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I. INTRODUCTION 

rate of reaction of a samPle with a reasent. In other 

W()f'd'::;, the kinetics of a redction can be u~sed to obtain 

information, such a~ the concentration of an unknown' which 

i~ of analwtical interest. These methods are ~ound to be 

Particularlw useful in clinical and biolosical analysis. 

In selected cases kinetic tT•*?thdds BT'e. Preferred to 

eauilibrium methods because of cme or more of the 

advantases listed below (1). 

1. Differences in reaction rates of similar comPCJ•.mds 

are often· sufficiently larse to allow simultaneous 

determinations. Time consumins or difficult 

separations may be avoided+ 

2. Chemical reactions which a~e not well behaved in 

eauilibrium techniaues ma~ be used. 

3. · Adeauate kinetic measurements may be made bf~"fo re 

side reactions become sisnificant, or ~hen an 

eauilibrium reaction is not sufficientlw 

auantitative. 

4. Cata1Yzed T'eacticms ·have sl'eat r-otent:i<sl f<)r tn.ice 

anal~sis. 

5. Reaction rates ma~ be adJDsted to select a 

reactsnt of interest or to match instrumental 

1 



6. E~·,tremelw sPe.cif:Lc emz\Jmatic methods 1r1<38 be 1.1~;;ed. 

7j Kinetic messuremen\s use.the relation of Qne 

measurement to a~other rather than reGuirin• an 

absol•.Jte response from the detector system. 

allow the determination to Proceed raPidl8 and 

economicallY+ Other benefits of· a•.J·tom<~tion include 

. . . 

al lows raF-id reca~1 of sr-eci fie iri-f.ormaticln from -an evf~r 

~~creasin• data base of all twPes of informatio~t an 

imPortant feat1j1'e when deal ins with e!V<~n mode!rate sized 

laboratory data rera•..lirement,5. The t'eadY availab:i.ltw of 

data eases the use of more soAhistieated Gualitw control 

. ;. 



II. HISTORCIAL DEVELOPMENTS 

Established anal~ticai techniaues ~hich can be used 

for kinetic anal~sis or which are easilw adaPte~ to kinetic 

analwsis include the followins: 

1. Classical manual methods mas be used if the 

reaction rates are slow enou~h. Aliauots of the reaction 

and determined bhl nearl8 an8 aPPlicable method. If the 

determination method is continuous, it maw be Possible to 

Place the reaction ves~;el :in the sa1m.,,.le ctllT1Partm0~1-i-t of th*? 

measurins instrument and follow the reaction from the time 

of mixins until enoush data is collected for calculation of 

the results. Problems with classical manual methods are 

low sample throuShPut, hish cost, skilled technicians are 

reauired' and relativelhl larse amounts of reasents and 

solutions maw be remuired. 

2. Sesmented flow aPParatus, such as that developed 

b·~ Technicon' es sen ti al 1 ~ automates th<~ manual techn:i Gt.J<~~:; 

( 2) • Sesmented fl<)W t<·?chn:iaues us<~ <:3 mul tichann<-?l 

Peristaltic PUmP to Propel samPl~s and reas~nts throush the 

anal~zer system. To assure complete mixinS? turbulent flow 

is maintained bs Passins th<~ T'<,~action stream1 which i~; 

sesmented bw inJected air bubbl~sy throush helical m:ix:inS 

coils. A number of reasents mas be added to the Peaction 

3 



stream in this manner. After debubblins the stream~ it is 

Passed throush a detector' tYPicallY a colorimeter. 

elabdrate calibrations are necessarv to cDrrect the 

resultins sisnal since waitins for the occurrance cf a 

steady state would reduce the sample throuShPut to 

unacct~Ptable rates (3). The instr1 .. 1mentation? r~?a~H?nts? and 

maintenance for sesmented flow methods are relativels 

ThrouShPut is senerallY lower than flow 

inJection techniGues. 

3. Flow InJection Analssis was d~veloPed to solve the 

expense and throuShPut Problems of sesmented flow methods 

for seecific determinations. As it is a relatively new 

techniaue' mans Possibilities for further development 

In contrast to sesmented flow? flow inJection does 

not separate samples bw air bubbles. The sample is 

inJected into a reasent carrier ~;t ream and a P roce~;;s, 

analosous to chromatosraPhs without Partitionins and 

without a stationary Phase to disturb the flow Pattern? 

occurs. Instrumentation can be vers si~PleP a wide ranse 

of detectors are available for use; excessive Guantities of 

reasents are not reGuirsd; and continuous streams ma~ be 

easils sampled <2>. 

4. StoPPed flow analssis is an inherent kinetic 

method and is desisned for followins raPid reactions. 

Reasents and samples are held in two s~rinses which are 
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raPidl~ driven to force the s61utions throush a mixer and 

into an observation cell. A stoPPinS ssrinSe¥ attached to 

flow is no lon•er Possible. As soon as conditions in the 

observation cell stabilize~ the Prosress of the reaction 

Common 

as four milliseconds after mixin~ (4). Instrumentation is 

moderatels .expensive; flowins $treams rr~st be samPledJ and 

samPle handlins is a Problem because of the need to fill 

and emr--t':::I the s':::lrinSe!!; '"'hich fDY'Cf= the sr.,lutions throu~.:{h 

the instrument. 

5. Continuous flow kinetics was the first method 

develoPed for stud':::lins fast reactions. Initial 

instrumentation 1;Jas Primitivf"' and consumed lar~3~?. <:rn1ounts of 

reasents <5>. With modern instrumentation' considerable 

amounts of reasents are still consumed for tru@ continuous 

flow methods; however, techninues such as accelerated and 

Pulsed flow can minimize this Problem. Unfortunatels, 

accelerated and F'uJ.ser.J flow methods result :i.n more~ 

corr1Pl icated samr•le handJ. ins P roceedures due~ to· th(.;) 

necessit~ of widels var':::l:i.ns the flow rates or the reasents. 

In this aspect, thes have little advantase over stoPPed 

flow techn:i.aues. 

T~Pical continuous flow instrumentation consists Df 



samPle sowrces1 a mixer1 and an observation tube with a 

detector 1 • ..ihich can bi::~ Positioned at sev~?r<:~l Plac~?s <slcm~~ 

the tube. 

time between fuixins and obs~rvation of the extent of 

T'eactic)rt• 



III. ENHANC£MENTS AND POTENTIAL APPLttATIONS 

The addition of multiPle detectors sPaced alons the 
. . . 

observation tube allow the nearl~ simultaneous acauisition 

of a larse nurr1ber of data Points which define the (-?>~t<2nt of 

reaction. Fittins ~he~e Points to the e~~ected~auation of 

the reaction via a least sauares Proceedure will sive 

imProved results over the conventional sinsle or dual Point 

measure•ents. This is because errors in the individual 

measurements d•,Je ·to random instru1T1(-?rit.al noise or 

instabilit~ are minimized b~ the least sauares Proceedure 

us ins a larse nun1her of data Points. Th<e us<-::- of 1r1ul tir-:•lce 

detectors makes available the d;sta l>Jhich is rE~G•,Ji r<ed t<J 

solve the set of simultaneous eauations resultins from 

several unknowns reactins at different rates with a common 

reasent. Thus it is Possible to calculate the 

concentrations elf the co1r1Ponents of an aPPrOl""T'iate binar~ 

or ternar~ mixture usins this instrumental techniaue. The 

use of detectors ~ith varYins characteristicsr ie., 

different wavelensth sc;:-nsitivit~ in li:-~ht absorr:.-t:i.on 

s~stemsr is also ?ossible1 and ma~ contribute to the 

£.;electivits and resolution of the ovE~rall d(0tE~ction S\:!!5t<::~m. 

Concentrations of the components of an aPPrOPriate 

mixture at inter~als of a fractjon of a sacnnd are 

obtainable with this instru~entation. It· could b•~· used a<.:; 

7 
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a sensor in Process control aPPlications where raPid 

adJustment or monitorins of a ssst~m Parameter is needed~ 

The in~trument would be Particularls useful when the other 

methods reGuired a seParation step before sood 

determinations of the species of interest were Possible. 

A similar aPPlication is a sele~tive detector for 

liGuid chromatosraPhs. Several m6des of operation are 

Possible. The first takes advantase of the selectivits of 

kinetic methods, al low ins the C(Jmi;,orH:.>nt of interest to .bf? 

determined to the excl~sion of other components •. Various 

Post-column .reactions have been extensivels used to imProve 

the detectabilits of otherwise difficult or imPossible to 

detect sP~?cies. 

chromatosraPhicall~::i and th<-o>n reactf?d 1,Jith ninhsdrin to fot'ITl 

a derivative •..Jhich is easils detectable colcirim(~tricalls. 

The reaction Proceeds to comPletiori before the measurement 

is made in this case? however' Siven a computer system 

which could raPidls calculate concentrations f~om initial 

reaction rates, there is no reason why kineti~ methods 

could not be used with this or other reactions to imProve 

sensitivity. Resolution of mixtures incomPletelY resolved 

by the chromatosraPhic Process is Possible if the rates of 

reaction of the un re'!!;cJ 1 ved cclmPonents w :i. th the re<:1sc-:.>nt are 

sufficientls different. 

Addine a chromatosraPhic samPlins valve to the sam~le 
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stream results in a continuous flow kinetic detector for 

flo~ inJection anal~sis. A small Plus of samPle is 

inJected into an inert s<:rn1Ple ~:;tream wh:i.ch l'(~<:~.c:ts with the 

reasent at the miNer. Rather than c)bSf?rvl.n:!l ste,31.:h~ ::;tatf? 

conditions in the reactiori tube.!I the samPle Plu:3 l.J:i.11 

aPPear1 with chan~inm Ph~sioal cha~acterist:i.cs accord:i.nS to 

This mode 

of <:>Pf~ration Promises to r.c~d•.JCe the 'SatTtl"le N.·rnuit'ement.~:; of 

continuous flow kinetics to. T'·easOi""iable amounts. 
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IV. INSTRUMENTAiIDN 

The soal of desisnfrrs an instr•.;1ment ca?abl.e of 

contin•.101Js k.in<:?tic :anoalBsis which .is r«;:olativel~ sim.Ple and 

inexpensive is a considerable challeMsa• Furthermore, the 

deve.lopment of the il"1stri..1ment .1111..rst advance the state of the 

art of analBtical chemistrw in some aspect to J1Jstif~ . 
itself as a toPic of resear~h. Areas of irwestisaticm 

develoF-ed and areas which do not i111mediatel~ .show a need· 

for imF•roved instrumentation sho•..1ld be avoid~d. Th1Js the·· 
. . 

area of multicomponent ~ontin1Jo1J~ flow kinetic analBsfs is 

a Prime candidate for development. 

The instr1Jmental develoP~ent is intended tci advance 
. . 

. . 

the state of the art of ar1al~.tical chemist;r~ bw aPPl':::!ins 
. . . . . : 

the latest in raPidl':::! evolvins electronic technolosw to a 

combination of chemical. techriiGqes to enhance their 
... ·. 

1..1sef1.;1lness. Due to the s~nersis:tic effects of knowledge o"f~· 

develoPnrents in both chemistr':::! .:md elect1-onics1 a .sreater · 

advancement is Pos1:>ible than if cross-fer-iiii:t<=.>d> 

develoPmeni i~ avoide~. 

The success df the ProJeet will be assured if. it -~ 

ShOWS :t-h<:d. the techniGUeS and :iri1F' T'OV~lfllents investiSate-d <"3 N? 

feasible. F1Jllfillins the obvio1Js seal~ of an'::! 

instf1Jmental desisn~ i~Prove~~nts in sensitivity, reduetion 

10 
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:i.n r<-?Guired ::>amp.le size-?, imPr(JVemet1ts in PT'eci:;;ion and 

. acc1.Jrac·~? imP rov<-?.m<-?nt~; in s<:>m·Pl·e thro1 .. 1shP•.rt.v or dee r"?<:1se:;; 

in e>n"·ense are de~:;irable ,but not n<-?Cc-?ssa1'il~ 'the· Prim,p·ry 

soal of the ProJeet. Neithf?r is the ins·t.r1..1ment · intend~?d t(J 

be seherallw aPPlicable. 

E>:Pi:?rienc<-:~ at th<-? Nut1'iticm It1::d:.itute. c:tf the Utlited 

St<:3tf:.>s D(:~p:;;~ rtm<~nt of A!3 r'ic1..1l tu re.'::.; A~=l ri ci.Jl tu r·a l R€~::.earch 

Sc-?rvice in Beltsville, MarYlan;:f, the Food and Dru~~ 

Administr<:itio,o in Washinston? D+ Cd and the an;~l~tical 

laboratories (Jf the Chemicals and Plastics. Grc:>•.1l"' o"I"' Dart 

Industri<-:~s in P.aram1.J::;, Net,J ,JEn'sey, :ir1dicates th<~t current 

rc-?au i rc~ments in inst runH?ntation a re-? for rJevi cc;;os wh :i. ch need 

as f1:?1,J Prel iminar~1 sePar,'3t:ion and sarrri""lf:.' i,.Jork-ur:· steps as 

P<Jssible. Wilks C6> indicates that demand toda9 i~ for 

rePetitive auantitative measurements. Dedicated 

instruments with m:i.nim;;,1 controls lot.ier cc)sts and imPrOV(.,:) 

Min:ima1 samP1e 

handlin~~!' minimal ~;;ensitiv:Lt~ to ambient condit<Jns1 hish 

s:i.snt.d. to noi::H? ratios' and o•.J.H·,Uf .. of data direc;:-tlY :in 

c~nPosit:ion units are additional reGuirements of the n~w 

:-:.lenerati(Jn of <snal~tical ir1st .. r1,1m~?nts. Therefore, th<= 

Potential specificity.and Possible multi~omeonent 

determination of the multicomF-cment continuous flow k:inetic 

anal~sis t~~chniGue an~· Possible Partial .s.c)lutions to the 

f!·roblem. 



Often hundreds <Jr thousand:~ .rJf s<:nr1ples will b(-? 

thel'f.dore <-?<;:-ono1r1icaU.\~ fea1:;ible to <;:-onfis•.Jr.e .or develop an 

instrument from a srou~ of instrumental bu~ldins blocks to 

r''.:lT'form a sinsle9 sPecif:ic dc~ter1r1ination raPidh~ and 

i;d'f:i.c:i.enth1. On<-? elf .the Prime characteristics of the 

r~~~;1.1ltins inS:.trumi:.~nt :is hish f,;peci·ficit\d for the species of 

inter·est? and asjain kinetic method!:; mas be of va1ue. 

ComPuterization is neces5ar~ to handle this volume of 

sami:-,·1<"-'S <:ind ·l:..he. mas:; of resultant data in an orsanized and 

efficient manner. Because the ins~rument will reauire 

comP•.rterization tc.1 handle the additional data of tht-1 

i111PrOVE)ftlf.rnts;. to the t rad:i. t:i.(.1nal ccmtinuo•.1s · flt1w ld.n<-?tic 

m~?thods discur..;sed :in the intr·oducti<Jri1 caref•.Jl F··lannin!:'.i of 

the eomputer ss~tem so that it can handle bot~ the 

instrument cort"l:.rol and the data bas€,> JT1<:masf?ment and 

rePort:i.ns :tasks would be a1dv0.•ntaseou1:;. 

When considerins loris term ProJect~ with larse 

Prob 1 (~'Ill• To assure consistent dete r1r1inations' standards 

will have to bE~ ·devf?loPed and df?termin<-?d P<-?ri(.1dic<:Hls. Th<-? 

data ssstem will need to Prepare and check ~alibr~tion 

curves, calculate final results based on the calibration 

curves~ and keeP statistical records over the l:ifetDne of 

the ProJect. Should sisnificant deviations from expected 



values ·occur' the :i.nstrument bF'.~?rator must .bt:,' notified so 

that h<,? can t<'3ke c<Jrn~cti,;e action. 

The instrument' develoi"'ed to e>~Plclre the~;e 

characteristics? consists of f6ur maJor subsections as 

indicated in Fi~ure 1. The samples and reasents are 

handlt~d bs the transr->rJrt S'::!,si;.em whi<:-h is r'eSPOn!E:ibl<~ for 

~:;a1111..,lins and Provid:lns a consi-::.tent1 kn<:>•JJn floi...1 iJf 

mati;~ r :i. a 1 • The miNer assur•es compl~?te and uniform mi:·:ins of 

the sample and reasents~ The reaction-observ~tion chamber 

Provides the time dela~ reBuired for the reactio& in 

addition to Providins mechanical. mount.ins Points for the 

Finalls~ the data acc~uisit:ion and Processin~~ 

s~:::stem controls- ·l~he other components of the a}"·r-·aratus and 

makes the needed calculatibns. 
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A. TransPort S~stem 

utilized rather th<3n Ph!.~sical movement of ccmtain<·:·)TS• Th<-? 

s~stems are inherentls simPle. 

instrument, a motive force' flow ·s~,n~:;c.1r and controlley·~ .and 

reasent cor1taimi1ent ai:-,Paratus consit:itutf:~ the transPott. 

s~stem. 

Th~, containment aPParatus 1 ... -.:> constructed of common 

laboratory materials. Glass reasent reservoirs are fitted 

with adaPte rs for the Chemit1(-?r·t. TFE®tub;i.n~3 US(-?d to conn(-:ct 

individual Pieces of af''Pt-n·at•J.s. On the dPPosite end ~f the 

reservoirs, connections are made to ~ source of Pressurized 

inert sas bs closels fit.tins sla~:;s···Plastic conrn?ctors. 

This ~rransement is easilw constructed and can withstand 

low Pressures. If excessive ~as Pressure builds up, these 

Pressure without damase to the aPParatus or bPeratins 

Personnel. 

sauare inch is ~aintained in the reasent reservoir which 

assures the ab:ilits of the flo1..J controller tc> deliv·~?r a.n 

As Previously indicated• the force ~roPell~ns the 
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reasents throush the ssstem is ?re~sure from an inert sa~. 

In contrast to m<sm~. t'::1P~1r,; of Pumps, this 3}""Paratus is 

relative ls i t1e>~r··€~n~;i ve, ve rs s i IT!!"" le, PU 1se1 ess' r.f:~<.~u i t·ei:; 

little maintenance and can easils be constructed of inert 

m.:rte r·i ·~ 1 s. InexPensive Peri~taltic PUITIPS exhibit 

sisnificant Pulsation as well as r~Guirins tubins 

rePlacement due to,desradation. Chromatosraphic Pumps ar6 

more reliable but exhibit more Pulsation1 are relativel~ 

e>~Pensiye and are 1:>ensitive to air bubbl.es and abr•asiV(-? 

!'-"'articles. These PUmPs also re!lluirf_;. metal c<Jnstruct:ion 

materials because they are desisned fo1· hisher Press1 . .11·es 

thar-1 i,.iill be 1~1"1counter·ed in this instrum<-:.•r·1t. It is 

Possible th,3t somf.1 Poter1tial re;s::.ients would T'<::~act t;J:ith the 

mi::~tal Parts of the chrom<:H,oSr<:~}"'-·hic Pump~:; 1..i:i.th undesirabl<~1. 

results. 

~1s with an~ analstical t<-?chn:i<:-HH?? :i't is nece~:;sap~ to 

know Precisel~ the amount of reasent and samPle involved in 

the reacti<Jn. It was soc~ discovered that an assumption of 

throu~h the mixer could not be relied uPon. Minor 

Sreater flow :in one or the other channels' even when the 

rf2s~:-~rvoirs ~H?T'<'? at enual l~::-V<-?ls· arid ~··r<0s::;.1,JrL~~?d fr<.1m the 

Reservoir b~lance was raPidls lost, addin~ to 

the diff~rences in flow rat~s. Therefore, in the absence 
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of Positive disPlacement Provided bs the ssrinses of 

stoPPed flow apparatus or various tsPes of Pumps, a means 

for measurins and controllins the flow of reasents is 

ImPlied in controllins the flow is the abilit~ to 

It would be convenient, but not necessar~~ to 

have constant flows in this instrument as lens as the flow 

ratf: :i.~:; accuratels kncrwn. Givc~n a Sood fl<J•,..imetf?r' :i.t i~:; 

not difficult to senerate a f~edback m~chanism which w:i.11 

result in constant flow throush the use of techniaues well 

circuits involvins operational amPlifiers (7). Incl•Jd:i.ns 

the comPuter? which is which is controllins other aspects 

of the instrumentation' in the feedback looP con$iderabl~ 

expands the ranse of reaction rates observable b~ the 

:in~:;tr1 . .11m2nt. For e>{amPle, :i.t is Po~;sible to var\:J th<~ flot.-J 

of the reasent, under computer control, to chanse the 

observed reacticin rate so that oPt~mum ~~asurement 

conditions are maintained in the react:i.on-observation tube. 

This allows a sinsle concentration cf reasent to be used 

over a much wider ranse of ~oncent~a£ions of sample than if 

the extent of reaction in the observation tube was the onls 

variable observed. ·In other wo~ds1 the sensitivits of the 

detector can be varied to obtain optimum measurements. 

Another advantage of this flexibilit~ is that the 
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reasent flow can be varied to maintain ~onstant conditions 

in the reaction-observation tube• This i~ commonl~ 

referred to as the "stata teohnimue (3). Pot.entiostats and 

PHstats are examples of the use of this techniaue. An 

01.rt:;t;:H"11':h n~:3 cha ractf?r :i ::;tic~ of th<~ •:;tat• t(~chni c~ue i !:; that 

All that 

is important i~ tt8t the inPuts to the s~stem can be varied 

in :;uch a manner th;st the detector outi-:..ut is e:;s€~ntialh~ 

cor·1:;i~ar1t. Th:is is Just <sr1oth€n- ar·i-:..lioation of the feedback 

Principle previousl~ aPPlied to the Problem of maintainins 

a constant flow. of rea~ent and samPle. 

Perfect consistenc~ of the dete~tar outPut is not Possible 

betause the method.reau:ires an err0r in the Positive or 

nesative resPonse direction to allow it to determine in 

if this erroT i~ sufficientl~ sm~llv the ~mall oscillations 

around the desired value will Mot be obJectionable. 

A ccm~;<-?WJ.1.;~.ncf? of. t.hi::: .. ranse c:>f ccmtt·ol is that the 

instrument tan easil~ be adaPted to Perform tit~ations on 

~low mas be adJusted ~J that the Product 

of th<7? flow and c(.1nc:0)ntrat:i.crn :i.n th<~ T'0)BSE~nt side matches 

that t1t' th~? sa1r1Ph:> ~:;id<-:)+ 

Fr * Cr Fs * Cs 

Bolvin~ for the sample concentration' 

Fr * Cr I Fs 
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Thus, the samPle concentration is easils calculated from 

the flow or ratio of the flows in both samPle and reasent 

sides? and the reasent concentration. 
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1. Flow Controller 

The flow controllins element is a micrometer 

caPillarw valve <Madel M710Q, Gilmont Instruments, Great 

N(~ck' NY). The ·valve is constructed of !:Hass and T<~flcm 

tci Chem inert® adaPt(~)f'S F··rov:i.de of 

A modified hish toraue disital ~roPortional servo <Model 

GDA-1205~8, Heath Co.1 Bentah Harbor~ MI) is meihanicalls 

coup 1 ed to th(~ va 1 Vf.~' th1.rn a 1 J.owi nS the comPtrte r to contrci 1 

the floi,J throw:lh the v<:ilve bl:~ rotatin!:.L th!·? micr1.Jmeter :in 

on!':~ di rec.t :i. cJn or . the otht~T , The control ranse of the valve 

is from .1% to 100% of maximum flow. The ranse of .5% to 

50%, a 100-fold chanse, is easils achievable. 

of 1% to 10% of maximum flow the resulation of the valve is 

semi-losarithmic. The flow is directlw ProPortional ~o the 

Pressure drOP across the valve and inverSBl~ ProPortional 

to the viscosit~ of the fluid. 

Flow resulation in the semi-losarith~ic resion 

allowins Precise control of the fluid flow. 

closed loop control of the flow b~ the complete s~stem, 

flowmeter, comPuter control algbrithm~ and controllins 

valve was experienced in this resion. The valve was 
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between one-eishth and three-auarters oPen under these 

crJnd it :i. ons .• 

The direction and rotation of the motor i5 under 

direct computer control accordins to the schematlc diagram 

To prQvent rotation Past the limits of the 

Positioned at the desired end Points of the micrometer's 

movement, the comPuter must check these sensors to 

d<~)termine if th£~ ri:.•c-i•.1e1:;t<-?d IYIOV\?.ment is allo1-Jable. If not, 

activ<:~t:i.on of the motcir do<-:)S not. occurv avoi.din~~ damase to 



To Limit 
Photodetector 

+5 

Reference 
Voltage 

LM339 Comparator 

Control Lines From Computer 

Direction 

A 

B 

3 

74155 
1 of 4 Decoder 74123 

Monostable 

Limit Signal to 
Computer 

+5 v 2.0 

+ ·I lo 
+5 

Motor 

Control 

Circuit 

+5 

Figure 2. Valv~ Controller Electronics 

DC Motor 

fuse 
0.75 a 



Closed Limit 

LED 

Q 
I 

. I 

I 
I 
I 
I . 
I 
I 
l 

I 

Open Limit 

LED 
0 

I 

o~ .. _.,/o .. '· I I 
· PhototrMsistors · .•.•. 

Micrometer 
Housing 

Figure 3. · Capillary Valve Controller .· 

I 
Teflon Sleeved 

6-32 Screw 

Servo 
Motor {·.J 

' ::?,J. 



24 

2. Flowmeter 

Measurins low flow rates of a limuid accuratels and 

in a closed ssstem is not a simPle matter if icmPuter 

compatible sisnals are remuired. In a ssstem where the 

flow measurement can be made at the end of a t~be open to 

the atmosPhere, such as the eluent of a liauid 

chromatosraph, the limuid can be collected over a Pericid of 

time and the flow determined sravimetricall~. An automatic 

aPProach to this method collects the liauid in a container 

Placed on an electronic balance which Periodicalls rePorts 

the measured weisht to a computer s~stem. The flow can be 

determined from the chanse in weisht and the densithl of the 

liauid beins measured. Measurements can be made as often 

as everhl 2 or 3 secondsr allowins observation of relativels 

short Permutations of the flow. This method of flow 

measurement can easilhl be used to calibrate flowrneters 

which will subseauentls be us&d in closed ssstems. 

Characteristics necessar~ for the flowmeters to be 

used in the transport s~stem of this instrument are the 

followins: 

1. 0Peratable in a clos•d shlstem. 

2. Provide computer compatible outPut. 

3. Small size - The flowmeter must oPerste with low 

volume cells, less than the 2 millimeter diameter 
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of the 'connect ins tup.ins ·in the !:;~stem. 

' 4. t'°.:<'lPid re!,:;}"'Or1se ·- Reactiorts C)f 1 ess than. a second 

scale. It is Llnlik~l~ that ~lo~ ch~n~es uf 

will affect the in$trument's deter~in~tions sine~ 
. . 

m•-1lti'?1(,? raPid de.'"l:,eirminations can b~? avera:<i:led'<:>V€~T' 

'· an a·r~i?f.'!"Jf;>r:i.ate P~?riod of time. R<.~i:>id reSl""bnse 

will (·?f"lable .better .. fe<,?dback to the flow corrtroller 

a.lso. 

5. Accurate ·-·The tc>t~~l er.ror. of the·· determina·tion is 

CrJnSH?ffi•.JEHYtl~, minim1..1.m error. is desired in a 

measurement as fund~mental ~s the flow rate to 

6. In~?:·~P(:)nsive - Sf~V(,?T'al un:lts are. reGuiN~d. 

7. Const~ucted of inert materials to avoid 

contamination of raasents. 

A variet\~ df :flow me~Bs•-1rins technic.1ues e:,:ist. Th<~ 

commcm rotarM~t(~r flowll1eters .consis{ of a ·Precision tube 

throush which th~ fluid flows. Th~ tube is Positioned 

verticall~ end the 1luid Pushes a small .. ball hisher in the 
·. . . ·. . . 

ti-1be . acco T'd i ns.i :r,() i.ts flow r<3te when Passi n$ from the 



errtrance at the bottom of the tube to the exit at the toP. 

The flow rate is read from a scale ensraved on the tube. 

Alth~JSh this tsPe of flowmeter could be made computer 

compatible, the adaptation would be makeshift~ to sas the 

least~ and would desrade the alreads insufficient accuracs+ 

The rotameter is also sensitive to air bubbles 0hich are 

often difficult to remove. 

Ans tsPe of flow meter relsins on rotatins mechanical 

sensors is unsatisfactors because of size restraints. The 

measurement of a small Pressure difference across an 

orifice is not linear and would reauire ver~ sensitive 

Pressure transducers with low dead volume to avoid 

disPersins small samPle Pluss. The construction of a 

Pressure transduc~r of comPletels inert materials is 

difficult. 

Exotic devices based on the time between some 

Perturbation of the ~luid and subseGuent detection of the 

Perturbation some distance downstream are seneralls 

exPensive ahd comPlex. Devices usins this techniaLle 

include the nuclear masnetic resonance ~lowmeter which 

fliPs the spin of a Proton in thd fluid and later detects 

the fliPPed sPins (8). Ultrasonic doPPler effects (9) and 

laser interferometers have been used in larser diameter 

PiPes when Particles are Present in the fluid. It is also 

Possible to add heat Pulses to the fluid and detect 



temperature chanses downstream ClO>. This Proceedure could 

trisser unwanted reactions in the fluid. 

emPlosins this method is available for li~uid 

chrom21tosr-aPh~;, but i~; f:)>~c<.;'1:;.sivel·s e>~P<-?n!:;:i.ve. Fisher & 

Porter's oscillatins ball flowmeter1 based on an imProved 

The electromasnetic flowmeter r6mains as a 

Potentialls satisfactor:::: flow messurins device (12>. It is 

. C.li:~Sf~d cm tht? f!Tinc:ir->le of elf:)fl'lentar:::: f->h::::<.:;ics which 

indicates that a current is induced when a medium Passes 

throush a masrietic field. Flo.wmet1:?rs based on this 

l'~rinc:ipJ.1:? <.~rf:) U'::;ed to measure fluid fl.ow in larse PiPe~; in 

ir1du<.:;trial r:.<Lants? li<;i.t.Jid met<:il::; i1'·1 nucl<0ar reactori:.; and in 

ImProved apparatus is reauired to obt~in 

the accuracs desired at the low flow encountered in the 

cont:i.nuous flo1~1 in1:itrum1:?nt. 

R<-:~ferrins to Fi:"3ure 4v a Pot<0n-bial d:i.fft?r<0nc(01 e1 is~ 

clbserved betwi:.)en th€-) el~?cti"ddes which :i.s F··roF-·ortional to 

the velOcits of the fl~id at risht ansles to the mssnet:ic 

field as.• e>~Pr<~)s!:;i;~d in Ecruad,.:i.oi-1 :I. ( 12). 

e - k * H * d * v * 10**-8 volt 

H is th€-! magnetic field in CH0T'Stedsv d the r.:Ua111eter CJf the 

tube in centimeters~ v the average velocits of the fluid 

cros:~, SE)ct:ion. The SE.'ns:i.t:ivit~ bf the flowmeter, k, is. 1 

under ideal conditions. 
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As a conseauence of the low flow rates encouhtered in 

this instrument. the observed Potential is ver~ low and 

direct current amPlification usins a Permanent masnet as a 

~Jurce of the masnetic field is impossible. The use of a 

h:iii~;; the furthf:)f" ,3dvanta!3e of <:ivoid:i.n!3 1:.:·olarizat:ic>n ··of th12 

Unfortunate18, use of an alt~rnatins masnetic 

measured :in Fisure 4, due to the effects of masnetic 

:induction. i~ multitud<~ of di-=:.;tud.:lin!:1 effE?cts t1ccur at th<-:? 

~:; :i .. sna 1 • The desisn, construction• and evaluation of the 

flor,..imt~~t.c::~r :is Pr<::~:;ent<~?d in detail in th(~ followins ~~ect:ion. 

In su~mar~. a linear response of about 1 x 10**-7 volts Per 

milliliter Per minute over a ranse of 2 to 30 milliliteTs 

Per minute was obtained. The noise level corresponds to a 

The masneticall~ induced flow sisnal, on the order of 

1 x 10**~7 volts Per milliliter Per minute, mtist be 

amPl:ified to a level which can be d~sitized with adeauate 

resolution. The current imPlem<-:1ntation of thE.' flowmeter 

electronics has a sensitivit~ of 3 millivolts Per unit at 

the voltase to freauenc~ coHverter inPOt• thus the Sain of 

320,000 in the rest of the flowmeter circuit results in a 
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sensitivit~ of about 1 x 10**-8 volts Per resPonse unit at 

the flow cell. This corresponds to a flow of 0.1 

milliliters Per minute. 

AmPlifications of the order of 0.1 to 1 million (100 

to 120 db) will be reauired to obtain the desired flow 

·r~:~~;;.r.)lt.1tic)n. It is not Practical to obtain this extremels 

larse Sain with DC coupled amplifiers, therefore AC coupled 

amPlifiers will be reauired+ The lack of a DC reference 

level in the s~stem reauires that the applied excitation be 

chopped, ie., turned on and off so that the difference 

between the on and off states can be used as a measure of 

the s~stem's response. It will be seen subseauentl~ that a 

number of other advantases are obtained from choPPins the 

excitation source. Flicker or 1/f noise will be a 

sisnificant Problem with larse sains at low f~eauencies' 

thus shiftinS the bandpass of the amPlifier to hiSher 

freGuencies bs choPPinS will helP solve this Problem. The 

"lock-in amPlifier" uses this techniaue to limit the 

bandpass of the ssstem to a narrow freauenc~ resion, thus 

reJectins some of the noise.which exists at ~11 

f rl'.-:w.Jenc :i. e,.•-:;. Because the sisnal occuPie~ the bandpass of 

the amPlifierr and noise outside of the the bandpass is not 

ratio of the ssstem is imProved b~ this techni~ue. The 

term "lock-in" arises from the fact that as the bandpass l. ,, . 
• :> 



made narrow to re~ect the maximum amount of noise, miner 

chan~es jn the fr&GuencY of the choPPer could Place the 

sisr1al c)1Jtside of the am~lifier bant:.h"'c~ss+· To remed~ this 

chor--f•er. 

It 1. ·= ~ well knowri that el~citrodes ra~idi~'be~ollie 

r--olarL~ed if a DC ?otential is allowed to e:dst for a 

!-:;:isrd.ficant amqunt Df tirm?,. th1.1s raF1 idl!:~ m..Skins the 

mi:~as;•JT'f?ments worthless+ To counteract Pdlarization in 

b€~en used. IJrd"ortunatelY• these electrodes r<'?s.ult ir1 hish 
. •' . 

ci:d.l ri:~sistances and are sub,Ject to d:Lsti.i1·barices, Perhar:-s · 

due to flow over.their supfaces+ A 1t1uch more sat1sfactor~ 

fieJ.d, thus keeF·ins Poial'L~ation at ari averase value of 

zero. The ch6Pr:ins P'f'(JCess1 ~eauired b.eca•~1se ~f AC 

. couPlins1 can be easilw ~edified t6 remedw th~ Po1arizatioh 

Problem. 

The simPLest wa~ to chor-- t~e flow cell excit~tion is 

field tci the flow cel.11 on and off. In additi<m1 

alternatin• the dir~ction of the eurrent in th~ masnet coil 

will eliminate th~ effects of Polarization. 

Initial flowmeters used sine wave excit~tion, easily 

r.>btain~ble from AC Power s• . .IF'Plies or oscillators (13)+ 
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AMPlitude and Phase det~ction methods ~ere used to ext~act 

the flow sisnal from a number of sPurious sisnals induced 

In an effort to reduce the effect of these 

sp1Jrio•Js s:isnals, swJ.are and P•Jlsed ei·{<~itation wavefQrmt:; 

were used <i4>. The se~t~souare wave masnet excitation' 

shown in Fisure s, results in very larse &Pikes in the 

t')bse rvt"'d wavefo rtr1. The SP i kes a re o rde rt:; . of rr1a!~ni tu de 

larser than sisnal due to flow. This .is because the 

current induced in a sta~ionary conductor b~ a •asnetic 

field is l"'roPortional to the time rate of chanse of the 

masnetic field. The masnetic field is chansins very 

raPidJ.y at the ed~:.H?s C'Jf the srn1Jare wave1 Producins p1Jlses · 

which. N?G•.Jire the amPlification sYs.·t:.em to have fast 

response and a,V9T'Y larSe dynami~ ran~e if the flow signal 

is to be undistorted. With souare wave excitation, 

measurements are made afte~ the sYst~m h~s rea~hed an 

eouilibrium Poi~t and the spurious sisnals have decawed to 

:insisnificance. This :is a for~ of phase sensitive 

detection and may be •~chi·G)ved b~ .satin~il an arr1Plifi<~r "on° 

at the Proper time in the sxcitation cwcl•~ The sauare 

wavE~ method is st.H"'eribr to sin<;> wave ITH~thods beca1Jse the 

amPl:ifier ma~ Ge on for a lar•er portion of th~ c~cle' 

allowins more rioise to be averased out. 

Advanc:ine a step further, aPPlwins a tr~Pezoidal 

excitation waveform (15) reducss sPuriciti~ sisnals 
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10 V/DIV 

TRAPEZOID.AL WAVE 
MAGNET EXCITATION 

5 V/DIV 

FILTERED TRAPEZOIDAL 
WAVE EXCITATION 

l V/DIV 

33 

TOP TRACES - MAGNET EXCITATION 10 V/DIV 

HORIZONTAL SWEEP 20 MS/DIV 

FIGURE 5. VOLTAGE INDUCED IN A WIRE BY VARIOUS 
MAGNET EXCITATION WAVEFORMS 
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considerabls because the time rate of chanse of the 

masn<:~t:ic f:i(~].d is :.=.irf:~atl~ reduced bs rQ•.mdins the sharp 

Fi 1 te r ins· 

the waveform senerator o~tPut furth~r reduces rapid 

e>(cit<:it:i<.1n chan!:.~es ;:::nd results in the b<Jttom trace of· 

Fisure 5, whe~e it can be seen that ih~ ihduced sisnals are 

sisnif:i.c<:intl~ ;:::ttenuat<,-1d. Sisn;Bls of this masnit;Jde do not 

Present Problems of response and dsnafuic ranse in the 

s• . .1bsf?r:iuent circuits+ 

The sisnals rePresented in Fisure 5 are those induced 

in a wire b~ the excitition ~dsn~tic field. A simil;:::r 

sisnal is also induced in the electrodes of the flow cell. 

Because this induced sisnal is not related to flow. it i~ 

desirable to eliminate it. Referrins to Fisure 6r a wire 

Passes alons the toP of the flow cell Parallel to the 

electrodes in the cell. The masnetic field will induce 

eaual currents in both wires; howeverr because the induced 

flow of current is in OPPosit~ directions in the Parallel 

wires makins u~ the loop, the currents resultins at the 

~nPlif:ier inPut contain onlw the component~ induced in the 

fl<J\.J Cf.::>11. The components induced in the electrodes and 

It is necessarw to Position 

the excitation maenet1 the flow cell, and the return wire 

ve1·':.~ r->rec::i.~:;.f.~J.·,,1 to <=Jchieve. th<= ct11Y1Plet,E~ canc:G~l.lation of 

non-flow sisna:ts. The effect of imProPer Positionins is 
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illustrated in Fimure 7. F'cior'ls canceiled :i.nduced sisnals 

re:;ul t :i.n s:i.s.lni f:i.cantJ.\:! hi sher b<:1s<c:.>1 i.ne lf:~vel.s. 

In addition to the positive and nesative.tr·apezoidal 

P•..Jl5€~:; shown in the masnet e>(citation waveform of Fisdi;;e s, 
a P<-?riod of tilYI(-? i,.Jith<Jut i:.?~'(Citaticln i1a1;; be<en left ;:,fter 

sisnal ob1;;ierved when no e>(citation :l!!> aPPlied ma.'..~ not be· 

zero. Thusv if it were Possible to subtract the no 

e~·(d. taticin si:.Jnal frori1. the sisrial in. the Presence of 

<-:-i>:c:i.t<:ition' these (·?rr'ors 1,.Jo1..1J.d be c<:mce11ed <·1<$). 

To achieve this cancell;:.d:,ion of errors. b'::f subtract ins 

the no excitation sisn<:>lr to reduce the effect of 60 Hz 

Po.•lH:;r l i ni;' no i S€~ b\::i i nte£~ rat.iris the s i snaJ over a 1rn..J ltir-· 1 e 

of th12 F"eriDd of th<-? F'Q1,.1r::-;r c·~cle ~· and to dimiti,ze the 

sisnal, a voJ.tase to freouenc\:! cdriverter followed bs a 

UP/down counter was used in the current ~mPiementation. 

Thr~ t .. 1FC· Pro-duci-?:..;. a tr.sin of Pulses 1,.,1ho1;;0i frec:i•.J<-?l"lC\:! ;is 

r'T'OPortional to the im:.·ut voltase .. Referr:ins to FisUT'C-? s~ 

the counter accumulates the Pulses from the VFC. durins the 

f"E.'r:i.od when the count UP 1 ine is lm.,i. When th~;;. count down 

1 :i ne i :; 1ow1 F'U 1 ~:;(-?S from the VFC df?C Y'e1110mt. thf? count.er' 

effectivels subtractins the no excit.stion value. The read 

counter Pulses, occurr:ins Just after each of these count UP 

and count down cscles1 :irr~erruPt the computer which then 

obtains the value in the counter and resets the counter' 



NOTCH FILTER 
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ToP TRACES - MAGNET EXCITATION 10 v/DIV 

HORIZONTAL SWEEP 20 MS/DIV 

FIGURE 7. UNBALANCED MAGNETIC FIELD SIGNALS 
WITH NO FLOW OF 1.0 M NACL 
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T'<:?ad·:i:in~f. it for another c~~cle. Th<·? count UP and count down 

Pulses are Positioned so that the~ are active durins the 

steads state condition of the amplified flow s:isnal1 wh:ich 

is delased slishtls in comparison to the excitation si~nal 

because of the heavs filterins in the flowmeter amPlif:ier. 

Th(~ p1Jlses are c:if·-r-:rQ;·d.mat(;,)r\.~ tw:ic~(;,). as lens the Pi~riod <Jf 

the 60 H:<: Power lirH? frec~uenc':h thu1:; 60 H:;~ ~;:i.ne waves· 

suPer:i.mPosed on the flow s:i.snal should be :i.ntesra~ed .out. 

An additional advanta~~e of. the· no excitation 

subtraction feature of this flo~meter is that slow shifts 

in DC level of the VFC inPut sisnal are comPensated for as 

lon~\I a1:> sL:!.nficant shifts do not occur d1Jrins one 

excitation cscle. 

shutter was oPen lo~s enoush to caRture Portions of two 

succeedinS cscles, it can be seen that th~ DC level shifts 

between cscles1 but is r~lativels constant within a cscle. 

If absolute level detection was Dsed, the~e DC level shifts 

would 1·1:-~sult in nois<'~ level~; abov<;,) common1~:;1 ~2nc<J1..1ntered 

fl&w sisnals, th~s makins the fl~wmeter useless. These DC. 

level shifts Probabls orisinate at the electrod~s in the 

f lDt.J Ce 11 • 

shift the 80 to 100 millivolt Potential observed across the 

electrodes in some unpredictable manner. Even under n<J 

flow conditions1 this Potential slowl~ drifts in one 

direction or another. 
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- MAGNET EXCITATION 10 V/DIV 
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FIGURE 9, FLOWMETER SIGNALS WITH A 50 CM 
HEAD OF .05 M NACL 



caPacitive couPlins of the i~Puts to the instrumentation 

amPlifier indicated in Fisure 10. Because of thf:.' 

amplifier's Sain <4000), even a small chansa iri the 

difference between the Plus and minus inPuts results in 

amplifier saturation, incaPacitstins the flowmeter. The 

co1JPl:in~J caP<:lcitcn's block this DC 1-=-·ot.ential, allot.J:it1s the 

h:isher freauehcs AC flow dependent Potentials to Pass. The 

capacitors must be larse to assure .the low fremuenc~ <4 Hz) 

flow sisnals Pass undistorted, thus the charsins and 

d:i.~:;charsin~~3 of the c:a::,acitors :is slo• .. 1v ccmtrjJ.:H.Jtin1..::i to the 

slow shifts in DC levels observed in subseauent sections of 

the circuit. 

Construction of the electromasnetic flow sensins cell 

aPPears to be somewhat of an art. A number of desisns and 

confisurations were tried before adeauate results wer~ 

consistentl~ cbtainsd. 

l"he ·f 1 b~J i::;c~r1sir1S c~?l l is cor(s t.·r··l.Jc:·_t .. e.d .b~~ er1 l a·rsi r1S or1e 

of the Path~; in a Ch0~mine1't ®cJ-•40:31 "cn1ss • connector to a 

l/16th in~h bore. Althoush these connectors are SPecifiBd 

Eauation 11 on ~ase. 

271 indicates a flowmeter response ProPortional to the 

diameter and ~elocit~; thus, the small diameter bore shciuld 

exhibit reduced response. A sishificant increase in 

velocit~ is reauired to maihtain a constant deliver~ of 
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liauid so one would exPect to see a net increase in 

response with smaller bores4 APPare~t18 other effects are 

more important under ver~ small diameter conditions, and no 

flow related response was obtained at ~11. Lar~er 

diameter~:; W<-?Pe tr:i.<-?t.:11 <.~nd a 1/lf.ith inch bclrf? was Sf?lected 

as a convenient compromise. Good response characteristics 

were obtaihed with this desisn. 

The electrode surfaces are ver~ important 

contr·:ibutor!:> to the C<-?11 r<0sistan<::-<.;u which should b<-? low to 

reduc<·? nci i ':Se. The !:;maller surface aN~<~s of Poli!:>hed metals 

are much less satisfactor~ than electrodes with larse 

surfac<-? ar<~as. Platinized Platinum electrodes.aP?ear to be 

ohe of the best chbices. (17). 

The electrodes in use are Platinum wires which have 

been ~latinized b~ Passins a current of 50 microam~eres 

b~?t1tJe(;rn the e 1 <·?ctot.:h?s aft~~ r con1:.;t ructi ns. the fl ow 1.:letecto r 

cell. The PlatinizinS solution was 2 Percent bs weisht of 

Platinic chloride in 2 N HCl. The direction of the current 

was alternated Per:iodicalls durins·the several hour 

Plat:inization Period. The Platinized electrodes worked 

well in comPari~cn to other~ tried. A silver coated coePer 

wi Pf~ ltJOJ'kE~d POOrl:i until C()"f'rosion (Jf th<-? ~?)·(F-OS<~d COPPer at 

the tiP of the wire occurred, confirmins the fact that 

laree surface cirea electrDdes a~e result in lower noise 

levels. Good elatinization af the electrodes is vers 
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imP01·t;.~nt to m:inim:ize the low fre~tJenc~. noise of t.he · ci?.1 l. 
. . . . . . ·. . . 

An. even co;stins of Platinum bl<~ck ovet th~· ver'=" s11sht1~ · 

If. 

PerfoT'tTt<:mce is Ver~ like.11:1 to resi.J.lt+ 

The eleet~odes ar~ mad~ of aPProximatelw i cm lehsths 

ot' 22 "s•.Jase Platin1.Jm wire. C0 nr:1e"ctiris wires are· soldered. 

to the Platinum Wire' after which ii· is inserted ihto tht? . 

ref11a:inir;1S two holes in the ·-'r:ross•. connector. These holes_ 

are~ at 90 desree ans res' t,o the er1larsed f'low Path+ The 22 ' 

sa1.JSe wire i; J1.Jst slishil~ larse~ than the e~istins hol~~ 

. . 

f~rthsr attach the wires~ but it ,is n~t necess~~~. 

masnetic field ir:> n1.Jlled b~ ar1 eraual cl.Jrrent ind•.Jced in the 

30 s~use wire which ii G~ed to connect th~ far Platini~m 
.. . .· . . '.. . 

electrode to ti-.e-~ shielded twis·~ed Pair ca.ble connectins tl:H=. 

flow sensor to the flowmeter electronics. This wire is 

folded over the tor-- of the flow cel 1 arid its r-'"ositiorr 

~careful!~ adJusted for ~ini~um deviation ~ro~ .a stiai~ht 

J. ine at the VFC ini.,,ut 1.ind~r st<JF•?ed fl<:>w c.<:mdi ti ons •.. 

The sro•.ind T'eferf'.fr1ce {or the ir'1P•.Jt in~ty·ument:atiori' 

amPlifie1· i~:; alsc.1 im.port:~nt ih t,educim.4 noise. theminett'® 

:·:. 

·i 

''.' ~··· .. 

".· ! 
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the flow serisor 8 CT'OSS" connec:tor<S? are Used upstream and. ·. . .. 

do~nstre~m from th~ flo~ sensor.tb ~a~e the'~round 

. . . . 

eKter·nal infJ.t1.ence. Problems dtJf.t .td 's•Jth: currer1t, flows aJ"e 
. ,., 

clft€m encountel"ed fr, ind1Jstl"'ia1 s~steil1s .. wheT'e metal ?:ipes 

are used. E:d~ernal current ,flcJw. should not qe a F•robh?ft't ir1 . . . ~. 

this totalJ.9 hon-metalli.c s~steiT1+. Adernuate sroundins is 

!:>ti J. J. neces~.;ar~ ·to. minimize the e·ff~?(:!ts of 6.0 Hz i ine. noise 

wh:i.ch :i.s easil~ induced into an!:l ccJrid•Jctor bH b•Jildins 

wi rins •. 

The instrumentation ~mPlifie~ 1$ ~es~onsible for the 

:i.n:itial am?lifi<~atic:m··of the·si~na1 and for reJec:t.iniaas 

much noise as Possible' Primaril~ the 60 Hz Power line 

induced s:isna.l which i!i <:!ommon to both electrodes· bf· the 

·flow cc~J.1. . The An<3los Devices model 610 has. a comm<Jr1 .rt1ode 

r~Jection ratio of 110 db, a 300~000 fold voltase \"eduction 

. in sisnals colTimon to both inPui:,s. It cam be seei-1 ~that thi·s 

is not adernuate with solutions cif l~w condDctivit~ as 

noise' a ver~ selecti~e bandreJect filter was tonstructed 

usin~ a Burr-Biown universal active filter• UAF~31 (se~-

mt1st solution<,;;. ·Since this f:i.lter reJects c.1nl~ 60 Hz 

frernuenc~ ccmPonents, it is followed b~ a low ~ass filtef. 
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TOP TRACES - MAGNET EXCITATION 10 V/DIV 

HORIZONTAL SWEEP 20 MS/DIV 

FIGURE 11. FLOWMETER SIGNALS WITH NO FLOW 
OF .01 M NACL 
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with a 3 db cutoff freauenc~ of about 40 Hz1 

It was found that the r~ise level of the ssstem is 

heavils influenced bw the conductivits of the solution in 

the flow c~ell. 

21 are summarized in Fisures 22 and 23 wheTe baseline 

levels and noise levels as the standard deviation of the 

observed sisnal are Plotted vs. con~entration of NaCl. It 

can be seen that low concentration results in hish noise 

and hish baseline levels. A Possible re~son for thi~ 
·-

characteristic is that the noise sisnals1 se~n to be 

impedance than the induced flow sisnals and thus are 

attenuated more b~ increased cell conductivit~~ Notice 

that the flow sisnal amPlitude in Fisure 24 is ~lso 

attenuated at hish cor~entrationv which also suPPo~ts this 

Conductivit~ of the solution does not aPpear in 

Eauation 1 on Pase 271 which describes the flowmeter 

transdu~er. More detailed investisations show that 

conductivits dependent terms are~ot .sisnificant (180. 

ExPeriments have shown little conductivits dependence over 

a wide ranse of values <12). Conducti vi h~ determine~:; the 

noise level of the s~stemP thus, hish conductivity i~Proves 

The Present results indicate that adeauate 
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TOP TRACES - MAGNET EXCITATION 10 V/DIV 

HORIZONTAL SWEEP 20 MS/DIV 

FIGURE 13', fLOWMETER SIGNALS WITH NO FLOW 
OF .01 M NACL 
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VFC INPUT 
l V/DIV 

5 0 

ToP TRACE - MAGNET EXCITATION . 10 v/DIY 

HORIZONTAL SWEEP 20 MS/DIV -

FIGURE -:ii.f. FLOWMETER SIGNALS WITH A 50 CM 
HEAD OF .01 ·M NACL 
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ToP TRACES ~ MAGNET ExcITATION 10 v/niv 

HORIZONTAL SWEEP 20 MS/DIV 

FIGURE 15, FLOWMETER SIGNALS WITH NO FLOW 
OF .1 M NACL 
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VFC INPUT 
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FIGURE 16 I FLOWMETER SIGNALS WITH A 50 CM 
HEAD OF .1 M NACL 
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Top TRACES - MAGNET EXCITATION 10 v/DIV 

HORIZONTAL SWEEP 20 MS/DIV 

-

FIGURE 17, FLOWMETER SIGNALS WITH NO FLOW 
OF 1.0 M NACL 
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HEAD OF 1.0 M NACL 
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ARBITRARY 

FLOWMETER 

RESPONSE 

UNITS 

FIGURE 19i FLOWMETER RESPONSE vs TIME WITH .01 M NACL 
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Fr-GURE 20. FLOWMETER RESPONSE VS, TIME WITH .1 M NACL 
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Performancf:) is obta:inablf:! at ccmcentrat:ions sreater th<3n 

.002 M NaCl, and that the flowmenter ma~ reaui~e 

recalibration if the concentration va~i~~ sreatl~. Notice 

that in Fisure 24 the flow minus baseline sisnal is not 

constant with concentration. These limitations are not 

ser:ii;iu'::; in r'r<:1cticf? since most reactions t<3k<-? ~-:..lac~? :in 

buffered solutions with relativels constant conductivities 

which are in the ranse which resDlt in low noise levels. 

A Possible reason for the less than oPtimum. 

Performance of the current flowmeter amplifier is that the 

inPut impedance cif about 300 kilobhms is mu~h lower than 

Previtius d<-?sisn~;; 1.-.ihich had imP<·?danc<2s of 20 to 50 m<-?sohms. 

~ifortunatel~, this low imPedance was necessar~ to suPPl~ 

the inPut bias current for the instrumentation amPlifier. 

At the outPut of the notch filter, the sisnal has 

been amPlif:ied bhl a factor of about 1~10001 and has a 

widels vars:ins DC comPonent which results in amPlifier 

!:>at1.J T'<3°t, i or1 :i. f fu rt her. amp 1 f i cation i :;; atte111P{e.d. A hi sh 

Pass filter with a sharp cutoff around 2 or 3 Hz is needed. 

Ccmstruction of anothet' low Pass filter w:i.th a vers loris 

tim€~ con:>tant <3 db do• ..... n <3t 0+5 Hz), the Clut,F•,.it of which is 

subseauenthr si.Jbtracted fr<Jlll the) shcir.te.r time coristaht low 

Pa~;s fi 1 ter C3 db down at 40 Hz) resulted in th<·? much more 

satisfactors circuit shown in Fisure 25. The lens term DC 

comr.:..cment of the s :i. sna 1 is nov.1 si.Jbt ractf~d Y but the 1110 r<~ 
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Guickls var~ine comPonents due to the flow sisnal.s at about 

4 Hz are not sienficantlY affectedy and further 

amplification is Possible without saturation~ The DC level 

of the VFC inP0t sisnal i~ adJu~ted1 bs the offset 

Potentiometer of Fisure 25, to be above one volt and below 

six volts to a~commodate the VFC's Positive voltaee inPut 

reGuirement and assure that momentar~ DC level transitions 

do not cause nesative VFC inPuts. 

As indicated earlier1 the waveform ~enerator als~ 

Provides sisnals to control the direction of ~ountins bs 

the ·real time clock counters and to inteTruPt the comPutef 

when one flowmeter excitatioh cscle has occured. The 

seneration of the couMt UP and cowit down Pulses from the 

VFC outPut are illustrated in Fis0re 26. The resultant 

counter value is stored in the Processor'~ memor~, after 

which the counter is cleared in Preparation fof the next 

excitation cscle. 

A ver~ substantial amount of noise, Primaril~ du~ to 

the remainins DC level shifts in the flowmeter sisnal which 

were hot removed b~ the analos sisnal Processins 

electronics, is removed b~ averagins the flowrn~ter sisnal 

over a Period of 16 seconds. This is accomplished b~ 

enterins each successive value obtained at interrupt time 

into a 64 Point circular buffer, overwritins the value 

obtained 65 Points Previousl~. To further improve the 
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stabilits of this averaSe? the value entered into the 

buffe T' :i. s nev~?r al lOWE)d to d:i. f·fer from the av*? rase va luc;;> b\~ 

more than 32 units. T~is restriction causes resPonse to 

raP:i.d chanses to be vers slow, but raPid chanses :i.n fluid 

suPPls conditio~s are not encountered under normal 

circumstances .• In additionJ Iaree, raPid chanses in the 

~erformance of the instrument~ This limitation is 

n<.z.cessar'::! because the DC l<.z.vel of th<.z. fl(JWITif.?t,er sisnal 

occasionall~ shifts violentls in response to external noise 

If errtered into the circular buffer, these lsr~e 

nois<;:! ·..,•all.Jes would inflw:~r1ci:.~ tht~ averase val•.H.~ for the ne:-~t 

LS :;~)Corid~:; bf~·fo.re the•:i WC)Uld be rePl<sC~?d b\~ a n~?W ·value, 

resultins in vers Poor flowmeter Performance becaus~ the 

noise values are often man~ tim~s the amPlitude of ~he 

norm<:il valu\"-?S encountt~T'~?d. 

The ci rcul<:ll' buffer is sum1M~d after enter iris f?ach 

limited difference value and the double precision result is 

stored in memors for use b~ other seoticins of the software. 

In addition to sen•ratins the ~vera~e ~low related 

5isnal at each cYcle completed interruPtr a va~ve control 

sisnal is develoPed ever~ fourth excitation 6scler 

aPProximatel~ once each second+ The control sisnal is the 

sum of the difference between the averased ~lowmeter sisnal 

<:md the ;3oal en· setPoint value and a nf?sativf? mult:iPle <Jf 



thf0 der:i.vat:i.V(~ of the a\,oe1'ased flowmet<'?r sisnal. This 

causes the valve to be driven in a direction whjch will 

reduce the error term. 

has a (~Onsidc~rable ti1t1e constant!' :i.e + y the effect <Jf the 

control sisnal is not aPF .. arent for sev<~r·al. st-~conds. 

Bec<:~use of this? the derivat i v<0 sisnal :i. s s•.Jbt ract~?d from· 

the error si:3n.al? py•oducin~~ lt.~ss ccnrective action when the 

averased flowmeter sisnal is thahSins toward the desired 

value and mc.H'<~ if. it is soins it1 thf? OPPos:i.t<:~ direction. 

This Proceedure results in a more stable s~stem with 

sreatls reduced overshoot:i.ns of the seal or set Point. It 

operates in much the sa111e manner a~:; the da~1r1Pin~.~ control of 

manhl chart recorders. 

One of four different valve movement values is 

selected each second b~ the controller software. If the 

accumulated error control value :i.s small, no movement of 

the valve is made. Movements ~f SPProximatelhl 2, Sr or 30 

desrees of rotation are s~lected as the error val8e 

incr'e<:is~~s. 

The control alsorithm was develoPed emP:i.ricall~ bs 

observin~ the eff•cts of ¢han~ine the Parametafs of .the 

alsorithm. It falls into the class of PID <ProPortional 

Intesral Derivative) alsorithms, common in ensinee~in~ and 

Process control aPPlications (7). ~ theoreticai and 

~athematical oPtimization of the alsorithm is no~ necessars 
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'. . . . . . . 

b~cause the common sense, emPiricall~ derived alstirithm 

Produced satisfactory coritrol and avoided th~ ·excessive 

theor~ c:>f i""rocess .control textbooks· into Practical 

P r·t1s rams. 

. : -.~ .... 



3. Electronic Balance 

An Ohoaus mtidel 300 electrcmic b<:1lance was emi'-losed to 

calibrate and evaluate th~1 oi:.eration of the flowri1e'l:,er. 

:tlasical ].:.; , the comr--ut<'.!' r reads the balanc~1 r;t£•r :i.ndical ls and 

calculatt£~s the difference in w<,::ii1:1ht bet1&eer1 readin!~~;;, 

resultins :in the flow rate which :i.s stnt-ed for later 

comParj.son with values simultaneousls (Jbtained frr.rn1 the 

floi.1mete.r. 

an e:-~cess iv<~ amount of noise b<,::ica.JJS€~ di ffe renc~es of 1 ess 

than 0.1 srams in 100 arams are beihe observed. In 

addition1 it was found that the update rate of the 

balance's BCD interfac~ va~ied betw~en 6.5 and 2.5 seconds' 

dePendins on the total weisht on the balance and other 

unknown factors. This variablits contributes larsels to 

the ~~r·ror. 

s<,::icond intervals;, it is }'-OS!:·d.ble that the f i Pst valui,;> 

reP~esents the weisht 2.5 seconds earlier than intended. 

If th~:.· final IM?asurement reflected the:~ curreht t.Jeisht 

value' the flnw rate det~?1'm:i.ni?.d 14crnld be .in err.or bs 

2.5/30~-0 or 8 P~~cent. 

because th<~ final .measurement is also 1 ikr.d\:! to be late bs 

a similar amQunt. These Problems were sisnificantls 

T'f!'d•.JCE~d b\:! <:1v1=~rasins t.hf? '1Jeisht. values oveP 6 second 

Periods before takins the differences' as explained later. 
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Ohaus's optional BCD interface for their balance 

consists of 5 four bit latches and some control losic which 

stores the information Presented on the b~lance disPla8 bus 

and makes it available to external devices. In addition1 a 

balance done line sisnals the comPletipn of loadins of new 

data into the latches. This results in 21 output lines 

from the balance. A balance buffer, shown in Fisu~e 27, 

was constructed to conserve Parallel interface lines. The 

buffer consists of ei!.:.lht f<J1..1r-·i:i:it res:i.stf'.n's which can be 

loaded b~ the balance. The computer reads the resisters b~ 

seauentiall~ selectins one of the eisht1 which then 

Presents its data on four bits of a Parallel inPut P0Tt1 

until all disits stored in the resisters are obtained •. The -

inP1..1ts bf the balance buffer resisters are connected to the 

balance disPla~ bus b~ rePlacine one of the latches of the 

Ohau!:; BCD int~?T'face b\~ an intesrated circuit soc~ket with 

Jumpers from the inPut Pins to the output Pins. The 

addresses of the balance buffer resisters are selected bw a 

74148 Prio~itw encoder whose inPuts are connected to the 

load latch sisnals of the Ohaus BCD interface. Thus, th~? 

balance buffer latches arE! loaded 1.mder control crf the 

balance whenever a new weisht value is availabl~. After 

the balance done sisnal interrupts the comPuierr the 

balance buffer mas be read b~ the comPuter at ans time. 

Naturalls, this readins should be done as soon as Possible 
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to avoid the Possibilit~ that the balance may uPdate the 

ba 1 ance buffer- re~~i s te r-s du r-i ns th<-? readi ns Precess, 

<:ire updated at a m.a:dmum rate of 2 Hz, no PT'oblems in 

readins the balance buffer values before the~ are chansed 

The balance software is orsanized as a Forth task for 

minimum effect on the rest cf the soft~are oPer-ation. A 

supervises a specific operati~,. Tasks a~e di~cussed in 

the data acauistion section. The interrupt service 

balance buffer to an eieht b~te b~ffer in the ~a1aMce task 

table-? before re-enat1line the Proc€~ssor int~rrw.:.-ts. This 

assures that the information is read by the ~omPuter befbre 

the balance updates the values in the bal~nce b~ffer 

reeis;ters;1 even if. thf:.' cc:>mPtJt&~r. is bus\:f with another hish 

level task+ The :i.ntc-?rr1 . .1Pt sei'vice routine also cl~?ars the 

balance. task status .·word s<J that the hii1h level code of th~? 

task will be when the multiProsrammer loop ~esches . . 

the balance taski 

When ~xecut:ion of the balance task is enabled' the 

BCD d:isits stored by the interrupt, service routine are 

multiPlied by the Power of ten corresPondins to their 
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The resultant values are then summed, 

leavins the binar!.~ rePresentation <:if the W(=isht or1 the 

balance Pan on the stack. This value is then stored in the 

balance task table' makins it easil~ available for use b~ 

otheT' tasks. The balance task is then d~activated b~ 

settihs its status word· to -1 via the STOP definition. 

Whenever the interrupt service routine clears the bal~nce 

status word followins another balance done interru~t, the 

complete Proceia is repeated. In thi~ manner, a variable 

is always available in the balance task tabl~ which. 

represents the current weieht on the balance Pan. 

Because determination of the flow ~ate reGuires 

accuratels timed observations.' -the balance task, w~th its 

variable T'ePc)rt rate, cannot be used to Perform .t.his 

f1"1nct :i. on. ConseGuc=nt l \:i!' th<-? cipe rat i ens retll..I ired hav~'.! been 

incorporated in bne of the flowmeter tasks. Flowmet<'?r 

interrupts occur at a rate vers close to 4 Hertz, under 

control of a stable cr~~tal oscillatorr Providine the 

accurate time base reGuired. Two operations are involved, 

the first beins the maintenance of an averase weisht as 

reported b~ the balance over the last six seconds. This 

involves Pickins UP the balance value fro~ balance task 

four times a setond ahd insertine it into a circular buffer 

of 24 Pr.d.nts. The averase value of this buffer is then 

calculat~d and stored in the balance task table fo~ ~se b~ 

I 
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<Jther tasks. This value do<=s not .re);'~eser1t the Ci.Jrr~nt 

value of the. weii3ht or1 the bara11cefr but :that of ab<J•.,1t ·fc>i'.:J.T'· 

seconds earlier. The circular b.uffer C:.cmtains val1.Jes f tom 
.. ' . ·.· ·. . ' .. 

. . 

. at least ·t.wo balarice u?dates and ?eT·ha?s •.J?. to ten ut--date's .·, 
. . . ', 

When the balance val•:ie is not qhansins rc:H .... idl ~ ~ the ave·rase 

is a srJod ind:i.cator. of t,he cr .. 1rre1·1t w<=idht. When the weisht 

is chansini1h theiaverase value of th~? last$h: seconds will 

be obtained, keePins in mind that even the balahce output 

is sl ishtl~ behit1d in rePortin~ the tr'Jli? weisht • . Th1.Js .. , 

c<Jt1siderable noise is to· be eNPected in the flo.w. rate 

values. 
. . . 

To achieve a more current valu~ of th~ flow r~te .than· 

wo•.Jld be obt<dned b!:l takins the. di.fferel .. rce in weisht .. s .eveT'~ 

30 seconds' another circular bi.rffer with a· 1ensth. 

correSPor1din:':l to 30 seconds can be m.-sintained.. Everl;I time 

a new we:i.sht value is added to the buffer1 the value it 

replaces can be subtracted from the new valuer resultins in 

the chanse ir1 wei~tht, or fl ow rate fc)r the 1'ast 3(f seconds. 

Thus, everw sec6nd o~.so, a new flow ~ate valye maw be 

obtained which rePresents the average flow fate af the last' 

30 seconds. The 30 second Period was chos~n to minimize 

the noise di.Je to the balance · •.JPciate Peri(:>d ·. 1.Jrrcerfa:intY arid· 

f°'rovide ·a. reasonab.le difference in weishts+ .· Mi.Jch smaller 

irrte'rval.s are sJ.ibJec.t~ to ai.Jarrtization · i;:.rtoT"!S d•.rn to the 

di~ital nature of th• Process. Much lonaer. i~tervals would 

_;-,.'-
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not be si::n~;;iti· . ..-e to short term variations. Fifteen ~;;ecc:md 

l'°'<:r:i.ods tquld hav<:~ bE~en c~hosen to match the av(-?rasins 

P<:?r:i.<:id t1f the e1ectrc>f11asnetic flawmeter, hot..iev~~r more noise 

in the balance flow rate would be observed ~nd auantization 

eJ'rors would b<·? larser than those e:·~PeriJ:nced b"~ use of th<-? 

30 second interval. 

The 30 second f1owrate value is then multiPlied bw 

two and ':d,<:ired in the b~Jlance task table1 makins the flow 

Piste in cme.;..hundr~f.~dths of a milliliter Per m:L111Jte available 

to other tasks. The buff~?rs reaui red to calculate the 

~1veY'<3'.~es and differences are maintained in the unused 

dictionar~ ~rea of the balance task. 

Pr~ctical considerations make it impossible to check 

th<-? f..;hort t(:r1r1 accurac~:1 r.>f the balanCE) flowmet<:r. The 

<:~ver<:i!:1e flow rate over a Peric>d of roir1ut<-?S can c:asdl\:i be 

detel'mined b~ the weisht difference between the besinnine 

and end bf the Period. As~umins a constant flow rater the 

short term and lons term flow rates should match. Table~ I 

Presents the results of several runs at different flow 

rates as ·maintained b'::J thf~ electromasnetic flot-J1T1eter •. Ruris 

1 throush 7 show ~ corGistent error of about one-half of 

one Peresnt. Part of the e~ror can be attributed to the 

fact that the flowmeter time base• which controls the 

balance T'f~adins :i.t1tE.'T'V<~1? :is fast b'::J about 3. 3 ms F·er 

second bi?.cau:;r::~ the waveform s<-?nerator uses binar"::J rather 



Table I. Initial Balance Flowmeter Error 

F~un:JI: Wt. Flow Bal. FlDW Fract:icmal 
!1m/min sm/m:in Er r(H 

1 3.:t55 3.:t35 ··-. ooci3 
3 8.064 8.02:t -- • 0053 
4 5. ,48:.3 5.448 -.()064 
5 10.15'? 10.:1.04 ·-. OO~'.'i~2 
6 12. ,-$62 12.591 ... , • 0056 
7 14.918 14.8~59 ..... ()()!,'.'j3 
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than decimal counters4 This means that a second for the 

balance flowmeter is onlhl about 99.67 Percent of a real 

secondr accountins for about half of the observed error. 

This error is corrected bhl addins 0.33 Percent to the 

output flow value. Note that at flow rates of less than 3 

ml/min~ nothins is added to the.:.• flot...J value becausf~ thf? 

cOPrection is less than onf.~ unit (one"""huridrt.~dth of a 

ml/min) in which values are reported. APPfo~dmate19 2 to 3 

tenths of a P<e~c<-?nt of f? r ro r a re) l<-?ft 1..maccoui-1ted for. 

EvaPC)'f'cit:icin <Jf the liauid ih the co.llectior1 <~<Jntainer 

i:,; a sourc<-? of er1•cJr which affects both the lons tc-?rm and 

shor-t term fJ.cJw rate ITtc-?as1Jrements eaualJ.\~. An ev<:~Poration 

r·ate) of 0.017 !~m/min 1rias observed at a room temi=-·erature c•f 

24 desrees Celt:;ius usins a beaker as a collection vess1?l •. 

Therefore? aill flow rates ·measured b\:t th<e b,;ilance! are about 

2 uni ts or 2 h1JndT'edths rJf mi 11i1 i ter l""e.r m:i.r1ute low. A 

corrt~ction for thL:; t--•ould need to be determined emPiT'icall\~ 

bec<:~use th<~' evaP01·ati(Jrt rate is ·der:··end1?nt on temr:-erature¥ 

humidity, liauid surface area and local ai.r movement. The 

evaporat:i.on Problem was '..;;olved bs substitut:in~i a narrow 

mouth cc>l1cection vessel fcir the beake1·. NcJ weisht loss was 

obs<::•rv€~d durins a 20,-minutc·? tt.·!St period+ 

A subseGw:mt test. run is reported in Table II usins a 

narro1A1 JYHJuth collecticm '¥'es~.;el and. ~?mr->lo\:t·ins Ctlrrection 'of 

the time base:.~ f?rrot'. Note that the error ob!:;erved is about 



Table II. Corrected Balance Flowmeter Error 

Run:JI: Wt. Flow Bal. Flow Fractional 
sm/min !3m/min Errcn' 

1 0+003 0.001 
2 1..623 1 +61'7 ··-. 003'7 
3 4.038 4.025 ·-·. 00:12 
4 6 + :35!5 6.343 ·-·. oot 9 
c.-
·-! 8. ~360 ~3. 553 -·. 0008 
6 10.949 10.92'7 .... 0020 
'7 13+456 :l.3+42El ..... 0021 
8 13.366 1:3.335 ·-. 0023 
9 15.68'7 15.628 - • 00;33 

/ I I 
·'1 
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two tenths of a Percent excePt where the correction's 
. . 

fractional Part is siJanif:it~aint, but is not added because 

Thii:> occurs below 3 

ml/min. 

The l:i.near:i.t~ of the averase values is excellent over 

It was observed that some runs 

exhibited poorer control than others. The factor commcin to 

these runs was that the caPillar~ va1ve was near its 

larse chanses iri flow. To avoid this Problem, the drivins 

sas Pressure should be adJusted scl that the. floi..1 r-atf: 

de~ired occurs when the va1ve is aPProximatelB one eishth 

to one half open. In this ranse, flow control is much 
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4. Flowmeter and Controller Performance 

The Performance of the comPlete ~lowmeter an~ 

controller s~stem1 includins· the controller alsorithnn was 

evaluated b~ executins 18 flowmeter calibration runs over a 

Period ~f several daws with several salt water 

concentrations and .e:-~i:-,et· i1t1ental r:orrf i su rations. Each 

calibration r~n consisted of a semuence of ten seals or 

flow setr.·oints. After each flo~ seal was ~chieved1 

flowmeter and balance readinss were obtained ever~ second 

for five niinutes t resul tins in info.t·ma·tion f 1·om which 

calibration curves for the flow~eters could be eonstructed. 

In addition' the effectiveness of the flow control at 

various rat~?s can be obtained' as. we 11 . as :i.nformat :i.(Jn ab<Jut 

the Precision of the calibration curve~ and their 

daw-to-daw reProducibilitw. 

Freauent calibration of the current swstem will be 

necessar~ because of its many analos components. 

AdJust~ents are reouired to compensate for comPonent 

tole ranci:~s. Temperature crJeffic:i.ents mas b<.~ e>~Pectc~d ·t;.o be 

sisnificant since many components are beins operated at 

hish Sain or near their Perfor~ance limits. 

excitation rea~ires a moderatels hish Power am~lifier which 

is inherentls not as stabl<·? OT' insensitive to tenrPerature 

chanses as 101 .• j(~J' POWf:~r devices. The flowm<~ter is F'ushins 
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the state of the art, seneralls achievin~ flow cohtrol of 

better than ±0.25 ml/mir~ over the rans• of 2~5 to 25 

ml/min. In the Probable operational ranse of the 

instrument, 10 to ?$ ml/min, a better than one Percent 

r~lative standard deviation of the controlled flow was 

achieved• Most of the Previous electromasnetic flowmeters 

were desi~ned for biolosical aPPlic~tions where flow was 

measured in liters Per minute. This flow level Produces 

much 1:~re;:·d~c~r :.·>isr1al s ¥ consec;iuentl '::l ran<jom noise is not such 

a sisnificant matter althoush other ncdse sourcf?1:>1 ~;uch as 

Ph'::lsioldsicil Potentials1 are sisnificant. The acceptable 

noise level of these devices, 1 or 2 Percent of full scale, 

is in the 1-0 to 25 ml/min ranse which is nearl'::l full scale 

on the current flowmeter swstem. 

James (13) rePorts the best flowmeter Performance 

value~; fc:>und :i.n tht" literat•.JT'e+ A stabi1it'::l of ± 0.5 

ml/min a linearit'::I of ± 0.25 ml/min was observed usins his 

desisn+ ')er'::I carefull!~ de~;isnc,;:•d i./acuum tube eH:iuiPment was 

used at flow rates less than 50 ml/min. Thirt'::I '::lears 

l<:it•~r' with the b<."!nt"fit of' vasthi improved elect·rordc 

technolos~ but minimal resourc~s for dSsisn and 

cc:>n~:;tructicJn' the much morf~ diffic~ult task of controllins 

the flow achieved a maximum deviation from the desired flow 

rate of ± 0.5 ml/min at half the e<srlier flow rate .( ± 0.2 

ml/rriin calc:ulated from the T'f?latiV<~ >:;tat1dard deviation) and 
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a tsi"'ical deviatit1n of the individual flow. values from a 

ml/min. The flow resPons~ exhibited a sli~ht decrease 

in amplitude and ~educed noise levels with increasins 

conductivits of the ~luid b~ins measured~ The slope of the 

flowmeter calibration curve deviated a maximum of 2 Percent 

from the avera~e value over 10 calibration runs o~ 0.1 M 

NaCl, as rePorted in Table III. The relative sta~dard 

deviation of the observed slopes is 1.0 Percent fot 

flowmeter 1 which was controlline the flow and 2.1 Percent 

for flowmeter 2 which exhibited more noise than flowmeter 

:I .• 

This Sood reProducibilit'::J of the flowmeter 

calibration Parameters indicates that calibration of the 

flowmeter is necessar~ onl~ when maJor chanmes in 

conditions are encountered. Until more rePeatablit'::J data 

is obtained, calibrations should be done at least once Per 

Natura 11 \:l? 

each reasent will reauire its own calibration curve. 

After scime experience with the flowmeter s"::Jstem1 it 

became apparent th~t even sreater.sensitivit~ was rernuifed 

because lower rlow rates were to be used. A doublins of 

the flowmc,.~te T' ~:;ensi ti vi t~ t.Jas achi ~?ved b"::J add ins a second 

solenoid on the OPPosite side of the flowmeter Cell from 

the orimional. This doubled the field experienced bs the 
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T <~bl(= III. F l o 1,.1 m 1.~»1:, e r Calii.)r'atiori F~un Y'f~ j.:;U 1 t ~:; fo.r 
0. 1 M rfaCl 

F~1.1n I• It. FM1 Slm'"··e CcJeff. Ff-12 l3 J. ClF~(-? CcH~ff • 

30 20 3 SEP .0980 • <?998 • :l.1. T7 • <.n<19 
48 21 3 SEP • 0.984 .9999 .1:u)3 .9992 

9 .23 3 SEP .0983 .9999 .U.62 .999? 

1::- ~ 
._I\) 17 4 SEP .0984 • Cj.)999 .1203 .9989 
40 20 4 SEP .0980 .999? .,u.:.31 .999"7 

·-} 
l 

'")r) 
A"..>11.'- 4 SEP + 098"7 • 9<_;>99 .1141 .999? 

29 17 5 SEP .• 0991 .9999 • 1,l 39 .99?8 
!56 20 5 SEP .1004 • 9<J9"7 • 1 :I. 99 • 9<_-:;97 
4<1 21 I!!" 

._) SEP .0966 +9997 • t 1 :s:::; + c7997 
8 0 c> SEP .0973 • <_;>9<_;><7 .1159 .9999 
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charses in the flowin~ stream, thus doublins the detected 

Potential. The n6ise level remained the sa~e since it is 

not Proportional to the SPPlied field. The Perfor·mance 

discussed earlier is now obtained at flow rates of 1 to 1-0 

ml/m:i.n. 

Fisure 28. show~; th(= res•.Jltarrt. calibration CUT'Ve. The 

flm..imeter slo}•,es are <:lPPro~dmatel:i twice those reported in 

T<~ble III. FiS1.Jres 29 to 31 show the re~:;pc)nse <Jf flowm<~ter 

:ff.1, fl<Jwmeter :Jl:2, and the balance to varj.ous flow rates 

over a 5 minute Period. Table IV summarizes this 

information, sivins the minimum and maximum flow rates 

detected bw the balance durins the observation Period as 

well as the relative standard deviations of the balance and 

fl.owmeter sisnals. At flow rates Sreater than 3.0 ml/min, 

t~Pical relative standard deviations are less than two 

>''erc~:mt and th<~ ma~d.mum deviation from the a··.1erase flm·J 

rate :is rarels Sreater than ±0.2 ml/m:in. 

I .I 
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Figure 28. Flowmeler Calibration Curve, 0. 1 M NaCl 
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Tabl0~ I I). F 1 owmt:'t,f? r Calibration F:u r-1 f:lummar!:.i f~(0POrt 

TEST OF 118 35 28 16 13 DEC 1980 
F~UN GO?~L Bf'iLANCE? 0.01 :c:'3m/min FLD'1.JMETER :ft: 1 

MEAN Mit~ MM< 
0 0 0 -·2 r) 

..:.. 

1 3'.2 "79 74 84 
r) 64 :l. ~:i:l :l.38 160 ·'-

3 96 267 '")I::"'") 
~;.:IL 284 

4 12B 381 3'.'59 393 
5 160 497 484 ~513 
(~) 192 60B 5!3"7 625 
7 :::24 72:!. 699 744 
8 -""):1::·,,. 

,;...,.)(.) 830 79~5 85!.5 
9 28B 943 9:17 970 

300 SEC. OBSV. PERIODS 
CORI;:. COEF. INTEl~:CEF'T 
.9998 16.86 

TEST OF 118 35 28 

1~~s:o MEf-~N 

·-4. 37 14 
.0229 41 
.O~B5 \~) :~~ 

• 028~5 <_;>4 
.<H8f:l 126 
.0115 1 ~:;<7 
.OL34 :J.91 
.0129 ,., ... ) ··") .I!...-:...,· .. 
• 014'.5 256 
.0109 28"7 

13LDPE 
.028q6 

MIN MAX i:;.:~3D 

u. 19 • 1 ()2 
~~9 4~.'i +03:1.!.5 
'.'.'.i El 66 .0293 
88 9<;> .0266 

LL7 13:1. .019<:i 
1 ~.'.ic) 162 +0084 
Hl4 :t 9/ .O:J.3~5 
2:1.4 ~2.:~.cy .O:L23 
24B 264 .o:L06 
281 295 .0()83 

STD. El::.:1;:. ESTM. 
10.82 

16 13 DEC 1980 
FWN GOAL :f)ALANCE? 0.01 sm/min FLOWMETEJ=:: :JI: 2 

MEAN MIN Mt1X 
0 0 0 ····2 ;.;_~ 

1 32 79 74 84 
~ 64 151 138 1.:)0 ..:.. 

3 9ci ~ i. .• , 
~o_, 2!52 2B4 

4 128 38:1. 359 393 
5 160 497 484 513 
6 :1.92 608 !.587 6 r)t::" ..:......! 

7 2:~4 721 6<79 744 
8 2:'54 830 795 B5:S 
9 288 943 917 1no 

300 SEC. OBSV. PERIODS 
CORR. COEF. INTERCEPT . 
• 9992 -·17.:L:'.'i 

RSD ME1:'.JN 
···4.:3"? ·-12 
.0229 0 
• 03~35 :J ··; . ·'· 
• 028~5 47 
• 0:1.88 6'1 
.0115 97 
.0134 124 
• 01':~9 150 
.0145 :L82 
• 010<? 2()f) 

+0234B 

MIN M1~X RSI! 
···15 ····9 ...• :I. :I. :I. 

····2 3 1 .94 
11 2::1 • :l:L 8 
41 ....... , 

,")/ .0649 
6~1 73 .0301 
90 102 • 02~"5() 

1 :L ~'i 132 • 02:38 
142 l'""n ... J '} .0238 
176 190 .o:t~.'io 

l ?~'.i 215 .0212 

STD. El=~i:;:. ESTM. 
1. :L. 33 



B+ Mixer 

It is essential that the rsaeent and sam~le streams 

are thorouehls and raPidls mixed before flowins throush the 

reaction tube, assurine that the detectors observe 

consistent conditions. A number of vers complex multi~Jet 

mixers have been emPlosed in stopped and Pulsed flow 

studies where vers raPid mixins is necessary because 

reactiDn times on the order of millise~cinds are beinS 

observed. In contrast, reaction times of tens to hundreds 

of milliseconds will be observed bs this in~trwment. Also1 

flow rates aTe orders of masnitude less. than those 

encountered in stoPPed flow studies. TsPicalls' 10 ml/min 

flow ~ates are ehcountered1 rather than the 10-20 ~l/sec of 

stoP~ed flow. 

Ballou <19> has shown that simPle T-Jet mix•rs 

Prov~de adeauate mixlns in 10 milliseconds or less at flow 

rates of 1 ml/sec or less. His results indicate that 

mixins efficiencs is imProved bhl increasins the flow 

velocithl o~ by decreasins the mixins Jet diameter, which 

causes an increase in velocits if flow rates are held 

constant. Little difference in mixins efficiency is 

observed when the ratio of flow rates is chansed from 111 

to 10:1. As expected, a larSe increase in vi~cosit~ of the 

solutions decreases mixins efficiencs considerabls. 
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Ballou attributed mixins to the collision of the 

solution streams, causins.them to break UP into small 

intersPe1·sed blocks. The mi:dns Jc;:>t Produces turbulent 

eddies when forcins thes~ blocks to move at hish 

velocities. Turbulence c~uses dispersion of the fluid 

until a homos~neous mixture is obtained. Therefore., 

ansthins which increases turbulence is likels to increase 

mixins efficienc~. Thus, increasins the flow rate, either 

bs actuall~ increasins the flow rate or bs decreas~ns the 

Jet diameter, with the flow rate held constant, is likels 

to imProve mixins. 

ThE! first mh(er considered was a Cheminert® Cd~3031 
tee connector~ ihown in Fi~ure 32. The aetual connecto~ 

used ha~ flow ch~nnels of 1/32i (.031"> diameter wh~ch fall 

between the 1 a rses.t ( • 040 • ) and second l arsest < • 021 a ) Jet 

sizes .Ballou tested. At flow rates sreater than 1 ml/sec1 

Ba 1 ].(.')u observed sood mi :d. ns in 1 es1; th<.~n 10 ms. This 

connector is also used successfulls in ~low inJection 

analssis where flow r~tes are 1 to 6 ml/min4 Ant,iciPated 

flow rates are 5 to 10 ml/~fn for the multicomponent 

c:ontinuous floi..1 kinetic method; thus1 the tee connector is 

Potentially useful as a mixins device. It is Partieularls 

convenient because it is commercialls available. 

Careful testins of the mixinS efficiency is necessary 

because the anticiPated flow rates are ~Jch lower than 
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those emr-lo'::led b'::I Ballou. His res1Jl ts indi:cate that 

. iracomr-lete mhdns is <3. l"'Ossibi 1 i t'::I' even thoush Problems 

are not reported at the even.lower flow fates encouhtered 

in flow inJect.ior1 anal~sis+ 

Althoush it tt1ay be Possible to include a mi~dns rate 

constant C19> in the overall rate eGuation ~or some 

reactions, much simpler and ~ore satisfact.d~~ conditions 

c-?~d$t when mhdns is known to occur in a F:-eriod m.•Jeh 

shorter than the half· life of the reaction to be .observed. 

To investisate the mi~iMs characteristi~s of • s'::lstem1 a 

ver'::I fast, reaction may be carl'ied 01J.t •. Choosins.an: 

acid-base neUtl'alization and indicator reaction which is 

diffusion corrtrolled allows an~ observed reaction rate to. 

be treated as the rate of mixins. A. convenient reaction 

for this PurPose is the neutralization of HCl b~ NaOK usins 

Ket.hYl.Red as an indicator. The extent of reaction, ie., 
. . . 

the aPPeararace of the red color of acidic Meth~l Red, can 

be observed at .. 565 nm b'::I the c!:llorimeters alons the 

reaction".'"observation t1Jbe, as ~hown ih FiS1Jre 1 (20). 

At a total flow ~ate of 20 ~l/min in the .1 mm 

diameter reaction-observation tube and ~ 3 cm distance 

between the-mixer and the observati6n Point of the first 

colorim£.?ter, a time Period of aboiJt 70 ms is ret~tJi red for 

fluid transit. · Subseauentl~' the 8 cm disiance between 

colorimeters resuits in a transit time of ab6ut 190 .ms 
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between colorimeters. Due to the fact that these flow 

rates are in the lami1·1ar flow resiorH the act•Jal detecti<Jn 

of the besinnins of a Plu~ of samPle inJected into the 

flowins stream often occurs at about 0.6 the time 

calculated above on the basis the volume of the tube. This 

is because the velocits of the liauid in the center of the 

tube is sreater than at the sides' causins the ori~onall~ 

c~lindrical Plus to sPread out alone the tube. Even with 

this t--h~momenon occ•JT'T'ins, 35 ms or more elaPS<i'S· before the 

first colorimeter detects the results of the mixins 

oPeration. Experience indicates, and Ballou's results 

imPl':::i1 that 1r1i~dn!i.~ 1tJill be comPlet,ed in less than 10 or 15 

ms if it is to be completed. Certainl~, mixins will not be 

improved in the observation-reaction tube if turbulent 

conditions are not experienced. 

The Precedins observations indicate that a reasonable 

criteria for ade<."luate mi>dns in the 1111Jl ticomPonei-1t · 

continuous flow kinetic instrument is that all colorimeters 

are in asreement when observins a raPid reaction. More 

sPecificall~, the relative standard deviation of the eisht 

colorimeter output values1 for a siven absorbance1 should 

be roushls eauivalent when a fast reaction is occurrins' a 

dilution is beins Performed1 or the reaction-observation 

tube is filled with a non-flowins rea~ent. An~ trends or 

sisnificant variations in the colorimeter output values 
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which are sreater than the noise level of the measurement 

are sure sisns that inadeouate mixins has occurred. 

Table V shows the rSsults of eisht runs which test 

eff:icienc~ of a • 031 • ~Jet Chemirn:nt ®connector.· 

conditions to determine what value the standard deviation 

of the eisht colorimeter values should be under comPletels 

mixed conditions at full scale, blankY and half scale 

~~bso rb.:;u-1ce va J.1Jes. Runs. 4 :L to 45 we rf? then cond1.;1cted b!:l 

adJustihS the flow rates until the Pink color of acidic 

Methyl Red aPPears. The reaction occurins was the 

neutralization of NaOH bs HC1. The MaOH contained Meth\~l 

red in its basic sel lo\...i form whic:-h doesn't absorb at 5c>5 

nm. At the eouivalence Point the Methsl Red is raPidls 

converted to its acidic form' which absorbs 565 nm. 

Because indicators are binars in nature, it was necessars 

to have the acid in slisht e~·~cess, otherwi!:>e slisht 

variations in the flow rates. of the reasents would cause 

vers unstable colorimeter responses due to chanses in the 

form of the indicator. As the resultins colored sesments 

travel down the reaction-observation tube over a period of 

about one second, larse variations in absorbance at 

successive colorimeters Would be expected unless this 

sliSbt excess of acid is maintained. 

MLdn~~ with th•:! Cheminert® connector is not vers 



T<:ible~ V. . Mh:ins t::ffi¢ ienc~ w:i th a • 031" Jet Chem inert® 
·connector 

Runt · Chan 1 Chan 2 Flow. Rate, 
·mi/min 

30 St<:1tic, Neut rc1 l i zed IiaS>e 
31 Static, Acid B:LanV.. 
32 Static' t-3() diiuted 1:1 
41 3+69 6 + ~~8 

42 6+11 '7.28 
43 8+16 9.01 
44 1.1.44.· 12.60 
45 14.$0 17.38 

Ave+* 

990 
23 

419 
414 

370 
409 
563 
621 

* - Arbi t rat·~ colorimeter res?onse uni ts 

SDV 

16.2 +016 
l3.1 .562 
8.8 +021 

80+8 .195 

76+8 .208 
67+7 +166 
44.3 .079 
3:1 .• o. .050 

. ..,__ 

'· ... 
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. ., . ; .· .• . ::',, 

.values ob~erved varw because uf the _va~~jns~d~l~tions 

Clearhh nii:dns im}"roves with hi sher flow rates; however 1 

even R•.1n 45 has a relative star1dard deviation of several 

ti~es ihat of the sta~ic measurements~· The Che~inert® 
. . 

connectoT'' with its .·~031" Jets, does not su?r--1~ adectuate 

mix ins under an\.:1 ?ractical · conclitions ex?erier1ced with thie 

M•.11 ticorri?onerrt Contir1•.JOU$ ii ow Kinetic Instrument. 

Obviouslv' imProved mixins is necessar\.:1. 'Ballou ha~ 

shown that mi)dnsh at a constant flow rate, can be improved 

b~ reo1.1cins the. mixer· ,jet sizes. A T-Je·t mh~er with + 014" 

Jets was corrstructed1 as shown in Fisure 32,. by drillin!~ 

out ~ Ch~minert connector ~nd constructins an insert~ with 

smaller.Jets, to be conta~ned in the drilled ou~portion.of 

the cont"rector. Greatlw im?roved m:bdns was obs.:ervf?d • 

-LJn·fortunat:elw, th.:e stt1all Jets of this mi:-~er easil':l become 

classed b':l small dirt ?articles in the reasentsil tt1qs, care 

in ex¢1~~i~s dirt is rectuif~d. 

Table VI sives the result of 26 mh:er test ri.1h$ •Jnder 

a wide variety of conditions, simila~ to those of 1able V. 

lt is clear th<st relative standard deviations' cbm?arable 

to those. under static condit:ions1 are <:>btained when flow 

~ates in both channel~ are ~reat~~ (han ·~ ml/min. Flow 

11 

. '· 
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Table VI. Mhdr1$ E:fficienc\:I w:i th a ~ O:l4• T+,jet Mh~er 

Run• ·Chan 1 Chan.? Flow Rate, Av••* 
ml/min. 

1 
2 
3 
4 

5 
6 
7 
9 

12 
13 
14 
15 

16 
17 
18 
2.0 

21 
34 

. ·35 
36 

. 37 
;38 . 
39 
40 

S·tat i c '· Base ·)~c} ank 1 · 
Stati~~ Abid Blank 20 
Static' Ne•..1t,.r.alized F+ S. 996 ' 
Stati~~ ~3 diluted 1:i 416 

5+56 6.+66 . 
'.s. 41 6 .as 
5.4·0 6~36 
6+15 7+94 

. 6. 44 7. 33 
3 77 . "I:;' '">3· .. : 

• ·. ;J +.:. .. 

3.24 '3+4S. .· 
3.44 . 4+30 

3.97 
3.6$ 
3.55 
2+32 

4.49. 
5~89 
6+66; 
3.59 

2 .20 2. 9,5. 
5+77 5.37 

. t'5+79 . 5+23 
5.03 ..... 4,.87 

4+,97. 
A .14· 
3.58 
3+24 

.. ·. 

4.93·· 
A.06· .. 
3+80 
3 •. 54 .. 

.. .. :··,· 

. .. 

897 
•·.$42 

·. 939.· 
. 817 

902 
.6~2· 

aoo 
747 

838 
583 
515 
565 

575 
: 918 
1'006 

8(.)>6 

892 
7~55 
75.3 .. 
641 

,·,· 

SDV . ·.' RSDV 

·· 12: 1 
;31 ~9 
1.1 +6 
10+4 

18+9 
. 1A.5 . ' . . . 
16.4 
11+4 

13•.~ 6·····-··.· 
-29-. 4 
83 +9 
26~5 

29+ 7 
16 • 9· 
11 .a .. 
17 +9 

j· 

··. 
t56 • o· 
i4. 7 
.18+0 
1.9 .7 

22 ··f.i.· 
37. 8 
.7:2 .• 9 
82. 7 

16. :,1 
:(. 57. 
.:012 
·.025 

~021 

~017. 
+(>1$ 
.014 

.·015 
'·~ 043 
-~105·. 
.036 

~035 
... :.029 

.:023 
032. 

: • 098 
~016. 

• 018 
~()22 ·-

' 025 ,; ' .. 
.052 
.0·97 

• 129 

.11 .. 11.1 

;··.· 

·. ·~.:· . ;" 

.. :-'.· 

, .... 

,, . 
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rates in the 3~5 to 4.5 ml/min resion do not Produce 

adeauate ~ixins and are comparable to the best results 

obtained with the .03P Jets in Table V. 

Reactions ~ith KMn04 are of Particular interest 

because both fast and moderate reaction rates have been 

observed with comPlexes of Fe<II>. These reactions provide 

excellent test swstems for evaluation of the instrument, 

· Particularh~ since KMn04 absor•bs int~:rnsel~ ,3t 565 nm. The 

colorimeters observe the absorbance of KMn04 dir~ctl~ at 

565 nm, rather than observins the absorbance of an 

iridicator which is resr"'ondins to reaction conditions. 

The absorbance of KMn04 is on a continuous scale 

rathe~ than the two discrete values of absorbance exPected 

o·f an indicator s~~:;tem, when dilution is not a f.actor. 

Therefbre' discontinuities around the eauivalenee Point are 

not exPected, and are not observed. The KMn04 reactions 

are also different in that the disaPPearance1 rather than 

the aPPearance' of abstirPtion is beins observed. It 1. , • • :> 

thus important that some absorbance remain, after the 

dilution or reaction, so that valid observ~tions can be 

made. This is Particularls necessar~ because instrumental 

relative error increases as the detection limits are 

aPProached. 

Table VII shows the results of 10 runs which diluted 

500 uM KMn04 solutions b~ a non-absorbin~ buffer. It is 



Table VII. Mixine Efficienc~~ KMn04 Dilution 

i:;:un:ff: Chan 1 Chan .,') . ..:.. F 1 <J•r.1 Rate, AVE~.* Sl)t) 

ml/min 
!50 2. 9f.1 3.00 259 8.67 
51 3.93 3. 5>6 2!54 2 + ()"/ 
5~~ 4 • <;>~5 4.95 :252 1.07 
53 6. :t 2 ~5. 98 ")r~·7 ..:. .. ;:;, • t-34 
54 7 .48 7 +51 ... )t::" c~ .,;...,_1-...J 1 • 17 

~5~j 5.06 7.99 196 1.36 
56 7. <?9 ~i.:?6 ~-)07 2.38 
!57 Ci. 70 Blank 1 1. 6~3 
58 !5. :38 KMn04 F' ~ S, 501 2.B8 
59 Static l\Mn04 F.S. 501 3.08 

* - Colorimeter resPonse units eGu~l to 1 UM KMn04 

.034 

.008 
+004 
.003 
• 00!'.'j 

.007 

.008 
:t. 5!5 
.006 
.oo<> 
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clear that sood 111i:dns under dilution conditior;1s occurs at 

flow rates srE)<Ster than 4 ml/min and that lower rates' $•.Jch 

a~:; 3 ml/min, still PT'oduce accePtable res1.Jlts. 

The reactio·n ot' ~iMn04 with Fe<am)++ under acidic 

conditions is fast1 occurrins ih 1 to 2 ms or BP?roxi~atelw 

the dead time of stopped flow instrumentation 021). This 

s~stem Provides another Sood test .for the Performar~e of 

the mixer. Table VIII shows the results of 10 test ruMs. 

ASain' as in the Previbus test reactions, adeauate mixins 

is observed at flow rates Sreater th<:m 5 ml/min in both 

channels. 
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Table VIII • M:L>~in!.:'3 Effici~?nC':i? KMn04. .•..• Ft~< In l=t:ea<:-tion 

Run:JI: Chan 1 Chan '") .:.. F 1 ow l=t:at.<::·:? Ave.* SDV l=t:SDV 
m 1 /m :in 

60 3.?8 :3.91 98 :1.5. b • 1 <SO 
61 4. ~ilO 5.09 103 1. 91 • 018 
62 5.99 !5.9? 9!5 :t .92 .020 
63 6.28 4.93 14:3 5.23 +037 
64 5+29 KMr104 r ··--~ ~) .. ~ 4<.n 1 • :LO ->·02·:~ 

6:'.'i 5.43 4+94 :t 1 ~1 1 .54 • () 14 
66 9. 26 5+29 200 :z :23 • 0 :l1 
67 8.71 8.22 93 l.43 • O:t ::'i 
,-S8 9. 2<1 t). 07 210 2.01 • 0 :t 0 
69 :to.21 4.93 22·2 6.77 • 0:31 

* - Colorimeter resPonse u~its emual to 1 uM KMn04 
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C + React i on-Obse rvat.i on Tub<~ and :Oetecto rs · 

The reaction-observation· tube consists of a ~50 cm 

len!.'.fth of 1 mi 11 imeter inside diar11<~ter 81JP'.rasi 1® CHJartz 

tubins. The •Jse o·f c~uar·tz allows Passage of ultraviolet 

li!.'.itl"t,, e)<tc:?ndins the wavelensth ranse of observation to 

include the ultraviolet resion of the sPectrum if 

AbsorPtion measurements can be made in this ssstem bs 

Position.ins a source and detector directl':::I oPPosite each 

other1 with the tube between them. A wide ranse of sources 

and detect<Jrs are Possible' with sensitivit':::I and cost 

considerations bainS the Primers factors affectins their 

!:>t:.'lection. Because of the 1 IT1ir1 Path lensth in this 

confisuration' low sensitivits in .compariton to loriser Path 

lensth is to be expected. The ~aximum time for which a 

siven kinetic reaction maY be followed is dePendent on the 

h1nsth of the observation...,reaction tube and the velocit!~ of 

the flowins licwid. For example., a flow velocit':::I <'.>f two 

meters Par secdnd, reauired to maintain turbulent flow 

conditions" retsults in a + 25 second re';sidenc·e time ·in a 50 

cm tube. This velocii':::I corres~onds to a flow of 96 ml/min. 

At a velocit~ of .5 me·ters Per secopdv. a 1 s~?cond residence 

time with a flow of 23 ~1/min is obtained. This is below 

the turbulent flow conditions loris tho•Jsht to be rec:iul. red 
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to avoid excessive dispersion of the samele. Flow 

iri.Jection studies have~ shown that. disP~?r'i:;ion and convection 

can be controlled bs selection of t•Jbins diameter arid fluid 

flow rate. E:-~cellent results h,3ye bc:;;>en obtained under 

"non-turbulent• conditions (2122). Thereforev it is 

Possible. that the anticipated f1ciw rates of 10 to 20 ml/min 

will Produce Sood results+ 

The time interval between the colorimeters in Fi9ure 

1 is a vers imPortant Parameter because it is reauired for 

calculation of reaction rates. The time interval was 

determined experimentally b~ acauirins colorimeter ~alues 

at a 100 Hz rate. The reaction-obser0ation tube.is 

initialls filled with a blank solution flowins at the 

desired rate. 

chromatosraPhic samPlins valve1 ~hi~h selects the rea5~nt 

or carrier stream, is switched to an absorbins solution of 

500 uM KMn04• also flowine at the desired rate. The time 

bet1,,ieen colorimeters is deteJ'm:ined bY countins ·the number 

of .data Points takeh between the detecti(m of absorbance b~ 

one colorimeter and the next colorimeter alons the tube. 

Becaus.e the transition is not vers distinct1 the besinnins 

o~ the abSoJ'bance was identified when th~ colbrim~ter value 

chanSed bs a specified amount. To imProve th~ resol~tion 

of the measurement, the interval between the first ~nd last 

colorimeters was measur€~d and· divided bs one less than the 
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number of colorimeters involved. The resultins uncertaints 

in the observed time Per colorimeter is less th~n 4 ms. 

The resultins values are listed in Table IX. Also 

included in Table IX is a calculated time which is based on 

the flow rate and volume between colorimeters. A one 

milli~eter c8linder of the one millimeter tube has a volwhe 

of 0.785 cubic millimetersv resultins in a volume -0f 62.8 

cubic millimeters between the colorimeters which are at 

intervals of about 80 millimeters. The observed time 

values are almost uniforml8 less than the ~alculated values 

by a factor of about 0.58+ This is because the flow 

velocit8 in the c•nter of a tube is sreate~ than the 

velocit8 near the walls under the laminar conditions 

emPlostrd in this instrum<;>nt. The calculated vol1 .. m1e of the 

61 cm tube is 0.48 cc, asreeins well with values of 0+45 c~ 

obtained. P8 fillins the tube with water from a s8rinse. 

S:imilar1s, the weisht of water contained in the tube is 

0+45 Sr<:HTIS• 

Fisure 33 ~hows a Plot of the colorimeter interval 

observed vs. flaw rate. Th~ Plot ii linear and inversel8 

relatE~d to thE~ flow rate, as e>(Pected. Ecrnation 2 is the 

resultins calibration c1.1rve+ 

Interval, ms = Flow rate, ml/min * ~t4.09 + 352,9 <2> 
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Table IX. Colorimeter Time Intervals Observed at 
:1.0 to :1.6 m1/mii"1 

Flo1....i F~<~t&l Ob~:;erved Ca 1 C•..t l<°?,ted Ratio 
1r1l./m:i.n Tim~?? ms TilM?? ms 

:J. 0 213 3T.7 +·~5>6 

:1.2 183 3:1.4 .58 
:L3 166 ::~90 t::","--. 

t -..-..1 / 

14 1!59 26<.t .59 
1~5 :t43 ~~~5 l I::""-. 

"' ... -J / 

:1.6 12(!) 236 45~ 
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1.. Colorimeter 

One of the most convenient methods of monitorins the 

extent of a kinetic reaction is by measurement of the 

CH"·t:ical absorption of one of the speci<·?S involved in the 

T'<,?action. Thi~:; method of detection is ParticulaT'l.~ 

convenient when a visible colorY due to one~ of 't.he 

reactants or Products, appears or• disaPPears d•Jrins the 

r·eaction. If colorless species are beins 1.,1sed1 it ma':.! be 

POSSible to fir1d an indicator to Yield detectable color 

chanses in a c<Jnvenient r-esion of the sPect1·um. 

A t~Pical ~olori~eter consists of a radiation ~ource1 
. . 

a wavelensth selection mechani~m' a.sample cell and 

detector. Should the absorption maximum of the species of 

interest fall in the sreen to red resion of the ~pectrum, a 

li!'.~ht emittins di<:>de <LED) ma~~ Provid*? the desired 

narrow-band radiation source. It has been shown that a LED 

can deliver UP to 5 times the radiant enersY to a samPle 

cell than does a 40 watt tunssten lamP and monochromator 

under similar bandpass conditions <23). Thareforei lisht 

emitt:ins diodes are able to deliver more that1 adeauate 

Power to the sam~le cell+ 

LED ~:;w.,1rces are 1 imi ted b~ the fact that. on ls fouT' 

maJor visible emission wavelensths are available. Green 

lisht <-:)mitt.ins diodes have a Peak emission wavelen~~th at 
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565 nm' ~ellow at 585 nm~ oranse at 630, and ~ed at 660 nm. 

The emission bandpass of a lisht. emittins.diode is muite 

narrow, t~i.,,icall!:f less· th.:1n ±30 nm at 20 P~?t'Cent of Peak 

outPut and ±15 nm at 50 Perc&mt of F··e~Y.. output,.· comparable 

with the bandpass of interference filters. 

A~; a consec~uence c)'f the small si;z:e, narrow pi:mdPass 

and hi sh inten~si ts of the l i:.iht emi ttih~ diode source, a 

Vt.;? rs cotru"'act measurins aPr-1 aratus is Possible. This enables 

the use of a number of so•.H'ce--detector pa.irs. alons the 

reaction~observation tub<·?Ji makins th<~ measurement of the 

kinetit response of the sBstem Possible. 

The colorimeter head consists of the narrow band 

lisht eiliit,tins diode radiation sr.HJrce, sample celll' and 

Photodetector shbwn :in F:isure 34. The coldr:imeter head can 

be Pos:i.f:i.cmed at an~ Point alons the r·eaction--obs·ervation 

tube to allow observ~tion of the extent of reaction at the 

desired time after mixins. 

The components of the colorimeter head are mounted in 

a Piece of -black Pl.astic as indicated iti Fisure 34. The 

black Plastic blocks ambient lisht and. Pr6vides a 

n1echanicalh~ risid mo.1.1ntin~~ structure for the lisht source 

Ambient lisht f?.)-~clu!:>ion is vers efficient; 
. . 

Practicalls no chanse is observed ih the detector ciutPut 

sisnal when normal room 1 ishtins and the abser1ce of <:1mbient 

lisht is comParedt 
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The colorilfieteT' head consis£s bf liSht SO•Jrc~ arid 
. . 

detector sections. The lisht source secfio~1 is re'sPonsible. 

for ?rovidins a stabilized l isht o•-1tr:-ut to the· detector 

sectior1. Lisht o-risir1ates in the l isM·~ emittiqs diOde and 

is directed into the beam sr:-litter which cqnsists of a 

short section of 5 in1T1 diartteteT' Slass l"Qd ~ith or1e·_45. deSree. ,· 
. . 

face. . .Mo re thari half the l i Sht is.· ref le~ted :i.rito. the · 
. . 

detector· a1·f~a with most of the rest Pass ins thro1Jsh the 45 

desree face tc> the LED reference Photodiode~ The reference 
,· . . : ·. 

?hotodiode moriitors the light 01J·t:.p.1Jt of the LEr1· and. 

~rdvides a siShal to the colorimeter electrbnics which then 
. . . ·.. . 

adJu~t~ the current to the li~ht.emittins diode t~ Pr6duee 

a constant l i·sht outpi-1t ~ Ger1eral Instr•..11T1en·t, MV!S0152 series 
" . 

<24) li!!Jht emittins diode~ were 1jsed. 

The refl~ct;d 1i:i:!ht travels throush a 1 mm lisht Path 
. . 

·to the 1·eaction-,qpservation ti:.1be where var~ins. a.mo•Jnts of 

lish'~ ma\:1 be absorl;,ed b!i! t,he rti~lecules in· the 1 mm inside 

di a mete T' of th<~ t1Jbe. . Th~ detector f>hotodiode' monitors the 

li!.~ht, Passins thro1J$h the tube and .. ser1erate-s a sisrial Which 
·. ·: , . ". .'·. . . . .'·· \ 

is Processed :bY the colorime'ter electronics to 1::-roduce the 

. final 01..1tr-1..1t sisr1al. Vactec (St~ l,01Jis1 MQ) model VTB5050 

blt.Je ei.r"1r1<:1nced Photodiodes were emf:.loyed. 
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2. Colorimeter Electronics 

The F·hotodetector"; selected for the colorimeter are 

silicon Photovoltaic diode$. These device~ are 

characterized b\:f 101,J r1oise levels' linearity over a wide 

d\::!namic ranse1 low temperature coef.ficients, ahd no 

h\~ste.resi'::> <J·Y' memory eff~~ct";. 

sood and they do not reGuire expensive resulated hish 

voltase Power SUPPlies as do PhotomultiPliers or PHL and 

avalahche Photodiodes (25). 

A linear response to incident radiation over a wide 

dynamic ranse is obtained when the ?hotodiode load 

resistance is verY low. The meas1.1remeht of this res.Pense 

is facilitated b~ usinS aM oPe~ational amPlifier in a 

current to voltase converter confisurat~on. The· Photodi ode 

is connect.ed b<-?tween around and th~ invertins inP1.1t of the 

amPlifier. The noninvertiris inr'1Jt is connected to sround 

arid a la1'9<-? value feedback r<~sist.or is used bet.1,...1een the 

out.Put and invertins inPut as shown in FisD~e 35. Becau~e 

the oP~?rational amPlifieT' trie$ to nraintain the differen¢e 

between the invertins and non-in~e~tins ~hPUtS at th~ 

lowest value Possibl~, this confisuratiun r•sults ih the 

invertins inr'ut · beins ;_st nearl~ around POtP-nt,ial. This is 

referred to as a "virtual sfound" ahd is Possible because 

the current. flowins into the Junctiori ~t the invert.ins 
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inPut from the Photodiode is balanced b~ that flowins out 

throush the feedback resistor to the outPut Of the 

amPlifier. The amPlifieT' adJusts :its outF-.1.1t to achieve 

this balance at the inPuts' resultins :in a voltase 

Pror->ort:ion<d to the current floi,;.dn~3 :in the Phot<)di<Jde. 

This current is i-'T'OPort:ional tcJ the lisht incident on the 

F'hotodiode. The invc~rtins input'· with its virtual srcJ1.1nd 

characteristics' appears to the Phot<Jdiode as a ver:f li'Jw 

load resistance? result.ins the widest Possible line~r 

d~·mamic ranse. 

The Photodiode data sheet <25> indicates that the 

di ode's r10 i se sPec.t r1.1m is nea r1s fl at.. H<Jwever ~ lciw 

fr~?CHJencs noise and drift is introd1.1ced O:f .the ol""erational 
. . 

smPlifier and :its feedback resistor. Ther•fore, be~t 

results are obtained when the oPeratinS fr~?C-HJen<~'::! of the 

s'::!stem is shH'ted to hisher frec;p..1es-1cies b'::! ~ch<Jf"Pins" O'T' 

turnins the 5ource on and off at a raPid rate. The outPOt 

sisr1al is then derived frcnn the differf?nce beti,;.seen the 

Photod i ode out.Put when the s<JU rce is on and when it is off. 

Noise Per·fo1·mancc:? :is fmProved b~ this Process bec~use the · 

low freH1.1enc~ noi!:;e and drf1"'t chanses onl\:~ slishtT\:l betweer1 
. . 

these measurements while the difference due.to the source 

is relativ~lv lar~~. Over a lon~ef period of time• tb~ loW 

fr.ec~uenc'::! noise maY be considerabl~ sreater than the ·1owest 

lisht IevE)l <.:lefectable. If choPPins was not used1 t.he · 
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lowest lisht level detectable wol..lld be set by the nofse 

unuti1 L~ed. An addi tion,31 advantase of choPPirr~ the so1Jrce 

:is that :ird:.erference from l isht at. freGUet1c:ies far removed 

from the chot..,Pips f.reG1Jenc~ i.s sreatls red•Jced. For' 

e}~Smi:>le1 :i.f a hish Pas.s filter is used to remove DC and low-

freG•.Hmc~ collaPonerd:.s from the .chr.n-'•Ped PhotcJdiode sisr1al, 

little effect on the differ~nce sisnal at th~ output is 

observed wi·th varYins leveJ:,; of ambient s1.tt1lisht, assumins 

the r->hotodetec:to r is ·not. saturated. Li sht derived f rcHn the~ 

AC Rower network is more di ff:i.cul t to reJf~ct because of its 

hi sher frea1_1enc~1· 60 to 120 Hz. Even with a 1000 Hz 

choPPins freauenc':.-t' a sharl"1 cut off hi!!H1 Pass fil.ter is 

r<~auired1 resultins in c<J1Tsiderable distortion of the 

chOPPins waveform. Tb imF-rove the Performance o.f the hish 

r.~ass f i 1 te r' a 1500 Hz .c!10PF' :L ns f recnJenc~ was used. This 

allows sreater attenuation of the ver~ low freauencies 
. . . . 

whil<-? mait1tainin!'l 111ore faithful reproduction of the 

choPPins waveform. 

The hish Pass ·filt.er o•JtPttt is stored., in an,3lo$ 

fcirm1 b\:1 the sample and hold capacitors. One samPlt.> arid 

hold caPacitor is charsed when the sci1Jrce is off, Providins 

the r10 lisht Nderence level. The otheT' is charsed wheh 

the source is on 1 .t=md th<~ di ff.e rence between the two is 

then con~inuousl~ available at the difference amplifier 
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·• ~ . 
outp1Jt. The sample arid hold amf...lifiers act as an analos 

latch+ The val•Je on the ear.:..acitor is raPidl:1 charsed to 

the inP•.1t val1Je when the am?lifier· is in s~mPle mode. In. 

hold mode' the ValrJe Oh the CaPac.itor When ':the control 
. ,. .. .. .· 

sism~l chansed from sa-mPle to hol.d is c6f"1tinU01:.1sl8 ·-
. ~ i .. • . • • 

available at the amPllfier -- o~JtP1Jt+ Trtis ch~racteristic 

inPut to the samPle •nd hold+.. If t,he end ~f the samPliri~ 

Period occurs Just -as a r~oise f"•Jlse a?l;;ears,. __ the sample atrd 

The in~orrect output value will be held .•Jrd:.il ·t.he. ne~<t 

samPle Period, Possibl!:! P~oducin• la~~~ ciutput errors. The 

reason this .occ•Jrs is that the sa1tu;-1e arid hol.d does not 

reellw inte•rate the inPUt sisnal'durins the sample-~eriod. 

Hi sh sr--eed operation is oft-en ~ea•Ji 'red;- thu:~; the car:--aclt~r --_ -

- is charsed to ver~ near the inPut vah1e in several 

rrficroseconds+ lhet·efore1 even thoiJsh the_ samr:-lel'>eriod ma!:! 
.. .. 

be manw microseconds' onl~ the last few: JTiicrose.conds 

determine the val!Je which _Will be held •Jntil the nel·:t 

samPle Period. The first ar--Pr'oach to: f'eddcins thi1:> sa_mple 

and hold r1<:>ise PT'oblen1 is to red•Jce th'e noi~e at th~ 

amPlifier inPut thro1Jsh u$e of an aPPrQPriatefilter+ 

control sisnal Jitter are necessary to avhio irH .. rodr.:iction 

of additional noise~ Particularly if the ~nd of the 

...... 

.. <. 
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raPidl~ + The effect o·r these pr(:>blems can Qe reduced b~ 

samPlins or1 a Plat.eaiJ rather. them on the side of a sir1e 

wave where the chanse . in vo1t;~se with time is sreat;. 

Anothel• approach to samPle and hold noi$e reducticm is to 

resistance in seri.es with the caPaoitor-. Pto?e.r selecticm 

of the resistance should result in the effeci of 

· intesratir1S the ii-1P1Jt · sisnal ov~r · mos.t of the salt1·Ple 

Period+ Under these conditions~ short noise plJlses Produce 

onl~ a ver~ small effect on the QIJt?ut level. This 

modificat,ior1 has the unt;lesirable effect. bf li1Ttit,ins the 

lal"Se sisnal resr:-onse of the samPle arid hold if sisrdficant 

intesraticm over a samPlins Period is to be obtained. In 

the case of the colorimetel'' this .is not a Problem because 

chanses in in?1Jt sho1jld be occurrir1.s slowl~ in comParison 

to sa1u= .. lins times of a?Pro}dmatel~ twent~ microseconds.· . . . . ~ . 

. . . 

The final stase cif the Pho.tod~tector sisr1al 

Process ins ci T'CIJi t is a low ;.ass fil tel' Which smoo.ths the 

O'IJtPIJt of the differer1ce amplifier as. $ho~n fri FiSilJ~e 36+. 

This is necessa'r~ to Provide a· stead~ .outPut· si~r1al which 

does not re<.~•Ji re comF<•Jter data aca•Jisi ti6n at s.Pecific 

times to avoid .sl isht shifts in the 01Jtr:•1Jt 1,:l1je .to 1..1?datins 

6f bri~ of the samPle jnd hold ~alue~~ 

Lisht emit.tins diod~s ar~ id~al choP~ed T'adi~~ion 

.; .· 

I I I 

.· .. -

:r 
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sources because. theY !'lave ·fast ·rise. and t'all times, are 

easil~ switched on and off, and :rera•.Jire low current levels. 

Mar1Y lisht emittinsi (:fiodes are specified· at an averase 

current: of twenty milliamperes; a1lbi,.1i~g' pe~k. currents of 

forty .mil liamP<-?res when a 50 percent d1.Jt,!:J C:l:fc1e i-s 
. . 

emPiaYed+ .·This ±s easi.1~ s1.Jr--?l:if.~d bY a smail sisnal ' . 

switch~ns.transistor driven bY art O?era.tiona.l amplifier. 

,Most lisht ~mittin• ~iodes exhibit a larae variation 

effects <23,26> + A d•Jal channel OPeratior1a:1 mode is 
. . 

emPloYed to comPensate for these undesirabl• effects. A 

Photodiode di rectlY monitors the lis'ht' d•Jt?•Jt of tht.> 
. . . 

emi ttir1s diode. This ?hotcJdiode is of the same tYPe as the 

de-tecto-r F·hot,odiode and its sisr'1al is pro.ce.ssed in the same 

coefficients and do not ase sisriificafrtl'::I+ .· In addition, 

both Pho-iodiodes are in silrii la r thermal envi ro1~1ments. The 

. 01.Jt,r"""•.Jt of the reference .. channel lS comf>ared to a ver!:!I 

s\able reference voltaS• b~ the •rror .am?lifier in Fisure 

37, and the e1·ror sisnal deveJo?ed is aPPl:i.ea to. :t,he 
. . 

m.od•.Jlator amPlifier+ 'The error c~uses the LED intensit\:1 to 

be chansed to minimize the error sisnal, tht.:is mair1·t.ainim~ a 
. . 

very stable lisht outr-•.Jt. This· o•,.rt.r-ut can be consider·f-~d as 

stable as the reference beam monit~fin~ ~iy¢wit over lens 

time ?eriods·. 

- ·.'.·_; ... -. 
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The choPr--ins 1,J,'3Veform is inserted :i.n tl1e LED 

excitation circui~ at the non-invertins input of the 

modulator amPlifier. Component values were chosen to cause 

the LED to be comPh~tel!:l off when th<= modulation waveform 

is low. The TTL circuits divide an externalls senerated 

100 KHz i;1aveform b~ 16, resultins in <:~ i'>recis~u ~50 i:·(i>'f"C(i'nt 

duty cycle smuare wave. This is then divided bs four, 

resultins in the modulation waveform. Th~ other circuits 

senerate the samr:-le and hold amPlifier's sampl~? control 

sisnals for the source on and source off cbnditions; These 

auxiliary circuits~ alons with the optical isolators which 

are used to reduce noise couPlins between analos and 

disital srounds, are shown in Fisure 38. 

Fisure 39 shows a eeneral block diasram of a sinsle 

colorimeter channel. Each subsection, discussed earlier, 

is shown in relation to the other subsections of a complete 

colorimeter channel. UP t9 eisht of these channels are 

available to monitor the reaction~observ~tion tube 

conditions at UP to eisht different Points. 

The colorimeter will be used to measure se~eral 

sisnals which have different rates of chanse with time~ 

The stead~ state sisnal observed under continuous flow 

kinetic conditions is relativel~ constant and thus does not 

remuire raPid detector resPonse. RaPid r~sPonse is 

reauired to detect accuratel8 the sample Plues inJected 
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into a carrier stream b~ flow inJecti6n anal~sis 

techniaues. Detectins the endPoi~t of a tit~ation while 

varwins the flow rate of one of the reasents reauires an 

intermediate re·sr,,onse rate. 

The fre<.'H.l<."3ncs r<-?sPonse rJf th<-? total qolcir:i1r1et<~r 

swstem is the~efore a ver~ important characteristic. A 

number of filters are encountered in the sisnal Processins 

electronics which could have a sisnificant disto~tins 

effect on the observed output. The final low Pass filter 

determines the hishest freauencs si~nil the colo~imeter can 

respond to, or in other words' the rise and fall time of 

the output sisnal. Should Ph~sical or chemical chanses in 

the observation cell take Place faster than this time, the 

colorimeter would Produce deceptive results. 

colorimeter sho1Jld r·esPfJnd in a much st;wrter ti1r1€~ Period 

than ans chemical or Ph~sical chanses reauire. 

desisn calculations indicate that the low Pa~:;s fi 1 t<:ir 3 db 

Point (70 Percent of 111a~dmum> <Jccurs at 2Q Hz. This m<·::>ans 

that a Peak 50 ms wide would have an amPlitude of 70 

Percent of a 1111.1ch lonser !"'eak, <.:><:i~ 1. s<-::>c<:irid i.-Jid~?. 

Fisure 40 illustrates the response of the colorimeter 

in a more Practical ~anner. An oPaaue wire was set UP to 

interrupt the detector beam at a rate of about 6 Hz. The 

colorimeter response was obsetved everw millisecond and 

lat€~r Plotted. The Plot inditates that tHe rise and fall 
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times of the total ss~te~' wire and electronics' ar~ about 

10 ms. It is important to notice th«? sli£-1ht ClV«?rshcwt 

r'rod1..1ced b~ the filter; thus' it takes abo•,Jt '.50 ms t.C> 

achieve the final otitPut level. Observation of thf.? s:i:<.-:lna 1 

at the out.Put of the transimPedance amPlifier indicates 

that the wire movement r~muir(,?1S aPPro~·:im<st<"'ls ~:;ms. The-? 

fisure shows that the ref,;Ponse rat,e of the t<Jtal 

colorimeter is ITl<JT'e than adea1.1atc-? for di!:-dtizatic.1n rat(-?~s of 

10 Points Per second or more' which ~xPerience has shown to 

be adeauate unde~ most of the situations which are 

anticipated. Rarel.~ will the maximum vol.tame excursions, 

corresPondins to nd lisht and maximum lisht, be encountered 

in practice. The Fisure also ~hows that the low Pass 

filte~ adeouatel~ filters out all noise due to the choPPins 

Process. Once the sisnal Plateau is reached, sisnal 

variations are rarel~ more than ±1 bit, the minimum error 

realizable bs the disitization Process. 

3. Colorimeter Performance 

The sisnal at the output of each channel of the 

colorimeter is ~roPortional to the lisht transmitted 

throush the re~ction-observation tube. To obtain a si~nal 

directly Proportional to the concentration of the sPecies 

in the tube, the absorbance will need. tp be calculated via 

Eauation 3. 

ABS = los Io I I ( 3) 
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I 0 is the lisht intensitY1 or colorimeter respcmse, with a 

blank in the beam. 

the beam. 

rather time consumins bec.:~use the T'atici I 0 ./ I· is 1.Js1..1<:1ll·~ 

onlY ~;lishtlY sreater than 1, reGuirins the ur:;f.? of. time 

floatins arithmetic. The floatin!.'1 Point l<J~~<SI'ithmic 

function reauires an order of masnitude more time than a 

division, resultins ih execution times o~ 20 to 50 

milliseconds on an LSI-11 with FIS, far too lons to be 

observation intervals of 100 ms. 

I 0 or blank values will have to be obtained and stored for 

use durins the actual m•asurement Process. 

inteser lo~~arithm alscn•ithm could bf,'· devi~;<;?t;j, it t..l<:>uld bJ~ 

reasonable to immediatel~ calculate the lo~irithm of I and 

I 0 values and then Perf<:irm the d:ivisirJn b'::~ subtr;~ction of 

intesf:~rs, a relatively fast or•ersti<:in. Th«::.>re t..J<Juld !::t«? no 

need for floatins Point operations beca~se small fractions 

would not be e.>ncountered. EGustion A :indicates th«? 

operations now remuired. 

ABS ::: los I los I (4) 
0 

A 12 bit an~los to disital converter is used to 

disitize the colorim0~ter clutr--ut; thus' the losarithm 



,I.. 

·.·,' .· 

·.,;. 
. . '. ·~ .. ·.-· ... : 

··· 127 

unit corresi•-or1dsto 0.00011; ther<;~f<Jre, .. the ci~:scH:i.thm 

'•' : ... ,. '. - . 

sisni ficant o•Jt?ut disi ts •. further investisat:ior'I ir"1i.:ii<::ates. 

that base 2 losari thms are' ev.-sluated most •c:d'fich~n·t18 b~ 

.binary cotr•f"''..ltel'·si· a'f~ter whi'ch a. s:imple· mi.JltiP1:icatior1 ~d11 · 
' ' 

calculate the desiretj. ·base lO losarithm. ·.In ·fact~ 

·, :-.·· 

. . . ' ' 

minimizes tinnecessar~·. O?erations' > errhan~in~~ tHc:~ throi~~:.Hii"'•.Jt 
:.·> ;. ; 

of the sYsterr1 consid~~r<sblY+ . ·:.·. 

modified TaYlor ·§eries to r::-erforlT!' th~:i.r transforrr1aticjm;. 

ihis often re1.~tJir,es s.everal r11•~ltiPlication~ arid div:i.si<Jn.s 
' ·-:; 

and is e~·~cessivelY time consu11dns.. Th<~· t'a.1stc~st niethdd 
'·.;.. ' . . 

would be obtainin~ the. los value' from ~' ta.ble <:>f 4096 . ' . ~ . . ·' . 

entries, usins e~·rnctlY the same Proced•.1re as is qon<~ 

·manually with loSarithm ·tables. ·· Unf'<Jr·hm~.:tedY~ t,h:i.s 

reGtJi res an eNcessive amount of mem.<JT'~ fc6r~ t,he look•JP ... ~· .. .. 

table, makinS the method imPractical. 

. ' 

_,,·: 

... ;··.·: 

discards the most si.srd"ficant bit, which is'·alwa~s a 1, · ai11j 

uses the ne~·~t 8 bi ts as an i nd<'?N into a 256 WCH'd tab:t f~. 

The le~st si~nficant 3 bits are then used to irrterPolate 

.,'.• 

: ) .·.····· 
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between table values, seneratir1s ,3 "corT'F.~ct:ion• t<J b<~ <3dded 

to the mantissa cal~Jlated durins no~malizatim)+ This 

alsor:ithm calculates los~r:ithfus of 12 bit inP~t values 

r<~sultir1s in o•..itP•st valu<~s accurate t<J +o ·-3 units ir1 th<-? 

This :i.s ~:;<-?ver<3l 

orders o~ masnitude fast~r than float.ins .Poirrt series 

evaluation methods and T'et~ui r&)s a reasonable 2t')6 v.H:)rds of 

memor~ for the lookw" table. A floatins division usins the 

LSI-11 FIS instruction set can reauire UP to 232 us; thus~ 

it is advantaeeous to calculate the inteser lc>~iar·ithm of 

the I values a~:; the~ are obtainedii and then ~:;ubt1'act th(;·) 

Previousl~ calculated and stored losarithms of I 0• Th:i.s :i.s 

Particularl~ convenient since r 0 mL~t be obta:in~d before 

conductins the determination an~waw. 

A sinsle b<~am colorimeter must be vi~r~ stab1<~ bf?caur:;e. 

dri f·t would invalidate r:alcuJ.ation~:; made 1.Ji th I 0 • .. ,.alw::~:; 

obtained b<~fore a siSnificant amount of dd.ft occured. The 

colorimeter stab:il:it\-J was evaluated b~ r:;tor~ins r~~<sdin!:.!s 

consistins of the avera!:~e of 5:L2 C(Jnvf:)r1:don-s at a 100 H:z: 

T'ate t1ver· a Per:i.or.J of an hour. Each !:;toT'ed vr:du~? 

represents a time period of slishtls more ~han five 

seconds. Table X rePOrts the averase, ranSe• standard 

deviation' and relative standard deviation of these hour 

loris runs for each chann<~'l c>f t.hc~ c.·ol<.1rimt~tc;.ir. A blank, 

consistins of distilled water, and two concentrations of 
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Table x. Colorimet~r Stabilits Studies 

l;.Jatf.~ r Blank f~veras<'::' of· s1a observation5 
CHAN AYE·* RANGE ST ti DEV j:~EL STD DEV 

0 --~~ 1:l9 16.9 . .-7 .64 
:I. ···4 1 l :I. 17. 6 --3. 62 
") 
•'- .. -28 142 24.3 ·-0. 848 
3 .... 13 34 6.75 ···5. 1"'" ,J 

4 -~~5 56 14.2 _ .. ~! + 39 
5 t \J 78 c>. 7"7 1.04 
6 0 3·; •.J 5.86 6+46 
7 1!'5 4~5 6.79 0 +444, 

500 uM KMn04 Averase Clf 512 <Jl.:-is<:.>rvati orif6 
CHAN A\.,1E. * FMNGE STD DEV REL STD I!EV 

() 3019 209 38+1 .0126 
1 3450 160 13.9 .00403 ,.., 3!509 l.28 14.3 .00407 "-:. 
3 3349 35 9.19 .00274 
4 :38?3 66 :I. 0. 4 • 002.:S 7 
~) 3285 T7 9. 3:1. +00283 
6 3915 7~3 13.l .00335 
? 3892 51 9. ~5B • 0024ti 

200 ui"l l':Mn04 Avf?rase of 512 ob~;e rvat ions 
CHAN f~t)E. * ~-::ANGE ~3TD DEV li:EL !3T:O DE\,1 

() :1.158 :t.34 23.2 + 02 o.() 

l 1:330 :1.27 20+3 .0:1.::;2 
2 1372 :l.25 21.6 .01f57 
3 1 :3·2:~ 3!5 6. ~i3 .00494 
4 1 !':.i,1;8 36 6+93 .00442 
~:i 130'.':i 48 (;. !.:i"? +00503 
6 1 !'.V>O 33 :i. 79 .0037:1. .• , 1 ~'.:i84 37 9.58 • OOc>O~'i , 

* - Colorimeter resPons~ units eaual to 0.1 uM KMn04 
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. KMn04 1..Jere used in tht1 i:.'!va1uaticm. 

diode with a ±20 nm bandwidth at 565 nm ~as used as the 

source. 

It can be ~~en that the ran~e of values over th~~ne 

unit, are t~Picall~ below 50. This correspond~ to a chanse 

in concentration bf 5 uM KMn04.· The u~eful ranse of this 

colorimeter for KMn04 1. ~­::> 

at or below the noise level for channels .3 to 7. The 

:i.s 

larser drift observed for channels 0 to 2 :i.s Probabls due 

to the increased sa:in reGu:ired :in these char1n<~l~:; and 

operation outside of the:i.r optimum control ran~e. After 

considerabl~ reduced. 

A con$iderable variation in resPonse is observed 

between individual colorimeters. This is Probabl~ due to 

variations in construction and variations :i.n the diameter 

of the reaction-observation tube. This Problem is Sasil~ 

solvi:•d b~ >-;.rovidins individual ca1ibr·ation factors f()l' f?ach 

colorimeter. It was fdund that the calibration curve 
' ' 

intercepts are rarel':~ sreater than ±to hur1dredth!:; of a 

milliabsorbanci:,• unit, nearls arr order of masnitude small~·r · 

than the d~ift or noise leveli thusr the intercept ma~ be 

Another important colorimeter characteristic is 
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Photometric linearit~. Fisure 41 shows a t8Pi~al 

calibration curve for one of the colorimeters with eisht 

different concentrations of KMn04. Th<-? corr'<-?lation 

coefficient of 0.9998 indicates <:~ V(-?T'~ soQd c~orrei';Pondence 

between reasent CQncentration and colorimeter r~sPonse over 

a ranse of 0 to 500 uM KMn04. G T'eate T' concent r<:~t :i.on~:; be!.'.~i n 

to show increasins nesative deviations from Beer's Law, 

indicatins that intra-molecul~r interactions and stra8 . 

lisht effects are becomins sisnificant. 

The colorimeter heads are constructed of black 

Plastic and the LED source is chopped and s8nchronousl8 

demodulated; thus1 the presence or absence of ambient lisht 

makes no detectable chanse in the colorimeter output 

sisnal. The onls source of stra8 lisht, since the LED 

sources are nearly monochromatic, is lisht which ma~ travel 

throush the Slass walls of the reaction-observation tube 

rather than straisht throush the absorbine species in th~ 

center of the tube. Even this a~Pears to make no 

difference when a 10 to 500 uM concentration ranse of KMn04 

is beins useq. In fact, this is a Sood linear ran~e for 

KMn04 in an~ sPectrometer. 

Comparison of the oPeration of the LED colorimeter 

with moderate cost sin~le and dual beam sPectrQPhotometers 

indicates that the LED colorimeter is nearly eaual or 

superior in noise, drift, and linearits. Naturalls1 it has 
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a limited wavelensth selection and fixed bandpass. Its 1 

mm Path leneth cell results in a sienifi~ant decrease in 

sensitivit~ when comPared to lonSeT Path len~ths~ 
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D. Data Acciuisit~on and Processins Ssstem 

Software and hardware at'e subJect tel even mor-<0 

s~nersistic effect~ than Previously discussed for the 

relationshiP of el.~?ctronil::s and chemi~.;tr·,,i. 

software is becomins one of the more expensive Part5 of ans 

instrumentation ProJect (27). Therefore, it is ver~ 

important to select. hardware and software f:.':dstem£; which 

allow eas'd and cbnvenie~t develoPment. 

aid the user rather than continU<J'.J~:;l 'd r.eH:nd riniJ hin1 to 

circumvent. its limitations' as often occurs 1,Jh<0n 

traditional software .constructs are us<0d. 

most existins hish level lansuaees and oPerstine a~stemsJ 

which were really desisned with the soal of Providins batch 

larse comPutins sY~tem5. Our experience with several 

computers and software S'dstems has shcJwn that i1Vi>s0~!T1bl·:d 

l'ansua!Ee methods must be used wh<-?neve r cm<0 '~:; apr!·J. ication 1. , .. _., 

not exactls ahticiPated bw the authors af available 

soft1...;are s~stems. This situat:i.or1 is unfortunat(·? O(·?c::a1.Jse an 

assembls lan!!.tl.Ja!Ee PT'o!Eram rf~cwi T'E)S at least five tim~?:; thf~ 

effort to develop as does a similar Prosram in a hiSher 

level lansuase~ ~ssuming the hiSher level lansuas~ is 

capable of Performins the Job. Therefore, a mixture of 



hish level and assemblw lansuase constructs will lead to 

the oPtimum result which is PMlvidins a·hish aualitw 

software s~stem which does its intended Job in a minimum 

amount of time. 

1. Forth Prosrammins S~stem 

These Pr<:lblerns W<-?re recd~~n:i.~(!~?d b~::i Charl~~~:; Mcwre at 

the National Radio Astronom~ Observator~ in Green Bank1 

West Virsinia in the earl~ 1970's (28). He develoPed a 

Prosrammins s>:1stem whic~h he cal 1<-?d Forth 1 bec.::Jui:;c-:) h(-? 

considered it a. f.ourth !l~eneration lansuase+ Machine-? 

lansuase is considered the first seneration, assembls 

lansuase the second, and FORTRAN, BASICP and PASCAL are 

representatives of third seneration lansuases. 

different from traditional lansuases and oPeratins ssstems 

because it combines the functions of both a lansuise and 

o?eratin~ system into a sinsle construct. This aPProach is 

remarkabl~ terse because it minimizes duPlication of 

instruction seauence~ via its back-linked dictionars 

structure. Basic operations are reentrantls Prosrammed and 

loaded into memor~ once' after which the~ are available for 

use bs other operators which are seauences of these basic 

operations. These operators mahl be viewed as subroutines 

whose arsuments are Passed to each other on a Parameter 

stack. Most Forth words, or operators,· act upon values 

obtained from the Parameter 5tack? leavins the result on 
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the stack also. This stack structure allows the uie of 

Post-fix or reverse Polish hotation1 l~ke that of 

Hewlett-Packard calculators' rather than the infix notation 

of traditional lansuases. Infix notation is difficult to 

Parse into machine executable form, thus reauirins 

extensive Prosrams for the conversion. 

The most imPortant feature of Forth is its 

e>~tendabilit~, iE)•' ne•...J words or Ol"'erators can bf:.' mis1::i0) b'::i! 

combinins Previousls existins ones. The Prosrammer is not 

limited to constructs sur-Plied bs a vendoy·, but can develc)P 

his own which are more useful in his aPPlication~ Quantum 

mechanicians should.r~cosnize this feature as one which 

allo•,,is considerable simr->lification of c<J1r1Pl&)X math(·?mat:ical 

e>~Pressions into a seGl.Jf.:'.'nce c>f a few ccJt·1~d~ar.-t:; and 

operators. 

Examinins the structure of a Forth word more closely 

allows one to understand how assembl~ and hisher level 

constructs ma~ be easil~ mixed to achieve OPtimum Prosram 

throushPut and development effort. Hish level to~th words 

are called colon definitions because the~ start with a :. 

Each colon definition contains an initial identifsins field 

which contains the first several letters of the word's 

name. A back-link points to the Previous definition in the 

dictionar~ allowins dictionar~ searches to start with the 

last definition entered and Proceed throush the dictionars 
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until the word is found or the end of the dictionars is 

encountered' which results in an error. This procedure 

causes onls the last definition of a word to be foundv 

allowins a word to be redefined. These r~definitions mas 

occur durins development and debussins of the word's 

function, or when additional features are beins added to 

the word's oPeratioh without chansins the word~~ name. 

The next maJoT field in a colon definition is a list 

of the addresses of Previousl~ defined words which make UP 

the function of the word. The e~ecution of a co16n 

definition consists of executins the instructions at each 

of the addresses makins UP definition, and returnins to the 

definition to find the address o~ the next inst~uctions. 

The addresses ma~ Point to other colon definitions' which 

then Perform similar 0Perations1 or to cod~ defini~ions 

which contain actual machine instructions rather than a 

list of addresses. Colon definitions ate identified b~ a 

special construct in their Parameter fields which indicates . . 
that a list of addresses rather than machine instrtjctions 

follow. 

Code defini.tions are the mo!;;t Pr:i111ativ<·? 01'-'·~?rator~;; of 

the Forth ssstem¥ and actualls execute the machine 

instructions which Perform the functions of the Forth 

words. Code definitions have identification and back link 

fields similar to colon definitionsv but contain onl~ 
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machine instructions in their Parameter fields •. 

The comPilation or a~semblins of colon and code 

definitions ma~ occur at anY time in <:1 F<Jrth s~~1;;tem' in 

contrast to traditiohal OPeratins 1;;ss.tems which re011.J:i re 

lensthY editins' comPilin!:h linkin£h and 1rJ<~din!:.i stc;?PS+ In 

this aspect Forth is similar to BASIC. Howf'2ver' a Forth 

word is comPiled only once' not interpreted <;?V<;?rY time :it 

is executed,. sivins Forth a distinct sPeed adventase. 

Turnaround tim<;? duT'ins debussins.! is, also reduced to a 

matter <Jf i:;econds to niinutes, Pather than tc;?ns <Jf i11inute1;;. 

as in many oPerat:ins systt~ms, al 101,..tins the l""T'0~3rammt:~r to 

senerate m1Jch more work in!;{ code in thf.'l samt? am<J1..1nt cJf time. 

A real time comi= .. uttH' s:Vi;tem is oftt?n T'(~c~u:i T'ed to kt?·t?P 

track of several relatively indePo.~ndent or-'"t?ratiorn.:; at tht? 

Interaction between these oPerations vary from 

To se~vice these 

oPe rations P roPe r1 Y' mo du J. a T' software to comp 1 c~ment thf".;> 

already available modular hardware of computer ssstems is 

needed. One aP~roach is to dedicate losic or individual 

microprocessors to each task. This is inefficient since 

manhl of the ta~:;ks do riot re<.~ui re the P<Jlt>Jet' availab:tf.;> :i.n a 

separate processor. Forth has solved th~s Problem by 

allowins multiPla tasks to exist in memorw. 

a vocabul a r·~ of words which a re SP(~ci f ic to its a PP 1 :i cation 

as well as a link to the basic Forth vocabulars. This 
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allows the task to use the resources of Forth without 

duPlicatins the common code and colon d~finitions~ hl~JS? 

savins a considerable amount of memory. 

allocated its own dictionars~ Parameter stack) retQrn 

stack, and task table area. l);3J.ues which ar(-? un:i.l;J.Ue tlJ a. 

Particular ta':5k are kePt in its task tablE~? thu!!;? t.;.~~:;ks 111a0 

use common routines without havins to sava values f rbm 

other tasks+ 

The co1m .. uter'~.; time is al1ocatl-?d to tasks.on a·r<J1..1nd. 

robin Priorit~ scheme. Each ta-:;k 111aintains a F'o:intf:H to 

the next task in the loop. When a task releases the 

comPuter due to the need to wait for an inPut/oDtPut 

operation or execution of a wo~d which re1eases the 

computer, th• status of the next task is exa~ined. If the· 

task's status indicates it is read~~ for e;.(ecut:ion' se'v'<-?T'al 

resisters are resof:,<Jred and e~·(f~cutitm Df th<d .. task r:-.r<Jc~?<-?<.J!:;. 

If the task is not read~, the ne}·(t onf? in thf? lom~ .. i ~:; 

e~·(amined. AsidE~ fronr the fact that the Pr(JSr<:imnH?r mu!:>t 

remember to release the computer Periodicall~ durinS a CPU 

bound oPeralion, this Primitive mechanism is ver\::I efficiEnt 

and has ?roved satisfact,cJrY OV(-?T .i3. wide-? ranS<-? of 

sit1..Jations. 

The conseauence of this structure is that a numbe( of 

tasks ma\::I be P re~;ent in one ccrn1Pute r S·\::IS tf:)llr 1.ii th a min :imum 

of interaction betw€-~en them. Unless the prosrammer' u-:;~::.>~; 
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. all the available ti~e of the Processor, chanees in the 

oPeratic>n of one task do not affect th<-? or:-e.rat:i.cm of fft.h<-?r 

tasks. Because tasks can easil~ communicate, 

s~nchronization is more easilw imPlemented than in 

traditional O>""eratins swstems where-? the eoal :i~:; usualh~ 

complete isolation of tasks from each other. 

InPut/outPut operations ma~ be done directls via code 

and colon definitions or throueh the task structure when 

multiPle transfers are reauired. Direct inPut/outPut is 

useful when hardware timine is not critical and the minimum 

Proeram develoPment time is necessars. Whf?n multi P le 

transfers reauirine time for hardware oPerations between 

them are anticiPated~ :it is best to set UP a task to handle 

the operation. The first step is to set UP the task table 

values to Point to the location in memorw to or from which 

the transfer is to occur, and a count for the number of 

transfers to take Place. An interrupt ~ervice routine is 

written to Perform (-?ach transf<-?r whe.>n th<-? hardwart~ dev:icf? 

sisnals it is readw bs assertins :its interrupt line. 

the operatioh is done, the task~s status is set so that it 

is asain executed when it is tested in the round robin 

looP+ DurinS the transfer time? the task is ignored 

because it is not readw. This situation is analosous to a 

prosrammed simulation cf a hsrdware Dire~t Memors Access 

CDMA> transfer, where resisters are loaded with a memors 
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s•Jpe1·vises the tr·ar1sfer, J1Jst as the intert'•J?t seryice 

?eriPheral irit.err1.1Pts :the c~omPuter whet{ t;he t:rar1sfer. is 

COIT11'=>iete, JIJSt aS th~ sta:t..l.Js ·of ·the task SJOinS- to: :read':.~ 

I II 

sisnals that the ne}tt step in the task's i"-rot:O'aRi- may be 

carried out. The . di fferemce bet1.4f?en IIMA arid· r1ot~;-JJMA tasks 

is apparent onl\:I in the. i.nterrUPt se~Vi~e ro1~tine.+ _· 
. . . . .. ·. 

This task mechatdsm ma\:I .:also·. b.e IJSed ~o i1mr:lem~·r1t.. 
, . . , . . . 

Vari.able ti·me delaYS usins a T'elativel\:I simple fj}te_d. r'er:io'd 

clock rather .than a more eNPensive.real time clock. The 

task is set •JP wit.Ji a co•Jnt of the n1Jmber of f:bted. F'eriod 
. ; 

clock ir1terrt..1r-ts- which should .occur to ?rbr.tuce· t.he (':Htisir'<t><.~ 
. . 

interval+ When the ir1terT•1jp·t,s have occ•JT'red, the task 

is eHecuted. 

which 'translates. into reduced ~ost or :increased cai?ab:i 1 ~ t':.~ • 

Forth will recHJire mirdmal memor\:I and mass st.ora.s,e fof' 

• pr.osr.ams; ·however ii· data. wi 11 1·ea1.1i re the same airi6utit of 

stora~e in an~ s~ste~~ Fdrth will allo~ the seneration-of 

operator interaction routines which are humah orier1t1tid · 

reG•Ji renients. Forth w:i 11 al lc>w the Pr<;H:JN3mmer to do. <:d.m<Js·t. 

· an':lthir1s he could in assembl~ lans•Ja!:-te1 and·do it.more 

::..·· 

..... ~ ·.:·: · .. 

.... 
, '··" 

:··. 
.... '. 

. ,>> .•.. 
.·. ; 

·' 
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at ever\:I Point. 

Forth is available.far man!:I ~omPuter $\:lst~ms ~nd can 
•. ' ·-· . ' 

be written fo1' others in a matter of months so ·th.~t •·· 
. . ' -. . . . 

availability of Forth fbr a Particular system doe~ nqt 
. - : 

ir1flt1ence the hardware S<-?lecti.or1. InexPensi~e, reii~bie1 

eas~ ir1terfacir1s or the avai labl i t!:I of basic ird.e~rfaces t<:> 

the co1T1PrJter is necessary to avoid Prolon~ed h<3tdw.are 

' . ·. - . ; . 

comPtJter was chosen beca1Jse it 1T1eets all the above 

criteria~ Ver~ imPoftantly, the LSI-11 has an excellent 

instruction set, restJl tin~ in sqme o·f the lltost efficient 

imPlementations 6f Forth. 

2. 0Perator Interactio~ 

Wit~ the facilities.and conqepts of Forth available, 

im?lementable. Two levels of .ir'1teraction ar<~ conc:effvabl<~. 

The hishest level of interaction re.Gui re.s tht? <.1F,er·stor to 

invokin• the ?roper words and SUPPlYine th~ needed. 

Parameters. ·These words.' descrir->tions of 'their tl:.inctic:ms, 

and necessarw Parameters are obtained from the s~stem'* 

ar:-erati.on manual by the •Jser. This leve1 of interact:i.01"1 

Prov.ides t.ht? s.reatest ver$~ti.li ty but rem):i res C(:>nsi.derable 

._.,· 
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knowledse and understandins of the ssstem b8 the operator. . . . 

For comPletels automatic operation' these words and 

Parameterf:; can be c:ombiried into <-J sinsl.e defini tior1 which 

Performs a co1r1f'l~~t.e, i:·repr•osramme.r.J anal~sis without. 

reauirins multiPle oPerator e~tries. 

At this level the operator mas senerate definitions· 

which P~ovide an~ desree of interaction desired~ The 

complete, PreProsrammed mode is useful when an anal8sis 

method is comPlet~i~ developed. Durins the develoPment of 

Parameters or seauences of operation; thusv interaction at 

a much more detailed level is desired. 

Performins development work i;:; F'r<Jbabl~ tluite familiar 1,J:ith 

the S8stem and would be considerablw irritated bhl lensthw 

seauences of Pede~trian and childish auest:ions utilized b8 

most traditional software to Provide the Versatilit~ 

reaui red .• Therefore, operator initiated actions at 

multiPle levels of soPhistication, as Just described, are a 

welcome imProvement in the state of the art. 

Another level is Poss:ibl~:;- for Persons who ma~~ need t() 

develop methods and chanse operational Parameter~ but are 

not intimately familiar with the s~stem or do not Want to 

spend a lot of time studYins the operation manual. Th:is 

level can be imPlemented b8 Prosrammins an extensive series 

of operator PromPts, auestions1 and OPPorturiities for the 
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o?erator· to sisnal the comP•.Jter to Prt:H:eed to the rn?:~~t 

interi;--reter which operates bet.ween. the comP•Jter arid 

operator. lt fi 1•st determines the operator / s . .wishes 

t.hroush a series of auestionsj and then imPlements them bw · 

translatins them into toe r:-aramete.rs a1)d· wp1•ds of' ·t.hf? 

hisher level of ird:.eraction Previc>i.Jslw disn±•Js-s;ed~ · Thus.1. it 

is Possible for the 6Peratat to cho6se the le~~l of 

.: ... ,. 
software which Provides the Pr:om?tins level ·after: tl'l!-? b.asic · 

swstem is loaded~ 

. .··· '· 

for this ir1strumet1t due ·t:..<l lack <lf time arid the fact· tliat. · 

onlw e:·U''erienced Personnel. are eH?ected to •Jse. t1hp.· 

instrument~ The nature of Forth and·~~~e ~~erci~•d in· 

develo~ins the hishl'!:f ir.-t.eract.ive level ot' software 
. . . 

indicate that verw little modification of the b<~sic·syst.f?m 

conceivable that the PromPtihs level software cqUld.e~ist 

ir1 several versions to more closelw. SIJP}"'l'::f th<.? t:H?eds o·i" 

differer1t determinations Pert'or111ed with th<-? same or· 

slishtl!:i modified hardware conf.iauratio1~1s. 

form of a F~rth documentation dictionarY+ Such a 

di~tioMarw eontains descriPtions a~d reGUir~d Parameters 

1 .. 
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for all the words in the. ~:;<Jftware diction<sr~~ T'(-?~ddent :in 

the memol"~ of the comP•.1tt~1·. In. addition1. OPeratin~ 

irrformation coi..Jld be included in the dcir~•.1merrt.ation 

dictionary. Mait1tain:i.ni:~ this dictionary on.:..line, with 

disPlaYin:<:l the ent rie1:.;' Provides a fac:iJ. :i hot s•.Jl"er:i.t>r to thE.' 

Oi:-eratC)J' interaction with the on-line documE!n"f.at:ibn 

dictionary takes the f<Jlloi,~ins form. Enterins the word 

HELP at the keYboard causes a short de$criPti6n of the 

HELP facility and its use to be Printed+ Jht? O}~f?r~stor ma~:1 

rel"' resent ins· the riame of the definition OT' P<roceed•.Jfe for· 

which information is desired. 

b\-J l:istins all the entries of the doc•.11r1en{;stion tH.cticmarY 

for the Multicomponent Continuous Flo~ Kin~tic An~ls~is 

ir1st rument. Due to the larsevolume of inform~t:ioti in the 

documentation dictionar:J, :i. t niust be stored on Jar~~<-? 

caPacitY mass stor~Se devices. It is not Prattica1 to keep 

dictionary in memorYr thus1 th~? Pr.inted dic'tionars, 

reGuirin~ m~nual searchinS of the alPhabetized entries~ 1. ,, . 
•• > 
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. . . 

a. means of· PT;'ovidins t..'he r~G•Ji red :Lrrform:atitm in s'.:lstem~5. 
. . .• 

w.ithout mass storase. The ?rir"ited dict:L_ot1ar~ is 1<~5!:-> 

converdr.mt th?l~I 'the or~;:_;l :i.r;1e ~!:ISt:em arid l'eCRli res T'ept•intinS 

when cha.rise$ or additions are made, b1..rt is an 0T'Sa1\izt.~:d, .·.• .. •.· . '. ·,· . . .. , . . 

.. . . 

·o~eratins the instrume~t. 

The form of a doc1,J1nerii.;ation dictionsr!:I erii:.r'.:t is 

relative!~ unstr•Jgt1.Jred after. the first li·J~1e' which 

con-tair1s the·. name; of' the entr\:I' the block n.i:.m1ber where the 

source code for the eritrl:I. ma!:I be four1d, the vocab1-1lar\:J td 

the entr\:I+ S1Jbseauent lii·1es for actual Fod:.h defini-ti<:ms 

should cord:.ain an· e}·~am?le c)'r the de•fini·t.ion' s · us'e and a 

descri?tion of its function sr·1d· Parameters. Other t!:IP-es of· 
. . ' 

entries ma\:I take an!:I form after. the •first~ line. 

This free fc>rmat <:1llows t!1e it1cl•JS'ion 6-f 

documentation dictiona-t1:J entri<~s which r,1·ovide senf?T'al 
. . 

informatior., di rE?ct ·t;he OPersd·.or t.<J ot.het' entries .s1.Jt--Pn~ir1s 

additional irl'f'ormatior1, OT' ident.i f~· errors. and SU$Sest 

di<:~Snostic ?roceedures. · The •.Jse-f'•.Jlness of the. , 

ciocurt1errtation dictionar~, be it on·-1 ine or 1~rii-1fe,jf is 

. • determined bw the COt1tents Of its +;.>ntri~?S and: fhe ab:i 1 i t\:1 

of the swstem desi~ner to Provid~ c68cisei c~~ar 

., j .. 

:.>, 

,. 
. ~· . 

. ,:•,,. 

·'': 
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~oftware interaction and ."HELP" files has been ~eveloPed 

throush Personal experience with a number of ssstems and 

A rudimentars record mana~emenl swstem was 

implemented to aid in orsanizins and identifsins data 

records correspondins to the experimental runs conducted 

with the instrument. An operator assi~ned run number and 

buffer' alons with an operator supplied 40 characteT buffer 

sivins descriPtive information about the run1 before 

startins the data acauisition. Consc~<:iuentl·=~ ~· al J. run'.:.; :1.n a 

SrouP of similar experiments are assisned seauential run 

numbers and data buffers are stored on disk in seauentiaJ. 

locations. These run numbers also correspond to the run . . 

numbers recorded in the operator's laborators notebook' 

all.owins conven:i:ent re~treival C)f th~? st<)f"f:~d data fQr a run. 

The tsPe of experiment determines the other information 

stored with the run data. All data buffers include the 

colorimeter and flowrneter calibration factors. 

information includes rea~ent concentrations, timin~ 

information? centre.')]. t:;tatus informat:iCJn and addres'.5f?'.:; of 

subsections of the data. 

This information can be used to monitor the 

Performance of the instrument over a Period of time. The 
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anal8sis of standard materials Periodicall8 would allow the 

eas8 imPlementation of a aualit8 assurance Prosram. 

Additional field$ in the data buffer should be allocated to 

Permit the storase of Post run comments b8 the operator 

ab(:>Ut the validit'::l of the data. Antic:iPated ~?.over-n111<~nt<:3l 

Y'eSul at ion!:; 111a\~ re<.~ui re 1.:h~tai 1 ed re co rd!:> on a 11 anal ·,,~~:;~~s 

conducted; thus, it ma8 be necessars to substantiate the 

reasons for reJectins specific runs to non-scientific 

One of the results of the use of the record 

manasement ssstem is that tabulated exPeri~ental results 

ma8 not exhibit seauential run numbers. This is apparent 

in man8 of the tables in this work. ot.J'·./ i i.lUS l \:I? an 

instrumental failure reauires the reJection of the data for 

the run involved. Such failures include runnins out of 

reasents, leaks' the inabilits to maintain flow control 

over the Period of a run and data storase errors. All of 

these Problems were experienced durins this stud8. 

Computerized S\-JstErn1~; <:1J.low th<7: raF,id ~lE!n(~r<:iti.<Jn of 

huse volumes of data. It is not Possible to Present all 

the data i~ a form useable b~ human beinss; thus' 

representative data must be selected for Presentation. 

Another reason for nonseauential run numbers is the need to 

tabulate results in an order other than the order in which 

data was taken. Occasionall.8 it was desirable to obtain 
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more intermediate data Points in a seauence, er to take 

data in a random seGuence to assur~ that sssternatic errors 

were not beins observed. 



1). I NSTF~\JMENT EVf-1LUAT I ON 

A. Di1ution St~*bilit'::i 

Before re1iab1e use of the total instrument is 

Possib1e? an evaluation of the mixins accuracs and overall 

instrument stabilits must be made~ The Guestions to be 

What are the tsPical error values to be 

expected when operatins in di1ution moda? '") .,:.. .. What is the 

under optimum conditions7 To answer these auestions a 

·series of dilution runs of four minutes duration were 

conducted with KMn04 under var~ins conditions to Senerste 

and Performance characteristics. 

Initial rasults sussested that Performance bould be 

imProved bw minor chanses in the flow control al~orithm. 

In addition¥ readJustment of the colorimeter electronics 

was necessars because several channels had drifted awaw 

from the optimum ranse for efficient source stabilization. 

These chanses resulted in sisnificantl~ imProved 

The basic experiment consi~ts of a .continuous flow 

dilut:i.on of .:in intf!!n1:;(~)ls color<0d !!;<smPJ.~::- ~-elution, .~:;uch as 

KMn04, bs a non-absorbins reasent. Various flow rates in 

the samPle and reagent channels are maintaihed b~ the flow 

cont~ollin~ Portion of th~ instrument while the detector 

150 
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Portion records the ~esPonse of the colorimeters over a 

The reasents and samples chosen are s~ch 

that l<Mn04 rc-?Sf''<.')n1:.h:; J. :i.nearJ.'::1 in the·? conc.(~r"!'t.ration ranse to 

b1-.:1 ob~:H:1rved. f.'1ft€~r car&1ful calibrati<Jn c>f bf.:d~h tJ"H-.'' 

flowmeters and the colorimetersr the observed colorimeter 

response should refleet the dilution ratio determined b~ 

the individual flow rates. 

Information obtairn?d fr<JITI th<-::> :1.2 runs re1i.1ardins 

:i.ns;trument 1;;tabil:i.t'::1 i!5 summari:;('.E1d :in Tablf? XI. Plots· cJf 

the raw data from the first seven colorimeters were used to 

senerate an evaluation 6f the total ssstem's stabilits 

durins the four minute observation Period. The.;.' €~ishth 

colorimeter d~veloPed excessive drift durins the test; 

thus1 it was not included in the calculations because it 

could not be calibrated satisfactcril~. Later electrical 

adJustments corrected this Problem. The averase of the 

relative standard deviations for the colorimeters is also 

These fisures represent the lowest Possible 

noise levels or error limits which could be expected of the 

total instrumental s~stem. 

Earlier studies have indicated that the noise level, 

or the relative standard deviation, of the colorimeter 
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T.3blE~ XI. Inst rum<=r1t Stab:i.1it\,; Ev<sluation 

Ave= r·a~~i<= FlrJW 11:ates' First ? Colorim<=te1's 
ml/min 

f~un :ft: KMn04 Buffer T C)"l.:..iS]. Ave.::l< Sf.tt.,1 RSDV 

:I. 5+43 5. ~.56 500 1.63 • 003 
2 5.42 5. ~~~) () 1.44 ···1. 4 
3 5.44 ~5 + 45 10.<7'2 :~~56 5.31 .021 
4 (:). 37 5.44 11.88 27~5 3. 41 .013 

I!!" 
,.) 7. ~32 5+43 :L3. 17 293 2+50 .009 
6 7.38 4+71 :1.2. 32 307 2.17 .007 

. ~3 3.97 3+93 8.U '")c:"' 
.,~ .... JO 4.37 .01"7 

8 :3 + 93 5.48 9.59 212 1.76 .009 
9 .4-,_. 4 7 7+04 :t1.ci7 200 1.94 .O:tO 

:t 0 4.36 8.45 :t3.3:t 182 2.9() • O:t 6 
:L 1 4+55 9.89 14.64 165 1.94 .0:1.2 
j ,, 5.85 7.82 13.?7 '")'")'1 :~ ~ :~3 .010 .... ~.:...~ 

* - Colorimeter response units eGua1 t.6 1 uM KMn04 
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alone is around 0.2 Percent at a concentration of 500 uM 

l'\Mn04. At a concentration of 200 uM, the relative standard 

deviation is less than 0+5 Percent. Relative standard 

deviations cf UP to 2.1 Percent are observed in Table XI, 

several times that which would be expected from the 

colorimeters alone. The increase can be attributed to 

instabilits in the flow rate of the reasents beins mixed. 

As is expected, the colorimeter resPonse is verw 

sensitive to variations in flow rate. 

relative st~~dard deviation of the colorimeter sisnal 

should be eaual to or less than the sum of the relative 

standard deviations of the measured flow rates because the 

r0)~:;prn .. 1!5f:.! (1f.:is~:H"v'<::.!d :is i~-rof>C>rtional to thf: flo1 . .i r<~te of the 

absorbins species divided b~ the total flow. Unr..h'?r mclst 

conditions the relative standard deviations of the 

colorimeter response <1 second averaeins Periods) and the 

flowmeter response (16 second averaeins Periods) are nearl~ 

('?<:iuc.i 1 • Considerins the shorter averasine Period of the 

colorimeter' sisnificantl~ lareer relative standard 

deviations mieht be expected. The fact that lareer 

variations are not seen indicates that the flowmeter 

sensins Process is where a larse Part of the flcwmeter 

noise is introduced and that the actual flow rate does not 

c~anse raPidl~? but ver~ slowls as Pressures and liauid 

l c0v0~ l f:> chan=.l0~. 



154. 

. . •. ~ 

the sh.ma1 :i.s ca1.J!:iins· the :rlrJw to b<-?; adJusted when .it 

shoi..1ldn 't be. lhis averasins sho•.1ld ohl~ be done when t,he. 

fl.ow rate is r1~a1' the fl<Jw $oal to minimize-? the: tirrie 

. . ·.· ' 

appears •s if two reSions of control a~e needed, th~ first 

a1·1d the secc>nd wLth tTl(Jre averas:ir1s to ?revent ai::Uustmen:t of 

the flo,,,; r'ate When it shotll dn It be. 

Rathe1· than. act•.t<31 lw d1ans:i.ns the nJJmber of P.o:ints 

averaH~f~d, two· Par<:11r1eters :i..n the· flow cc:mt1•ol alstJr:ithm w<-?re. 

d~~v:i.at:ion ·. frcHr1 the <-Jvera!;H.~ value :i.r1 the b•.Jcff.f:H' which i1:> 

allowed to be entered :in the buffer. Reducins this. 
. . . 

?<:1r<:1m(o;~ter· red•Jt::es thf~ effect of a flow· vi:ilue differiii"1!'.t 

sreatlw from the averase on the values for the hext 16 

different from the averase value are due to Moise ~M the 

meas8rins circuit and often aPPear for onl~ one or two 

the soal ~hich causes v~l~e movement. Increasins th~~ 

value decr<-?ases the. 1T1t">vement of· the valve' resultins in 
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slower adJustment of the flow rate and less osciilations 

~bout the flow. seal va1ue1 An unfortunate side effect of 

makins this chanse is that the swstem will terid nev~r to 

r<::•ac:-h th<-? f 1 <)'"' sci<:~ 1 <:.?>~<:H.:-t 1 !:~. T!:H·' i cal 1 !::IP thE) <:~ctua 1 f 1 ow 

rate will be slishtl~ lower thah th~ seal. This is n<:>t 

r<-?<:~ l l ·:1 a Pre> bl f:)m ·~:;i nee the actua 1 f 1 ow rat<~ a<.:; dete rm :i n<~d 

b~ the flowmenter is used in subseBuent calculations, 

rather than the actual flow Seal value. 

Satisfactorw flew stablilitH is experienced when the 

imProved flow control alSorithm is used' as Plcits of raw 

data and the relative standard deviations listed in Table 

No sisnificant trends are identifiable' other 

than the exPected fact that lower relative standard 

deviations are observed as the colorimeter outputs approach 

fuJ. l scale. General!~, colorimeter siShal relative 

standard deviations of less than twci Percent are 

<-?nco1-1nte r<:~d. Fisure 42 ~hows a Plot of the first seven 

co 1 cl r im<-:·)t~" r chann<-? 1 !:.; ( ~:>ur->e r i m1~·<)~:;<2<.:J.) · for a Pe Pi Qd of fott r 

m:i.nut<~s. A re:J.at:i.velw stable outPut is observed. It can 

be seen from F:i.sure 43 that relativel~ minor chanses in 

flot.J PY'C)ducE: corr0:sr:,ondiris chan~.i01<.:; in the T'f:.'E;Pons<~)' 

Particula~ls near the end of the run. 

Th<:~ accu rac\:! c.1f th~:: Clve ra 11 :i. ni:; t rum<:~nt cen b~? 

evaluated bs com~arins the dilution Predicted bs the ratio 

of the measured flow rates, averased over the observation 
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Figu~, 4~ Dilution Stability Colorimeter Reeponee 
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Period, to the response of the colorimeters. Tabl~? ::<II 

indicates the fraction of the full scale colorimeter value 

which should be exPectsd on the basis of the flow seal 

averase of the actual observed values for the first seven 

colorimeters1 rePorted as a fraction of the full scale 

valUf.·~ • 

In man~ cases the observed colorimeter value is 

within two st~ndard deviations of the fraction of full 

scale Predicted from the measured flow rates, a 

satisfactors result. Larser erfors are observ~d as the 

colbrimeter cutPut value decreases' as would be expected. 

Error!:; of 1e!l;s; th<:m tr...Jo F-f.~rcent can b£~ t~>~P<;;>cted urv.:i~?T 

optimum conditions. 



Table XII. :Oi luti<m 

Flo•..i Goals? 
ml/min 

R1.m:!I: l\Mn Buf F<at i o 

1 ~5 ~ 5 
2 c:• 1::· 

,J. ,.} 

;3 5~5 5 + ~5 .500 
4 6.5 ~:;. 5 + 54:~ 

J:!" ;:J 7. !.5 ~ I::" 
\J "" ... J .5'77 

6 '7 J:!" • ,J 4.8 .6:L() 
'7 4.0 4. 0 .!500 
8 4.0 I:' 1::-.J + ... J • 42:1. 
9 4.5 7.0 .391 

:1. 0 4. ~5 8.5 .:346 
1 :t 4.5 :t 0 + 0 .310 
12 6.0 8.0 .429 

1i::·n • . .J i 

Ai~curac~ l::valuatic:in 

Me;is1..1red FractiC1n 
of Full Sc ah? 

Flo1,..1me·t,er Col CJ r i mf?tf-~ r 

1.000 
.00() 

+500 .512 
~ 5:59 .5.50 

• ~581 .586 
.610 + 614 
.500 .5:t2 
.418 +424 
• :388 .400 
.354 .364 
.315 .330 
.428 .444 

Sf.IV E1·ror 
•/ 
'" 

.003 

.003 

.01:1. 2+4 

.007 2(-0 

;005 .9 
.004 .7 
.009 2+4 
+004 1.4 
.004 3+1 
• OOC> 2.8 
•004 4.8 
.005· 3.7 
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B. Flow InJection Analssis 

Th€~ ccmfis1.JT'aticm of this instr'•.Jtrt<-?nt is veT'hl !aimil<sr 

to that of flow inJectioh analhlsi~ instrumentation; thus, 

its Perform~nce under flow inJection conditions is of 

:i.ntf:1T'l~1~:;t • A simPle flow inJection confisuration was 

assembled, consistine of a carrier rea~ent source and flow 

controlline element. This was followed bs a 

chromatosraPhic samPlins valve which allowed the inJe~tion 

of samPle Plues into the flowins carrier stream. F:inal l \~' 

the reaction-observation tube, with its ei~ht detectors, 

'::;erved <ss~ a colorir11t?t<~ric~ det•?<:tor for flow :i.nJ<~ction 

anal~sis. In this confisuration' onlhl one reasent stream 

is used and no mixer is necessars. Evaluation of the 

:i.nstr• . .1mi:::nt / !:> f lclw in,..i<~c~~irJn i~,erfcl T'manc~? wa!:> done with a 

ncn-absorbinm buffer solution as a carrier. 

carrier with var~ins concentrations of KMn04 added. The 

colorimete~s emPlosed sreen LEDs, emittins radiation at 565 

r'llTI t 

Th~ instru~ental conf isuration is different from 

conventional flow inJection instrumentation in several 

First, the carrier reaSent is P~oPelled throush the 

s~stem bs Pressure from an inert Sas rather than bs some 

Althoush mans t~Pes of PUmPs have be~n used 



successfulls far flow inJection analssis? onls ssrinee 

PUmPS Provide cOmParable Pulseleis flow. 

Pressu~ized flow i• not witho~t its Problems1 however. The 

flow rate is sensitive to reasent reservoir level and 

necessars to control the flow of the liuuid, not Just 

resulate the Pressure of the s~~. 

Positive disP1Bcement PUmPs have the ad~antaee. 

E:it;!ht 

detectors are evenlw spaced alone the reaction~abservation 

tub<=:>. Th:i.s allows th(-? d:i.::;persicm Qf th(-? samPlc-? r:Jlw3 t9 b&l 

diameter of 1 mm~ considerabls lar~er than the -0.5 mm which 

resul~s in the mihimum amount of disPersiun. 

compromise between reducine d:i.sPers:i.on or colorimeter 

sensit:ivits b~ reducins the absorption Path lensth. 

ExPerience indicates that disPersion is not exces~ive 

at thf.~ fir·st cc>lor·i111et.<-?r? wh:i.ch :i.1:; thf.~ dc·?tc0ctcir 

corresPandins to the detector of a conventional flow 

inJecti~1 ssstem. 

of tl·H0 tr.Jbf? :i.!5 im1~,ortant :i.f th~? T'0.'15t. <Jf the <~f:lt<·?ctc:i.r~; an:: 

to be used ta follow the Prosress of a reaction takins 

Place in the tube. 

Th0l cn.10~st:i.on~:; to tH-? answeT'(7.'d ar0l thE~nt . :t •· What :i.s 



the effect of dis?ersion on the Peak heieht, shape, and 

What is the response of the s~ste~ to a ranee of 

reasent concentrations and how linear is that reSPonse? 

3. What is the effect of f1ow rate on Peak area? The 

Pr:imar~ PC)int. her0~ :is th(0 ~?rrcH'. intPod1.1ced in P(0<sk ar0.•a due 

to small chanses :in flow rate. To ans0er these auestions1 

76 r~is consist:ine of an inJection of a sa~Ple Plue into 

th<::.• flc.11,J:in£i carr':i.(-?r 1:;tre<:im and subs.er:HJent. d;,sta r0.•cordin!..~ 

samPle concentrations were used. 

Fisures 44 to 46 show the observed response of the 

eisht colorimeters to 100 ul inJections of 500 uM KMn04 at 

flow rates of 9, 6' and 3 ml/min. 

dispersion increases as the sample Plus travels down the 

clt.11:;e::~rv.citicm tub€~ <:1nd as th<0 flow rate df:~cr'easE.'!5+ On:b~ :in 

the last two colorimeters of the 3 ml/min run does the 

sienal not return comPletel~ to baseline in th~ 40 second 

observation time. In all. cases the sisnal eventualls does 

return to baseline. It is obvious that increasins 

disPersion1 due to decreasins flow rat~ or increasins 

distahce from the ihJectioh Point• decreases the Peak 

Table XIII disPla~s the Peak area for each 

InJecticns of 100 ul of 

500 uM KMn04 weT'~ used to Senerate this data. It is clE1ar 
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Tr:ible-i XIII. P<~ak Area, 100 ul i n.J~;~ct. i r.>ns ()f 

!500 uM KMn04 

f~un:ft: 47 4B 50 51 C:-r) 
~, .... _ 5;3 ~:;4 5~S 

Fl OW? ml/min ? 8 e> I::" ... } 4 3 ri· 
,;.. 1 

Ch<3nne-~ l 

0 :I. 7.? 18.8 31.1 38.1 ~51-+2 68+6 :t10.8 ? 1 • 0 
:1. 19.6 1")1~ "") 

4- .. J +,,;.. 3:3. 3 ~59+ 1 51.0 74+ 1 100i7. 91.4 
'") ~~·O + :~ :~~o .. 5 26.7 39.2 44.,4 6'?. 7 l 07. 3 93.8 ·"-

:.3 20.8 2·2~ 7 29.9 36.6 46.9 6ll. 4 102. ~5 B9. 7 
4 ~~O. cS 2;3.a 32.0 36.2 47+0 64 .• 4 102. 4 91. 2 
5 23.7 :12 + 9 31. ~3 38.0 46.7 62. 1 l 03. ;3 B9.1 
6 2~5 + -i 23.1 28+8 34.2 43.;3 66+1 ?5.6 9'") ·. ,., 

~ + .(..., 

7 23.l 26-.5 36.3 3~5. 3 4;3. 0 60+0 106.6 93.7 

f.!\ve1•a!;.1e 21.4 22.9 31.2 ::5".7 • 1 46+7 66.4 103.? 9:t. 5 
SDV 2+4 2.4 2.9 l .!3 ;3 .:I. 4.4 4.6 1. 7 

F<SDV .11 • :l.1 .09 .05 .07 .07 .04 .02 



. . 
standard deviations• no consistent trends are observed. 

For all Practical PUrPoses• the area under the Peak is 

eGual for all the colorimeters' even if disPersion varies 

baseline for several of the final eolorimeters at the low 

flow rates; howeverv no sisnifieant trends toward 

decreasins area are observed. ~~der more severe tailins 

contained in the extreme trailins Part cf the Peak 1s Guite 

smallr as would b~ expected. 

It is also reasonable to expect that eaual areas 

in,.h:~cted. It i;;ho•.1 l d not ch<:~nse if a l i nea T' de.t~?ct<.1 r is 

usedr even if the material is disPersed in the ca~rier 

not chansev Just the amount of time it takes for the 

material to Pass chanses. Obviousls, if the area does not 

A stemdilw decreasins Peak heisht is observed with 

increasins disPersion. 

area with flow rate. Theoretical studies <30) indicate 
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that d:i.-::;P'<-?rsic)n is :i.rwf?T'!S<;·)h~ l''l'C)l"-·ortic:mal to fl<:>w T'<:1te. It 

has been established ~hat area i~ not dePendent on 

dis;p(;)r1:;.:i.cir'1? bt1t Fii3urf: 4'7 shows thatv <.1vc-?r th~~ lim:i.tf?d fl<Jw 

Proportional to the flew rate. Examinins Fisures 44 to 46 

observed b~ the detector at lower flow ratesv even thoush 

the Peak amPlitude of the Plus is not as sreat. An 

intesration ~ethod wh:i.ch sums Periodicall~ sam~led 

.:rn1Pl:i.tudf:1s will obvio1..11:;ls rf::o.,;ul:t.. in lar£ler areas if PE)<~k 

amPlitude does not decrease ProPortionall~, as it does n~t.. 

samPle Plus aPPears as a constant amPl:i.tude Pulse with 

Area would then be siven b~ the amPlitude 

mul t:i.F··l ied b\:1 thi:1 t:i.mE). The ~rea Dnder these conditions 

WOUl.d f.:lE) :inveT'S·~)l!:l Pl'Ol"'OrtirJnal tel "\:.ht.~ flow rate b<-?·<:"SU!Se 

more time is remuired for a samPle Plus of. a ~iven size to 

Pass the detector~ Some reduction in he:isht is experienced 

under flow inJection conditionsv but it is onls a fa~tor of 

about 1/3 under the fl.ow rate ranse examined. The 

imPC:H'tant Poi1Yt to be obtained frClm this; inve~:;t:i8ati<:>n i!s 

that the area is affected bs the flow rate; thus, constant 

f1m.,i rate£; aY"0.' rt::)auirf:d for conrdstf::-nt T'E)~;ults 1,Jith thii:; 

IYIE.'thod • 

Table XIV reports Peak areas determined under a 





170 

Tab 1 e~ XIV. F' (·? •~k. A rt::~a, 100 lj 1 :i.n,.iec~t i C)l""IS into .:3 
2 ml/m:i.n carrier strc~.3m 

Runf. 62 63 64 65 66 c..17 68 69. 61 60 
Cone. , . uM 0 60 100 200 300 400 !'500 600 1.000 :woo 
Channel 

0 1 .? 3.0 ?.5 17+3 '°") r.:·. ,'• t::'" . ,:.. ,,.J + ,.} :32* .. 2 45.2 58.5 92.A 17!h <? 
1 1.2 4.0 10.7 1 c:· . ., 

J •.I 29.4 :30 .1 4!5. !5 ~.:i5.? <?2. 1 172.7 
2 4.0 4. ~~ 9.2 17. 3 2C'>" :3 29.1 41. 1 !5·~~ + -4 95.7 1B:3. 6 
:3 1+4 ·=· '") '-J + ..:... 7.? 19+4 26+1 30+1 47.2 5'"7 + 2 93. :.3 1EU .• O 
4 0. 4 3. l 6.4 19.6 26.0 :30. ~5 ·A6.4 58+3 99.2 187.3 
5 0.4 ·=- '") ... J t ~- 8.2 19.5 27.5 31.2 46.7 ~5·4 +-2 9B •• 6 190.8 
r.S o.o 3.1 6.4 13.4 25.() 29.4 42+7 :_i7 .• ·7 104. ;3 196.9 
? 6·+2 :3 .1 9.4 :t 3. 2 28.0 32.7 47+8 1::-·--, '1 .. J,. t ~ 10~3.8 194.4 

A·.,,·c~. :L. 9 .3. 9 t3 ~ ·2 17. 4 26•7 30 +·i> 4!5 + 3 56.4 97.4 1H:5. 7 
s:ov 2. 1 n . ~ l.5 2.+ 2 1 + !5 :t •. 3. '') .-.: .. ~ 2. 1. 4.9 8.2 
RS:OV j_ • :J.:t +24 • 18 .13 o'"· • ,J .04 +05 .04 .05 .04 



l'.7:1. 

cc)n11;tant flow Pat.1::1 of 2 ml/min and :1.00 1..11 :i.n.Jec~t:i.C)ns of 

vaPsine concentT'ations of KMn04, ~ePorted in uM. Aeain, in 

the concentT'ation Panee of 0 to 600 uM KMn04v no clear 

trends ape apParent. At concentrations above 660 1..1M~ where 

d:i.r;;pf.n•sicm dcH:1s not r·~;)d1..1c01 thf.~ clbs~?T'Ved crJncer1tratic:m c)·f 

the sample Plus to values below 600 1..1M1 it appears that 

neeative.deviations from linearit~ result in ~lishtlY low 

area values for the first few colorimeters. 

Cclnsid~:)rablc.;) variat.icJn :i.~:; cib!5eT'v~?d b<0twc0en 

co]. 0 r :i mc~t~~· r (;:'hann01 ls' i3S; in T ·~b]. e x :r I I • . At con1:-ent rat :i (Jl""IS 

Spi::ater than 100 uMv the~ re)lat:i.ve standa1'd dev:iat:ion is 

less than 20 Percent, decl:in:ine to about 5 Percent at 300 

uM and abo.v~;). Thc0 rf.1fcl re.;), the <JPt :i. mum c::onr .. 'f:nt r·<.~t icm ranee~ 

for this confieuration is 300 to 600 uM, w:ith the r~nse of 

100 to 1000 beins usable. 

exhibits ver~ Sood linearit~ with concentration~ even over 

the extended ranee of 0 to 2000 uM. 

I I I 



Slope 9.41214 
Flow. Rate 2 

E -1 Intercept -1. 177 ~ 1 
ml/min llZllZI ul Sample Loop 

Corr. Coef. 9.988 E ~1 
Average of all detectors 
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Figure 48. FIA Mode Calibration Curve, Peak Area 
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c. Flow fn,je:yct:i.on 1;,1:ith a Reaction 

Man~ of th& more useful Flow InJection m~thods .mix a 

resaent with th~ carrier stream containin~ the sample Plus, 

allowina a reaction to occur, before the detector :is 

In th:is manner' various chemical reactions can 

<Jccur, 1'e1:;ultins in the aPi~earancE) cir· di~:;ar,r->c:.~arance (Jf 

color which can be measured cdnvenientls bs a simPle 

colorimeter. The MDlticomPonent Continuous Flow Kinetic 

Instrument is easil~ confi~ured tci Perfo~m determinations 

crf' thi t'> t~:H-><-:~. 

One of the chemical ssstems chosen for evaluation of 

th:i.~; mod<·:~ of tJP~:)rsti<.Jn i:; th<-? s<:>me onf? that wa~:; •Js~?d f<:H' 

the mixina efficiencs evaluation' the neutralization of 

NaOH b\:~ HCl. Meth·:~l l=::<0d ind:i.ci~tor is <:>dd!·?d to the bas~? 

which is inJected into a c~rrier stream consistins of a 

neutral buffer of NaCl. The sample ·Plus, of base and 

:i.ndic:<:~tor? :i.h the c:arrier strfi<:>m r!-?acts with a sl:i!~ht 

excess of acid in the mixer and then flciws down the 

ob1;;(~) rvat i <:>n-- r<0acti <Jn tube. The red form of Methsl Red 

SPPears in the mixe~ when the solution becomes slishtls 

acidic. The area under the Peaksv detected bs the 

colorimeter~ can be used to Prepare a calibration curve to 

allow determination of various concentrations of the 

indicator. The base must be comPletels neutralized bs the 
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acid before the red color ~an aPPear. 

binar!:l· n<:itur1~l c>f ind:i.cators·, th~· actt..ml con<:-i::.•ntrationf.> cJf 

baf.H:~ and .:icid hav<= no <=ff<~lct a!s lewis .a~::. th<= ~3cid is in 

Table XV indicates the Peak area observed when 100 ul 

:i.n,.iect:i.on1s cd"' ba-::•~:l and :i.ndic;3tor an:l mad<·? :i.n .:i <S 11.:t/min 

n0l1.rtral carri<·?r str·c=;;im wh:i.cri is sub~;;ew.JElntl~ r(d .. N<=r.f w:i. th a 6 

ml/min acid stream. Selected runs are reported from the 

total of '.34 cond• .. 1cted at var :i oui:; T'<f.l lat :i ve conc~?ntrat :i. cH·11::. of 

Meth~l Red indic~tor in base. As in Table XIV~ where no 

reaction oc~urred, no sisnificant trends in the area is 

<:lbs~?rved. 

Trends in the relative standard deviatiDn of the Peak 

areas of a Particular run eorresPond to those of Table xrv, 
· w:i.th comParable values. Ii is clear that low relative 

concentrations result in hisher deviations or sreater rroise 

in the observed areas' as would be eXPected. 

to run statistics comPiled in the last several line5 of the 

Table, it is apparent that the relative standard deviations 

of th~? av<= r·a1:!.e Pf:)<:~k a.'f'E)as fo T' thE) 4 to 7 runs madE~ at.. each 

relative. concentration are besinnina to aPProach values of 

one Percent at the hi~her concerrtrations. 

Sood flow inJection anal~sis ssstems. 

These results indicate that the instrument is capable 

l 



Tablf~ XV. 

R•.rn=ll: 
1:;,:e J. • Cone. 
Char1ne J. 

0 
1 
2 
3 
4 
5 
6 -, 
I 

Av erase 
SDV 
R~3DV 

Aver;;~se of 

17t3 

F'<-?ak Ar.ea, 100 ul i nJ<7)cti otis of :i.rid :i. c:·;:Jtcn· 
:i.nt.o a 6 ml/m:i.n carr:i.f?r •;tream i,J:i.th a 
subseGuent reaction 

23 21 6 30 32 
• L11 .167 .• 33;3 •. 667 1.000 

1674 2851 46~54 8637 13023 
:l.67:L ::;.~555 50!32 8846 :L 3~503 
1618 268!5 4858 837:L j '')''?'."?C' 

.4._/ .' ~ 

:l.58~~ 2810 4694 8740 13466 
1444 2420 50~.)6 8405 12813 
:1.615 2168 4870 85!.:'i:l 12859 
:1.399 2558 4640 8~558 1:33'74 
:L467 26:30 4647 8401 :L2878· 

1567 2584 4809 8564 :l.~3090 

114 219 177 171 3j.0 
.073 .085 .037 • 020 .024 

averase a re<~s 
:1.622 2406 488!5 845!5 1:3160 

r.;:s:ov (Jf aV(-?rase areas 
• 0~'53 .047 ~038 .ot6 .005 

Avf:!rase tif channel () Peak heishts 
:L76 2~58 !5-25 877 :l.349 

HSDV (Jf ch<:mnel 0 r:.-eak heishts 
.086 .;039 • ()49 +026 .008 
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concentration Portion of the te•t r~ri~~4 These 

concentrat:iom> arf.~ Probt~bh-1 hishet than on-e wo•.Jld ro•.d·,:im?l~ 
. . 

enc:oui·1ter ;. th1Js., a reduction in co lo rimet~?'I' noise·. or an· 
" ·. . .. 

incre•~~se :i.n colorimet .. ~n sens:.i t:ivit;'::.! :is desirable. This. 

len!.'ith is one tenth that· o·f mo~;.t. :inst.r•.-1ments. 

One of the ·final line!!> of. Tabl!f~ XV J.ist.s the averase 

~eak amPlitude of channel 0 at ~he various ~elatiVe 

concentratior1s. The colo1•imeter w_as calib-rated with blank 

or I 0 values obtained when nor1,-absorbins mate1•:iaJ. was :in 

'.t;he t1.Jbe. Full i:><::ale' or val•.H?s c.rf 10()0, were <:>b:baim?d 
. . . 

when <.~ soH1tior-1 of relative cor1.c .. entrat:io.1"1 of .333 .. <o.5 .ml 

Meth":.-11 f~ed stock in 100-~lnl o.t M NaOH) was t1eutral:iz~d b\~ a 

~er~ slisht excess of acid, Sisnifidant disPers~o~ has not 

·base has been diluted 1:1 .bw the reactiori wi~h an-eBual 

~low of ac:id in the mix~r~ 

Fi~ture 49 shows, the cal ibrati<:m · 1::-urve PT'er.-ar>.ed "f'roin . 

- .. ·. . : - .. : .:- :.,_, . . . 

r:-eak arE-'Bs are.F1 lotted·v-s.·relativf-j.cor1cer1tration. A Sood 

ab<:>ut orie ~:.tandard deviaticm low <:ind the ,}'•oint at +;333' <:me 

standa~d deviation hiSh+ 

·: .·~·: . 

.. ,,.. 



Slope 1. 265 E · 0 Intercept 3. 585 E 1 Corr. Coef. 9. 990 E '-1 
Flow Rate 6 ml/min eaoh 100 ul Sample Loop Average of all deteotora 
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Relative Conoentrdtiqn of'Methyl Red 

Figure 49. FIA Mode Calibration Curve, .Mat.hyl Red Area 



II I 

:l.]8 

F iJ=Jure !.'.:iO 1:>!-HJWS th1'i:' P<-?ak · ;:.srt1r'l :i t•.:1de rt-:;sP01·r1:>e crf 

ccllor:i.mE1ter 0 r:-lott.E1d vs. 1'~?lativ<·? cm·1cc:~ntr.:~tion •. (3(JCH.:! 

linearit~ i~ experienc~d at low rel•tive~oncentrations. 

l~is ma~ be due to the fact that the .111 and .16j 

!:>olu·U.Cll1:.> we1·e r->ref->.~)r<-?d b~ d:i.J.• .. rtion frcJm th(,~ .333 !;;olution' 

whilc:·1 th~? .667 and 1.000 ~H:il• .. rtiont:; were sei-::·arat<-? 

without a reaction have been investisated in the Previous 

secti~i. Table VIII of the mixer section shows that this 

r~?act.:i.on ref:;ul t!:; in ~:.iood mLdrn.:i at flclw rat~~·s sreister than 

5 ml/min m,d that the relative standard deviation~ of the 

colorimeter values are less tt~n two PeTcent1 In c~cmtrast 

obt<s:i.n<-?d. 

be dimini~:;hE1d :i.n r'T'Of'·ortion tel thf:~ c<:inc~entratiCln elf 

F •:e ( ac~) ++ react :i. rr!rt i..J i th th<-? l'\Mn04 s;:rn1P l ~? F·· 1 w.:i ;:rt the 111 i ~·:f? r. 

In Practicev a 2.5 mM solution of Fe~II} in ~cid 

C.'tlmb:i.ne~:; i..Jith th~1 car1':i.f?r ~:;tr<'i!BITi!> consist:i.ns of the biuff~?r 

100 ul inJections of 

various ccmcentr<:d,:icmfi e>f KMn04 in the ~;am·::~ buffer solution 

are made b~ the samPl:i.ns valve in the carrier stream. 

Accord ins tc:l a ·~onVE)nt:icm<:i1 t:i.tration ~ 1. 90 ml of 



S 1 ope L. 290 E 121 Intercept 4. 900 E 1 Corr. Coef. 9;. 990 E -1 
Flow Rate 6 ml/min eaoh 1121121 ul Sample Loop Average Chan 121 Height 
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Figure 5121. FIA Mode Calibration Curve, Methyl Red Peak Height 
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Theri;1fore '· the Fe( am)++ is. ec~1.1ivali~11t to 263 uM l'\Mr104~ 

With ~~<.HJall flJJw r:·.,d-..f.~s. for· ho·t,h ch<:~hr1e.lsP the Fe(at~)++ 

T'es• .. 1ltiris in <'J 132 uEmv Fe<aa>++ concfmt.T'aticm ir1 the 
' ' ' 

mh~er. LikE~wis<'.H··the KMn04 sample F;lw~ will be <lilutedb!:f 

I ' '• 

Pror:,c>rt:i.<".ma1 trJ the KMt"1.04· sample concen-1.:.rad,:l.on minus .th<~ 

colo~imet•r to va~ious. sample concentrations of kMnd4: · I~ 

is rnu H.e obv i ou~:; that ~bhe · F' re-r:>ence of the Fe (am)++ has 

pract,icall~ 500 uM KMn04. After the KMnQ4 concentr;:Jt:j.on .is 

observed. A similar· re!:;F-onse is ob·t.ained fro.Yi the ?eak' 

Table XVI compiles Peak areas of the ccilorimeter · 

sisnals for runs rePres~nt~tive ~f ihe various KMn04 

concentr$tions. The most outstandin~ f~atu~e of this T~ble 

•Sd~?f:lU<'3te and th<:lt a 11. COlfJ ri me·t,e T'S aSree. · Wh<~n thf? same·· 

reaction is condueted'in a. non flow inJection·mode. 

· CaT'f.~ful test!:; sh<:>w •that this. is nclt <:1n artifact, in fact, 

the values look susPici~~~lY like some t~Pe of rate' 



Slope. 3.444 E 0 Intercept -1.571 E 3 Corr. Coef. 9.995 E -1 
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Figure 51. FIA Mode Calibration Curve, KMn04 Peak Height 
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Table-? XVI+ Peak Area, 100 ul inJections .of KMn04 
.. int .. o a 6 ml/min carric-?r strea111. 1-Jith a 
subr..;.emu~~nt. rc-?<~ct :i. on with Fe ( ac.i)++ 

Runt: 104 :1.09 114 1 :rn :l.2:t l 2 7 
Con<.~. ' uM !500 800 1000 1500 2000 2500 
Channel 

0 <?40 11244 19661 460~58 74271 106609 
:t n~:3 9665 156:34 42313 6<.1586 SH.?941 
'1 
""" :l.8~54 782:3 13345 :38671 6!500~;'> 96608 
:3 :l280 76:36 :1.2861 35104 62007 9:.39!'5.t3 
4 9:1.0 7:311 l.2.681. ·. 33504 f.)87~3.8 90088. 
i::· 
~} :t :L 54 6:356 :1.2209 286S8 53589 84127 
6 1 ,,.,.,,,. 

o\~ ... J ... J ci3:::;s 11191 25489 48334 7<S98;:~ 

7 2!7j2 51.2:~ :t 0~~!'59 244:L~3 44607 7~rnA 

Averase :1.016 7689 134.92 34274 59f.H7 9021 :I. 
SlW ~594 :l.9!58 2939 7840 ·10272 11425 
RSDV .5B5 + 2!:)5 • 2:LH '1'10 t .... _.,,-.. '] 1 ·.,-1 + ,/ \.} ~ :l :~-'? 
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losa1•i thm of the r~eak ·ar~~ vs• c<:>lc:ir•i111eter · r-.•.Jllibt?r' which 

cc)rresF•on1jis to time' restJlts in asoq.d U.ne.~r decR\:I lirie. 

· N<-J'turall\:I' ·~he inte1·?red,etio1•1 of this obs<~rvat.ion is 

V<~r~. irt1?ortant u~ kinetics are tc) be done in thi$ JTt(Jde of 

qPerat:icir't+. The .k.:inetfcs of the KM1~104 ·~ Fi::~(:i:·n~)f+· reat;tio1~1 

i:n-e krH:>wn .to tit~ :f'~{s~_ < 16) and tne m :b:e r · i :S kriC>wn .. to ?e rfo r111 

adeauate,l.'::h · ·n~u~·': a s:isrii·hcar:d', Problem e)·dsts ~ Ca t•efiJll~ 

r<~viewir1s ··the chat;actet'i!ld,i·c~ ·of flow ir1.J~ctior1 .>"'e,~ks and· 
. . . . 

t,he chem:t<~<.~l Ct:>fifis•~1ri3tior1 'of; •ttti's s\:ls'tem 1.;,oints .:t.o the· 

answer+ The .s.~st.e111 Cdnsists C)f a Fe(a<~)+t reasent st,j·eam. 

1nbd.n:3 with <=J carrie~ ·whichma~ cont;.~ir·~ a 10<f 1:.ii r~lu~ ·of 

KMn04 •. ·The F"e<a:tlJ++' rtf?(rt\·ali;.::es an ea•Jivalent ~nio1.Jrit of 

KMn04· in the mL-:er, but the S'~':S'.t(~m is desis°l'H?d to ·O?ercfte 
. . . ·. ~· 

wi ·th .i~n e~·tcess t">f l<Mr104 so th~·t ari ··ab so rbi ns. s?.ec i es is. 
. . 

? resent+ A decre~S<~ in response COITiPared to the si 't.1Jation 

wher<~ no Fe< ara) ++ is· F•rfise.rr~ wi 11 be· observed+ 

.After leav~ns! ·the t1J1;b•Jlent condi '!:.ions ir1 the mh:er; 

the flow in the <:>b1s.tHva:~.ion t1Jbe is lami.riar. The .r-l•JS of 

·· KMn04 mc>ves down the t1Jbe ·while unde rsoirr.!!f the· P rocf:ss of 
··:,·' ' . .' .. .···.. : ... 

d:iSP«n''::d.ciri. The r~lui'l sPl'e<.=sds alcmL:{ the. a~ds of the <tube, 
·.. .·: . : . ' . .. ·.. .· 

i..lith the center of. the Plus travel ins -f'a1:;ter than. th(;> 
. '., 

·. .. 
h, "'"" b•» 0 1- ,- ~1ow1·· ·th .,,.t ·th•:. "'rci"' J·. <::. 1-1(.:,.i,, .S 1° -i<r1 J·.·f·l.·C:. ;:-r1t,··l .. ·.·w. e. ·.f ·f.'e<:t-?d + .· <:> ::> • ''-·-.; 1· .:>I . I .' <".>. , "· e> ''- <:> - "\ :::. >.> "' ' 

. . . . 
.. ·,··· 

.· r. ·,. 
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Alth~JSh ~he Plus maintains it~ envelo~e as it 

travelsv there is obviousl0 some diffusion of molecules 

between the contents cf the Plus and the carrier around it~ 

Because the flow is non-turbulent, the rate of thi~ 

diffusion is low and not much mixins occurs between the 

molecule-?~:> <:>f th<-? Plus and 1:;.1.Jrround:in1.\f c~arT'i<~r 1:;olut:ion+ 

Thf:) Plus in thi:; s'::istem cont;sins unneutralizc-?d KMn0-4, 

while the carrier contains FeCa~>++. The une~Pected rate1 

which was observed? is Probablw the diffusion of FeCam>++ 

into9 and KMn04 cwt of the Plus. The·? ,~1mount .of KMn04 

for ar~lstical PU~Posesv this situ~tion is to be avoided. 

ThE! n<~~d .. sc-?ct:i.cm 1...iill :i.nvc-.~stisate a' m<.1dif:i.c,:1tion which 

1'.wlv<·:~1:; th(-? l'·"rt1bli::)m fQr this c1·1t.0m:i.c<:d. ~5\~:;tem. 

As the theors of flow inJection analysis has ~nlw 

recerrtls become commonls understbod, and various Points are 

f.i t :ill b<::~ ins i nv<0st:i ~.~ated <:-!nd cDnter1ded, this in;:; t T'1Jmc-?nta l 

=;\~!:; t<::~m cou 1 d be usc-?d to "; tud\~ the di ff us ion P r<:lces1:;. 

Und~Jbted:J.y, this situation has been enco~ntered b~ mans 

1 . .1sc0rr:; of flow indectionv but not mans Pf?ClPle ,ha<.1e tl1f? 

multiPle detector facilities which make the stud~ of the 

PTocess much easier. 



8 ml/min, and .51 at 6 ml/min. Additicral studies are 

r<-:~W.Ji r(;?d, but <:>ne W<Juld. ~~>~>~,c;1ct to <Jhserve lrJ~:;s 

dis;al''f''ea1·ar1.ce of l'\Mn04 if the ·U.nH? elar'-"sed betwe~~n 

colorimeters was less' as is the case with increasins flow 

chanse with flow rate unless the increased turbulencer due 

to increased flow1 caused an increased amount of mixins. 

Th<~ rate constant:; abov€~ Wf:"! re obtain~?d b\.·f 1 ..... le>tt in!::i 

Ln(peak area) vs. time. The time interval between 

colorimeters wa:; cibta:i.ned fr•om -::~ PN~vi<:i• . .1sh~ obtained 

flow-time calibration curve. The uncertainty in the rate 

constants is Probably sreater than several Percent~ thusr 

it is unl:i.kels that s:i.Snificant differences have been 

·Th<;~ diffu!:;:ion effect ir:; i~ s€-1r:iou1:; Problf~m when the 

chemical and instrumental SY9tems can not be rearransed to 

avoid itr as illustrated in the next section+ Vanderslice 

<31) indicates that an extension of his current flow 

inJection theorY (30) will be able to treat diffusion and 

He feels that this instrumentr 

and the chemical reactions studiedr are Potential 

experimental systems which can be used to test the results 

of h:i.s theoretical calculations <31). l..J i th a !.'.iOCld 

theoretical framewopk1 it may be Possible to utilize 

I I 
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shlstems where diffusion is sisnificant. 

that further investisation in this area is neede~' ahd will 

10:.·roduc~e a bett~:n' und<:1r·1:;t<:Jnd:i.ns c>f flow in._iecti<Jn an<:d~1:;:i.1:;. 

The same KMn04 - Fe(aG)t+ reaction was carried out in 

a slishtl~ different confisuration to eliminate. the 

diffusion effect Just discussed. The reasent stream now 

consists of 500 uM KMn04 which reacts with the 100 ul Pluss 

of Fe(aa>++, which are inJected into the carrier stream. A 

numb<-?r CJf con.c<·:)ntr<:d,:ionr;; of Fe<aa>++ w<i'.N~ u~H?d, the most 

concentrated beins about 3.2 mM Fe(aG)tt. A conventional 

titration :indicates that 1.30 ml of 500 uM KMn04 are 

rc;)W .. J:irer:.l tc> neutralize 1.-00 ml c>f th<~ Ff?(a<.~H·+ ~:;oJ.ution. 

At the mixer' a solution of 250~uM KMn04 c1:1 

dilution b~ the carrier stream) will react with a Plus of 

Fe<aa>++ which is capable of neutralizins ~ 325 uM KMn04 

samPle <1:1 dilution of the Fe(aa>++ Plus bw the reasent 

~;trec:rn1). As Fh:H.1H? 53 1:;hc>ws' the norm<.~1 "baselines 

colorimeter value of about 250 uM shows a flat valle~ for 

colorimeter o, indicatins that all of the Fe(aa>++ of the 

samPle Plus has not reacted with the KMn04 cf the reasent 

stream. Subseauent colorimeters show th~ normal flow 

inJecti-0n Peak shape (inverted) because disP~rsion has 

reduced the concentration of the Plue b~ the time it reschs 

these colorimeters. At lower conc~ntratioris of FeCa~>++~ 

normal flow :inJection Peak shapes are observed. This 
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ind:i.cate:; th<:d, all the~ Fe<aaH·+ in the samPl~? Plus has 

reactsd in the mixer and the onls Processes occurrins in 

the reaction-observation tube are those of dispersion. 

Notice that this confisuration actuall~ results in 

valle~s rather than the traditional Peaks o~ flow inJection 

anal~sis .. Since the disappearance of abscrPtion rather 

than its aPPearance is of interest, one can shift the 

traditional zero value baseline to the 250 uM level of the 

This results in nesative Peak areas after 

i rt"l:,e:.:.f rat i <Jn. Chansine the sisn of the outPut results in 

the more traditional Positive areas' from which a 

calibration curve can be Prepared. Fisure 54 shows the 

resultins calibration curve. The most concentrated 

Fe<aa>++ values are not included when calculatins the least 

sauares fit because cf the saturation mentioned earlier. 

Table XVII shows the data from which this Plot was 

Peak areas for representative runs at each 

relative conceMtration are shown. Relative concentration 

1.0 is the slisht excess of Fe<aa>t+ discussed earlier. It 

is aPParent that a slisht trend toward decreasins area 

occurs at the lower concentrations~ howeve~' hisher 

concentrations sh6w an opposite effect at succeedins 

colorim€~tf~rs. This is due to the ~aturation exPerienced b~ 

the first colorimetets at the hisher concentrations. The 

size of this trend is about the masnitude cf the noise 
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. . . . 
Table XVII. ·Peat;-~ Area~ .10()ULin,jections·ofFe<aaH:+ 

irrt..o a 6 ml/min carrier stream· w:i,·th a· · 
s•Jbsea1;,1ent reaction with 500 uM KMr104 · · · 

Run:ft: 156 161 l.66 168 1'75. 154 
Rel. Cone·. '. 0.1 0.2 0+4 .o.5 ·()+7 1+·0 
Channel 

0 31761 35332 41703 44974 50704 56448 
1 30532 33802. 416:37 43720 5093.9 59428 
2 29'512 34951 ·41973 44198 50977 61203 
3 279;74 32157 .41903 46036 51148 591.9:~ 
A 27068 ,· 32304· 42091 45780 '50667 ~38444 

5 28027 33850 42:366 49071 53559 62529 
6 27217 . 31262 41490 46808 . !51169 58827. 
7 26947 32280 45467 45055 51985 59573 

Averase 28630 33242 42329 45705 51394 59455 
sriv 1783 1458 12<.?8 1683 966 '18:L4 
RSDV +062 +044 .:03:0 • 0:37 .019 ;031 

.. ~ ... 

,. ,. 
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In additionv a vers small Part 

of the tail of .the larser concentration Peaks a~e lost 

because of data buffer limitations. 

the Peak area can be resarded a~ constant, as it ~hould be. 
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D. Sinsle ComPonent Continuous Flow Kineti~s 

It was felt that a simPle, Preferabls first order? 

kinetic system should be investieated as a test case before 

work on the more involved and instrumentalls demandihS 

multicomPonent system was started. This. allowed ~xPerience 

in the operation and characteristics of the instrument to 

be sained with a minimum of effort. It would also indicate 

the level of Performance which maw be expected of the 

instrum~nt. This exercise Proved to be very valuable' 

leadins to the identification and solution of a number of 

Problems as well as Pointins out the limitations and 

optimum oPeratins ranses of the instrument. 

A chemical test r~action involvine KMn04 was 

desirable both because of its hiSh absorPtivitYv and 

Previous sections of this thesis rePortins on work 

involvins the KMn04 - Fe(aG>++ system. These 

investisations l~d to a series of four papers from J. R. 

Sutter's laboratoN~ which studied the kinetics of 

Permansanate oxidation reactions with various ions (32-35). 

The reaction with ferrocsanide ion appeared to be ideal 

because none of the other reactants or products absorb in 

·the same·sPectral resion as KMn04. Unfortunately, the rate 

of the reaction was too fast <2.64 E 4 1/M-s at 15 C> to be 

useful in this continuous flow instrument (33). In the 
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Present s~stem it Proved imPo~sible to adJust the 

<~oncentr,3t:ion'.-:; of the r<'!!act<:H'1ts to >"-' roduc:e a slow c-?noush 

second order reaction sci that chanses in absor~tion could 

b<:? obs<:?rvf.~d it1 other th<:in the f:i rst colorimeter. lt' th<'!! 

KMn04 concentTation was reduced to a Point wield:ins usable 

r\'?action r•~tes, the · ~;en~;itivi t\~ limits of the colorimeters 

If the 

f<::t T' r·oc~ani de cclnc<;int ration t..ias T'E)duced, the· react i(Jrt ·r;.:lt,e 

could b<'!! red1 .. 1ced,· but then n<Jt enclu~h ferr<JC\.~anide was 

Present to react with a sisnificant amount of KMn04 .• 

1,J:ithout <:m :i.nc:rt?a1:H? :in ser1sitivit~ or a lar£~e decrease in 

the ob'::>er"·Jablc::t .timf? irrb:nval b.etw!'!!f>:m c<Jlor:ime)ters ,. the 

f~?rY'C:lC'.,lanide reaction co•Jld not be :obs<-?rved und<-?r seccmd 

order conditions+ Pseudo-first order conditions are 

clear hr out of the c~•.Je~stic>n+ The rea<~t:i.on with 

tris(1,10-Phenanthroline)iron<II> has a slishtlY sreater 

second order rate constant and also senerates Products 

which have interferins absorbances (34). The reaction ~ith 

bromide ion has similar rate ~onstants and con~ists of 

multi cc)111r-·cmer1t react ic:ms (35) • 

The reaction of i:.ermansan.:~te with iodide has a lowf.;ir 

1sl-?ccmd ordc-?r rate con1:;tant <59 l/M·· .. '..:; at 35 C) and has bf.;ier1 

Previousl~ studied under Pseudo-first order conditions 

C32). Th€·) rate ec:iuat:i.t1n is ccrn1r->J.e:< and has a S(-?Cond ordc-?r 
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sisnificant third order term exists which adds H+ to the 

en-:Pre'!l;!'.;ior1. Forturiatel~~ fen' th<= P•.Jt'Pose.s c>f tf?stin!lt thf? 

Present instrument? aPPSrent Pseudo-first ord•r and second 

ord<;:ir ratf~ con~~tants ar.f? siven for a number of 

concentration' temperature and PH conditions. This 

information was used to establish the ProPer OPerat.ins 

conditions fc.1r the :instrtJITlt~nt? re-:;ul tins :in !°!'.Sf?Udo·-fi rst 

order kinf?t:ics~ 

The PurPose of these eMPeriments is not to eenerat~ 

new or imProved kinetic data, but to evaluate th• operation 

of the instrument. Because ot this fact, the normal 

risoro1.1s ctJntr<:il c>f r<:.•action conditions, s1.1l:!h as 

tc~)ITIF·,eratr . .lr~J control' ma\:~ be rela~:·{<=d slishtl\:h Fresh 

reasents were careful18 ~rePared b8 weieht before each 

srouP of r1.1ns. The ratio of the initial absorbance of 

KMn04 to that at time t. are th0~ onl8 ?a1·a1rr<-?ters associated 

with th<;:i KMn04 which <:lT'f~. ir·1vc>l.ve~d :in the c;~lc•Jlations for 

first order kinetics; th~s, the exact initial concentration 

c>f l'\Mn04 :is not r<=~ui red. Temperature c1:>ntrol b':::! 1r1<~arr1':; of 

arr ambient air bath was remarkabl~ effective. 

Reactions were carried out at aPProx:imatel~ 25 C and 

-:st .a PH of 6.1, ma:i.ntained bs Ph<.1!sPhat~? buffers. 

Literature rate constants are on18 Siven at 35 C for this 

PH; thus? an adJustment for temPerature was needed to 

comPare the observed data with the literature value~. 
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APPendiH It· shows the details of. this calculation •. BecaJJse 

. . 

that they will ~e~iousiY affec~· the resGlts bf ihe 

calculation. The result o·f" th~? cor'rec·t.ion calct.Jlations 

52+8 ± 1.6 ~t a temPel'at~re of 25 c. 
One Product of ·the reac·t, ion' I 3 ... ' absorbs 

sisnificantl~ over the visible· Sf'ectrun" causin'!3 a 

. me<:1surement Problem because the measured absqrbance is rt(JW 

due to the decreasin~ ccmcentration of. Mr104-. at"ld the 

increas:ing cor1cerd·,ration of :r 3 • The ab~ot'bai-ic.e. value at 

infin:i. te ·time is no lonser zero a:r1d m1_1st be de'l:;erirdned to 

<:1chi<~ve the cor1·ect rate cons·t.{;~nts. Unf·ontur.a'~ell:I, 

. . . . . . . . 

necess:ar.i lYavai lab le: in the C(Jnt:i.n•Jous fl(JW• kinetic·_ 

iristl'ument because of the li~ited observation time 

determined b.~. t.l)e 1en~t,h of 'the reaction -t1.Jbe ar;d rat€~ of 

the 1·eacti.on. · Fast reactions· may be completed bY th<-? last 
. . . 

'- seVf.H'al color:i.met~rS·j. howevel', the .more normal and 
. .. 

dc-?:::;iN~ble si tuati<:m occurs when the r.esider'1ce time iri .. the 

tube is less than several, h~lf liv~i of th~ reaction. 

Measureir1ent errors are minittdz<~d ur1der these circumstarfces. 

In the case of this exPerjmentsl test swstem, 

infinite time v~lues cin be~obtained bY st6~Pin•:t~e flow 

'. .. ,,_• .. ·.'.:•I, 

.. 1 
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few seconds of static. ~nnditions. Not~ce that in the case 

P1Clt + 

F:isurt~ 5,-S shows <SF1 lot <Jf Ln\Ai..,;A ·rvs. <::olor.imc,?ter 
00 

n1.Jmber for F<un 10, where OPeratinS conditions are i~ood+ 

observed raw al:,lsor·banCf?. Vl'Jlt.Jes and are show1\ in the,? Fis.U'i'e. 

when the ~eaction is nearlw comPlete at the end of the 

tube. 

Table XVIII .lists da-ta obtained from eisht nms at 

va'i'Yins reasent conc~rrttat:iDns and flow r~tes. 

12 <-3N~ theber..;t, bf?CatJ~se KMn04 con<::entrat:ions <:~re· in a low 

error res1on of the colorimeter resPonse c0rve and 

C)b!:;erv<:~tion of three tcJ fc:>ur h<slf lives of th€~ reaction :is 

P<JS!5ibJ.e + The Pseudo-fir~t order rate in Runs 13 tD 15 is 

sreater due to the doublins of the KI concentration~ In 

Runs 13 and 14v four. half lives cor1'c~sr:-ond tothr'ee or fo1jp 

·colorimeter sensitiv:it~ limitations and the fact that the 
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Tab.le XVI I I. l\Mn04 - l\I Rf?acticm S 1.J ITt ITI <:1 l"::~ 

Run:ft: Total s<~cond1:;/ rad'.-<~/ rate < Id T 1/2 
Flow colorimeter color :i. mf?te r 1/sec sec~ 

ml/min 
10 u .. 94 .185 .379 2.. 15 "322 
1 1 14.69 +146 • :387 2+65 +262 
12 13.41 +164 • 2<~!5 1.80 .385 

13 12.:30 .180 .?12 3•96 .17!5 
:1.4 16+22 .124 .662 5+34 • 1 ~5() 
15 16. !53 .120 .414 3.45 .201 

if.> 12.51 + 17"7 +422 2.38 • 29:1 
1·7 I 15.87 .12<.;> +416 3+22 +21.!5 
1. 8 16.16 +125 • :~74 2.19 .316 

r~un:JI: Flow of Cone. of E~·{Ce·ss KI k2 ·-
KMn04 KI KMn04 l'\I b<-?fore R--... , + k/I-

ml/min •JM mM 

10 5.74 6+07 243. 41.1 24 52+3 
1:1. ~5 + 92 8. 9,1> 199. 48.2 35 55:+ 0 
f 2 7.92 5. 4!5 296. 32.6 :J.6 5·5+2 

13 6.02 ::'i. 95 :.:~5:t. 79+5 45 49.8 
14 6+04 10.0"7 187. 100+0 76 53.4 
15 9.92 6+01 311+ 60.4 28 57.1 

16 6.02 5+95 161.+ 39+8 3!5 5<1. 8 
:i-· . / 6.05 9 +8"7 122. 49.6 58 65.9 
18 9.95 5.95 200. 29.9 21 '?3 't 2 

Ave ra!:te <:>f f~uns 10 to 15 53. B ± 2 .,-:, 
Ave-~ r~~se of Runs 10 t<:> 18 57. 9. ± 7. 2 

Literature value corrected for temperature 52.8 ± 1~6 
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tube. Chan~ins th~ flow rates in Run 15 restored operation 

to a more oPtimum resi~i and resulted in Sood linearitw and 

lower noise levels. Runs 16 to 18 were conducted with 

lower KMn04 c:dncentration; aeain, the error in obse~ved 

values i~; l<3rser than i1··1 r:-revio1 .. 1s runs. 

linearit~ is observed, excePt for Run 17 where the KMn04 

Plotted data Points is observed' 

Calculation <Jf the r'~;;eudo-fi rst order rate c<;)nstarrts 

14 whe1·e onls the first fo1Jr l"'oi1·1ts weN? used. Greater 

Points are available. 

An averase SPF-'arer:d:. seccmd order rate constard:, of 

53.8+-2.6 was observed for the first 6 runs. Inc.·1udini~ 

FWns 16 to 18, where noil:;e levels were con!;;iderabl~~ hishf?r, 

results in a constant of 57.9+-7.2. The averase of Runs 10 

to 15 is Practicalls :identical to the~ c~!:;t,imated valu<·?' an 

e~d .. reme l '.d sat is f'.d ins res1J J. t, c.or·1!;; :i. de r :i. ns the 1T1an'::~ Pus !:db 1 e 

sources of error and aP~rox:i.mations made. Even with all 

the runs included' the err'<Jr T'<:ms€~1;; ovl':~rla1:. with those of 
( 

the temf:'·erature corrected li t,erature value!:;' ~:;ussestins 



that there is not much difference in the values. 

An attempt to calculate rate constants without 

kn<Jwlc?.d!:jf.:! t1f the absori-=>t:i.on at infinite time via the 

Gussenheim method was made (36). Intervals of four and 

five colorimeters were usedv corres~ondins to two or three 

half lives. The resultins data Points were not in Sood 

linear ar..tre.i.'!ment. Sisnificantlw lisrS<'.:!r r~~te constard:.r,; were 

obtained than were ealculated earlier+ :rt · :11:1 c 1 ear th<st 

the method is not suitable for Use ~ith the limited number 

of data Poihts available in this instrument. 

Swinbourne <37) has 1.:levelr.>P€~d a ~:.imilar method which 

allows calculation of a first order rate constant and an 

infinite time value which best fits the earlier data 

Points. This method can be used to determine if the 

measured in~inite time values are consistent with Previous 

data PCJints. 

Table XIX lists the results obtained from this 

Procedure. The averases of the runs are sliShtl~ hisher 

than those in Table XVIII, but asree auite well. The 

scatter of the Points is sisni~icantlw Sreater than in 

Table XVIII. ASain, more points than the four Pairs 

av~ilable for the above calculations are reauired for Sood 

performance. Runs 13 and 141 where the reaction was 

comF' 1 <~ted :in tht? f i T's;t four PO :i nts' P r<Jducc-?d e rront?ou=· 

values with this Proceedure and were not :included in the 

I I 
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Table XtX. Tim~ Ihterval Data Tr~atme~~ Restilts 

Runt 

10 
11 
:L2 

13 
14 
15 

16 
17 
18 

Rate . k.2 ~ l~1terter:;t · Pr<~d. Aw Ave A 00 

1/sec_ l/M.:..s 

4.56 2.65 49.9 -23B 
4+42 2.54 52+7 ,.;182 
3.50 1. 9:1. 58.6 ··'-'220 

5+05 2·.25 28.3 * -256 
5+62 3.48 34+8 * ""'.239 
4.99' 3+34 55.5 -350 

5+45 2+39 60.1 ·-199 
4.47 2+90 5B+5 ·-115' 
3.27 2+37 79~3 -144 

Average of Runs .10-i2115 
Averai.=ie of R1Jns .1<>-121115-18 
Corrected literatur• value 

66•8 '65 •. 2 
5~ .::$ 57.:L 
aa.1 88.9 

63.2 . 66:. :L 
51.a 48~0 

87+8 90.5 

44 .'? 4.4.2 
33+2 36+4 
36+6 58+6 

54.2 ±'3+7 
59+2 .± 9.6 
52. 8 ± :I:~ 6· 

* - Reaction comPlete in the first four Fbi~ts~ 
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averases. 

Absorbances at infinite time were calctJlate.d bY the 

' IJ1ethod and comF<ared tO the averase absorbance at infinite 

time which was 1Y1easured di.rectl'!:I+ Asr<~ement. wH;h:in 

eHr-erimental e:rror was observed?: even f'o.r R•Jns 13 and :l4+ 

The Swinbo1.;1rne me'thod con'fi rmed that the observed. infinite 

time values were coMsistent with the data Points earlier in 

the run. The method results in onlw a sli$ht increase in 

uncertair1tw ove.y• · tratji tJor1al methods which ·l'eG•J:i re infinite 

t:ime val•Jes. 
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E. Flow IhJect(on Kineti~s 

The o?eT'ati6rr of the multicomporient contfr1•J01.ts· flow 
· .. : .· . . ,, 

·.kinetic instr•JmeH'tt in the flow :i,nJection mode. is of 

co1·1sit.~~T'able interest, as ·indicated :in eaT'l ier secticms .• 

. continuo.l.JS ·flow kir1etic section were T'ePeated · in flow 
·. '", .. ' .·. . 

inJection m<.1r..te to determir1e the chat•acteristics of .the 

' . 
The :ir1stl"umental cohf:Ls•..1T'ation is similar to t.he 

?revio1..1s sect:i.or1. The reasent stream consists of o. 08 M KI 

in a Phosr:·hate b•..1ffe.r. KMh04 ir1 the same PhosPhate buffet' 

· is inJected into ~ ~arrie+ stream of Pure ?hos~hate buffer. 

bl:I •~ chron1at<J~:ra~hic samr:,l ins valve. The two st1·eams react, 

at the mixer and Proceed down the reaction~observation 

tube, Passins the colorime:ters in ~:><-?C'l1Jence.· 

Data acGuisition consis~s df Periodicallw stdrins the 

colori°tM?ter Ve~lues d•..1r:ins the Passase of· .the KMi-104 .F'eaks. 

Peak a~eas are then calcul•ted. It has been shown in 
. . . ·' ·. . . 

earl:L<~r sectiohs that. Peak area is indePf!'ndent of 

disr:•ersion and linearl~ related to the concehtration tJf 

sbsorbin- ~Pecies in the tube+ 

Several si~nificant Problems exi~t w.ith this 

instrumental and chemical confisuration. Diffusion is 

e>:r->ected tt:> be sisr'lificant beca1.Jse reactive KMn04 peaks are 
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movins in a carrier consistins of larse excesses of KI+ A 

Previous ~ection has shown that diffusion can be assisned a 

first order rate constantP thus~ the rate observed should 

consist of a first order term due to the reaction (kl) Plus 

another first orde~ term due to diffusion Ckd>. There is 

ho reliable waw to directlw measure the absorbance at 

infinite tims in the flow inJection confisuration. Even if 

the flow could be stopi:.ed ·and the area of a r--eak determined 

a·fter the reaction was co1r1?lete' diff1..1si<.1n would r•:mder the 

results invalid. Diffusion' as well as the actual 

reaction, Produces an absorbins Product which comPlicates 

ths calculations considerably, forcins the use of estimates 

of infinite time values. The data resultins will be 

sufficient to show that method is Potentiallw useful, 

esPeciallw if instrumental Performance is i•Proved. 

Table XX shows rate constants calculated bw 

Swinbourne's method (37>. Seven of the sixteen runs 

ponducted are listed. Instrumental noise is sisnificant 

b01cause cif the low ab.sorbance-s; <:mc<:iunt•?.-red due to th•? f?Ntra 

dilution effect of the carrier on the KMn04 sample. Asain, 

the four Pairs of Points available for calculations is a 

severe limitation. Included in the Table is a column 

rePortins the correlation coefficient of the least 5Guares 

fit of the four Points of a run. It can be seen that 

reasonable results are obtained when this value is about 



Tablf~ XX+ Flow In,Jection Kinetic l=i:f~Sl.Jl ts 1 • .1 ~;; :i rt!.~ 
Sw:inbourne's meth<:>d 

F~un:JI: · k :L ? c. Cc>ef. Pred. !<Iv k21 
1/sec A co M 1/M-s 

20 2.33 .98 ;3:L8 .040 58+2 
23 1.. 09 .92 23 .040 2'7+2 

24 L49 .85 --:,32 .04'7 31 + '7 
.25 2.'79 .9?7 26H +047 ~59. 3 

31 1+ 19 .987 1.49 • 03:~ 3'7.1 
35 1. 8:L .908 279 .040 45+3 
36 1+80 • 91 :L 313 .040 45.0 
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O + 98 or s re ate r + Va 11.Jes of the second order rate comvt.ant, 
. . '· 

for the T'eaction COlfl?are· remarl~.abl~ well with those 
. .- - . . .. ,: : 

c>btained e~<Perimental h~ · in ·the. Pr.evious sect.ior1 <53. 8 ·•· 

±2.6), when the correlation coeffi6ient ~s above 0~9a. 

F'1·edicted absorbar1ce a·t irrrinite t,:ttne val•.Jes al~:>o aPPear to 

be reasonable at hish values of ·the correlation· 

1:oeffi<:~ient. 

. . 
Table XXI lists· values· C<slcul ated. b!:I the· normal 

Lr1(Ai·-Aa:i ). vs. till'le PrOced1.1re. -Predicted absorbanceat 

i1·1f inite time values were obt.~ined from· tabJe XX. ln cases 

where. Table XX does no·t. Providf? a reasonab.le value, values 

fro1Ti a ri.m obtaj.ned •.Jnder .simi la·r cor1ditions trJer.e. •.Jsed+ 
_- . · .. · · . 

. Th:Ls P.roce.d1;,1re must be use.d ver!:i!. ca1;Jt,iousl~ .beca•Jse the. 

Sw"inbot.Jrne Proced1.1re res1.Jl tt.; irl an infin:i te titTtf? vah.1e 

whi~h would Produce the best fi~~o the.data. 0al~e~ w~;e 

calculated ·for the PSet.1rJo,-fi r$t .order rate ci:onst,ant and °the 

.second order rate constant• Correlat:i.on coefficients a·re 
. . 

included to indicat~ the aualit~ of the least sGu~r~s fit. 

Based on ?revious exPerience, v~lues of less than -0.99 

indicate a rather PrJor linear fit with this t\:1Pe of data. 

ImP~pved asreement between the rate constant~ ~- observed, 

as would be e>~Pect,e.d ·from the increas.e in data Points 

fitted and the absorbance at infinite time estimation 

Proced~~e. Even sq, the sec~nd orde~ rate constants are 

within +-15 Percent of the r:-revi<J•.Jsl\:f determir1ed 
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Table XXI. F.l<JW. InJectior• Kinetic Re?•Jlfs •.Jsins 
Predicted ·A co 'g 

R1Jn:U: A co J.f..1 P C+ Coef+ KI' k2 Pred. k1 .. dif. 
t1sed 1/sec M. l/M..;.s 1/sec 

20 318 2.2·5 .988 +040 56~2 2.16 +09 
23 318 1+71 .959 (6) +040 42+8 2;16 -+45 

24 268 2+75 +986 (6) +047 . 58+4 2.54 .• 21 
25· 268 2+90 .994 +047 61+6 2::+ ~54 +36 

31 149 1 +40 +960 (7) .032 43.7 1 .73··· -.:33 
35 279 1.aa· .988 .040 46.9 2+16 ·-·.28 
36 313 1+86 +980 +040 46+5 2o..16 -.30 

', :..··. .· :-
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fh~Perimental \lal1.Je ·.for Nms with sood correlation 

coefficients+ 

The last two coJ .. 1..1mns ·.of t-he Tali le sive a ?se•.Jd(J-f.ir:s>t 

ol"der r.at,e constant Predicted on the basis. of the ?revio•.Js 

e;-n.,,erimental res•.Jl ts+· The di f·rerence observed bet~een this 

· val1.Je and the flow inJection ~al1.Je~ can be .~ttributed to 

e>~?erimental error and diff1.Js:i.on+ It is obv;io•.Js that no 

consistent trend is Pteseht in the difference v&ll.J~~ 

Listed+ EN?·erimental c-?rror· is too l."3rSe to draw· ar'1~ 

concl•.JSior1is. From Previous res•Jl ts, •°lf diff1.Jsion val1.Je o.f 

aro•.Jrid 0+5 misht, be e>:Pected. No'te that Rtm 25, which has 

a relative!~ !i.lood col'rela·tion coet'ficier.-t-,,. s.ives a 

coefficients' leadins to doubts about the v~lidit~ of the 

dat.a, :'i!ive nesative difference vah•e!?. 

It is clear that the mul t.:icomr:<onent cor1tinuo1.Js flow 

kinetic inst.rumeht has Potential as a kineti~ detector for 

·rlo.w in.Jection ,ahal~sis. Effor:ts ·should.be direc;ted 

trJwards im?rovins the Perforrr1ance of the instr•.Jment b~ 

inc reds ins the nt.JJr1beP Of COlOT'irr1eters and·· red1~cinS the:l T'. 

noise level. Irsstr1.Jnients o·f :f..h:i.s tyr--e are needed to 
,· . ., 
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F. Mul t:icomPrJnemt Cont:irruous Flow K:in<-?t,ic~!;; 

M1.1lt:icomPonent Kinetic Anal'::rn;:is has been ·t,he ob,ject 

·of m1.1ch research and develoPment :in the last 20 ':lears 

(1,39-42). It :is Part:icularlw useful when the separation 

of the sPecies of interest from a mixture for subseauent 

t:;ins le comP01-1<:nt dete rminat :ion is di ff i.cu1 t <Jr ti1r1e 

conr,;um:ins ( 42). M<:1 r!'{erum and cowclrkers <A 1, 42) have 

1.:it.:~vel<JPed and refined chemical ahd data handling techn:iGtJt~s 

for multicomponent metal ion anal':lsis usin9 stopped flow 

instrumentation. Excellent results for three or fdur 

component mixtures have been obtained via re-ression 

analssis involv:i.ns <:f larse number· of dat<:1 Points t<~l<.<:n 

Per:i.odicall':l durins the corr1Plett~ re,-scticm. Th(-? dat·a 

handl:ins m~~thod essentiall!~ · ar1Plies l<:?.-sst sc~uares anals1:;:is 

to the method of Proportional eauat:ions. 

:i.nvestisations o~ experimental and comPutational errors 

have resulted in Proceedures and recdmmendations for 

oPt:imum analssis (42). 

The :intent of this stud!:I is to determine the 

feas:ibilit~~ of aPPl!:d.n·s thf?se methods to c<Jntin•Jous fl<JW 

anal':lsis. Multicomponent kineti~ analwsis involvine 

continuous flow aPParatus is not apparent in the 

l i ter<:1tu T'<?.. The e:•:cessi ve reaeer1t consumption of ~?ar 1 !~ 

continuous flow methods, alone with warninss about slit 
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i,.Jidth E~rror and t.h(-? rernui rE1ment of turbul€mt. fJ.m.J 

conditions caused development efforts t.o be channelsd into 

s toPF,ed and l'"'U l sed f 1 ow methods, 1,.ihe re tht~se F' r<Jb 1 ems <:H'f? 

not experienced in the same waw (43,44), 

As indicated in earlier sections of this work, 

advanC(-?S in electrtm:i:c technolosy and an imPro·-1ed 

understandins of the theorw suPPortinS flow inJection 

oPeration' at lower than turbulent flow. velocities1 have 

siven continuous flow methods a new vitalitw. S•Jch methc)ds 

have the advantase of cont i nl.J(.1us cl.l'"'e ration' i e. ' t,h<~ 

Periodic takins of discrete samPles is not reGuired. 

Therefore' automatic operation is achieved with less effort 

and essentiallw continuous monitorins is Possible. 

ComPlicated mechanical aP~aratus can be avoided. 

It is also Possible to reduce the samPle reBUirements 

to an absolute minimum bw emPloYihS flow inJecticn samPlins 

t<:-1chnic:tues, as t:.Li.scussed in an ean'l ier secti<Jn (Jf this 

v.10 rk. In fact, the sreatest utilitw of the continuous flow 

instrument is as a kinetic flow inJection detector. 

Currently, most kine~ic flow inJection analysis has been 

donf:) b~ stoPPins thE1 f1ow to allow kinetic 1T1E.•asurements to 

be made. Work is Just beeinnins on contiroJous flow 

inJection kin~tic anal~sis and the suPPortins theory (31). 

SimPle sraPhical methods of data handlins will be 

used for this study because of ~he limited number of data 
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Points available from the eisht colorimeters. The use o·f 

the improved data handlins Proceedures is onlw a matter of 

imPli:.~mentation bec<:nJse col<:lrimf?ter ~<:>sition alons th<~ 

reaction-observation tube can be correlated with the {ime 

since mixins. Because the seal of this studw is analwsis' 

the correlation of the concentrations of the species in the 

111bdns cell? as determined bs kinf?.ti<:~ •~nalwsis1 and thf? 

concentrations calculated from the mixins of the reasents 

will be of PI':imarw im?ortance. P1·evio•Jf.-> sections of this 

wo~k indicate that Sood sinsle comPonent kinetic results 

are obtainable. This section will investisate 

multicomponent swstems. The number of comPonents 

determinable? accuracw of determination' and instrumental 

limitations are of Primarw int@rest. 

The metal<Zincon> - CwDTA lisand exchanse reaction 

used bw Ridder and Marserum <42) was chosen for 

investisation because of a number of favorable factors. 

Zincon is 2-carbox~-2'-hwdroxw-5'-sulfoformazwlbenzene and 

CwDTA is trans-1v2,diaminocwclohexane,N1N1N',N',-

tetraacetate. The metal-Zinccn comPlexes absorb stronsl~ 

at 630 nm with few interferences; thusv an oranse-red LED 

will Provide an excellent lisht source for the colorimeter. 

The rate cf the zinc-Zinccin reaction is ver~ convenisnt for 

the continuous flow instrument. The mercurs-Zincon 

T'(-?act:i.on i !:> sisn:i f :i cant hf mo T'e T'aF-:id than the zinc-Z incon 
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method. Other common metal ions rea~t too fast or slow to 

be observed. .Alkali metal. ions do. not form observ~ble 

complexes+ The .reactions are all PH se~sitive and the 

mercur!:I reaction is influenced b\; chloride ion;· theref.ore' 

Reaction rates were listed for a PH of s~s but temP~ratures 

.were not siven+ Rather than ad.Just the~ PH to 8+~5' work was 

Because zinc ion must be kePt iM acid solutiun to ~revent 

caPacit!:1 was e~·:ceei.;lt.~d at 0.02 M Na 2B407 imd 0.02 M NaCl 

emPlo!:led b!:I Ridder (42). Inconsistent rates were Observed 

with this b•Jffer so the concentration of N<3zB407 w.as 

increased to 0.1 M. A PH of 9.2 was maiht~ined in this 

buffer and consistent.results were dbtained+ 

The 1·eaction bein~ observed is the dissociation of 
. .. ' 

the inten~el'::I colored· metal~Zincot·1 cOmple~·: and formatior1 of 

··a non"'"absorbir.1s comPle~,:. of met.al-C!:IItTA acc<Jr.din~~ to. 

EcR1ation 5. 

M<Zincon> · + Cl:IDTA · --·> MCC!:l·IHA> + Zincon (5) 

Zincon. ·has. been ·used :as a sensitive colorimetric t'easent 

for m·etal. ion detr=iction <45). It for·ms intensel'::I absorbins 

blue comr:,leNes with 'metal ions· s1.1ch as zinc' cadmiulTu arid 

1Tierc1Jr!:I + Ridder and Marse.rum ( 42) are the or1l !:I resear<:-heT'S 



215 

rePortins on the kinetics of this s~stem. Their i::·urPose 

was also instrumental evaluation; therefore' specific 

mechanistic studies are not available. To assure that all 

metal ions in the s~stem are in complexed form, Zincon 

in an excess of at least six times+ Reaction rates are 

first order in metal-Zincm1 complex concentration. 

l. ,-.:> 

Likewise' to assure that all metal ions are complexed 

aifter th€~ dissociation of the metal-Zincon comPleH' CYDTA 

is Present at about twice the Zincon concentration~ 

Reaction rates are indePendant of the CYDTA concentration. 

The mercurw-Zincon reaction is so raPid that the 

reaction is complete before the mixt~re reached the second 

colorimeter in the orisional confisurationt Preveniins the 

accurate calculation of mercur~-Zincon reaction rates. The 

flow rate could not be increased enoueh to remed~ this 

Problem; therefore' it was necessarw to chanse the sPacins 

of the colorimeters at the besinnine of the tube so that 

sufficient data Points would be available for accurate 

calc•Jlations. Tabl~ XXII eives the distance from the mixer 

to the center of each colorimeter. Also listed are the 

times elaPsed from mixin~ at each colorimeter for several 

flow ratf.i'S. This confisurat:ian :i~; analosous to acrn•_ri r:in~ 

data Points at a rate ProPartianal to the reaction ~ate of 

current interest1 as recommended by Ridder (42)+ This 

results in the most effici~nt use of the limited number of 
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Table XXII. Colorimeter SPacins ahd Time Intervals· 

C<:> 1 r.> r imete r 

() 

1 
2 
··1 ... , 
4 

6 
7 

Distance' mm 

25 
45 
65 

110 
190 
350 
510 
590 

Timev ms at flow. rate of 
· 12. 45 ml/m:i.i-1 1~1i.55 ml/min 

~:55 42 
1 ()() 75 
144 :l().9 
244 :L84. 
421 318 
776 585 

U.31 853 
1309 98~7 
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colorimeter~; <:1vailable. 

The differihs reaction rates and uneauallw spaced 

colorimeter ~onfisuration allows Processins of data in the 

f<:>llow:i.n::j rnann<-?T'• First, the infinite time absoT'bance due 

to nori-r:o111Ple~·:ed. Zincc>i-1 at i~}H? end of the reaction is 

subtracted ~rom the observed absorbances. In this studw 

th1.;i :int'ini te time valt1es were <Jbtain<-?d b\::t stoPPins ·.the flow 

and <~llowins _the r<-?action to Proceed to cc>mPlet)t1ri. This 

value can also be calculated, siven the abso~bancw of 

Zincr.m and its concentratiorr at th<-? end c>f the reaction, 

determined t'rom the initial reasent concentrations and 

dilution factors+ CaLculated and observed valUes are in 

sood i:1ST€-!~inrent in most <:as.es. Min<:>r d:ifferentes are dt.Jf? to 

occ<:~sional inacc•Jrate flow values becaiJse of f.ldwn1eter 

stabilit':.~ r--roblems. E:·:Per:imental observations were used in 

this studw to reduce the chance for error. StoPPins the 

flow wo1Jl.d be unaccer-:·t,-sble in a non-e:·:Perimental c.<:>ntin•Jous 

flow aPPlication. 

The merc•;Jrw·-Zinccin T'eaction is fast comPar<-?d to 

::dnc:·~Ztncon; thus, the absorbance in the last four 

co 1 o T' :i mete rs can bf? tot<:~1 l ~ at tr :i. b•.Jted. to the z inc-·Zi nc<:>n 

reaction. The rate and ~nterce?t of the zinc-Zincon 

reaction can be obtained b~ a least sou$res fit to these 

data Points. Thi::; inf.ormi:1tion can bf? used to calculate the 

absorbance due to zinc-Zincon in the earlier data Points of 
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the m1.JlticomPt1nent reaction. Sul:.itract:ins the ~dnc•·Zinc<:m 

. ahs<.1rbance arid aPPl~in~a s l+:~ar:>t s<RUare-i-:; fit to the first 

three r€~su1 tar.-t. va 11.Je~s si ves th<-? mercurY··Zincon .rat~ and 

irrt.erce?t:. This r.:.·rocedl.Jre has be€m aPPlit-~d to a t!O!Pical 

run sho~n in F:isure 57. 

The cond:iticms emPlO\:md res1Jlt in a least st~1..1ares fit 

over one to two h•~f lives of the zinc-Zincon reaction with 

twPical rel~tiv~ standard deviations of around one Percent 

:in th<-? data values. Good res1..1lfs are obtained~ even w:ith 

onl~ four, Points ~vailable. Relative standard deviations 

of the three mercur~-Z:incon Points increase from comP~rable 

value~;; for the first i:-·c:>int to· between 10 and 50 r->e.rcent for 

the third P<Jin'L This is d1.Je to the raPidit•:J of the 

reactionY which is complete b~ the third or fourth 

colorimeter. The1•efore, the <":tsreement, of the calctJlated 

and dc::~tf£"rmined mercrjr~-Zincon concent,ration~; is 

surPrisinsl~ Sood, This Problem can be corrected bw 

fittin~=l more F-oints earlier ir1 the reaction. Suss<~sti<Jns 

for accomPlishins this will b~ siven in the DiscGssion 

s<-?<::t ion. 

In the case of the two component (z£nc ~nd merc1.Jr~> 

s~stem :investisat<::•d, the· tot,-sl obs;erved abs<Jr,b<~race is· made 

of additive contributions from Zincon' zinc-Zincon and 

mercur~·-Zincon. Each of thf£"se ccrn1POn€·~nts has a differ'<-?·nt 

al:.1sorbanc<..~ at 630 nm. Zincon's absorb<snc'::~ is <3PPt'm-:im;s.tel~ 

I I 
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2 Percent of zinc-Zincon's or mercurs-Zincon's~ which 

differ bw about 10 Pereent. This situation is different 

f~om the more commonls encountered multicomponent kinetic 

arialhlsis where the chanse in a detected Parameter is due to 

the aPPearance or disappearance of a common Product or 

reactant. This comPlicates the calculations ~nlw slishtlw, 

as lens as the absorbances are additive and no swn•rsistic 

effc=cts c>ccur. 

A number of instrumental and chemical characteristics 

become imPortant at this Point. The colorimeter section 

discussed the fact that absorbances calculated in the 

normal waw are not useful because of Path leM~th and 

colorimeter variations. It is Possible to multiPlw the 

observed absorbancf?S bsi an individuallw dete1·m:ined 

colorimeter factor, resultins in coniistent, linear 

In the case of this 

s·~ste1r" the colorimet<=r factor was 1.:h?tf:~rmined with a 

solution of 1.53 E -4 M zinc~Zincon in the tube. It r,.1as 

found that a similar mercurw-Zincon solution save a 

sliShtlw hisher but consistent resPonse, as was expected. 

F'ure Z:i.nc!Ji"r savf.1 ct1nsi!:;tc=nt val•.Je~; which w~?rc= about 2 

Percent of the zinc-Zincon values. Therefore, usine the 

sraPhical data handlinS Proceedure discussed earlier? a 

correction factor relatins the concentratibn ~alculated 

froffi the intercept of the f:i.tted line will be reauired. 
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sinsle component zinc-Zincon concentrations was achieved 

with a factor of 0.976.+ ·This indicates an aver;gge errc:ir of 

2+4 Perc.;ent because the calibration of the colo.d.111~?teY'~:; 

with zinc-Zincon should result in a factor of 1.00. Three 

largest source of erro~v is the flow rate measurement in 

the samPle and ressent channels. Relative standard 

deviations o·f the flo•..1 values are t!-JPi~all':::! or1c~ P€~rcerd:,; 

th~? re~fo re~' the~ flow rat :i o •.:ISt..'!d tc:> c<:1l cul ate the 

concentration in the mixer has ~ relative standard 

deviation of two Percent. Sussestions fo~ imProvment of 

the~ flcl'"' mea1!;•.1rments <.~re 111ade~ in the IHsc1.;ssicm sect.ion. 

The second source bf ·error is in colorimeter subS':::!stem. 

T':::!Pical re1ative standard deviations r.>·f less than 0. 4 
. . 

Pf.Hcc~nt over a 20 to 40 second Period indicate that th~? 

colorimeter and actual flclw T'ates <.~re ver':::! stable c:iver the 

Observat~on Period+ If is ,,.~ossihle that deviatitms f rem 

Beer / s Law could c.-sdse a <::al ibratic:in e.•Pror. Thus, :it is 

necessa1·t~ to make ~:;1..1 re! that 1.:!c>od 1 i near i t\a is clbta i nc~d in 

the ccmc£~ntration rans~? to be <Jb!:;erved • The final source 

of errol' is the kinetic ana.l~sis Pro~eedul'e+ In the case 

of zinc~Zincon, onl':::! four data Points were available for a 

least souares fit~ This means that minor errors in the 

observed value from a sinsle colorimeter have more effect 
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on the calculated values than would be the case if. more 

anal \-Jsi s. Considerini these Potential Prob~ems, an averaae 

error of 2.4 Percent is remark~blw mood. 

me rc• .. IY'\~~zincon czonceht ration ITlf~BSl.JT'SITlents was 1. 06. The 

determined from static colorimetric mesurements, is 1.26. 

In lisht of the 

fact that the reaction is nearl~ .cojplete at the third 

c<:>lorimeter, the <.11..Jite steeP sl.(:)F'e of the line fitt~d to 

because th~?. third colorimeter'.s resPoh!:H.-. ma~ h<~ve ·to be 

nesative for the fit to aive the corract ~esults. It is 

.aPParent tha·t the mercur~ deteT'mination suffers badlw from 

instr1.1mr.1rrt.al limitatinns+ · The surr-·risins fact :is that the 

i:;everal metal :ion concent1·ations are Presented in Tabl~~ 

XXIII. These reactions ~ere run at aPProximatel~ 27 C in a 

0. 1 M N<:1 2 B40 7 and 0. 02 M NaCl buffer. The C~DTA 

2. 00 r:: ··-2 M. Zincon co11centration1:; were slimhtl!ii lesr~ than 
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Tabla XXIII. Sinsle Component Calibration Runs with 
Hs <:md Zn 

Run:JI: Hs F~a.te Concentratior1 v · uM Error1 % 
1/sec Cale. F<J.1.1nd 

100 23.2 14.7 15.1 2+7 
l01 25~2 15 .~3 16+1 5+2 
102 17. ~3 18.4 19.~3 3.8 
103 :1.6 .6 17+2 Hl.9 9.9 

126 25.0 41.3 :37. () ,-:to .4 
127 24.9 44+4 44.0 -~o. 9 
128 2c). 4 4c>. o 4:3. 4 -!';'j. 7 , 

Aver·ase 22.7 Averase Error 0+8 

Run:ff: Zn f~ate Concerd: .. ration' uM E rr<:>r 1 % 
Cale. Found 

104 1.09 15+0 15.3 2.0 
105 1.12 11.9 12+7 6.7 
106 1.44 :J.2. :~ 13.7 12. 3 
107 1. 25 13.0 14.6 12.3 
:LOB 1 • 15 15+1 1!';'j + 8 4+6 

:1.22 1+ 14 38.0 35.0 -7.9 
123 :I .• 17 3~":). 6 32·.2 "'-4 .2 
124 :I .• 31 4:1. +6 38.8 -6+7 
125 1.05 35+1 30+8 ···12. 3 

Averase 1.19 Averase Error 0.8 
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8. 00 E -4 M v dePendins. c>n the amo•.int o·f metal i<:m !Sol1jti<Jh 

added to F~ rodt.Jce the 1T1('1-ta 1·"· Zinc on cr.>mP1 e)·:. 

calibration factor discuss~d earlier. Err6rs are 

i.:list.r:i.buti::ld b<-?tween PliJs and 1rdnus 10 perc~?nt fot' the 

met'CIJr~ I'Uns ·and .12 Perc!'1.nt for the zinc runs. Perhapi:.; the 

most imPt1rtant character'istic is that. er•rors are PO$i tive 

for low concen·l",rations and nesative for .. hisher 

concentrations. This would indi~ste a .slisht nesative 

deviation from Beer's law ~3t the hisher cont~entrations. 

Col.orime;tf?r .1 inear:i. t~ test,s w:i.th si'?Veral concent tat:i.ons of 
- . 

these r~?Ssents indicated.· that, sc>od 1ineari hf &i)·ttended to 

more thar1 twice these cor1cent.ra'l:,ions. A flowmeter drift 

Proplem was F•T'(~sent durins th~se r• .. ms. This could result 

in erron£rnl.ls flow ratio values wh:ich are used to calculat,e 

the concentration <Jf SPf~cies in the mi:·:er. Such a r-•roblem 

should result in more random errors than are aPParent here. 

Careful work with a wider ranse of conditions and 1.Jsins 

in~; t rument;:Jt :i. on i ncorPo rat ins r,;ome of the i ITIF' roYem(.;onts 

s• .. issested will be necessa rY tc> i den ti fy the so•Jrce <Jf thf? 

€-H'rors+ Part:icul~~t attention ~:;hould be d:i.N:~cted to 

i mr-- rovi ns the f 1 C>wmete r resr-,ot1se b~c.a• . .ts€~ the s tabil i t\:l of 

the colorimeter response indicates that f~ow variations are 

not as sreat as the flowmeter output imPlies. 
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Table XXIV Presents data obtained under similar 

conditions as in the Previous table~ however, a two 

comPonent swstem with zinc and mercurw was employed~ The 

correction factors determined with the sinsle component 

ssstems were used when calculatins the concentrations 

rePort(:;>d. Averase reactic>r1 r<:~tes art? in ,sood asrt?ement 

when comParins the.~ si.rn'il<:;> and dual component s\~stems. 

A consistent low response was observed for zinc ion 

in the dual component system. However' the ranse of the 

t:1rror values is much less than observed in the ~;insle 

comPonent zinc runs. A Possible source of this error is 

the data anal~sis Procedure. If the mercur~ is not 

comP1(7!tel~ T'eactE.'d b~ the fifth colprimeter, it will 

influence the least sGuares fit for the zinc component. 

This situation •..Jo•Jld rt1sult in hish zinc val•Jes' 1-Jhich is 

ndt consistent with the observed results. It is ITIOT'e 

Probable that the nesative deviation at hish zinc 

concentrations has resulted in an incorrect zinc correction 

factor. Rf?calculation of all tht1 zinc values w:ith the 

predicted cort'ecti6n factor rJf 1.00 add!'.; 2.4 to all th<7:' 

zinc errors, makins the Positive errors larser and the 

nesative errors smaller in masnitude. Better results are 

obtained ~or the dual component tests1 with most e~rors 

beins less than two Percent. 

The averaSe mercur~ error in the dual comPonent tests 
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Table xx I'-). MulticomPonent T~;,st R•.Jns; with H!:l i:ff1d :Zn 

f~un:U: Rate1 k Zn Ccmc.' E l'NJ y• Hs Cone., Err(Jr 
:t/S(;:>C uM "I 

lu uM •1 ,. 
Zn H!:~ C;3lc. Frid. C<slc:. Fnd+ 

1:I.0 1. t:L 1 '7. 7 14 .6 13+9 -4.8 14.3 14+9 4.2 
111 :L. 37 20.6 l.8.5 :L7 .• 8 -::~. 8 18 .1. 2·2-.6 24.9 
:t.:1.2 1.22 19 .4 16.5 16.0 -3.0 16+2 :1.7+0 4. <y 

116 :t.:U3 24.0 15.5 14+8 -~4 • ~i 45.5 43,5 .... 4 .4 
1 1 7 1 • 2 :L 26+3 14 .4 13.9 --3 .• 5 42.3 38.2 ·-·9. 7 

118 1.24 24+8 32.4 31+7 ·-2 t.2 2ff.4 24.3 ·-4 .3 
U.9 1.21 21+8 3<.?. 7 38.1 -4 .o· 31+1 32 +·2 3.5 
120 :I .• 07 18. 4 34 .• 4 32.1 --6. 7 .27 .o ~22 ·+'7 ·-:L5.9 
121 1.1.6 20.6 40+2 36.8 -8.5 31+5 29.6 ·-·6. 0 

Ave 1+20 21+5 Ave Error ... 4. 6 -·. ,3 
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is ver~ J.ow' but most of the r~rroT' val•.HH T'isnse fro1r1 ~·6 to 

5 Percent. 

!Jf the low number of data Po:i1Yt.s avai lahle for th<-? rM?.rc•Jr~ 

calculat.i<Jn. 

It has been shown that sinsle and d•.J<31 comPonent 

continuous flow kinetic.s are r'<.iss..iblf? with ·the curr<~nt 

handlins method. The faste>r c~O!l1Pon<-:mt 'reacts <;bout twel .. r'I:.~ 

instr•Jmt.~ntal limitations. More th<sn tw<:> components are not 

Practical with this instrument. It is doubtful that 

:i.111P lemr.1ntat:i.on of the sui=ls.!:t-1sted imProve1J1ent.s would a 11 ow 

three co~Ponent s~stems to be anal~zed except in ver~ 

!:;Peci;;~l cases. The imProved data hi'.mdlir1s Procf?ed•JT'es 

· sussested b~ Ridder < 4.2) would be rec~ui r<:-~d arid the ranse <Jf 

rate constants would r1eed to bf? J.ess than 40 to 1. 

Obvious].~, man~ more data r:.oints than the c•Jrrent ei~ht 

wo•J ld be recru ired• 

The ranse of error values for the zinc comPonent :is 

disar:.Pointinsl~ lar!}je • .Identification elf the so1_1rce of 

taken which should reduce :it b•::f a factor of two or more. 

lmPlementation·<:if the instr1 .. 11T1<~ntal and data hsndlins 

imf"' rove1r1Eomts sho1.1l d F' rod• . .1cf::i .-sn inst rum<-:ont. with sdew.J<:d,(-? 

SCCUT'SC~+ 
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Tl·1c;) curr·ent :instrument must be iiT1prov<-?d in the are<3S . 

of flc>w measurement .:md rr•Jmber of data Points b<=fore 

develoPment in other areas would be Justified. The 

sussested im?rovments wi 11 e·>~tend the <:>Pe rational ranse of 

the continuous flow method ccm~dderabl!:!; however~ the wide 

r·anse of stCP·f'f~d flow irnstr•Jmentati.on to.ii 11 not be ern1..1aled. 
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V. DISCUSSION 

The first mador Part of this section will e:·~andne the 

components of the current MultiC<:>mPonent Ccmtinuo•Js Flow 

Kinetic Instrument and sussest F"•otential imProv<-?ments+ The 

second Part wi 11 d:i. :;c~uss the effect of these i1T1Provements 

on the currf.~nt instr1Jment's car--abilities and sussest so'me 

addit:i.or1s or chi-Jm:H:s to. the instrument's· O?f?rat.ion which 

would extend its aPPlicabilitw. 

l<:nse disPari tw in the rei:>±st<~nce to flow .<Jf the reasents 

due to Pat,h obstr•.Jct:i.<.1ns' occasi 0na11w re~uire a wider 

control ranse thar1 is deliver~d>b~ 'the caPiflarw valves. 

It i1:; often converdent to move operation into the <J?.timi.J1T1 
' . -:· . 

control range of the C·aPi11arY Va1ve;S bw' var8inS the 

?ress1.1re of the inert sas Providins ·the motive force in the 
~- . ~ ~ 

1;;ystem. More conver1ier1t or .. e.ration. wo•.Jld.oc.c•Jr· if separate 

sas Pressure resulators ~ere Provided for each channel. An 

even sreater convenience would exist if the resulators 

could be <:~dJusted bw the comP•.Jter. This would result in a 

t.wc> stase control swstem for. reasent flc>ws' first at tl1e 

sas resulat.or for coarse ar..iJustments, arid then at the 

caF"·illarY valve for fine adJustment of the flow rate+ 

F'robablw the most Prac.tical and ine:·o~ensive method to 

229 
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implement this control of the Sas resulator is in the same 

manner as the caPillar8 val.ve is controlled1 as will be 

diSCUSS€-~d+ 

Considerable improvement can be ~ade in the caPillarw 

valve controller. It is desirable to move the valve in 

smaller increments than are now Posgible to allow finer 

control of the flow rates and reduce instabilitw. It is 

also desirable to move the valve more raPidlw than is now 

Possible to reduce the time reGuired to establish a new 

flow ~ate. More Precise control of the increments of 

movement than Provided b8 the current reversable DC motors 

is also reGuired. The ideal Positionin~ device for the 

caPillary valves~ and PerhaPs the Sas resulator1 if 

necessarw, is a stePPins motor. Current stePPins ~Jtor 

technology has improved considerably in the last several 

wears, allowins much less expensive and less comPlicated 

sYstems to be easilw constructed. The addition of a shaft 

encoder would allow Positive feedback on the exact Position 

of the valves' resultins in more reliable sensins of the 

Ph~sical limits of operation than the current lisht beam 

inte~ruPtion mechanism. The fewer adJustments reouired for 

such a swstem would consid~~rabl~ imr-~r<Jve the n:~liab:ilit!:: 

and ease of construction of the flow controllinS subs~stem 

of the instrument. 

As other sections have ~ndicated1 the electro~asnetic . 
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flow meter is subJ<~ct to severe ini::.tabil:i.t\~ bec<suse <jf 

noise. This i!:> not s•.JrF,risins be1c:-aut:;e of th<:'1 low ~:;:i .. snal 

level? on the order of microvolts1 existent in the flow 

cell. Noise reduction tethniGue~ ~rid sisnal averasins have 

been used in every step of the circuitf resultins in 

adeGuate Perf<JT'mancf~. Because ·t~hf~ sisna1 is Pr<J1-:·orticlna1 

to the aPi:-,lied masnetic f:i.<=ld, Perhaps the mos;t Pro'.".luct:i.v~? 

direction of attack would be to increase the field 

experienced by the cell. This has been done bs addins a 

second srJlenoid? allowin1;~ a reductic>n in the· 1..1!:><:3bl<:'1 fl<JW 

rate bY a fa~tor o~ two. The field could be increased bs 

increasins the solenoid excitation current. This was not 

done because the Present amplifiers were r~t Powerful 

enoush and the soh:Jnoi ds .sl N·.'i!ldY l""roduc.·e ·a s :i snif :i.cant 

amount of heat, Better desisn ~f the flow cell and 

e1ectromasnet could F'<Jtentiall~ inCT'<=a!:>E1 th<,'-! <=:·:Perienc~?d 

f ie.1 d bs a factor of . two to f.our. Coo 1 in~~ the 

electromasnet may allow the excitation to be increased bw a 

similar factor. Thus, it may ba Possible to increase the 

aPPlied ~ield b8 a factor of UP to ten' if necessarw. 

PerhaPs the most disturbing noise source is the lar~e 

chanses in DC level exPerienced in the cell. The current 

inPut instrumentation ampiifier is operated at very hish 

!:fain (4000) which res•.Jlti:.; in frf?<:tuEmt output r:;;_:iturat:i.on 

under chansins conditiQns. To satisfs bias cµrrent 
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reauirements, low value resistors to sround were reGuired 

at this Sain value. Althoush low Sain input stases were 

earlier reJected becau~e of hish noise levelsv it is 

Possible that an im?T'<JVE~d deshin ccluld emPlo~ JTHJderat~? ~iain 

" in the inPut stase. This would set the sisnal, imProved 

due to the increase in masnetic field' out of the noise 

while reducins the effect of DC level shifts and allowins 

hisher inPut resistances to be used. 

resistances sh(JUld result in a· lcn...ier d0~P(~ndenc(~ of th~? 

flowmeter resPon1'Je on !:;c)l.uticm CC)l"rduct:ivits. This; 

currentl~ reauires recal~bration of the flowmeters for each 

solution used. Practicall~~ hish ~elution conductivities 

exist because buffers are used to Provide the constant 

The hish conductivit!:~ of the 1:;<Jlut:ions r0~sult in reduCf?d 

the flowmeter s~stem. 

In conclusion' no:i.s;e is the ma . .ic.ir F·roblf?m :i.n th~? 

flowmeter. Its effect can be r~duced b~ increasins the 

sisnal level b~ increasins the masnetic field <Jr flow 

velocitg. Noise can also be reduced bs reducins the cell 

im~edance bB increasins the solution conductivits. 

Reducins the occurrence of amplifier saturation should make 

a cons :i de rab 1 e i ml'' rovemer-1t in f loi,Jm<?te r Pe rfo rmanc<~ t..irH?n 

solutions With inadeGuate bonductance are beins used. 



233 

flowmeter has not '::let been reached~ 

implementation .is cap ab 1 e of me<31:HJ rc-?m<::mts <st a flow y•at.(-? of 

5 ml/min to± 0.1 ml/min, a considerabl• imProvement over 

desi~ns reported in the literature. 

ensineerins and circuit desisn could exterid this·to 1 

ml/min and ±0.01 ml/min. A considerable effort will be 

rernuired, however. 

Altho•Jsh the colorimeter Perf<.1r111s· c:iuite Wf?ll' .~·;iJme 

Practical electronic imProvements are Possible. An 

aP?roach1 !:dmilaT' ·to· that f?ITIPlo'::led in thf? flc>1..imf.~tc-?r1;;., .ccluld 

be used to demodulate the choPPed radiation sisnal Clnd 

Provide imProved sisn~l to noise levels~ The analos sample 

and hold afuPlifiers could bs ~ePlaced b'::I a ~oltase to 

frernuenc'::I converter whose output is fed intD a dis.ital 

counter. Dur.ins the time of no excitation, the counter 

would count down. It would count •.JP when <-?>:Citation i!:; 

aPF'l ied. In this manner' the Photodiode si~nal will be 

ave razed continuo•Jsl '::I <:md noi !:><'? reduced. This also yesults 

in a. reduction of th<-? f"IUITrher of· an,-slbS ad,just,!Tr<-?l"ltS nef?dc-?<::i 

for the c<.1l<Jri11ret·~>T'+ Beca1.1r,;0~ th<-? ~:>:islnal :i.l:-> convc-?rtc:~d tc::i 

disital form earl~ in the P~ocessins 6hair~ analos 

amPlifier offsets and temperature coefficients will be nwch 

smaller Problems• At:tho• . .1:::-.th ver~ ;,'lewd mpltir.>l0l channE'l 

arialos to disital coriv0lrters wer0l •.J!:;*?d tc:i di:;~iti:te the·? 
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adJacent channels did i~flUence the ~alue obtained r~om the 

other. channels' Partic•.Jlarl.,;, ·when the val1.Jes. d:iffEn·~~d ·· 
. . . . , . 

sreatlw+ This is Probablw due to uriavoidable c~Pacitance 

of th~ multiPlexer. Di•ita~ multiPlexinS of the counte~ 

outPuts would eliminate this Problem. 

The Prima1·w reason the colorimet,(~r was i1t1Plemerrt,(~d in 

analos form is cos·!:,. A dii!Ji tal :i.lm.,,.lementat:i.on would not be 

un~easonabl~ exPe~sive for a sinsi• channel' b~t ~isht 

channels were reauired and sixteen would be .better. 

resulatins the modulated sourc~ intensitw would reouire ~ 
. . . . . . . 

hi sh Gt.tal :i.t\J disital to analo~ CC>nVE-!rter. fOT' each ct1;:innel' 
. . . . 

.. and ~~ain, inexpensive models are Just beco~i~s a~~i)able. 

A considerable increase·. ir1 software . and proc~ess:i,m:.1 t:i.m<:;.. 

wo1.1ld also be. reG•.tired because the so1.1rce reference ch<snrH?l 

would 'also need tcf be .F•rpcessed+ .Antic.ip~=d:;:in!~ thE-! need :fcH'; 

more colorimet<~r ch:annels and the F·<J:\-,eritial :imr.:-roved 

-stabi l. it~ of dis it.a 1 s:Ll.~nal .. l':o rocesi:;i rrs methods' it m•:i~ -be 

Pra~tical to dedLcate a small microProcesso~ swstem to the 

colorimeteT':p rather than· tr\:fihS: to inCllJde it :in tt)<~ ·ITl<~:in . . . . . . .· . . . 

·p~ocessor's softwa~e load; The c~lorimeter would th~n 
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electrical adJusiment~ and the level cf scftwafe 
. . 

inter~ction considerabl~r These factors ma~ be even more 

imPOTtant than the potential reduction of the colorimete~ 

amplifiers had to be r~duced considerabl~ for ProPeP 

o?eration cJf the rf?st of the ccJlor:i.111eter circuits after 

:installation <Jf the 6:30 nm LEDs. An e:-:<:1m:ination of the LED 

data sheet < 24) indicated tha+, the 630 r11rr L.E:Cts r<:1diat(?. 

about 4 time~;; the r.:.ow.e r of thE) ~365 nm LEDs '-'~~·E)d 1..i i th thc0 

KMn04 S!:{stems. 

more sensitive :in th:i~ rea:i.on of the spectrum <25>~ This 

indicates tha~ the colorimeter hoise Perfor~ance should be 

imProved at th:i.s wavelc~nsth. CcJlorimeter ncl:i.sc?. stud:i.~?s. 

under conditions similar to those of the colorimeter 

evaluation studs were not done, but it was apparent that 

less variatirJn around th<?. 0 absorbance valuf? occur'rf;)d whf?n 

~ blank was in the observation tube. Greater sishal to 

t1oise imProvemc:mt would be obtained if the :~ain of the:) 

first, rather than last, amPl:i.fier stase was reduced+ The 

first stase has a vers hish Sain and introduces the most 

noise into the ~;\:istem. 1:;:e:.,d•.1cihs.F th<-? ~.lain in the final 
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no chanse in the sisnal to noise ratio. The final stase of 

the colorimeter Processins electroni~s Was the onls one 

with adJustable eainf thus, it was most easilw chansed. In 

nm LEDs were used because fairls larse absorbances were 

encountered. The Place where improvement was needed the 

most was :i.n th(-? .f lcJw in ... ie<.~tic:m ld.n*?t ic ,.d .. ud~:~. 

A reduct:i.on in the diameter of the 

reaction·-observaticJn tube to abo1Jt 0. 7 mm W(Juld. rEH1UC(-? the 

WOtjld ~lso increase the velocity of flow :i.n the tube, 

al low:i.ns faster reactions to be st1..1d:i.ed. Ori the-: oth*?T' 

m:i.sht be more convf'Jnient :if more ccJlorimetc.;1r1:; were dc-:<.:;:in:::d. 

excessive, and is a relativelw minor consideration. 

NcJ Practical solutions' other than red1 . .1cin£l th~::: noise 

level, exist for increasins colori~eter sens:it:iv:its with 

the c•Jrr·ent confisuration. The short ~ath lensth l. ~" _, 

alread~ a considerabl~ disadvantase, as discussed iri 

to connect a number· of comme.)rc:ialls <:~vailabl~::: low vcll1.11M::.> 

cells in series to Provide a function eauivalent to the 

reaction-obs~rvation tube and colorimeters. Thc0 PT'imar\::1 
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unkn.ciwn in this aPPrt1ach v.1ould be the· 0:t"ff?ct on ~::,<:HY1Pl(~! 

dispersion of the multiple connectors? risht ansle chanses 

in 'fl(JW di r(0Ct:i.cin in the ceJ. ls' and chan1~e~:; r.:1<:-:tWfiH-'.·!n t1..1bil"1!i.! 

and obseTvation cell diameteys as the colorimeters are 

entered and exited. Vahderslice 'feels that this i~ not a 

Predictable <31). 

As indicated in eaYlier sections' irresularities in 

the tube diameter and colorimeter <:~onstr'.t,t.c·t:i.on rec~uir(~>d 

individual calibration of Bach colorimeter. It is dcH.1btful 

that one could construct the eau:i.Pment to tolerances which 

1..iould not reaui r<::~ calibration, but a 1'(0duction in 

individual var·iations would bt~ an imr»rovf:!mf:!nt. 

Althoush the limited number of source wavele~sths 

available from lisht emittins diodes has not Proved to be a 

F1 roblem for the reactions invest:isated, a widf?r ~;election 

of wavelenstht:;, r-articularl~ :i.n the ultr·av:i.Dl€~·t. rt.'.'!i.Hori1 

would be welcome. Several solutions to this Problem exist. 

The first emPlo~s the Proper continuum source~ stablized if 

necE!t:;san~~· and the aF,PrbPriate :i.nt(-?T'ff?T'E.'nce f:i.lter f(Jr (·?<:1eh 

colorimeter. Another solution wou~d use a sinsl~ source 

and wavelensth isolation aPPaYatu~v with lisht distributed 

to the individual colorimeters bs fiber or:-tic I:isht suides. 

The Forth software sYstem has Proved vers valuable 

and convenient to us<:.~. The mult:iPrO£{rammin£l f<:-:at1 .. 1rf~ is 



esPeciall~ valuable, allowins the addition ~f ~ seccind 

terminal to thf'..> s·~stem ftH' disPJ.ac~ of oP~?ratins~ l"·arami-:1ters 

wi tho•.Jt the need for <~1·1~ ~.;oftwaN? char1se1;;. · Pr(·?vicJ1 .. 1~;; 

e:·O'''erience has indicated that it is ;;~bsol1 .. d~c-:.>l8 c-?!5!!Hi.'l"l'tia1 to 

have <:1 real-time d:i.sPla~. elf F'l'osram <:md oP··f?.ratins 

F1 a1·ameter-=>• The 1:;tructure elf thf~ Forth !5:11st<"1m allci1--J1;; <-?a!.:;\:.1 

implementation of this f•.Jn<:ticin. 

As the software section indicated• a number of 

01.,,erator convenience functi<.1n,_;; t"ould bf:.' df.~1::.i1·abl<-?. Scrni<-:l elf 

these functior~., such as the ~ddition of the Prompt:i.ns 

level' <.1f s<:1ftwaN? <:md imPlf?mentaticin of thc,;i HELF' facil:i·t\:.iv 

is now available from the one.block Per second serial 

communication link e:d1stin1.1 b(-?twef~n a satel 1 :it<-: and host :i.n 

our laborator~ comPuter net~ork. 

the storase of lat·:~e amo(ints cif infcirmati<.1n cir!:.lan:i.:.::ed :int<J 

soF1 histicated data structurf?S. This extend~d caPab:i.lit~ 

reGuires man~ disk acces~es' resultine in unacceptable time 

function of a def:i.nit:ion in a hard cop~ list:i.ns of a 

moderate sized documentaticm d:ictionar\:.! th<:m t<J w<:d.t f<Jr :i.t 

to be found and listed vi~. the serial link. 

resP<Jnse on a heist is eff~'!ctivels :i.111m€~diate. 

In c<:ihtra1:;t !' 

Calculation <.1f F'eak areas for the fJow i.1 .. 1-..if~ction 

aPPlications, althcueh not nearls as laree a Problem as 



development. The intesiation window .should be oPeh onls 

dispersion in this instrument will remuire different 

acc•.Jrac·::f lc-?vels it becomes imf:·ortant. Whf:n sL.;H·1al l~?V<0ls 

<:~re not hi sl1, as in. the ca~;;e cd th i9 :i.nt:;t.r·•.J111c-:~nt, mfr1c> Y' 

thoush a PioPerlw operatins fl~w inJection s~stem aLways 

returns to haseline1 bw definitfon. 

Points for use with the least smuares data handlinS 

Particularly acute for multicomponent kinetic analssis. 

Physical sPace limit~tions will allow onlY 32 of the 

current colorimeters to be Placed alons the observ~tion 

tube. Cost consideration1!; would prdt,,abl!~ PP('.)hibit this 

enh.:~r1cement. 

is available, however. It is Possible to vars the time 

chansin!=.~ the total fl<JW rate. If the flow rate were to be 
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r•1..in? the number of data 1::·c):i:nts ;:iva:i.lablf? f<JT' l1;)a$t ~:PG1..1ar1:~s 

would be mreatlw simPlified if th~ ratio of flows in the 

samPle and reament streams. remained exactl~.the same over 

contr•ol is necess.ar\~. It remains to be seen if the 

flowmeter imProvem<-?nts sut;.h~ested earli~?r are suffic:i.<-:nt. to 

of the data handlinm technioues will be reouired to 

determine if operation with larmer uncertainties in the 

time' rather than the absorbar~e' ~arameter affects the 

caleulations adversel~. 

Flow rate variation· r:an e>:Pand the r<:m~;{e <Jf rl-?acti<Jn 

rates usable b~ a factor of J,•Alo to fDur. Fl·fJWITH-?tf::>r n<Ji~:H? 

limits the· low flow value. Hish flow val~es are limited bw 

the a1r1our1t of Pressur<;~ which can safel~ be .aPPl.i4'.~d to th<·? 

aPParatus. R•asent consumPtion becom~s a Problem at hi~h 

flow rates also. 

The f 1 ow ve 1 oci ts is invers~~.1 \:; P Y'cn"-·Cl rti cma 1 tc;i the 

smuare of the tube radius; thus, smaller tube~ w-0uld have a 

himher flow velocity at a siven flow rate in ~illiliters 

Per minute. It has been ihdicated earlier that smaller 
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ve1c>cit\:l. 

that a combination of increased Pressure and reduced tube 

.diameter misht allow the 1M?a1:1urement c>f Y'eactiorH; five t<J 

t<'?n times faster than those curr~?ntJ.\~ :i.nv0~~:;ti:~at~:~d. 

F'erhar->s fast reactins crnr1P<:HH.~nts with first <Jrr:for rat~? 

constants of 100 rather than the current 20 could be 

examined~ Similar responses misht be obtained with slower 

comP<:ments havin:S rate1:> of 10 rather than the cur•r.f~'r1t :1.. 



VI. SUMMAl:;:Y 

This stud8 has clearl'd shown that multicomponent 

continuous flow kinetic anal8sis has Potential as an 

improve its accurac8. 

the advancement of the state of the art in Practicai, low 

cost continuous flow sample transport Proc&edures. 

and asain' sovernmental and industrial contacts have 

emphasized the fact that ~ critical" need exists for simPle, 
. . ' . 

reliable, l<.1w cost :i.nstr1.Jm(~ntaticm · whic:h ·c:'a1··, dc:i cl larsh~ 

number of specific determinations raPidl'd. Cruitinuous flow 

their mechanical i:;imr:..-l:icit~~. f.levelo1"mf?nts :in flnw 

operation of such s'dstems ~re unfound~d when the Proper 

conditions are emPlo8ed. 

The onl8 Practical means of ffiovins the samPles and 

via mechanical· r->umPs •. Qualit'd PUmi::..i;; arf? e~<1"'ensive1 mu1:;t !:H0 

de Pu 1 sed and oftf~n a r<~ not chf:~m i ca 11 'd :in<~ rt. R~? 1 iab.:il :i t·,,1 

is also an occasional Problem. These Problems were 

attacked b8 usins inexPensivev Pulseless inert ~as P~essure 

242 



243 

t<J move the re<:~s€~r'1t1:;. Flow rates can b€~ moni tcn'ed l.:i\~ an 

electromasnetic fl~wmeter, alJ.(JWins clcir:><:.>d low~· cci1~1trcil of 

the flow "!'ate via a c<-JPillar·~ valv<-? with.cml~ one mov:i.n~~ 

The versatilit~ cf this control s~stem was ~nhanced 

b~ includins the comPuter in the control loop. 

0Perat:i.<Jn with 1:;mall di<:rn1€~ter tub:i.ns and at low fl<:lw 

rates considerabl~ reduced the lradit:i.onall~ excessive 

reGuirements can be reduced further b~ insertins a 

chromatosraPhic samPlins valve in the samPle stream which 

now contains a carrier fluid. 

ma~ be inJected into the carrier stream usins this 

techniGue •. Detection of the results of the subseauent 

reactions can be acc<:l1T1Pl :i.~;h€~d :i.n the same manner a1;; in flow 

inJection s~stems. 

Further development of the flowmeter and contToller 

:i.s necessar~ to imProve the rel:i.ablilt~ and accurac~ of the 

s~stem' b1.1t the ccm<.~ePt has Proved to be viahl<:.> a1:; a 1r1<Jt:ivf? 

force for both kinetic anal~sis and flow inJect:i.<Jn 

Initial results indicate that continuous kinetic 

flow inJection analwsis is Possibl@+ Results rivalins the 

one or two Percent relative standa~d deviation of flow 

inJection methods were not obtained due to ins~rumerital 

limitiations. Vanderslice indicates that research' as well 

as develoPment, i~ needed in the area of flow inJect:ion 
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kinetics <3:J .. J. · The tht-:oretic.al fri~n'1ew<:>rk is ne;~rin!i3 
' ' ' 

ci:>mPletio1·1. . Chemical and instr•~J1r1ental systems 111u1:;t, b~? 

l i mi tat.ions of the technim.1e. 

facilitated t.he develc:>rmer1t elf software fo'f•. the PJ'<JJ~?t~t <md · · 

struct1.1re allowed the sharins of co11iF-'uter re~.;.ourcf.~s with 

minima]. interacticm between tasks. How~ve1•, · inforir1ation ·• 

frott1 anY particular task was available ~f;o .~ll other tasks, 

·allowed two interact,ive terminal t<~sks, twrJ flowmf:!"l:.f:ir 

tasks'. a balance task' an eisht d:1anrn.-1l colOl"imet€~T' task. 
. . . . . . 

t.~kini!t 800 Poir1ts a secor1d, a 1000 Hz day d.eick task i'.md a 
. ·. . .·· 

lOsarithmic calculatiori and data storase task to operate 

simul taneoush~ and be comf':'h1tel~ · resi.dc-:nt in 12 I"\ wo.rd!:; i:if 

16 bit memory. The LSI;...11 co·IT1Pt.1ter elTH"""lOl:~ed in th~? ?roJ~?ct 

.was connected to • Qetwo~k host tomPuter via a 1 K bYte/sec 

serial line to ?rovide data st,orase facilities,. F'ros1·am 

loadins was facilitated bs storase 0-f the ff K w<i>rd Forl.h 
' ' 

.o?e.ratins s;:'.Jstem and.b.-ssicUtilit~ d<~fili:iti<:>ns in .·re.ad,nnlY 

memc> rl::I. · 

Information' in addition to the raw data, was stored 

pn disk to al low lcm!i;I tt-j.rm ~v(?luatibn of the .in~:;t, l'UIT1erit 's 

O)"""e ration in a crn~l itY r:onfro 1 ~'r~l~3ram. S•.l!..~!:.{es:ti<:ms ~ind 

·.· _,,: 
'·· ••• c 
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Proceedures for imPrcved oP~rator interaction were 

developed. 
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BLOCK 1500 832 

0 ( - VALVE MOTOR CONTROL * 1 
1 172070 C PCSR. 
2 
3 CODE 
4 
5 
6 CODI:: 
7 

10 
11 
12 cor1E 
13 
14 
15 CODE 
16 
17 

BLOCK 

0 
1 
2 Cl 
3 01 
4 
5 C2 
6 02 
7 

10 l 
11 

v 

OP1 2 S. >+ MOU 
l PCSR 2 + t ~OU 
l l 70 t BIC l l 
OF'2 2 S >+ MOU 
1 PCSR 2 + t MOU 
1 ) 7 t BIC 1 > 

2 177774 t BIC 2 ASL 2 ASL 2 ASL 
1 >+ 10 t BIT O=,. NOT, IF, 
. 2 B.IS 1 ) 30 t BIC THEN, NEXT 

2 177774 t BlC 
1 >+ 1 t BIT 0=1 NOT, IF, 
2 BIS 1 ) 3 t BIC THEN, NEXT 

Cll 
2 40 * 
l ) 70 

CL2. 

2 
BIS 

S l+ MOU 2 177774 t BIC 2 ASL 2 ASL 2 ASL 
1 PCSR 2 + t MOV 1 >+ 20 t BIT O=, IF, 

t RIC 
2 s 

1 2 4 * BIS 
l l 7 t BIC 

1501 833 

BEGIN 0 STOP 
BEGIN 0 STOF' 

BEGIN 0 STciF• 
BEGIN 0 STOP 

1 ) 2 BIS l ) 30 t BIC THEN, •Nt:XT 
>+ MOV 2 177774 t BlC 
PCSR 2 + t MOV 1 >+ 2 t BIT O=• IF• 
l .) 2 BIS 1 > 3 * B~C THEN•. NEXT 

- VALVE MOTOR CONTROL • 2 . .) 

2 Cll PCSR 2 + @ 20 AND END ; 
2 OF't F'CSR 2 + @ 10 AND O= END 

2 CL2 PCSR 2 + @ 2 AND END ; 
2 OP2 PCSR 2 + @ 1 AND.O= END 

UM2EN 1 v VMlEN ( 0 TO ENABLE MOVEMENT ) 

12 CL2E VM2EN @ O= IF CL2 ELSE DROF' THEN 
13 .. CUE VMlEN @ O= IF CL.1 ELSE DROP .THEN . 
14 OP2E VM2EN @ O= IF OF'2 ELSE DROP THEN :; 
15 OPlE VMlEN @ O= IF OPl ELSE DROP THEN 
16 
17 

BLOCK 1502 834 

0 ( - ELECTRONIC BALANCE TASK 
l 
2 172070 C BCSR 204 C BIVEC 
3 COD.E BISR T l CLR R -) 0 M.OV R -> 1 M01J 
4 R ~> 2 MOU R -) 3 MOV 2 ' IDA 2+@Tl MOV 
5 2 >+ 100000 • BlC l I VOFF 2 + @ • MOV ' l T ADD 0 CLR 
6 2 INC BEGIN, 1 2 I> 170000 t BIC . 1 2 Il 0 BIS 
7 3 2 J MOU B 3 ROR B 3 ROR B 3 ROR B . 3 ROR B 

10 3 177760 J BIC 3 12 "t CMP. O>, NOT, ff, 3 CLR THEN, 
11 1 l+ 3 MOU B 0 10000 t ADD 0 100000 t .CMF' . 0=1. END• 
12 3 R >+ MOV 2 R >+ MOU 
13 1 R >+ MOV 0 R >+ MOU T R l+ MOV RTI 
14 
15 BIVEC BIVEC . 102. · BCSR .· BCSR 300 TASK . BALANCE 
16 I BISR BALANCE 2 -
17 
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BLOCK 1503 835 

0 ( 
1 

BALANCE FLOW CALCULATOR & AVERAGER l 

2 
3 
4 
5 
6 
7 

BF A DR 
BFLNG 
BAA DR 
BAFLN 
BC VAL 

BALANCE 24 
BALANCE 54 
BFADR 400 
BALANCE 76 
BALANCE 72 

+ @ 
+ i 

+ ; 
+ 
+ 

40 + ; BDIF BALANCE .52 + ; 
BFPTR BALANCE 56 + 
BAPTR BALANCE'. 60 + 
BAVA LU BALANCE 50 + 

10 BCDIF BFPTR @ 2 + DUP BFLNG @ > IF DROP 0 THEN 
11 BFADR + @ 2* DUP 41 23420 *I + BDIF ' 
12 
13 
14 
15 
16 
17 

BS VAL BAVA LU @. DUP BFPTR @ BFADR + I BCD IF 2 BFPTR 

BLOCK 

0 ( 
1 

BFPTR @ 

BASVAL. BCVAL 
BAPTR @ 

1504 

BF LNG @ 

@ BAPTR 
> NOT 

836 

> tF BFPTR OSET THEN 

@ ! 2 BAPTR +! BAA DR BAFLN @ 

IF BAA DR BAPTR THEN , 

- ELECTRONIC BALANCE ROUT.INES l 

+1 

+ 

2 DECM 
3 
4 

1 V PTAB . 10 , 100 , 1000 , 10000 , 0 , 0 1 OCTAL 
4 V OTAB. 0 , 7 , 3 , 6 , 

5 BCONV 0 5 0 DO BALANCE 100 + I2 OTAB + @ + B@ 
6 I2 PTA.B + .@ M* · DROP + L.OOP ; 
7 

10 BACTV BALANCE ACTIVATE 36 4 * 1 - 2• BFLNG 1 
11 30 2* BAFLN ! BAADR BAPTR ! BFPTR OSET 12 BASE 
12 BEGIN BCONV VSEL ! 1 ERR ! -1 STOP 0 ENrt ; 
13 
14 BASUM 0; BAFLN·@ 0 DO I BAADR +@ DSEXT D+ 2 +LOOP 
15 BAFLN @ 2/ M/ BAVAt..U i; 
16 
17 

BLOCK 

0 
1 
2 
3 
4 

BAVGR 

1505 

MILL,..SEC 
TIIELAY 

D< 

BASVAL BASUM 

837 

PLATINIZING ROUTINE l 
TDELAY ) 

TICKS 2@ · ROT 
END 2DROP 

M+ BEGIN 0 STOP 

5 176760 C DACO 
6 
7 : PLAT 

10 
11 
12 
13 
14 
15 
16 
17 

BEGIN 1000 DACO ! 20006 TDELAY 
20000 TDELAY 0 END 

2DUF' TICKS 2@ 

-1000 DACO ! 



BLOCK 

0 
l 
2 
3 
4 
5 
6 
7 

10 
.11 
12 
13 
14 
15 
16 
17 

BLOCK 

0 
1 

2-5.2" 

1506 838 

1507 839 

- STORE DATA 

2 1:40000 C AZZ 120000 C AXX · 0 V OPTL 7774 C TDPLIM 
3 130000 C AYY 0 V OPTN 0 V DPTM 
4 
5 . . 
6 
7 

10 
11 
12 
13 
14 
15 
16 
17 

BLOCK 

0 ( 
l 

OINIT OPTL OSET OPTM OSET· .. OPTN OSET OINIT 
STVL OPTL .@ AXX + ! OPJL @ TOPLlM < IF 2 OPTL + ! THEN 
STVM OPTM @ AZZ + ! OPTM @ TOF·LIM < IF 2 DPTM + ! THEN ;. 
STUN OF'TN @ A'f'f + ! OPTN @ TOF'LIM < IF 2 OPTN +! THEN 

ADDR B* *BLKS WDTD WRITE DATA TO DISK 
STARTING WITH BLOCK NUMBER .B* BUFFER STARTS AT ADM ) 

WDTD SWAP BLK ! 0 DO ttUP BLK @ BUFFER 1000 MOVE UPDATE 
BLK 1+! 2000 +LOOP DROP ; 

B* t.BLKS ADDR . RDFD READ . DATA FROM DI SK.· r 
RDFD -ROT SWAP B .. LK 0 DO DUP Bl_K @ BLOCK SWAP 1000 M.OVE 

BLK 1.t ! 2000 + LOOP DROP ; 

.1510 840 

- FLO.W METER I SR , FM.1 , FM2 ). 

2 172030 C ¥M1CSR 114 C FM1IV 172050 C .FM2CSR 124 C FM2IV 
3 
4 CODE 
5 
6 
7 

10 
11 
12 
13 
14 
15 
16 
17 

FMlIV 

FM2IV 

FM lSR R - ) 0 .MOV 0 I IDA 2+@T> .MOV 
0 ) 100000 * BIC 0 4 • ADD I R* 2+@T> 0 ) MOV 

0 ) CLR T ) CLR' 0 R l+ MOV T R >+MOV RTI 

DUF'. 102 1 .fMlCSR 200 TASK FMl 
I FM I SR (l(JF' FMl 6 - FM1 2 - ! 

DUF' 102 0 FM2CSR 200 TASK FM2 
I FM I SR DUF' FM2 6 - ! FM2 2 - ! 



BLOCK 

0 ( 
1 

15i1 841 

..,. FLOW METER AVERAGING 

2 F'Ml ' V+7 2 + @ + C F'MlG FM2' ' Vt7 2 + @ + C FM2G. 
3 
4 . .. FM SUM . ·o. VOFF- 2 ! · . V+4 @ 0 · D.0 PAD I2 + @ l)SEXT 
5 
6 
7 

10 
11 
12 
13 
14 
15 
16 

.17 

BLOCK 

0 
1 
2 

VOFF Dt ! LOOP i · 
FMSTO v+s .e. ! 2 v+s + 1 . · v+s e v+4 e 2* -

PAD < N01'. IF PA[I v+s ! THEN ; 
FMVAL VOF'F 2@ V+4 @ Ml D.UP V+Ci . @ + · l)UP 

Rt @ . < IF SW.AP DROP ELSE DROP Vt6 @. 
DUP Rt @ < IF·.. DROP Rt @ · THEN THEN ; 

FMALIAS NULL ; . 
FMVSS. FMVAL. . i='MST:.0 . FMSUM 

SIATu's FMl = . IF BAVGR BSVAL . THEN . FMALIAS ; 

1512 ' 842 

FlOWMETER CONTROLS 

3 VALVM.OV DtJP ABS· 3 MIN SWAP O< IF 
4 . OPA .@ 
5 OPA .@. 
6 
7 :· VALVCONT 

10 
11 
12 
13 

tCOL @ · --
I 

O= IF CL2E ELSE CLlE THEN ELSE 
o .. IF OP2E ELSE OPlE THEN THE_N ; . 

HOLD.@ 3 < IF 1 HOLD +! ELSE. 

S~·AOPFF ace. 0· LV· _+! 7 @R.- PV. +14 ~· M.* D- DROP DUP. DUP. 
w .,. ·@ .· * . + t•UP VSEL ! 400 .· 

MIN.US . DUP Pt · ! . VALVMOV HOLD OSET THEN ; ·' 

14 : FMOPR 34 'V+6 ! :too V+4. vt7 . (! P·AD ! P·AD PAD 2. + 
15 Vt4 @ i - MOVE PAD' . V+5 ! V+1 @ V+4.@ M* .· VOFF=' 2 ! . 7 RPT. 
16 BEGIN FMVSS VALIJCONT 1 ERR ! 1 .STOP 0 END ; 
17 

BLOCK 1513. 843 

· 0 ( F.LDWMEIER CALCULATONS > 
1 'O 0 V. FM10F ' 0 0 V FM1SL 1 0 0 V FM20F ' 0 0 .V FM2SL , 
2 
3 ··( 
4 ( 
:;-.. 
6 7 ·. 

CALCULATE FLOW RATE FROM. METER RES.f'ONSE ) 
FMRESPiJNSE CF'Rl. FLOWR!HE IN .01 Ml,.JMIN )· 

CFRl FMlOF 2@ F- FMlSL 2@ F/ 
CFR2 . FM20F 2@ · F~ ··· FM2SL · .2@ FI ; .· 

1.0 · < CALC.ULATE FLOW GOAL VALUE·. ) · 
11 ( FLOWRATE IN ~01 ML/MIN CFGl FLOWMETER RESPONSE > 
12 : CFGl .· FM1SL 2@ F* FM10f'. 2@ F+ 
13 , CFG2 · .FM2SL 2@ F* FM20F 2@· F+ ; S 
14 < SET FLOW GOALS INTEGER IN 100THS SFGl -- SETS FM.lG > 
15 SFRl .. 0 FLOAT CFGl F!X DROP . . FMlG ! 
16 : SFR2. 0 FLOAT CFG2 FIX ·DROP FM2G ! 
17 

. . . ·~. .:.· 



BLOCK 1~14 844 

0 < SHORT FLOLJMETER CALIBRATION . CALCULATIONS 
1 
2 0 V FMC~fR 0 V FSCTR 4QO V FMCTIM 0 V FMC1V 40 DP+! 
3 
4 

0 V FMC2V 40 DP+! 0 V BLCVAL 40 DP+I 
FMCSBF STADD ! 4 V FMCGOAL 0 ' 

0 V FMCSBF 64 DP+! 
100 ' 240 ' 400 ' 

5 
6 
7 

FMCDIN ' NULL ' FMALlAS 

FMC$UM STATUS .FM1 = IF 
10 
11 
12 
13 
1.4 
15 

FM2 100 + 2@ FM2 110 + @ M/ t1SEXT FMCPTR @ FMC2V + D+! 
F/11 100 +.2@ FMl 110 + @ M/ DSEXT Fl1CPTR @ FMC19 + D+! 
BALANCE 52 + @ r1SEXT FMCPTR I~ BLCVAL + 0+1 

FSCTR 1+! FSCTR @ FMCTIM @ < NOT IF FMC DIN THEN THEN 

16 FMC INST 
17 

FSCTR OSET ' FMCSUM 2 - ' FMALIAS ! . 

BLOCK. 1515 845 

0 < SHORT FLOIJMETE:R CALIBRATION ROUTINES 
1 0 0 V FLFTM 

FMCRPT FMCSBFSTADD ! 
SIN IT FMCGOAL @ 0 DO 

FLFTM 2@ F/ 

2 
3 
4 
5 
6 
7 

FLFTM 2@ F/ S.ACC 0 
SCI PD SCSIC 2IlROP FM10F 

10 
11 
12 
13 
14 
15 
16 
17 

SIN IT FMCGOAL @ 0 DO 
FLFTM 2.@ -Fl 
FLFTM 2@ F/ SACC 0 

scrPD scsrc 2DRCF' FM20F 

BLOCK· 1516 846 

FMCTIM 
I'' .. 
I2 

STOF' 
2! 

I2 
I2 

STOP 
2! 

0 SHQRT FLOLJMETER Cf!L-IBRATION TASK 
1 
2 
3 
4 
5 

340 DUP 102 340 DUP 200 TASK 

@ DSEXT FLOAT 
2* .BLCVAL·+· 2@ 
2* FMClV + 2@ 

LOOP 
FM1SL 2! 
2* ~1,..CVAL + 2@ 
2* FMC2V + 2@ 

LOOP 
FM2SL 2! 

FMCTASK 

FLFTM 2! 
FLOAT 

FLOAT 

FLOAT 
FLOAT 

; 

6 FMCSTEP FMCDIN ' DUF' · FMCGOAL 2 .+ + @ IIUP. FMlG ! FM2G ' 
7 r1up 1.+ STOP FMCINST 100 + STOP 

10 
11 FMCSEQ FMCGOAL @ O DO I2 2* . FMCPTR ! I2 FMCSTEP LOOP 
12 . FMCRPT 
13 FMCAL FMCTASK ACTIVATE FMClV 20 ERASE FMC2V 20 ERASE 
14 BLCVAL 20 ERASE FMCSEQ BEGIN ~10 STOP 0 END ; 
15 FMCNEXT FMCTAS~ 9SET 
16 
17 



BLOCK 

0 
1 
2 

1523 851 

3 FPSUM CHOME FMl 100 + 2@ 2IIUF' 10 D.R FM1 110 + @ M/ 
4 DSEXT FLOAT CFR1 FIX BASE @ .:.ROT 12 BASE !. 10 D .R BASE ! 
5 FM2 100 + 2@ 2D0P 10 n.R FM2 11-0 + @ M/ 
6 
7 DSEXT FLOAT CFR2 FIXcBASE@ •ROT 12 JAS2 l 10 D.R 

10 
n 
12 
13 

BALANCE 52 + @ 10 ,R BASE. 'i 3. SPACES TICKS "2@ . T.IME 
STPTR @ 120000 + 20 .. ~ D.UP·.7 U. R 10 0 DO DUF' I2 + r$ 

7 , R LOOP £1ROF' OLDCR 

14 FMDISA BEGIN FM1 62 + @ O= NOT IF FM1 62 + OSET 
15 FPSUM THEN 0 STOP>O END 
16 
17 

BLOCK 1524 852 

0 < DUAL FLOl.JMETER LOAD BLOCK I.JI SHORT CALB ) 
1 
2 1640 LOAD 
3 15.00 LOAD 
4 1502 LOAD 
5 1510 LOAD 
6 1512 LOAD 
7 1525 LOAD 

1642 LOAD 1644 LOAD ( FLOATING STATS 
l::i01 LOAD 

10 
11 
12 
13 
14 
15 
16 
17 

·• . 

BLOCK 

0 ( 
1 
2 
3 
4 
5 
6 
7 

10 
11 
12 
1.3 
14 
15 
16 
17 

1503 LOAD 1504 LOAD 
15U LOAD 

1513 LOAD 1514 LOAD 1515 LOAD 1516 LOAD 

STFM2 FM2G ! 40000 FM2CSR ! FM2 ACTIVATE FMOPR 
STFMl FMlG ! 40000 FMlCSR FMl ACTIVATE FMOF'R 
STBAL 40000 BCSR ! EiACTV 
STOF'OP' BCSR OSET FMlCSR OSET FM2CSR OSET 

1525 85.3 

FLOl.JMETER. CONTROLS 

Fl.CON 20 DUP FM1 114 + FM2 114 + ! 
600 , VALVCONT 112 + ! ; 

FL CHG 60 .t1UP FM1 114 + FM2 114 + ! 
400 ' VALVCONT 112 + 

OLDCR 



BLOCK 1564 884 

0 ( 8 CHAN ADC TASK ISR 
1 170770 c ADCSR 130 c ADC IV 172000 C FPCSR 100 C FPClV 
2 ( VSEL = CNT FOR ASHC RPT * CONVS TO AVG .. ADDR = * LEFT 
3 CODE A(ICISR R -) 0 MOV R -> 1 MOV R -) 2 MOV 
4 T l+ T l+ CMP 2 T) DEC , IDA 2+@T> ) 100000 i BIC 
5 0 ' ODA 2+&n MOV 0 ) 5 * MOV 1 10 * MOV 2 140 1' MOV 
6 2 T Ar1D BEGIN• NOF' BEGIN• 0 ) TST 0<1 NOT, END, 
7 2 l+ 2 0 I> ADD 2 >+ ADC 0 ) INC 1 ItEC O>• NOT• END1. 

10 2 
11 
12 
13 
14 
15 
16 
17 

BLOCK 

0 
1 

T) TST 0>1 NOT, IF1 R -> 3 MOV R '-) 5 
2 40 1' SUB 3 2 MOV 3 40 * SUB 5. 

BEGIN, 1 2 >+ MOV 0 2 >+ .MOV 72 
3 >+ 1 MOV 5 DEC O>' NOT, END1 

5 R >+ MOV 3 R >+ MOV 2 40 * SUB 
BEGIN• 2 >+ CLR 0 DEC O>' NOT• END.1 

2 T) 52 T) MOV THEN, , ODA 
2 R >+ MOV 1 R l+ MOV 0 R >+ MOV 

1565. 885 

8 CHAN ADC I CALCULATION TASK 

MOV 
10 * MOV 

T) 0 ASHC 

0 20 * MOV 
T ) CLR 
2+<H> ) CLR 

T R >+ MOV 

& ROUTINES 

2 ADCIV FPCIV 102 ADCSR FPCSR 300 TASK . ADC8 
3 ' ADCISR DUP ADC8 2 - ADC8 o ~ FPCIV 2c+ OSET 
4 
5 
6, 
7 

10 
il 
12 
13 
14 

340 340 102 340 340 

ADALIAS NULL i 

STA!IC ADC8 ACTIVATE 
-4 VSEL ! 

BE'.GIN ADCAL OSET . 

300 TASK ADC AL 

20 DUP DUP ADC8 ! ADDR r 
41400 FPCSR ! 

100 STOP 0 END .,-10 STOP ; 

RPT 

RTI 

15 $TACAL 
lo STACAL 
17 

Ar1CAL ACTIVATE BEGIN ADALIAS -11 STOP 0 ENI:1 

BLOCK 1566 886 

0 
1 

8 CHAN COLORIMETER - BIN LOGS LOAD BLOCK 

2 1633 LOAD 1636 LOAD 
3 1564 LOAD 1565 LOAD 
4 
5 

' CCTL FORGET < LOAD BINARY LOGS > 
ADC TASK l 

6 
7 

10 
1567 LOAD 1570 LOAD 1571 LOAD 

11 
12. 
13 COLORIMETER.LOADED 
14 
15 
16 
17 



BLOCK 

0 ( 
1 

1567 

2~57 

887 

8 CH~N COLORIMETER 

2 0 V !OBUF 40 DP+! 0 V IBUF 40 DP+.! 

ROUTINES 

3 0 V ABSBUF 20 ItF't ! 0 V ABSCB 20 DF'+ ' 0 V CABB 20 DP+ ! 
4 23420 ABSCB ! ABSCB DUP 2 + 7 MOVE 
5 
6 
7 

10 
11 
12 
13 

GETIO 10 0 DO !2 ADC8 100 + + @ 
I2 2* IOBUF + 2! LOOP-I 

GETI 10 0 DO I2 ADC8 100 + + @ 
!2 2* IBUF + 2! LOOP ; 

BLOG 

BLDG 

14 DECH 5000. E 0 V ABSMAX , 10000. E 0 V FlOK , OCTAL 
15 : ABSCAL 10 0 DO ABSMAX 2@ 12. ABSBUF + @ 0 FLOAT FI 
16 F10K 2@ F* FIX DROP Ij ABSCB + _! LOOP 1 
17 

BLOCK 

0 ( 
1 
2 
3 
4 
5 
6 
7 

10_ 
11 
12 
13 
14 

1570 888 

8 CHAN COLORIMETER 

CABS 10 0 DO !2 2* IOBUF + 2@ !2 2* 
DROP 72627 40000 *I I2 ABSBUF 

DABS CR 10 0 DO ABSBUF. I2 + @ 7 .R 
DC ABS CR 10 0 DO ABSBUF I2 + @ A.BS CB 

23420 *I DUP CABB I2 + 7 

15 GF GETI CABS DABS DCABS 
16 
17 

BLOCK 

0 
1 
2 

1571 889 

8 CHAN COLORIMETER 

O V STPTR 40000 C STPMX 
OSET ; 

ROUT!NES 

IBUF + 2@ 
+ ! LOOP 

LIJOP ; 
!2 + @ 

.R LOOP 

ROUTINES 

D-" 

3 
4 

0 V CFLAG 
STINIT STPTR 
STTABF GET! 

1 C.FLAG 
STABF STPMX 

CABS ABSBUF 120000 STPTR @ t 10 MOVE 
5 . ! -.; 
6 
7 

10 
11 
12 
13 
14 

STF•TR @ -' O>_ IF STT·ABF 20 STPTR .+ ! · THEN 

CPP STPTR @ 120000 + 20 - riup 
@ 7 .R LOOP DROP CR ; 

STABS BEGIN 0 STOP CF LAG 
CFLAG 

15 .· ' . STAB.F 2 
16 
17 

OSET CF'F' 

' A(tALIAS 

7 U •. R 10 0 DO DUF' 

@ O= NOT IF 
THEN 0 ENI! 

!2 + 



BLOCK -1621 913 

0 ( LEIGHTON FLOATING POINLLOG OPE)i:ATIONS ) rrECM 
.1 
2 :. LNIT lEO F- 2DUP 2EO F+ FI 2IiUP 2DUP F* WUP 2r1UP 2!tUP 2;DUP 
3 11 0 FLOAT F/ l 9 DO I 0 FLOAT 1/X _F+ F* -,2 +LOOP 2EO·. F* ; 
4 FRACTION 127 AND 16384 + -SWAP -_ .65535_ AND SWAP ; 
5 - ! CHARAC 2D\;JP SWAP DROP 32640 -ANO 128 I -0 
6 128 0 D'- FLOAT 29207 16433 F* 2$WAP ; 
7 : 1LN CHARAC _ FRACTION _!-NIT, Ft f 

10 LN 2DUP o. F> IF. lLN ELSE -2DROP - o. ; -THEN ; 
11 LOG-10 . LN 10 0 FLOAT LN Fl ; 

LOG2 LN 2EO LN Fl ; 12 
13 
14 . "·. 
15 OCTAL 
16 
17 

BL.OCK 1622_ 
:(> 

0 
l . ,. 

· LEIGHTON FLOATING. POINT EXP OPERAT,IONS.) DECM 
TANHX/2 2EO F/ 2DUP 2DUP F* 2DUP o~ l ~ n6 - -.., ... . I 0 FLOAT F+_ fl'/. -2 +LOOP ; _ 

3 ·-·- 1+T il-T 1EO .20VER F+ 2s·wAP 1E0 2SWAP .F- 'FI ·OCTAL 
4 . . 2**N 200 * 401?7 +. 17777-/ SWAP ; 
5 X<2**--1.6 2DUP SWAP DROP 4000 < DECIMAL 
6 X<1 2DUP lEO F< ; 
7 2EXP TANHX/2 l+T/1-T ; 

10 . . X>l -- 29207 164.33 FI 1EO F/MOD -- DROP DUP 127 > IF 
11 
12 

DROP :!DROP 10 QUEX ELSE 2*_*N 2SWAP 29Z07 16433 
F* 2EXP F*. THEN ; -

1.3 1EXP X<2U--16 - ·- IF 1EO F+ ELSE - X<1 IF. 2.EXP< 
14 
15 

- E_LSE - X>1 .THEN THEN 
~EXP FABS 1EXP.1/X; 

16 EXP 2DUP 0, F< i:F -t;XP ELSE lEXP THEN ; -
17 .ioux - 23512 16350 F/ EXP OCTAL 

. ··.··, 



I,. . I.: I 

BLOCK 163.3 92.3 

0 DH FORTH )3.INA·R'I -(().J3.ARITHJ1S· ·_. .LO·OKUP i· C·A:L~ULAT;ro·N 
1. . 0 V CTAEiL 1000 DP+ r ..... 
2 
3 < VA.LUE BLO.G · DBL. LOG. - TAKE LOG ;,,:';?~ OF VALUE 
4 ·CODE BLOG . . O · $ l MO\/• • 2 17 * MOV. . . --
5 
6 
7 

10 
11 . 
12 
13 
14 
15 
1.6 
17 

BEGIN •• 
s ,>. _;r MOV 
0 ASL 

0 ASL .. lN > NOT, !F; .. S'WAP - 2. SOB_- 'THEN, 
S -) o MOV _ O ASt. 0 SWAB 0 17'7400 t :£!JC 

0 CTABL 4' ADL't 1 0 >+ MOV 2 .. S ) M.OIJ. s ) 1·MOV 
S - ) 2. MOV , o (> l MOV 1 0 SUB 

0 S. >+ MOV 2 Ct.R 
1 ASR 0 - 100 :t BIT. 0=• NOT• IF,· 2. i ADD. ,THE:N, 
1 ASR 0 40' t BIT. o:, NOT• IF, 2 1 ADD THEN; 
1 ASR 0 20 * .BIT O=• _NOT• :IF,. 2 .1 ADD THENt 2 NEG 

2 S H ADD O $ H MOV 1 CLR. · • 0 ASR . 1 ROR 0 A$R 1 - ROR 
1 2 SUB 0 SBC S •.) . 1. MOV s· - > 0 MDV . Nf;XT .· 

BLOCK 924 

0 < _DH FORTH FLOATING LOGARI1':HM CALCULATIONS l 
1 2o~moo. FLOAT v F200K. , ·o v . CIHR 
2 ·1-~j.42~20J4"2· E ·o ··t)' CO. , ~56_076~~. ~ ·o·- ~ .. ·Cl '. - •. 35 E ·,o· v <;2 ' 
3 
4 

.5 
6 < DB.L •• C&M C.HARAC _N.FRACTION CNTR l 

7 CODE C.iM - . 0 . -S ) + MQV 1 . S l MOV 2 
10 BEGIN, 1 ASL 0 _ROL 1Vr .1NOT1 iF, SWAP-

3?-'t ·MOV 
2 so.& .. THEN , -· · 

11 S > 2 MOU S -> O.MOV 1 CLR 0 ROI,. 
12 0 ASL. 1 ROL. 0 ASL 1 ROL 0 ASL 1 ROL S - > · 1 MOV NEXT 
13 
14 
15 · 1 , 66 E 0 V MUL T -' 1. 52 E 0 , , :t • .40 E. O ' • i, 30 E O ' ' 
1-o 1.20 E 0 ,- ' .i.·14 E 0 , , 1.06 E 0 , f·'1.02 E o:'', , 

._.-17 . 

BlOCK 1635 

0 DH FORTH FLOATING LOGARITHl:I CALCULATIONS. 
1 

3 
4 

6 
7 

10 
11 
12 
13 
14 
15 
16 
17 

;70372345 E O V LMULT , 
.453-40032 E o , -, 
.~4464741 -£ 0 , , 
.10214261 E o " , 

• 5645-4:377 E 0 ·.·-
• 3$316517 E O_ 
.17674055 E o 
.026565575- E O 

'·. ~ 
-,. ' , ... ,. 

,. , 
FBMUL - Ct.·M 2* 2* DUP CNTR MUL T + 2t? ROT 0 FLOA.T 

F200K 2@ .. 'FI . F*. 

FBLOG F'BMUl... 1EO ·F- PS<Xl 
CNTR @ 1,.MULr t 2(! F-

f<OT 0 .FLOAT F+ 
DECH . F-LOGlQ FBLOG ,39102999 E O F*. . 
OCTAL 

_I . I 

., .... · .. , .. 

'•. r _.·· 

.·c· .. 



BLOCK 1636 926 

O < DH FORTH 
1 

BINARY LOGARITHMS DECM CDNV,' TBL, lNIT.) 

2 DECM 
3 < VALUE 
4 DLOG 
5 ( VALUE 

Fr1LOG 
OCTAL 
CCTL 
DECM 

6 
7 

10 
11 

163$4, FLOAT V 
DLOG LOG 

BLOG 8 M/ 
FDLOG FLOG •• 
BLOG FL.OAT 

F16K 1 .30103 E O V F •. 301 , 
TAKE LOG -10- OF VALUES UP TO 1892 ) 

30103 20480 *f 
RETURN FLOATING DLOG .IN.BASE 10 ) 

F16K 2@ F/ F.301 2@ F* •; 

SCR @ 1:.. DUP 1- LOAD LOAD < LOAr1. FLOATING LOGS). 

12 ( 
13 
14 

CCT CALCULATE COEFFICIENT TABLE FOR BINARY LOGS ) 
C.CT CTABL 257 ERASE 512 256 DO I 0 2DUP FBLOG 

F 1·6K 2@, F* FIX >R >R DROP BLOG R> R> · D- DROP 
15 I .;;56 - l:tUP O< NOT IF· 2* CTABL + ELSE 2DROP 
16 THEN 0 STOP LOOP CTABl 512 + OSET OCTAL 
17 CR CCT CR ;s ' CCTL FORGET 



I I I 

26:1. 

BLOCK :2000 1024 

0 < DSE ROUTINES .) 
1 
2 0 V ME.AD 0 V STPTR 10000 C STPMX 0 V CFLAG 
3 : DSESTR 42 WORD HERE COUNT 40 MIN DSEAD @.20 + SWAP BMOVE ; 
4 
5 ! DSEINIT DUP DSEAD ! DSEAD @ 20 + 60 BLANKS DSESTR 
6 
7 

10 
11 

F'SHDT t1SEA:C1 @ 2 + ! DSE.AD @ 4. + 2 ! FF'CSR @ DSEAD @ 10 + ! 
' RPT 2 + @ ADCS +.@ t•SEAD @ 12 + 0 140 DSEAD @. 14 + 'J t 

12 
13 

ABSCB DSEAD @ 100 + 10 MOVE 
FM1SL 2@ DSEAD @ 120 + 2! FM10F 
FM2SL 2@ DSEAD @. 130 + 2 ! FM20F 

140 STPTR ! 

2@ DSEAD @ .. 124 + 2 ! 
2@ r1SEAD @ 134 + 2! 

14 I B* SDSEDATA STORE 4 BLOCKS ON DlSK AT B* 
15 
16 ( 
17 

BLOCK 

0 
1 
2 
3 
4 
5 
6 
7 

10 
11 
12 
13 
14 
15 
16 
17 ;s 

BLOCK 

0 
1 
2 ( 

3 
·4 

5 
6 
7 

SD SEDA TA DSEAD @ SWAP 4 WDTD 
LENGTH START SADDR STORE LENGTH & START BYTE ADDR ) 

SADDR DSEAD @ 16 + ! DSEAD @· 14 + ! 

2001 102.5 

DSE ROUTINES 

STTAB.F GE.TI CASS A.BSBUF 
DSEAD @ STPTR @ + t1UP · DUP 

DSE:AD .. @ STPTR @. f 10 MOVE 
BALANCE 52 + @ SWAP 16 + 

FM2 100 + 2@ FM2 110 + @ 
FM1 100 + 2@ FM1 110 + @ 

M/ SWAP 14 + I 
M/ SWAf' 12 + ! 1 CFLAG 

STABF STPMX STF'TR @ - 0) IF STTABF 20 STPTR +! ~HEN 

CPP STPTR @ rtSEA:C• @ + 20. - r1up 7 u •. R 10 0 (IQ DUP I2 + 
@ 7 .R LOOP DROP CR 

STABS BEaIN 0 STOP · CFLAG @ O= NOT IF 
CFLAG OSET CPP THEN 0 END ; 

' STABF 2 - ' ADALIAS 

2002 1026 

DSE EXPERIMENT LOAD BLOCK 

FLOWMETER ) 

COLORIMETER 

1524 LOAD 

1633 LOAD 1636 LOAD ' CCTL FORGET 
1564 LOAD 1565 LOAD 156'7 LOAD. 
1570 LOAD 1571 LOAD 

' 10 STADC CR 200 DUP DUP .Arica 2 ! ADCS 52 + -,7 ADCS 72 + ! 
11 < DATA STORAGE > 1507 LOAD 
12, < DSE ROl,JTINES ) · 2000 LOAD 2001 LOAD 
13 ( FMMSA. ) 1523 LOAD 
14 DECM 2.8 E -1 FMlSL 2! 2.3 E .-1 FM2SL 2! OCTAL 
15 -1 .AXX. DSEINIT DUMMY ' 
16 ' STABF 2 · - ' ADALIAS 100 STFMl 100 STFM2 STBAL 
17 



BLOCK 

0 ( 
l 

2003 

DSE 
2025 LOAD 

2 ( RUN * 
SDEV 

I I I 11 

1027 

CALCULATIONS 
0 V. CHARBF 200 DP+! 0 V .ABCBF 20 [11"+ ! 

CONVERSIONS r=·ER ·POINT CHAN* MEAN MIN MAX 
RSDEV . READY TO PLOT 3 

4 
5 
6 
7 

LCHBF SCR @ BLOCK 202 t CHARBF 100 MOVE ; LCHBF 2005 LOAD 
B* DSEitIS DISPLAY DSE DATA > 
DSEIIIS CR CR VOFF ! CHAf::BF 6 lYPE 0. v.w@ 3 • R 

5. SPACES 2. VD@ , TIHE 6, VW@ .DATE 3 Sf'•ACES 
5 , R CHARBF 14 + 32 TYPE· CR 10 

11 
12 
13 
14 

12. VW@ 
20. 40 VTYPE 

130, VI:!@ i='M2SL 
CR 120. VD@ FM1SL 2! . 124. VD@ FMlOF 2! 
21 134, VD@ FM20F 2 ! ABC BF lQO. 20 MFVM 

2004 LOAD . ( NEW BUFS ) 
15 < B* DISPLAY DISPLAY DATA FROM .B* > 
16 
17 

DISPLAY VSEL OSET STINlT t1SEil!S CR 140, 14, VW@ 140 - 40 
I DLINS SUMMARY J CR CR 

BLOCK 2004 10;:.!8 

0 DSE OUTPUT TO TERMINAL AND ACCUMULATE STATISTICS l 
1 VALUE CHANt CALCAB CALC CORRECTED ABS VALUE ) 
2 CAL CAB 2* ABCBF + I! 23420 *' 
3 
4 VADDR r1sEL1N DISPLAY PATA LINE AT VADrlR ) 
5 DSELIN 2DUP io 0 DO 2DUP VW@ r· CALCAB DUP 6 .R 
6 I 100 * SBBF + STAPD ! 0 FLOAT. WUP . SACC 2 M+ LOOP 2I:1ROP 
7 2IIUF' 2D.UF' 20 M+ VW@ 0 FLOAT CFR1 2DUP FIX DROP 10 • R 

10 1000 SBBF + STA.DD ! 2IIUP SACC. 22 M+ 
11 'JW@ DSEXT FLOAT C.F'R2 2DUP FIX DRQF' 6 , R 1100 SBBF + $TADD ! 
12 2DUF' SACC 24 M+ VW@ DUF' DSEXT FLOAT 2DUP 1200 SBBF + STADU ! 
13 SACC 6 .R CR 
14 
15 
16 
17 

BLOC.K 

VADDR *L DLINS DISPLAY LINES' ) 
DLINS 0 .DO 2DUP I 40 * M+ MELIN 

2005 1029 

0 < STATS FOR I:1SE 
1 

LOOP 2PROF• 

2 0 V SBBF 1300 DP+! < 10 TAEtLES OF 100 -8- BYTES ) 
3 1640 LOAD 1642 LOAD 1644 LOAD 1647 LOAD C FLOATING 
4 SBBF STADD ! SBBF V SBBFA 

STATS ) 

5 STINIT 13 0 DO I 100 * SBBF + STADD ! SINlT 
6 EI , FR >R 2SWAF' OUP 100000. AND >R FPAD.J FIX 
7 SWAP DUP >R - SWAP R> R> R> R> -ROT R> 

LOOP ; 
>R >R 

F!ICNV 
10 !'SUMLIN 4 .• R SXI 2@ SCNTR@ OFL.OAT FI FIX 7 D.R 
11 SXMIN 2@ FIX 7 Q,R SXMAX 2@ FIX 7 D.R 
12 
13 
14 

SC!PD SCDV 2DROP 2DUP FIX 10 D.R 
SMEAN 2DROP. F/ 2 1 20 EI.FR CR 

15 SUMMARY CR CR CHARBF 46 + 60 TYF'E CR 

; ' 

16 13 0 DO I 100 * SBBFA @ + STADD ! I SUMLIN LOOP 
17 



26~5 

BLOCK 2006 1030 

"ACCUMULATE STATISTICS ONLY > 0 
1 

DSE 
VALUE 

CALCAB 
CHAN.* CALCAB CALC CORRECTED ABS .VALUE > 

2 2* ABCBF + @ 23420 *I 
3 
4 ( VADDR DSELlN ACCUMULATE STArtsrrcs ON LINE AT VADDR ) 
5 DSELIN 2DUF' 10 0 DO 2DUP VW@ I CALCAB 
6 I 100 * SBB.F + STArtD ! 0 FLOAT 2rl.UP SACC 2 M+ LO.OF' 2DROP 
7 2DUP 2DUP 20 M+ VW@ DSEXT FLOAT CFR1 

10 1000 SBBF + · STA.l)D ! 2DUP SACC 
11 22 M+ 'JW@ DS.EXT FLOAT CFR2 1100 SBBF + STADD 
12 2DUF' SACC 24 M+ vw@ DSEXT FLOAT 2IIUF' 1200 SBBF + STADti ! 
13 SACC 0 STOP 
14 

VA!IDR *L r1LINS DISPLAY L.INE.S ) 15 
16 
17 

DLINS 0 DO 2DUP I 40 * M+ !1SELIN LOOP 2DROF' 

BLOCK 2007 1031 

0 (. DS.E OUTPUT PROCESSED IiATA TO FILE IN \J+l . ) 
1 ( VALUE CHAN'f< CALCAB CALC CORRECTED ABS VALUE ) 
2 CALCAB 2* ABCBF + @ 23420 *I 
3 O V OCTR ( OUTPUT COUNTER l 
4 ( VADI!R :r:1sE:U.N - GENERATE OUTF·ur BUFFERS FROM LINE AT .VAttDR ) 
5 DSELIN 2DUP 10 0 DO 2DUP VW@ I CALCAB OCTR @ I 2000 
6 * + 0 l VSEL . ! VW ! VSEL. OSET . 2 M+ LOOP 2DROP 2DUP 2DUP 
7 20 M+ VW@ DSEXT FLOAT CFR1 FIX DROr' OCTR @ 20000 + O 1 VSEL 

10 VW ! VSEL OSET 22 M+ VW@ DSEXT FLOAT. CFR2 FIX I:1ROP 
11 OCTR @ 22000 + O 1 VSE:L 'JW ! VSEL OSET 24 M+ VW@ 
12 OCTR @ 24000 + 0 l. VSEL ! VWI VSEL OSET 2 OCTR +! 
13 0 STOP ; 
14 
15 < VAtlDR tL DLINS DISPLAY Lil'IES l 
16 DLINS OCTR OSET 0 DO. 2DUP I 40 * M+ DSELIN LOOF' 2DROF' 
17 

BLOCK 

0 
1 

.2 
3 

2010 1032 

F'LOT ROUTINES OF DS.E. DATA 

LOAD PLOTTER 1507 LOAD 1671 LOAD 0 V BKNUM 

4 :f:PLOTS F'RAWit DO tF'LOTS OF DATA;. BKNUM HAS 1ST BLK * ) 
5 PRAWD 0 DO I BKNUM @ + BLOCK AXX 400 MOVE 
6 AXX BYADD BX.ADD OSET :>;YOTP LOOF' ; 
7 

10 
11 
12 
13 
14 
1.5 
16 
17 



BLOCK 2020 1049 

0 C FIA EXPERIMENT LOAD BLOCK 
1 
2 ( FLOl.JMETER ) 1524 LOAr1 
3 
4 ( COLORIMETER ) 1633 LOAD 1636 
5 1564 LOAD 1565 
6 1570 LOAD 1571 
7 ST ADC CR 

10 ( DATA STORAGE 1507 LOAD 
11 ( FIA ROUTINES 2021 LOAD 2022 
12 ( FMDISA ) 1523 LOAD 
13 DECM 2.a E -1 FMlSL 2! 2.3 E 
14 -1 AXX FIAINIT DUMMY . 
15 , STABF 2 - , ADALIAS 100 
16 40 , FF'SUM 250 + 
17 

BLOCK 2021 1041 

0 
1 

FIA ROUTINES ) 

I I I I 

LOAD ' CCTL FORGET 
LOAD 1567LOAD 
LDA(I 

2023 LOA It LOADS 
LOAD 

-1 FM2SL 2! OCT,AL 

STFM1 100 STFM2 STBAL 

2 0 V DSEAD 0 V STPTR 20000 C STPMX 0 V CFLAG 
3 
4 : DSESTR 42 WORD HERE COUNT 40 MIN DSEAD @ 20 ~ SWAP BMOVE 1 
5 
6 . FIAINIT DUP DSEAD ! DSEAD @ 20 + 60 BLANKS r1SESTR . 
7 F'SHDT DSEAD @ 2 + ! DSEAD @ 4 + 2! FPCSR @ DSEAD @10 

10 , RPT 2 + @ ADC8 + @ DSEAD @ 12 + 
11 ABS CB DSEAD @ 100 + 10 MOVE 
12 
13 
14 
15 
16 
17 

BLOCK 

0 ( 
1 

FM1SL 2@ DSEAD @ 
FMiSL 2@ r1SEAI1 @ 

140 STPTR ! 
B*. SFIADATA 
SFIADATA MEAD @ 

2022 1042 

FIA 

2. 167774 c F'lNF' 
STTABF GETI CABS 

120 + 2! FM10F 2@ 
130 + 2! FM20F 2@ 

INJECT 
STORE 10 -8- BLOCKS 

S.l.JAP io WDTD 

ROUTINES 

ABSBUF MEAD 

0 140 DSE1::\ll @ 14 

DSEAD @ 124 + 2! 
DSEAn @ 134 + 2! 
ON DISK AT Bt 

@ STPTR @ + 10 3 
4 DSEAD @ STF'rR @ + DUP DUF' DUf' .BALANCE 52 + @ Sl.JAF' 24 
5 
6 
7 

10 

FM2 
FM1 

100 + 
100 + 

PINP @ 

2@ FM2 110 
2@ FM1 110 
SWAF' 26 + 

+ @ M/ SWAP 22· + 
+ @ M/ SWAP 20 + ! 

1 CF LAG I 

11 STABF STPMX STF'TR @ - 0) IF STTABF 40 STPTR +! THEN 
12 
13 CPP STPTR @ DSEAD @ + 40 - DUP 7 U.R 10 0 DO DUF' I2 + 
14 @ 7 ,R LOOF' DROP CR 
15 STABS BEGIN 0 STOP CFLAG @ o~ NOT IF 
16 CFLAG OSET CPP THEN 0 END I 
17 

+ ! 
+ .2! 

MOVE 
+ ! 



BLOCK 

0 ( 
1 

2023 1043 

FIA IN~ECTION VALVE CONTROL 

2 167770 c Ptcs~ ( PARALLEL INPUT ~SR ) 
3 INJECT 1 PICSR ! 
4 LOADS PICSR OSET ; 
5 
6 
7 

10 
11 
12 
13 
14 
15 
16 
17 

BLOCK 2024 1044 

0 < FIA ANALYSIS ROUTINES 
1 1507 LOAt1 2025 LOAD 0 V CHARBF 200 DP+ 1 0 V ABCBF 20 DP+! 
2 < RUN t CONVERSIONS PER POINT BASELINE PERIOD 
3 INTEGRATION WINDOW 
4 400 Y. INTLEN 10 V BASEF'D 
5 LCHBF SCR @ BLOCK 202 + CHARBF 100 MOVE ; LCHBF 
6 FIADIS CR CR VOFF ! CHARBF 6 TYPE o. UW@ 1 .R 
7 s SPACES 2. VD@ .TIME 6. uwj .DATE 3 SPACES. 

10 12. VW@ ~ ,R CHARBF 14 + 32 TYPE CR 
11 20. 4Q VTYPE CR 120. VD@ FMlSL 2! 124, VD@ FMlOF 2! 
12 130, VD@ FM2SL 2 l 134, VD@ FM20F 2 ! A.BCBF 100, 20 MFVM 
13 CHARBF 46 + 21 TYPE BASEPD @ 6 ~R CHARIF 76 t 24 TYPE 
14 INTLEN @ 6 .R CR 2026 LOAD 2027 LOAD 2030 LOAD 
15 FIABRP CHANBF ABSCOR INTEG BASEADJ . INTEG PAGE 
16 < STB* EDB* FIARPT l 
17 FIARPT 4 + SWAP 12 BASE ! DO I FIABRP 4 +LOOP CR 

BLOCK 2025 1045 

0 < FLOWMETER CALCULATONS J 
1 0 0 V FMlOF , 0 0 V FMlSL , 0 0 V FM20F , 0 0 V FM2SL , 
2 
3 
4 ( 
5 
6 
7 

10 
11 
12 
13 
14 
1.5 
16 
17 

CALCULATE FLOW RATE FROM METER RESPONSE l 
FMRESPONSE CFR 1 FLOWRATE IN , 01 ML/MIN 

CFRl FMlOF 2@ F- FM1SL 2@ F/ 
CFR2 FM20F 2@ F- FM2SL 2@ F/ 

CALCULATE FLOW GOAL VALUE l 
FLOWRATE IN .01 ML/MIN CFGl 

CFG1 FM1SL 2@ F* FMlOF 2@ 
CFG2 FM2SL 2@ F* FM20F 2@ 

FLOWMETER RESPONSE l 
F+ ; 
F+ . ; ;s 



BLOCK 

0 
1 
2 
3 

2026 1046· 

FIA ANALYSIS ROUTINES ) 
0 0 V BASUM , 0 t) BASCOR 0 V AE!UFF 40 DP+! 

0 V BE!UFF 40 DP+! 

4 8$ CHANBF START AT 8$ AND MAKE 8 BUFFERS IN AXX. l 
5 CHANBF TOF'PAGE FIADIS AXX 10000 ERASE 
6 140. .375 0 DO 2DUP 
7 10 0 DO 2DU~ I2 M+ VW@ AXX I 1000 * + J2 + ! LOOP 2DRbP 

10 
11 
12 . . 
13 
14 
15 
16 
17 . 

BLOCK 

0 
1 

40 .M+ LOOP 2ItROP CR CR ; 

BASEA[IJ 10 0 DO I 1000 * AXX + DUP 0. BASUM 2 ! 
10 0 DO DUP I2 + I DSEXT BASUM D+! LOOP DROP 

BASUM 2@ 10 Ml MINUS BASCOR 
400 0 DO DUP I2 + DUP @ BASCOR ~· + SWAP LOOF' DROP . 

LOOP i 

2027 1047 

FI A ROUTINES 

2 1650 LOAD ( INTEGER STATS DECM 
3 < t ADDR NORM l 

FLOAT 
OCTAL 

4 NORM DUP >R SWAP 2* 2* 
5 F/ 1006 0 FLOAT 
6 ISUM DUP IJUP >R 4 , R 
7 ABUFF + 2 ! DUP ABUFF 

+ 2@ FLOAT R> 2@ 
F* FIX 7 ~.R ; 
SXL 2@ 2DUP 10 D.R R> 2* 2* DUP >R 

NORM SXMIN 2@ 12 O.R SXMAX2@ 
10 2DUP 10 D.R R> B . .EIUFF' + 2 ! BBUFF NORM CR ; 
11 
12 : INTEG CR CR ABUFF 10 ERASE 10 0 DO I 1000 * AXX + SINIT 
13 400 0 DO DUP I2 +@ DUP SACC LOOF' DROP I ISUM LOOP CR ; 
14 
15 
16 
17 

BLOCK 

0 
1 

CALCAB 2* ABCBF + @ 23420 *I 
ABSCOR 10 0 DO I 1000 * AXX + 

DO DUP I2 + DUP I ~ CALCAB SWAP 

2030 1048 

FIA FLOATING STATS l 

400 0 
LOOP DROP L.OOP 

2 0 V FSTAB 140 rrF'+ ! FLOATING STATS l 1651 LOAD 
3 
4 
5 
6 
7 

.10 
11 
12 
13 
14 
15 
16 
17 

. . FPSTAT 
10 

2I1UP 
SCDV G, 

STA DD @ FSTAB STA DD ! SlNIT 
0 rro I2 2* A.BUFF + 2@ FLOAT 

SACC LOOP CR SCIF'D $MEAN G. CR 
CR SRELDV G. CR 2DROP 2DROP 2DfWF' ST ADD I 



2t')7 

BLOCK 2.050 1064 

0 MULTICOMPONENT KINET:\C CALCULATIONS LOAD BLOCK 
1 
2 2003 LOAD LOAD DSE PGMS ) 

3 1640 LOAD 1642 LOAD 1644 LOAD LOAl'.I FLOATING STATISTICS· ) 
4 2051 LOAD 2052 LOAD 2053 LOAD ARRAYS, LEAST SQU, BUFFERS) 
5 1621 
6 2055 
7 2057 

10 146 
11 1661 
12 1604 
13 20.65 
14 2070 
15 
16 
17 

BLOCK 

0 ( 
1 

LOAD 1622 LOAD LEIGHTON LOG & EXF' ) 

L.OAD 2056 LOAD KINETtC CAL CS ) 

LOAl:t UTILITY CAL CS ) 

LOAD 63 LOAD 1660 LOAD ( LOAr1. HP DIGIT Al PLOTTER 
LOAD 1662 LOAD 1663 LOAD 1664 LOAD 
LOAD 1665 LOA.D 1666 LOAD 1667 LOAD 1670 LOAD 
LOAI1 2066 LOAD 2067 LOAD ( PLOTTING UTILITIES ) 

LOAD 2071 LOAD ( CONC REPORT ) 

2051 1065 

MULTICOMPONENT KINETlC CALCULATIONS DECM 

2 0 V RUNID 64 DP+! 0 V ABST 20 DP+! 0 V ABSTNF 20 DP+! 

) 

3 · 0 0 V FRATtO , 0 0 V CONZN , 0 0 V CONHG , 0 0 V CONZIN , 
4 0 0 V CONCYD , 0 0 V RATZN , 0 0 V RATHG , 0 0 V INTZN , 
5 0 0 V INTHG , 0 V STBUF 64 DP+! STBUF STADD ' 
6 25 V COLOFF 45 , 65 , ilO , 190 , 350 , 510 , 590 , 
7 0 V .ABSDIF 16 DP+ 1 0 V ABSZN 32 DP+ I 0. 'J ABSHG 32 DP+! 

10 10. FLOAT l/X 2DUF' V ZNCF ' V HGCF ' 
11 
12 CTATC 2* COLOFF + @ >R ABST 20 + @ -1409 M* 
13 3529000. D+ 80 M/ R> M* 5000. D+ 10000 M/ 
14 
15 
16 
17 OCTAL 

BLOCK 2052 1066 

0 FLOATING LEAST SQUARES FOR MULTICOMPONENT KINETICS ) 
1 
2 
3 

0 V XBUFA 0 V YBUFA 0 V NYBUFA 0 V LSPTS 

4 LSFIT SINIT LSPTS @ 0 DO 
5 XBUFA @ I2 2* + 2@ YBUFA @. I2 2* + 2@ SACC LOOF' 
6 SCif'rt . SCSIC SCCOEF 2 ! S!NTER 2 ! SLOF'E 2 1 

7 
10 
11 
12 
13 . 
14 
15 
16 
17 

CALCF'T XBUFA @ + 2@ SLOF'E 2@ F* SINTER 2@ F+ ; 

CALCLlNE LSF'TS @ 0 DO I CALCPT I 2* 2* NYBUFA @ + 2! LOO~ ; 

CLSL LSFIT CAL.CLINE 



BLOCK· 

0 ( 
1 

2053 106.7 

FLOATING & INTEGER BUFFER DISF'LAY 

2 0. v XBUF 6'0 . DP+! 0 IJ YBUF . 60 r1P+ ! 0 v NY'BUF 60 r1P+ ! 
3 XBUF XBUFA ! YBUF YBUFA. ! NYBUF NYBUFA ! 
4 0 V BFF'TS 14 V BFUM 
5 CBF BFPTS OSET ; 
6 EBF CBF XBUFA @ BF.LIM @ 2* ER?~SE: YBUFA.@ BFLIM 
7 @ 2* ERASE NYBUFA @ BFUM @ 2* ERASE 

10 IBFL CR BFF'TS @. 0 DO I 4 •R I2 2* DUF' DUF' 
11 XBUFA @ + 21'.! 16 D.R YBUFA @ + 2@ 16 D.R NYSUFA @ + 
12 2@ 16 D.R CR LOOP 
13 
14 
15 
16 
17 

BLOCK 

FBFL CR 
XBUFA @ + 

NYBUFA @ + 
SCR @ i+ 

2054 

BFPTS @ 0 
2@ 4 l 16 
2@ 4 1 16 

LOAD 

1068 

DO I 4 .·R I2 
EI.FR YBUFA @ 
EI.FR CR LOOP 

0 < FLOATING AND INTEGER BUFFER ENTRY 
1 

2* r1uP DUi=' 
+ 2@ 4 1 
; 

2 BUFF.ER IS FULL 0 1J BFULM 40 DF'+ ! 

16 

3 TBFULM SCR @ Bl.,OCK 202 + BFULM 20 MOVE TBF"l.)LM 

EI.FR 

4 TFULL EIFPTS @ BFL!M @ < NOT IF BFULM 16 TYPE CR 0 
5 ELSE 1 THEN 
6 
7 FBFE TFULL IF BFPTS @ 2* 2* YBUFA @ + 2 l 

10 BFF'TS @ 2* 2* XBUFA @ + 2! BFF'TS 1+! THEN 
11 DBFE: FBFE ; 
12 
13 
14 
15 
16 
17 

BLOCK 

IBFE TFULL 

IFBFE TFULL 

2055 

IF 

IF 

1069 

DSEXT >R >~ DSEXT 

E1SEXT FLOAT >R >R 
FBFE THEN 

0 < MULTI COMPONENT KINETIC C.At...CULATIONS 
1 

R> R> FBFE THEN 

DSEXT FLOAT R> 

; 

R"' ·" 

2 S!NVAR EBF 10 BFPTS ! ABST 20 + @ 0 FLOAT 2DUP 
.3 ABST 22 + @ 0 FLOAT F+ F/. FRATIO 2 ! ' 10 0 M I CTATC 0 
4 FLOAT 1750 0 FLOATF/ I2 2* XBUFA@ + 2! LOOP 

6 CATS 10 0 DO 12 ABST + @ I2 ABSINF + @ DUF' 
7 I2 ABSDIF + ! DSE'.XT FLOAT LN I2 2* YBUFA @ + 2 ! LOO 

10 ABSIIIF .10. + @ 10 < NOT IF 4 LSPTS 
11 XBU.F 20 + XBUFA ! Y!lUF 20 + YBUFA ! NYBUF 20 + NYBUFA 
12 LSFIT XBUF XBOFA ! YBUF YBUFA ! NYBUF NYBUFA 1 
13 ELSE O, SLOPE 2! O. SINTER 2' THEN 10 LSPTS ! 
14 CALCLI NE SLO.PE 2@ RA TZN 2 ! SINTER 2(r INTZN 2 ! 
15 
16 
17 



BLOCK 2056 1070. 

0 ( MULTICOMPONENT KINETIC CALCULATIONS 
t 
2 CHGLINE · 10 0 DO I2 ABSJ;iIF .+ @ DSEXT FLOAT 
3 . I2 2* NYBUFA @ + 2@ 2DUP DO= NOT IF EXP THEN 2DUF' 
4 12 2* ABSZN + 2 ! F~ 2DUP . 12 2* ABS.HG + 2 ! LN · 
5 I2 2* YB.UFA @ + 2 ! LOOP 
6 3 LSPTS ! CLSL SLOPE 2@ RATHG 2 ! SINTER 2!~ INTHG 2 l 
7 

10 
11 
.12 
t3 
14 
15 
1.6 
17 .. . 
BLOCK 

MKS UM CR CHAR BF 
10 0 

I2 ABSDIF + @ 10 
I2 2* ABSHG + 2@ 

CR RATZN 2@ 4 1 
RATHG 2@ 4 1 16 

MKCALC SINVAR CATS 

2057 1071 

200 + 60 TYPE CR 
DO I 4 •. R I CTATC 

.R I2 2* A8$ZN.+·2@ 
FIX 10 D•R CR 

16 EI .FR INTZN 2@ EXP 
EI .FR INT HG .· 2@ EXP 

CHGUNE BASE @12 BASE; 

0 C MULTICOMPONENT ANALYSlS UTILITY DEF~ ) 
1 . 

7 .R 
FIX 10 
LOOP 

4 1 16 
4 1 16 

! MK SUM 

2 TDRID RUNID O. 10.0 MFVM 60. VD@ CdNZN 2! 

D.R 

EI .FR CR 
EI.FR GR 

BASE ! 

3· 64. VD@ CONHG .2! 70. VD@ CONZIN 2! 74, \,JI!@ CONCYD 21 
4 

6 
7 

10 
u 
12 

TAIT AB 
SXI 2@ 

TAFTAB 
SXI 2@ 

CA IFS 

13 0 t10 I 
SCNTR @ 0 FLOAT 

1.3 0 DO I 
SCNTR @ 0 FLOAT 

STINIT 16+ 

100 * SBB~A @ + ST ADD ! 
Fl . FIX MOP I,, ... ABST + 

100 * SBBFA. @ + STADJ:i ! 
Fl FIX DROF' !2 ABS INF 

VW@ 0 40 I1LINS 

13 MKANAL 12 BASE ! TOPF'AGE CR DISPLAY S.UMMARY 

I LOOP ; 

+- ! LOOP 

14 TDRlD TAITAB CAIFS SUMMARY TAFTAB MKCALC 
15 
16 
17 

BLOCK 

0 
1 
2 

2060 

3 102 SETL/P 
4 
5 

1072 

SK~ PROK~OAD BLOCK FOR SATELLITES > 

117774 364 ! 
0 372 ! 

60000 366 ! 57676 370 
24562 374 ! 364 ~76 

6 DECM 1981 AD o:oo EST 25 APR TODAY 1 
7 CR PSHrir .TIME .• DATE ·CR OCTAL 

10 
11 OPERCONT ' CONTEXT 2 t @ OF:ER + @ CONTEXT ! 
12 ( 
13 · 1.54 150 102 177554 177550 400 TASK RAY 
14 RAY ACTVT l 
15 UF'IIF'O CR BH. FORTH.• ,PROM• SATELLITE •• VL , 25, APR. 81. BLOCK .2060 
16 
17 

1.1 

; 



270 

BLOCK 20.65 1077 

O < SF'ECIAL UTILITIES FOR PLOTTER OUTPUT l 
1 
2 CVR TO 2@ 1750. FLOAT F* FIX <i:. ** t:t ** 56 IHOLD 
3 
4 
5 

·6 
7 

10 
11 
f2 
13 
14 
15 
16 
17 

BLOCK 

5 ·ove:R - SPAC *> 
OTRTO CVRTQ DTYPE ; 
CV FLO @ 0 <1' ...... ** 56!HOLD 
OT FLO CVFLO DTYF'E 
CVRAT 2@ 1750. FLOAT F* 

56 !HO.LD ** it* *> 
OT RAT CVRAT TYF'E 
C'JCON 12. FLOAT F* FIX <* 

6 OVER- SPAC 1'> 
OTC ON CVCON DTYPE ; 
OTZCON INTZN 2@ EXF' ZNCF 
OTHCON INT HG 2@ EXP HGCF 

2066 1078 

H ** 1=> 6 OVER SPAC 

FIX DABS <'I= HO 
.6 OVER - SF'AC •J:> 

** 56 !HOLD 0 ** 
2@ F* CVCON .DTYPE 
2@ F* CV CON DTYPE 

0 < MULTICOMPONENT KINETIC DA.TA PLOTTING DEFINITIONS > 
1 
2 0 V PXBUF 312 DP+! 0 V PYBUF 312 DP+! 

PRAWD 10 NPTS NPTS ~ 
1750, FLOAT F* FIX DROP 

I2 ABSD.IF + @ DSEXT FLOAT 

0 DO I2 2* XBUF + 2@ 
I2 ·pxBUF + ! 

LN 1750; FLai:ir F* FIX 

1'> 
H 

t> 

*> 

3 
4 
5 
6 
7 r1ROP I2 PYBUF + ! LOOP PXBUF BXA(JD· ! PYBUF BYADD ! 

10 
u 
12 

130 4 OTASC -1 DPMODE ! · 0 2260 3720 15530 XYFXS XYOTP 
70 3 OTA$C DPMODE OSET 

13 PZNLIN 145 NPTS ! NPTS ,@ 0 DO XRANG @ 144 I I * DUP 
14 PXBUF I2 + ! 0 FLOAT 1750. FLOAT Fl RATZN 2@ F* INTZN 
15 2@ F+ 1750, FLO.Ar FiC FIX DROP . PYBl)F I2 + ! LOOP 
16 PXBUF BXADD ! PYBUF BYA[lrt ! 0 2260 3720 15530 XYFXS XYOTP ; 
17 

BLOCK 2067 1079 

0 < MULTICOMPONENT KINETIC DATA PLOTTING DEFINITIONS ) 
1 
2 
3 PHGLIN 145 NPTS NPTS @., 0 DO XRANG @ 144 I I * DUP 
4 PXBUF !2 + ! 0 FLOAT 1750, FLOAT FI RATHG 2@ F* INTHG 
5 2@ .F+ 1750. FLOAT F* F'IX DROP. F'YBUF I2 + ! . LOOP 
6 PXBUF BXADD ! F'YBUF BYADD ! 0 2260 3720 15530 
7 XYFXS XYOTP I 

10 
11. 
12 
13 
14 
15 
16 
17 



2'71 

BLOCK 2070 1080 

0 < MUL TICOMF'ONENT CONCENTRATION REPORT ) 
1 
2 Calculated Cell Cones• . H/l Determined 
3 Total. Flow F1ow Ratio Zn Hs 
4. C\,!IiTA 
5 0 V CRHD 300 DP+! ·33676 33206 V 1E~6 , 
6 LCRHEAD SCR @ BLOCK 202 + CRHD 140 MOVE 
7 .EFO 4, l 16 EI .• FR 

10 ! CRHDT CRHD+ SWAP TYPE 
11 
12 
13 
14 
15 
16 
17 

BLO.CK 

0 
l 

2071 1081 

MULTICOMPONENT CONCENTRATION 'REPORT 

Rate 
Zir1cor1 

LCRHEAD 

2 
3 

CCCON BASE @ 11 BASE ! CR 76 0 CRHDT 
CONZN 2@ FRATIO 2@ F:l< .EFO 10 SPACES 

CR CR 10 140 CRHDT 
INTZN 2@ EXP 

4 
5 
6 
7 

10 
11 
12 
13 
14 
15 
16 
17 

BLOCK 

0 
1 

ZNCF 2@ F* lE-6 2@ F* .EFO 
6 SPACES RA TZN . CVRAT TYPE: CR. 

10 150 CRHDT CONHG 29 FRATIO 2@ F* .EFO 10 SPACES 
INTHG 2@ EXP HGCF 21 F* 1E-6 2@ F* .EFO 

10 160 CRHitT 
10 200 CRHDT 
14 100 CRHDT 

FRATIO CVRTO 

6 SPACES RATHG CVRAT TYPE CR 

TYPE 

CONZIN 2@ FRATIO 2@ F• .EFD CR 
CONCYD 2@ 1EO FRATIO 2@ F- F* .EFO 

ABST 24 + CVFLO TYPE 14 116 CRHDT 
CR BASE ! CR' 

MK ANAL MKANAL CCCON 

2072 '1082 

DSE CONC STORAGE DEFS l 

CR CR 

2 00 V CONZN, 0 0 V CONHG , 0 0 V CONCY , 0 0 V CONZI , 
3 
4 < SCONS 
5 S.CONS 
6 
7 

10 
11 
12 
13 
14 I:tSEINIT 
15 
16 
17 

STORE CONC DATA IN DSE BUFFER l 
CONZN 2@ 60 DSEAD @ + 2.! 
CONHG 2@ 64 DSEAD @ + 2 ! 
CONZI 2@ 70 DSEAD @ + 2! 
CONCY 2@ 74 DSEAD @ + 2! 

DSEIN!T SCONS 
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2070 DSEC outPut floatins number 
Output floatins value 

VARBL ABCBF 2003 DSE abs correction values 
ABCBF addr Ret1Jrr1s addr of the first location o'f 

an arraw containins scaled iritesers used to correct the 
absorbance val1Jes of. "the corresPondins colorimeter channels. 

VAR BL ABSBUF 
ABSBUF addr 

1567 CMETER absorbance value buffer 
Returns the addr of a buffer holdins 

the absorbance values f.rom the 8 colorimeter channels. 
The values are single P~ecision intesers rePresentins 
10000 -10- times th~ base 10 log of IO I I • 

ABSCAL 
ABSCAL 

factors 
ABSCB = 

1567 CMETER calc abs calib factors 
Calc1Jlate the 8 absorbance c;-orrection 

for ABSCB from values in ABSBUF and ABSMAX. 
ABSMAX I ABSBUF * 10,000 

VARBL ABSCB 1567 CHETER absorbance correction b. 
ABSCB addr Returns the addr of ~ buffer holdins 

single Precision int.esers ( .scaled bw a factor of 
10000 -10- ) u~ed as correctins multiPlie~s for each -0f 
the 8 colorimeter channels to account for differences 
in the sensitivitw of 9ach of the channels• 

ABSCOR 2027 FIA correct absorbances 
ABSCOR Calculate corrected absorbances f6r 

the values in the buffers Of·AXX via CALCAB. 

VARBL ABSDIF 2051 DSEC abs6rbance diff buffer 
ABSDIF addr Retu~ns the addr of a buffer for 
storage of the absorbar1ce difference val•Jes. 

VAR BL ABSHG 
ABSHG addr 

2051 DSEC HS absorbance buffer 
Returns the addr of a buffer for 

storas~ of absorb•nce ~alues due to Hg, 

VARBL ABS INF 
ABSINF addr 

2051 DSEC inf time absorbances 
Ret•Jrns the addr of a buffer w.ith 

infinite time absorbance values for colorimeters 0 - .7 in 
words 0 - 7+ 

VAR BL ABSMAX 
ABSMAX addr 

1567 CMETER abs value for corre.ctior1 
Returns the addr of the floatins 

Point value rePresentins the correct full scale absorption 
value for use in calculatins ABSCB. 



(:' 

,·. .· 
. ,··:,.··· .. -,_ 

· ·vAr(EIL . ABst 2os'1 DSEC •. absl:frt;>ar;iee'~valJJe.'bu'ffer 
'ABST· . c;1ddr Ret1Jrris the addr. of :a b1Jffe1" w•ith 
··absorbanc;e vali:.es. 'for• b.(.;;£ciri#1.ehrs 0 ~·7 ih wor.d$, ()'L.7, 
Wo.rd.s 8 ,"'"ylO c;cmiain :fl.oii11iiet.e:r Jr. 2 ·and .~alanee flo1,1 
value.s iri hundre.tlths bf' a ml/111in .• , '.. · · 

... ·.· 
·-:-.-· 

VAREIL ABSZN , _ . . 2651 DSEC Zn, ~b~~r~,~;:;~~ 'buife'r 
ABSZN , addr Returns t;he . addr of· a' bi.;rfh,r ·ror 
st.erase. :o:f al:>so.rbanee· ·values d1Je. tcf'Zn. · 

-:,_' .. · 
: .. 

.,";,' . '.• 

. ,.·i 

...... 

'VARBL ·,, ABllffF '2026 FlA> 'brJ~~er \·or area values 
A BUFF add r Returns the., addf of)!!. buffer of 

...... \· 

t:!o•;bi,e pree_s:i.on intesE!rs :rio>F-resE!r.tinsi the• :'ar.ea under .. the. 
Peak ,-fo.r the. i:o'1oriil1ete!' channels, 

. ·. ADAUl.AS ' ··· ·' • 156,S .CMiT~R . du!lfn1!d :di;i+' fot, latu .•Jse;. 
·• ADALIAS: ·· .. · .... · ·. - · .ji def':i!nl:;ti1:1n which ;i;Joes riothins, NULL·. ·. , .. 

'in ;A'DALIAS's P.a:r.a111eter field is reP}aced wit,h t..he . 
;;iddrei>s ot a: df!firdtion to los data or ·pe.rform· some 
other Nrictior1 .if ciesi:re:d. . . .· . . 

r .,, •'· ·~:: ·~ \··' ,·~ ·.:~.. • ." •• I•, ·,.' \·~ 'j . 

DO:·~~!·i~~~~:n._;J:, ·.·d~::;~jJt;:~~~:::?t~~~~fd .. 
c:cmversiori ·of 8 c:1"lanr1el s of ari<1los .in.P:..u:t t.o ,.;ii.st.al, vah1es 
and (the 'averaS!inia;.q:f\ "!·'Jltirle .. c:onversii:lh~:viaADClSlh .. ,:· · :. 

, Be(:.a'use 'of . the;. lensth .;of ~PCI SR < rei~u ires ;;oo . t.o . 1.1-00 ·•:is> . !.~~=~;~=:~~.n)~:~;~:~~~=b !t~,;:~~ i~~s!t~f;e~;~~~ion, to.·· aliow··· . 
. .ADDR, t;>f the taskt.al;>l.e·.is.·4sed .as.a: ·c:ounter .,f.or tf:ie·· ·· 

numper of c:onversiotts 'to' ~~cumulate befo,re' .transfe'n~ns t.h~ 
averase to VOFF>beeause U. :is neees!i\c;1i-!:I. t:b ·r.e.set· this. C:oui:-1£er 
to its iiisxinruni value .in less ;than 1 .fixed ;F"el'iod doc:k F',eriod 
after• t1"1e, c;our.'t.er has sot:r'e, to '.ie·ro . t.o niain~·a,i:n oi;-eratforo.• . 
It is not l"'Ossible :tci assure t.hst this ea!1 be done~ in l)ish ,' 
level FO'i'th .at a· 100 ·Hit· ·rate with the. number cit' :other t'ask.s 
·an'd <operations ·oce·Ui':ins :·in the si.isteml ,;artieU:l~f<l!:I if : a 

·CPU intensive c;,>erii!tic:m is .undertaken b!:I a;,other task~ 
·STATUS must be. used: .. to .. sisr1al t,he a\,lailabilit•,f qf ·anotf)er 
aver_aser..F.c:onver:s,fon .res•Jltt· t.hus, . ADD~ was. use9 as the number. 
of c:on~ersions in .;· srouP·.c:?unter · ini;:t-ead o_f STAT.U$.. . .. ··: •· . 
One now ha,s 10. ms •times :th,e number of ·e6nver;$.forts.· in· .a .sro•JP. 
't.o .ad,.: oh the· "hi!ih' level ;Merri.J'P,t O caused b'::I· STATUS· so ins 
to zero',·. ' '· ',,' ' 

At•CS: 'TASK. TA£t(,E Al,.lOCAtlONS . 
. . Offset: . Name F•.1rict :li:>n . · : · . .. . . . . · 

0 · STATUS ·flast. iridi.l::atins ~v(?ra!l~d·Vai\.i111s r~sds 
2' · ·AD£1R ' counter f.o.r ,c:or'tv.ers;i;or1 ~rr :a sri;irJP · .· .· .. 

52 RPT . · vah.1e .to set AIIDR · "t.o' when. it has . Sorie · t.6 0. ' 
.,i .. -v.sE~··. · · f"n~S:i .. :d"r .n;_,nab~er. ·_:_cif:· Qf.£.s ;::,:~:o~ ·sh~.f:t'.">r.i'.°•i1t·. -· 

\' 
··, ... , 

. :··-· ·. :'· 

. : .. ~ ' .. '• 

. :,1.. < ·.-;-,:, 

... .,. 

'.'-: 
,·,. 

.·.···. 
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.. : ~ .. :·: . 

. 'i.·. 
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' ' 

100-116 
140-176 

VOFF buffer f6r B chan avera~ed value•· 
b1.1ffer for dbl F>rec acc1.1mtJlated valr.1es 
for 8 chanrrels durins acouis.ition 

DOCUM ADCAL 1565 CMETEf.: col.orimeter calc. task 

CODE 

ADCAl. addr Returns the. addr of the STATUS. word 
of the ADCAL task which is activated w.herr the hish level 
Forth code .fol' ADC$ is .. e:::eci.Jted•. ie,, when ADCS·has a 
new 8 chan aver.ased data buffer. Calc•Jlations or; dat<i 
lossins can be done b~ ADCAL via.ADALIAS. 

ADCISR 1564 CMETER A-D conv int. serv•· rout 
ADClSR is entered on .inteffuF>ts froa the fiM•d 

F-eriod clock and i.s resF>onsibl.e for acauirins. data fr.om 
the 8 colorimeters via the mi.Jl tiF>lexed 'A-D c,onver,ter and 
ac:c•.1m•.1latir1s this data until the specified number of 
conversions are made. The .accumulated data is then 
norrnali:.:ed and stored in voFF thr.oush V+7 of the A.DCB· 
task table for •Jse · b~ other tasks. 

ln n1ore de.tai·1, the first oF>erat·fon o-f At1CISR i.s to 
decren.en.t the conversions left .co1.1nter in ADDR of .. ADCS i 
The fi>:ed F>eriod flas is cleared arid a loOP• which 
does 8 A:_D conversio~.s on seo•.1er1tial im•1.1t char1r1els, is 
started {JrrdeT' flaS check control, ( Proce550.r interr•Jpts 
are ena.bl·ed beca.use of the time reouired b~ this routine) 
As each conversion is comF>leted• the •value is adde,d to a 
double Precision ·acci.ni1ulation t;auffer. for that char1nel which 
is maintained in lac.at.ions .140 to 177 of the ADCS task .table. 
lf ADI•R is 0 after• the·corwersi6ns; ·theaccum•.1lated· val1jes 
are shifted .. risht accordinS to the number. in VSEL ( nesative 
the desired numl:;l.er of bits to .shi'f't> and store.d in .VOFF to 
V+7 of the AIICS task table for ih:terna'l .us.e, 
The acc•.1mulation tal:;lle .is then c:leared fo.r tlie next Stroup of 
conversions. RPT indica.tes .the n•Jmb.er of conversions in a 
sro1.1P. STATUS is cle;;ired. ·to sisnal the comf>letion. of'tlie 
current sro•JP of. conversions. See AD.C.8 for more ir1fo.rmation. 

CONST ADCIV 1564 C.METER A-Ii cor1v inti vector 
ADCIV addr Returns the addl" of the ve.ctor f.or 

the A-'D converter. 

CONST AD.CSR 1564 CMETER A-ti corwerter CSR addr 
ADCSR .· addr ... ·. ·.. Ret1.1rns the addr . of the analos to 

disi tal converter CSR 1.1sed to ac·o1.1_i .re c:olori111eter data. 

BAADR ·. · 1503 EBA!.:.' addl" ·Of 30 sec lnJffer 
BAADR addr Ret1.1rn_s addr 9f the besinrfiros (!f the 

30 second ci rc•.1lar blJffer .for balance readin.ss which. i.s 
maintained ir1 the dictionar~ area of the task, 40_0 bYtes. · 

. beYonc! .the wei!iht averasinS .b•Jffe. r • .. 
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·" . /~~.¢tv i~?:9~v.~~~L,',, ci~~ivite bal·a~~.~··,'.t.;;~~- · :' 
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VARBL BASCOR 2026. FIA baselir1e. correction 
.BASCOR addr 

containircs a baseline 
•... • · Ret•,rr.ns the . addr of a va•riable 

c6rT'ection calc;•Jla.ted. bY BASEA[IJ. 

' - ' ' 

: ' ·BA.SUH., , . ·- r~_-9:~:·:_-:·~-B~.l:, ._ c.a.l _c·.-. :6_ .- --S.e~~-nd· -&V~-:~-:a_-~e 
BASUM Ac;cum•,rlat.e. the s•Jm of all the entries 

in. the 6 seccmd averase circular< b•Jffer• divide by the 
n•.Jmber of entries in the buffer and store in BAVALU.• 
tCOL of the •bal~r;ce task. table to ?ro~ide the 
\.le:Lsht on t,he balance irr the ia'Et· 6 .. seconds. 

VAR BL BASUM 
BASUM 

202.6 F.IA ba.selihe .surr1 

: . 

addr. Ret•.1.rns the addr of• 
Precision variable l.JSed when acc;•JRll~latins Qasel'irie 

BASVAL 1503 EBAL ~tore bal V<!l•Je ·in. 
BASVAL .Obtain. the>~urren.t l:;li;ilance weisht val1.:1~ 

frorii VSEL of the· balance ta.sk .tab.le.(. stored b'::i BACT.V) and 
Place.· it. ir1. the .. P.roF>er.· locati0 n of .•• the •. 6 second ave.rasins 
buffer,· ·Increment and reset the F<o~ri.:ter. in.to the buffer 

if r1ec·es sa ry • 

BAVALU 1503 EBAL ave ras:e Sal ar1¢e val•.:1e 
BAVALU addr Ret•.Jrns addr of *COL in the :balar1ce 

task table. which clJAtci:i.ns the ave"l'ese vai1•.1e of the.palar;ce 
weiSht. averaSihs b1Jffer. cor1tait1inS val•Jes. Of• .. the .last· 6 secs, 

i504 EBAL comt;.ine BASVAL &.BASUM 
P~rform the f.1Jnctioris .. of BASVAL & BASUM 

VARBL BBUfF •.. 2026 FIA . ·. b•.lffer for Peak v.all..les 
BBUFF a.ddr Returns the addr of .a buffer o.f 
dci•.1ble P~ecisi.on ihtes:ers reF<resentins the ·1;;ea1<, values··· 
fo•.1nd in eacti ·colorin.e.ter channel•. 

. ",- ., 

BCDIF 1503 EBAL . talc•Jlate·.differei"ic.e·. 
BCD IF . . Calc1-1Jaie .the. differeryc;e in weisht. 

bet.weer1 the val•Je ·J1Jst •entered in the ;.>O sesor•d. buffer 
and the val 1 .. re of 3.0 seconds aso and store it in BDlF' 
RPT of the bal!"r•C!? ta~k .table. A. small COT"TieCt,i(:)n is 
ca.lo1Jlater.:l and adr,!ed · to .cor-rect the·· flo.w rate · beta1;1se 
thefl0Wn1eter '\;in1e .. hase,i ~hi Ch lS IJSedtO c.ii•JlSE! er)ti'ie~ .• 
into the .6 and 30. setohr.f b•;Jffers • is .. slishtl!d lesjS thar1 
250 nis, resul t'ir1s .ii-i .low v·alues;• The flow .value·. is 
n1•JltiPlied b\ol 2i leavin~ the .result irl 1Jnit.s of 



• ·.r 

BCONV 1!:j04 E:BAL . convert disits to binar-.i 
BCONV a Colivert• a striris of .. BCI1 di sits store<:! 

in the balance. task tatiie to binar!:I iro. the order 
s?ecified .b-.i OTAB with the ?owe rs of 10 .stor.ed iro PTAR• 
l~aviros the convert~d binar..i weiSlht va.lue or1 the stack. 

CONST BCSR 
BCSR ·addr 

1502 EBAL . balance CSR addr 
F:etur:hs the address of .the ba1aroce CSR. 

BCVAL 15.03 EBAL c•Jl'rent balance val•Je 
BCVAL addr RetoJrns addr of VS.EL in the balance 

task t:able ,whic:h contains the last balar1ce readins. 

BDIF 1503 EEAL balance flowrate 
BDIF a.ddr Returns aodi' of RF'T in the. balance 

task table which .contains the flow rate in .• oL ml/min. 

' ' 

BFADR 1503 E:BAL addr Of· weisht av.sf buf 
BFADR addr Retwrr1s add'r of PA.D of the balaroce 

tasl<. where the weisht averasins buffe!' .starts·• 

VARBL. BFLIM 2053 BUFEII. bu·ffer lemsth lilrdt 
BFLIM addr Ret•Jrns the addr· of a memcir<.:1 locatioro 
cor1tafr1ins the ma:dm•Jm·.number of i;.oints allow~d in the 
b•Ji'fers, 

BFLNG 1503 EBAL l.ensth · of wt av!;t b•Jf 
B.FL.NG addr Ret,•Jrns add.r of Rt in tMe balance 

task table whi!=h contains the lenSth cif the we.isht averasins 
b•Jffer; 

BFPTR 1503 EBAL pointer into 30 sec b•Jf 
EFPr'R addr Ret•Jrris addr of .P* in the .balance 

task hble Which. contains the l"'Oiriter into th,e 30 second 
buffer for addition of the ne:.:t weisht into ;the buf.fer.•. 

VARBL BFPTS 2053 BUFED F-oints ir1 b1Jffer 
BFF'TS addr Ret1Jrns the addr of a meri1qrY location 
si.vins the c•Jrrer1.t n1Jmber of ?oints Jr;. the X & '(. b•Jffers. 

VARBL BFULM 
. BFULM addr 

2054 BUFE.D error. messase brJffer 
RetiJrns the· add.r of 'a. b.•Jffer 



CODE 

2?9 

BISR 1502 EBAL balance i. serv, routine 
Serviees the balance interruPts which occur 

when the balance done line is activated when a new 
balanc·e readiris is available. ( between ,5 and 2 •. 5 sec) 
The balance STATUS is cleared. the balance interface 
flas is cleared• and a number of disits from the balarice 
buffer are read and st6red as BCD di~its in the b~lance 
task table startins at VOFF. The address in the buffer 
is selected and out?ut Just before readihs the in?ut 
Port. InPut disits •re rotated 4 bits. masked• and set 
to 0 if not•less lhari .10 -10- , 

CONST BIVEC 
BIVEC addr 

1502 EBAL balance i. vector addr 
Returns the address of the balance 

interru~t service vector. 

VARBL BLCVAL 1514 FMETER buffer for bal calb. val 
BLCVAL addr Returns •ddr of the besinnins of a 

table containins do•Jble Precision s1Jms of the balance 
readinss over the FCMTIM ·time. period at ir1divid1Jal flow 
rates usned ·in PreParins the flowmeter calb. curve. 

BSVAL 1503 EBAL store in 30 sec buff 
BSVAL Store averase value from 6 .sec buffer 

Ci 

C2 

in a 30 second circular buffer to allow calc~lation of 
the flow rate bs ~CDIF. After calculati6n of the 
difference the Pointer into the buffer is inc-r-emented 
and reset if necessarw. 

Cl 

u. I 

e;dt 

C2 

t2f 
e>:i t 

1501 VALVE close valve 1 comPletelw 
Start an endless loo? usins CL! to close.val~e 

When the inPut bits indicate the valve is ciosedr 
the loop, 

1501 VALVE close valve 2 com?letelw 
Start an endless loo? usins CL2 to close valve 

When the in?ut bits indicate the valve is clo.sedr 
the lOO?o 

VARBL CABB. 1567 CMETER corrected ~bs buffer 
CABB addr Returns the addr of a buffer holdins 

sinsle Precision intesers ( scaled bw a factor of 
10000 -10- ) .which re?reser1t the corrected absorbance 
of each qf the 8 colo~imeter channels. 

CABS 1570 CMETER calculate absorb~nces 
CABS Calculate the 8 absorbance values and 

store them in ABSBUF. IBUF is subtracted from IOBUF 
and the results converted to base 10 loss. 
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I 

I 
I CAIFS 

CAijFS ·.· 
fcir! data in 
16 [has the. addr of the· besirmins of the infinii;.e 

CALCAB Z0()4. risE calc 
a I chan* CALCAB b · · The raw absorbance wal1Je.~ a 
is1 n1•JltiPlied ·by :the .correction f;;1c~or fC)rchar1* >aod · 
tke cor'r<;>(:'te•~. abs'orbancer b .· , is left .on 'the stack. 

i CALCAB 2027 FJA.. •. cal~ ca~ibre1ted absorb. 
vallJe chan* CALCAB Calc•Jlate a ccl'l'.'r,eeted absorbanot!! 
siv~n the vaTi.1e to ~orrect on th~ stac!<. a.rid .the· chan•· · 
whidh it. is ob{air1ed from. ABCBF contains s(:'.aled correction 
fc!ctlors for each color).lllei;.et. • 

. . . , 

: CALCLlNE 
CALCLlNE · 

2.052 LSGlJ 

ccjnsistins of the 
y~l•'1es ar.e in the. ..· ...... ,.. .. . . .· 
Tt')e ·SloPe and intercept Of the lines are ,dbtained from 
s~a.tist,ics buffer, . Calc•JlCltt!!d pqin;ts are 
b•~ffer F-qinted ·t.a bY the. addi' in NYBUFA, 

i CALCPT 2;052.LS~U .. calc.~ Y f'.'Oiht 
Pt:!; CALCF'T vali.1e. .· · .. · Ca_lC•.1l;ste a floatins i>oint 
fo( F'U in the b1.1ffer Point,er.l to b)O t,he add!'.' in 
IJSj,nS Values for the. SlOJ'>e and intercei"t from .t}t:ie St.~.tfstiCS 
t<!ble 

CATS 205~ D$EC 
cA'rs Cale absorbance i:!lffe r'er1oes fbr·· each 
c6lorilneter and store in ABSDIL Store LN 
i~t. Y.BUF •. do lease SCl•Jart;!S onilast A ?oirits &. ,c;;)c iirre. 

I 

. · .. 2053 BJ.JF~D clear· buffers 
Set BFPTs to o, effectf1,1elY' Ei?nil"tyins 

CBF. 
CBF 

I 
t~e b•.Jffers. · 

I 
I 

J CCCON 2071 ItSEC 
CtCON Cilllc;~latei concer1tratiorr$ of reaslents 
it1 the ild.>:fr1s cell from cor1cer1tratiC:ms siJ?F'hed :j.n th'e 
r•lm I.D s.ection and _the di'iut:i.on ratio. 

' ·.> f5i3'FMETER 
<CFG{ flt.r~'5~'·. 
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Siven a flow rate ( in 01 ml/min) for flowmeter *1 
accordin• to the calibr tion cu~ve determined bW the 
~hort calibration Proce dure. All valu•• are floatins 
Point r1•Jmbe rs. 

CFG2 1513 FMETER calc. resp from flow rat.e 
flt.rate CFG2 fit~resP Calculate the flowmeter resPdns• 

1,'ARBL 

Siven a flow rate ( in .01 ml/mini for flowmeter •2 
accordins to the calibration curve determined bw the 
short calibration Proceedure. All value• are floftins 
Point n•Jn1bers. · 

CFLAG 1571 CMETER done fl as· f.or storase OP 

CFF(l 1513 FMETER . calc flow rate from resp 
flt;resP CFR1 flt.rate Calculate the flow rate in 

.01 ml/min from t~e response of flowmeter *1 accordin~ 
to the calibration cur~e determined .bw th• short calb. 
i>roceed•Jre. A.11 values are floatirrs F>oint n•Jmbers. 

CFR2 1513 ~METER calc flow rate from res? 
flt.res? CFR2 flt.rate Calc•Jlate the flow rate in 

.01 ml/min from the resPonse of flowmeter *2 ac~ordins 
to the calibration :curve determined bw the short calb. 
i>roceed1Jre. All values are floatins Point. n•Jmbe.rs. 

CHANBF 
b* CHANBF 

2026· FIA setup. b•Jffs. for FIA rPtS 
SetuF- .8 b•Jffers in AXX from FIA' data 

stored on di.sk startins at b* • B•Jffer identification is 
Printed and data transferred from disk to memorw b•Jffers. 

2003 DSE storase buffer VAR BL CHAR BF 
CHARBF. addr R~tu~ns addr of the first location of 

an arraw containir1S ascii strinss for table headinss. 

CHG LINE 2056 DSEC ca le HS l ir1e 
CHGLINE Calc•Jlate the absorb.ance d•Je to Zn 
from the LS fit ahd store in ABSZN, Subtract this from the 
ABSDIF calc'd earlier and store ih ABSHG for the 
absorbance due ~o Hs. 

CODE Cll 1500 VALVE close valve 1 
a CLl Outi>ut 2 ls bits of a from the stack 

to the Proi>er bits of the Parallel output Port to 
c a•Jse move merit of . va 1 ve * 1. The outi>qt oPe rat i or. is 
skiPPed if bi ts of the· i>a'ral lel iriP•Jt Port indicate the 
valve is comi>letel':I c.losed. If a is o, no movement 
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occurs; 1 Produces a slisht moYement• 2 about 1/lOth 
of a turn and .3 .about 1/4th of a turn. 

CLlE 1501 VALVE close valYe 1 
a CUE T1'ansfer a to CLl if VM1EN is o, 

causins valYe 1 to close slishtlw• otherwise drop a 

CODE CL2 
a CL2 

1500 VALVE close valYe j 
See desctiPtion for CL2 

CL2E 1501 VALVE close Yalve 2 
a CL2E Transfer a to CL2 if VM2EN is o, 

causins valye 2 to close slishtlwr otherwise droP a • 

CLSL 
CLSL 
the LSFIT 
indicated 

205~ LSQU calc least sGuares line 
Calculate a least SGuares line bw doins 

and CALCLINE oPeratioris on the number of Points 
b':l LSF'TS. 

COL OFF 
COLOFF addr 

2051 DSEC 
Returns the 

colorimeter. distances 
addr of a buffer which 

contains the distance from the mixer to the colorimeter 
in millimeters. 

VARBL CONCY 2072 DBE cone bf CwDTA 
CONCY addr Returns the addr of a floatins Point 
memorw location containing the concentration of CwDT~ ir\ 
the sol•Jtion. 

VARBL CONCYD 2051 DSEC Cl:!DTA concentration 
CONCYD addr Returns the "addr of a floating Point 
buffer containing the CwDTA concent~ation. 

VARBL CONHG 2072 DSE cone of Hs 
CONHG addr Ret•Jrns the addr of a floatins p.oint 
memorw location containing the conc~ntration of HS in the 
sample solution. 

VAR BL CONHG 
CONHG addr 

2051 DSEC HS concentration 
Returns the addt of a floatinS ~oint 

buffer containing the Hs concentration. 

VAR BL CONZI 
CONZI addr 

2072 DSE cone o.f zincon 
Returns the addr of a floating Point 

n1emor:i location containing the concentration of Zincon i:n 
the sol•Jtion; 
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VARBL CONZIN 2051 ~SEC Zincon coMcentration 
CONZlN addr Ret1Jrr1s the. addr of. a .floa.tinS! Point 
butter eontaininS! the Zincon~oneentrati6h. 

VARBL CONZN 2072 DSE cor1c of Zn 
CONZN addr Re.t•Jrns the add.r of a floating Point 
n1emorY location containins the c6ncentraticin of Zn in the 
sample solution~ 

VARBL COt-IZN 2051 DSEC Zr1 c.oncentration 
CONZN addr Returns the addr of i floatins Point 
buffer containins the Zn concentration; 

CPP 1571. CMETER 01Jtp.1;t abs f.rom. st b1.Jff • 
CF'F' 0•.JtP•Jt 8 s·isr1ed val•Jes from the 01.Jt?•Jt 

storas!e b•Jffe.r to the terminal·, 

VAR BL CRHD 2070 DSEC b•Jffer for ref>ort header 
CRHD addr Ret•Jrns the addr . of the b•Jffer for 
the m•Jl ticomPone.r1t re?ort header, 

CRHDT 2070 DSEC out?ut header fi.lds 
co•Jr1t off.set CRHDT O•JtP•.Jt cour1t char.s from CRHD 
start ins offset b':ltes ir1to the buffe.r. 

CTATC 2051 DSEC calc tirne at colorimeter 
chant CTATC ms Calculate the time from mixins 
in millisecondi at col~rimeter channel chart*· i The 
flowrate in the calibration eGuation flow* -14.09 + 
352,9 = tin1e is obtained from word 10 -10-:- of ABST, 

DABS_ 
DABS 

1570. CMETER dis?la':I absorbances 
Output the 8 absor.bance values it"i ABSBUF 

DBFE 2054 BUFED do•Jble. b•Jffer entr':I 
xval •. l;ll/al. DBFE Redefinition of FBFE for 
do•Jble Precision intes.er .inP•Jt, 

DCABS 1570 CMETER rjis?law cor. absorbances 
DCABS Calculate the corrected abs6rbaMces b':I 

niulti?l':lins ABSBUF b':I ABSCB• storing the T'esults ir1 
CA.BB and also out?utins them. 
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DISPLAY. 2003 D.SE disPl.a"' DSE r•Jn info, 
bt D.ISF'LAY Calc•Jlate and o•JtP•Jt infor!Joa·tion :from 

the DSE r• . .m startins at bt , The statistics tables are 
initialized,· the n•Jmber -of data. lines· indicated b."1 b'::lt.e 14 
a re Processed .and a. s•Jmma r'::I is O•JtP•Jt. 

D.LiNS 2004 D.SE disPla~ ~ lines 
vaddr. tl D.LlNS Use DSELIN to oPerate on tl 
lines of 20 b"1tes startins at vaddr. 

DOCUM D.SE 2000' I1SE Dil•Jti.or1 Stabilit'::I doc 
The P•JrPose_ of the dil•Jtion stabilit"1 e:<Periment is to 

eval•.Jate the flow sensins and controllins. abilit1:1. ·of the 
instr•Jm.er1t. The variation ir1 colorimeter 01.JtP•Jt with time 
will ind.icate the stal:>ilit"' of the flow controlle.r and the 
overall noise .. eHpected of the S"1stem. For .e:<amPle• ass•.ime 
ea•.ial .flow rates bf r1t:m-absorbins and absorbir1s sol•Jtions. 
An absorbsnce of one half tha.t of. the P•Jre absorbi.ns solution 
sho•Jld be observed. Acc•Jrac'd and stabilit'::I car• be d.ete.rmined 
b'd how cilose the colorimeter output co~es to half scale. 

0Perational Proceedure 
1. Rt.m short .calibration Proceedures on both flClwmeters 

with the solutions the"' will be ccmtrollins. Record 
sloF-es and intercepts for hter •.ise •. M-"!ird:.air1 cor)ditions 
e}:actl"' as the"' will be when •Jsins the. instrument, .don't 
allow the slight.est movemerot< of aPpatat•.is, < FMGAL, ) 

2. Run the colori.nieter cii!libration Proceet;iure with Pure 
non-absorbins < GETIO ) and .absorbins < ABSCAL ) 
sol•Jt.ions to det.erinine the correction fiilctors for each 
colorimeter. 

3. Set the desired flow r6tes in both C'hannels and wait for 
stabilizatior1. ( SFGl , $FG2 ) 

4 • Start t;!ata stoT'aSe. Via !1SEINIT 
5. Store the data b•Jffer on disk for subsea•Jent calC'•.Jl<itions 

DOCUM 
B"1te 
o- 1 
2- 5 
6- 7 

10-11 
12-13 
14-15 
16-17 

·20-57 
60-"63 
64-67 
70-73 
74-77 

and Plottins. ( B:t SDSE!tATA ) 

!ISE.ARRAY•FORMAT 
Cor1tents 
R1.in t 
Time 
Date 
FP .. Clock CSR 
t readinss. avsd 
t b':lt.es. Jro a.rra':I 
addr .of 2nd section 
ascii ·strins 
C'or1c of Zn 
cone of ·Hs 
C'OnC' of ZinC'on · 

. C'Onc of C'd!ITA 

2000 DSE IISE arT'a'd allocations 
B'::lte Contents· 
100-117 colori~~ter 
120-123 F'Ml Slope 
124-127 F'M.1 O.ffset · 
130-133 FM2 Slope 
134-137 FM.2 Offset 

corrections 
floatins 

140 on r1ata e1"1tT'ies of 40 t:>l:ltes 
0 .. 17 e c.olorimeter chans 

20-21 FM1 V·al•Je 
2-2-23 
;?4·-25 

FM2 v6l•.ie 
Balance val•Je 



VARBL ·.· DSEMt 200() DSE D.SE stci·rase .buf. Sddr 
DSEAD .add!' . · Ret•.Jrns adr.!r . of the f.il'st location of·. 

an at::l'a!:I u$ed f.Q.J' stoT'.aS.e of' data' f,T,'oni t,.he DSE ,.;.r(>ceedur.e• 

J:iSEDls'> 
b:t PSEDIS. 
DSE arl'a1:1 ·and 
v;;iriables for 

2003 DSE ·· .. .disPla<:1 DSE data 
OutPi~t·the :identifioati.pi-. data :t'T'olTJ the. 

set l.J°P flowmeter and Colorimeter .CSl~bratiOr1. 
la.ter •:ise. 

. . 

OSEINIT · · · ·· 2000 DSE in it DSE. data file 
Runt · sdr.fr DSEI~!T .•.· xx>:x • Ird ti<ilize. a data ar-.rs!:I 
for a dilutioh stabilit!.I ex.Peririuimt run.. Ru·r1t ··is-. s.tored· in 
the .first word Of the data arra;,, whiCh starts. at .. · Sr,idr: + ... 

>:xxx is an ·ascH cMa·r strins (.see .D?E$TR > ... of ui> tb''.32 chars .·.· 
which will be sto-red 20 b!:lltes into the a:r,.a~ .·as identifiris 
inform:~ti'ioh •. STP·TR is set .to tli.e f.i rst. :r.iat.a .. storali!e area.• 
al. lowii'is clata to be stored in· the. -buffer un\il Tt .is .f•.Jll •· 

. II.SELIN. . 200.4 DSE disP:h.':1 :line at vaddr 
vaddr ••. bsELIN · ··.· DhPla':lr·• aecw11Ylate, or Process 

the Ds:E data con.sistins of the·,·20 b1:1tes folloi.:':ins • .yaddr. 
on the. st;ack+ Corre.C::tions 'or,.calibrations'i!ire iiF'P.lief.!·~o 
the raw. data which' is .then disPla1:1.ed, .accu,111ul.ated: fol' .the 
statis.tips•. O'I' stored in ar1 outi:>ut buff•er for:. P.lott:inSr· 
dePend i r1S if bl pc;y, .:2004.r . 2006 r . o·r 2007· is . .1 Oaded • , . 

_:·, .': .... .. .. 
. . . 

DSESl'.R 2000· DSE ob.ta:i.n' inPut char· s;j;rinl!! 
DSESTR ·· · Enter a character strin!! to be· S:,tcii:'ed 

ir·· the. IlS.E data b•.Jff·er for icientif'ieBti·o·n P•jrp.oses. ··The li.tri.iis 
;is termini':t.ed .b':I ~ 0 and UP. to 40 _;9:,_ chars p1a1:1 be stored• . 

EBF 
EBF 

2953 ··BUFEI• erase .. l:;luf.fer.s 
Set all loeatior1s in t:he buffers .t.o o. · 

· .VARBL F.:LOK. 1567. CMETER floatinl!! const of .10,000 · 

.· -~ FBF.E . 2954 BUFED flo.atihl!! bi.Jffe~ ·entr-1:1 
. fxval··: f~va{.· FBFE Store. the·: fldatins Point vai•.Jes 
on the stack fr, t:he x & Y b1.tffers at the locatioii ·.det.e~niined 

·. b<:1 the cv'rrent value of BFPTS •. If the biJ.ffer is f!Jll, . 
o•J:t!;'v:t·'· ar'i error .. 11iessase · a.nd do ·not store· or dro!;' t_he · 
n•J1111;>ers· .. from· the stack_.. 

FBF.L 265.3. ·J:IUF.Eil flt •. F't+ buffer Hst 
F:E!FL .. .. .· List .the contents of the leS!:st sou.ares 
buffers ii\ flo.atins Point f.or111ati. . BFP.TS :eontair1s the 
ni.Jmber· of· Points to be oiJti!>ut. ·. X:EtUFA; •YBUFA ~nd NYBUFA. 
POint to the buf.fers containinl!! the values to b~. ·listed. 

;.·,· 

: . ~: .: .. ;" :,. ' . 
·i .. · 

···.:.' 

.. ·.· 
·'' . 

' . 
' .. ,;_·. 
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DOCUM FIA 2021 FIA -Flow InJec:tior1 doc:. 
The P•.JT'Pose· of the Flow Ir1Jec:ti.on Anal1:1sis e:-:i:,eriment 

is t~ Wvaluate and determine the char~cteri•tic:s~f the 
instr1Jmer1t in flow ir1Jec:-t.ion mode. Absorbing sample. F-1•Jgs: 
<KMr104) are ir1Jec:ted into a ru:m..-absorbins" carrier stream 
who•e flowrate is .controlled bw. the flow ~ontr011er. The 
resl"onse of-·the -8 detectors, -flo.w.meters •. arid balar1ce is 
recorded Periodic:allw_ (intervals of .()8 to .64 seconds) 
and stored for l;3te.r ar1<!l1:1sis+ Information on disPersioro 
of the sanu•·le _Pl•Jl!!r linearit1:1 of area resPonse, arid 
reProd•Jc.eabilitw ;Jr1der flow inJection conditions ma1:1 be 
obtained. 

Qperational Procc:edure 
1. Run the short calibration Pl'oceedure on the flowm.eter 

to be •Jsed with the sol•.Jti-oros to be used •. 
2. R1Jn the colorimeter .calibration Proc:eedure wit~ Pure 

rion-absorbins ( GEIIO .) and. absorbin~ < AE!SCAL ) 
solutions to determined the correctibn factors for 
each colorimeter. 

3. Set ihe desired flow rate and wait for stabilizatior1. 
Be sure the •amPle loop is filled and the samPlins valve 
is in ·the PrOPer Position. 

4. St!!lrt data storasevia FIAINIT which also causes the 
samplins value to insett the iamF-1~ loop in the carrier 
s-treani. 

5. When finishedr store the data buffer on disk for later 
calculations and Plottins. < El~ SF!ADATA l 

DOC UM 
B10te 
o- 1 
2- 5 
6- 7 

10-11 
12-13 
14-15 
16'-17 
20-57 
60-77 

·FIA.ARRAY.FORMAT 

R•.Jn t 
Time 
Date 
FF' Cloc.k CSR * rf;'Cldinss avsd * b'=ftes ir1 arra1:1 
s1>are 
ascii strins 
s1>a-re 

2021 FIA ~lA arra1:1 allocations 
B1:1te Contents 
100-117 coiorilileteT' correc:tions 
120-123 FMl SloPe floatin• 
124-127 FMl Offset 
130,.-i33FM2 Slo1>e 
134-137 FM2 Offset 
140 on Data entries of 20 b1:1tes 

0-17 B colorimeter channels 
20-21 FMl val•Je 
22-23 FM2 value 
24•25 Balance val_ue 
26-27 F'aral lel iriP•Jt P.ort 
< LSB=1 -> valve is in·JectinS) 

FIA.BRP 2024 FIA ser1erate _FlA reF<ort Pase 
bt FIABRF: O•J.ti=-•Jt a FlA r•Jro report siver1 .the startins 
bt Data is read in• absorbancec>s col'reeted and area.s 
intesrated for e.ach colorini.eter. A second inteSl'atior1 is 
done after correctins for b~seline values~ 

FTADlS 
bt FIADIS 

2024 F"IA dis1>la':I FIA data 
O•JtP•Jt the_ identificaticm data from the 
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FIA arra!:l and set •.JP flowmeter and .colorimeter calibratior1 
variables for lat.er •..tse. 

FIAINIT. 2021 FIA init F1A aata file 
Run* ·addr F!AINIT }(>::·:>!' Initialize .. a data arra':f 
for a flow ir1Jecticm .ctnal!:lsis. r•.in. Rur1* i~ stored in the 
first .woi"d of. the data arra':i which starts at addr 
:-:>:>::.: i:s an ascii ·char strir1s ( ·see I!SESTR) of •.JP to 32 chars 
which will be. stored 20 b':ites ir1t.6 th.e arra\:I as identifim! 
irdor-mat.ion. STPTR is set t.o the fi !"st da.ta stor-ase area• 
allow ins data to be sto.red ir1 the tu.iffel' 1.ir1til. it. is f•Jll. 
INJECT C1ctivates the solid state r-ela':f •which CC!•.Jses the 
samPlins value to move to the inJect i=-osi.tion. 

FIARF'T 2024 FIA ser1erate FIA re?o.rts 
startB* endB* FIARPT Generate rePorts via FIABRP 
for b•Jffe rs star tins at sta rtB:t and endi.r1s at er1dBot, 
Buffers are 10 -s~ blocks lons • 

VAR BL 

FL CHG 
FLCHG 

. 1525 FMETER set chansins flow Param, 
Set the limit of differences from the 

averase and the control value divisior to values oPtimum 
for ·chansins flow conditions+ 

F"LCON 
FL CON 

1525 FMETER set cohstant flow Param. 
"set the limit of d:i,fferences from the 

averase and the cont!'ol val•Je i;!ivisior t·o val.•..tes oi=-tim•.Jm 
for ~onstant flow conditions. 

FLFTM 1515 FMETER temi=- flt storase loc. 

DOCUM FM1 1510 FMETER flowmeter l task 
FM1 addr Ret•Jrns the addr of the STATUS. word 

of the FM1 task which supervises the o?eration of flowme>ter-
*1 • The task read.s data from. the·. co•.inter via FMISR and 
is resF-onsible .for keeF-ins an ave.rase flowmeter value and 
drivins the flow controlleT' valves ir1 l"ro.Per direction to 
maintain flaw control. 

FLOWMETER TASK TABLE ALLOCATIONS 
Offset Name Function 

14 IDA addr of RTC CSR for flown1eter 
16 ODA O .if >::-t2 valve controller sho.•.ild be •Jsed 

50 *COL 
52 RPT 
54 R* 
56 Pt 
62 ERR 
72 VSEL 

1 if >::.:1 valve controller sho•.1ld.be used 
last error Value for calc of err dervs. 
multiPlier for.derivative 
n•Jmber read di rectl'.:1 from R.TC co•Jnter 
c.alcul<3ted. cor1trol val:.ue for valve 
set to 1 whe.n flowmeter O?etations done 
.s•.im of error ·& derv va1ues 



·1oouo2 VOFF 
110 Vt4 
112 v+s 

114 V+6 

116 . V+7 

122 HOL!t 

132 STADD. 

CONST FM1CSR · 
. FMlCSR . addr 

·" 

.· .. 

sum• of ia~t.. X val•Je$. X in V+4 . 
width of averasins window i,n ,.oints. . 
Point.er. t.o ne:<t. :mem loc t.o store flow-

. met.er. values. (abs. adi;!r:> . 
' limit of differences fron• averase t.o be 

st.ored in averaS.ihS buffer . 
flowmeter.-scial•va1ue. · 

counter for flowliieter 6ont'i-ol < valve 
n10\/ement · dor•e .evero.i :4th ·int.erroi:>t 
s~atistics. table address for calibrat.~orr · 

1510. FMETER flowmet.er 1 · CSR ;;iddr 
Returns the addr, of the -CSR for FH1 

CONST FMlG 151:1. FMETER addr .of FMl soal 
FMlG addr .Returns the addr of l,lt7 :!in the flow• 

nieter 11 task t.able whi~h contains the setPoint VSl.iJe,, 

CONST FM1IV 
FMlIV . addr 

vector for FMl 

'"·<. 

1510 FMETER flowltreter · 1 vector addr 
. Ret•Jrns the addr . of .. the interr•.JPt 

. . .. . . 
. . . ·. . . 

FM10F 1.513 FMETER flowmeter 1 calb ~ . offset. 
FMlOF ' acidr · . Retu:rn$ 'the addr . of. 'a ch)uble' Precision. 
float·ins .fl'oin·t valu~. !iivins the off.set· of. the' flowme.ter *1 · 
calibrati'on .curve .determined· b!:I. the short ·c.alb. f>roceed•Jre. 

·: f'MlSL .· . · i513 FMETER fi~wmete·r ·1 cal;b. ·· slOPe 
FM1SL' addr . Ret•Jrns the addr of a· double P.re.cision 
floatiris. Poiht. \/~~1..1e sivins the sloF>e of. the flowmeter *-i 
calibration curve determined 'b!:I the short'calb. Proeeedure. 

DOCUM FM2 1510. FMETER · flowmet.e.r 2 task~ 
FM2 ·:.addr · . R.eturns the addr ·. of the STATUS word 

of the. FM2 tasl< which 1>uPel'vise.s the .oPeration of flowmet.er 
12. See FMt for detSiis. · 

CONST .FM2CSR 
FM2CSR addr 

1510.FMETER flowme~er2 CSR addr 
Ret1J1'ns the addr fo u;e CSR for FM2 

CONST FM2G 1511 FMETER addr of i""M.2 soal 
FM2G addr · Ret•.irris the addr of V:+7 in the flow-

meter t2 task table whic;:h eontains the setPoirit ...,.;lue. 

.- ... 
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CONST FM2IV 
FM2IV addr 

"'ec,tor f.or FM2 

1510 FMETER flowm•ter 2 Yector addr 
Ret•Jrns the addr of the ir1terr•JF't 

FM20F 1513 FMETER flowme.ter 2 calb. offset 
FM20F addt Returns the addr. of a double P~ecision 
floatins Point yal•Je siYins the offset of the flown1E!ter t2 
calibration c•Jrve deterll!ined b\:I the. short calb. Proceed•Jre. 

FM2SL 1513 FMETER .flowmetE!r 2 cal.b. slope 
FM2SL •ddr Returns the addr of a double ~rE!cision 
floatir1s F-oint Yalue siYinSI. the sloPE! of the flowi11!?ter *2 
calib.ration cl.irYe dete.rmined b\:I the_ sho.rt .calb. P·roceed•Jre. 

FMALIAS 
FMALIAS 

in FMALIAS's 
address ·Of a 

1511 FMETER dumm!:I. def for later •Jse 
A definition which does nothins. NULL 

F<aramete.r field is rePlace.d with the 
def.inition to lost data or Perform some 

othe~ function if desired. 

VARBL FMClV 1514 FMETER b•Jffer for FM.1 ca:ib val, 
FMC1V addr Ret1Jrr1s addr of the besinnins of a 

table coritainins double Precision .s•Jm.!;i of flowmeter ti 
readinss OYer the FMCTIM time Period at ir1divid•Jal flow 
rates •Jsed in 1>reParins the flowmeter call:.» c•Jrve. 

VAR BL FMC2V 
FMC2V addr 

1514 FMETER 
Returns addr 

buffer for FM2 calb val. 
of. the besinnins-of a 

table containins do•Jble Pr.ecisi.bn sums o.f f.lowmeter t2 
readinss over the FMCTIM time· petiod at individ•Jal flow 
rates •Jsed in PreParins the f1owmeter calb. curve. 

FM CAL 
FMCAL 

15 l. 6 F"METER i ni ti ate fn1 ca 11;>. sea , 
Activate FMCTASK a.rid start e>(ec1Jtior1 

of the FMCSEQ after clear.ins the data .acc•.m1•Jlation 
buffers, After e>:e.C•Jtion of FMCSEQ' ar1 er1dless lOOF' 
is e.r1tered to Prevent F-ossib:le Problem.s with F"MC1ASK 
if e>:tra FMCNEXTs are done and no soal val•Jes are avail. 

FMCDIN 1514 FMETER deinst;;ill los.sir1s. def 
FMCDIN ReF-lace thi;: address irr the p.arameter 

fi.eld O·f FMALIAS with that O·f .NULL1 th•JS s't;or-F-.ins 
an!:I data lossins actiYit~ b\:I the. calibration ro•Jtir1es, 

VARBL FMCGOAL 
FMCGOAL addr 

1514 F"METER fm seals for calh.curve 
Returns add~ of the besinnins of a 

table containins flow seal values for use ir1 PreParins 
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the flowmeter calb c•Jrve .b'=I the short calibration 
P roceed•J re, 

FMCINST 
FMC INST 

1514 FMETER install lo:;!Sins ro•Jtines 
Install FMCSUM in FMALIAS• startins .the 

acc•Jlliulation of data for Preparation of calibratior1 c1Jrves. 

FMCNEXT 
FMCNEXT 

sea•.1ence as 
b':I clearins 

1516 FMETER do neHt steP in cal sea, 
Ca1Jse the ne>:t step ir1 .. the calibration' 

defined b':I FMSEQ ahd FMCSTEP to be eHec•Jted 
STATUS of FMCTASK, 

VARBL FMCF'TR 1514 FMETER Ptr to cal b•Jffer 
FMCF'TR addr Returns addr of a variable w.hich is 

a :F-ointer into a buffer of acc•Jmulated flow val•Jes •Jsed 
to calc•.Jlate the flowmeter calibration curve. 

· FMCRF'I 1515 FMETER calc•jlate calb curve 
FMCRPT< C.alculate .calibration c•J.rves for .both 

flow.meters from the val.1Jes ii!Cc•:imqlat,ed inFMCSUM• leavins 
floatins Point sloPes ci.nd offsets in FM>:S>L af'.).d FM:·:OF. 
The rC:llJtine •Jses ·sACC o.f the statistics Packase t.o 

accum•J.late s•..1ms and .s.ums of smiares of the averase val.•jes 
obta,ined from FMClV .and FMC2V with BLC\,IAL s•JPF-l:1ins ·the 
X val•.1es. at th.e vari,ous flow rates emPl.ooiled b':I the short 
calibration Pro~eed1.1re. A .least ·sa•Jares linear T'esressiorr 
calc•.1lation is dor1e which \Oleilds the sloPe and offset valiJes 
which are stored for later' use. 

VAR BL FMCSBF 
FMCSBF addr 

1514 FMETER fm calb statistics buf 
Returns addr of the besinnins of a 

table containins v;:irious val•.1es •.Jsed b':I the statist.ics 
ro~tirres which calculate the flowmeter calb curve. 

FMCSEQ. . 1516 FMETER ca lb sea•.1ence 
FMCSEQ S•.JPervises the steF-PinS thro•.Jsh the f'low 

so.al .val•.Jes in FMCGOAL and calc·•.Jl.atins· the slopes arid 
intercepts. 0Perates under the FMCTASK ~nd uses 
FMCSTEP to do the individuai steps. 

FM.CSTEF' 1516 FMETER do next calb ste1> 
a FMCSTEF.' E>:ecute the next step in the short 

calibratior1 sea1Jer1ce b':I u.sins a as ar1 offset into 
FMCGOAL to obtain the ne:·:t flow Sibal val•Je which 
is stored in the f'low soal Position for bo.th ·tasks. 
E>:ec.•.Jtion is s•.JsPerrded •Jnt.i l the flow rates stabilize 
as sisneled b':I the oPerator clearins STATUS of FMCTASK. 
FMCINST then in•talls data accumulatins routines ~hich 
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operate until FHCTIM is exceeded~ Execution is asain 
suspended until clearins of STATUS asain indicates that 
it is time to Proceed. 

FHCSUM 1514 FMETER acc1.1m cal b, values 
FMCSUM If the task is FM1• accumulate flow 

sums in FMClV• FMC2V, ~nd BLCVAL for use in. calculatins 
the flowmeter cal.ipratior'i curves. If FScTR is riot less 
than FMCTIM, use FMCDIN to stoP the accumulation •. 

DOCUM FMCTASK 1516 FMETER short calib~ation task 
FMCTASK addr Returr1s addr of the .STATUS 

word of a task used to supervise the short flowmeter 
calibration Proceedure. When STATUS of this task is 
set to o, the next flow value in FMCGOAL is Passed to the 
flowmeters, Dat.a acc•Jmulation is started the ne:·:t time 
STATUS is set to O to allow flow rat.es to become stable. 
Aft.er data for all the flow rates is acc1.11111.1lated1 FMCRPT is 
executed and the task inactivated until FHCAL restarts it. 

VARBL FMCTIM 1514 FMETER nu~ber of readinss for c 

CODE 

FMCTIM add.r Ret1.1rns addr of a variable cor1tainins 
the number of readinss to be taken at a specific flow 
rate when executin~ the short calibration Proceedure. 

FMDISA 
FMt1ISA 

1523 FMETER disPla'=l FM & CM Values 
If ERR of FM1 is 1, indicatin~ that 

calculations are co111Pleted• reset ERR and disPla~ 
the flowmeter, and colo~imeter ~arameters via FPSUM. 
FMDISA initiate• an endless looP which tests ERR, 
disPla'=ls• releases the Processor. and then repeats. 

FMISR 151~ FMETER flowmete~ i. •erv. rout. 
The flow•eter interrupt service routine 

clears the flowmeter flag, stores the value in the 
interface co1.1nter in R* of the flowmeter task t.able• 
resets the co•.1n.ter, and clears the flow111eter task STATUS 
in response to a flowmeter interrupt, 

FMOPR 1512 FMETER set UP flowmeter task 
FMOPR Set UP variables in the flowmete~ task 

t.able and besin ar1 'endless loop c:onsistiris of FMVSS and 
VALVCONTi ERR is set to 1 when the oPerations are 
comPleted. 

FMSTO .1511 FMETER store in fm avs. buffer 
a FMSTO Store a in the flownieter averaSir1S 

cirC•Jlar' biJffer ir1 th.e location Pointed to. b':I V+5, 
increment v+s, resetti~s if necessar'=l. 
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FMSUM 15:).1 FMETER s•Jrt1 fmeter avs, b•Jf.fer 
FMSUM 81Jm the vali.1es ( n1Jmbe\". irr Vt4) ir1 the 

flowmeter averasins circular b1Jffer startins at PAD of 
the task, The do•Jble F'recisior1 S>Jm is stored ir-1 VOFF • 

FMVAL 1511 FMETER calc val1Je to F'rJt in tu.;f 
FMVAL a Calculate a value to be stored in the 

flow"1eter averasins ci rc•Jlar b1Jffer which. does not 
differ from the averase value of the buffer b':I more than 
the value in Vt6 of the task table from the raw data 
in Rt obtained from the ·1r1terface ccu.mter. 

FMVSS 15:l.1 FMETER F'!Hform flowll1e.ter calcs · 
FMVSS Combines t,.he OF'erations of FMVAI~• 

FMSTO, and FMSUM. If FMl is exec1.1timl this def, 
the bal.ance b1.1ffer. 1.ipdate operations .are done. FMALIAS 
is don• to allow data lessing, etc• if desired. 

CONST FPCIV 
FPCIV 

clock vector. 

1564 CMETER fi~ed Period vector 
Ret.urns the addr of the fb:ed F'eriod 

CONST FPCSR 1564 CMETER fh:ed Period clock CSR 
FF'CSR addr RetrJrns the addr of the fiJ.:ed F>eri.od 

clock CSR for •Jse with colorime.ter data ac~•Jisiti.on. 

FPSUM 1523 FMETER di SF' l a':I FM & CM. val •Jes 
FPSUM OutF>ut flowmeter and colorimeter values 

for contimJous ol"erator monitoring of the operation 
of the s':lstem. The flowmeter line consists of the 
accuri11Jlated fl.ow value in VOFF of FMl, ·the flow rate 
ir1 •. 01 ml/mir1 calc•Jlated b':I CFR1 from the averase flow 
resPorrse., the acc•Jmi.1lated flow valo.ie in VOFF of fM2• 
the flow rate in .01 ml/min calculated b':l.CFR2 fT'Om 
the averase flow response• and th• flow fate in .01 
ml/min deteT'mined b':I the electronic balance. The 
CIJT'T'ent time in ITIS sec min hT'S COrtcliJdes the line, 

The second .lir1e consists of a memor':I d•JmP of the 
last. 8 abso,..bance values obtair1ed ft'om the coloT'imeters 
and stoT'ed in memo~':I. 

VARBL FRATIO 2051 DSEC flow T'atio 
FRATIO addr Returns the addr of a double F>T'ecision 
floatins· Point variable containir1s the T'atio of t.he flow 
in the samPle channel to that in the re•sent channel. 
FRATIO = . FMl I <FMl + FM2> 
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VARBL FSCTR 1514 FMETER courrter .for c:al: rout:i.n.es 
FSC.TR addr Re.t•.irns addr of a vari .. able which 

co•Jnts the n•Jmber of flowmeter re·adinss ·ta1<.er1 when 
'accumulatiNS flow 1tal1JeS fol' PrePai'ins( a cal.b. curve. 

GETI 1S67 CMETER . set I values .· ·. • ··· 
GETI Calct,Jlate. th~: BLOG$ Of th!'! 8 COlOrimeter 

· vsl.ues in VOF'F of the AI;•CS task and. s.tore them i.n IBUF 

GETIO 1567 CMETER · set .IO values 
GETIO Calc•.Jlate the .BLOGs. cif the .8 colorimeter 

GF 

values ir1 VOFF of. tlie ADCS task and stOl'e th.em. in IOBUF. 

GF 1570 CMETER set Ir calc and output 
'Do the functions of GETI CABS .DABS DCABS• · 

VARBL . HGCF 2051 DSEC Hs correction fac.tol' 
HGCF add!'. 
correc.t±on factor 

Returns the addr of a floa'tins. Point 
!'el at.ins H!!! res~onse 'j:.o actual <;,'.Qncs •. 

VARBL. IOBUF .. 1567 .CMl:tTER !(). vah.re <bufhr 
IOE!UF. addr · Ret1,.1l:'ns the addr Of> a. tiuffe•r hc:ildins 

the BLOGs of the IO or blank values :f.f..om tile 8 •eolor-
imeter eh.ann.els• Values are dbl Pree: scaled in.t.e.sers• 

IBFE 2054 .BUFED inteser .b1Jffe.r entr'>I 
x '>I IBFE Convert x & ~ tci do~ble Pi-ec. 
intesers ;;ind use F'BFE to .store· them in. t,he buffers. 

·: IBF'L 20'53' BUFED · ·• :i.hteaer bi.iffer list 
IBF'L. · Li st the eontents pf the' feilst Hua r~es·-
b•Jffe rs· in ·do•c1ble Precision. fo·rmat._ BFPTS cont.ans tl")e 
number of l"Oil'lts to be OIJtP•Jt+ .XBUFA•' YBUFA and .NYBUFA 
Point to the b•Jff·ers containins the va1ues' to be·li.sted. 

VAREiL IBUF 1567 CMETER I Ya.lue. b•Ji'fer 
IBUF addr · Ret•Jrns 'the · addr. of a buffer holdin!l 

the BL.OGs ·Of tne I or samf;.le· values fi'om the S color-
iilleter chann.eis, Valt1es ·are dbl' Pree;: scaled in.tesers+ 

IFBFE. 2054 BUFEII irit. ·to flt. b•Jfi entr.'>I 
x ':I IF'BFE Convert x & ':I to f loatins Point 

· val•Je~ before .usins F'BFE to store them in the b•Jffers. 
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INJECT 2023 FIA move YalYe to inJect Pos 
INJECT Ac.tiYate solid st.ate rela<,1 ( set Parallel CSROl 

which ca1.Jses the samPlir1s 1,1al1,1e to be .. moved to the inJect 
Position. 

INTEG 2027 FIA intesrate char1nel data 
INTEG Ir1tegrate area under p.eak.s whose l"rofiles are 

stored ir1 8 b•Jffer.s ir1 AXX b"I CHANBF, Min & ma:·t 1,1al•..1es are 
alsd reported Yia ISUM. 

VARBL INTHG 2051 DSEC Hg intercept 
INTHG addr Returns the addr of a floating Point 
memorY location containing the Hg initial concentration. 

VARBL INTZN 2051 DSEC Zn intercept 
lNTZN addr Returr1s the addr of a floating Point 
memor"I locatior1 containing t.he Zn initi.al cor1centration. 

ISUM 
chant ISUM 

V.al1Jes a re: 

2027 FIA outP•Jt ir1tegratior1 summ •· 
01..1ti>•Jt Ya lues ac.c•Jmu lated b"I INTEG. 

channel number• area• normalized area• minimum 
Yalue• Peak Yalue, normali:::ed Peak Yalue. 

LCHBF 
LCHBf' 

LCRHEArt 
LCRHEAD 

2003 DSE load CHARBF 
Load strings from the block. into CHARBF 

2070 trSEC load header buffer 
Load header buff•r from disk block 

LOADS 2023 FIA release Yalve from inJ. 
LOADS Clear CSRO• deactiYating the solid state rela<,1 

holding the valYe in INJECT Position. Activating the 
oPPosite 1,1al1,1e controller returns the samPlins YalYe to 
load the samPle loo~ Position. ( currently done manually 

LSFIT 2052 LSQU do a least ~auares fit 
LSFIT Do a least sauares fit on the number .of 
l"Oints indicated b"I LSPTS in the floating X buffer Pointed 

to b"! the addr in XBUFA and :the Y .values POinte.d to b"I the 
addr ir. YBUFA. The calc:1Jlated slo?e• intercept,, arid 
correlation coefficients are left in. the statistics table 
for later 1Jse. 

VARBL LSPTS 2052 LSGU number of Points of LS. 
LSPTS addr Ret•Jrns th• addr of a memo.r"I location 

containing :the n•Jmber. of Points :to oPerate on d1Jring t:Me 
least ~auares calculations. 



2057 DSEC do calcs & report MK1:!\NAL 
b'i: HKANAL Do kinetic calculations and outPut 
a ~ummary report on the data.in 

HKCALC 2056 DSEC multicomP calculations 
MKCALC Do a series of calculations on .the 
multicomPonent kinetic d~ta. 

MKSUM 2056 DSEC multicomP summary 
MKSUM Output a summary of the ~JlticomPonent 
kinetic calculations. 

NORM 2027 FIA calc ndrmalized values 
char1t addr NORM Calc•Jlate the ratio of the val•Je Poir1ted 
to by chan• to the first double Precision value in the 
buffer Pointed to by addr and outPut it in Parts Per 
thousand. addr Points to the first location in a buffer 
containing values for each channel of data. 

VARBL NYBUF 2053 BUFED new Y buffer array 
NYBUF addr Returns the addr of a dbl. Pree. 
floating Point buffer of 12 -10- Points for use with the 
least souares routines. 

VARBL NYBUFA 2052 LSQU new X buffer address 
NYBUFA addr Returns the addr of a memory location 
contairiing the address of a dbl. Pree. floating Point 

buffer containing n•w Y values for a line. 

01 1501 VALVE 
01 Start an endless loo? usins OP1 to oPen valve 

tl. When the inPut bits indicate the valve is o?ened, 
e:-:it the loop, 

·02 1501 VALVE oPen valve 2 com?letelY 
02 Start an endless looP usins OP2 to oPen valve 

t2. When the in?ut bits indicate the valve is O?ened• 
exit the loop, 

CODE OF' 1 1500 VALVE o?en '"a lve 1 
a OPl O•.i·tPut .2 ls bits of a from the stack 

to the Proper bits of the Parallel. autPut Port to 
cause movement of valve tl. Th~ out?ut operation is 
skiPPed if bits of the Parallel 1nPut Port indicate the 
valve is comPletelY dPen. If a is o, no movement 
occurs. 1 prod~ces a slisht movementi 2 about l/lOth 
of a turn and 3 about 1/4th of a turn. 
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! OP1E 1501 VALVE open valve 1 
a OF'H'. Transfer a to OPl if VMlEN is ·o, 

ca•JsinSI valve, 1. :·to· ol"en s.lishtl'd• cithe·rwise dro? a • 

CODE OP2 VALVE o~en v~lve 2 
a. OP2 

OP2E 
a OF'2E 

ca1JsinS1 vaive 

· see descriPtion 1or OPt 

15.01 VAt .. VE open valve 2 
Transfer a to OP2 if VM2EN is O• 

2 to open sl.isihtl'd• ot.herwi·se dro? a 

VARBL OTAB .· 1504 E:'.BAL conversion order table. 

CONST 

CONST 

'CONST 

OTAB addr .Ret•Jr'ns addr of a t,:;ible containi.ns 
offsets .to·. •Jse when· accessir1a BCl:t diSli ts. stored in 
the balance task tal;lle for corivarsion to bina·r\O, 

PCSR 1500 VALVE P.iilral csr for. valve cont 

PlCSR 2023 FlA Parallel fr1P• .. rt. CSR addr 

PINP 

PLAT. 1505 MESC . P.latird.zatio.n Pot. ro1Jt, 
·PLAT · · . Start an endless looP of abci1Jt 8 seconds 

·of a Positive. 2.5 volt. Potential f·ollowed b"': 8 ~eco:nds 
cif a· r1eS1ative 2·.5 voi·t :.F"otential de•ie·loPer.I vi.a DACO 
for use in l"'latinization of elector.les. 

VAR.BL PTAB . 1 ;i.OA EBAL · ?owe r of 10 tab 1 e . 
PTAB addr . RettJrn~ addr of a table. corotairiins 5 · . 

Powers of ten f.or •Jse. in· c.onvertinsi BCD d.i.Slits to ·binar\O 

VARBL RATHG 2051 DS'EC Hs rate 
RATHG add·r Ret.•Jrns the addr of· ·a floatinsi Point 
memor\O location c.o.nt.iinins ·the Hsi reaction rate. 

VARBL RATZN 
RATZN addr 

VARBL RUN ID 
RUNID · .. addr 
ruri information. 

2()51 DSEC 
Returns t.he 

Zr1 r<;ite 
addf of a floatinsi·Point 

.. 2051 D$•EC R•Jn· ID ·b•Jffer 
Returr1s t•he addr of a b•Jffer "!i th 
See DSE.ARRAY.FORMAT 



SADDR 2000 DSE set section addresses 
ler1s start SADDR Set lenst.h of the first section of the 
DSE b•Jffer and the start of the .secti.on sectiori fro-m lens 
and start on the stack. Val1Jes ar.e in .b':ltes from the 
besinnins of the b•Jff.ir and are stored in words startins 
14 I 16 b':ltes into the b1Jffer for later IJSe• 

VARBL SBBF 2005 DSE statistics b1Jffer 
SBBF addr Returns addr of the first location of 

an arra':l containins 10 ~a- statistics tables• 

VARBL SBBFA · 2005 DSE addr of SBBF 
SBBFA addr Ret1Jrns addr of the address of the 

statistics table. Is •Jsed in SUMMARY iii F-lace of SBBF so 
that othe.r task.s ma':l 'JSe the table of the c1Jrrer1t task. 

SCONS 
SCONS 

2072 DSE store ccinc. data 
Store reasent conc'entrations in the 

DSE b1Jf'f•r for lat•r 1.J.Se:•· 

SDSEDATA 
b* SDSEDATA 

address in DSEAD, 

2000 DSE store DSE data on disk 
Store 4 bloc.ks of data, startins at the 

on disk startins at block b* • 

SFG1 · 1513 FMETER set flow rate scab FM1 
a SFG1 Set the flow rat• goal val1Je for FMl• 

1Jsins CFG1 to c~lc1Jlate the riecessar':l val1Je from the inteser, 
a , on the stack which is in 100ths of a ml/min• 

a 
SFG2 

SFG2 
1513 FMETER set flbw rate soal• FM2 

Set the flo~ rate seal val1J~ for FM2, 
1Jsins CFG2 to calc•.ilate the necessar':l V<?l•Je from the iriteser 1 
a , on the st.ai:k which is in lOOths of a ml/min. 

SFIADATA 2021 FIA store FIA data on disk 
b* SFIAI•ATA Store· 10 :...a- blocks of data, startit•S 

at the address in DSEA-0• on disk startins at block b* 

BINI/AR 2055 t_1SEC settJF- initial vadables 
SINVAR A-ss•Jmes ABST I ABSINF are loaded. Cales 
FRATIO, calcs times for XBUF < via CTATC > 

STABF 
STABF 

1571 CMETER ir room, store abs value 
If the sto~ase F-ointer ( STPTR ) is not 



sreater than the ·max• <. STPMX ) IJSe STTASF to s·tore t,tie 
· B . c:hanMel dat<1 . in the o•;itP•Jt b•Jffe r. 

: STABS. 1571 CMETER .· c:ontroi o•Jt?•Jt of abs v, 
STABS Endless loi;>i" for execution b':I. a terminal 

task to o•..1t1>•Jt absorbanee val•Jes wher1 CFLAG is a .1 via 
CPP. 

STACAL 1565 CMETER start ADCAL tas1', 
STACAL Activate the ADCAL tas.J<. and start it 

exec:utins the endless 106~ whi~h does ADALIAS and waits 
for ·another .activation. 

~STAOC . 1565 CMETER start A-0 conv & AOCS 
STAOC Activat.e t.he .AIIC8 task, set .•J? STATllS• 

ADDR, RPT, and VSEL with the. desired val•Jes. Enabl.e 
the FF' c:·loc:i', inte.rruPt·s .and. set the rate· to .100 · H:z .• 
InitiatE! an. endless ·loo? wbich is e>:ec:·ijted ever':I time 
AOC8. is activated. The loo? ac:'tivates ADCAL1· and 
.resets ADCS to· wait fo.r .. a.nether· sro•JP qi' conversions 
to be averased .. 

·STBAI,. 
STI!AL 

·1524 FMETER start balance oPerations 
Enable the baia.nce. ir1terruPts arid 

activate the·ba1ance task. 

VMBL STBUF' 2051 DSEC 
Ret•J!'ns the 

stati"stic:s b•Jffe!' 
.addr ·of· a b•Jf"fer •Jsed 

·a 

STBUF addr 
for storase of' statistics and least sa•Ja!'e~ val•Jes. 

STFM1 1524 FHETER start FM1 oPera.tions 
STFM1. Use a to set the "flow .Sioal val•Je• 

enable FH1 .intel"·T'•J?ts and activate the FM1 task• 
exeeutins the F'MOPR d~finition. 

. STFM2 1524 F'METER. ·start FM2 oi"'erations 
S1'FM2 ·Use a. · to ·set the flow soal ·value• 

: enable Fi12 interr•.1Pts and 'activate the FM2 tasl-" 
·. exec•.1tins the FMOPR· definii;i9n. 

STINII 157i CMETER re:set storase l"Ointer 
ST!Nfr . Set the· c:olori mete:r data s.t(;J ra~e F-ointe r 

to o, c:ci•.1sins the next Points to be at the st.$rt of t.he b1.1ffer 

STINIT 
STINIT 

2005 DSE initiaUze SB£<F 
Clears a.'1.l 10 ·-B- stat tables ir1 SBBF. 
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STOPOF' 1524 FMETER · st'oP flowmete.r OPeratfon 
STOPOP. Stop flowmeter· 0Peratior1s b'-i' c:learins 

the interr•J.Pt · enab11;l's ·of the balance·• FM1, ·and Fl~f2, 

CONST STPMX· .1571 CM.ETER ma>: storasei Ptr val1Je 

'VARBL.. sTPTR 1571 CMETER Pointer for storase OPS 
'STPT~ addr Returns the addr of. a Pointer sivins 

the off~et into the ~olorimeter d•ta storase buffer. 

STTABF 1571 CMETER · store abs val1Jes . 
STTABF Get I < sample > valu•s• c:al~ulate 

abSO.rbances and store .the 8 channel. :data in the OUtPIJt. 
b1Jffer at the off.set r->rovid•d b\:I. STPTR, Set CFLAG 

. to l to ir1dic:ate new v.al•Je.s .stored. 

STTABF 20.<H DSE. store DSE data 
STTABF Get I. < samf>l.e ·) values, calc:1J1ate 

absorbances and store the first 5 .colorimeter c:hannels in 
the out~ut buffer. Pointed to b\:I DSEAD• at the.offset 
Provided· b\:I STP·TR, The ne>:t· t.wo loc:a:tions · in the outP•Jt 
b•.Jffer receive the averased flowmeter. 1:. and .2 'val•.Jes with the 
last location rec:eivins ~he ~low rate f!'om the ~atanc:e. 
Finall\:I• CFLAG is s~t to 1; indicatiri~ ~ata has been stored. 

STTABF 202j FIA ~tore f IA data 
STTABF ·Get I··< sa·mPle ) val·•Jes• ea.lculate 

qibsorbanc:es anr,:i stor1;1 the 8 coloi'imet.er chann·e1s 'in the 
output buffer. Pointed.to b\:I DSEAD. at the offset Provided 
bw STPTR. Flowmeter• balancer and Pa1"allel Port values 
are also .stored in the 01Jf.fer'. · · 

. .. ' 

SU~(IN 2005 DSE out~ut ~ine of summarw 
a SUMLIN OutP•Jts in:fqrmation from the statistics 

·table Pointed to bl:! STADD as channel n'•J.mber a The mean• 
min• mal·U and re;i_ative standard devia'i;ion ·are Calc:•Jlated and 
Printed;. 

SUM~ARY 2005 DSE out.Put stat•.summafw 
SUMMARY O•JtP•Jt .a s•Jmmar-,.· of the information ih 

the st.at 'tab.les via .SUMLIN· after P.ririti·r1S a header. 

TAFTAB 20S7 r1SEC trar1sfer Airii' to ABSINF 
TAFTAB Tran.sfer data f.r·om the statis.tic:s table 
of. the DSE s1.Jmmarw P·rosram tq ABS INF. 



TAIT AB 
TAI TAB 
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2057 DSEC tr3nsfer Ai to ABST 
Trarisfer data from the statistics table 

of the DSE summarw Prosram to ABST. 

TBFULM 2054 BUFED load error mss b•Jffer 
TBFULM Transfer an error messase from the 
so•Jrce block to the BFULM buffer. 

TDELAY 1505 MESC · time delaw routine 
msec Tr1ELAY Delaw task e:·.:ecution for aPF>ro;dmatelw 

msec milliseconds bw comF'aring the initial time Plus the 
delaw reG•Jested to the current time maintained in TICKS 
in an endless loop~ If the current time is greater than 
the initial Pl•Js.delaw• e>dt the loop, A O STOP is 
included in the. looP to allow other tasks to execute~ 

TDRID 
TDRID 
format data 

TFULL 
TFULL flag 

2057 DSEC tr3nsfer data to RUNID 
Transfer data to RUNID buffer fr6m DBE 

in the block Pointed to bw VOFF. 

2054 BUFED test for buffer full 
If BFPTS is less than BFL!M, the f las 

left is 1 and entrw of another Point is allowed. If not, 
the messase BUFFER IS FULL is Printed but the numbers are 
not stored and are not drol"Ped from the· stack. 

VALVCONT 
VALVCDNT 

1512 FMETER calc valve eontrol value 
If HOLD is sreater than 3 do the valve 

control operations• oth•rwise skiP them• resulting in 
reasonable control swstem stabilitw. Calculate a 
control value bw subtracting the flow soal from the 
average ~low value• then calculate a change in this 
flow error before storing the error in JCDL of the task 
table. MultiPlw this change in error bw a factor in 
RPT a~d sum with the flow error. Finallw divide the 
sum bw 400 -8- and ?'ass this val•Je to VALVMDV to ca•JSe 
correcting aetion to be taken. This imPlemehts a PID 
control 3lSorithm. 

VALVMOV 
a VALVMDV 

1512 FMETER execute valve movement 
Dr~ve the flow controllins valve• 

dePendins on tAe task in execution, open if a is 
Positive or closed if nesative. a is limited to 
a maximum value of 3 which js then Pas9ed to the 

. ProPer definition for the desired movement. 
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- VA.RBL VMlEN i:sot VALVE enable valve 1 movemettt 
VM1EN addr Re.turns . addr : of a variable .controll.irisi 

the movement· of valve 1 via. the CL1E and OF'1E d1;1fs. 
If o, movement is· ena.bled, otherwise no. n .. ovement oc:c•.Jrs. 

VARBL VM2EN · ' l:S()l VA.LYE . er1aple ~alv~ 2 move~1ent 
VM2EN· addr Ret,urr1s .addr· of a·;variable coritrollins 

the movement o·f valve 2 via the CL2E a·nd OF'2E defs, 
If o, movement is en·ab,ledr ·.othe·rwise no movement occ•.Jrs. 

VARBL XBUF° 2053 BU.FED x buffer arra':d 
XBUF addr Ret,Jrns the acicj'r of a c:1bl. i=-rec • 
. floatins ·i=-oint b•Jffer of 12 -10- i=-oir1ts for IJSe· with the 
le·.ast sG•.Jares ;c.,utir1es. 

VMBL XBUFA 2052 1.:.SQU · X b1jffer addre.ss 
XBUFA addi' Ret1Jrr1s thi;1 a.ddr of a menior~ location 
containins the address o.f a dbL i=-rec. floatins Point 
buffer containins the x values for· a 1ihe4 

VAR BL YBUF 
, YBUF addr 

flea.tins i=-9int 

. ' 

2053 BUFED Y buffer arra~ 
Ret•Jrns the ·· add'r of ·a dbl, i='·rec. 

bqffer pf 12 -10-' i>oin+.s· for •.Jse with tha 
lea~t SGUares routines., 

VARBL .YBUFA 2052 LSQU Y b•.Jff.er address . 
YBUFA. addr Ret•Jrns the .. addr . of. a memor~ location 
containins the address of a dbl. i=-~ec:. floatins:i=-oint 
b1Jffe.r cor1t<;1inins the· Y values for a li:r1e. 

VARBL ZNCF 2051 ·DSEC Zn correction fac:to.r 
ZNCF addr Returns the addr of a f loatins i=-oint 
corre.ction factor relatir1s Zn resPon·se to act•Jal cones .• 
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Experiment Interfaces 

Satellite Computer 
DEC . LS I '-11 
8 K Words EPROM 
20 K Words R/W Memory 

RS232 Serial Interfaces 

9600 b:lts /sec 

Plotter Terminals 

5 M Byte Fixed/Removeable 
Cartridge Disk 

Host Computer 
DEG LSI-11 
28 K Words R/W Memory 

RS232 Serial Interfaces 

To Otlier 
Satellites· Host 

Terminals 

Chemistry Computer Laboratory Network Configuration 

(..,j 
0. w 
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LSI-11 4 K Words~ FI$ . 
DLVll Ser.ial Board ~---__,.Console Terminal 
DLVll Serial Board Network Link to Host 
MSVll-B 12 K Words R/W 
ADAC · 600-LSI-ll ADC Colo.rimeter 
DRVll · Parallel Board ·-----FIA Valve Control 

Bus Expander 
....... ------z------------LSI-11 Backplane 

Real Time Clock ifal 
Real Time Clock i/=2 
Parallel Interface 

8 K Word EPROM 
4 K Word R/W Memory 

Dual Serial Interface 

Bus Terminator. 

Card Cage for extended 
LSI-11 Bus 

------Flowmeter ifl 
.------· Flowmeter i/=2 
t-----~Flowmeter Valve, 
------Balance Interface 

...,__...___~ Auxiliary Terminal 

....,..---~ HP7225A Blotter 

Satellite Hardware Configuration 



177776 

160000 

120000 

60000 . 

20000. 

0 
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J?eripheral De-Vice Addre.sses 

Applications Progray.is 

.Auxiliary Termina]. Task 

· Extended Basic 

7 - 1024 by-te .Disk Bl1~fer~;: · 
Operator 'I'ask Table 

Vector Area 

Satellite Memory Allocation 
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1=~at\;:> ir1fa1'm<:iti<3n fell' th<:.~ KMn04 -···· KI S\:S~:;tt:11m i~;; 

available at 35 C for a number of PH values in the 

1 :i. te ratu re ( 2?) • TemPeratuPe dePendance of the rate is 

ava i lab 1 e at Pl-I~;;· of !5. 5 and 3. 4, but not at th~? F·+I of <S. :J. v 

which was emPlo~ed in this studs. The rate at this PH 

value is slnw enoush ta allow observation bs the 

instrum<·?nt. In addition, rate data is available at a 

number of concentrations for this PH. 

The current tests were conducted at a temPerature of 

25 c, reauirins that the literature values at 35 C be 

corrected to allow comparison with values observed b~ the 

continuous flow instrumeht+ Unfortunel~~ the temperature 

d~P~ndance of the second ordei rate constant is not 

available at a PH of 6.:J., but is li~ted at a PH of 5.5. At 

a PH of 5.5, the ~ate at 25 C is about 90.5 Percent of the 

rate at 35 c. It is unlikelhl that excessive error will be 

introduced by assumins this relationship holds at a PH of 

The exPerimentallY observed second order rate 

constant consists of two terms' the second order rate 

can~tant calculated abovev and a third order term dependant 

on Ht concentration. TemPerat~re dePendance of the third 

order term is available. At a PH of 6.:J. and 35 c~ the 

third order term contributes about 7.1 to the aPParent rate 

canst.ant of 59.3 list0H:i for the ~.;am~:·! tc~'ITIPf21't1Jr'e and PH+ 
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Subtraction of this contribution leaves a value of 52~2 for 

the second order rate coh~tant. AdJu~tin~ fer a 

temperature of 25 C results in a Predicted value of 47.2~ 

resultins in a value of 5.6. An estimated apparent second 

s:im:i.lar relative error to th(·? estimated rat0~ co1"1~stant¥ a· 
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MUL.T ICOMPDNENT CONTINUOUS FLOt,J 

l<INETIC 'ANALYSIS 

l.:i\~ 

:oav:id J. Hool e~ 

<Ab!::.tract) 

An :i. rn;; t rumentat :ic.in sss tf?m for Mul t :i crnnPorH~nt 

Continuous Flow Kinetic Anal~sis has been desisned and 

constructed. Evaluation of the s~stem shows that it is 

useful for Performins dilutions' flow inJection anslssis 

and continuous flow kinetics with relative standard 

Modern electronic techncloss was used to constTuct a 

flow controller which was able to resulate the flow of a 

conduc:tirn:.! 1 iau:Ld to ± O. :I. ml/tnin at 'flo•,.i r<~tE!s of 2 to 10 

ml/min. An inexpensive Lisht Emittins Diode colorimeter 

i...•af:; able to detect KMn04 l i rH':)<-J r1 ':r at CC)n<~~nt r:c1tiDh":; of 10 

to 600 utt, with better than 1 Per~ent relative standard 

deviation at the hisher concentrations. 

Sf:~vE!ral concepts <Jf hardw<:lrf?·"·i:;oft\.iar~~ ,<:~nd 

soft1,.iare-·0Pf?ratclr :i.ntf:!ract:ion were :i.ntroducf?d and 

de·..,·e l QP<·:~d. Thf:! mu 1 ti r:··r<JS rammE!d· Forth Pro~.l rammins s~stf:~m 

r->rciv:i.c:.k:!d the :instrum<~!nt \,,iith much ·m6re c<:iF··abiJ.it~· and ea~::.€·! 

o~ use than misht have been exPe~ted ntherwise, 



The reaction of KMn04 with KI was emPlosed as a 

sinsle component continuous flow test reaction. 

constant~ weTe in ~ood asreement with literature values 

obtained b~ stoPPed flow methods. The lisand exchange 

rc:2act i<Jn b<0tw0!~?n m<-:1ta l .. _ Z i nc<Jn comp 1 e~-:es and Cs:OTA' us :i. n~~ 

zinc and mercurs? demonstrated the feasibilits of the 

instrument for multicomponent continuous flow kinetic 

analssis. The implementation of sussested instrumental 

:i.mPrClV<·?ITlf:)nts should e:-:t<::!nd tht:.~ r~in~~f? O.f u~:;<0ablE•· reacticln 

rates and improve the accuracs of the determinations. 

Th<-:! flowmf:!tE';'T' and flcJ•l'l ccmtrclll~?r an? r-:·otential 

alternatives to the relativels expensive Pumps used for 

flow inJection analssis. Evaluation of the instrument's 

oPeration in flow inJection mode indicates that it is 

useful as a convenient continuous flow ~inetic detector for 

flow inJection analss1s and for testinS developments in 

flow inJection theors. 
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