
Evaluation of Automatic Potentiometric Titrator 
in Nonaqueous Titrations 

By THOMAS MEDWICK and ELY KIRSCHNER 

A procedure is reported for the evaluation of the behavior of an automatic record- 
ing titrator in  nonaqueous titrations and is applied to an instrument composed of 
commercially available units. First, the behavior of the purely instrumental fea- 
tures was determined and the experimental errors were compared with calculated 
maximum anticipated relative values. The instrument's function in this case was 
within expectation. Then, the response of the titrator was evaluated from titration 
curve properties of two compounds in acetic acid and two other compounds in iso- 
propanol. The following maximum relative errors, with instrumental errors dis- 
counted, were observed: range, 1 . 5  per cent; end point potential, 4.4 per cent; 
analytical results, 1.0 per cent; slope of the rapidly rising portion, 11.4 per cent. 
On the basis of satisfactory instrumental response and reasonable titration curve 
errors, the relatively inexpensive unit used here is found reliable for general lab- 
oratory use. The procedure described is recommended for use in evaluating any 

automatic potentiometric recorder. 

rrRIhiETRIc analysis in various nonaqueous 
Tniedia enjoys success and acceptance. The 
biannual reviews of the literature pertaining to 
this work attest to  this fact (1). Inspection of 
the official compendia (2, 3) indicates that  this 
type of determination is useful in pharmaceutical 
analysis. If potentiometric end point detection 
is required, the use of a dependable auto- 
matic recording titrator permits convenient 
and rapid analyses. It is possible to  build a 
titrator from published schematics, but  this 
involves expense and considerable labor. Several 
varieties of commercial automatic recording 
titrators are available or, if cost is a consideration, 
commercial components may be simply as- 
scmbled. If not already available in the labora- 
tory, the required components are a potentio- 
metric recorder, a suitable automatic buret, and 
a pII meter. No matter which of these instru- 
ments is chosen, proper evaluation of the auto- 
matic recording titrator setup should be carried 
out to determine performance under the specific 
conditions to  be imposed during use. 

This paper reports on a detailed evaluation pro- 
cedure which examines titrimetric performance 
in nonaqueous media where high solution re- 
sistance inaltes potential nieasurements difficult ; 
the titrimetric behavior of two compounds in 
glacial acetic acid solvent and two other coin- 
pounds in isopropanol is studied. Since titra- 
lion behavior yields useful acid-base information 
as well as purely analytical data, various features 
of the resultant curves are measured. In addi- 
tion, the known determinate errors inherent in the 
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various measurements are estimated in an 
attempt to evaluate the ability of the described 
instrumentation to  present data  reproducibly. 
The automatic recording potentiornetric titrator 
uscd is composed of commercially available com- 
ponents. Wilson and Munk (4) have written 
about a similar titrator bu t  did not carry out an 
evaluation of its performancc. 

EXPERIMENTAL 

Chemicals and Soh~tions.--All CheIIiicals not 
otherwise described were reagent grade. 1,2,3- 
Triphenylguanidine (Eastman yellow label) was 
recrystallized from 95YG aqueous ethanol, m p .  
145147O uncorrected. nz-Nitrobenzhydrazide 
(Eastman white label) was recrystallized from 
water, m.p. 152-155" uncorrected. 

Berizoic acid, primary standard (J. T.  Baker) 
99.99(;l, assay. p-Hydroxybcnzoic acid (Eastman 
white label). Hexadecyltriti~ethylammot~iuin bro- 
mide (Eastman blur label). Acctous pcrchloric 
acid, about 0.1 N, was prepared according to 
Fritz (5). 

Hexadecyltrimethylarnmonium hydroxide, about 
0.1 M ,  was prepared according to the method 
described by Cundiff and Markunas (6) with the 
exception that isopropanol was the only organic 
solvent used. 

Apparatus.-Sargent model SR recorder, 125 inv. 
full scale, equipped with a 5.0-lllv. nrrijie p l u ~ ,  
a 1 in./min. chart drive motor, and wired with a 
switching arrangement such that it rnay be turned 
on synchrotiously with the constant rate buret. 

Leeds and Sorthrup pH itidicator, model 7401, 
equipped with a 10 or 20-olini precision resistor 
(fO.05%)). 

Sargent model C constant-rate buret, delivering 
10 ml., equipped with a Teflon stopcock and a 
Teflon sleeve-covered ground-glass connection, 
and connected to a 2-L. titrant reservoir via ball 
socket joints and glass tubing. 

Magnetic stirrer, used with Tcfloii-coated mag- 
netic stirring bars. 

Titration vessel, Tor titrations requiring protcc- 
tion from tlic atniosplicrc, coiisisling of a i x d a x  7 
cm. in height, 7.1 cin. in diamictcr, with a fciiiale 
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71/15 grountl xlajs joint, arid a cover with a m:tle 
71/15 joint, and with four openings to admit the 
rel’ereiicc electrode, the indicating rlectrodr, the 
burct tip, and a ilitrogcii gas tube. 

For titrations in both acetic acid and isopropanol 
solvents, a Beckman glass elcctrode (40498) was 
used as the indicating electrode. The reference 
electrode used for acetic acid was a Beckrnan im- 
verted sleeve calomel electrode (43462), the satu- 
t-atetl aqueous KC‘I solutiori being replaced by 0.1 ?M 
acetous LiCI; for isopropaiiol, tlie same type of 
caloniel electrode was  employed but with 0.1 M 
hexadecyltrinietli~lammotiiu1l7 bromide in isopro- 
pmol replacirig the saturated aqueous KCI. 

Procedure.--A samplc of tlie cornpouncl to be 
titratcd, listed in ‘Table I, column 1, was accurately 
weighcd (colnrnn 2) and dissolved in 50 ml. of 
tlrct proper solvenl (colurnn 3). When acetic acid 
solvelit was i m d ,  LL 400-nil. beakcr W L S  used as t l ~ c  
lit ration vessc.l. However, whcn isopropanol was 
tu be the solvent, the titration vessel was tlie cell 
previously described which provided for the usc o f  
nitrogen as an inert atmosphere. After the proper 
electrodes were immersed and the stirrer turned on, 
the solution was autoniatically titrated with the 
specified t i t r m t  (column 4) until the total volume 
of about 10 ml. w:ts delivered by the buret. 

’The following electrical grounding arrangement 
w;ts iisrd. ‘I‘hc negative input terminal of tlie re- 
corder was grounded to its chassis aiid was also 
connectcd to the “ground” terminal of the pH 
meter. The “ground” terminal of the pH meter, 
the automatic constant-rate buret chassis, and tlie 
magnetic stirrer ,chassis were all connected to a 
common water pipe ground. S o  titration solution 
ground was u;jd .  

IVleasurement of Titration Curve Parameter.- 
The recorded titration curves are plots of milli- 
voltage (ordinate) as a function of t i trant volume 
(ablscissa). Fcir e:xh titration curve, the following 
me.zsurements as shown in Fig. 1 were made usirig 
a metric ruler: the length of chart representing 
the complete titration, distance X ;  the voltage 
represented by a centimeter of abscissa distance in 
terms of the voltage equivalent t o  distance 1’ 
divided by distance Y; the range, in millivolts, or 
distance AB; tlie potential at the end point, point 
C ;  the slope of the rapidly rising linear portion 
or the tangent of angle -4DE; the end poiiit accord- 
ing to the method described by Blaedel and hlcloclic 
(i), In  addition, dcterminate errors involved in 
the measurement of  graphical features and found 
in the instrulnen tal specific;ttions wcre trcated 
according to  the umal concepts of error propagation 
18). 
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strumcntnl oper:ttion and t)ehnvior, ontl second, 
discuss the entire iristrunietit, including, of  course, 
the titration cell portion. 

Instrumental Operation and Behavior.---’l‘lic 
components of this titrator were chosen with the 
aim of achieving flexibility. The  recorder is one 
with a large chart ( 2 5  cm.), variable ranges, and 
variable chart speeds. However, any good po- 
teritionietric recorder may he adapted. Similarly, 
any good pH nieter, with a recorder output, may 
be used. The pH meter chosen presented such ad- 
vantages as stability, ease of variation of the output 
signal via precision resistors (9),  and adjustability 
of the “zero” rnillivolts position. This latter ad- 
vantage is extremely important when titrations are 
to  be carried out usirig various solvents and dif- 
ferent strength acidic and basic samples. The last 
and only component which need be ohtainetl 
specifically for this titrator is the automatic colt- 
stant-rate buret. The one used here was cliosctl 
since i t  could he cleancd easily and was adaptable 
to an all glass t i trant delivery system. 

A factor which is extremely important in obtaining 
instrumental stahility, particularly in the titrations 
involving solvents of low dielectric constant, e.g., 
acetic acid, is that  of electrical grounding. If 
groundiiig is not proper then any extrarieous signals 
will be superimposed OII the desired rcsponsc re- 
sulting in unsatisfactory, erratic titration curves. 

Since the magnitude of a potentiornetric “break” 
is a furiction of tlie acid or base strength of the corn- 
pound being titrated, certain compounds will give 
rise to a smaller potentiornetric break than others. 
In order to make the recorded titration curves as 
large as possible arid thereby take advantage of the 
large recorder chart, the sensitivity of the instru- 
ment was varied. In all instances, thc rccorder 
range was kept at 5.0 mv. and the pH meter op- 
erated in the 0-1400 mv. range. However, the pH 
meter output was varied by usirig cliffereut output 
resistors (9). Table 11, column 2, is a listing of the 
resistors used in each case while coltinitis 3 and 4 
show the anticipated effect of the resistor on the 
recorder rcsponsc aiid instrument sensitivity. I t  
is seen that  in the study of nz-tiitrobenzhydrazide, a 
relatively wcak base, the highest instrument sen- 
sitivity was used. ‘I‘lie sciisitivity was not ill- 
creased whcn p-hydroxybenzoic acid was titrated, 
in spite of the weakly acidic phenol which is present, 
in order to  titrate both acidic groups withiu the po- 
tential range represcntcd by a single width d re- 
corder chart. 

It was desirable to  test the reliability of the in- 
strumental performance for every titration. The 
chart abscissa, in terms of ceiitimcters of chart 
travelled for a complete titration, is an index of 
how wcll the automatic buret motor, the rccorder 
chart drive motor, and the synchrorious switch op- 
erate. The abscissa mean values and their standard 
deviation, listed i n  Table 11, column 7, show a 
maximum relative standard deviation of about 
0.2%. The determinate portion of this uncertainty 
may be ascribcd to  two sources. The first source, 
the instrumental error, arises from the automatic 
constant rate buret motor whose specifications list 
an  accuracy of O.lyo in delivering the total volume 
(10). The recorder chart motor is not expected 
to  contribute to the determinate error since it is 
activated niu a synchroiious switch and shuts off 

RESULTS AND DISCUSSION 

A4 n automatic rrcording titrator setup niny be 
conveniently divided into two parts: ( a )  the in- 
strumental portion composed of the automatic 
hurset, the pFL meter, and the potentiornetric re- 
corder; and (0) the titration ccll portion containing 
the sample solution together with the elcctrodes. 
If the instrumcntal portion is found to be functioning 
correctly arid rep roducibly, then it can properly 
receivt. and represent the signal being produced 
by the titration cell portion. On this basis, the 
two sc,ctinns cvhic’1 follow deal first with thc iti- 
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automatically whrn the complete titrant volume 
is delivered (11). The second source of error steins 
from the chart measurements using a metric rulcr. 
Distance tneasure~nents made with it metric ruicr 
are no more accuratc than about 0.02 cm. which in 
a distance of about 26 cm. represents 0.1% relative 
uncertainty. Thus, from these two sources, 0.2% 
total relative determinate uncertainty are calcu- 
lated. This is in good agreement with the 0.2% 
observed uncertainty. 

A second criterion for instrumental performance 
is the reproducibility of the ordinatc, in terms of 
mv./cm. of chart. This axis is influenced by the 
reliability of the meter needle (sincc points on the 
chart are marked to indicate a particular voltage 
reading) as well as the ability of the recorder to 
reproduce the same reading. The uncertainty of 
the entire metcr scale reading is given as 10 mv. and 
the visual reading error is f 2  mv. (12). Thus, in 
the situation where the entire scale is equivalent 
to 700 mv., a maximum error of f 1 2  mv. in 700 mv. 
or 1.77, relative uncertainty could be recognized. 
The recorder is accurate to  0.257, (13) which is 
added to  the meter relative uncertainty to yield 
a total of 1.95%. Finally, the metric ruler un- 
certainty of 0.02 cm. in a distance of approxi- 
mately 25 cm. would introduce a variation of about 
0.1%. Since the ordinatc is expressed as a quotient, 
the anticipated relative deterniinate error is calcu- 
lated to be about 1.85%. The values presented in 
Table 11, column 6, are seen to have a maxiruuiii 
relative standard deviation of about 17;. This is 
within the calculated maximum anticipated de- 
terminate uncertainty. It should also be mentioned 
that the values in column 6 are all in agreement 
within experimental error with the anticipated 
values for the instrument sensitivity noted in 
column 4. 

Titration Behavior.-In this section the ability of 
the entire system to sense, transmit, and repro- 
ducibly record the course of a titration in two 
nonaqueous media is treated. The determinate 
errors attributable to  instrumental and measure- 
ment factors are estimated. No determinate 
error is assigned to the titration cell function. The 
four characteristics of the titration curves are 
listed in Table I ,  columns 6-9. Some variation in 
the concentration dependent mrasurements should 
be expected since the sample weights (column 2) 
are not exactly constant. Since the dilution durina 
titration is the same for each case, no corrections 
are carried out. 

The range values listed in Table I, column 6, 
are reproducible with a maximum relative standard 
deviation of 37,. This value is calculated from the 
curve by multiplying a distance (absolute uncer- 
tainty 0.02 cm.) by the proper instrument seusitivity 
value, Tablc 11, column 6. For a sniall distance, 
e.g., 5 cm., a relative measurement error of 0.4y0 
may be added to  a maximum sensitivity error of 
1.1 yo to yield a total determinate relative error of 
l.5yo. When the individual values presented in  
Table I, column 6, are examined, it is noted that. 
three of the values are within the maximum an- 
ticipated error limits, whereas one of the remaining 
two is 0.3yo and the second is 1.50/; higher than the 
calculated limit. It should be noted that in the 
last-named case the sample size varies about 1.6%. 
This variation would be mpertcd to have an cffect 
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values, the titrator reproduces the end point po- 
tential with a maximum uncertainty of 4.4u/, when 
the measuremcnt and instrumcntal crrors have been 
discoun ted. 

Anotlicr iiitlicntioii ( J f  1Iic alilily uf this system 
to rrproducc results i5 tlic a idyt ical  tlata wliicli arc 
prcsriitcd in 'Tablc I ,  coluniu $i. I t  is noted that 
both titrants havc been staiitlardizctl to values 
precise to about 0.3yo, 'l'liis is withiu expectations 
for a volumetric method. The recoveries as listed 
in column 9 of the other two coinpouuds have a 
maximum standard deviation of 1.0%. This dcni- 
onstrates that  the instrument is able to yield an- 
alytical data and 1.0% maximum uncertainty. 

l'he last critcrion chosen to evaluate the be- 
havior of the system is tlie slope of the rapidly 
rising portion of the curve. This property is also 
known as the sharpness index (1.5). The values 
prcsentcd in Table I, column 8, wcrc obtained by 
measuring the tangent of angle ADE, Fig. 1. The 
calculations arc carried out according to  the follow- 
ins equation: 

x-- ~ kII X r I I -  --d 
M L  

Fig. 1.---Titration curve features. Key: X, 
milliliters, Y, millivolts; AB, rangr; C, rnd point 
potential; tangrnt of ADE, slopc 

on the range values. Howevcr, on thc basis of the 
observed results, the titrator is able to reproduce 
the range value with a maximum anticipated uii- 

certainty of 1.5% when the measurement and in- 
stiumental errors have been discounted. 

The calculation of the value for the end point 
potential is carried out by measuring a linear dis- 
tance, multiplying this distance by the rccorder 
sensitivity, and adding the product to a reference 
potential 011 t h e  chart. The maximum anticipated 
determinate error is about the same as that  calcu- 
lated for the range values, uiz., 1.57;. Howevcr, the 
use of a reference potential on the chart introduces 
an  absolute uncertainty of 2 mv. in values based 
on this potential. In  order t o  account for this 
factor, 2 mv. have been subtracted from each stnmd- 
ard dcviation (S) value reported in Table I, column 
7, before the relative standard deviation is calcu- 
lated. Of t.hc 5 values reported in Table I, column 
7, those for acetic acid solution are most reliable 
since the hydrogen-ion concentration and pre- 
sumably the electrochemical potential at the end 
point when bascs are titrated in acetic acid has been 
found to be independent of concentration (14). 
The values fo'r 1.2,3-triphenylguanidine and m- 
nitrobenzhydrazide in acetic acid solution indicate 
that  these potentials are reproducible within ex- 
pected limits. The relative errors of the values 
drterminecl in iisopropanol solution are higher than 
thc calculated limit. On the basis of the observed 

The estimate of the relative errors transmitted to  
the final slope valuc was found to  be a maximum 
of 3,69& in the case of benzoic acid. The observed 
relative standard deviations are larger than the 
estimated relative errors. On the basis of these 
data,  the slope is reproduced with a maximum un- 
certainty of 11.496 (15.0-3.6) when the measurement 
and instrumental errors have been discounted. 

The value of 11.49; which has been calculated 
to  be the maximum uncertaiiity of the slope may be 
composed of unknown dctcrminatc as wcll as random 
errors. Blaedel and Meloche (16) discuss end 
point errors and particularly the random error 
involved in sclectitig the inflection point. These 
authors makc the following statements: "In 
locating the inflection point, the standard error 
appears t o  be about lo?; of the volume interval 
covered by the straight-line portion of the cxpcri- 
mental titration curve. This figure of 10% is a 
rough estimate based n u  experiencc, and has no 
theoretical basis." The "vulutne interval covered 
by tlie straight-linc portion" mentioned corresponds 
to the line DE of Fig. 1. Since DE is used in the 
slope calculation, its random error will be propa- 
gated according to  usual concepts which dictate 
that  the squares of the rclativc standard deviations 

Recorder Response, Instrument 
Output. Full Scale Sensitivity 

ohms "25 cm ), C'alyd , T r i n l r ,  Instrument Senpitivity. 
Coni ld .  *0,0.5'$ mv. mv. /cm.  ti0 Ilxptl , mv.. cm. Chart  Travel,  cm. 

1 ,Z,,?-Tripht:nyl- 10  ;no 28.0 5 2 i . 8 ,  S o  = 0 3 2,;. 21). sl = (1.04 

m- Nitrobcnz- 20 350 1 4 . 0  4 13.95, S = 0.07 26.18, s = 0 05 

Benzoic acid 10 700 28.0 3 27.9,  s = 0.1  zi. 26, s = 0 .  OB 

guanidine 11.1':i,)" ( 0 .  15';; j" 

[0 .5<j ; , )  (0.lV;h) hydrazide 

10.4';i.j (0.23%;) 
p- Hydroxy benzoic 10 700 28.0 1 27.8.  s = 0 . 2  2~ 30, s = 0.00 

acid (0.77,L) ( -1  
I' In each instance. S indirates the standnrd deviation l'lir fiaiirrs in thr ~i:irenlhrses are relative stanrlarrl deviation.. 
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of the elements in a quotient are summed and the 
square root is estracted to yield the relative stand- 
ard deviation of the quotient (8). When this is 
done with tlir 10fxl uncertainty iriciitioned previ- 
ously, a relative random error of at least 10% is 
expected in the result. On this basis, only 1.47i 
of the original 1 1.4y0 remains unexplained. This 
percentage may very well be random error in AE 
for which no estimate is available. 

During the rapidly rising portion of the curve, 
the sensing and recording of potcntials is most 
difficult since the potential is changing very rapidly. 
Factors such as speed of recorder responsc, eficicncy 
of stirring, and rate of titramt addition are all in- 
volved in this measurement. It is possible to  
obtain an electronic setup whereby the rate of ti- 
trant addition is slowed as a function of the rate of 
change of potential. This may improve the re- 
producibility of the slope. However, this fccdback 
mochanisrn suhstnntially increascs the cost of the 
instrument. Cointnercial titmtors offer this ad- 
vant a.geou s feature . 

SUMMAKY 

1 .  A procedure for evaluating titration behavior 
of an autoniatic potentiometric titrator is reported. 

2. The procedure consists of an instrument 
evaluation followed by an examination of titration 
curve properties. The range, end point potential, 
analytical results, and the slope of the rapidly rising 
portion of each curve arc determined. 

The maximum anticipated relative errors are 
cnlcu1atc.d and cotnpnrcd with exprriincntnl rcsults 

3 .  

.Jovr?ml .f Phormnctwficnl Sciences 

ohtnined from a relatively inexpensive titra tor 
composed of commercially available units. 

4.  On the basis of sa.tisfactory instrurnental 
rcspotisc atid of reasonable. titration curve errors, 
the titrator used here is found to be reliable for 
general laboratory use. 
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Notes 

Isolation of Aurantiacin from HydneZlzlm cderdeum 

By M. L. MONTFORT*, V. E. TYLER, JR., and L. R. BRADY 

Two procedures were employed for the isolation of aurantiacin from an ether extract 
of the basidiomycete Hydnellum caeruleurn. Identification of the compound was 
based on its melting point, spectral properties (infrared, visible, and ultraviolet), 

and alkaline degradation to atromentin and benroic acid. 

o i . v P o R I c  ACID (2,5-dihydroxy-3,B-diphenyl-l,4- P hcnzoqninone) was shown by Burton and Cain 
to be the constituent responsible for the antitumor 
propertics of the lichen Sticta orypzaea Ach. (3. 
coroiztrtu MGII. Arg.) (1). Subsequently, the anti- 
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tumor activity of some related synthetic diaryldi- 
hydroxyquinones (2, 3 )  has been recorded. Re- 
cently, atromentin [S,5-dihydro?cy-Y,R-bis(4’-hy- 
droxpphenyl)-l,4-benzoquinone] was iden tificd as 
the anticoagulant principle in Hydnellum diabolns 
Banker (4, 5). Thus, compounds of this type have 
therapeutic potential, and their occurrence in nature 
has niedicinal interest, 

N o  diplienylhenzoquinone compound is knowii to 
occur in spermatophytes, but aurantiacin (atromen- 
tin-2,5-dibcnzoatc) ( R ) ,  leuconiclone (3’-hydroxy- 
atromentin) (7), muscartifin [2,.5-di(%‘-carboxy- 
phcnyl) - 3 - hydroxy - 6 - (4‘ - carhoxy - l,3 - hutn- 




