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JBSTRICT

The nature of the response of ligh frequency titratior instru-
meats desoribed in current litersture wes studied, The investirution
included instrumenis in wiidch the sample solution vessel wss placed
betwen the plates of s capacitor type cell and instruments with the
ssmple solution vessel placed in the coil of s resonent circuit.

The eoffect on the responss of these instruments of sample solution
temperature chsnges, dilution, shanges in liquid level, ehanges in oell
parsmeters, snd ssmple solution cencentration were determined, These
studies confirmed findings of earlier investigstions.

4 new, truly conductometrie high frequency titrimeter was developed,
The use of » #ingle turn loop insteed of a multiturn coil, in ﬂdition
to masintsining e oritical separetion between the titration vessel wall
and ths loop, reduces the distributed capsoity to an sbsolute minimum,
Instrument response with tlis arrsngement is dependsnt on conductivity
chenges and independent of dielectric constent chsnges in the sample
solution, Chenges in solution composition are indicated by changes
in oscillsator tube grid current,

Instrument performance was tested with titrstions of squeous solu-
tions of hydrochlorio, sulfuric, end borie scids end hydrogen peroxide
with sodium hydroxide, Evidence of polybssic noutrslisation was
cbserved in sulfuric scid and borlc acid titrstions, In this work the
first successful high frequsncy titration of boric scid wes sccomplished,
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snd furtherwore presants for the first time evidence of nautralite-
tion of the second and third replacesdble hydrogen ions, The sulfuric
scid titrations substantists esrlier inconclusive evidonce of poly-
bassic neutralisetion,

4 successful high frequency titrstion of thres normsl hydirochioric
scid vith four normal sodium hydroxide wzs carried out, indicating that
the nev instruwant may be used for contuctivity astudies in a concone
tration region heretofors unsttainad,

The sngle which the titratiom curve lines form at the equivslence
point obtained in this stuly for boric scid titrations exactly duplicsts
the engle obtained in tls clsssical conductometric boric scid titrations
carried out by Xolthoff, From this it is deduced thet the response of
the new instrusent is purely resistive,

iv
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INTRODUCTION

In the determinetion of the end points in high frequency titre-
tions, the semple solution in s vessel is incorporsted as s component
of s resonant ¢ircuit, Changes in the concentrations of ions present
ia the solution change the elecirical properties of the oireuit.

Changes in the ionic concentrastions may be dotected through changes in
the frequency of an osoillstor, if the resonsnt circuit is the frequency
dotermining element of the oscillastor, through changes in the grid or
plate currents of the oo&illntar, or through chsnges in cell cspscitance,

The aim of designers of high frequency titrimsters has been to
ocbtein a response which is a function of the conductivity of the solu-
tion only and more truly representaiive of changes in the concentretions
of the ions in the solution, Most of the papers pudblished on high
frequency titration since ite introduction in 1946 by Jensen and
Parrsck (10) have bean devoted to the constructionsl detsils of instru-
ments purported to overcoms certein difficulties encountered in the
spplicstion of the instrument described by Jensen and Psrrack (1,2,6),

IS sppears that individuols in electronics gsnerslly sre biased
in preferring one eircuit to others and in s nerrow menner defend the
merits of their choice. It is believed thet thds accounts for the
variety of instrumsnt models thst have sppesred, The results obtsined

with sny one instrument of a class are for all prectioal purposes the






sane as those obtained with enotber snd instruwentation is a meiier of
individual prefasrence,

In & recent book (1L) Lingans points out that most of the cited
spplications of the method ere titrstions which con be performed aa
well or better by the ordinary conductanca method, and that tha graeater
smpiricimm, coupled with the ususl curvature of the titration linas
requiring msasursments very nesr equivalance paints are distinct dis-
sdvanteges. ILingane's observetions sccurately sum up the relstive
merits of tle method when viewed from the standpoint of work reported
in the literature to date,

The historical sspecte of hich freguancy titrations have been
reviewed by Jankowski (9) and s very complete bibllography coupilad,

Ststement of Problem

The discussion which follows is & result of s study undertskent
(1) to construct tried high frequency titretion eppsretus with the
objective of improving their performeance and of elucidating thy nsture
of the response and, (2) to construct a new highly sensitstive, wide
range titrimeter which resulted from s now spprosch after a more oritie-
cal evalustion of all the factors affecting instrumentzl response,
Charscteristics of the instrument were evalusted and titrstions pere
formed to determine whether some of the disadventages sscribed to the
mathod hsd been overcome,

Theory pertinent to the instruments conatructed is pressnted,
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THITY

Figure 2 (22) shows schematicslly s parallel circuit mede up of @
capecitive branch and an inductive branch, The resistsnce R is a2
function of the loas in ths circuit end is due to the resistance of
conneating vires, the ooll, and the resiatrnce reflected into the
circuit by the load,

The essential properties of the circuit sre its resonant frequency
fo, its selectivity Q; and its charscteristic impsdance Z, The impodence
is s vector quantity having both magnitude and phase sngle,

For purposes of discussion, the resonmnt frequency is thst frequency
£, thst satisfies the relstion

w g

wiere w = 27 £, L 48 the coll intuctance in henrys, and C is the
cspacity of the condenssr in farsds,
The selectivity C of the circuit is given by the relation

q e Wk (2)

The impedance 2 is given by the relations

(w, L)®
Z.R*J(WL"&);E’) (3s)
1
L@

Rej(wie 2o (3)



it e resonant fregquency

Wyl = 7/%'! (1)

end equation 3a reduces to

Z = L::-ﬂ—li (hl)

snd equetion 3b reduces to

Z e —m— (Lb)

The curves of Figure 1 (22) show the magnitude and phase angls of
impedance as a function of frequency, The resonsnt frequency of the
cirouit in Figure 2 with the values of C and L given is 1000 ks, -t
resonance , tle impedance is at s maximum end i3 equel to Q times the
Tesotance of either branch st f,, end the phase sngle of impedanoe ia
sero, At frequencies below resonence the phase angle of impedence is
negative and lower in magnitude thaﬁ at resonsnce, i/t frequencies sbove
resonance ths phese angle of impedeance is positive snd of lower magni-
tude than st resonence, The circuit is inductive when the phase angle
of impedance is negative and cspscitive when the phese angle of im-
psdmce is positive,

The impedance of s parsllel circuit csn be broken up into reective
and resistive components,

Figure 2 (22) shows ths resistive snd resctive components ss &
function of frequency, The resistasnce varies much in the seme wey 88
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does impsdsnce, The reactance curve shows a maxUmum inductive rasct-
ance at & frojuency below resonsnce ejual to £,(1-1/X), snd & maximum
capecitive roactance st s freguancy shove rosonsnce equsl to £,{1+1/21),
it rosomance the resctance curve passes ihrough sero, ths resistance
curve pssses through its madimum end ther:fure, st resonsnce the porsllel
circuit 1a equivelent to s pure realsisnds equal to tha charscte~istic
impeimmse of the circuit,

Curvis &8 shown in Figuwes 1 and 2 ere lmown a3 resonance curves,

Ths cells usad in high frequancy titrluaters are of two t pes,
One i3 conatructed so that the sclution 1s the dielectric material be-
tween the plates of s condenser and is conneoted wréu the tuning
condenser of the parallel oirvuit, /inother csll typs places Lhe sulue
tion within the fisld of the coil slong its sxis, In either cese, the
solution may reflect cspecity or resistance into the tuned circuit,
The effect on the electrical properties of the parsllel circuit can be
deduced by exmmining thﬁ resonance curves of Fipures 1 and 2,

in incresse in R will lower Q (equation 2), a lower Q will result
in & broadening of the resonance curve (Figure 1), and lower the
impedance, (equation 3Ja, equstion 3b, sand Figure 1), in incresss in
line current will be detected when R is increased, /nother effect of
increased R is a decresse in the phsse angle of impedance, This will
result in & slight skift in frequency whon the parallel oircuit 4is ine
corporsted in sn oscillstor, This point will be discussed in grester
detadl under osoillators,



If the solution in the cell reflects s cepecity change into the
parallel oircuit, the resonant frequency of the circuit will chengs
(equation 1) displecing the curves either up or down slong the frequency
sxis, Therefore, when the parsllel circuit i3 muie s pert of an oscil-
letor eireuit, a changs in fregquency will bs detacted if the dielectric
constant of the solution changes,

The fact thet a cliange in the dialectriec constant of a solutfon
will result in a frequency change 1is obvious in tha case of the capacitor
type cell, Howsver, when # soluiion 4s in the coil of the parallel
circuit the eitustion is -light.ly- different, and the resson for capscity
effects mey not sugmst iteelf, Every coll has sssociated with it »
diastributed capacity as a result of dielectric stress between verious
perts of the coil, This dietributed cspscity scbe ss though 1% were
lumped scross the terminels of the coll and is in effect comnected
scross the tuning condansor of the perallel circult, 4 chenge in the
dielsctric constent of ths solution changes the value of distrivuted
cspecity across tle coll snd resultis in a new resonent frequency. The
sonditions for resonence given by equsiion 1 still hold, but 4t must be
remembered that C is the sum of the cspecity of the tuning condenser
and the valus of distributad cspscity sasocisted with the coil, If the
espacity of the tuning condenser is Cy snd the distributed cepecity of
the coll is C3, equation 1 may be rewritton as

1
WL = —TEETTY (%)



Since the parallel oircuit is only one psrt of the complets
oscillstor circuit, the rasponse of hish frejumecy titrimstors
cheng=s in aolution corposition are mot fu:lly explsinzble on the basis
of the prepertias of ths parallsl circuit slone, To be complets, the
discussion must be axtandsd to includa the eoniitions thst must ba
satisfiead in ordar to promote susteined oscillations in a typicel
oscillstor,

Figure 3 is a schematio diagrsm of the Colpitts oscillator circult,
The parallel resonant circuit hes L in parallel with tho series comhie
nation of Cy and C;, The wvacuum tube is sbls to act as sn oacillatnr
through 4ts ability to smplify, The power input required by the grid
is much less then the amplified cutput, Therefore, s portion of ths
outpud power may be fed beck into tis grid eirouit snd oscillation will
take place,

The fesdback in the Colpitts circult is provided to the grid cire
cuit by spplying to the grid that portion of the vultage developsd across
the psrallel ecirocuit that sppesrs ecross C;, In the series conmction
of C, and C4 both condensers will havo tlw same charge Q st eny instant,
Thds cherge Q is not to be confused with tim Q2 or selectivity of the
perallel circuit, The cepacity of s condsnser is defined ss

c = ¢ (6)

where C is the caepacity in farals, Q tho charge in coulombs, end V tha
potential scross the rlates, Since both condonsers have tis ssme
charge
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Ca o V
E.:. v‘f (72)
v, = v.g.;. (1)

Equation 7o shows that feadback mey ba verisd by changing the ratio of
Ca %0 C;, the exitation ineressing with smeller vslues of C,,

The comditions thaet muet be sstisfied in order %o maintein sus-
tained osgilletions in en oscillator is thet the elternsting current
generstad by the vacuum tube oscillator hsve a fragquency such thst the
voltage which the genersted oscillations spply to the grid of the tudbe
1s exsctly 180 degrees out of phsse with the oscillations of the equie-
valant plate voltage (23), These conditions are sstisfied in the case
of the Colpitts oscillator when the parallel eircuit is tunsd to offer
8 cspacitive reactance %0 the generated frequency, keferring to
Pigure 2, it will be seen thet the ginerated frequency will be ligher
than the resonsmt frequency of the parallsel ¢ircuit ss defined by
equation 1, The operating point of the oscillator on the impedance
curve of Figure 1 will be the point at which the phase sngle of im-
pedance 18 of the proper value t0 satisfy the conditions outlined ahove
for sustained oscillations to tske place,

The oscillator adjusts itself sutomatically to these conditions,
In the discussion of the parallel circuit it was pointed out thet an
inorease in R whish occurs with an incresse in the conductivity of a
solution in high frequency titration, ﬂl\llﬁ'l in a decreass in the phese
sagle of impedsnce snd in order to ooulpomat"e',ror this chsnge the
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oscillator will adjust 1tsolf to s naw frequoncy where tle operating
conditions ere satieficd,

4 chanze in the vilue of tla eapsoily in the parallel circuli will
sl the oparating conditlons of tls osoillstor and & frequancy sidft
will be necassary to restora tha conditicns once agzain,

¥han the fraquency shanges of 3 vesuwum tube oscillator are measure
ed, sxna problems arise, Ona is %o ssnerste tha frequency slhlft duo
%o changes in dielestric eonstant widch dztarmines the emsount of
capocity in ths circult from tha frequancy shift due to changes in
conductivity wilch detornines tle amount of resistasnce in tha circult,

In an insirument in which the paorallal eircult and sssoclsted cell
are not included in the circuit of an oscilletor, the smparstion of
capscitive and resistive chenges 43 quits simple, Lxszmples of such
inztruments are those of Hall and Gibson (6), and Pujiwara snd Hayssid
(5). The principle and method of measuroment involved in the latter
oircuid 1s discussod elsswhers (20), Ths curves of Figures 1 ani 2
sra obtained by this method,

The parallel circuit is tunsd to resonance at the begimning ¢
titration 4n the epplicetion of this type of instrument, The parallel
ciroult therefore satislies the coniitions of equation 1, Incresses in
eell capacity can be compansated for by removing capscity from a veri-
sble capscitor placed in perallel with the cell cspsoity, iocording to
equstion 5, if C4 inoreasses by sn mount AC, C, cen be dacresssd by

an amocunt A C snd resonance will be restored, The change of capscity
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A € gmn be evaluated from s calibratsd disl instelled on the rotor of
Ci. Usually resonance is indicated by s maxisum volisge reading on a
vaouum tube voltmeter placed scross ths tersinals of the parallel cir-
cult, Since the impedanss curve 1s fla% at this point some diffiswliy
in deternining tho exaot point of resmanie may erise, Sasll changms
in ecapacity moy evan be undetestalle,

The emplitude of the voltage sppaaring scross the coil 43 a funce
#ion of the Q of the eircuit, Changes in wvoltage resdiings mar ba
‘interpreted 1n %erms of resistance, In gonoral, the sensitiviyy of the
mathod when applied to high frequency titration is wuch less ths tho
sansitivity of other methods, Purthermora, the voltage applisd to tho
parallel oireuit must be free of harmonics of the fundmmental frajquoncy,
At resonance the oircuit impedance 48 Mgh 4o the fundemantal compsnsat
of tha spplied voltage, but is low to sny harmonics. Conmsequently,
harmonic eomponents will osuse high line currents that will mask the
aall line current dus $0 the fundmmental component,

¥o mention is meda by Pujiwars el Rayasit (5) whather or not
their oscillator was free of harmonios,

The principles outlined sbove for separating resistive end cepacie-
tive camponents responsible for messurshle chahgu in resonant frequency
d Q of a parallel oircuit when not included 4n sn oscillator cirouit
do not apply when the parallel cirouit 43 part of the oscillator circuit,
As previcusly pointed out, the parallel eircuit in the Colpitts oscile
lator 4s tuned t0 bs resonent to a frequency slightly higher than the






owtput si;nel fraquancy of tha oscill:tor, Rastoring the frejuuncy of
the oscillastor to its original oulput fiejuency aftsr a frejuency sidfi
hcs ocourred by sdjustment of a slmniing c:pacity compsnsates for ils
frequency s!dft due to boil resistanaa ani cepzcity, Otlier factora

that influence the ouiput frequancy sush as changos in plats suply
woliogz, grid excitation, ani grid blas ace also ocoipansated, Frequency
changass sre tharefore the result of the intaractlion of many varlshlos,
Tha eomponmt e to a cliangs in tln dlelsciric constant of the s1lution
18 practically impoasidle to d2tyrmine,

Oscilletors may te stabllized o muks thwm {nsansitive to vardla-
tions in tube Gharactaristios (15) widch woull sLmplify things soweiiat,
but whather a trus separation of thn varisblses of especity and resislance
are accomplighad would be open to debala,

Purtlermore, 1t 1s concelvsbla that a solution may sinw 8 diclectric
constant ghange tending to incrvasa the oulpuh froguency of an oscil-
lztor and a conductivity chengs tonding to dacr2age the output freguency,
resulting in a net chamge of zero (7).

Returiding %0 the schematic diezram of the Colpitts oscillator
~ eircult of Figure 3, 8 resistor R, i3 connected from the grid of tla
tube to grovnd, Before oscillatiosns strrt thare 48 no voltage epplied
t0 the grid, and therefore mo grid currant, The bias on thes tube is
goro and & large plate currant flows, The initisl surge of ecurrent
through tle tube when tha czthode reecles the tampersture st widch
elestron emission begins, sots up an alicrnating current 4n the parsllel



15

cirouit and sn slternating voltage scross it. Feedback of purt of
this voltage to the grid drives the grid positive with respsct to the
esthode, Electrons ire attrscted from the csthode to the grid snd
current flows through the resistor R, commonly called the grid-leak
resistor, The wvoltage drop across the resistor mskes the grid negative
with respact to the csthode, The value of the grid biss is the product
of the sverags velue of the grid current and the value of ths gride-
leak resistor, /@ the mmplituie of oscillstions builds up the biss
incresses snd eventually e steedy state is sttained where the grid blas
snd the smplitude of the oscillstions remain comstant, The voltasge and
current relations existing in en oscillator under stesdy state condi-
tions ere shiown in Figure L (23),

The instantaneous value of plste voltsge 4is the sum of the plate
spply voltsge end the slternsting woltsge developed betwsen the plate
snd cathode, Pigure La, The instantsneous value of grid volteps is
the sum of the grid biass wvoltsge and the woltage developed across the
feedback cspacitor C3 between csthode and grid by the current in the
tuned eircuit, Pigure Lb, The slternsting plate-cathode voltege and
slternating grid-cathode voltege are 180 degrees out of phass,

The grid is driven positive for a period of time less than the
period of & half cycle, The plste current and grid current flows in
pulees, Figures Lo end Ld, The plate current pulse is longer than the
grid gurrent pulse, The tube conducts ss soon as ths instantaneous
grid wltage is slightly more positive tlLan cutoff on the upwerd part
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of the cycle and grrid current doss not flow until the grid is driven
positive with respect to tlw cathode some time later, Likewise tlw
grid current cesses sometime before the plate current cuts off on the
dowmward part of the eycle, The slight distortion et the peak of tle
pPlate current pulse is the result of the grid rebbing the electron
stremm on the vay 40 the plete of a supply of electrons which constituts
the grid current, This distortion results in the generation of hsr-
monics,

The power supplied by the plate supply is equal to the plste supnly
voltage times the avarsge value of the plate current pulse toien over
s full cycle, Part of tids power is delivered to ths resonant circuit
in the form of alternmating current energy snd part of it is dissipated
st the plate of the tube in She form of hest, Figure Ld, The hesting
is due to the impact of slectrons om the plate of the tubde,

The power loss st the grid is very nearly equal to ths product of
the aversge grid currend end the orest value of the alternsting grid-
ssthode voltage, The power loss at the grid is the sum of the power
losses due to the besting of the grid by the impast of electrons and
the hmating of the grid-leask resistor, The power losses in the grid
eirouit are supplied by energy obtained from the resonsnt eircuit,

When the resistance of the resonant eirouit is increased by an
inoresse in the oonductivity of a solution in the ¢ell of a high fre-
quenoy titrimeter, the steady stste conditions of Figure L are upset,
In eddition %0 She fregquency chsnzas discuseced esrlier, the mplitude
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of the oscillations will tend to decresss, The original oscilleting
current in the resonsnt ¢ircuit in flowing tlrough the sdded resistance
consunes more enorgy than is supplied from the plate supply source,
Immediately the altermating plate~cathode voltsge decresses, increas-
ing tha minimum plate voltage snd incressing the smplitude of tle plete
current pulses., The resonant circuit recaives additional energy, end
8 nev equilibrivm point is reached whers ilm enlarged plate current
pulsas supply sufficisnt energy %o maintain oscillations in the Iigher
resistance circult, The oscillations will be reduced in smplitude, end
oonssquently the feedback voltags scross C; is reduced in smplitudle,
leas grid cwrrent flow, and biss is decressed until equilibriwe is re-
esteblisled,

In sumary, if the effect of a change in the concentrstion of a
solution in the cell of a high frequency titrimeter is purely resistive
snd reflects sn increased resistance into the resonant circuit ss a
rosult 6f an increasse in sonductivity, s slight frequency shift vdll de
detectad, plats current incresses, grid current decrasses, and zrid
biass decreases, /ny of these chenges may be messured and by tlds means
tls gourse of & titraltion may be traced,

A ocapacity change will produce tie game type of responss, Once
egein the problem of sspersting the components due to resistive ai
caspucitive effects srises,

It 1s believed thst & solation to the problam hes been found end
thet en instrument hus been developsd in which the response is so
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pradoninantly reeistive thet for &1 practicel purposes is not affacted
by chongas in the dlelectric constant of the solution in the eall,
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Properction of Rosponts

Reagant grade acetic, hydrochloric, sulfuric, plosphoriec end C, P,
oxelic scid was used to prepsre ecit solutions, Timge waro eomprred to
sodimm hyndroxide widch wes siinlerdized egzinst primsry grade potsszium
ecid phthalate,

Sclid C, P, sodium chloride eni resr»nt grads scdium fluordda,
cslcium clloride, smmonlum oxslate, silver nitrste were weighed out %o
tle nearast 0.1 of a mg, employing weights calibreted against Burogsu of
Stendards calibreted weights, N, B, 8, Test Mo, £7925, Tlese solids
wore dissolved end diluted st 20 deprses C, in s cslibreted one liter
volumetrioc flask, The concentration of the sodium chloride solution
was checked agrinst the silver nitrste solution by the Fajans' metind,

The concentretion of the calcium chloride solution wss determined
. by the permangenste mothod, The potsssium permanganate was stendardized
egainst primsry stenderd grade sodium oxalste,

Resgant grade borie ecid wzs usod to prepars s solution widch wes
compared to standardized sodiim hydroxide., C, P, demannitol wes
employed (12),

Kydrogen psroxide solutions were prepared from tlires pesrcent ree
szant grade lydrogen peroxide, Its concentrstion wss dotarminsd by sn
lodimetric metiod (13), The sodiunm tliosulfste solution employed hed

bean stindardizad agzinst primery standerd grade potassium dishromats,






Incidentsl Instrumentetion

The operating frequencies of the oscillstors used in tlis study
were determined with a U, S, irmy Signsl Corps BC~221-D frequency meter,
s U, 8, /rmy BC=1255~4 heterodyme frequency moritor, snd s Genersl
Radio Company 750-4 wevemeter,

Other instruments included s Clouzh-~Brengle Company Modsl OCL siznsl
generator, s Besthkit Model V-5 vecuum tube wolimeter, a Heathkit Model
0-7 oscilloscope, s Radio Corporation of imerica Model 122-C Rider
Channalyst, and a U, 8, Navy Type /RB superheterodyne communications
receiver,

4 Sols 120 v, a, constsnt voltage transformer wass used %o regulste
1line wvoltage,

Calibreated pipets snd burets wers used for all titrations,

The Parallel Resonent Circuit Titrimeter

A% the time experimentsl work was begun, several instruments hed
been described in the 1ltersture (1,2,3,6,8,10,15), Thess instrumente
were of the type employing sn oscillstor of some sort, with the solution
vessel plsced either in the coil of & tank oircuit, or between the
plates of & eondenser msiing up pert of ths tuning eapscity of s tank
eirouit, anx_genom used ranged from 2 me, up to 350 me,

£% thie time tle nature of the response of these instruments to
changes 4n oircuit persmeters and to chsnpges in solution composition
hod not been esteblished,



Psat experience in the field of electronics suppested that the
properties of a resonant circuit could be studied quite simply (21)
using units that were readily svailsble, Mizusidma (17) had esrlier
spplied the method to the messurement of dipole moments with some
success,

The principle of the method is evident from the schemstic diegrmm
of Figure 5, 2 parallel resonent circuit widch includes the titretion
cell Cy, was loosely coupled to a signsl gemerstor, The output of the
oscillator ocould be adjusted to my frejuency between 100 ke and 30 me,
end was modulated by s frequency of LOO cps,

When the parallel resonsnt eircuit wes tuned to the frequency of
the signal generator output, the voltage or current indicated in thn
deteator circuit was a maximum, The voltage or current indicated by
the detector at the maximum was & function of the § of the cirouit con-
Saining the filled cell, Changes in circuit capscity were measured by
mesns of the calibrated Micro Pot disl attached to the C, drive
mechanimm,

The arrangement of the spparatus &a finally employed is shown in
Figure 6, Details of the probe mexing up Cx of the schematic dlagrem
are given in Figure 7, The copper f£0il plates were held securely bee
tweon two concentrically fitted soft glsss test tubss, The mmber of
test tubes thet csn ba fittad to make the combinetion showm in Figure 7
ere relatively few, but 1t 1s esiimated that at lesst s hslf a dozen
suitsble combinations con bs found per 100 test tubes,
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Initially, the condenser Cy was edjusted to spproximstely one
half of its maximmm cspacity, the proper coil for the frequency range
selected wee plugped into its socket, and the signel generator edjusted
o9 that its output frequency wes the resonant frequency of tle parallel
eircuit, Resonmce wse indicated by meximum length of the verticel
line on the oscillosoope screen, The output of the receiver was the
40O eps, modulation fregquancy of the input signel after demodulation
in the second detector of tlm receiver, The sutomatic volume control
eirouit of the receiver was turned off to insure s constant overesll
receiver gain throughout tle experiments, i grid was pleced over the
oscilloscope screen to facilitste measurement of output emplitude, The
referenoe point for amplitude meesurements was the amplitude measured
o8 the beginning of a titration,

Some of the undosirshle features of the spparatus were immediately
spparent. The maximm of the resonsnce curve of the parallel circuit
wes quite brosd, making socurate caprcity measuremonts difficult, Tho
probe s8 degigned was sensitive to chenpges in the level of the solution
and the effest eould not be eliminsted, This effect was cbvicusly due
to the srrangement in widch the lesds comeoting the plates of the probe
%5 the tarminals st the top of the probte represented s snell smount of
the total surfasce sres of the condenser, In sddition, the probe wes
sonsitive to changes in ite position in ths basker and te body capacity.
The sensiilvity of the matliod wes believnd to be inzdaquate for znae

1ytlcel purposss,
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This work ecould have besn contimued further, snd the diffisulties
mentioned ovarcoms by using the conventionsl type of cell as shown in
Pigures 16 and 17 end employing circuits of higher Q, Recently the
method wes employed by Fujiwara and Eoyssid (5) to obtain the response
curves for circuits in which the solution was placed in e vessel witldin
the inductance of a pareallel circuit,

A modification of the spparatus of Figure 6 in which a crystsl
filter circuit wes substituted for the parallel circuit st the input
of the receiver wos inveatigsted, A crystal filter circult wes con-
struoted utilieing o LS55 ko, quarts orystsl, but the high nolee lavel
at the frequency meds further work with the unit impossibla, It wes
found that the sources of the noise being fed into the receiver could
not be eliminsted without curtailing other work being carried out in
the sane building,

It 18 believed that the unit merite some sdditional considerstion
and under more favorsble coniitions its full potential may be reelised,

Fortunately, at the time thess problems were bsing encountered,
several excellent pspers sppesared (4,7,19) estsblishing the effect of
oircuit parameters on the response of most of the instruments in use
at thet time, ilmost any shepe of titration curve could be explsined,
and tim limitotions of the method olearly pointed out, It was now
possible t0 go shead with tls construction of am experimental high
frequency titrimeter snd by & series of simple tests determine its
gharscteristics, Kmowing tlose, the ingtrument could then be spplied
intelligently to the particuls system to be studied,
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Ihe Frequency Messuring Instrumat

Before making s decision on the t.ps of instrument to be con-
struoted, the titrimeters for which sufficient dotails wore aveilable
4n published pspers were svalustsld, Tle insirument considerad to offer
the most in terms of flexibility, sensitivity, and stebility, in sdiie
%1on t0 being easy to construot, wes the titrimeter reported by /mierson,
Bettis, snd Revingoen (1), Jensen and Perrack (17) naed a tured plate-
tuned grid oscillator found to be unsishle by othars (1,2,6). Blendal
and Malnstadt (2) used s Clapp oscillator using s 6/C7 tube for work
st frequancies of 30 me, and below, Tha frequency limitstions of the
tube would restrict the use of any instrument in which 4% wes used ¢o
this frequency rangs which was undesiresble, The 350 mc, squipmant
reported by the sme suthors (3) required elsborate machining operstions
which could mot be undertaken, The srparastus of Vest, Burkhalter, and
Brousserd (2L) secmed to be too compliceted for the resulta obtainad
in return,

inderson et a1, (1) used a grid dip oscillator circult emrloying
s type 955 tube, The tube could be used up to frequencies of 500 me,
if necessary and required relatively 1itils power. Ko tuning sdjust=
ments wore neceasary, the opersiing frequency being that assmmed by
She oscillator st the berinning of & titration, Chenges in solution
corncentration wers followed Yy observing chenges 4in the grid current of
the oscillator,
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It was decided to convert the inatrument into one in which changss
in frequency were messured during a titraetion, The wmechanical lsa,out
of the instrument wss changed, including the desizn of the cell,

A schematic disgram of the osciilutor is shown in Figure B, The
power supply circuit diasgrem asppesrs in Flgure 9, The pliysicel la,out
of the instrument is shown in the top and bottom views of the cheassis
in Figure 10 and Figure 11,

Care was taken t0 keep all leads to an sbsclute ninimmm, &d in
the layout of the parts, an effort wes meds to produd; ths most s;Tmetri-
eal lsyout possible, The tube and fts essociated components were mounted
on s subchsseis gonstructed fram 3/16 inch tldck slumsimm plste, The
subchassis 18 located at the extreme left in Figure 11, /iccess to the
tube was provided tlrough a hole in tiw top of the main chassis around
which s suitsble shield sssembly wss secursd, These details sppear in
Figure 12 and Figure 13,

Yor frequencies up to 60 my, tls cparsiing frequancy of the oscile
lator was changed by ueing oolls having varying musbers of turns, The
ooil shiclds were made of heavy guege copper end were firmly attsched
to the substantial bases of ths ¢oil forms, Figure 15, When plugred
inte positiom a spring collar attached to the chassis gripped the lower
odge of the sideld firmly, completing the slielding to the chassis, in
sdditien to preventing sny physisal movement of tha coil ssssmbly durirg
e titration, Figure 12 end Pizurs 13,

The cell wss designed so thst the polyetlyylene vesssl could ba
removed by eimply sliding 4t up wvertically out of the bands and the
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FIGURE 10,

FIGURE 11.

TOP VIEW OF MAIN CHASSIS,

BOTTOM VIEW OF MAIN CHASSIS,
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FIGURE 12, CLOSEUP OF COIL AND 955 TUBE SOCKETS,

FIGURE 13, CLOSEUP OF COIL AND TUBE SHIELD IN
POSITION,
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resccinier of the cell assamily, The £1t was saug enough €0 provent any
ovamant of tlm wesscl reletive to 1is surrouniings Juring s titrstion,
';'in bands mexing up tie plutes of tho capacitor were supported firmly
end insuleted from the rencinder of tie unit by polysty™ne spsoors
sttached to tim wslls of tla Leavy guaze slumimm box widch sorvad ‘o
sldcld ths sensitivs ciroult elements from outside 1nflusnces 8 shown
in Figure 16 end Figure 17, The sliclding of the unit wes corpleted
by s snug fitting groundad ring installed in the upper sldeld ssssmbly
end & pogitive contact between the main chessis ani the eluninum shisld
of the cell wezs providedl by meens of a third banana jeck end pluz, |
When the cell was plugp~d into position and sscursd to ths bese plete
by means of & scrow as slown in Fisure 18, 1t wes found that the hanls
could b2 placad smywhore on the matmm vithout cmuaing a detectsble
shift 4in frequency,

Blsedel end Molmstedt (2,3) Lasd slown tiist in order to extend tle
ugeful range of frequency messuring instruents up to more practicel
roglons of conductivities, frequencies of 100 mc, and sbove were necesssry,
Tle lighest frequency obtainsble uaing coils in the instrument wss s#pe
proximetely €2 me. In order to resch 120 me, & half weve line hed to be
econztructad to replace tle coils previously ussd, The equivelence of
a helf weve line to a psrallel circult is discusssd elsewlere (20),

Ths line wss constructed from .mphenol RC BA coaxial esble and
tarminated in irphenol type PL-I97 mals coaxial csble comnactors, The

misle coaxial csble comnectors st the enla of the line were plurpged in
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FIGURE 18,

CAPACITY¥ CELL PLUGGED INTO POSITION IN SIDE OF
MAIN CHASSIS,
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and firmly secured to two femsle receptacles mounted on a substantial
base plate made of 3/8 inch thick bress, The bottom viow of the bass
plate i3 slown in Figure 15, The spscing of the bansms plugs soldered
to the center condustors of the fomsle receptacles was made the s:me

as the spacing of the terminal plugs of the coils previcusly used,
ifter removing the spring collar from the chessis the base plets plugzed
into poxition ss showm in Figure 19,

The entire lins and base plate eppear in Figure L2 ebove ths BC-
221<D frequsancy meter,

Incressing the operating frequency of the titrimeter to 120 mc,
required additionsl chsnges to be made in the cell, Bands could mo
longer be ussd becsuse this eonstruction led to grester valuas of cell
capacity than could be tolerated, In place of bends two small plates
curved to £it the contours of the polyethylene vessel were gudbstituted,
Ths polystyrene spacers that previously had supported tls bands were
left in position to genter the vessel snd %o prevsnt physicsl displece=-
ment of the vessel during s titrstion, These detsils appesr in Figure
21 and Figure 22,

Coupling % the frequency meter wes provided through s smell
cspacitance from the oscillator plate to the /mphenol femele receptscle
mounted on the side of the cheseis, It wss found thst s short antenne
ecomnected to the frequency mster provided sufficient signel for messur-
ing purposes st the lowsr frequaencies, With this errengement inter-
sction between the oscillator ani frequency meter eould not oceour,



FIGURE 19, BASE PLATE WITH FEMALE COAXIAL RECEPTACLES
PLUGGED INTO POSITION ON MAIN CHASSIS,

FIGURE 20. FEEDBACK CAPACITORS IN POSTTION
ON BASE PLATE,
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The frequancy meter used wes a U, S, /mmy ¢t pe BC=221<D lmteroiyme
frequency matsr, The highest fundamcntal fraqusncy of tlie calibratad
oscillstor in the frequency meter wss 20 me, “When used in conjunction
with the 120 mc, titrimeter, s higher harmorde of tha fundsmental
frequancy of the frequency metsr oscillator hsd to be used {n order to
obtzin an sudible beet note, Ths beat frequency was amplified by
feeding the sudio culput signel of the frequency meter into tle sudio
chemnel of sn K, C, i, Rider Channslyst. /mple volume wns provided in
tlie earphones after amplification,

The frequency stability of the oscillator in the frequency meter
waeg clecked sgainst ths 5000 ko, standard frequency signsl of VWV,
National Buresu of Standards, Yesldngton, D, C, .fter a twelve lour
warm up period tlm oscilletor showed s downward drift in frequsncy of
2 Kdlocycles 4in a IO minute period.

The mathod used for the test was as followa, The S002 W, sirnel
of WAV was tunsd 4in on 8 U, 8, Kavy type /B raceiver, The oscillrtor
in the frequency metor was adjusted to gero beat wth WV, Svery fivs
minutes for a psriod of thirty minutes the {requsncy meter oscillstor
was retuned to gzero beat, The results of the teat are recowdad in
Tabls I,

When performing & titretisn, s harmonic of the frequency meter
oscillator wss sdjusted to sero baast with the 120 me, signsl of the
titrimator oscillator after each Licremant of titrant had been added,
The frequaoncy stebility for the corbination of the two oscillators vas
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T/BLL 1

PP - P , oo ‘. »-b
FRAUIACY STUBILITY OF Pl UXZY MITIR OXCILLITOR

Time Frequency
min, Zero Beet Rial ﬁeading_ kc.
0 1375.9 5300
5 1375.9 5320
10 1375.9 _ 5000
15 1375.8 L9%99
20 1375.8 1997
25 1375.8 L339
37 1375.7 L9398

Haximum frequency drifts 2 ko, down

*W47¥, Netional Buresu of Standerds, 500 ke, standerd frsguency

determined over s 32 minute period, Firure 23 is s plot of tla results
of tids test,

It was obsarved in the courss of ths work thst frequency drifting
incressed immedietely upon insarting the f11lad titretion vessel into
position in thy eall sessembly, It was ressonsd thet tempersture
changes taxing place in the solution wes tle cause of ths incressed
fregquoncy drift, The titrztion vesszl conteining a dilute sodium
ciloride solution in which wes immersed the tip of e Beclmsn timrmometer
sdjusted to tle expectad towpersture renge was inst:zlled into posi-
tion in the titrimeter, Tle di:zl resdings at gero best on tha
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frequsncy meter were recorded togethor with the tamperasture of the
solution every five minutes for s thirty-five minute period, Figure 2L
is & plot of the results, The results indicate that frequsncy drift is
st @ maxinum when the chsnge in the tempsrature of the solution is st
e maximm, Obviously, temperature changes taking place in ths solution
are a source of frequency drift, but ceess after aspproximstely ten
minutes have elapsed, Before beginning a titration the solution wes
sllowed to stand for at lesst ten mimutes to permit temperature equi-
1ibrium to be established,

The instrument responded to changee in liquid level end dilution
a8 shown by the curves of Figure 85 and 26, Installstion of the grounded
ring 4in tle upper shield assembly of the cell renders the instrument
insonsitive to chonges in liquid level sbove the ring but has no effect
on the response due to dilution, Re~exmmination of ths curves of
Figure 25 snd Figure 25 shows that the effects oppose ons snother and
within a certzin volume renge ¢can be made to cancel esch other, It wes
found that if titrations were carried cut within the renge of volume
between 100 and 110 ml,, the effects were for &ll practicsl purposes
eliminsted ¢ indicsted in Figure 27, The effect on sn sctusl titretion
curve can be seen in Figure LS5, It will be noted thet in Figure LS the
initial slops of the lower curve is positive end the initial slope of
the upper curve is very nearly goro, The lowor curve of Figure LS was
obtained in the volume rarge 160 to 170 ml, and the upper curve in
the volume range 100 to 110 ml,
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4 sensitivitly or responss curve wes obtained to test the concene
tretion range in wiich the instrument responds, The aame toclnique
as usad by others wes employed (2,3,4,7,19). Initislly tls vesasl was
£illed with 125 ml, of distilled wster, One ml, incremenis of 8 1,0 X
soiium elilorids solution were sided and the frequency changes recorded,
The sensitivity curve, Pigure 20, wes obtained by plotting ths fraquency
meter dial readings ageinst the logeritim of the sodium chloride cone
centration, The cwrve L9 a typical one for frequency messuding inztrue~
ments reported earlier by othsre (2,3,L,7,19),

It hes been shown (2,3,4,7,15) that Af the sbscisas was the
logaritln of the specific resistance of the sodiwm chloride sclution
inastesd of its conssntration, the curve would epply to seny smaous
electrolyte placed in ths sane cell st tha smme frequency, snd 4t would
be wmecesssry to obtein response curves for more than one elactrolyte.
I8 follows, that the position of the midpoint of the eurve on the
sbscissa snd 1ts alope 1s a function of the frequancy, the eell pare-
meters, the solvent, end the fonic strength of the molution (2,3,4,7,19).

IV 18 eviiont that s titrimeter of this type his sdequate senal-
tivlty botwaan certaln liniis thet sre fized once the oparating frequency
and call perametars are sslected, To parform s succassful tiltration
unlsr these coniitions, the sperific contuciivity of the molution must
be sdjusted so that the endpoint will fell soneviore within thas limits
shown by this ssnsitivity curve,

The cell parsweters are varisble to a limited degree snd ore
pirtislly determined by the amsount of lowiing the oscillator can
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withstand and still maintuin sustsined escillations snd the total
eapeoity permissible scrose the perticulsr industance in the perallal
sireuts (22,23), 4is tbe operating frequency is incressed, sensitivity
is sxtenied te the regions of kigher jonic strengths, but the sres of
the coll plstes wust be reduced secordingly which rsduces the over-sll
sensitivity of the spparstus st the higher concentrstions (19),

The cell of Figures 16 snd 17 could bs used up to 60 me,, but in
order to utilise 2 frequency of 120 me, ths osll plate sres hsd to be
raduced t0 thet shown in Pigure 22,

The 'ide Renye ﬂm;

Eelativoly few instrumants hed bem constructed in which the solue-
tion was pleced in s vosesl in the £131d of the eoll of s parallsl
resoncnt cireult, With a fow excentions (2L) titrimetars utilizing the
sbove rrincirle were reconstructions of the instrument reported by
Jensen and Parrsck {10,16), Some worksrs experienced considsrsble
aifficulty 1n the sorlisetion of the instrumsnt to titrstions (1,2,5),
The concensus sesmed to bs that the instrumant was unstable end essily
went out of oscillstion, It wss reszsoned thst this errstic behsvior
wes ths rasult of lsrze incressss $n the distrihuted capacity sssooistad
with the eof},

Ths 3 of & parellel regsonsnt circuit 48 dneraszsed by en inernene in
distributad capscity much in the exre way r8 4% 48 reducad by en inorasse

in the resistmnce reflactal into 4t by emn increose in load, Pance, wimn

*u, s, patent application made,






@ solution is pleced within the field of a 6oil, the increassed dis~
tributed capacity together with the normsal incresse in the saries
resistence of the circuit due to the conductivity of the solution,
eould result in such hesvy power demands upon the oscillstor thst it
would ossse to function completely, This esemed to be s logical
explanstion for the difficulties experienced by some workers in the
applicstion of Jensen and Parrsck's instrument,

It was obssrved thst all of the instruments of the coil loeded
type had low opsrsting frequencies, consequently the coils employed
were of the multiturn type which have sssoclated with them relstively
high values of distributed cspecity, The distributed cspacity is in
shunt with the inductance, thus meking the coll equivalent to a parallel
resonent circuit having a netursl resonant frequency, The nstursl
resonant frequsncy sets an upper limit to the frequency at which the
coil 4s useful in providing san inductive reactance (22), Inserting s
solution of high dielectric constant within the coil should markedly
affect the nztursl resonent frequancy of the coil, end erratic dbehavior
could be expected of any oscillator in which the purallel circuit wes
& eircuit element,

In order to improve on instruments in which tlie solution to bs
titrsted was placed within the field of ths coil, some means of prevent-
ing or mininizing chenges in distributsd capscity had to be found,

A9 a sterting peint the inductance wss reduced to s one turn loop
constructed of 1/L inch copper tubing to give 1t mechanical rigidity.



This eonstruction reduced the distributed capascity to s minimmm snd

the emell swownt sssocisted with the loop was believed to be distributed
mainly along the circumference of the loop, Further, it was reasoned
thet 4if the dismeter of the titration vesssl was substantially smeller
then the dimmeter of the loop, the solution would be removed out of

the range of the fisld of the distributed cspacity of the loop, end
chsnges in the dislectric constent of the solution would have relatively
1ittle effect,

With the design ef the inductance fixed in this manner the operat-
ing frequency of the titrimeter would fzl1l in the frequency range
between 70 mo, snd 100 me, 4 harwonic of Ahe fundmmentel of tl» BC-221-D
frequency meter oscillator providing a suitadle beat nmote in this renge
ocould not be found, For tiis resson the frequency meter wes dlscsrded
snd the fnetrument converted to one in which changes 4in selution compo-
sition were detecsted through changes in titrimeter oscillator grid
ourrent,

If the premise concerning distributed cepacity wss correct, the
proposed design would maske the responss of the instrument msinly de-
pendent upon changes in solution conductivity, and the problem of
separating resistive and capscitive components elimineted, BHence, grid
current resdings would be truely indicative of conductivity chenges,

88 should asny changes in the opersting frequancy of the oscillstor,
Furthermore, sny mesking of conductivity changes by changes in dielectric
constent wuld be eliminsted resulting in sn incresse in sensitivity,

pd

"
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The loading on the oscillstor was conirolled by varying the volume
of solution in tle field of tle loop, With solutions of Ligher cone
cductivity this is sccomplishsd by withiraswing the titretion vessel
vertically along the axis perpendicular to the plane of the loop, Load-
ing could slso das reduced by enlorging tle diaweter of the loop, which
would be snalogous to loosening the coupling between two tigltly coupled
circuits in a redio transmitier,

It seemed that the proposed design would extend the range of the
titrizetsr %o more practicsl regions of conductivity, with the possibil-
ity of covering the range of fairly concentrated solutions,

It was found that the frequency messuring instrument could be
sasily converted to sn instrument of the proposed design, A schemetia
of the instrument appesrs in Figure 29, The powsr supply circuit is
stown in Figure 9, The details of the cell sssembly appesr in Figure 37,

The new cell sssembly was atteched to the chzssis in the seme
position ocoupiad previously by the capacity type cell, The loop lesds
were terminsted in bsnana plugs end spsced to metch the spacing of the
insulatod dsnana jacks in tle gide of the chassis that suorved ass tle
terminals to the grid and plete of the 955 tubs, The feadback and tun-
ing capacitors Cy and Cy were short lengths of /mphenol FO=8/U coaxteal
esbls and plugged into the femcle .mphonol receptacles mounted on the
top of the chassis previously used for etteching the 120 mc, half weove
line in plsce, These deteils sre shown in Figures 1L, 27, and 37,

imphenol RO-8/U coaxial cable hes a nominel cepscity of 29,5 mmfd,
per food, Therefors, the length of coaxisl ceble used plus the snell
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smount of cepacity sssociated with the /mphenol pluge and Jacis do-
termined the cspacity of C; and C,;, Obvionsly a range of eapacity was
obtained simply by varying the length of tle coaxial csble attaghad to
the plug, By this mesns any ratio of Cj to Cgy could bs obtalned to
provide tha proper feedhack requirements as ths situstion demanded,
Since the totsl cxpacity in C; snd O3 wes entirely between the
ianer and outsr conductors of the gcoaxisl cable end the outer condustor
was grounded, Cy and Cy; ware completely shielded from cutside influences,
If tke conventionsl type of tuning easpecitor hsd baen used, stray
capscities would exist betwesn the tuning eapscitor, ground, smd neighe
boring ebjects that would vary with temperasture changes, vibration,
and gondenser setting, This veristion in stray caspacity would e &
source of oscillator instability, snd would bs particulerly serious at
the opsrating frequsncies of 70 ma, and sbove, The polyetiylene di-
electrie ssparating the inner gonductor from the outer eonductor in the
coaxial cable hes a dielecirio constant of 2.29 and & power factor of
0.000L st all freguencies from 60 cysles up to 130 me, per sscond, a
wster sbsorptionm of 0,005 per csnt, s softening temperature bstween
103 and 105 degreas Centigrede, The mechanical stsbility of the aoaxial
cable i3 excellont and the outar protective vinyl covering is non-
hygroscopis and impervious on exposure to scids, slkaliss and oils {2€).
11 of the sbove desirable proparties of tha cosxial esble end tim
rigid construction of conmmtorﬁ; brackets, plates, etc,, contribaled
greatly to ths eleatricel snd mrchanical stobility of the titwimetor,
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In order to facilitate the messurswment of changes in the grid
qurrent of the oscillstor, s 1000 olm resistor was inserted in series
with the grid-leak resistor, The terminals of the 1000 olm resistor
were brought cut to two banans jJscks mounted on one side of the chassis,
providing e convenlent and positive connsction to the grid current
neter,

The Sargent Model XXI Polserogreph wss sdapted for the messuremsnt
of oscillator grid current. By inserting the stsndard 290,000 olm
‘resistor supplied with the instrument in om‘ of the dropping mercury
electrods lead jacks, ths unit performed ss s potentiometar, The
principle is illustrated in Pigure 31, The lesds normally comnected
to the dropping mercury electrode sssembly plugped in the second jsck
of the polarogrsph, wre connected to the terminals of the 1000 olm
resistor in series with the grid-lesk resistor, i part of the grid
bies developed by the oecillstor sppesrs st the tarminsls 4 and B and
wes usually less than 0,20 volta, With s spsn voltage of one wolt on
the polarograpl any voltsge betwean sero snd one wolt could be placed
scross the standard resistor by sn edjustment of the bridge contrel,

If the potential scross the standard resistor wes equal to the
biass developed across the 1000 olm resistor no cwrrent would flow in
the oircuit mede up of the 1000 olm resistor, the lesds A snd B and
the standard resistor, If the biss developsd by the oscilletor changed,
ocurrent wuld begin to flow in the ¢ircuit in a direction depandent on
whather the biss wss grestsr or lsss than the percentege of the polaro-
greoph spsn voltage spplied to the stsndard resistor,
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The scele of the current messuring meter of the polsrogrsph is
280 mm, in length, Twenty values of ourrent messuring sensitivity
renging from 0,003 micromps per ma, to 1.500 micromsps, per ms, can
be selected by mesne of s twenty position ewiteh, ifter performing a
fow explorstory titrstions s sensitivity could bs selected with widch
ths current changes sncountered in the ocourse of a titration covered
the entire 280 mm, length of the recorder acale,

Sensitivity curves were obtseined for the titrimeter by the smme
procedure previously used in commection with the frequency messuring
instrument, The curves asppesr in Figures 32 end 33 and the correspond-
ing instrument ad justments appesr in Tsble II,

In obtaining the curves two loops of different diameters wers
employed, Various combinations of C, snd Cq and vessel position were
also used, is shown in Figure 3, vessel position one indicates a
maximan volume ‘of solution wes within the field of the loop, In vessel
position two, Figure 35, s mmaller volume of solution was in ths field
of the loop since the vessel hsd been withdrswn by sn smount equsl to
the width of the ring that had been inserted betwesn the 1lip of the
vessel and the ring sttechsd to the eparture in tis top of tho stdield
ssgembly of the cell,

A point of interest in connection with the curves is that in order
to reach the more concentrated ranges, ths loop dismeter wes incressed,
resulting in s lowered opersting frequsncy. In all titrimeters previous-
ly reported, im order to extend their rangs of sensitivity to regions
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of ldgher coniuctivity, the operating fregusncy of the oscillistor had
to be incressed (1,2,3,6,7,8,19), Lven thouzh Elassdal end Malmstadt (3)
were sble to resch & frequsncy of 350 mo,, the instrumsnt showed no
sensitivity with solution concentrstions grester then 0.3 wolsr in
terms of sodium chloride or 0,1 moler in tarms of ljxdrochlorie scid.
The smme suthors (3) were stle to vary the losding on their cecillstor
by adjustment of vessel position in the end of the concentric line
employed at the sbove freguency, but only the sensitivity of the instru~
ment 40 cheanges in solution composition was reduced, The adjustment
did not shift Athl region of meximum sensitivity for higher concentre=-
tions of sodium chloride or hydrochloric scid, Witlirewing the vessel
in the present instrumsat lowers the sensitivity of ths instrumsnt
somewhat, but at the seme time extends ths range of tha instrument to
Hgher conductivity reglons, Thus it sppesrs that in the present
instrument, operating frequency 4s of little significence snd eny
region of conductivity msy be reached by verying loop dismetsr, vessel
position, or feedback, The oparsting frequsncy of ths oscillstor is
the frequancy sssumed by thes oscilletor with tis perticulsr dimsnsion
loop snd tuning espacity seslected in order to work in a specific range
of conductivity,

Ths combinations of loop, vessel position and feadbsck caspenity
used in obteining the sensitivity curves by no means exhiaust the
possibilities, Intermedists curves could ba obteined with intermsdiste

velues of cell parameters,
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Curve 12 shows & curvsture which suggests that s poinmt of ine
flection hsd been reached, but the curveture is believed to be dus
to the manner in which tls dats for the points on the curve were obe
tained, Instesd of adding slectrolyte to the sblution in the vessel,
the vessel wes first filled with S molar sodium chloride solution and
distilled water sdded in measured portions until the solution wes L
molar, /t this point the vessel was filled to capascity, The vessel
was removed after recording the initial and finsl recorder rudinga
and 8 portion of the solution removed permitiing further dilution,

The original position of ths vessel in the cell assembly wes mot
perfectly reproducible, This could sccount for the curvature observed,

As indicsted in Tsble II, some of the curves were terminsted at
the point of completely dmped oscillstions which was dus to excessive
loading.

How the shape of s titrstion curve is sffected by the concentra-
tion st which the titration is earried oul may be predicted from the
sensitivity curves and hss been sdeguately discussed by others
(2,3,4,7,19), The wide range titrimeter is unique insofer ss theoretic-
ally sn infinite number of sensitivity curves are svailable throuzh
sdjustments of vessel position, loop diameter, lengths of C, end C,,
and ratio of C, to Cy, s0 thst excessive curvature or reverssl of titre-
tion curves ss different concentrations of sanple and titrant sre used
can be eliminatsd by a proper sdjustment of the titrimeter,

The voltage impressed across the 1000 ohm resistor in ssriss with

the grid-leak resistor by the polsrogragh places a emsll swount of



fixed bias on the oscillstor, Ths effect of varying anounts of fixad
bias on the sensitivity curves is shiown in Figure 35, in incressed
biss reduces the shops of ths seasitivity ourve alightly, The effect
showm 4n Figure 36 resulted from s 100 por cent inoreess in biss,
Ordinerily, variastions in fixed bias sre less thun 17 per cent,
Therefore, it may be sssumod that adjustments of the bridge contrel on
the polarograph hsve a negligible effect on sensitivity curves,

The instrument respondied to chinges in liquid lsval as slowm by
Figure 37, Dasts for the curve ‘m obtained by sdding measured incre-
ments of 0,25 wolar sodium ohlerids % sn initisl wolume of 90 ml, of
0,25 molar sodium chloride, V¥hen the ligquid level 1s above the grounded
bend in the top of the cell shield sssembly, the instrument no longer
responds to0 chenges in ligquid level,

The effects of chenges in liquid level and dilution were shecked
by sdding distilled water in measursd increments to 75 ml, of 0,25 molor
sodium oﬁaridc. The effects were found to oppose ons shother which
socoounts for the maximum in the curve of Figure 39,

i Modification of the Wida Renre Titrimeter

The 120 me, lins employed with the frequsncy measuring instrument
wes substituted in the plece of Cy and Cgy and the magnitude of the grid
biss indicated that the oscillator wes oscillating vigorcusly with Co,
shown in Figure 29, in the oircuit, Ths sensitivity curves of Figures
39 and LO were obteined utilizing ths 120 me, line end s lins
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LIQUID LEVEL AND DILUTION.
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spproximstely one-tlird longer. The sensitivity curves sre siniler
to those obtained wiil the wide renge instrument and the data pertain-
ing to the curves asre given in Table III,

The mods of oscillstion was not definitely established, but it is
believed thet it i3 similar to the mode of escillstion 4in » ring
oscillator, vhich suggests thet a titrimeter may possibly be constructed
using a conventional ring oscillator,

The frejquency of the oscillator wes monitorsd se electrolyte was
sdded to distilled water in the vessel and the operating frequency of
the oscillsator incressed with increasing conductivity, In 2ll other
titrimeters, inoluding the wide renge titrimeter previously discussed,
ths frequsnoy decressed with inareasing conductivity,

Titrstions Vith I"mz Messuring Instrumsnt

i1l electronic apparstus wss warmed up for two hours bafore use,
5. measured volume of sample to be titrsted was transferred to tlw vesaol
and dilutsd to s minimum totsl volums of 100 ml, with a meesured volume
of distilled water, The vessel wss inserted in the field of thw pletes,
s motor driven paddle stirrer introduced and the solution stirred for
ten minutas to attain temperaturs equilibrium, The frequsncy meter
oscillator was sdjustsd to sero beat with the instrument oscillator,
_ The dhl reading of ths frequency metar was recordad, Increments of
resgent were added from s 50 ml, or 10 ml, buret, as the situstion re-
quired, snd the frequency meter restorsd to sero beet after esch



T.3LE III

LDJUSTMINTS OF MODIFITD WIDE ReNCE TITRIMET.R
PART.IMTNC TO S:ERSITIVITY CURVES

S

L

Curve Frequency Sensitivity Bridge Vesnel
Nusber Loop” Line" (me.)  (ma/me.) (% Spsm) Position™*

5 b 1 91 0,15 1,2 1
6 1 1 91 0.15 17.0 T
b 1 2 103 0,15 19,8 1
3 2 1 95 0.15 10.8 1
2 2 2 198 0,056 8,8 2
1 2 2 108 0,06 8.8 1

# Refar %o Table II
«# Line 1 117.5 om, RG3/U Coexiel Ceble
Line 2 85,0 om, RGSA! Coexinl Tchle
-+ Refer %0 Table II
«#%® Yopoel raised 3 onm,



inorement had been edded, The $itration wss carried beyond the equi-
valencs point, The frequency meter diszl resdings were plotted sgainst
ml, of resgent sdded, Curves were drawm through the points, The
equivalence point wes resd at the point whare two curves intersected,

Preliminary qualitstive titrstions of hydroshlorisc ecid end
sulfuris acid with sodium hydroxide wers carrisd out to test insirument
performance at 12,2 mo, / stenderd solution of phosphoric eoid wes
then titrsted with sodium hydroxide st this frequency.

Other poutralisstion resctions were carried out ot 35.8, 67, and
120 mo, The results are listed in Teble IV end VI,

i meries of precipitastion resctions were carrisd out st 120 me,
The results are listed in Table ¥V and VII,

Titrations ¥ith the Wide Rmm Titrimoter

The titrimeter oscillator and polarograph £, C, circult wes warmed
up for two hours or longer. & measured volume of semple wus prapsrod
for titration by dilution with s maasured volume of distilled water to
s minizmm total volume of 150 ml, The titrstion vessel wss loware-d
into the field of the loop and ad fastmants madec to the spparatus eccorde
ing to the procedurs given balow, After these adjustments hod been
nuie, a motor driven glass poddle stirrer wes instslled 4n position,
!mmnu of titrant were xided, recorder resdings teken, snd tim ml,
of titrant added plotted sgainst recorder rendings, Curves were drewmn
threugh ths points and the equivalence point resd at the intsrssction

of the curves,
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in 1llustration of the arranzomant of tha spparatus is showm in
Pigure L1, The titrimeter was connoctsd to the 110 welt &, C, powar
1ine through a Scla constant volisre trensformer %o minimiee fluctne-
tinns in line voltagze,

Procadure for the Proper idtustment of tha Wide Range Titrimeior

The 7.5 cn. loop snd the 10 cm, lensths of Cy end Cgq are plucced
inte their respsctive positions in 4he titrimeter, The selector switch
of the Haosthiit vacuum tube voltmetear is turned to the D, C, minus
position, and the rangs switch % the three volt scale, The covmon lasd
of the voltmater is commected te the ciivesis of the titrimeter ed the
D, C. lead connscted to the grid of the 955 tube, A ground lead is
connected from the chassis of ths titrimeter to tle ssme ground con-
nection used for the polarogreph externcl ground plecing the chsssis
of doth instruments at the smme potential, If this is not donme, errstic
operstion of the recorder resulis,

The D, X, 8, leads from the polarogrsph are comnscted to ths color
coded banens jacks on ons side of the titrimeter chsssis, The positive
D, 4, &, hdiscmeudtothndjnkmthouuunhadto
the bleck jack, With tldis oonmwction of the D, M, E, leads, thes D, X,
E, switch is swltched to tle wipus position, No damping of the polarov-
g—a;h elrouit is used, 1.e., damping switch turned off,

Bafore the vesssl is lowered into the field of the loop, the g-id
bias indlosisd on the vecuum tube woltmetsr should be sppreximately
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1.2 volts, If the voltmailer inlicebas @ biss of e-proximsiely 0.4
voile, tle oscilletor 18 out of oscillastion and 4s in nzed of sarvicing,

Tho weaeal contelning the sa;le to bs titretsd is slowly lowsred
into thw fl41d of tle loop anid tlm grid bias voltezge cliengns on tle
vecuumm tube voltmeler cussrved, /8 the vesezl i3 lowred into tin
fiald of the loop, t!s sclution begins to sbsorb ensrgy from ths tenk
circult of tls oscillctor which slows up ss & decrosue in grid bles,
is s vessel 18 lowered slowly into the fl2ld of tim loop the grid
bias voltzge dicrezses graeduxlly, and will be et 8 minluum whan the
w2333l 18 &t its lowsst point, 1.e., vessel position ona of Figure 3/,
If 4n tie coursa of lowering the vessul into the £isld of the lop e
sudien doersssa in grid blass 1s observed, usuelly in tie vicirity of
0.7 wolts, snd the voltmeter indicstes s stesdy velus of syproximstaly
0,5 volts upon furtler lowering of tls wessel, the sslutlon is too
concentreted snd 4s overloading tle oscillastor, If tla vesssl is witlie
ong quarter of an inch of posiiion one wien the oscillstor goes out of
oscillation, longar langils of Cy and Cy are substituted in place of
the 17 cm, longths used up to tids point, I 1% 1s found Lthst tie
oscillstor will not remzin 4n oscillation wiih the vessel in position
one w.on the lengths of Cy end C3 hove besn extenied to 25 cm,, the 10
ca, loop sloeld be employsd end the ebove procedura repaziad,

Tha instrument hes itas };mawst sengitivity when tim wvesssl s
lowsred to its meximum, end therefore tle initial adjustments of tim
titrimotsr glnuld be male to permit tim smmpla to be titrsted with the



vessel in position one., Fowever, sstisfactory resulis mey ba obtained
with the vasssl ina otlier positions,

To selact en intermsdists wvessel position, the vossel 1s lowered
slowvly into the field of tlw loop until tle oscilletor goes out of
o6scillation, and then the vossel 48 relised very slowly until e sudden
inoreese in grid blas inticetes the oscillstor hes raemad oscillation,
The proper width spscing band is selected and slipped into position on
the vossel to maintzin tlm vessel in the position sttained in the ebove
sdjustment, Fizure 37 48 an {llustration of sn intarmedists vessel
position,

With extreme concentrstions, such ss 3 molar hydrochloric scid,
the 10 em, loop and intermediete lengtlis of Cy and Cg ore used, In
sddition, a 100 mnfd, mica condenser is instslled detwesn the cethode
of the 955 tube and ground, The impedance In ths cethods circuit of
the oscillator makes tha oscillator more sensitive to loading st tha
lower concentrations, but limits the upper range of the instrument teo
spproximetely one molar hydrochloric ecid, Bypsssing the irpedance
permits hrdrochloric acid in concentretion grester than J moler to be
titrated, The grid biss indicoted on ths volimeter before the vessel
is lowred into the field of tha loop is snproximately two volts when
tha bypess condenser 418 instilled, indiceting incrsasad smplitude of
oscillations, Thoe condunser is shown in the schemstic disgrem of
Figure 29 ew Cq,

In the titration of a strong scid sdjustments ere mede so that the
oscillstor 1s Just in oscill stion at the beginning of e titretion to
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obtain a oomplete titration ourve., In the titrstion of s wesk scid

the adjustmants are made 0 that ot ths cowpletion of the titration
the oscillator is at the point of going out of oscilletion, Further

sd Justmente of the spperatus srs made after the resulis of sn explors-
tory titration have been snalyred, These adjustments include changing
the retio of Cy to Oy, This edjustment vories the feedback to the grid
of the oscillator, Figure 32 slows tho effect of different retios of
Cy to Cg, Curves 5 snd 7 ere excellent examples, The data pertaining
to the eurves given in Tshla II shows that incressed feedback shif's
the sensitivity ourve to regionms of higher eonductivity, Comparing
ocurvas 5 and T with curve 1 shows that C; to C; retios other then unity
result in stesper curves, Confining s titratien to ths streighiter
portions of sensitivity curves, or adjusting the titrimeter to operste
on & stesper curve will all but eliminate excessive curveture of titrs-
tion lines,

It 1is recommended that new workers familiarize themselvss in this
phase of the operstion of the instrument by oollecting data for sensi-
tivity curves using a vide veristy of adjustments snd plotting curves
sach a8 thoss shown in Figures 32 ond 33, In the operation of the
titrimetor there 1s no subatitute for experience,

iftor the titrimeter hss been adjusted properly, the spen voltage
of e polarozraph is sdjustad to one wolt or less, Better control of
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the veltage is atteined with lower values of span voltape, Tius, if »
voltage of 0.1 volts s t0 be spplied to the titrimeter, snd thes spm
voltage 49 one wvolt, the bridge is sed to ten per cent of the spen,

If & 0. volt spen is used the bridge setting 48 25 per cent, It is
easier 0 adjust the bridge to the proper value st the lowr span
voltage becsuse tls increment per disl division is considersbly less,
and dacklesh snd over travel 4in the ad justment of the bridgs contrel
produse correspondingly smsller varistions in spplied voltage,

The chart and pen are removed from the recordsr end the chart
drive switoh turned to th® on position snd the opsrstion switch 1s Surned
to the &, X, F, constant position, With these settings the current
measuring circuit of tis polsrogreph is self balancing,

4 eurrent measmring sansitivity of 0,06 microsmmps, per me, is
satiefactory for most titrstions, The range used in this study was
0,06 %o 1,5 micrommps, per ma,

The polsrogreph bridgs setting depsnds en ths type of systam baing
titreted, 1In the titration of s strong ascid, the per cent of span volte
s3pe is 80 selected that gt the beginning of the titration ths recorder
pointar s nesr the 230 mm, limit, If & wesk ecid i3 titretsd, tle
spplied voltaze 1s such that ths pointer is mear ths sero limit,

Ths current measuring circult of the polarogreni: 18 belanced egeinst
the potsntial of the stsndard coll in tle instrumont befors commancing
ths titration,

If in the courss of sn exploretory titrstion the pointer travels
over the entirs 280 mm, length of tls rocorder scels before tha titrstion



is oompleted, the remsinder of the titration curve may be obtained by
sdjusting the appropriaste compensstion gontrol moving the pointer up
or dowvn on the scals as required snd eontinuing the titretion as
before. The points corresponding to tlis latter pert of the titrstion
curve sre obtained by salculating the increments between points from
tis data and combining the two portions of the curve, The indtisl resd-
ing of the recorder after the upscazle or downscals compensation hos
been mede will correspond to the last point obiained before the aod lust-
ment, and tle increment between this point and the succeeding peint
will locste the latters position en ths graph, All successive points
are locsted in this mamner,

The dais collected in tis explorstory titrstion is used to do-
tormine the meximm current chunge during the titrastion and the proper
o justment of the polarogrsph sensitivity control cen then be made to
oonfine the titration to the 230 mm, length of the recorder scale in
a1l succeeding titrstions,

Performance of the Parallel Eesonant gircuit Titrimetor

Ko sctusl titretions ware carried cub with this instrament for the
following resasons, It wes senaitive to body erpscity, the probe posi-
tion in the beeksr, and clisnges in solution lavel,

Tha exsct point of resonrnce wes difficult to detarmine since the
resonsnce ourve wes quite bLroed et tle maximum, The presence or sbsence
of harmonics of ths fundamentsl frequancy of the oscillator could not
be esteblished,



Performsnce of the Frejusncy Heesuring Titrinssor

4 sories of msutralizsiion and procipitation resctions wore carvied
out to test the performance of th: insirument, The results ers lisied
in Totles IV to VII,

Poospiorie &1d was tdtreted st 12,2, 30,6, end 120 mc, Two brests
wore cbserved ia &il of the titratlon cuves, % the tw lower fra-
quenciza the mecond break wes mol es proadanssd ag at 120 me, Tuls 13
shown in {plaal curves for 12,2 and 127 me, tltrations raproducsd in
Figzire L3,

Oxelic scid was titrsted at 38,3 omd OO me, Two break titration
curves glnilar to tlose oblained with plosnboris scil at these frojacne
ciss wers cbtained,

heatic acid was titrsetod st 60 and 122 mo, 4 €ypiesl 120 me,
titration curve 18 slown fn Figure LL, Curves for titratlions st £0 w3,
atowed more curveture then those st 120 me,

Bast precision was obtsinod in a s~rlas recordad dn Tebls VI, The
titrstions were ecarrioed out with the Lip of the buret extandlng below
tles surfaco of the solution a tle titretion vessel,

The devistions from the thooretlical asjulvilance points of all Mizh
froquency titrsbiions sre considerzoly idg'er than those gener:lly ohe
tainsd employing indicastors. 7The devisllons are loss at the Ligler
frequencise, Strsirhter linas of thie titraition carves facilitzted the

location of & more accurete end point,
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4 saries of precipitation resctions wzs earried out &t 120 me,

The results sre listed in Tables V and VII, 7 typlcel titretion curvs
for the titrstion of silvur nibrztes with soiium chloride is shown in
Filgure L3, 11 titraiions yisldel sirsiziw 1los titrelion cumves, In
tha titralion of sodium fluoride with calolum clilorids devistions of
the oxder of 100 perts par thousad were obteined but in the reverss
titrstions tiw doviatdons veried two to six paris par tiousand,

Bloedel snd Malmstact (2,3) coustimucted frequency meesuring ine-
struments. & full comperison between tigir instruments end ths cne
eonstructad for this study caanol be made,

The precision of the ordar of 3 parts per thousand in tieir
neutrelizstion titretions st 30 me. were superior to tle precision of
the order of 12 to 40 psrts per thousand cbtuined in this study ot
38,8 me, in elsborate, precise frequancy meler at their disposal
obviously asccounts for tle contrast in results, Tiley wers able to
mesgure chinges in froquency resulting from the sdditiom of 0,085 ml,
incremanis of titrant, MNear tle ejuivalance point the frequency changs
was leas than 100 cycles per second wlich would be impossibls to detect
with the gudio method employed in this stuly,

Tie sbove sutlors (2) consiructad a 130 mo, instrument but found
that the instrunent wes unstsble, Tloy sbaniloned testing its performancs
becsuse mo grest gain in responsa sensitivity in ths concentration renge
of 9.05 molar sodium clloride wss noted,

5 steble 120 me. instrument was success{uliy constructed for the

present work snd s prectical tiiretion cell designed, With more
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T/BLE VI
JCID-B..SE TITRATIONS WITH PRIJUDNCY ME.SURING INSTRUMIKT

m, Dev,
Frequancy .cid Taken X, icid N, EcOH Theor, EP, HJFEP, PP.T,
120 ms, ®ie 25,00 C,0L370 0,6279 1.74 1.7 5.15
120 ae, Me 25,00 O6LITd 0,627 1.74 1.7 6,07
120 a6, Mle 25,00 0,0L370 C,6279 1.7% 1.7 o9
12) me, %o 25.00 0,0L370 0,279 1.74 1.7 0,00
120 e, IDJe 25,00 O0,0L370 0,6279 1.74 1.72 11,59

® jll smples diluted 40 an iritial volume of 100 w1,



£2

T.3L3 VII
PAECIPITITION RX/CTIONS YITH PREVUINCY MEASURING INSTRUMINT

-

———
E—

Subutsnoce , M, Thoor, H.F, Dev,
Frequaeacy Titrated Normality Talen Titrsnt Nomearlity &P, EP, P,P,T,

129 me, igW0,  0,0500k 100" &l 1,000 5,00 L.99 2.0
120 3. g0y 0,050k 100" Nl 1,000 5,00 L.98 L.0
120 m2, igty  0,0904 10"" X1 1,00 5,00 4,95 10.0

120 ms, /g0y  0,0500% 100™ ®LY 1,000 5,00 498 L.O

# Dlluted %0 en initial volume of 150 ml,
28 Initial volume 10C ml,



preelize freguency rasgarias epidonnnd brtisr tliretlon roaults eouldd
e obtsinag,

Elaiol and Malistadt (C) evstractsl s gturdy, slssle, and
elsboreta fratrument vidsr operestadl &3 300 me, Tha mansitivity wes exe
tended by 0,3 mle~ 2!l cidoride widch 1g conglqiiradly vannd tie
prectlz:l 1L:th eblelred dn thls stady wish B2 123w, Lastranont,
Thuy bava sixwn tlat Iz ordor Vo lnererss tin s9nsliliviiy renps for e
cepeciyy cell toue Lroyurnsy mecgaring dunsirument ) bighor frojuzncics
Leve to be employsl,

N - ) 1Y nea e L3 B
Peptormrrtz of e Whia Hopee Titrimdtor

SOfurtia acld wed titrstad with gtondord aoilam pdroxtls st saversl
concantrastions, Tho resilis are trioudsted in Tiule VIZI, Tie pricision
of tiz titretlons variad from garo to elx parts por ticozend,

Tuwo bresks wore obss=rved ia every tiirillion curve, 4 tipicel sdle
furlo exid titvetion curve 13 etown In Figure L5, indarson et 51, (1),
had previously reporiad sone evileace of a dowbls brask in sdfuris eeld
titretlion curves,

Erimoehloric ecld wos titretad &b concontrsilons from 0.1 normel
up to thres pormel, Tie pracision of tha titreiions 1listed in Tebla I
varisd bebran one end tuws partg per $housasl, The thaseebicel endpolx
for the tiirstion of thice rormel Iy<drocilorle srid with four norael
83w L-troxle wes detomilnad by emparison of Sha 90 solations using
mrth,l rad fvdlestor, Carves 4oplael of the tlizetion are siowm in

Fiziros L7 end LE,
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1994 ML. 0.7949N HCL
0.4T7T2N NAOH
18— THEORETICAL E.P. 33.22 ML.

33.28 ML.
8 L
24 26 28 30 32 34 36 38 40 42 44

ML. NAOH

FIGURE 47. TITRATION OF HCL WITH NAOH.

168 T T I |

5 ___100.3 ML. 3N HCL |
4N NAOH

14

13}

12 I

T

10

60 65 70 75 80 85 90 95 100

ML. NAOH

FIGURE 48. TITRATION OF HCL WITH NAOH.
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Tle rosualts of titrations of boric scll swowr 4n Tubls X, Tha
precisicon of e titrotions wes from z2re to iUimres parts per thoussnd,
Fizira L9 shows a typlesl borls sedd titr:tion curvs,

In amotlar scorize of bLorlo aclid tilretlons, tls titretlon wss con-
timed throuagh the theoreticel monobesis eguivelsnc: paoints for possibls

utrelization of tle secon?! end tlird replezosble Lriroren dons,
A giisht bresk wis ohiodnasd in the cirves corvasponiing to thase points,
The anglos betwoan ths titretion curve lints &% tissa points weore
eprraxinetely 173 end 170 deprecs respectively for the second snd tided
aquivilaenze poiats in eculrast to an sn:la of a;yoroxiantsly 190 depra:s
batween thy linss &b the firet eguivelencs print, In visw of the =n:ll
en-laa, ths evliencs for polybesie neuireliration wis eonsidered to be
iaconclusive, 4 titrstlon curve fron the ssriss 13 roproducel in
Floare 52, In obiulnin: the titretion curve, tlrea seperste but idirti-
cal guples ware usod and the titrimetar edjusted for esch saple so
that Ldivituad bracks would £311 on the streicidest portlsn of the
titrimstor senditivity curve, The remdting curva i3 reslly s composite
of tiges tltratlions, ons for ssch ejulvelonce point, Th2 rosults of
the tiirztions In this s:rles are glven in Taole XI,

Tclutions of lyiiwopen peroxids were titrasted with sodlum Ip~iroxids,
Two wmild brecks in tls titrailon cuwva wrire ousorvad, The inttlel o
final portions of ths curves wira essentially sirolpht lines, with m
intsrmadlata poriion sioving & slisht curvetars, Trvical curves sre

lown in Figare 51, end the results compiled in Tsbla XII,
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T.BL: VITX

TITRIZINS OF HG04 WITH NelH

M1, Kurmelity |(orm:lit,
Taxsm Ha3l4 KalH Theor, F,P, AF.EP. Dev, P,P.T,
2103" 21030 - 0.L7
L9.9¢  o.Lo72 04772 Le.és 12 ¢s T ool
, - 21,32 21,32 - 047
3 LO7
’n9;9(4 O. 12 0..)‘772 2_2_{;3 Lz °62 0.12
- 13,89 12,62 - 4.9
k95 0LoT2 0.L772 - ) ‘
‘ ‘ e 1.3 ak2 + 5,63
49,95 o072 0.h772 21,32 2,2 - 0,54
L2,63 L2.55 - 0,95
12,00  0,Lo72 0.L772 L.25 k.2s 0.0%
8.53 8.5 0,0
41
9.98  2,0.9 3 16.16 + 2,08
32 -23 32 '!52 + S'm
y Ly o
L.95 2.9 0,633 8.7 8.02 1.25
16,73 £11 + 14,99
9,95 0072 0.1772 21,22 21.30 - .47
k2,63 k.58 - 60




T.8L: IX
TITR,TICES OF H1l WITH XaGH

¥i, Nomalivy eraslit;  Trewr, 5P,  RF,ZP,  Dav, PP.T,
Tskan Bl Kal3d
25L.95 2,79L3 9,L772 1,52 Ly,os + 1,48
17,94 0.73L7 a.Ll772 33.22 33.28 +1,%
19.9% 0,749 2172 23,22 33.30 + 2.0
1702 3 L 73.97" 75 .5 - 1.3

# £ P, detarrined by comperison of solutions using Matll-Rad

inidcatr,



T 3L: X

TITX TI'N3 CF H B0y WITH NeOH

., Formality FKormality
Tean R57, X~0H Tinor, £, KF.,EFP, Dev, PP.T.
2L.9% 0,670 0.k772 35.52 35.13 + 3.09°
19.54 0,6510 o,L772 285 L AN + 2.2
19,94, 0.6%20 0.L772 28..% 28,52 +2.11
L3.95  0.,6510 0,L772 T1.39 .28 - 0,28
10,03 0,680 04772 14,27 14,27 0.0

17,07 000 o.L772 1k.27 .27 0,00




TiBLa XX

TITR, TIWG OF HJ%, ¥TTH KedH

9

e d B i M

¥i. Xurn-nality‘ Formelily

Ta'em HyB0y halH Timor, ¥,P, HF.L.P, Dav, I'.JF.7.

7.n2 T.19 + 114

L.,93 0..M9 0.L83) 1 .04 .05 12,0

vL6 21.82 + 20,9

7.n2 7.07 + 12

L9908 0.k b VRN 1..23 +131.5

21.06 21,56 + 2.9

3.57 3,55 v 72 )

2.9 0,680 0L 724 7.33 + 25,6

12,71 17,90 +17.7

3.57 3.40 + AL

2.0 0,459 ¢ L2 7.14 7.32 +25.2

12,72 12,75 + 3.7

* RyB0, 0,6M10 normal ss @ monobasio scid,
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Py ~I‘J.a:.: m

TISROTIMS F 7,0, WITH NuOH

¥1l, Hymailty FKormality Theor, « ¥, HF. 2P, TDav, P,F.T,

Tainen y'm Daul
. R s 3 6
n e ek Gl njtn RQ.P.{ Lah"i - -"
SRR 9.0 9.5 - 5.2
L.t L.Th -z2.7
4 2 LY oA do lh
2L 9% 6.7 9353 0Lo 5 7 5 1.5 227
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Dovistlons Lo tlércotlouns esreled out witl Ll wils renqe titvlncter
gre emgllerally 1nss then thoss cbloinsd da titowtlons pardormed with
tia Lrxquoncy mrasurlag Lwtrsent, In UWe preadis of nocbrelizetlon
resclions, 1dsted in Tellae Y, the devietliocns £:11 4a U rene of zero
t3 flve perts par thouseni, The Higher dovi:tlong 4n the resulis lsted
fn Tubla XT ers prov:bly due bo Ue tentolyie eaplorl,

Tle: mopt notewurily eccor liglasant 4 e porlosasnce of thn wile
reags titriaster 43 %ot dhrse normol hidrocilseiz enll wes iliretald
with s>l lydroclio, Tuls is 8 sy tivity reoon hauwetolors ol ro-
ported, Tho mexbwam 1lzld of coucoabostlon raoga h:s not bem ressind,
Tim us3 of a largrr loop, lonpar lonstia of O and Og end Hcher cell
resitlon will exisnd tiag eoneentredion v Ln widoh regponse 1s st

notizagbla,
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In dwymlopdn; tha Lqimey meegaring Linlriemt 8 steble end
r<ls2v-ly sivple 177 me, os:illstor wee conubtermt o pa will 63 8 prectl-
el tit~silion e:1l,

Tha deslm 1 8:0 it s Lnstroient s convertad to the wiia
ratve tldriwtior Wit eny fanismmentsl clisnme in L circuit, The
orly erenm woz tie 1logeriicon of o 170 oles reelator in sorics with
Lha 15,707 ¢im grllelask rezlator widch docs not Lavs to ba removed i
ths Anztranant 43 to ba recnnvartad to tha frajamey messuring tyoe,

2o cours3y of & titraiion mey ba followsd by simdionecois cuserveation of
cionreg An Gla peld eareant of tiwe oscillztor snd frajuency chenmas with
eizhar tle wille reum 0011 or the crpacity t,70 cell, Th2 ingirumont is
conatructal so thed 1t mey be converted to elilrr tha wida rempgs type
or the comveriliml type wsed by otlars (1,2,3,L,7), without bresiing

& gin~lo soliered comnactlon, Tha opersting frajuency of tie oscillstor
moy be sdlwiod 4o eny fmagusney betrmom o9 me, and 127 me, br use of
the aonroneleta oofl, hdf weve line, or 1oep,

Thorefope, e Lnslruwnot 18 8 undvorsd 1d b Dsequoney titedloanter,
ervi mey b2 usel to demensircte the clirsctoriastics and liwitetions of
proctiazily every tyroe of ldgh frejuemey ditrirsmisr thet hcs houn
deepedooml

Cortedn Iprovonis in the mocheniecel arrengmmont of the eircult

eoaponen’y cen Ya mals whilch roys Lmprove the parfomance of tla wide



=4
2

reige viteinoter, The leyoud of 4le presant instrowant 1s essentidly
tLet of the originad freguwnty momsiring Lnstramect and 13 mob peccs-
sarily tla moat doslreole ena for tis wlia ranga titrimetsr,

From tis perfornense taghs carrvied oul wiih the wlde rangn tiirie
mater it 1s spparent tiwblt (1) 4n Ligh feequency titretions tlo esnsl-
tivity concantratlion ranve has boesn extendsd to et lesst thron molsr
hydrociloris acid, s lavel not heretofore siteinedy (2) iha losiing of

tim resonsn’ gireult in tle essillestor by tie solution in tue titestion
¢ell 43 puaealy reatatlve and trusly ropsesantallve of chinpes in tio
concentrstions of 1ons in tle solution, Substantistion of elalm (2) is
bazad on tim sgresu«mt batwsen the enple of tiirastlon ecurve lines st

tia ejulvalaonce polrt obtalned dn tile sbxly to Llat obbained by Koltlolf
(11) in his ori;inal caonuctomztric titrrtion of boric scld solutions,

Tia paproinstdon of $iz borie ecld tliretion curv: odbslned by
Yolunff (11) using iz wlde rencs titelaster constrastsd 4o tida stady

proves thet the instriment respords only to clanzas in sclutlion cone-

{as

duativity end its response is Ld=ntlesl to tism rosrons? obisinsed with
tie usa of Irmecalon ti 4 eloctrodss st 8 froguoncy of 1722 e,p.s. in

thr orilnery conductonitrie titralion, Tiw ghups of tia titrstlion curveas
obtalinmt ualng avery oller typs of Yigh freguency Litrinetsr iniicats
tht tholr rasronse 13 @ cm@limﬁwd function of mamy virishles fron
whizh L1e resconge das to elisnives La conluchtivity esnnol be gepersted
with sny digree of cowrtalmty, ¢ titretlon csrriced cut on sny instrzment
otlor then tha wils rengy Lltrdnster developod in bl presant work is

not a contuctomatrio thiration ia Livo clessicsl sansa,
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Tim exteoniad rangs of tie wide renza titrimotor wp to thres molsr
Ldreclloric acid 1s 8 dlstiact sdventuge stteined ovur the conveniionsl
conductometris grparztus employlar Lamersion typo electrodes,

No exhzustive stuiy of tiirations wes curriad out in the present
wor<, Titralions ware conlinad to0 sqmisous media and a3 8 rule to s/aiaus
titrzted by others W peralt necessary compariscns to be neis, It is

1iaveld that tie titrations of boris scid reporis’ Lare sre thn first
saccessful titretions of borie ecid using bizgh fr:piency titestion
saratus,

The davelopnent of a truly eonituctomiris hign frejusney titlrimeter
19 » avudy vomplate 4a 1toelf end obviously must come first, Tie spli-
catims of tio ilostrument are to ba the auhject of contdnusld worr in

tide fizld,
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Prwtz T3ad,

Frosisnsy Moogwiyny Tnedwiqant, Fleya §

Cl, Cz - 1'\') mefd rics

F1’ It_; - a.’) RN ﬂ.ﬂ ) wait

.4,, -1l om 2 wates

Ly - 1’ 2 m.; LS turms 30 eloge wrunt 1/3° s,
14 8 mag 15 twrne #2)) elosa wound 1/'2" dia,
60 0 mey 8 turns #25% close wount 1/2% dis,

Iz~ 1’) turns 02 wire woun? eroind B,

Vy = 903

Poreop foovnler Pleimas Q
. ol annatth,

Vi

Cy,Ca =22 w3, LSOV,

L, = Filter clok2, Gracoil 2X925

PI_ - S5O0 c}mn, 1) watts

N ‘_ - TPOT Tog ,.,;a switeh

'11 - 3‘ }"\-3’*} 1% B, 5 Y.y 3 2,3 6.3 Vay e,

3 -
¥, = Vi 150/32

Reneg Titsalmatar Ficmipa 27

£y, O3 = RGEM Coaxial Cable of varAn: lencils

C3, Cg, Cgy Cgy Gy = 170 muld, mics

Ky, Rg = 15,032 oim, 1 watt

Ry = 1000 ofm, 1 wett

ity =« 1) olm, "2 watta

Ly =12 ttmu 22 wond around Ry

Vy - 955

Ly - Loop #1 3/16" coppar tubing L% dia,, rilver plasted
Toop 42 3/ copprr tubing 3 1/0% dia,, silver platad
Coop §3 3/10" copper tubing 2 3/.7 dla,, silver plsted
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