

105 1.12 11.9 12.7 : b7
106 1.44 12,20 13,7 1263
107 1.25 13,0 14.6 o 1293
108 1.15 15.1 15.8 : 4¢b
122 1.14 38.0 35.0 -749
123 1.17 - 334 .34..0‘.. . w2
124 1.31 4146 38.8 - X4

125 1.035 - 35.1 30.8 =12.3

Averade 1.19 Averadge Error 0.8
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‘BQOO,E ~4 My derernding 0n:the Bm0unt'of_met3l.ibnrﬁqlutiah‘-
:add@d to Rrodﬁée the metsl-Zincon comelest.
The‘averaﬁeverroh’reporied f0r~these,éalibraﬁidh‘fuhs,‘
is verw low because these runs Qére used ﬂo determine the
celibration factor discussed esrlier. Errors are
distributed between Flué and minus 10 Perceni fmr’the
mercurs-runﬁfandfiﬁ'?ércent for’the,zinc rdﬁ5° Perﬁaﬁﬁ,the
‘most impnrtantléhafaetériétic i% ﬁhat err0fs are rositive
for 1ﬁu cmqééhtrations and neéatiVQ fdpihiﬁh@r
concentratioﬁs; This would indicateiafslisht‘negétive
vdeviation'from‘Beéf’g law at the‘hiﬁher concentrations.
Colurimeter.linearituvtests with several cﬁnééntrations of.
these reagents ihdicated"that'gqodv1inearit3~éxtehdedtto
more than twice these éénc@ntrations. A flowmeter drift
Problem‘waslpresent duringvthese rUns.»vThia éould»tesult
irn erroneous flcw:ratio values whiéh éré’used to Qaicﬁlate
the corcermtration of séééies in‘the Mmixer. ~Such»a'ﬁroblem
should reﬁult_in more randomkerrors than are’apparent here.
Careful wbrkAwithké wider réngevof conditions andbuﬁing‘
.ihgtrumentation incorrorating some of the imrrovements
sudgested will be necessary to identifg the 5durcé1of the
Brrors, Particﬁlar attention should be directed to
imrroving the flowméter TESFOnse because'thé stability of
vthe colorimeter r@%#onée indicates that flbu»variétiOﬁg are

not 8% dgrest 25 the flowmeter outrut imrlies.
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Table‘XXIU #fésents détaimbtaiﬁed undér similar
conditipnﬁ»as in}thé'ﬁreviaus»ta?ie# howevéfa a two
com#onént és%tem'with.zinb-and merqﬁﬁuvwas émwlnued;v Thé
correction factors deteﬁmined with ﬁhelsingle comsonent
sustems were used wheh caltulétinﬁ the éohcentratidms
rerorted,. ﬂveraéé reaction-ratéﬁhare in good aﬁﬁeément
when comearing the siﬁﬁle and dual com&ahent sustems.

A consistent low resronse was observed for zihc.ion,
in the dual comronernt 5ustém, ~Howevers the range of‘th@
@rromr value5‘is,much_lesé thanioﬁservéd~in the single
comronent Tine runs. A rossible source of this errér is
“the date anslusis procedutew'»lf the mercufu'is hot |

comsletely reascted bs‘the-fiftﬁi&oiofimétégf it will
influence the least sauares it for the zine comeonent .
This situation would result in high zine valuesys which is
not consistent with the obgerved results, it is more
erobable that the nedative deviétion at high :inc
concentrations has resulted in an incorrect :inc-cqrrection
factdr.. Recalcﬁlation of 2ll the zinc yalges with the
rredicted correctiOn.féctar of 1.00 addé 2o4 to all,the
Tine errorss makinﬁ the Poéitive errdrsrlafﬁer and the
negative errors smallér in magnitude. "Retter tesults are
obtained for the dual‘comwonemt testsy with most erfors
ﬁeing-leﬁs then two rercent.

The averade mercurs error in the dual comronent tests
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‘iQVVQrs'lﬁwybbutbméstvof’ihe?ervor valﬁes_rahﬁe from ~6é £0:
5 mercent, Thié wider variation is to be 3£Pecteﬁ hecause
vof'ﬁh@ilﬁﬁ'humheﬁ.bf daﬂa FOints available‘foriiﬁe mercuru‘
Jcalculatidno
It has heehjshoun that single-3nd‘dual cpmponént
"continubué'fidw'kinetics areﬂpdsgible witﬁ‘the CUrfeﬁt
'#rdtaﬁﬁwe instﬁuMentyiusins 3féimpley graphicai'data
 »hapd1in9‘hethod, The faster componeht reacts sbout twernty
’iﬁimesfas f§5t - the‘$10wer cdmkonent,and[sufférs Frqm
i‘instrumental limitatibnsv ﬁore}than two com#phents are not
wracti&al.withAthis inétrument. It iS“douﬁth1rth8#‘
fimplemeﬁtéiion.of the éusﬁested improvémeﬁﬁs would 3llow
-three.comaoﬁént sBStem5 to be_analszedremgééﬁ in very
'_specia1 C3sé$o',Tﬁé imeroved deta handling sroceedures
fsusgeétéégbﬁ.ﬂiddef'(42)vwoqld be reauired and'thebrangé of
rate cohstants'ﬂbuldqheed to be less-tﬁan 40 to 1#;‘ |
Ubvi§y$lsv mang more dats roints than the current eiﬁhﬁ
:w0u1d béTreéyiréd;

The rande of efror'VSlueé~for the =inmce compdnent is
disa#poinﬁinﬁls[lérge.- Identification of the.équrcejdf
“this apwsrentlgvdétefminate error éhoulﬁ'allbw sters Lo be 
Ctaken which shoqld reduce it by a factor of two or more.
'yImwiementafinhlof,the instrumental and dats handling
jimsfqvehentﬁ shduld Eroducé4an,ihstrument with‘ademuate

BOCUTBECY.



The cuﬁrent iﬁgtruﬁéﬁtbmgst»be:imw§bVQd in the éreaﬁ‘
of fiow @easureméﬁt and nbmbeﬁ\b?idata 9diﬁtsvbéfore
develosment in.othér ar935 wdu1d bé 4&%ti?i§d¢517heﬂ
vsuﬁseﬁted imﬁrovments will;éxtehd the QPe}épion§1 raqﬁe of;'
the qontinuous‘flpu methbd’cmnéidéhablﬁ?_hOweverv thé widev

range of storred flow instrumentation will not be ecualed.



v, ﬁis‘cusémm.

The firgt’maﬁor,wartumf,tﬁis section will examine the
comronents. of the current’ﬁulﬁiéqmponent Continuous Flow
fKinetic Instrument and 3u§ﬁé$£,90tehtial iméfovémenté; vThé
second rart will,ﬁiﬁcués the eff@ct of these improvements
on thé~current ingirumehtfé capabilifies'and susﬁestlgdhe
additions pr ehansés"tq,the:ihatrument’s'o#eration which
would extend its ap#lipaﬁilitg.

E#Periencerhas ihdiéétéd»that a SPQatvdisparitu im
flow ratés between»thefre§9ent ahd SBMPIQ.Chaﬁne157 or a
iarﬂe disraritu in;thekrésistancé to‘floﬁzof.tﬁe_reaéenisl
_due t@ sath obstructiohé; dbc?sjqnél}a peauife'a wideri
Control_fange thén ig'déii#epgd{gQ %he.ca#iiiéfslvalves.

It is often ¢onyeﬁiént‘to_mbye:péerat;on iﬁto thé;opt?mUm s
;qutrdi réhgefof ﬁﬁevcééilié?svﬁélQEEJbQ vérﬁiné¥t£e |
'Pregsure of the inert éas.?tovidins‘thé motive forcé in the
sustem, :More‘con;éﬁiéﬁfvdéehafibﬁfkodiafbcﬁﬁféi%iseparate
das mressure regulétors;were‘Provided.for each cHanné1. AR
evén.graéier convenieﬁée would;egiét if ﬁhé'resulgtors'
 é0u1d be;adduéted huvfﬁ@ com§u£ér» This uquld.result ih a
_tw0 sta3e>c0ntr61 sustem for fea#ent‘floQSz first at the.
sés feéulator for coarse addustmentss and then at tﬁe
"Ca?illaru-valve forffiﬁe adJustﬁéht'of the fLoQ rate.

~Frobably the most rracticel and inexrensive method to

]
k-
~g
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imelement this control of the 3és,regulat0r is in thé.ﬁame.
manner s the.capillérs valve is contrglledv 8% will,be
discussed.,

Considerable imsrovement can be madé in’the,qaéiilaﬁs='
valve controiler,v It is deeirsble tq-move Lhe valve iﬂ 
amaller increments than aré'ﬁou.woﬁsible tO’allow finer-
control of the floQ rate5 énd reducm instaﬁilitwﬁ_ it is
alsd desirable tolhovelﬁhe §lee,m0re.rapidlg than is riow
Possibie»to feﬁuee the time f@QUired ﬁo establiﬁhﬂa new.
flow rate. More PreCiée.control of the increments of
movement than PFOVidgdbe the current PGVefsable e motors
is slso recuired, . The ideal Poéitibﬁing’devié@'fpr”the
carillarg Qalve5y and rerhars the das reﬁulétory if
recessards is & stesring motoro Current Stepwing motor
technolody has imeroved considerablw in the,laéi several
Qéarsy allowing much less exrensive and less comélicated
sustems to be easiiu constructed. The addition of & shaft
ehcoder would allow wositive feedhack on the exact rosition
of the valves;nresultinﬁ’in more reliable senﬁing of the
rhysical limitS'of;oPeration than tﬁe current lisht beam‘
i“terrUPtiQn mechanism¢f The fewervadduatménts‘b@muiréd'fbrf'
bsuch 2 sustem on1d cbnsiderabls imerove the relisbilitw
and ease aof con%trﬂctionrof tﬁe.flow controlling subswaten
.ofithe inatrument. |

As other sections have'indicét@dy.thefeieCtromaﬁﬁeticj



R

flow meter is sub.ect to gevefé;inétabilitw becasuse of
noise. This i5 th 5uf9ri5ih$>b@céQ5egqfAtheiloﬁ 5iﬁnai
levels on'tﬁe-order of miéfovoltSr»Qxist@ntﬂinvﬁhé,flow
'cellﬁ Noise reduétion*téchniG9es:aﬁd»$i5h8178vefaéiﬁﬁ have
baen used in eQéru étep‘of £he circﬁity resultiné im
.adeauéte Per?ormaﬁce. Bec§Q53~ﬁhe_5ign&1 i5 Proportimnél,_
to the épwlied}maﬁheticvfiéldy wefhaps the most rroductive
direction of attack would bhe to incréas@'ihe_fieid
exrerienced bu tﬁe-cell; ‘?hiﬁ.hasvbéeﬁ~d0ne buiaddihﬁ @
sétqnd SGlenoidy»éllowinﬁ,a‘redUCtimn in-thévUQ&ble roQ
;fate bw-affacioh of two, ,Th@ fie1d cduld.be incressed bu
incressing the solenoid ekcitationvcurréntq‘ Thié waﬁ.ndt
dohe becsuse thé;#resantbéﬁplifi@rﬁ were‘not wo@effdl'
enousﬁband the solénoidg;élréad?»ﬁbﬁﬁucé'&;siﬁnificani,
amount bf‘heat¢ BéftEf-deSiﬁnigf‘thQ flow cell and
 @1ectr§mashet éould‘wotéﬁtialls incféaﬁe th@‘eﬁﬁ@rieﬁC@d
fialdvbu a factor dfvthq,ﬁo”fmufw ‘Cdolinﬁ‘thé | -
'eiectromagnet msg:ai10w thé ex:it3t36n~£0 ba‘iﬁbféaﬁéd i é
5imilarjfactar;__Thysyfiﬁ"maﬁaﬁe rossible tQTinéraaﬁe}thé
‘aﬁpliéd fié1d,bsﬂg;faéidb ov-ﬁwuta:tehivif hecéaﬁaruf
Ferﬁépszthefmogﬁ,aisturbinﬁ noise soﬂfbe’is,the 15rﬁe 
chan#es in DG level aﬁ#éri@and_ih the cell. Thé.curfeﬁt‘
irmeut instfum@ntationram&iifi@f @arawerated'ét-verw.high
éain (4b00).which.ﬁesultéiih freauent wutwutvgatﬁratian

“under changing conditions. - To satisfu bias cubrent
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reauirementsy low value resistors to ground werm~rémuifed-
at thié gain value, ﬁlﬁhoush low dgaim insut stages were
earlier,reJected hecause of high noise levelsy il is
rossible that an imﬁhmvedvdegiSW could @mpldw moderate gain
ir thé iﬁput stade. Thiﬁywduld get the giénaiy imeroved
due Lo the incresﬁe in magnetic fieldy out of the noise
while réducinﬁvthe effect of NC level shifts and allowing
higher ihput resistancesxto be;ﬁﬁed. Highefvinpﬁt-
resistances shduld»result in 3 lower deweﬁdence of the
flowmeter resronse 0n_§qiutimn Cmnductivitu; Thiﬁ
currently reauires recalibbatimn of the flowmeters fgr’ea#h
solution used, PPBCﬁiCéllQrahiﬁh SQlukimn’Conduétivitieﬁ
@xist‘becauge.buffers‘aré wsed to srovide the cdnﬁtant
ionic strengths reauir@d'bs tﬁe~reac@i0hﬁ investigsted,
The high conductivity of ﬁheM$01ution5 result in-reduced
cell imredances conﬁidefabisfreducing ndigef:xperi@nced in’
the flowmeter sustem. | |

In conclusiony nbiﬁe is. the mador Pfoblem im the
flowﬁeter. Its effect caﬁ bé feﬂucéd buvinCFeaains.the
signal level bw incressinﬁ the mégh@tic,field or flow
velocitu, Noise can also be reduced bw redhcinﬁ the cell
imredance bw increaﬁinﬁ the solution conductivitu,
Reduciﬁﬁ the occurrence of amrlifier saturation ﬁhmuld mak. g
:a ¢0nsiderable imwrovemént irn flowmeter werformanée’@heh

solutions with ‘inadeauate conductarice are being used.



The'éomwlete:potghtial'0f £hé.eiéctr0ﬁm§nétic
bflowmeter has-notlwet beeh r@aéﬁeda Thé-euf%éh£ 
[imﬁl@Mentatign:is'Qapablev6f ﬁ@a$uréméht$>ét a»fimm_vate,of‘
,5 ml/min to £ 0.1 mlfmih;ué CQﬁﬁi¢ePéblE-iM?PQVemaﬁt O§@v>
idesigné reworted in the 1i£eratureQ_ Péhhawsiim#ferd
enﬁiﬁeering'ahﬁ.ciréuit‘deai%n>GOUid‘enteﬁﬁ"thialtd 1
:ml?min and  £0,01 m1/min+ A comsidersble effort.will_be
recuireds howsver. |

Althoush thebcolbpiMéter PérformS-aqité wells  some
wfaetieal electronimvimprerm@nﬁg'are.wbéﬁibleovvﬁn' |
éPPPOéCh? similar to that emrlowed in the'?lowmét@ray.couid
be used to demodulaste the chopwed‘radiéﬁidﬁ“aiﬁﬂal s
3Pravide imwrov@d-ﬁi%nél’to'noiéé'1evela;, The éhéidélﬁaﬁwle<
and hold smrlifiers could be_réwlaced-bw'e Qoltageétob
Frecuency bonvéftér whﬁﬁe Qutwut is‘Féd'iﬁfé & diéi?al
chnteh‘ During the ti@é*of ro e#citationv the courter
would count déwn» It would count uE Wwhen excitétion is
arrlied.e In this'manﬁery fhe_whotodiodé'giﬁnal will be
averaged cbntinuouslw and noise rqqpcedw :This @iso-réﬁultﬁ
i a'reduétioh of the huﬁhér Qf:Gﬁéibg"addﬁétmenféfﬁé@dég

for the colorimeter. . Recause the sidgnasl is converted to

digital form earlw in the rrocessing chainy analos

amrlifier offsets and temperatuf@‘Qoeffici@mtsvwill'be"muchf

smaller mroblems. Althoush vergFQde'muiti 1e:Qbénn@l
arzlog to digital converters were used to digitize the



current éalorimeter outrut siénélﬁy i£ was noticed that
addacént charnels did influence the value obtaiﬁed'frpm'thé
other charnelsy Particularls:when the values differed
greatluy. This is.Probéblgvdué to unsvoidsable caéaéitance
ir the conmecting c&blésrand'th@ imrerfect switching sction
of the multirlexer. Diﬁital»multiplexing af the counter
outruts would eliminate thisiﬁroblemo |

The rrimare reason the colorimeter was imelemented in
»analog form is cost. A digital imslementation would not be
unreasonably expensive'fdf a‘single chanhely bt edght
channels were recuired and sixteen woqld’be better.
Inexrensive voltaée to frecuency converters a%e Just néw
Vbécominsvavailable with swécificatiéns Satiaf&cﬁoru for
this aeslication. ‘Impiementinﬁ the‘fé@dbaﬁk reauired for
redgulating the moduléted_suurce‘ihtensitm would reauire a8
hish Qualitgbﬁigital toAéhaloﬁ éonverter for esch channels
and,égaihy,inexﬁensive models are Just becominﬁ,évéiiéble,
A considersble increase in‘ﬁoftwére and FrOCessing time |
Qould also be recuired because the‘soufée refer@nce channel
would also need to be Prbcessed. Anticirsting the heed f0r  
more colorimeter channels énd the_wotential-i&wrdved
fétabiliis'of—digitél.siénal,Pr0065$ihﬁimeth065yfit_maw be‘
Practiéal to dedicate & smail miéro#fcceaaor'ssatém to the
éolorimeterv'rather than treing to include it in"the«main

rrocessor’s software load,  The colorimeter would then
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C erovide digital values, rerresenting colorimeter
ébsorbénQQQs on‘rmmuestey‘hlfhouﬁh £his division 0f>1ab6r
is not‘real1u neceﬁﬁarﬁv'ii-reﬁuce$ thé nuﬁber éf
.el@etrical adduatmenﬁs‘aﬁd the 1ev@1_of'ﬁmftﬁare-
interaction,considerablarv“Theée factors mag bhe even more
im#ortan£ than thefwmt@ﬂiial reductimn of the cgiorimet@r
noise level. | |

It was noticed tﬁat tﬁe éainbof the’¢olorim@ter

amelifiers had to be reduced considerably for sromer

oreration of the regi oflthe-cmloriméter circuits after
installation of the 430 rm LEDs; A examinatioﬁ-of the LEH‘”
datas sheet (24) indicated that ﬁhe 430 rm LEDSs radiate
ahoutv4 times the Power of‘the>565 nh LEDs used with the
KMr04 sustems. In'additiuhy the rhotodiodes are slishtle
more sensitive im this redgion of tﬂe sractrum (25),  This
indicates that the colorimeter noise #erformancevﬁhould e
improved at this wavelenéfhﬁ Colorimeter noise studies |
under conditidns'similar to those of the colorimeter
evalustion study wére'not doney‘but it was awp3rentithatA
less variation around the @-ébsorhance value occurred when
3 blank was in the obSérvatiQh.tub@.- Gtéater-giﬁhsl to
noise'imwrovementvwouid be mbtaiﬁed if the éain of the
firsty rather than lagiy amplifierbgﬁaﬁe wgs.rédgced. The
first stase has 3 verw high dain anauinﬁroduceﬁ the most

noise into the swstem. Reducing the gain.in the finel
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-amplifiep é£§$@s onlajr@ﬁutés‘ihesoyeféil ﬁiﬁnal’bUt‘makeé
ro Chaﬁﬁé in”the siﬁhalutblnmiéQ fa£id; ”Th@,fiﬁal:ﬁtaﬁe of
thebcolorimetgrvProcesginﬁ eiectrahicﬁ‘was Lﬁé"pnlw.onév
with édJu%téblé'ﬁéiﬁivthu$é1it'wéﬁ most easilw oﬁahéeﬁa"ln
any casers coquimeter_néise Qaé ndt 3~é$0blem;when'the &30
nm LEDS were used becéuSQ“féirl?ﬁlafﬁé abﬁ0rhaﬁc@afwer@
encounterad. »fhe #lace where imérqvemeht wéﬁ ﬁeeded‘th@
méét,waé in the flow indectibn kin@tie,atudw4
ﬁ'feduction;in th@ ﬁiaﬁeter of‘the.
reaction-observation £uhe‘$0>a§0ﬁt‘0f2 min would. reduce th@.
'.,5iaweféion R#erieﬁced‘iﬁ'}ioéiinJeCtion1agﬁii§$£idﬁs; it

would.aléo_increase the velocits of flow in the tubei

.allowihéifaﬁtef‘f@5é£i6n53£0 bé;$£hdié§; .Oniihe:éiﬁéf
hands slower resctions uould:remuiﬁé éllohéef tubey which -
might be mofe conveﬁféni”ﬁf5ﬁ5¥é;dalbfim%tefﬁiwe}e:déﬁiredé
In ahg‘cases the éhanse in'tube‘fééidgﬁée~ti&e is hét |
 exce$§ivéf arid is é”rélatiVelw minor-conﬁidéfatign; 
‘ N0'?faétical,éolutigﬁég"dﬁhef tﬁ§n reducing iﬁe'noise
leveii .Qist'fdr'iﬁcreasiﬁﬁ‘cclmrimété} éenﬁitivitg.withj
bthércurfent'cénfiﬁurationon The_ﬁhortvégthbleﬁﬂﬁﬁfiQV
,élfeadula»cénsideﬁabl@ ﬁié5dvahta§e5;és;diéguéﬁed:iﬁ'
'éeveral.éf”the:aéﬁlications‘éectiohﬁr;ﬂlt-miﬁht‘bé ﬁggﬁibie
'to»éanheCﬁva hymber ofcéQMmercialiQ avéilable 10w“valume 
celléiinbserieé fo wroyide;a_funmtionvemuivéleﬁt tQ the

reaction-observation tube and'colorimeters."Th@'primarﬁ ,
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“junknoﬁﬁ.in this awwroéuh would bevthe’effect"on samele
f di5PerSion,0f'th@ multiﬁle cmnnéctorsy fiﬁht ang%e.éhéﬁﬁ@s,
in flow diréctiun in the cellss and change5 hetw@@n toatrd rs
ard observation cell»diamétérs as the cmlorimetefﬁ 3%@
eﬁtebéd énd egited‘ Usnderslice feels thét'ﬂhiﬁviﬁinmt B
 viah1ﬁ“aP#r0achvbecau5e diéwergion_MQUld né 1dnﬁér e
rredicteble (31). |

As indicated in esrlier sectionss irresulsrities in
the tube dismeter and cmlorimeter.constnueﬁion,f@muiréd
;individual calibraztion of each colorimeter. It ia_doubt?ul
that one could comaffuct thebemﬁiﬁment to toleraﬁcea which
ymuld notvfeauire calibrations 5utla‘r@duction in
individual variatione would be an imerovement,

Alﬁhoush the 1imited numbér of source w&y@l@ﬁéths
’availableAfrom light emitting diodes hag not Froved to be‘a
Probi@m for the resctioms investidated, a wider seleétiou
of wavelendthsy Partigularlw in the ultraviolet resions
Qould be welcome. Several solutiohﬁ ta thiS‘QPleﬁm‘eﬁiﬁt.
The firét-emplous the srorer cbntindum sourcey stablized it
necessarwy and the srerorriste ihtefference filter for éach
colmrimeters Another solutionugoqld uée 3 ﬁingié'sourbev
énd wavelensth isolation awﬁah&tuSQ'with light distrihuted
“to the individusl colorimeters by fiber ostic 1isht‘ﬁ01dego
'The F0rth softwar@ $3§tem‘ha$ éfoved vers Qaluable

and convenient to use. The multirrogramming festure is



ms#eciallu.valuablﬁy:gllowins th@'addiﬁimﬁfdfﬂ& sebdnﬁ»f
terminsl to ihe.auétéM er;di§ﬁ1aw of O&éﬁétingfﬁéramﬁﬂér$‘
withouf the reed for anw softuare ChénﬁaﬁoIZPP@Qiﬁﬂg ”
éxwerieﬁcé has,ihdicateﬁ”tﬁétiit ia %béoluté}u @ﬁﬁéntiél Lo
have a8 real-time diéplmu qff9rqgfam'énd o#efating‘
Farameters., The 5thc£Qreh0fi£he'Forth.suﬁtém 2llous eaé3 
imelementation of ihig_?ﬁhﬁtione o

 ﬁé’the softu&re_%e@tioh indfbatedgta nﬁmﬁér.éfv
'Operator‘éonvenience fQHé£i0ns would he dééiﬁ3b1@¢  8¢me af
théée functions éUch as tﬁe éﬁdi£ibh 6F'£he'étoﬁ§tiﬁﬁ -
levei*of:softuare;andvihpiemehtatimn'df'theiHELP'f&éiliﬁwx
reduire more rasid res#onéé-from‘mags stmraﬁé devices than
is now availéblev?rbmfthe oneahiqc@ . 5ecdnd'§@riai‘
~communicatioh‘1ink.existihésbéiwéen aiaafellite.amd'hmgt in
Cour laborétors'cdmwuter nethrM;;:Theﬁe fuﬁctiohs }ééuir@
,the §tora§é ofilérﬁe amouﬁts of»iﬁfmrmaﬁimn aréanizeﬁ iﬁhé
'gophiétidatéd data ﬁtrgctufesx Thié @mt@ﬁded mamabiliiﬁ
f@éuirés‘ﬁahu'diﬁk“@ééééﬁeﬁv.resulting:ihiumacée@tébie time
delaus. ‘For xamwley:it mak-be faster. to look up thé |
Cfunction of a definitioﬁ-inka hafd corw listing of a
.mOderate Sizéd documentafioh diétibhérgvthan:ﬁojwait,for it
i'_’c,t:t be found and listed Vié?ihé seria1_;ink§ :In~cohbhésty'
resrFonse 0“‘3 host is effédtivelw iﬁmédiat@o |

Caleulation of resk sreas for the flow indection

arrlicationsy althoush mot nesrle ss lardge z rroblem as
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_ Chr0ma£05faph3'Présentép wmuld”b@n&fit’from more
‘dévélbpménte The iﬁiegfafﬁon window should be oeen’ohlﬁl
‘wher s reak is beims“detegted¢ The varwing amounts of
‘ﬁiswersiqn»in this instrument will'reﬁﬁire‘diffgfénﬁ
ihteﬁratidn windows f0r'eé¢h cﬁaﬁn@lQ' Althmush it can‘be'
}shqwh7tﬁah Peak a%ea iﬁ'hbﬁ'ﬁfeﬁilw infl@éncéd‘iffﬂhe 

window is closed slisghtlw esrlus wher working st hish

.

aecuracs levels it becomes imrortant. When sisnal levels
are not highy as in the case of this instruments minor -

drift and other baseline noise also becomes imeortants even

though a8 rrorerls orerating flow indection sustem alwsus

rmtmfns‘to baéelinéyfb;vdefiniﬁigﬁ;ﬂ’

The need for more coloriméﬁefﬁ-fo generate more data
roints for use with th@lleast.smﬁareé déta handlinﬁ‘“
‘procedureé has been discuésed-ai_mahw:mmihtﬁe It was
Particulariw acuté>fbr multicomwdnéht kin@tic ahal#sis.
Fhusical seace limitations will'alloQ dnlﬁ 32 mfAtﬁe
current‘ﬁolorimeters'to bé rlaced alaﬁﬁ thejobservétimn
tube., Cost considerations would srobabhly whmhibit this
enharicement . -
An alternate apéroach tao mbﬁéiniﬁﬁ mqré d&ta-#ointm
“is aQailabiey howeverg'lltbis Péﬁsiblé to vary ihe'time
between mixing and‘oﬁservation;bw 3 $#ecific'c010rimetervbQ
chanding thé totallflow:réteo va’thé flowaréte w&ré tavbé

increased in & series of 2ters during the conduction of a



runys the rnumber of data roints sveilsble for lesst seusres

'calculéﬁionﬁ”would be,multipli@ﬁ bé'ﬁhéfﬁqm@@r mfi?lomb -

,éteﬁs tahéﬁ;? A anbef'Qf:§§$UM%§@éméaﬁn$£’hg:ﬁéﬁé;fbfjtﬁigﬁ'"b
 ﬁrQCédeéu£o worﬁ; ‘Fifﬁtfnfhﬁ VEéﬁéﬁfxcmnéehtrat@éﬁﬁ,muﬁt
‘not change'durihavtﬁ@;fiqwnéhéﬁ§§ §ébiQﬁ} ‘ﬁéta@ﬁéﬁ&limé |
'wmuld'be'ﬁﬁeatlg gimpiified if:ﬂﬁé ra£i9Aof‘flgwa'iﬁvtﬁ@
Sém#le and. resgent 5trﬂ3m§,remaihed-@xaCtié;ph@ éémefm§efx
fthe,fanﬁejof fleg;" Thiév&eaﬁglthétwmgch'bétégr_fldu‘
control is‘neceﬁséfs{v It f@ﬁ8inSftb'hé“s@énjifvthet:
floneter?imPrQQémants suggéstéﬁ,ééfliéﬁ;ara*zdf?iciéﬁﬁiﬁﬁ
‘zllow this mode of osefaﬁioﬁ»tovﬁézﬁhaétiéai};'Eﬂaminatioh;;f
of the data»handling p@chnimueﬁ'wiii beﬁteéﬁiréﬁlﬁa
‘détermine'if,d#efaiimn wiﬁh‘léfger'unpértaihtieé in:ﬁh@‘?
Ctimes rathér than the ababrhanﬁe;b#3rémet@r.éffée£§ the.
. célcuiéti0ns 3dverse1u. | | | | “

Flow rat@‘Qériatiqn‘can'éxsshd‘the‘r3ﬁﬁe‘of réactiéﬁ
frétes,uséble-bw‘a‘factor of tWOhté f@QT'  FLdWm@t@f roise
limité tﬁéflow.flouvvéiua,iiHiéh‘fiﬁw vaiuéé"éf@ iimﬁted bu
the amount of}#ressﬁreﬁwhi&hicén séfeisfbg é§wliéd”t0 th@‘
~appafatué¢‘.3eaéent cqnsum#tiQn bécoﬁé$a§ wrﬁﬁlem:aﬁ hisgh
flow ;ateé 313§¢ B | | |

'Th@ flOinélomifﬁbi§<invérﬁéf9vérm%érﬁionél'ﬁdvthei
vaﬁuafeiof-thé tubé'rédiugéfﬁhuﬁv émaller tubes wou1d havé,a"
“hisher»flbwfvéloéitwfét‘a»éivén fiow féte ih‘miililiterﬁ

rer minute. It has been indicsted earlier that smaller
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dismeter tubes will réﬁuce:the,colorim@térvf@ﬁwonsefvbut
thisg reductionbwould not,bé“aﬁiéréétvaa thé'ihcf@aéé ir |
velocitu, ThérefofE{_itvwbuldvbé‘rega@néblé;té‘w?oda&£ 
that a combinahion~of'incveased»wtéssure=3ndfﬁéducéd tube
diameter misht allow the ﬁéEﬁuréﬁenﬁ,of §e§Ctith f;ué'td
ﬁ@h;timéﬁ fasterith?n'tﬁééé eﬁrréﬁtlguiﬁvéﬁtiﬁat@d,
Perhé#s Tast réapting éhﬁwﬂn@nﬁé'with firsi Qﬁder.rat@
canstahta of 100 rather tharn the,cUrrent 20 éqyld ﬁe '
swamined. Similar réﬁpoﬁsea-miﬁht bhe mbtaih&drwithfslower

components having rates of 10 rather than the current 1.



VI fSUMNARY

This studw has clearlw shown that multicompon@nt
continuous flow kinetic ahélusis haa‘Poﬁential as - a8h
arialuytical technicue. Furtherbd@veIOPMQnt:Of the
instrumentatidnvwill estctend iiﬁ'range of awwlic@bilitu arnd
imerrove its sccuracy.

Ferhars 2 more imﬁorﬁant ssrect of this research was
the advancement of the state of‘th@ art in Practic$l} low
cost continuous flow samrle tbanspmrtv#roe@edureav Again
and sdainy govefnmental ahd industrisl cortacts have
émphasized the fact that & critical need exists for ﬁimpi@!
reliasbles low cost instruMéntatioh:wﬁiéh”can do s léfée

number of srecific determinations raridlu.

i

Comtiruous flow
transeort mechanisms show rarticular rromise because of

their mechanicsl simelicitw, Develorments in flow

irdection theory éhow"tﬁét‘mﬁns cthernslgbﬁuﬁ-the
oreration of asuch sustems sre unfoundévah@n the FroFer
conditions are emrlouwed. | |

The.onIQ’Practical means of mqvihﬁbthe sameles anq 
‘reégents.throuéh'the anaiu5is'§u§tem-before‘thig st Was
viag mechanicael Fumes. ’Guéiits Pumﬁg,ahe éx#enﬁiQe: must be
derulsed and ofteﬁ‘arevnot~chemicalls-inert{’ Reliabilitu

..

is also an occasional rroblem. These rroblems were

attacked by using inexrensiver sulseless inert gas rressure

r3
>
"3
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to mbvebthe ré&gehtﬁf.,Flmﬂhrates eén'&e momitored by ar
el@ctfcmaﬁnetic-fléwﬁe%ef;f?l;o@iﬁg.closedfigdpfcdhtrol'mf,
the flow rate via a8 capilléfs valve with,bnlw‘on&'mavinﬁ
éart;b The versatility of»£hi§ control‘éyﬁtem.wag'énhanc&d
bgvincluding the cbm#ute;'in the coﬁtrbl loo#a |

 0Per8tion with ﬁmallvdiametér tubing and st low Flow
rates considerably reduced the ﬁraditimnaliy‘exceasiye
reassfent rémuirements OflCOHtiﬁu&u%Ifiowbmetﬁodﬁ’ Samsle
requirements can be reduced fqrﬁher b inserting a
chromatographicvsamslinﬁ valve'ih-ﬁhe ﬁamplé stream which‘
rMow contains a»carrier fluid,  Verw small vdlumeﬁ of samrle
may be indected into the carrier stream uéing this
technique.. letection of tﬁe results of the subseauent
reactions cam be zccomrlished in the ssme manner as inflow
indection sssfems.

Further develorment of the flowweter and controlier
is necessary to imrrove the relisbliltw and’éccuracu 0f the
suystemr but the concert has'Proved tQ be viazble aﬁba motive
force fqr both kinetic analwsis and flow inJectionl
analusis, Initial results indicate that continuous kinetic .
flow indection anslesis is rossible, Results riveling the
one Qf two rercent relative standérd’deviaﬁion of flow
indection methods were mot obtained due t@_inatrumeﬁtai
Timitiations. Vasnderslice indicates ﬁhat:re&@arch;va$ w@11

as develorment: is needed im the ares of flow indection



‘kinetics:(KI), CThe théoréticél}fhémé@&rk im‘n@arinﬁ
comsletior.  Qﬁemiéal‘and instfﬂ@éﬁtélrsgstemglmugt;b@ f
selected and‘evaluated‘im‘ﬁet@rminé the:dharact@risﬁic§.§Ndi'
blimitationsbof the.techniqqeg

The multiprdﬁtammed Fmrtﬁ Dperatinﬁ‘835t9m2héﬁguagéA
facilitated the.dev910$h@nt of 5thwére‘for:the'#rédwct»aﬁd'f
Frovided excellentvcomwutef*operator»ihteractimn;»'Th@ tash
structure allouéd the sh%rinﬁfof cpmpﬁﬁer‘reaourcaé with '
 mihim3l intersction hetween tasks., :Howé§erf;inforMationf'
From snw Particular‘taﬁk‘was évailéﬁle to 2ll other ﬂagkgp
-if»néeded; Thevremérkablﬁ tergeneéa of the languagéA
:allouéd two intersctive téf@iné;Aﬁésksé two flbwﬁeter
tasksy. a balance tashy ah‘éiﬁht qhéhnel'cblérim@t@rktaau
&aking-BQO Poiﬁts a,secmhd;fa iOOO Hz dasbﬂlﬁbkAtéﬁk aﬁdv&‘
logarithmic calculatioﬁ énd.da£a étofagé»task t@ dwératev
simultareously and be cgmﬁlatelsfresident im,iz K‘wdfd$ hf
16 bit memors. The'LSI~ii:cmeuter éh#lowed'infthe'ﬁrodect
was connected to 8,networkfh0$£ COmwutef via 8 1 K bgte/sec
serial line to rrovide data”étdras}gf‘éc‘ili.,tieé{o Frosram
loading was fécilitated.bu»gtofeﬁq of~the SiKiwdrd,Férth
orerating sustem andfhﬁsié uti1i$$-défihitioﬁsvin;r@ed”oﬁiu'
Memory ., |

Iﬁfdrmation;,in‘addiiimﬁ tb.tﬁe ra& datéy'uas Etof?d'
qﬁ.disk td allbw'10ﬁ$ﬁterm:ey31uétioniof the.ihgtrgment’a;

oreration in a eualitw control rrogram. Susdgestions snd



A%

rroceedures for imeroved orerator interaction were

develored,
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SOFTWARE SOURCE LISTINGS
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Lee

RISR BALANCE 2 - !

BLOCK. 1500 832 ‘
0 ¢ ~ UALVE MOTOR CONTROL # 1
1 172070 C PCSR.
-
3 CODE  OF1 2S04+ MOV 2 177774 % BIC 2 ASL 2 ASL 2 ASL
3 1 PCSR 2 + # MOV~ I )+ 10 # BIT 0=, NOT, IF,
5 1) 70 #BIC 1) 2 BIS 1) 30 #% BIC THEN, NEXT
6 CODE  OF2 2 S )+ MOU 2 177774 % BIC o :
7 1 FPCSR 2 + # MOV 1 )+ L % RIT 0=+ NOT, IF,
10 1) 7 #BIC 1) 2RIS = 1) 3 % BIC: THEN, NEXT
11
12 CODE  cL1 2 S+ HOU 2 177774 # BIC 2 ASL 2 ASL 2 ASL
13 2 40 # BIS 1 PCSR 2 + # MOV 1 )+ 20 # BIT 0=, IF,
14 1) 70 # BIC 1) 2 BIS 1) 30 # BIC THENs 'NEXT
15 CODE  CL2 2 SO+ MOV 2 177774 # BIC - :
16 2 4 #BIS 1 PCSR 2 + # MOV 1)+ 2 # BIT 0=, IF,
17 1) 7 #BIC 1) 2BIS 1) 3 # BIC THEN, NEXT
ELOCK 1501 833
0« - VALVE MOTOR CONTROL # 2 )
T , . '
2 : Cl BEGIN 0 STOP 2 CL1 PCSR 2 + @ 20 AND END ;-
3 : 01 BEGIN O STOF 2 OFt FCSR 2 + @ 10 AND 0= ENI. }
4 : : .
S : C2 BEGIN O STOP 2 CL2 PCSR 2 + @ 2 AND END ;
& : 02 BEGIN O STOP 2 OF2 FCSR 2 + @ 1 AND 0= END ;
7 , o :
10 1 UV UM2EN 1 U UMIEN ( 0 TO ENABLE MOVEMENT )
11 : -~ ,
12 : CL2E UM2EN @ O= IF CL2 ELSE DROP THEN 3
13 ¢ CL1E  UMIEN @ O= IF CL1 ELSE DROP THEN ;
14 ¢ OP2E VM2EN @ 0= IF OF2 ELSE DROP THEN 5
15 ¢ OP1E' UMLEN @ 0= IF OF! ELSE DROP THEN
16 o X
17
BLOCK 1502 834
0« - ELECTRONIC BALANCE TASK )
1o _ , :
2 172070 C BCSR 204 C BIVEC
3 COLE BISR T ) CLR TR - 0 MOV R - 1 MOV
4 R =) 2MOV R -) 3 MOV 2 ‘ IDA 2+4@T) MOV , -
5 2 )+ 100000 # RIC 1 ./ VOFF 2 + @ # MOU =~ 1 T ADND O CLR -
& 2 INC BEGIN; - 1 2 I) 170000 # BIC 1 2 1) 0 BIS
7 3 2) MOV B 3 ROREB . I ROREB 3 RORE 3 ROR B
10, 3 177760 # BIC = 3 12 % CMP ' 0»» NOT, IF, 3 CLR THEN,
11 19+ .3 MOV E. 0 10000 # ADD 0 100000 # CMF . 0=, ENI,
12 IR O+ MOV 2 R D% MOV
13 1. RO+ MOV O R+ MOV T R ¥ MOV  RTI
14 : : o » .
15 - BIVEC RIVEC 102  BCSR - BCSR 300 TASK . BALANCE
16 ’ ’



PO

BLOCK. 1503 835 .
o | BALANCE FLOW CALCULATOR & AVERAGER )

RFALR BALANCE 24 + @ 40 # ;.
BFLNGiBALANCE 54 + ; :
BAADR BFADR 400 +
BAFLN BALANCE 74

- BCUAL BALANCE 727

BOIF BALANCE 5” 4
BFFTR BALANCE" S6
BAFTR =~ BALANCE 640
BAVALU. BALANCE. S0

o

ve ve ve oo

’
N
B

Noddb 3R~ O
+é sv vo se ve

DU BFLNG @ > IF -~ DROF O THEN
2% DUF 41 23420 %/ + BOIF 1

10 i BCDIF EFFTR @ 2
11 BFADR 4@
12 B - _ S :
13- ! BSVAL BAVALU @ 'DUP BFFTR @ EFADR + | ECDIF- 2 BFPTR +!
14 . BFRTR @ BFLNG @ o IF BFPTR OSET - THEN 5 - .
16 : BASvAL - BchL @ EARTR @ | 2 BAPTR +1  BAADR BAFLN @ +
17 . BAFTR @ ® . NOT " 'IF  BRADR BARTR |  THEN §

-

i +‘3*&+

.o

e

BLOCK}.J}1504"V 836
‘ ~ ELECTRDNIC BALANCE ROUTINES )

—~

LECH 1 Y PTAR 10 100 ’ 1000 v 10000 s O 0’ » . OCTAL .o
: 4UUTQB '0.1 BN R S-S S v

: BCONV 0 .5 0 5D BALANCE 100 + Iﬁ'bTA3]+ e+ Ee
oz PTAB +'2 Mk DROP ‘jfb LOOF " 5

NOCUIE RO

10 3 BQCTO. ' BALANCE ACTIUATE 36 4 £1 - ’é*?ﬁ‘ BFLNG
11 30 2% - BAFLN -.° -HAADR BAPTR. ! . RFPTR: OSET 12 BASE
12 Lo BEGIN-~BCONU"USEL ! leRR'! =1 - STOF O END ;

13§ BASUM 0. BAFLN @ 0 D10 'I’Baéné'+'§g DSEXT o+ 2 +LODP
L15 . BAFLN. @ 2/ M/ BAVALU' LA 3

17 3 BAVGR = BASVAL  BASUM

BLOCK 1505, 837 0 . ¢ S
So0¢ . PLATINIZING ROUTINE )
1 C WILLSEC = TDELAY O . oo o L
2 1 TOELAY  TICKS 2@ ROT - M+ BEGIN O STOF 2OUF - TICKS 2@
3 D< END 2DROP 5 . : -
a . T
S 176760 C DACO . ,
6 ; A - R e
7 i PLAT  BEGIN . 1000 DACO | 20000° TOELAY  =1000 DACO !
10 20000 TDELAY 0 ENDIG - . . '
11 e T
12
13
14
15

T
N



B
CBLOCK 1506 - 938
0
1
2.
3
4
S
é
7
10
1
2
13
14
15
16
17
BLOCK 1507 . 839
o« - STORE. DATA )
t R . :
2 140000 C: AZZ 120000 C AXX =0 V.-QPTL. 7774 C TOPLIN
"3 130000 C.AYY. 7. 0.Y OPTN O V. OFTM . ’
4 % OINIT. OFTL OSET '~ OPTM OSET. . ORTN OSET. .} OINIT
S ¢ STUL OFTL @ AXX .+ ! OFTL @ TOPLIM « IF .2 DPTL +! THEM ;
& ¢ STUM.- OFTM @ AZZ + ! OPTM @ TOPLIM'< IF 2 OFTH +' THEN 3
7 + STUN "OFTN @ AYY + | OFTN. @ TOPLIM < IF 2 OFTN +1 THEN:
10 ( ADDR B+ #BLKS WDTD - WRITE DATA TO DISK
11 STARTING NITH BLOCK NUMBER E# . BUFFER STARTS AT ADLR O
12 . , , A 5
13 : WDTD SWAP BLK ! O DO DUP BLK @ BUFFER 1000 MOVE UFDATE
14 " BLK 14! ‘20004 LOOP DROP:; - o ,
15 ( B# #BLKS ADDR RDFD. -  READ: DATA FROM DISK') :
16 ¢ RDFD -ROT SWAP BLK ! O DO [DUP. BLK @ BLOCK SWAP 1000 noue,
A7 BLK 141 2000 + LOOF TDROP ; ‘
UBLOCK 1510 840 , _
o < FLow HETER ISR 5 FM1'y FM2.)
2 172030 C FMICSR 114 CFM1IV 172050 C FM2CSR 124 C FM2IV
3 - :
4 CODE  FMISR Ko=) 0 MOV, "0/ IDA “+@T) NOV-
S 0 ) 100000 # BIC 0 4 # ADDV RE 24@T) 0 ) MOV
6 o S
7 0:). CLR T ) CLR .0 RO+ MOV T R )+ MOV RTI
10 n - B ' S B
“11 FMIIV DUF. 102 - L .FMiCSR' 200 TASK ' FM1
2 ‘ FMISR DUF FHML 6 - ! FM1 2 - 1
13 o . -
14 - FM2IV DUF ~ 102 - 'O FM2CSR -~ 200 TASK FM2

15 * FMISR DUF FHM2 & - | FM2 2 = |

1

17 -
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BLOCK 1511 841 . _ » _
0 ¢ : ~ FLOW METER AVERAGING )

FML © V47 2 + @ + C FM1G FM2 ¢ U+7 2 +'@ + C FM26

NOOD O
e

FMSUM~ . 0. VOFF 2! U+4 @ 0 DO - PAD I2 + @ DSEXT
CVOFF D! LOOP 5 . A R -
! FMSTO U+5 @1 2 U45 +1 0 U+S @ V44 @ 2% -
PAD < NOT IF FAD U+5 | THEN 3

10 : FMuAL - VOFF 28 U+4 @ M/ DUP - U+é @ + TUP

11 R# @« IF SWAP DROP ELSE DROFP  U+é @. -

12 DUF R$¢ @ < IF DROF R# @ THEN THEN i

13 ¢ FMALIAS NULL 3 o . ' '

14 1 FMVSS . FMVAL . FHSTO FMSUH T

15 STATUS FM1 = IF BAVGR BSVAL THEN = FMALIAS 5

16 o . . . o

17

BLOCK . 1512 - 842 ‘

0 ¢ o FLOWMETER CONTROLS ) ‘
1 ‘ R o

2 : - T

370 VALUMOV.  DUP ABS. 3 MIN “SWAP O« IF

4 © . 0bA @ 0= IF CL2E ELSE CLIE THEN ELSE.

S ODA @ 0= 'IF OF2E ELSE OFLE THEN THEN

7 ¥ VALVCONT = HOLD @ 3 < ° IF. 1 HOLD +! ELSE.

10 . VOFF 20 V+7 @.VU+4 @ M¥x L~ DROP  DUF DUF.

11 #COL @ - SWAF #COL ! RPT @ X + DUF USEL | 400 . -

12 ~/ "MINUS DUP F# ! UALUMOV  HOLD OSET THEN

14 : FMOPR. 34 U+6 ! 100 U+4 T U+7 @ FAD 1 PAD PAD 2 4+

15 V+4 @ 1 - MOVE FAD U45 | U47 @ U+4 @ Mx VOFF 21 . 7 RFT !

16 " BEGIN -FMVUSS VALVCONT 1 ERR ! 1 STOP - 0 END '}

17 . : :

BLOCK 1513~ 843 )

0 , © FLOWMETER CALCULATONS ) ENE -
1 00V FMIOF » 0 OV FMISL s -0 O V FM20F , 0 O V FM2SL s
3 °( CALCULATE FLOW RATE FROM METER RESFONSE )

4 (  FMRESFONSE CFR1 . FLOWRATE IN .01 ML/MIN )
S.: CFR1- - FM1OF 2@ F-  FM1SL 2@ F/ ;

& 3 CFR2. ~ FM20F 2@ F- . FM2SL 2@ F/

7 o o :

10 ¢ CALCULATE FLOW GOAL VALUE™ » ' .

11 ( FLOWRATE IN 401 ML/MIN = CFGl  FLOWMETER RESFONSE )
2°: CFGL  FMISL 2@ Fx FMiOF 2@ F+ 7 g '

13 ¢ CFG2 -~ FM2SL 2@~ F¥ . FM20F 2@ F+ 5 = - - 3S

14 ( SET FLOW GOALS . INTEGER IN 100THS  SFG1l . -- SETS FM1G )

15 ¢ SFR1 ~ 0 FLOAT CFG1 FIX DROF FM1G | 4

16 ¢ SFR2 0 FLOAT CFG2 FIX DROF FM2G !

17 - . o
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BLOCK 1514 . . 844

0 ¢ SHORT =~ FLOWMETER CALIEBRATION = CALCULATIONS )

2 0 V FMCPTR. 0 U FSCTR 400 V FMCTIM _ O .V FMC1V 40 DP+!
3.0 V FMC2V 40 DF+! . O U BLCVAL 40 DR+t O U FMCSEF - 44 'IF+!
4 FMCSHF STADD-! 4 V FMCBOAL 0 » - 100 » '240.5 400 ,
5 1 FMCUIN * NWLL FMALIAS ! I :

6

7 t FMCSUM - STATUS FMi = 1IF. '
10 FM2 100 + 2@. FM2 110 + @ M/ DSEXT FMCFTR @ FMC2Y + D!
‘11 FM1 100 +.20 "FM1 110 + @ M/, BSEXT ~FMCFTR @ FMCIV + D+l
12 BALANCE S2 + @ DUSEXT FMCPTR 2 BLCVAL + D+1

13 FSCTR 1+!  FSCTR @ FHMCTIM @ « NOT IF FMCDIN THEN ‘THEN‘i

15 : 1 : :
14 ¢ FMCINST . FSCTR OSET. “ FMCSUM 2 -’ FMALIAS !.
17 : ’ - '
BLOCK 1515 845
0 ¢ SHORT FLOWMETER CALIERATION ROUTINES )
1 0 0 V-FLFTM - »
=] e o
© 3 3 FMCRPT FMCSEF STADD ! FMCTIM @ DSEXT FLOAT FLFTM 21
4  SINIT  FMCGOAL @ 0. IO : I2 2% BLCVAL + 2@ FLOAT- . .
5 FLFTM 2@-- F/ TI2 2% FMCIV + 2@ FLOAT
& FLFTM 2@ F/ - SACC 0 STOF  LOOP -~ . L
.7 SCIPD SCSIC .2DROF FML1O0F 2+ FM1SL .21 ) _
10  SINIT. FMCGOAL @ 0 DO~ I2 2% BLCVAL + 28 FLOAT =
11 ‘ FLFTM 20 .F/ o I2 2% FMC2V + 2@ FLOAT .
12 FLFTM 2@  F/ SACC 0-STOP  LODOF ,
13 - SCIPD SCSIC 2DROF FHM20F 2! FM2SL 2¢ -
14 o '
15
16
17
BLOCK - 1516 . 846

0 ( SHORT FLOWMETER CALIBRATION TASK )

U ; )

3 340 DUF 102 340-TUF " 200 TASK - FMCTASK

&3 FHCSTEF FMCDIN DUF: FMCGOAL 2 4 + @ CDUR . FMIG.- ! FM2G !
7 DUP Sl STOP -+ FMCINST - '100 * STDP 4 ’ -
10 . s ETTRE :

11 : FMCSEQ. FMCBOAL. @ 0 1O 12 2% FMCETR | I2 FMCSTEF LOOF
12 _FMCRFT 5 T : '
13 & FMCAL * FMCTASK ~ACTIVATE = FMC1V 20 ERASE FMC2V 20 ERASE

14 . BLCVAL 20 ERASE FMCSER BEGIN =10 STOF O END
150 FMCONEXT FMCTASK . OSET i )
14 ) .

17
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HLOCK 1523 851
0
1
3 ¢ FPSUM CHOME - FM1 100 4+ -2072LUPY 10 D.R. . FM1-110-+@ M/ .
"4  DSEXT FLOAT CFR1 FIX - BASE @ -ROT 12 BASE | 10 II.R BASE !
5 FM2 100 + 2@ 2DUF 10 D.R FM2 110 + @ M/ .
6 : , R , ' .
7. - OSEXT FLOAT CFR2 FIX EASE @ =ROT 12 .BASE ! 10 [LR . L
10 BALANCE S2 #°@ -10 R BASE | " 3 SPACES-TICKS 2@..TIME OLDCR -
T11 “STRTR @ 120000+ 20 = DUF“7 U.R 10 O- DO DUF IZ + @ ~ °°
12 7 - R LDOF DLROF - OLDCR -
13 , : ' _ ,
14 ¢ FMDISA BEGIN FM1 462 + @ O= NOT IF FM1 42 + OSET
15 FPSUM: . THEN . 0 STOP:=O0 END-; .. . . =
17
BLOCK 1524 852 »
0 ¢ DUAL FLOWMETER LOAD BLOCK W/ SHORT CALE )
2 1440 LOAD 1442 LOAD 1444 LOAD .. ( FLOATING STATS.)
3 1500 LOAD 1501 LOAD : o
4 1502 LOAD" 1503 LOAD 1504 LOAD -
05 1510 LOAD 1511 LOADL L S
6 1512 LOAR 1513 LOAD 1514 LOAD 1515 LOAD 1514 LDAD
71525 LOAD L o ‘
11 % STFM2  FM2G ! . 40000 FM2CSR ! ~FM2 ACTIVATE FMOFR 5.
12 ¢ STFM1  FM1G | - 40000 FM1CSR.! FM1 ACTIVATE FMOFR ;
13 4 'STRAL 40000 ECSR ! 'HACTV - . _
14. ¢ STOFOP . .BCSR. OSET  FM1CSR OSET = FM2CSR OSET
15 . & , :
16
17
BLOCK - 1525 853
S0 FLOWMETER CONTROLS )
i .
2 . : : =
3 : FLCON T 20 DUP FM1°114 + ! - FM2 114 % !
4 600 / VALVCONT - 112 + b
5. . . o
é : .
7 % FLCHG 40 TUP FM1 114 + |  FM2 114 + !
10 . 400 / UALVCONT 112 + | '
11 : '
12
13
14
15
16



BLOCK 1564 884

0 ¢ - B CHAN ADC TASK -~ ISR ) e

17176770 C ADCSR . 130 C ADCIV 172000 C FPCSR 100 C FPCIV. _

2 ( VSEL = CNT FOR ASHC  RFT = % CONVS.TD AVUG ' ADDR = ¥ LEFT.)

3 CODE AOCISR R'=) 0 MOV R =) 1 MOV -~ R -).. 2 MOV

4. T )+ T O+ CMP 2 T) DEC / IDA 2+@T) ) 100000 # RIC -

S 0 ODA-24@TY MOV 0 ). 5 # MOV 1 010 ¥ MOV -2 140 % MOV
4 2 .7 ADD BEGIN» NOF  BEGIN» 0 > TST. O<, NOBT, END,

7 . 290+ 20 1I) ADD . 29+ ARC. . O ) INC 1 DEC Oy NOT» ENID.
102 T) TST 0y NOT, IF» R -) 3 MOV = R =) S5 HOV . ' :

17

11 2 40 # SUB 3 2 MOV 3 40 # SUE S 10 # MOV -
12 BEGIN, 1 2 )+ MOV. 0 2 )+ MOV - 72 T) 0  ASHC
13 3 )+ 1 MOV . S DEC Oxs NOT, ENIy o
14° S RO+ MOV, 3 R )+ MOV 2 40 % SUB . 0 20 # MOV
15 BEGIN» 2 )+ CLR = 0 DEC. 0%, NOT, ENIs T ) CLR
16 . 2 T) 52 T) MOY  THENs ¢ ODa 2+@TY ) CLR
17 2 RO+ MOV 1 ROE MOV O R D+ MOV T R O+ MOV RTI .
BLOCK 1565 8es , :
0 < 8 CHAN ADC 2 CALCULATION TASK = & ROUTINES )
1 . , o , R
2 ADCIV FPCIV ~ 102 ADCSR FPCSR 300 TASK  ALCS
"3 ¢ ADCISR. DUP AICS 2 - | ADCS & = ! FRCIV 2.+ OSET
4 ST : , :
5 340 340 102 - 340 340 300 TASK ALDCAL
6 o ; : '
. .
7't ADALIAS NULL 3
10 ‘ N C ' e ' .
i1 : STALC ADCS ACTIVATE. 20 LUP DUP ADCS ! ADDR ! RPT |
12 -4 USEL ! . 41400 FPCSR ! R
13 . BEGIN  ADCAL OSET . 100 STOP 0 END' =10 STOP 3
15 : STACAL -~ “ALCAL ACTIVATE  BEGIN ADALIAS -11 STOF O END }
16  STACAL o ' . . v ' IR - o
BLOCK 1546 886 v _
0« . 8 CHAN. COLORIMETER - RIN LOGS = LDAD RLOCK )
1 L AT : == o
2 1633 LOAD 1636 LOAD  * CCTL FORGET ( LOAD BINARY LOGS ) -
3 1564  LOAD. 1565 LOAD ¢ ADC TASK ) S
- 4
6 o ,
71567 LOAD .. 1570 LOAD - 1571 LOAD
10 o7 L3570, : dab
11
12 ,
13 - COLORIMETER.LOALED
14 ' :
15
16



ELOCK 15467

e
~N

_—
25

887 -

'szcaeN COLORIMETER

DF4} 0 V IBUF- 40 IF4)

O DF#!

! ARSCE. DUF 2 + 7 MOVE

100 [0 .I2 ADC8 100

I2 2% IOBUF + 2! LOOF-

GETI 10 0 10 I2 ADCS8 100
I2 2% IRUF + 2! LOOP

E .0 V ARSMAX '»

IX  DROF I2° ABSCE + !

888

8 CHAN COLORIMETER -

+

;

+

+

5

]

@

0 V' ARSCE 20 DP+!

ROUTINES )

RLOG

BLOG

10000, E 0 V F1OK
DO ABSMAX 2@ I2 ARSBUF + @ 0. FLOAT. F/

I2 2% IORUF + 2@

2627 40000

0 10 ABSEUF
0 IO . ARSRUF I2

- X/

X/ DUP CABB

GF GETI:CABSvDeBS DCABS

0 <
1
2 0 V IORUF 40
3 0 V AEBSRUF 2
4 23420 ABSCH
5
46 ' GETIO
7
10
11 ¢
12
13
14 DECM 5000,
15.: ARSCAL 100
16 F1OK 2@.FX ‘F
17
BLOCK 1570
0«
1
2t CABS 10 0 @O
3 CDROP 7
4
S ! DABS ‘CR 10
6 ! DCABS CR 10
7 23420
10
11
12
13
14
15 ¢
16
17
BLOCK 1571
L0«
1
2 0 U .CFLAG
3 ¢ STINIT ~STPTR
4 % STTABF. - GETI
g .. 1 CFLAG
&t STABF " STEMX
7 .
10" : CFP . STPTR @
i1 ‘@ 7 .R
12 ¢ STAES ‘BEG
13 CFLAG -
14 .
“ 15 / 'STARF. 2 -
16

. 889

i

2

2

+
+
12

Loor

7

ROUTINES

I2 2% IBUF + 2@
I2 ARSBUF + ! LOGOP

® 7 +R LOOF ;
ABRSCE I2 + @
7 R -LOOP 5

e
+

8 CHAN  COLORIMETER

0 V STPTR 40000 C STPHX
0SET j :
CAES AESEUF
TR LR :
“STRTR @ =
120000 + 20 - DUF 7 U.R
LOOF - -DROF . CR j
IN -0 STOF  CFLAG e
OSET CRF THEN
* ADALIAS !

"0V CABR 20 DP+!

ocTAL

)

s

-

- ROUTINES ).

120000 STPTR @ +- 10 MOVE

0%, IF = STTABF 20 STPTR +! THEN ;

0

0

10- 0 IO

NOT
END

1IF

y

OUF 12 +
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3

""18

1621 P13

BLOCK

0.( LEIGHTON FLOATING FOINT LDB OPERATIONS ) .nEcﬁ-

i .

2 ¢ LNIT 1EO F- 20UP 2E0 F+. £/ 21UP 20UF F* 2DUF 20UF nnup 2DUF

3 11 0 FLOAT F/ 1.9 00 T 0 FLOAT 1/X..F+ FX =2 +LOOF 2EO FX
- 4 1 FRACTION '127'Aun.15394f+.suAP_165535,ANn-swap 5 S

5 ! CHARAC 2DUF SWAF DROF 32640 AND 128 /.0 . -

6 128 0 D= FLOAT 29207 16433 Fx ”suap i

7 : 1LN CHARAC FRACTION LNIT, F+ i - o

10 ¢ LN 2DUF 0, F» IF.1LN ELSE.2DROF - 0. . THEN j

11 § LOG10 LN 10 o FLOAT LN F/ 5

12 ¢ LDG2 LN 2E0 LN F/ 7 =
13 . »

14

15 0CTAL -

14

17

BLOCI\ '1622_ o 91‘3« .

o <' - LEIGHTON FLDATING FOINT EXP- DPERATIDNS y - DECM

1.t TANHX/2  2EO0 F/ 2LUF 20DUP Fx. ﬂnup oy 15 D0 '

2 . - I.0 FLOAT "F+ F/ -2 +LOOF _ o L

3 0 1#TAL-T 1E0 20VER F+ “suap 1E0 2SWAF F- F/ 5 -0OCTAL
C a3 2%kN 200 % 40177 +: 177777 SWAP T

S.3 Xi2¥x-16 2DUP. SWAP DROP 4000 <« 3} DECIMAL

6 % X£1 2DUP  1EQ F« 5 . o
T 7 % 2EXF . TANHX/2. 14T/1-T o
10t X»1. - 29207 16433 F/ 1E0 F/MOD  DROP DUF 127 & IF
11 DROF 2DROF 10 - QUEX  ELSE: 2%XN 2SWAP 29207 14433

2 FX 2EXP Fx THEN 7 ST ‘ : '

13 3 1EXP . X«<2%%-146 - IF . 1EO0 F+ 'ELSE"Xil IF. 2EXP.

14 - ELSE . X»1  THEN THEN 3 E

15 3 =EXF . FARS 1EXP. 1/x 3 ‘

16 3 EXP 2DUP 0, F+« . IF -EXP ELSE 1EXP CTHEN 5 . . .

17 3. 10%xX 23512 16350 F/ EXP . -0cTAL - L



fl'f}';

CBLOCK 1633 - - 923

0 ( DH FORTH _ = BINARY LOGARITHMS - LOOKUP & CALCULATION )
1 0V CTABL ~ 1000 DF+! .. :
- , , o S
3 ( VALUE  BLOG . = DBL. LOG  ~- TAKE LOG =2- OF VALUE )
4 CODE BLOG. .- °. - . 0.S) MOV 2 17 % MOV . :
5 BEGINy - 0 ASL . 1Ny NOT, IFy SWAF - 2 SOE-~ THEN,
6 S) 2MOV S -) 0 MOV 0 ASL O SWAB O 177400 # BIC
7 0 ASL _ _
10 0 CTABL # ADD 1 0 )+ MOV 2 S ) MOV S 1 MOV
11 S -) 2MOV. 0 0 ) MOV 1 O SUE
12 0 S )+ MOV 2 CLR S -
13 1 ASR O 100 # BIT 0=, NOTs IF, 2 1 AL .THENs
14 ‘1 ASR. 0. 40 ¥ RIT 0=, NOT» IFy 2 1 ADD THEN;
15 1 ASR O 20 # BIT 0=y NOT, IFy 2 1 ADD THEN, 2 NEG -
16 2 S )+ ADD 0 S )+ MOV 1 CLR~ 0 ASR.1 ROR O ASR 1 ROR.
17 1 2 SUR 0 SEC S =) 1 MOV S -) 0 MOV NEXT.
ELOCK = 1434 924
0 ( OH FORTH FLOATING LOGARITHM CALCULATIONS )
1 200000. FLOAT Y F200K » - O U.CNTR =
2 1.342520342 E 0V CO »  .5607625 E 0 Y C1 » -.35 E0 U C2 »
3
4 3 P8(X) 20UP 20UP C2 2@ FX C1 28 F+ F% CO 20 2SWAF F= Fk 3
S
& ¢ DBL.. C3M CHARAC N.FRACTION CNTR )
7 CODE C84 ~ ~0 8 )% MOV 1 ,S) MOV 2 37 % MOV ,
10 REGIN, 1 ASL ~ O ROL 1Yy NOT: IFs SWAP 2 SOF THEN,
11 S ) 2 MOV s =) 0 MOV 1 CLR O ROL
12 0 ASL 1 ROL 0 ASL 1 ROL O ASL 1 ROL S =)~ 1 MOV NEXT
13 . ’ A
14 o - ‘ v
15 1.66 E OV HULT v - 1.52 E 0 » 5 1.40 EO0 s » 1,30 S
16 1.20E0",’.1'.14E y 1.0,'6E0 ’ ;;._.2 0 ’
17 . : ,
BLOCK 1635 925 _ :
0 ¢ DH FORTH ~ FLOATING LOGARITHM CALCULATIONS )
2 ,70372345 € 0 V- LMULT. » .56454377 E 0 5+
3 .45340032 E 0y ¥ ' 35316517 E 0 » 'y
‘4 ,24464741 E°0 9 9 17674055 E O sy
5 110214261 E 0 5 5 . : \026565575 E 0 1 »
6 v o S
7 ¢ FEMUL C%M 2% 2% DUP CNTR | MULT + 2@ ROT O FLOAT
10 F200K 28 F/ -FX 7
11 »
12 : FBLOG  FEMUL 160 F- FBOO
13 , CNTR @ LMULT + 28 F-
14 ROT O FLOAT . F+ ;
15 DECH .
16 : FLOG1O  FBLOG  ~3010299% € O Fx
17 0CTAL



;36:- 0

BLOCK 1436 -~ 926

NO U B R-O

( DR FORTH . BINARY LOGARITHMS =~  DECM CONV., TBL. INIT.)

DECH 14384, FLOAT V F18K » - ,30103 E 0 V- F.,301 , = .
(-~ VALUE DLOG - LOG - TAKE LOG -10- OF VALUES UF .TO 1892 )
! DLOG BLOG 8 M/ 30103 20480 %/ § . :
( VALUE FDLOG "FLOG. - RETURN FLOATING DLOG IN BASE 10 )
! FOLOG  BLOG: FLOAT F16K 2@ F/ F.301 28 F¥ ;
OCTAL R AR o ‘
? CCTL 7 SCR @ 1= DUP 1~ LOAD LDAD  { LOAL FLOATING LOGS)
DECH S S
¢ CCT - CALCULATE COEFFICIENT TABLE FOR EINARY LOGS )
! CCT  CTABL 257 ERASE S12 256 DO I O 2DUF FBLDG
F16K 2@, F% FIX »R >R  DROP BLOG - R R> - D-  DROP
I 256 - DUF. O« NOT IF 2% CTABL + | ELSE 20ROF
THEN O STOF LOOF CTABL S12 + OSET ; = OCTAL

CR - CCT CR i -/ CCTL FORGET



BLOCK. 2000 1024

o ' DSE RDUTINES )
1 ) . ) LT .
2 0.V DSEAD 0 U STPTR 10000 C STPMX - 0 VU CFLAG -
3 : DSESTR 42 WORD HERE COUNT 40 MIN TDSEAD @ 20 + SWAF BMOVE 3
a ! EREC Jo ! “ v .
§ ¢ DSEINIT ~ DUF DSEAD . |  DSEAD @ 20 + 60 ELANKS DSESTR
6 PSHOT nssan @2+ | DSEAD @ 4 + 2! FFCSR 2  DSEAD @ 10 + |
7 7 RPFT 2 + @ ADC8 + @ DSEAD @ 12 + ! O 140 DSEAD 2.14 + 2!
10 AESCE DSEAD @ 100 + 10 MOVE SRUR AR .
11 FHISL 2@ DSEAD @ 120 .+ 21 FM10F 2@ DSEAD @ 124 + 2
12 FM2SL 2@ DSEAD @ 130 + 2! FM20F 2@ DSEAD @ 134 + 2!
13 140 STPTR | ;
14 ( B4 SIDSEDATA -- - STORE 4 BLOCKS ON DISK AT B )
15 ! SDSEDATA DSEAD @ SWAF 4 WOTD i '
16 < LENGTH START  SADDR =~ STORE LENGTH '3 START BYTE ADDR >
17 : SADDR  DSEAD @ 16 + ! DSEAD @ 14 + | -
BLOCK = 2001 1025
0 ¢ DSE - ROUTINES )
g . u _
2 - .
3t STTABF  GETI CAES ABSEUF nsEAn @ STRTR @ + - 10 MOVE
4 DSEAD @ STRTR @ + DUP DUP  BALANCE S2 + @ SWAF. 16 + 1
s CFM2 100 % 20 FM2 110 + @M/ - SWAP 14 + | S
6 FML 100 + 2@ FM1 110 + @ M/ SWAF 12 + | 1 CFLAG ! .
7 : : : e .
10 ¢ STAEF STPHX STRTR @ = 0> IF. STTAEF 20 STPTR +! THEN }
11 R L
12 ¢ CPP STPTR @ DSEAD @ + 20-- DUP 7 U.RK 10 O D0 DUP I2 +
13 ‘@ 7 K LOOP DROP CR 3 Co
14 : STABS BHEGIN O STOP CFLAG @ 0= NOT IF.
15 CFLAG OSET CPP THEN O END ;
16
17

iS  STABF 2 - 7 ADALIAS !

BLOCK & 2002 11026

NG b WO

10

11
i2:

13
14
“18

16

17

¢ ISE EXPERIMENT LOAD BLOCK )
( FLOWMETER ) R ‘1524£ﬁL0éﬂ:'
( COLORIMETER ) 1633 LOAD 1636 LOAD ‘ CCTL FORGET

1544 LDAD. 1565 LOAD 1567 LOAR™
1570 LOAD 1571 LOAD ’ -

STALC CR - 200 DUP IUP ANCB 2! ADC8 52 + | =7 ADES 72 + !
¢ DATA STORAGE 3 = 1507 .LOAD . o R
¢ DSE -ROUTINES ) ‘2000 LOAD 2001 LOAD ‘
( FHDISA ) 1523 LOAD ST ' ,
DECM 2.8 °E -1 FMISL 21 ‘2.3 E -1 FM2SL.2¢ - OCTAL
=1 AXX DSEINIT DUMMY °* : :

‘ STABF 2 - / ADALIAS ! 100 STFM1 100 STFM2 STEAL



it - . L L I

Gy

w G2 Al

BLOCK 2003 1027

NO U bW =0

10
11
12
13
14
15
14
17

¢ © DSE CALCULATIONS ) : -
2025 .LOAD 0 V. CHAREF - 200 DP4+4 0 V ABCEF 20 DP+!
( RUN # CONVERSIONS FER' POINT . CHAN%¥  MEAN- ~MIN MAX -
. SDEV RSTIEY : S READY TO PLOT ) S
¢ LCHEF SCR @ BLOCK 202 + CHAREF 100 MOVE ;. LCHEBF - 2005 LOAD -
( B+ DSEDIS = DISPLAY. DSE DATA ) - T S
! DSEDIS - CR CR VOFF. !  CHAREF & TYPE: 0. VW@ 3..R
© 5 SPACES‘ 2. VDR .TIME &. VW@ .DATE =3 SFACES
2, VW@ 5 LR CHAREF. 14+ 32 TYPE - CR ,
20. 40 VUTYPE CR 120. VD@ FM1SL 2! - 124, VD@ FM10F 2! A
130, VD@ FM2SL 2! 134, VD@ FM20F 21 ABCKRF - 100, .20 MFYM -3
2004 LOAD ( NEW BUFS
(' B% DISPLAY -~ DISFLAY DATA FROM E# )

¢ DISPLAY VSEL OSET - STINIT DSEDRIS.CR 140, 14, VW@ 140 - 40
7 .

DLINS ¢ SuMMARY ) -0 CR-ER 3

BLOCK 2004 1028

NO U 6O

10

11

12

13

14

15
16
17

{ DSE - QUTPUT TO TERMINAL AND ACCUMULATE STATISTICS )
( VALUE CHAN% CALCAB - 'CALC CORRECTED ARS VALUE ). .
¢ CALCAF 2% ABCBF + @ 23420 %/ - i

( VADDR DSELIN - DISPLAY DATA LINE AT VADDR )’
! DSELIN ~ 2DUP -10°0 DO 20DUP VW@ I CALCAE ULUP &R

‘I 100 % SEBF + STADD ! 0 FLOAT 2DUP .SACC. 2 M+ LOOP  2DROP
2IWF  2DUF 20 M+ VW@ 0 FLOAT CFR1 2DUF FIX DROF 10 .R

1000 SEEF + .STALD ! 2DUP - SACC 22 M+ . o
VW@ DSEXT FLOAT CFR2 2IUP FIX DIROF -6 .R. 1100 SBBF + STADRD !
‘2DUF SACC 24 M+ VW@ DUF DSEXT FLOAT 2DUP 1200 -SBEF + STADD !

S SACC .. & .R CR : o

( VADDR #L DLINS - RISFLAY LINES" ) :
¢ DLINS 0 DO 2DWUFP I 40 x M+ DSELIN LOOF - 2DROP

RLOCK 2005 1029

0

(  STATS FOR DSE )
‘0 VSERF 1300 DF+! ( 10 TABLES OF 100 -8- BYTES )
1640 LOAD .~ 1642 LOAD 1644 LOAD 1647 LOAD ¢ FLOATING STATS ) -
SERF STADD. ! - SBRF V SREFA D
! STINIT - 13.0 D0 I°100 x SBEF + STADD ! SINIT LOOF 3
3 EILFR . »R 2SWAF DUP 100000 ANDN >R -FFALD ‘FIX =R R
SWAF DUP- *R - SWAP RS R R R  =ROT.. Rx  FDCNU-j

$USUMLIN. -4 ,.R SXI 2@ .SCNTR @ O FLOAT F/ -FIX -7 D.R
SXMIN 28 FIX 7 T.R SXMAX 20 FIX 7 D.R : :
SCIFD SCOV: 2UROF  2DUP FIX - 10 DI.R
SMEAN. - 2IROP F/ 2 1.20 EI.FR CR LS

SUMMARY.  CR CR CHAREF 46 + &0 TYPE CR :
13 0 DO I 100 % SEEFA @ + STADD | I SUMLIN LOOP ;

e



263

BLOCK 2006 - 1030

DSE 'ACCUMULATE STATISTICS ONLY )

0 ¢ R
1 ( VALUE CHaN# CALCAR - CALC CORRECTED ARS VALUE )
2 ¢ CALCAB 2% ABCEF + @ 23420 %/ .
3 : ,
4 ¢ VADDR -~ DSELIN - ACCUMULATE STATISTICS ON LINE AT VADIR )
'S ¢ DSELIN' _ 2DUP 10 0 DO 20UP VW@ I CALCAE 3
6 I 100 % SBBF + STADD ! O FLOAT 2DUF SACC 2. M+ LDOF 2DROP
7 2DUFP 2DUF 20 M+ VW@ USEXT FLOAT CFR1
‘10 1000 SEEF + -STADD ! 20UF SACC SRR :
11 22 M+ VW@ ISEXT FLOAT CFR2 1100 SEEF + STADD !
12 20UF SACC 24 M+ VW@ DSEXT FLOAT 2DUP 1200 SEBF + STADD !
13 . L SACC 0 STOF 3
14 _ : &
1S ( VADDR #L DLINS =  TDISFLAY LINES ) ‘
16 ¢ DLINS 0 D0 2MUP I 40 % M+  DSELIN®  LOOF = 20RO 3
17 ‘ ,

RLOCK 2007 1031

DSE QUTFUT PROCESSED DATA TO FILE IN- V+1 )

o

1 ( VALUE  CHAN¥ CALCAR - CaLC CDRRECTED ARS VaLUE )

2 3 CALCAR 2% ABCRF. + @ 23420 %/ 3

3 9.V OCTR ( 'OUTFUT- COUNTER. )

4. ( VADDR DSELIN - GENERATE OUTFUT 5UFFERS FROM LINE AT VALNDR )

S - DSELIN 20UF 10 0 DD - 2DUF VW@ I CALCAH OCTR @I 2000

s %+ 0 1 VSEL ! VW! VSEL O0SET - 2 M+ LOOF 2DROF = 20UF 2LUF o
7 20 M+ VW@ DSEXT FLOAT CFR1 . FIX DROF OCTR @ 20000 + 0 1 VUSEL !
10 VW1 YSEL OSET 22 M+ VW@ DSEXT FLOAT CFR2 FIX. DROF o
11 © OCTR @ 22000 + 0 1 VSEL ! VW! VUSEL OSET 24 M+ Jue
12 OCTR @ 24000 + 0 1 VSEL ! VW! VSEL OSET 2 -0CTR +!
13 0 STOF
14 . ‘ Lo
1S ¢ VADDR #L DLINS - DISPLAY LINES )

16 3 DLINS OCTR-QSET O DO 2DUP I 40 = X% M+t DSELIN LOOF " 2DROF -7

BLOCK 2010 1032
0 ¢ PLOT ROUTINES OF DSE. raTA ) ,
1 o , .
2 ( LOAD PLOTTER ) 1507 LOAD 1671 LOAD 0 U EKNUM
3 v - : ‘
4 ¢ #PLOTS PRAWD - DO #FLOTS  OF DATAs EKNUM HAS 1ST BLK # )
S ! PRAWD .0 DO I EKNUN @ + BLOCK ~AXX 400 MOVE
6 CAXX HYADD | BXADD OSET  XYOTF - LOOF ;
7 : '
10
11
12
13
14
15
16

-
~N



BLOCK 2020 1040

0« 'FIA EXPERIMENT LOAD BLOCK )

1 . .

2 ( FLOWMETER ) 1524 LOAD

S0 _ B .

4 ( COLORIMETER ) 1633 LOAD 1634 LOAD *° CCTL FORGET

5 1564 LOAD 1565 LOAD 15467 LOAD

6 : 1570 LOAD 1571 LOAD . _
7 STADC CR L i v
10 ¢ DATA STORAGE ) 1507 LOAD . 2023 LOAD  LOADS
11 ( FIA ROUTINES ) 2021 LOAD 2022 LDAD '

12 ( FMDISA ) 1523 LOAD o

13 DECM 2.8 E -1 FMISL 2! 2,3 £ -1 FM2SL 2! - OCTAL
14 -1 AXX FIAINIT ~ DUMMY °® ’ )
15 7 STABF 2 - / ADALIAS | 100 STFM1 100 STFM2 STRAL
16 40 ‘ FFSUM 250 +. ! . :
17 B

ELOCK 2021 1041

0 ¢ . FIA ROUTINES )
2 0 Y DSEAD . O VU STPTR 20000 C STFMX 0 U CFLAG
3 v : I
4 : DSESTR 42 WORD HERE COUNT 40 MIN DSEAL @ 20 + SWAF BMOVE ;
5 ) S ;o S
4 : FIAINIT DUP DSEAD ! | - DSEAD @ 20 + 60 BLANKS DSESTR
7 FSHDT DSEAD @ 2 + | DSEAD @ 4 + 2!  FFCSR @ DOSEAD @ 10 + !
10 ' RPT 2 + @ ADCS + @ = USEAD @ 12 + | O 140 DSEAD @ 14 + 21
11 ABSCE DSEAD @ 100 + 10 MOVE .
12 FMiSL 2@ DSEAD @ 120 + 2! ~FM1OF 2@ DSEAD @ 124 + 21
13 FM2SL 20 DSEAD @ 130 + 2! FM20F 2@ DSEAN @ 134 + 2!
14 140 STPTR | INJECT : _ i
15 ( B¥ SFIADATA -— STORE 10 -8- BLOCKS ON DISK AT B¥
16 : SFIADATA  DSEAD @ SWAP 10 WOTD - )
17 v
BLOCK - 2022 1042
0 ¢ FIA  ROUTINES
1 , : .
2 167774 C PINF : : IS
3 : STTAEF  GETI CAES AESEUF  DSEAD @ STPTR @ + 10 MOVE
4 DSEAD @ STRTR @ +  DUP DUP DUP  RBALANCE S2 + @ SWAP 24 + |
s FM2 100 + 2@ FM2 110 + @ M/  SWAF 22 + 1
5 FML 100 + 2@  FM1 110 + @ M/ - SWAP 20 + !
7 FINF @ SWAF 26 + 1. 1 CFLAG !
10 _ v
11 ! STABF STFMX STPTR @ - 03 IF. STTAEF 40 STPTR +! THEN ;
12 :
13 ¢

! CFP STPTR @ DSEAD @ + 40 = DUF 7 U.R 10 0 DO DUF I2 +
: @ 7 +R - LOOF DROF  CR 3} .
! STABS BEGIN 0 STOF  CFLAG @ 0= NOT IF
" CFLAG OSET CFPP THEN O END i

o
N (b



245

BLOCK 2023 . 1043 ,
0 ¢ FIAa INJECTION. VALVE = CONTROL. -
1 v :
2 - 1467770 C PICSR ( FARALLEL INPUT CSR )
3 ¢ INJECT. .1 FICSR ! ; -
-4 3 LOADS ‘PICSR  OSET
5
3
7
10
11
12
13
14
15
16
17
BLOCK 2024 1044
0 ( FIA ANALYSIS ROUTINES ) : :
1 1507 LOALT 2025 LOAD 0 V CHAREF 200 DF+1- .0V ARCEF 20 DLF+1
2 ( RUN # CONVERSIONS FER POINT BASELINE FERIOQD
3 INTEGRATION WINDQW : )
4 400 Y INTLEN 10 V BASEFD . S ‘
5 ¢ LCHRF SCR @ BLOCK 202 + CHAREF 100 MOVE '3 LCHEF
6 ¢+ FIARDIS CR CR VOFF !° CHAREF & TYFE ~0LVWEe - 3R
7 " 5. SPACES 2, VI L TIME 4. YW@ .DATE 3. SFACES
10 2. UWe 'S ,R - CHAREF 14 + ‘32 TYFE CR
11 20, 40 VTYPE CR . 120, VD@ FM1SL 2! 124,. V0@ FM10F 2!
12 130+ VD@ FM2SL 2! 134, VD@ FM20F 2! ARBCEF. 100, 20 MFVM -
13 CHOREF 46 + 21 TYFE BASEPD @ & R CHAREF 76 + 24 TYPE
14 INTLEN @ & R CR 3 2026 LDAD 2027 LOAD 2030 LOAL
1S ¢ FIABRF = CHANEF ARSCOR INTEG  BASEADJ "INTEG . FAGE -« ;
16 ( STR4# EDBR# FIARFT ) :
17 &+ FIARFT 4 + “SWAF 12 BASE ! DO I FIARRF - 4 +LOOF CR
BLOCK 2025 1045
0 ¢ FLOWHMETER CALCULATONS ) ‘
1 0 0V FMIDF 5 0 O V.FMISL » O O V FM20OF » 0 O V FM2SL »
- o ,
3 ( CALCULATE FLOW RATE FROM METER RESFONSE ) ,
4 ( FMRESPONSE - CFR1 FLOWRATE IM .01 ML/MIN )
5 1 CFRL FM10F 2@ F-~" FM1SL 2@ F/
& 1 CFR2 FH20F 20 F- FM2SL 2@ F/ 5.
7 . . S .
10 ¢ CALCULATE FLOW.GOAL VALUE ‘ R
11 ¢ FULOWRATE IN 01 ML/MIN  CFG1 FLOWMETER RESFONSE )
12 ¢ CFG1 FM1SL 2@ F% FM10F 20 F+
13} CFG2 FM2SL 2@ - FX -FM20F 20 F+ . s
14 A
15
16



BLOCK .~ 2024

o
S ONOC-ULURNECO

12
13
14
13

146

17 .

~

e~

I3

.

*+  CHAN
H

0w

140

BF

>

266

1046

S FIA ANALYSIS ROUTINES )
0 0V BASUM ., 0. YV BASCOR

3730 DO

0 V ABUFF 40 DF+!
0 V EBUFF 40 DOF+4!

AXX 10000 ERASE
20UP

10 0. DO 2DUP- I2 M+ VWE AXX I 1000 X% + J2 4+ | LOOF

BASEADJ

10 0. 00 TWP 12 .+ @
BRASUM

30 M+

LOOF - 20ROP CR

10 0 DO I 1000 % AXX + DUF 0. BAS

400 0 DO DUP I2 + DUF @

BLOCK - = 2027

0
1

2
3
4
S
6

~N

10
11

12

13
14
15
16
17

(

§

[3
3

.o .o

e ve

14350 LOaAD

DSEXT - BASUM . D0+! LOOF DROF

2@ 10 M/ MINUS BASCOR !
BASCOR ® + SWAF | LOOF
LOOP &
1047
X '
FIA ROUTINES )
¢ INTEGER STATS ) - DECHM

¥ ADDR

©MORM )

NORM DUP >R SWAF 2% 2% + 20 FLOAT  R> 2@ FLOA

F/. 1000 - 0 FLOAT Fx

FIX 7 D.R 3 OCTAL

ISUM, DUF DUP >R 4 .R. SXI.2@ 2DUF 10 D.R R 2%
DUF ABUFF NORM

“ABUFF +:
20DUP

21

10 D.R R

RBUFF -+ 21

SXMIN:-2@ 12 II.R
HEUFF NORM

- 'START AT B# AND MARKE 8- BUFFERS IN AXX )
ANEBF  TOFPAGE FIADIS

2DROP

INTEG ~ CR CR ABUFF 10 ERASE 10 0 00 I. 1000 x-AXX + SINIT
DUF I2 +.@ DUP SACC LOOF - DROP I - ISUM

400 0 DO

CALCAB
ARSCOR
Do nup

BLOCK . 2030

0

N O G

10

12
13
14
1S
16
17

(

(3
.

FIA FLOATING STATS )

0 V FSTAE

- FPSTAT
10

2%

10

I2

ABCEF .+ @ 23420 %/ 3
00 I 1000 % AXX + 400
+ DUP @ J CALCAE SWAF | LOOF DROP - LOOF ;

1048

( FLODATING STATS ) 1651 L

140 TF+!
STADD @ FSTAE STADD |  SINIT
0 DO 12 2% ABUFF + 2@ FLOAT

2DUFP SACC - LOOF CR -

SCv - G,

CR

‘SRELIV  G.

CR

CR i

UM 2!

IROF

T

2% DWUF . =R
SXMAX 2@

CR =

LOOF CR

0

oAl

SCIPL SHEAN - G. CR

20ROP 2DROP 20ROF

STALDDL | 5

.

’
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BLOCK -2050 10464

v,

e 'cHULTiBDHPONENT:KINETIC'CALCULATIONS ‘;oeniauocx >

0
1
2 2003 LOAD ( LOAD DSE FGMS )
3 1640 LOAD 1642 LOAD 1444 LOAD ( LOAD FLOATING STATISTICS )
4. 2051 LOAD 2052 LOAD 2053 LOAD ( ARRAYS, LEAST SGUs; BUFFERS)
S 1421 LOAD 1622 LOAD ,  ( LEIGHTON LOG & EXF ) =
4 2055 LOAD 2056 LOAD ¢ KINETIC CALES )
7 2057 LDAD" ¢ . o ‘ ( UTILITY CALCS )

10 146 LOAD 63 LOAD 1640 LOAD ( 'LOAL. HP DIGITAL FLOTTER )

11 1661 LOAD 1662 LOAD 1663 LOAD 146464 LOAD. . -

12 1604 LOAD 1665 LOAD 1646 LOAD 1667 LOAD 1670 LOATD

13 2065 LOAD 2066 LOAD 2067 LDAD ¢ PLOTTING UTILITIES )

14 2070 LOAD 2071 LOAD. © ( CONC REFORT )

15 - _ ,

16

17

BLOCK 2051 1065

MULTICOMPONENT KINETIC CALCULATIONS - )  DECM

VORUNIDN 64 DP4+! 0 VU ARST 20 DP+! Q V ABSINF 20 DP+!

0 V.FRATIO » 00 U CONZN s 0 O V CONHG » 0 O V CONZIN 5~
O V.CONCYDL » O O V RATZN » Q0 O VU RATHG » "0 0 UV INTZIN »

0 0 V- INTHG » 0O V STBUF 44 DLF+! STRUF STADD !

25 ¥ COLOFF 45 » 45 5 110 » 190 » 3350 » 310 , 590 »

0 V- -ARSDIF 16 DF+! 0 UV ABSZN 32 DP+! 0 V ABSHG 32 DP+!

10 10. FLOAT 1/X  20UF U ZNCF UV HGCF »

J

N UBWHREO
-
cocoo

12 : CTATC 2% COLOFF + @ R .  ABST 20 + @ ~-1409 MxX
13 3529000, D+ 80 M/ K> MX S000. D+ 10000 M/

17 OCTAL

BLOCK 2052 - 1064

0« FLOATING LEAST SQUARES FOR HULTiGDMPOQENT'KfHETICS )

1 , v
2 0 V XBUFA 0 V YBRUFA 0 V NYERUFA 0 'V LSFTS

3 o . . ,

4 % LSFIT L . SINIT  LSPTS @ 0 IO

S XBUFA @ I2 2% + 20 YRUFA @ I2 2% + 20  SACC LOOF
6 SCIFD . SCSIC  SCCOEF 2! SINTER 2! SLOFE 2! &
2 8¢ _

10

11

12 ¢ CALCPT C2% 2% XBUFA @ + 2@ SLOFE 20 Fx SINTER 2@ F+ 3
14 t CALCLINE LSFPTS @ O DO I CALCFT I 2% 2% NYRBUFA @ + 2! LOOF ;

16 t CLSL LSFIT CALCLINE b
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BLOCK =~ 2053 1067

0 ¢ FLOATING & INTEGER . BUFFER DISFLAY - )
2 0V XBUF 40 DF+! © 0 Y YBUF &0 . DP+! 0 V MYBUF &0 DF+!
3 XBUF XBUFA: | YRUF YBUFA | . NYBUF NYBUFA |
4 0 V BFPTS - 14 U BFLIM R
5 : CEF BFPTS OSET 3 . - PR ,
6t EBF . CBF  XBUFA @ - BFLIM @ 2% ERASE  YBUFA @ BFLIN
7 '@ 2% ERASE NYRUFA @ BFLIM @ 2% ERASE
i IBFL  CR EFFTS @ 0 00 I 4 ,R I2 2% DUP DUF

11 XEUFA @ +- 28 16 D.R YBUFA @ + 280 146 D.R - NYBUFA @
12 2@ 16 DR CCR - LODOP © . o
g S ‘ " o ,

14 3 FBFL = "CR BFFTS @ 0 DO. I 4 R .I2 2% DUF DUP

1S . XBUFA @ + 2@ 4 1 16 EI.FR YRUFA @ + 2@ "4 1 14 EI,FR
16 NYBUFA @ + 20 4 1 16 EI.FR CR LOOF 5 = ' S
17 SCR @ 1+ LOAD ’ ‘ -

BLOCK 2054 1068

(  FLOATING AND INTEGER BUFFER ENTRY )

o N

1 | , .

2 (  BUFFER IS FULL -~ = ) 0 W BFULM 40 - TIF+! :

3 ¢ TBFULH. SCR-@ BLOCK 202 + BFULM 20 MOVE ;5 o TEFULM.

4 3 °TFULL ~ BFFTS @ BFLIM: @ - NOT. IF. BFULM 164 TYFE.CR 0
S ELSE 1 -THEN 3 o : R
5 , - _ o , g

7 ¢ FBFE  TFULL IF = EFPTS @ 2% 2% YBUFA. @ +. 2!

10 BFPTS @ 2% 2% XBUFA @ + 2! EFPFTS .1+! ... - THEN 3
DBFE FHFE B K . v

e
-
.o

-
ol

IBFE TFULL IF DSEXT R >R DSEXT R R»  FBEFE THEN ;

-
(&}
e

. IFBFE TFULL IF DSEXT FLOAT >R *R  DSEXT FLOAT R Ry
16 ‘ FBFE THEN 5 -~ - . .0

-BLOCK 2055 - 1069

¢ VHULTICOﬁPONENT KINETIC CALCULATIONS )

0
2 ¢ SINVAR ERF 10 BFPTS .| :”wﬁEST‘202+ @ O FLOAT . 2DUP
-3 L ABST 22 + @ 0 FLOAT ~F+ F7 FRATIOC 2!° 10 0 DO 1 CTATC. O
) FLOAT ~ © 1750 0 FLODAT F/  ° 'I2 2% XRUFA @ + 2! LooF
. & 3 CATS 10:0 0O I2 ARST + @ 12 ARSINF + @ - DUF -
-7 I2 ARSDIF +.! DSEXT FLOAT. LN I2 2% YBUFA @ + 2! LOOF
10 ABSDIF 10 + @ 10 B “ NOT IF 4 LSPTS |
S 11 XBUF 20 + XEUFA | ° YBUF 20 + YBUFA 1 NYRUF 20 + NYRUFA !
12 LSFIT XBUF XBUFA | YEUF YRUFA . ! NYRUF NYRUFA ! o
13 ELSE 0. SLOFE 2! 0. SINTER 20 " . THEN - 10 LSFTS !
14 CALCLINE SLOFE 2@ RATZN 2!  SINTER 207 INTZN 2!  j
13 - : S
16

17 .



C17,

D4

. BLOCK = 2054 1070

( ﬁULTICDHPONENT hINETIC CALCULATIDNS » )

1 . .
2 ¢ CHGBLINE - 10 O ng I2 ARSDIF + @ - DSEXT FLOAT
3.0 0. I2 2% NYBUFA. @ + 20 2DUP 0O0= NOT IF EXP. THEN 2QUF
4 I2 2% ABSIN + 2! F= 2DUP 12 2* ABSHG + 21 LN
~3- 0 I2 2% YRUFA @ + 2! LOOR ) ) - ) ’
4 3 LSFTS | CLSL - SLOFE 2@ RATHG “", SINTERYEQ INTHG 2V 5.
-10 -3 MRSUM - CR CHAREF 200 + 60 TYFE CR - -
11 10 © oo I 4 ,R 1 CTATC 7 R
12 ~I2 ARSDIF + @ - 10 ,R . I2 2% ABSIZN.+ 20 FIX 10 D.R.
13 I2 2% ABSHG +.2@ FIX 10 D,R - CR - LOOF - '
14 CR - RATZN 2@ 4 1 16 EI.FR- INTZN 2@“EXP 4 1 16 EI.FR CR
13 : RATHG ,ﬁ 1 16 EI.FR INTHG - 2@ EXP 4,1 16 EI.FR CR

.o

MKCALC . SINVAR CATS CHGLINE BASE @ 12 BASE ! MKSUM HASE |

BLDCK °os7 L1071

¢ HULTICDﬁPONENT ANALYSIS UTILITY DEFS“)

o)

2.3 TDRIE © RUNID 0. 100 MFUM- 50, VD@ CONZN 21 . .
3 44, VD@ CONHG 2! .70, VD@ CONZIN 2! 74, vie CONCYD ‘2!
S0 TALTAR . 13 0..DL0 I 160 % SBEFA @ + STADU‘!, » :

6  SX1 2@ SCNTR @ O FLOAT F/ FIX DROP = I2 ABST.+ I LOOF ;

7 : TAFTAR 130 D00 I 100 % SERFA @ + STADD, ! . o
10 SXI 2@ SCNTR @ O FLOAT F/ -FIX DROP 12 ABSINF +1LOOP
11 % CAIFS  STINIT 1. VW@ O 40 DLINS = ‘ '
12 S . v . S
13 ¢ MKANAL- 12 BASE ! TOFFAGE CR BISPLAY~ SUHHARY -

14 - TDRID TAITAB CAIFS SUMMARY ~.'TAFTAR . MKCALC .
isg . . . N B .

16

17

BLOCK 2060. 1072

o - 8KY. PROIN. LOAD BLOCK FOR SATELLITES )

-
-

B I ' . DR S
3 102 SETL/P 117774 344 ! 60000 364 1 357676 370 5
4 C ) 0 372 | 243562 374 1 364 376
S : ' . .

) DECH 1981 ‘AD 0100 EST 25 AFR TODAY !A»‘z
7 a CR  FSHOT »TIME . DATE “CR: ocTAL -
1 ! OFERCONT - CONTEXT 2+ @ ORER + @ CCONTEXT ¢ 5

12 ( : S - . .

13 \154 150 102 177q54 177 S0 400 TASK RAY

14 RAY ACTVT )

15

UPDPO CR DH FORTH..FRDM SATELLITE..Ul..ZS APRS 81 BLOCK,206O

s
N o~




2720

BLOCK. - 2065 1077

¢ SFECIAL UTILITIES FOR PLOTTER OUTRUT

.

CYRTO 2@ 1750, FLOAT FXx FIX <% #& #% $# 56 IHOLD #»
: . 5 OVER ~ SPAC ¥ - R
OTRTOG  CVURTO ~ DUTYRE'$5 S
CUFLD @ O <% #% #F 56 |HOLD ## ## £> -6 OVER - SPAC #»
OTFLO - CVFLO OTYFE - 3 : S ‘
"CVURAT . 2@ 1790, FLOAT FX CFIX DABRS . wd kb k% $%

: . Sé !HOLD ## 4% > & DVER - SPAC . #& '}
OTRAT  CVURAT - TYFE : S ,
CVCON .- 12. FLOAT F¥  FIX - <% #% 56 IHOLD %% #+ #>

H.A_.
HONCUD RO
’ *E e 4 e

v ee

12

13 & OVER - SPAC #& ;

14 1 OTCON '~ CVCON DTYPE - .

1S 1 QTZCON. ~INTZN 2@ EXF . ZNCF 2@ Fx CYCON. ITYPE ;
16 ! QTHCON INTHG 28 EXF =~ HGCF 28 Fx CVUCON - DTYPE 3
17 : . ' : .

CBLOCK 2066 1078 _

0« MULTICbﬁPONENT KINETIC DATA PLOTTING DEFINITIONS )
0V PXEUF 312 DP4I 0 U PYBUF 312 DR+
PRAWD . 10 NPTS | NPTS @ O no -’I:ngfXBu# + 20

1750, FLOAT F¥ FIX . DROP 12 “PXBUF + 1
I2 AESDIF + @ .DSEXT FLOAT LN 1750 FLOAT Fx FIX :

NGB G

DROF I2 FYBUF + | LOOP  PXBUF BEXADD | PYBUF BYADD !
10 40 4 OTASC -1 DFMODE ! 0 2260 3720 15530 XYFXS XYOTP
11 70 3 OTASC DFMODE OSET ‘ ‘ S

12

‘14 FXBYF I2 + -+ 0 FLOAT 1750, FLOAT F/ RATZN 2@ Fx  INTZN
i3 2@ F+ 1750, FLOAT FX FIX DROFP FYRUF I2 + ! LOOF

17
BLOCK = 2047 1079

(  MULTICOMPONENT KINETIC DATA PLOTTING DEFINITIONS )

0
1
3 3 PHGLIN 145 NPTS | "NFTS @. 0 DO XRANG '@ 144 / I % DUP
-4 PXBUF. I2 + |- 0 FLOAT- 1750. FLOAT-F/ RATHG 2@ Fx INTHG
S 20 F+ . 1750, FLOAT Fx FIX DROP FYRUF I2 + !  LOOP
& FXBUF EBXADD ' ° FYRUF EYARD |- O 22460° 3720 15530
7 e ‘XYFXS XYQTP o
10 k :
11
el
13
14
15
~16

17

13 ¢ PZNMLIN 145 NFTS ! NFTS @ O [0 XRANG @ 144 / 1 % DUP

16 PXBUF BXADD | PYBUF EYADD! ! 0O 2280 3720 ;5530 XYFXS XYOTP'

N

’



BLOCK
<

(

0

NO b ol =O

10 &
11
i2
13
14
15
16
17

BLOCK

o (
1

3
»

2
3
4
3
&

7
10
i1

13
14
15
16 ¢
17

BLOCK
0 <

¢

®
v

N b LR

i0

12

13

14 3
15

17

2070 1080

. MULTICOMFONENT CONCENTRATIONM REFORT )

Calculated Cell Concss . M71 Determined . Rate
Total Flow .. Flow Ratio . ZInm . Hg .. Zirncon

CeDTA | Lo o : ' o )
- Vi CRHLIL 300" TR+ . 334746 33206 V. 1E~6 s

LCRHEAD . SCR @ BLOCK 202 + CRHD 140 MOVE '} LCRHEALD

WEFO 4.1 16 EI,FR 3 '

CRHOT . CRHI- + SWAF TYPE

2071 1081
MULTICOMPONENT CONCENTRATION REFORT )

CCEON_vBASE;@ 12 BASE | CR .76 0 CRHDT CR CR 10 140 CRHDT
CONMZN 28 FRATIO 28 F¥% ,EF0 10 SPACES ~ INTZN 2@ EXF

IZNCF 28 Fx 1E=6 28 Fx - +EFD
& SPACES = RATZN. CVRAT TYPE CR. '
10 150 CRHDT  CONHMG 28 ' FRATIO 2@ F%  .EFD 10 SPACES
INTHG 2@ EXF HGCF 28 F%  1E-6 28 FX - EFD
o 6 SFACES - RATHG CURAT . TYPE "CR
10 .140. CRHDT CONZIN 2@ . FRATIO 2@ Fx  LEFQ. CR .
10 200 CRHDT CONCYD 2@  1EQ FRATIO.2@ F- F% EFO CR CR
14 100 CRHDT : ABST 24 + CVFLO TYFE . 14 1146 CRHDT

FRATIO CVRTO TYFE - CR BASE ! CR™ 3
MIKANAL MKANAL ~ CCCON 5 '
2072 1082
DSE  CONC STORAGE DEFS ) _
00U CONZN 7 00V CONHG 5 0 O V CONCY » 0 O U CONZI »

' SCONS - STORE CONC DATA IN

DSE BUFFER )
SCONS’ CONZN-2@ - 60 D[SEAD @ + 2!
CONHG 2@ 64 [SEAD @ + 2!
CONZI 2@ 70 DSEAD @ + 2!
@ + 2! 5

CONCY 28 74 DSEAL

DSEINIT ~ DSEINIT SCONS -
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: WEFD 2070 ISEC outrut floating number

flt. .EFO. - Outerut flostins value
VARBL . ARCEF 2003 ISE sbs correction values
ARCEF addr . Returns = addr .of the first location of.

an arraw contsining scaled intesers -used to correct the
absorhance values of the corres%ond1ns colorimeter channels‘

VAREL  ~ ABSERUF o 1567 CMETER sbsorbance value buffer
AESBUF addr ) Returms the addr of s buffer holding
the shsorbance values from the 8 colorimeter channels.
The values are sinsgle rrecision 1ntesers rewresentlns
10000 —-10-_ times the base 10 log of - IO /I .

I ARSCAL S 1567 éMETER' calc sbs calib factors

ARSCAL . - Cslculate the 8 absorbance correctlon
-factors for ARSCE from values . in ARSBUF and. ARSMAX.
AESCE = ~ARSMAX / AESEUF % 10,000
_UARBL = ABSCE ' .. 1547 CMETER absorbarce correction b
ARSCE addr Returns the  addr of 3 buffer holding

single precision. integers ( scaled bw a factor of

10000 -10-") used as correctins multirliers for esch of
the 8 colorimeter chamnels to account for dlffevences
in the sen51t1v1ts of each .of the channels. :

ABSCOR ‘ ff:‘ °0"7 FIA correct. shsorhances
ABRSCOR - Calculate corrected absorhbances for
the values in the buffers &f “AXX ‘via CALCAR.

..

. VAREL aRSDIF - 2051 NSEC. "ébsbébéhce diff buffer
: ARSDIIF -addr Returns the | addr of & buffer for
storage of the absorbance dlfference values' .

VAREL ABSHG» ' 2051 DSEC - Hs sbsorbance buffer
ABSHG . addr ... .Returns the addr of a3 buffer for
storage. of absorbance values due to- Hsg. e }

VAREBL. ABSINF . 2051  ISEC inf time absqrbances
ARSINF  addr ‘Returns the addr .of a3 buffer with .
infinite time absorbance values for colorlmeters o -7 1n :
words 0 - 7. . . :

VAREL ARSMAX ‘ ' 567 CMETER sbs value for correction .
ARSMAX  addr Returns the addr of the flosting ) ' ‘
point value rerresentirig the correct tuull scale absorrtion
value for use in calculating ARSCH. : -



VARBL ABSZN.«a[M:i“x :*‘fzdsi-nssc. Zn

..

‘DOCUH‘ Anc

; 7¢Because of the: lenst
interrusts. must ‘he. enabled“dur:ns its execution, to zllow .
other tasvs to execute:  without loss of data.

Ome now hés 10 ms’
" to.sction the 'hlSh level 1nterru9t' Qauseﬁ by STATUS going

,‘:UARBL aRST T " 2051 DSEC vabsorbance value buffer

CABST L addr ' © 7 Returms . the addr of 8 buffer: w1th
“ahsorbance values for: colorlmeters 0 = 7 1n uords [
words 8 =10 cortain flowmeter 1y 2 andvbalance flou
values 1n hundredths of 3" ml/mln.a' :

‘Essrbaé e ‘buffer
ARSZN ;'addr . | Returns the’ -addr’ of & buffer For
storage ‘of abscrbance values due to Zn‘,.h, o RS

CYAREL . -ABUFF - O ‘20§6-ﬁié': ‘buffer for sres vslies

ARUFF  addr . © - Returns:the  addr . of 2. buffer. of .
double ‘erecsion: 1nteSers representzns the area under the
reak for the color;meter channels. - :

1845 CHETER dummw def for later use. .
A defl

: ADALIAS
QDALIAS o

if ADALIAS.S Pafameter fleld is replsced with - the'
address of & definition to. log dats or Perform some. .
other functlon 1f deszred.~ : .

R

edﬁvefsion sk
of the STATUS word -

L yses’ METER |
“Returns the Caddr

ADCS addr

of the A=D converter task. " This tasv»superv1ses the

conversion of 8 channels of .analog imput to distal, values; '.
and :the averaging.of multirle conversions: v1a ALCISR. .. -
ot ADCISR { reéguires: 500 to 1100 us)

“ADDR of the task,table is-used as & counter for the
number of ‘conversions to accumulate before. transferrlns the
average .to VOFF ‘hecause it is necessary to reset thzs counter

tol its. maximum valoe. in 1ess than 1 fise ed ?erzod clock ‘period. .
‘after: the counter has . ‘dohe to.’zero to ma1nta:n oreration. ’

It is not rossible:to ;sssure thet this. can be done in hlSh ;
level Forth at a- 1100 Hz 'rate with the number: of" other tasvs
and orerations occuring iin the sustems_ Farlﬁcylarls if-a”

‘CPU- 1ntenszve onerat1on is undertaken by another task, -

STATUS muist be used to .signal the avaxlab111ts of ‘smother..

averase& convers1on resulti. thus, "ADIDR- was! nsed. 8s. the number»

of conversions in.a’ grous counter 1nstead of STATUS.,. .
mes ‘the number of conver51mns ‘Air 8. grous

to zero.
’ ADCS TASR TABLE ALLUCATIONS

nﬁ_Offset - Name SFunetion™ 0

STATUS flasg 1nd1c3t1ns averased values readg
~ADDR . counter for convers:on An s drous -
RFT ‘value to set: ADUR to’ whe';lt has  gorie- to 0
»;VSEL ‘nes of number of b1ts to sh1ft rlsht

SN
N w+qo

‘tion which does mothimg., “NULL - . .




2
~J
44

100-116 "VOFF. " buffer for. 8 chan averaded values
T 140-176 e . ‘buffer for dbl erec accumulated values -
) : . for 8 channels during ecauls1tlon

DOCUM  ADCAL . ' 1565 CMETER .colorimeter calc. task
ADCAL - 'addr .. . -~ ‘Returns the . .addr -‘of the STATUS word

of ‘the ANCAL task which. is activated when the hish*leveli f

Forth code for ANC8 is executed:. ie,r when ALCB:has 2
rnew .8 chan averased dats buffer., - Calculations: or data
-~ lodgging can be dore by: JALICAL "'via ADALIAS.

COLE “,ADCISR 1564 CHETER A-I conv 1nt. serv. rout
. ADCISR is entered on-interrurts from the fiked
Pﬂrlod clock ‘and is reseronsiblefor sceuiring data from
the 8 colorimeters via ‘the multirlexed A-I converter. and .
accumulating this data until the . srecified number of’ :
conversions are made. The asccumulated. data is them.
. normalized and- stored in VOFF throush U+7 of the ADCB
task table for use b other tasks.. \
In more deta:ly ‘the first operat1on of ADCISR is to
decrement the conversions left counter “in ADDR of ADCS/
The fixed reriod flag is.clesred and a loory ‘which .
does 8 A-D conversions on seauential input chanrielss . is
started under.flag check control. (- processor interrurts
are enabled because of the time reaquired by th1s routine)
As esach conversion is comPletedv the 'value is added to.a
double Frecision ‘secumulation buffer for ‘that charnel which
is msintained in: locatzons 140 to 177 ‘of. the ALICS tasP table.
If ADIR.is 0 after the conversions; the accumulated’ values
.are shifted right acrording to the number in VUSEL ( nesatlye
the desired.number of bits to .shift) and stored in: VOFF to
U+7 of the ‘ADCB task table for externsl use. .
The accumulctlon table is thenm cleared for. the next SPOUﬁ of
conversions,. - RPT indicates the -number .of conver51ons in s
grour, .STATUS is clezred to sisgnzl the comPletlon of the
current grour ‘of conversions. . See AICS for more imformation.

CCONST ADCIV - - .© 1564 CMETER A-I conv int: vectaor
: ANCIV - addr " Returns ‘the. addr. of the vector for
the: A-D converter. o

CONST ANICSR L - . 1564 CMETER ‘A—D-cbnvertef-CSR addr
ALCSR " addr * ‘Returns the' addr _of the analog to :
digitsl comverter CSR used to sceuire colorimeter:data..

BAADR 01503 ERAL addr .of ‘30 sec buffer
BAADR  eddr Returns addr of the beginning of the .
30 second circular buffer for balsnce readings which' is
maintained ir the dictiomary ares of the “tasks 400 butes ~
begond the weight averasing buffer. v S

o




R actlvate balance task
BACTU i et

by 1n1t1311~

and, 30’ -second’

Sl T b 1503 EBAL BVEPBSIHQ buffe'
. BAFLN. »addrv ER Returns addr of PRHSEL 1n the

. buffer.

bOCUH BA[ANCE
i BALANCE . < addr
of the task for,

*jfiou rate: in- ‘.01 wWl/mir
“ length fof Wt sveraging buffe
‘POlnter to 30 _sec. buffer

) A 30 second long c1rcular i | :
Tﬁlthe balance task ares From wh _h the flow Fate . as measured
~'by the balance 1n 0 01 3ms/m1n : : B0 ‘

N-"calculated. PN

S — ‘LC1y'5 :_w' : ,1do3 EBAL g
' R eturns addr.

jthe buffer.aﬁf




jEICOPPECtan
'addr .of e varlabl

© BASCOR ©

.UARBL _
O SBASCOR.

#CoL: of- the ‘balance task table to Prov1de the
welsht on. the balance 1n by 135t é 5§cqnd§..;

7,UARBL ‘éAsuﬂ T
» : BASUM' " addr., e R '
vPPEClSlOQ 9qyi3ble used uhen accumulat;ns basel”"

BT EASVAL
N BASUAL
- from. USEL of the nalance tasP

buffero,
1f neeessars.

oot © O RAVYALU _:”. 1403 EBAL . 'average'balance value L
: . BAVALU. addr | . Returhs’ addr of #COL in the balance ' '",V °"V
tas& table which contalns ‘the average value of the. balance A
w91sht aver351ns buffer co teining values of: the last L secs. PRUTRSORES

e .,BAU@R"
BAUBR

VAREL 'BBU#F"u’”

BBUFF addr

y ~f'acnirf°
" RCDIF.

: the floumeter”t me basey
into the 6. and 30% secorid ;
- 250 msy resulting i low;”ﬂ‘ Q” The flou value 15
multirlied by 25 lesving the’ in units of
01 gm/min or Ol ml/mir 6f water.

irithe ¢ase




SR
s

: ..~ "BCONV . -1504 ERAL ccnvert dlszts to. bxnars'
RCONV R . Convert: s string ‘of RCD digits stored
o in the balance task table to b:naru ir. the order ey
srecified by OTAR w1th the rowers of . 30 stored im PTARy =
leavzns the converted blners uexsht value ofi ‘the staqk.y

CONST YBCSR“"' S 3.156° ERAL balance CSR- addr'”

. BCSR. :addr - .. Returns. the address ot the balancé CSR
: BCVAL - - 5 1503 'ERAL curfeﬁﬁ'bélanée valie’

ECVAL sddr . Returns» addr -of VUSEL. in the balance ’
task- table wh:ch conta1ns the. last belance readlns. :

: BBIF . 1503 ERAL  bslsnce flow rate
EDIF . addr - . . Returms -addr of RPT in the balance
task.table which'contains the flow rate in .0l ml/mim. -

t U UBFADR . 1503 EBAL addr of uweisht avs buf
RFADR . addr Returns - .addr " of FAD of the balarnce.
o task uhere the weisht averas1ns buffer starts‘

VAREL BFLlM » . B ”0‘3 BUFED buffer lensth 11m1t

BRFLIM.  addr S Returns. the . addr ‘of ‘8- .memory locat1dn
cortaining the maximum: number . of Po1nts allowed 1n the
buffEPS‘ . . :

'3 BFLNG : ‘1503 EBAL jlens£h~df wt ave buf
- BRFLMNG . addr Returns . addr . of :R¥ in the balsnce

task table uhlch contains the. lensth of the uelsht averaslns
buffer’ .

BFFTR : : 1503 EBQL ‘ Poxnter 1nto 30 sec buf
BFPTR .addr .. “Returrs addr. of ‘P# in the. bslance
task table which contains the roiriter into: the 30 secorid.
buffer for addxtlon of “the next weight into: the buffer.:x

..

VAREL -4BEP#SV‘ RE '.3053 BUFED wbiﬁts}in buffer .
BFFTS  addr . - ~Returns the . addr "of'a. memory locatior .
-giving the current number of roints in the X & Y. buffers. |

VAREL  EFULM 2054 BUFED error messase buffer
BFULM - addr -~ Returns the: addr. - of & buffer |
containing error messases. ‘ R A




COIE RISR ‘ 1502 EBaL balance i. serv. routine
' Services the balance interrusts which occur.
‘wher the balance done line is activated when'a new .. )
_baslsnce reading is svailable. ( between .5 and 2.5 sec)

The baslance STATUS is clearedr the balamce interface
flag is clearedz and. 3. number of didgits from-the balance
buffer sre read and stored 3s ECI digits im the balance
‘task table starting at VOFF. The address in the buffer
"is selected and outrut. Just before reading the ineput -
Fort,  Input digits are rotated 4 b1ts; maskedy and set .
to O 1f not: 1esr ihan 10 -10- ‘ '

CONST-  BIVEC o 1502 ERAL. balance i. vector addr -
RIVEC addr = " Returns ‘the address of the. balance
1nterrupt service vector. . . :

VARBL  EBLCVAL L 1514'FHETER buffer for bal calb. val
BLCVAL addr Returns addr-. of the beginming of a3
table containing double rrecision sums of -the balance
readings over the FCMTIM ‘time.period.at individual flow
- rates usned-in rreraring the flowmeter calbs curve.

-RSVAL ) ) 1503 EBAL store in 30 ‘sec. buff
BSUAL ; . ‘Store averase vaslue from 6 sec buffer
in 8 30 second circislar buffer to allow calculat1on of
the flow rate be. "BCDIF .- After cslculastion of the
difference the rointer inmteo the buffer is 1ncremented
'and reset if necessars.

..

. Ci: _— 1501 VALVE close valve 1 comﬁletelsf

ci - . Start an endless ‘loor using CL1 to close valve

#1., When the inPut bits 1nd1cate the vslve is closedr
1t the loor. - .

.

EY S

c2 1501 VALVE = close valve 2 comrletelw

c2 Start an endless loor using CL2 to close .valve )

’ %&.~ uhen the irmeput bits - indicate the valve. is clcsed;
®it the loor.

VAREL CARE. . - 1547 CMETER <corrected abs buffer
CARE ~ addr © . Returns the ‘addr of s buffer holding
single rrecision 1ntesers ( scaled by a3 factor of
10000 =10~ ) which rerresent the corrected absorbance
of each of the 8 colorimeter channels. .

H CARS 1570 CMETER calculate absarbances
CAES . Calculate the 8 sbsorbance values and

store them.in ARSRUF.  IBUF is subtracted: from IOBUF

and the results converted to base 10 losds.



2 CAIFS e 2057 DSEC _ calc Axnf stats . 7
CAIFS e ‘Calec . gverage: 1nf1n1te time: ebsorbancesfm<'}.'&
for data 1n the blocks rointed: to bw VOFF. ’ The< word st bute .- -
ié_has the addr of the bes;nnzns of: the 1nf1n1te t1me data. :

“ .o

: CALCAB RO 4": “004 DSE calc éOfrected abé L
a | chan# CALCAB b R - The: raw absorbance value‘ ;
lﬂ myltirlied by the covrect1on factor for: “char# and. -
the‘cprrected ebsorbanCEy-:bu“s 1s 1eft -6n’ the stack o

-

. CALCAB i ' fn “0”7 FIA ' calc callbrated absorb.
'value‘ char#. CALCAB i Calculate 3- corrected absorbance:
szven the walie to: correct on the- stacP ‘and’ the - chan#
uh;ch itiis obta1ned from. ARCEF contazns scaled correct:on
factors for each colorlmeter.ﬁ, L -
i
: L Sl g
i CALCLINE ' ”052 LSGU calculate 11ne .
CALCLINE Calculate new Y roirits er 3 11ne
conszstlns of the number of Polnts in LSPTS.. Floatxns X
"values are:in the buffer Fointed to by’ the. addr in XBUFA, ' "
The slore and 1ntercept of the ‘lines are obta1ned from the"”
statlstlcs hufferq Calculated roints -are stored in a

'1»ibuffer Poznted to by the addr in NYBUFA._,
\ CALCPT I S “0‘ LSGU - esles 8.Y" P01nt v P
Ptd CALCFT value.‘ L Calculate ER float1ns Foint | value.
“for - Bt¥ -in the buffer rpoifted to b the ‘addr inm XBUFA -

us1ns values for the SlOPE and 1ntercept from the statistics
”table..f : . 2 Sy =

.

e

2 ee

CATS R ,b“'”OaS DSéC Desles abs at color1meters;*ﬂ
”CATS CES Cale absorbance differences” for. each - R P
colorlmeter ‘and.. store in . ABSHIF. Store’LN of dlfference R A o

‘1ﬁ YBUF: ‘do’ lease saueres on ’s & calc llne. T

.

L CBFY‘,' - o ';’ 3 HUFED »clear buffers"v _l_, :
CCBF R Set BFPTS to Oy effectlvels emPtszng N
“the bufferse .~ R Lo T :
.'CCCONS _ : "‘a‘ﬂ°71 DSEC ‘»calc 811 concertrbtzons
_CCCDN fl onioho Caleuwlste. concentratzons of ressents

iR the mixing cell from concentretzons supplled in the
frbn‘ID sect1qn and the dllutlon ratlo. .

.

e .

i CFGi SRR
”flt.rate CFGl fltiress

43:FHETER calc rese from flou rate:
’Calculate the floumeter ;

FRT




given 3 flow rate ( im 01 ml/min) for flowmeter #1
sccording to the calibration curve determined by the
short eslibration rroceedure. -All values are flosting
rOint numbers. ’ ' ! : o

1 CFG2 o 1513 FMETER ..calc resr from flow rate
flt.rate CFG”"flt.respm " . Caleudlate the flowmeter reseronse
siven 2 flow rate ( in +01 ml/mir) for flowmeter #2
according to the calibration curve determined bw the
short ‘calibration Proceedure‘ All values are floatlns
roint numbers.’ . .

VARBL CFLAG 1571 CMETER dore flag for storage or-
R . CFRL : 1513 FMETER .c3lc flow. rate from rese
flt.resr CFR1 flt.rate Caleculate the.flow rate ir -

<01 ml/min from the resronse of flowmeter #1 according
to the calibration curve determined by the. short czlb. -
Proceedure. All values are flosting roint nymbers"

..

CFR2 - . 4 1513 FMETER cale flow rate from ress
flt.resp  CFR2 flt.rate - Caleculate the flow rate in- :
+01 ml/min from the resronse of flowmeter. #2 accordlng
to the callbrat1on curve determined by the short calb.™
Froceedure, - All ‘values are flosting Polnb numbers.- o

" CHANBF - o 2026!FIA se;uﬁ-buffé.?df;FIA rets
b¥ CHANEBF Setur 8 buffers in AXX from FIA datsz
stored on disk starting at b¥ . Buffer identification is
Printed snd data transferred from disk to memors buffers.

.

VAREL  CHAREF 2003 DSE ‘storasge buffer
.CHAREF * " addr . .Returns addr .of the first location of
an array containing asecii strings for tasble headinss. ’

: . .CHGLINE o ”046 DSEC ¢zlc Heg line
CHGLINE ' Calculate the absorbance due to ZIn
from. the LS fit ahd store irm ARSZM. Subiract this from the
ARSDIF calc’d earlier and store in ARSHG for the
absorbsnce due tc Hs. i o :

CODE cL1 : 1500 VALVE ‘close valve 1 -
s CL1 Quterut 2 1s bits of 8 from the stachk
to the rrorer bits of the marallel outrut rort to
cazuse movement of valve #1. The outrut oreration is
skirred if bits of ‘the rarallel input rFort ‘indicate the
valve is. comrletelw closed. If -~ a ‘is Or mo movement




]
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‘occurs: 1 produces 8 slight movement, 2 sbout 1/10th
of & turn and 3 asbout 1/4th of a turn. :

: CL1E ' 1501 VALVE .close valve 1
a CL1E Transfer 2 to CL1 if VMIEN is Oy
causlns valve 1 to elose slightlyy otherwise dror "8 .

COLE cL2. . 1500 VALVE. - close valve 2

a3 CL2 See descrirtion for CL2
: CL2E - 1501 VALVE . close valve 2
a CL2E Transfer a to CL2 if UM2EN is 0.

causing valve 2 to close slisghtlur otherwise dror '3 -

: CLsL 208 2 LSRU cale lesst sauares line
cLsL . T Calculate s least seuares line by doing
the LSFIT and CALCLINE orerations on the rumber of Points
1nd1cated by LSFTS.

COLOFF . . 2051 DISEC polobimeter‘distances
COLOFF . addr Returns the " addr of s buffer. which
contains the distance from the mixer to. .the colorimeter
in millimeters., : i

s

VAREL “' CONCY S 2072: DSE conc- of CulTA ,
CONCY  addr : Retwurns the addr of 23 floating roint
memory location comtaining the concentratiorn of CulTA in
the solution. . : )

VAREL  CONCYD .~ '~ ‘2051 DSEC,  CwDTA concentration
CONCYDl  addr ‘Returns the  addr of a float:ns roint
buffer contsining the CwslTA concentrat1on.,

VARRL CONHG - U . 2072 DSE " conc of Hg
CONHG addr.  °  °  Returns the ~ addr of.3 floatins roint
memory location comtaining the eoneentratlon of Hs in the
samrle solution.

VAREL ~ CONHG o 2051 IISEC ‘Mg concentration
CONHG ~ addr Returns the  addr of a flostinz koint
puffer containing the Hg comcentration. ‘ .

VAREL CONZI - .o2072 DSE . conc‘of;zincon

CONZI addr .. Réturns the -addr of -3 flosting roint

memory location conta;n1ns the ‘concemtration of. Zincon in
the solution.’ : o T
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VARBL ~ CONZIN . 2051 DSEC . Zincon corcentration
CONZIN ~addr =~ - Returns the. addr of a. floatlns roint -
buffer-containing the Zincon concentratlon. .

VARERL . CONZN - 2072 DSE conic. of.Zn
CONZN ~addr - - Returris - the  addr of-3 flosting roint
memors location containing the conmcentration .of Zn in the
samrle solution. i

- YAREL CONZN . 2051 DSEC' Zr concentration
CONZN ‘addr . = ‘Returns the .addr of & fleosting roint
buffer coritaiming the Zn concentration;

CcPP ' 1571 CMETER outeput sbs from st buff,
CFF : Qutrut 8 sisned values from the outﬁut
storade buffer to the terminal. .

..

VAREL . .CRHD . . 2070 DSEC buffer for rerort. hesder
CRHL ' addr ' Returns the addr of the buffer for
the multicomronent rerort header. ) :

CRHDT o 2070 DSEC outsut headér fields
count offset CRHOT ° Outeut coumt - chars from CRHD
starting .offset. butes ‘irnto the buffer. .

Y

CTATC ) N 2051 IISEC calc time at colbrimeﬂer,

~chan¥ CTATC ms: ; Calculate the time from mixing
in milliseconds a3t color:meter channel = chan%. . The

flowrate in the calibration ecuation flow % -14,09 + .
352.9 = time . is-obtained from word 10 =10- of AEST.

DARS, . R 1570. CMETER diselaw asbsorbances

DARS Outrut the 8 sbsorbarice values -in AESEUF
: DRFE " 2054 BUFED = double buffer emtry
sval, 9yval, DBFE Redef1n1tlon of FBFE for -

double precision ‘intesger 1nput.

..

UCARS . 1570 CHETER - disrlaw cor. absorbances
DCAES “Calculate the corrected sbsorbances by

multlﬁluxns ABSBUF by AKSCBs storing the results in

CARE and slso-outrutimsg them. i



DISFLAY - o © 2003 .DSE . . disrlaw IOSE. run info.
b DISFLAY Calculate snd outPut ‘information from
the DSE run startlns at b# .+  The.statistics tables sre
Jimitializeds the number .of ‘data. lines 1nd1cated bs bate 14
3re Processed and 3. summars is outrut, .

..

'UL‘I'NS ' ' 2004 DSE diselaw x lines
vaddr., #1 . DLINS . e Use DSELIN to- operate or ¥1°
.limes af ”0 butes start;ns at vaddr.

+e

DOCUM.- DSE -~ o 2000 ISE. Bllut1on Stab111£w doc
) The purrose of the dilution stability experlment is to
Levaluate the flow sersing and: controlling- sbilitw. of the .
instrument. The variatzon 1n,cqlor1meter,oqtput with time-
will indicste the stabilits of the flow coritroller and the
overall noise exrected. of the system. ~For ewsmsle, assume. . -
~eaual flow rates of non-sbsorbing and sbsorbing solutions.

-An absorbance. of ore half that of the sure sbsorbing solutiom

sheuld be observed.. Accuracy and stability can be determined

by how close .the colorimeter outrut comes to half scale.
S Orerstional Froceedure

1. Run short calibration Froceedures on- both floumeters
with the solutions thew will be controlllns. Record
‘slores arid intercerts for later usei - Haintain conditions
exactly as they will be when using the 1nsttumentyvdpn‘t]
,allou the slightest movement of aﬂparétus. ( FMCAL )

2., Run. the colorimeteér czlibration sroceedure. with rFure
non-absorbing. ( GETIO ) ard sbsorbing ¢ ARSCAL ).
solutions to determlne the ‘correction factors for each
colorineter,

3. Set the desired flow rates in both channels and wa;t for

) stabilizastion., ~( SFG1. s SFG2 )~ . .
4,  Start datas storssge vis DSEINIT -, ‘

5. . Store the data buffer on disk for subseauent calculatlons

and Plottlnse ( E¥ SDSEDATQ )

TIOCUM DSE ARRAY FORHAT '"000 ns8E | 7,’BSE arras allocat1ons

~ Byte Contents - . Bute . Contents:
0= 1 Run # o . .100-117 color;meter correctlons
2- 5 Time . E " 120-123.FM1 Slore  floatins -
‘6= 7  Date L - 124-127 FM1 Offset - *
10-11 FP.Cloeck CSR. . - 130;133"FH° Slore . *
12-13 # readindgds avdd = - . 134-137 FM2 Offset - * :
14-15 % butes in array’ = - 140 ori Datz entries of 40 butes
16-17 .addr of 2nd section . 0=17. '8 colorimeter chans
"20-57 ssciistring - . 20-21 FM1 value' S )
60-63 conc of Zn Yo T 22-23 ¢ FM2 value.

64-67 conc -of Hg . 24-25  RBalsnce value
70-73  conc of ‘Zincon : C RS
~ 74-=77 econc of CusliTA



3
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UARBL - DSEAL 2000 DSE  DSE storase buf sddr ’ R
DSEAL 3ddr - " Returns addr of the first locstion of o S
an array used for storase of’ data from the’ HSE Proceedure'

DSEDIS B ”003 DSE T dlSPIBB DSE data B -
b DSELIS: e Outrut - the- 1dent1f1cat1on .dats. from. the
_DSE array snd set. s flowmeter and colorxmeter cal:bratlon
varlables for later ise. .

e

DSEINIT T "000 DSE init DSE data file.
Rurdd - addr DSEINIT. ssmx® : Imitislize a data array
for a-dilution stabzl;ts e Perlment rurre o Rurd 15 stored in
- the flrst word of the-dats arrzy which starts. at. addr .
e isan aseiichar string (. see DSESTR) of ue-to 32.chars -
which wxll ‘be stored 20 butes into. the- array as 1dent1f1ns
'Lnformatzon.' STFTR is set to the first dsta storade areas
8110U1n3 dats to be stored in. the buffar untll it is full.

.o

-DSELIN . . 2004 DSE dlsplasfline ‘3t vaddr
vaddr, DSELIN : . ‘Diseplawi: sccumulates or PTOCess
" the DSE data cons;stlns of the 20 butes followlns vaddr.'
on the stack. Corrections or. cal;bratlons are BPPlled to
the rew. datz which is ther disrlaveds sccumulated for the
statisticss or stored in an- outrut buffer for Plottznsy
‘deﬁend1ns if blochk 2004, “006; or ‘2007 is . loaded.

.

: . DSESTR } . 2000 DSE obtaln ineut char strlns

~ DSESTR- .. Enter = character string to be stored
ir the. ISE dats buffer for didentifticatiori rurroses. " The strlng
is termirated by 2 * and up to 40 -8~ chars maw be stored.

ERF . 2053 BUFED  erase buffers

ERF . S Set 211 locations in the buffers‘to 0, . 5§”3'?
CVARBL  F1OK 0o ];1567»CMETER flqatins corist of 10,000 . B
'+ FBFE .. . 2054 BUFED float1ns buffer entry

© . fxvall ‘fuval. FEFE Store 'the flosting raint vzlues

on the stack im the X & Y buffers at the. 1ocat10n determined
by the current valile of BFFTS. If the buffer ig full,

output .8r - erTror message and do not store or drop the

numbers from the stack: S

s FRFL ‘ 2053 BUFEB fit. Pt. buffer 1zst
FRFL . s List. the contents of the least sauares
buffers in floatins Point format. EFFTS ‘contains the

riamber of roints to be outrut. - XEUFAr YEUFA -and NYBUFA

roint to the buffers contsinimg the values to be - listed,
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nocuM - FIA ) 2021 FIA - Flow Indection doc.
- The Furrose- of the Flow Indection Analusis exreriment
is to evaluate and determine the characteristics of the
instrument in flow irdection mode. Absorbing samele rlugs
- (KMriD4) “are . inJected into a3 non-shsorbing . carrier stream
whose flourate is controlled by the flow cortroller,  The
resronse of ‘the :8:detectors, flowmeterss ahd balance is
recorded reriodically (intervals of .08 to .64 seconds)
and stored for. later anazlusis,  Information on disrersion
of the samrle Fludy linesritw of ares resronsey and
PePPOdUCEBbllltB under flow 1nqect10n conditions may be
obtairned. :
Orerstional Proccedure

‘1. . Rup the 'short calibration rroceedure on: the floumeter
to be used with the solutions to be used. .

2. Run the colorimeter calibration mroceedure with FuTe
rion—absorbing ( GETIO ) and. 3bsorb1ns (. ARSCAL -

- solutions to determined the correct1on factors for

-esch colorimeter.
3. Set the desired flow rate. and wait for stab111~atzon¢
Re sure the samrle loor is filled and the samrling valve
} is.in ‘the rrorer rosition. :
4. ‘Start deta: storagde via FIAINIT uhloh also causes the
sampling value to imsert the samPle loos 1n the carvxer

- stream.

Ss  When flnlsheﬁy‘giore;the data buffer on d1sk for later
.ealculations and rlotting.  (  B#. SFIADATA )

' nocum “'FIA.ARRQY.FORMAT 2021 FlA FIa arras allocatzons

Bute  Contents Bute Conterits

0= 1 Run # . ) 100-117 colorlmeter correctlons

2= 5 Time 120-123 FM1 Slore ~ floatinsg

6~ 7 Date 124-127 FM1 Offset o : IR
10-11 FF Clock CSR o 130~-133 'FM2 Slore ot : S
12~13 # readings avad 134-137:FM2 Offset ' ) R
14-15 # bytes in arrey 140 on Data entries of 20 butes

16~-17 'srare : 0~-17 8 cclorzmeter channels
20-57  ascii string - 20-21 FM1l value

60~77 srare. c 22-23 FM2 value
) : : © 24=25° BRalance value
26~27 Parallel insut Port
¢ L8R=1 =l valve is imdecting)

A . FIABRP : 2024 FIA - generate FIA rerort sase.
b¥ FIABRF . Outrut 3 FIA rtun rerort given the starting
bt . Tizta is read ins sbsorbances corrected and aress
intesrated for esch colorimeter. A second 1ntesratzon is

- done after cnrrectlns for baseline values: '

: FIADIS 2024 FIA  diselaw FIA dats.
b+# FIADIS Dutrut the identification datas from the
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FIA arras and set ur floumeter and colorlmeter callbratlon

. varisbles for later use.

..

‘.

o

+e

FIAINIT 2021 FIA vinithIAf&ata'file
Run$ ‘addr FIAINIT T i Imitiglize &8 data array

- for. -8 flow 1nqect10n analsszs run.; Rurn¥ is stored in. the ’

first - word. of. . the data arras which . starts at - addrs .

i 18 ‘e asciid char" strlns' ( ‘see: DSESTR) o? ue. to 32 chars’
uhlch wlll Be. stored 20 butes intd the arras as 1dent1f1ns
1nTormat1on.' STFTR is set to the:first data. storage .areay
allowing dgata to be stored in the buffer writil it is “full.
INJECT act1vetes the solid stste relas which causes the
Samﬁllna value to moyve to the 1naect ﬂ051t10n.

 FIARFT 2024 FIA senerate FIA reﬁorts\
startBd - erdB# FIARPT Generate rerortis vias FIABRP

‘for:buffers starting st startB4 and ‘endins st erndiB#,

RBuffers are 10 -8~ blocks long.

FLCHG o - 1925 FMETER ,set chsnslns flou F~3T3M.
FLCHG - - - ) Set the limit of differences from the
.average and the . control value d1v151or to values oﬁt1mumv

for chans;ns flou cond1t1ons.

FLCON & : 1525 FMETER set constant tlow raram.
‘FLCON . ‘Set “the Limit of differences from the
sverase and the control vslue divigior to values ortimum
for constant flow condltlons..

VARERL FLFTN» _ y 1515 FMETER  temr flt stqﬁéSQ iod.

DOCUM -~ FM1 ‘ 1510 FMETER flowmeter 1 tash .
FM1  addr = ..Retiyrns the addr  of the STATUS word

of the FMl1 task which.suﬁervisesvthe’dperation of ‘floumeter
¥1+ The task resds data from the counter viaz FMISR and
is resronsible for keering an average floumeter vaslue and

‘driving the flou controller valves in rrorer direction to

maintain:flow comtrol. :
FLOWMETER "TASK TARLE ALLDCATIONS

Offset Name “Fumetiom . . ‘ ' :

14 IR . addr of RTC CSK far flowmeter

16 - 0Da 0 if xx2 valve controller should be used
. L1 4f wuxl valve controller ‘should be used

S50 © C#COL - last error value for czlc of err dervs.

S RPT ~ ‘multirlier for derivative

54 R# number _read. dlreetls f.rom RTC counter

56 CPE " .calculzted.comtrel valiue. for valve

62 ) ERR set to 1 when flowmetet orerstions: done

72 VUSEL sum cf error & derv values
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1008102 VOFF sum of last X values. X in U+4

110 " V+4 - width.of sversging window in roints
112 V45 - . rointer to next mem loc to store  flow-
. meter values (abs. addr)
114 V+6 “limit of differences from averade to be
) } .stored in averasing buffer. Ca
114 7 flowmeter. soal value
122 HOLL counter for flowmeter éontrdl'( valve
. movement -dore. every 4th interrust
132 STAID statistics tsble address for calibration
CONST ~ FMICSR 1510 FMETER flowmeter 1 CSR“addr
FM1CSR addr ) Returns the addr of the CSR for FHI
CONST FM1G6 - - - v - 1511 FMETER addr .of FMl doal.
FM1G6 addr Returns the addr of V47 'in the flow-

meter #1 task tahle which contains the setroint value.

CONST  FM1IV - 1510 FMETER flowmeter 1 vector addr
FM1IIV.  addr - “Returns the addr of the interrurt
vector for FM1 . '

- FM10F 1513 FMETER ' flowmeter 1 caslb. offset
FM10F. addr . =~ . Returns ‘the addr. of. 2 double srecision .
floating roint value: diving the offset of the:  flowmeter #¥1
calibratfonvcufve_detérmined bw the short ca3lb. Proceedure.

..

¢ FMisL . . 1513 FMETER: floumeter 1 calb.: slore

FM1SL W addr . Returns the addr of 2 double srecision
flosting roint value giving the slore of ' the flowmeter #1

calibration curve determined by the short calb. rroceedure.

DOCUM FM2 | 1510 FMETER .- flowmeter 2 tashk

: FM2  -addr - - Returns the addr of the STATUS word
of the FM2 task which surervises the oreration of flowmeter
$¥2, See FM1 for details. S

CONST FM2CSR : 1510 FMETER flowmeter 2 CSR addr

FM2CSR.  addr ‘Returns the .addr -fo. the CSR for FM2
CONST FM26G o 1511 FMETER addr of FM2 goal
FM26 3ddr -Returns the addr of V47 in the flow-

méter #2 task tasble which contains the setroint value.



CONST FM2IV . : 1510 FMETER . flowmeter. 2 vector addr
FM2IV  addr Returns the addr. of the interrurt .
vector for FM2 :

FM20F 1513 FMETER flowmeter 2 calb, offset
FM20F addr Returns the addr of a8 double mrecision
floating roint velue giving the offset of the flowmeter #2
calibration curve determined by the short calb. Froceedure.

.

FM28L 1513 FMETER - flowmeter 2 c¢azlb. slore
FM2SL - addr . Retwrns the  addr . of & double sreécision.
flosting roint value diving the slore of the flowmeter #2
cslibrstion. cirve determined by the short calb. rroceedure.

..

.

FMALIAS 1511 FMETER  dummy def for later wuse

FMALIAS - A definition which does mnothing. . NULL
in FMALIAS’s rarametéer field is rerlaced with the
sddress of a definition to log datas or rerform some
other function if desired.

VARRL FMC1V } 1514 FMETER buffer for FM1 c3lb val.
FMC1V . addr ) Returns addr of the bedinning of 3
table containirg double Frecisiori sums of flowmeter 41
readings over the FMCTIM time reriod 3t imdividusl flow
rates used in rreraring the flowmeter calb. curve,

. VAREL FMC2v - 1514 FHMETER buffer for FM2 calb val.

FMC2V  addr Returns addr of the beginning of a
table containing double Precision sums of flowneter #2
readings over the FMCTIM time reriod at individuasl flow
rates ‘used in rreraring the flowmeter czlbh. curve.

: FMCAL 1516 FMETER inmitiate fm calb.. sec.
FMCAL Activate FMCTASK .and start execution
of the FMCSEQ after clesring the dats accumulation
buffers. After execution of FMCSEQs 2n eridless loor
is entered to mrevert rossible sroblems with FMCTASK
if extrs FMCNEXTs are done and no goal valuwes. are avail,

' FMCD'IN : : 1314 FMETER deiristall losging def
FMCIOIN _Rerlace the address in the rarameter
field of FMALIAS with that of NULL, thus: storring
any data logsging sctivity by tbe cslibration routines.

VAREL  FMCGOAL 1514 FMETER fm goals for calb curve
FMCGOAL ~addr Returns addr of the bedinning of 2
table contsining flow soal values for use in ereraring



the»floUmétéb’célb.eurve by the short calibration .
rroceedure. . o

'FﬁCINST ) o 1514 FMETER ‘install logding rowtines

FMCINST ; Instsll FMCSUM in FMALIAS: starting the
,accumulat1on of dasta for Freraration of callbratzcn curves,

.o

FMCNEXT ~ - . 1416 FMETER do newt step in cal sea,

" FMCNEXT = . Cause the next ster in the callbratlon
seauence ss defined by FMSEQ and FMCSTEP to be executed
by c1e3r1ns STATUS of FMCTASK.,

oo

VAREBL - FMCPTR IR 18514 FMETER  etr to cal buffer
: FMCFTR., addr = . Returns addr of 8 variable which is:
a rointer-into s buffer of sccumulsted: flow values used
" to ‘calculste the flowmeter calibration curve.f

P 'FMCRPT : 1515 FMETER  calculate calb curve
) FHCRPT " Calculaste calzbratlon curves for both
“flowmeters from the values - accumulated in FHCSUH; legving
flosting roint slores arig offsets Arc FMxSL -3nd. FM:<0F .

) The routirie uses’ SACC ‘of the statisties rackage to
accumilate sums: snd sums of seuares of the ‘averasge values
obtaired. from FMC1V and FHMC2V" with BLCVAL supplsxns the
X values st ‘the various flow rates emPloued be the short

.eslibration Proceedure. A least squares linear redréssior
‘ealculation is done which geilds the slore and offset values

. which are stored for’ later use . i

VARRL FMCSEF ! . 1514 FMETER fm caslb statistics buf
FMCSEF @ addr . Returms 2ddr of the begirining of.a
table containing various values used bw the stafistics
routines which csleculate the flowmeter calb‘curve.

H FMCSEQ' © 1516 FMETER - calb ‘secuence
- FMCSEQ ‘Burervises the stérring throush the flow
g03l .values 'in FMCGOAL and caleulsting the slores and
intercerts. Orerstes under the FMCTASK Brd. uses )
FHCSTEF to do the individual stePs.

: FMCSTEP o 1514 FMETER ‘do mext calb ster
s FMCSTEF " Execiute the next ster 'in the short

cslibration sesuerce bs using a .35 an offset into
FMCGOAL to obtain the mext flow goal value which

is stored im the flow ozl rosition for both ‘tasks.
Execution is susrended until the flow rates stabhilize
8s signaled by the orerstor clearing STATUS of FMCTASK.
FMCINST then instzlls data sccumulating routines which




orerate until FMCTIM is exceeded. Execution is asgain
susrended until clearing of STATUS .again indicates that
it 'is time to rroceed.

H FMCSUM " 1514 FMETER sccum cslb. values
FMCSUM If the task ‘is FMls accumdlate flow
sums -in FMC1Vy FMC2Vy - amd. BLCVAL for use in cslculatins
the flowmeter calibratiorn curves. If FSCTR. is not less
than FMCTIMy wse FMCOIN to stor the 'acocumulation.

nocum FMCTASK 1514 FMETER. short .calibration task
FMCTASK addr Returns addr: of the STATUS
word of -3 task used to surervise the short flowmeter
calibration rroceedure. When STATUS of this task is
set to 0» the rext flow value in FMCGOAL is rassed to the
flowmeters. Data sccumulation is started the next time
STATUS is set to 0 to allow Plow rates to become stable.
After data for 3ll the flow rates is asccumulatedy FMCRPT is
executed and the task inasctivated until FMCAL restarts it.

VARBL FMCTINM _ 1514 FMETER nwunmiber of . readings for ¢
. FMCTIM . addr Returns . addr of 3 varisble containing
the number of readinss to be taken at & srecific flow

rate when executing the short calibration rroceedure.

: - FMRIsSA - : 1523 FMETER disrlag FM & CM values
FMDISA - If ERR of FM1 is 1, indicating that
caleuulations are comrletedr». reset ERR and disrlag
the flowmeter. and colorimeter rarameters via FFPSUM.
FMDISA initiates an endless.loor which tests ERRy
disrlavs, releasses the rrocessors and then rerests.

CODE FMISR 1510 FMETER flowmeter i. serv. rout,
~ The flowmeter interrusrt service routine
clears the flowumeter flasg, stores the value in the
interface counter in R+ of the flowmeter task tables )
resets the countery and clears the flouwmeter task STATUS
in resronse to 3 flowmeter interrurt, o

K CFMOPR .- 1512 FMETER set ur flowmeter task
FMOFR ) o -.BSet e varisbles in the flowmeter tashk
table and besgin.an endless loor consisting of FMUSS and
VALVCONT. ERR is set to I when the orerations are
comrleted. ‘ ) ' :

H FMSTO: ! 3 1511 FMETER “store in fm avg. buffer

FMSTO o Store . 8 in the ‘flowmeter dveraging

‘circular buffer in the location rointed to bw U45s
increment V45, resetting if necessary. :



o
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FMSUM o 1511 FMETER sum fmeter avg. buffer
FMSUM ’ Sum the values ( number in V+4) in the
flowmeter averaging circular buffer starting at FAD of -
the task. The double rrecisior sum is stored -in VOFF,

FMVAL, L 1511 FMETER calc value to Fut in buf
FMUAL - a . Calculate 3 value to be stored im the

flowmeter averading circular buffer which does not

differ from the averasge valuwe of the buffer by more than

the value in V+é6 of the task table from the raw data

in R¥ obtsined from the interface counter.

FMUSS ‘1511 FMETER rerform flowmeter calcs:
FMVUSS - Combines the orerations of FMVAL»

FMSTOs and FMSUM. If FM1l is executing this defys

the balance buffer urdate orerations are done. FMALIAS

is done to allow dats logdings etcr if desired. :

CONST FFCIV 1564 CHMETER fixed reriod vector

FFCIV , Returns the addr of the fiuxed reriod
clock vector.

CONST FPCSR 1564 CHMETER fixed reriod clock CSR

FFCSR addr Returns the addr - of the fiited period
clock CSR for use with colorimeter dats ascauisition.

FPSUM . 1523 FMETER disrlay FM & CM values
FFPSUM Outriut flowmeter and colerimeter values

for continuous orerstor monitoring of the oreration

of the sgstem. The flouwmeter lime consists of the

sccumulsted flow value in VYOFF of FMis the flow rtate

ire »01 ml/min caleulated by CFR1 from the averadge flow

resronses the sccumuslated flow value in VOFF of FM2,

the flow rate in .01 ml/min calculated.by CFR2 from

the asverase flow resronsesr and the flow rate-in .01

ml/min determiried by the electronic balance. The '

‘eurrent time in ms  sec wmin hrs coricludes ‘the line.

The second lime consists of 8 memory dume of the
last .8 absorbance values obtained from the colorimeters
and. stored in memorv.

UARBL  FRATIO . - 2051 DSEC.  flow ratio

FRATIO addr Returrns the addr of a double rrecision
floating roint variable containing the ratio of the flow

in the samrle chamnel to that in the reagent channel

FRATIO = FM1 /" (FM1 '+ FHM2) o
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VAREL FSCTR - 1514 FMETER, counter for cal routines .
FSCTR addr ) Returns addr  of s 'variable which -

counts the number of flowmeter readings tasken when )

accumulatlns ‘flow values for smreparimg a3 calb. curve.

: GETI 1567 CMETER  set I values » :
GETI ) Calculate the BLOGs of the- 8 color1meter
values in VOFF of the'ADCE‘task.and‘storg them 1n_IBUFv-”

: BETIO _ 1567 CMETER - set I0 .values :
GETIO ) -~ Caleulate the BLOGs of the 8 colorimeter
values in VOFF of the ADCB task and store them in IORUF.

: BF ' 1570 CMETER set I, calc and outrut
GF Do the functions of GETI CARS [ARS LCAES. ~

VAREL  HBGCF . _ 2051 DSEC =~ Hs correction factor
HGCF  addr. © _Returns the addr of a2 fleoating roint

correctlon factor relat1ns H=. resronse to asctuasl comcs. .

VARBL IORUF - 1567 CMETER 10 value buffer
- IORUF ° addr - Returns the addr of- & buffer- holding
the BLOGs of the I0 of blank values from the 8 color—
imeter chammels. WValues are dbl ﬁnec,scéled integers.

IBFE . . 2054 RBUFED - inteser buffer entrs
¥ 'y " IRFE . Corvert x & ¢ to double rrec.
intesérs and use FBFE to store them irm. the buffers. .

..

IEFL S 2053 BUFED . inteser buffer list
IRFL ) . - List the contents of the least seuares—
buffers in -double erecisior format, BFPTS contans the
number of roints to be outrut. XBUFA» YBUFA and NYBUFA

“Point to the buffers containimg the values to be listed.

.

VARKL - IRUF - 1567 CMETER I wvalue buffer
IRUF addr -~ . " Returns the addr of z buffer holdinsg
the ELOGs of the I or samrle values from the 8 color-
imeter channels. Ualues are dbl rrec scaled 1ntesers‘

: IFBFE 2054 BUFED  int. to flt. bufi entre
% w  IFEFE . Corvert % . & v to fleating roint
values before usxns 'FEFE to store them 1n‘the buffers.




INJECT 2023 FIA- - move: valve to indect ros
INJECT Act1vate solid. state relay - ( set rarzllel CSRO)
which causes the sampllng valve to be moved to the indect
rosition,

o

INTEG - . 2027 FIA® - intedrate charmel data
INTEG- - Intedrate -ares under resks whose rrofiles. are’
stored in 8 buffers in AXX bs CHANHF. SMim & max values are

also reported le ISUM;

.

VARBL INTHG 2051 DSEC Ha intercest
INTHG addr Returns the addr of 3 floating rPoint
memors location contaiming the H4 initial concentration.

UARBL  INTZN | 2051 DSEC  Zn intercest
INTZN addr * Returns the addr of 3 flosting roint
memory locatiorm containing the Znm imitisl concentration.

H ISUM } T 2027 FIA outeput intedration summ.
charm¥ ISUM Qutreut values. sccumulsted by INTEG. '
Values are! channel rnumbery 3arear normalized areay minimum
valuey reak vslues normalized reak value.

;- LCHEF , 2003 DSE load CHAREF

LCHEF Load strings from the block into CHAREF -
: LCRHEALD L 2070 ISEC ° load header buffer
LCRHEAD ~ . - Load header buffeér from disk bhlock
3 LOADS ' i 2023 FIA . relesse valve from ind.
LOADS - Clear CSROs desctivating the solid state relay

holding the valve in INJECT rdsitionm. Activating the
oprosite valve controller returns the sameling valve to
load the samrle laoep rosition., ( currently dome manualls )

: LSFIT 2052 LSQU - do. 3 least sauares fit
LSFIT k o 3 least sauares fit on the rnumber of
oints 1nd1cated by LSPTS in the floating X bufter rointad

“to by the addr im XBUFA and the Y values rointed to bu the
addr in YBUFA. The caslculated slorer intercestr and
correlation coefficients sre left in the statistics table
for later use.,

VAREL LSPTS 2052 LSQU number of roints of LS.
LSPTS addr Returns the . adgdr of 3 memorg location
containing the rumber of roints to orerste on during the
least sauares calculations.
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: MKANAL 2057'USED do ca3lcs & rerort

b  MKAMAL - o kimetic calculstions and outsut
3 summary  rerort on the‘dataiin = N .
3 MKCALC . - 2056 OSEC ~ multicome calculations

MRCALC o 2. series of calculations on the
_multicomﬁonent.kinetic datas : .

MKSUM 2056 LSEC ‘ multicome summars
MRSUM . Outrput 3 summaryg of the multicomfoment
kiretic calculations.. .

..

1 NORM " 2027 FIA.  calc normalized values
charm¥ addr NORM Calculate the ratio of the value rointed
to by chanmk to the first double erecision value in-the
buffer rointed to: by addr  and outrut it in rarts rer
thousard. addr roints to the first location in a3 bouffer
containing values for each chanmel of data.

- VARBL NYRUF } 2053 . BUFED rnew Y butfer arrayg
NYBUF  addr - -Returms the addr of .2 dbl., rrec,
floating roinmt buffer of 12 -10- roints for use with the
least squares routines.,

YAREL NYBUFA 2052 LSQU rnew Y buffer address
NYRUFA addr Returns the addr of 3 memory location
containing. the address of a dbl., erec. floating roint.

buffer containing rew Y. values for a line.

.o

01 . 1501 VALVE oreén valve 1 comrletely

01 Start an endless. loor using OFP1 to oren valve
$#1., When the inrFput bits indicate the valve is orened»
exit the loor., :

: “02 1501 VALVE . oPen_Qalve 2 comrletely
o2 Start an endless loor using OF2 to oren valve
$2

. When the inrput bits indicate the valve is orened:
exit the loos. . :

COLE 0oF1 1500 VALVE oren valve 1
oF1 - Outrut 2 1s bits of. 3. from the stack
to the rrorer bits of the rarsllel outrut rort to
cause movement of valve #1. The outrut oreration is
skirred if bits of the rarszllel inmput rort indicate. the.
valve is comrletelw oren, If 3 is 0s no movement
occurs. 1 produces 3-slight movements 2 about 1/10th
of 3 turn and 3 3cout 1/4th of '3 turn.
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1501

: OF1E VALVE  oeen valve 1
3 0F1E - Tramsfer 3 to OF1 if VM1EN is 0O»
causing valve 1. to-oren slightlyy otherwise dros a3 .
CORE - QP2 , VALVE. = oarem valve 2
a OF2 . see descrirtion for 0OF1-
i oP2E 1501 VALVE  oren valve 2
3 OF2E - Transfer ‘to OF2 if UMREN is O
CBUban ‘valve 2 to oren slightlsy otherwise dror 3 .
UARBL  OTAR 1504 ERAL  corversion order table
OTABR  addr Returns ‘addr of a3 table contsining
‘offsets to use when sccessing BCD didits stored in
the balance task bable far conver51on to blnars.
CONST . FCSR R 1500 VALVE  rarsl csr for valve cont
CONST  PICSR 2023 FIA  rarsllel inmerut CSR addr.
‘CONST - PINF 2022 FIA  ‘rarsllel ifrut buf addr
M o PLAT 1509 HESC Plat1n1*at1on #at. rout.
CPLAT . Start am endless loor of 3bout. 8 seconds |
‘of 3 Positive. ‘.q volt rotentizl followed bw'8 ‘seconds
of a . rmedative ‘2.5 volt rotentisl develored vis. DACO
for use inm Platlnl-atlon of electodes.
VARBL  FTAR . 1504 EBAL . - rower of 10 table.
FTAR addr . "Returns. 3ddr ‘of a table containing S5
rowers of tem far use in convertimg BCD digits to binmarw
VAREL RATHG 2051 DSEC Hg rate
RATHG addr  Returns the addr of a3 floating Po1nt
memordy location containimg the Hs reactidn rate.
UARBL = RATZN 2051 DSEC  Zm rate
RATZN  3ddr Returns the. a3ddr of a floatinsg roinmt
“memory location containing the .Zm reactiom rate.
VAREL ~ RUNID " 2051. DSEC CRun ID-buffer
RUNID . addr } - Returns the addr of a buffer u1th
run information. See- DSE ARRAY., FDRHAT
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SAIDIR . ' . 2000 DSE . set section 3ddresses

lend start SADDR ‘Set length of the Tirst sectior of the
0SE buffer and the start of the section sectior from lens
and start on the stack., Values. are ‘in bytes from the

-beginning of the buffer and are 5torediih words starting -
© 14 & 16 buytes into the buffer for later use.

VAREL  SEEF ) 2005 OSE ~  statistics buffer
SREF 3ddr ' Returns  addr of the first lecation of
an-array containing 10 ~8- statistics tables.

VAREL = SEEFA - 2005 DSE. . 3ddr of SEEF .
SBEFA - addr Returns ‘addr  of the address of the
statistics table, Is used in.BUMMARY in elace of SBEF so
that other tashks maw use the table of the curreat task., '

H SCONS S 2072vB$E v store conc, dats .
SCONS © ' 'Store ressgent concentrations in the
~ ISE buffer for later use.. T - -

SDSEDATA - . . .'ZOOQvDSE,,‘ store DSE data on disk
b# SUSEDATA ;. Store 4 blocks of datar starting at the
address in USEAD, on disk starting at block. b¥ .

-

SFG1- L 1513 FMETER - set flow rate goaly FML -
E SFG1 © Set the flow rate gosl value for FM1,
using CFG1 to czalculate the riecessarw value from the inteder:
3 7 on the stack which is in 100ths of 3 ml/mins

.

ve

SFG2 1513 FMETER 'set flow Tate doals FM2
3 SFG2 : Set the flow rate dosl value for FM2,
using CFG2 to calculate: the necessary value from the iritegery
8 s on the stack which is in 100ths of a ml/min.

SFIADATA . 2021 FIA . store FIA data on disk
b¥ SFIADATA - Store: 10 -8~ blocks of datar starting
at the 3ddress in DSEADly on disk starting a3t blockv bE .

..

¥ SINVAR 72055 DSEC  setus initial varisbles
SINVAR | ’ Assumes AKST & AESINF sre loaded. : Calcs
FRATIOr calcs times for XBUF .- ¢ vis CTATC )

B STABF . 1571 CMETER if rooms store abs value
STARF If the storasge rointer ( STPTR ) is rot
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dreater tham the maxs (. STFMX ) use STTABF to store the
8 chanriel data in the output buffer..

: STAES 1571 CMETER = control outeut of abs v,

STABS Endless loor for execution by a3 terminal
‘task to outPut abeorhance values when CFLAG is 3 1 via
CFF. Ao
: STACAL 1545 CMETER start ADCAL tashk
STACAL Activate the ANCAL task amd start it

executing the enmdless loor which: does AHALIAS and waits
for arnother activation.

: ~STALC. 1545 CMETER:® start A-0 conv & ALCS
STALC : Activate the ANC8 tasks set ur STATUS, -

ADDRy RPTs and VSEL with the desired values., ' Enable
the FF clock interrurts and set the rate to 100 H=z,
Initiate am endless loor which is executed everw time
ADC8 is 3activated. The loor activates AIUCALs and
resets ANCS to wait for another sroup of conversions
to be averaded.

s ’ STBAL. 1524 FMETER start balance orerstions
STRAL Enable the balance interrusts and
activate the ‘balance task.

' UAREL  STBUF 2051 DSEC statistics buffer
STRUF - addr Returns the addr - of a buffer used
for storade of statistics and least sauares values.

: STFM1 o 1524 FMETER start FM1 orerations
38 STFM1 Use 2 to set the flow o3l values
' ’enable FM1 interrurts ard activate the Fﬁl tasks
wecuting the FMOPR defiriition.

! - STFM2 1524 FMETER start FMR orerations:
3 STFM2 Use 38 '~ to set the flow do3l values
- enasble FM2 idmterrurts and activate the FM2 tasks
xecuting the FMOFR defimition,

L. STINIT 1571 CMETER reéet storadge rointer
STINIT ' : Set ‘the colorimeter datas storasde Fointer
to Or. causing the next roints to be at the start of the buffer

H  STINIT 2003 DSE imitialize SBEF
STINIT " Clears 311 10 -8- stat tables im SEEF,
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STOFOF 1524 FMETER . stor flowmeter oreration
STOFOF - ‘Stor flowmeter oeerations bi clearina
the interruprt enmables of the balances FMl, and FM2,

e

CONST  STRHX. 1571 CMETER = max storsge str value
© 'VAREL STFTR 1571‘CMETER lpdinter for storadge oFs -
‘STPTR  addr - Returns the ' addr of a3 rointer giving

the offset into the colorimeter data storsde buffer.

H STTARF : 1571 CMETER - store abs values.
STTARF Get I ( samrle ) valuess calculate:
absorbances and stdre the 8 channel dats in the outrut -
buffer 3t the -offset rprovided by STPTR, Set CFLAG .
~to 1 to- 1nd1cate new values stored. :

: STTARF - 2001 DSE - store USE dats

STTARF . . Get I ( samele ) wvalues, calculate
sosorbances and stare the first S colorimeter chamnels in

the outsut buffers roirted to by OSEADs a3t the offset .
rrovided-by STFTR, The next two locations in the outrut
buffer receive the averaded flowmeter 1. and 2 values with the
last location receiving the flow rate from the balance.
Finallyy CFLAG is set to 1y indicating data has been stored. .

STTAEF- 2022 FIA.-. 'store FIA data
STTARF ’ ©Get I ( samrle ) valuess, calculate
absorbances and store the 8 colorimeter charimels 'in the
outrut buffery rointed to by DSEAD, at the offset rrovided
by STPTR. Flowmeter» balancer and rarallel rort values
are also stored in the buffer. " L o

.o

SUﬁLIN o 2005 DSE outrut lire.of summary

3 SUMLIN = Outruts informstion from the statistics

. table rointed to by STADD a3s channel rmumber a3  The meany
" mins maMs and relative standard deviation ‘are calculated and

.

Printed.
: suMMaRY ‘2005 DSE - outeut stat summary
SUMMARY : ~ Qutrut 3 summary of the information in

the stst'tables viarSUMLIN’after primting 2 header.

: TAFTAER - ' ”037 ODSEC ~ trarnsfer Ainf to ABSINF
TAFTAR ) Transfer data from the statlstlcs table
of . the [ISE summarg ~rogram to ABSINF. ;
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TAITAR ' 2057 USEC transfer Ai to ARST -
TAITAR Tramsfer data from the statlstlcs table
of the [SE summarg rrogram to ABST.

- TBFULM | 2054 BUFED . load error mss buffer
TEFULM " Transfer an error messadge rrom the
source block to the EFULM buffer,

THELAY 1505 MESC “time delaw routine -
msec - TDELAY " Delsy task execution for aréroximately
msec: milliseconds by comraring the initial time rlus the -
delas requested to the current time maintained im TICKS
in an endless loor: If the current time is greater than
the initial rlus delayr exit the loor. A 0 STOF is
included in the loos to 3llow other tasks to execute’

TODRID 2057 DSEC transfer data to RUNID
TORID Tramsfer data to RUNID buffer from ISE
format data in the block rointed to by VOFF.

CTFULL 2054 BUFED  test for buffer full

~ TFULL flag If BFPTS is less than RFLIM, the flasg

left. is 1 and erntry of asnother roint is 3llowed., If nots
the messade BUFFER IS FULL is rrinted but the rnumbers are
not stored and are not‘dropped‘from the stackhk.

VALVCONT . 1512 FMETER c¢alc valve control value

UALUCDNT ‘ " If HOLD is drester than 3 do the valve
control orerstionss otherwise skip thems resulting in
reasonable control swstem stabilitw, Calculate a3
control value by subtracting the flow gosl from the
averade flow values them calculate 2 chandge in this
flow error hefore storing the error in #COL of the task
table, Multirlwy this change in error by 3 factor in
RPT and sum with the flow error. Firialls divide the
sum by 400 -8~ and. pass this value to VALUMOV to cause
correcting sttion to be taken. This imelements 2 FID:
control 2ldorithm. ’

VALUMOV ‘ .1312 FMETER execute valve movement

3  VALUMOV - © . -Drive the flow controlling valves
- derending orn .the task in executiony oreén if 3 is
rositive or closed if nedative. 3 is. limited to

3 maximum value of 3 which is then rassed to the
.erorer definition for the desired movement.



301

TVAREBL . UMLEN. <. 1501 VALVE. = enable valve 1 movement
UMLEN addr Returns addr ‘of 3 varisble comtrolling
the movement of valve 1 Vvia the CL1E and OF1E defs.
If 0r movement is ensbled) otherwise no movement occurs.

VARBL ~ UM2EN - T 1501 UQLQE enable valve 2 movement
: TOUM2EN- addr : Returns Saddr of 3 var1able coritrolling
the movement of valve 2 via the CL2E 3nd OF2E defs.
If 0y movement is enableds ‘otherwise mo movement oCCUrs.

VAREL  XBUF . 2053 BUFED . X buffer srraw
XBUF addr ~ ° - Returns the .addr .of a dbl., erec.
flosting roint Huffer of 12 -10— Polnts for use:uith,the'

lesst seuares routlnes.

VAREL ~ XEBUFA . 2052 LsQu X buffer address

XBUFA  a3ddr Returns the  addr of 2 memors location

contaimning the address of a3 dbl. rrec. fTloating 901nt
puffer comntaining the X values for E 11ne. :

VAREL  YRUF '~ 2053 BUFED Y buffer arraw
YEUF  adde " Returns the “addr aof 3 dbl., prec:
flosting roint buffer of 12 -10- Poxntr for use with the
least squares routines.’ . o '

VAREL  YEUWFA ’ - 2052-Lsau Y buffer 3ddress
YRUFA © addr -+ - Returns the.-addr _of .2 memory location
containing. the sddress of s dbl. rprec. floating roint
buffer containins the'Yivalueé for 3 lime, .

VAREL  ZNCF ’ - 2051 DSEC Zn correction factor
ZINCF  addr ..~ Returns the addr of.a Tlosting roint
correction factor relsting Zn resronse to sctusl concs.
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: Expefiﬁeht_IhterfébesVf

lffSatelllte Computer

. DEC LSI-11
8 K Words EPROM S |
- 20 K Words R/W Memory =

;fR8232 Séfial interfédési’

':ffS Mfoté Fixéa/Revaeab1é;"

vcartridge'Disk

" §5ét Computéf”.
DEC LSI 11 .
28 K Words R/W Memory

R8232 Serial Ihferfa¢é$ ’J B

| 9600 Bits/secli.:v

_ Piqttéf rTermiha1s

To Othetv ,~; R .
- Satellites - = Host

~ Terminals

f:'Chemistry Cdmpﬁter”LaboratoryfNétWork Configurétioﬁ



'f"Dmn1=

1 LS:;“;I_-].'l 4 R Words + FIS| . .

' DLV1l  Serial Board
“DLV1l  Serial Board
- MSV11l- B 12 K Words R/W
- ADAC 600 LSI 11 ADC
Parallel Board

‘Bus Expander | N

Console Termlnal '
' Network Llnk to- Host

'?JColorlmeter

:‘f‘ tf”*‘*'LSIfIIfBackplaneﬂ -
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CALCULATION OF THE KMn(4 -~ KI RATE CONSTANT AT 23 C
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Rat@'infmrmatioh-fmf,th@ KHn04 f KI éaat@m iﬁ 
avallsble at 35 C fdf é ngﬁber of =M values in tﬁe
litersture (27), Temﬁerﬁture-ﬁe#eﬁdﬁnce of ih@ rate is
available st mHs of 5.5 and 3.4s but r’r_axst’_z-,sﬁ;t,he FH of &.1v
which was emelowed in thiﬁ'gtuon The fate st tﬁi% = H
value isf 1 ow QﬂQH&h Lo allow ub%@rv;tjon,bu.thefﬂ'
ihstrumente‘ Im additions rate dates ié available af &
number‘of cmncenthaﬁions féf tivis: =M.

The current‘tégiﬁ wéfé m@nducted at & t@mwerétur@ of
23 Gy reauiring that the literature vélyeg‘at A5 C be
corrected to allbu comparison Wi th valu@ﬁ bhﬁarvedﬂhw tLhe
 contimu0u§ flow ingtrumeth' Unfartmﬁelwthhe temrersture
déhendance of ﬁhejﬁecond order rate comstant is not
availasble st & =H of Sélf but is 1i§téﬁuﬁt‘3‘PH of 8. At
E:} EH of 5.5 the rate st 25 C is nhmut 20,5 W@fC@nt of the
ratevat 35 Co It is unlikelu thai excessive error will be
;introduced bw assuUming #hié felationﬁhiw holdﬁ at 8 #H of
Gals

The e,;erlmﬁntntlu uba@rved-s@cohd arder rate
con%b nt consists of tuotﬁérmﬁy the second brdéf rate
constant calculated‘ahovéé aﬁd é thifdﬁorﬁer t@rm>depehdaﬁt
orn Ht concentration, Tempefaﬁur@'d@#@nd&ﬁce‘of the.third
orﬁervterm is asvailable.. ét a‘wH of 5.1 aric - 35 Cr the
thlrd order tﬁrmbcmntthutea.abouﬁ 7.1 to the awwarﬁnt rate

COnstant of 2.3 lis 1@ for the same temrerture snd sMH.
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. Subtraction of this comtribution lesves a vﬁlu& oF‘F3«Q'F0r

g for 2

Cbiie secdnd ordér rate Cﬁﬁﬁi&ﬂtf ‘Aﬁdﬂg
temrerature of 20 C results in s @r@ﬁict@d value of 47 .2
The third order contributiqhvat Bﬁ.C‘caﬁ’b@_célculéfedy’
resulting in'a»valUQ 0f 5f$o  ﬁﬁ e$tima£ed a#warent_éécond
vorﬁer raﬁe,cmnétaﬁt 0? 5§;8 1$ hhen Wrédicﬁéd@ Assisnins 5 
‘Similar re1atiQe err0r'to“the'eéﬁiﬁated raﬁé‘céngtantg =

value of 52.8 1.6 is obtesined.
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'MULTiCUMPUﬂEN? cme:ﬂUﬁus'FLQw
CKINETIC ANALYSIS
bwib |
i;ﬁéQid Jf HQé1é$

(Abﬁtract}

An inﬁtfumeﬁtétibnlﬁuﬁte& for Mulﬁicémwonent7i,
éahtiﬁubuﬁ Flow Kiﬁ@tic'ﬁnéluﬁiﬁ has;b@éﬁ ﬁesiéned"énd
constructed. Evaiuation of tﬁe,awgt@m Qhowﬁlﬁhat iﬁ'is
useful for Performinﬁidilutiqnép1flow iﬁdectioﬁ analgsié
arid cbntinumué flm@ kin@tics with‘felétivésﬁtandérd
deviatiorns mf 1e$$‘than 10nw@r¢ent,

Modernbelectronic'technmlpﬁu was used to comstruct a
“Flow contfoil@r which wasiable to reéulété“theafldw of a
conductinﬁ‘limuid to- iQ.l“ml/min.at flow}ra@@éféf 2 to 10
mlfmin;‘»nm inexpenaivéﬁLight‘ﬁmitting hidde'é@lprimeter
wzs able £o detect‘KﬁﬁO4 1ineafi3 at cphéeﬁﬁfetibhé of 10

Lo 400 uMs with b?ttér‘thén 1 &eré@nt’réla&ive standard
'*d@viation‘ét the‘hiﬁhef’&thentﬁatioﬁﬁ,'
 _:8¢9@%31 emncewtﬁ.ofﬁhéﬁdwafewsofthafé and
éuftwara;mp@tétqr;iniaféction;were‘intféqﬁéed énd
‘déﬁelopeﬁ; The multimroéfémmed Fnrth ProﬁfémminﬁfSwﬁtem
wrdvided ihe in5£rum@nt'wéth»muchim0re qamabilitﬁrahd eaéei

af use than might have been exweCt@d'oth@rwiﬁee 



The r@actién of KMr04 with KI was @MWlased B8 B
%iﬁﬁl@»COMWOHGﬁt émntinuoum flow test resctior. Rate
constants were in good agreement witﬁ IiteratUt@‘values
obhtained by storred flow_méthbdgo ~The lisand exchange
reazction bhetweern metal-Zincon complexegland CwnTﬁp'u$inﬁ
Hine snd merouTds d@monﬁtrat@dvthe Ffeasibhility of the
instrument for multicom#énent continuous flmw kinetic
sralysis, The imelementstion of suggested instrumerntal
imErovenents should exbend the rahﬁevof useable reaction
rates and imerrove the accufacs of tﬁe determin&tionﬁ»

The flowmeter amnd flow comtroller are Pmtéﬁtiél

alternstives to the relstivelw exsensive rumrs used for

Tlow indection analusis.  Evalustion éf the ingtrumént’s
' oweratimn i flow indeption mocie indicaﬂes_that it is
useful as 2 Cmnveniéht ¢bn£inumu& Flow.kihétic déteétor'fmr
flow indection analwsis and for testing develormerts in

Tlow inJdectiorn theorw.,
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