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AnnTRACT,—The use of the Tyndall ei-
tect as an end-point detection iechnigue
tor determining the pH of Incipient pre-
cipitation yleids experimental values for
the solubility product for alnminum tris-
{84ydroxyquinolate) 'in éxcellent agree-
ment, with literature values. The: deter-
mination is much simpler than classical

potentiometric techniques and reéguires.

no special apparatus other than an ordi-
nary electronic pH meter and a concen-
frated beati of light, such as that from a
pencii {flagblight; 3t is wellsuited for
high: schonl or college student perform-
ahew,

Certain metaly, eg., aluminum,
iron, copper, zine, cadmium, nickel,

cobalt, and manganese, yield well-

defined erystalline precipitates with
the reagent 8-hydroxyquineline (also
called oxine, hydroxine, or 8-quinoli-
nol}, under certain specific condit-
tions - of pH of the precipitation
mediom. In general, these precipi-
tates have the formula M{C,H,0N),,
where n is one-half the coordination
number of the mefallic ion, M. Such
comppounds are convenienfly desig-
nated by the conimon name seinetes.

The reagent oxine is an amphoteric
electrolyte, capable of funetioning either

az a wealk base or as a weak acid, ac-
cording to the reactions:

OH H+
N
o= (1)
OH
: N
OxH = O
o-
N

Ox™ = O

In precipitation reactions wilh the pre-
viously mentioned metals, oxine fune-
tions as a weak monoprotic acid: the
metallie fon nndergolng complex forma-
tion replaces the acidic proton. Hence,

for alominum Ion, the reaction in an

acidic medium may be represerted as
Alr b 3 OXH =2 Al (Ox7), -4~ 2H+

The formation of metal-oxine complexes
is dependent upon the pH of the medinm
in which ihey are formed; the complex
between aluminnm and oxine beging ini-
tial precipitation at approximately pH 3
{precipitation iz essentially complete in
the range pH 4103,

FunpammnTar Tromory

OxH,* = H* 4+ OxH (1)
OxH &= 0x -} H* () In precipitation analyses, the chemist
where generally deals with very slightly solu-
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ble salts bebaving as s{rong electrolytes
in solution, Agcording to the classical
- definition’ of strong electrolyies, satur-
ated solufions of such slightly ‘wotiuhle
salts contain the complex species com-
pletely fonizéd into its component parts:
1n the case of atuminum oxinate, the
equilibrium is

Al (Ox )2

The reaction is reverslble at equilibrl—
um, the rate of formation of aluminum
oxinate s aqual to the rate of ils dis-
solution. The law of mass action yield*‘
the relgtionship

Al“" -{— 3 Oxr

[A1++—:J [OX," ]_R

[Al{Ox),]

where [Al*] and [Ox] mprespnt the
maolar concentrations of A+ and Ox-
iond, respectively, and |AI(Ox~}«] {8 the
“geiive mass” of the solid salt. As long
as nndiggoeciated Al(Ox)s Is present, its
active mass in the solutlon is constant
©and independent of the amount present.
Theretore, the expression becomes

Ky = [A}[Ox]" (3)

where K,, iz fhe solubilify produci coun-
stant at the tempeta,tute of meaaure
ment.’

The solubility
pression for aluminum oxinate may be
writien in terms of the varipus species
involved in the reagent equilibria. From
equations 1 and 2:

K =

{OxTT] [H*1
K, -— —————————— and
[OxE,*]
[Ox- j Lf{+] o
T [o~zm
{rom which
K [OxF ]
[OxH] = ———————— -and
(a1
L0
[Ox] = -
[H+]

Substitution of the expression for [OxH]
into that for [Ox-] yields

KTK-Q[OXH-;J
[H+]::

Farther substitution of the latter expres-
sion. for [Ox-} inta the expression for

[ox] =

K,

product congtant ex-
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the solubilify produet const&nt for alum-
inum oxinate (equation & ) gives the. re-
lationship

[AJ#+] Kﬁ’Kx’ .EOtz*]S.

[H+3®
which may bo rewritten in exponential
form as

= log [A1#] + 3 DK, +
3 pK“ —'3 log [OxH/1 — 6 pH {(4)

The relationship in eguation 4 is valid
whenever the oxinate is prerlpltated in
an acidic medinm, in which the oxine is
présent almost completely in the form
OxHs*  (equation. 1). The experimental
ev_a.l_uati_on of the K., for aluminum oxi-
nate therefore depends on the values of
K: and K: for the. reagent- oxine, the
molar concentrations of Al** and oxine
reagent selected, and the pH. at which
the precipitation hegins (mupient pre-
cipitation}.

The values of the constants pEy and
pEe have been determined potentic-
metrically by Lacroix. (1947, p. 282) and
repotrted fo be 5.08 and 9.82, respeciively.
Sinee the concentrations of alumioum
jon and the reagent oxine may bo fixed,
the experimental evaluation of the solu-
bility product constant hecomes depend-
tnf only upon the measurement 011 the
PH at inmplent prempﬂatmn

HXPERIMENTAL )

End-Point Detection Technigues—The
precige deteetion of end:points involving
the observation of the first slight {ur-
bidity in precipitation fitrations is rela-
tively accurate, but tedious in inexperi-
aenced hands {(Vogel, 1861, pp. 81.3),
Application of the Tyndall eflect {8koog
and. West, 1963, p. 164) as a means of
detecting the firat slight fraces of sus-
pended galid .in the proclpltatlon medium
greatly increases the precmmll of this
type of end-point detection. An ordingry
gpotlight, e.z., a simple pencil faghlight
with the light beam passing through tho
precipitation medium in a direction per-
ppntllrula,r to- the direcétion of observa-
tton, is guite satizsfactory- for this pur-
pogse. Prior te the end-point of the titra-
{iom, tho light beam ia invisible through
the solution but. ag précipitation begins,
the beam appesrs rather dramatically as
a reault of the Tyndall eflect.

Reggents and Bolytions, — The oxine
reagent golution was prepared by dis-
solving the requisite weight of  A. K.
grade B-hydroxyquinoline in “about 50
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ml. of M/6p HCO1 in a 100-ml. volumetric
fiesk, followed by diluticn to the mark
with the acid. The stock solution of
Al was préapared “by -dissclving the
requisite weight of A. R. reagent
AL(B04}4*185L0 In distilled water con-
taining a few drops of coneentirated sul-
turic acid to retard hydrolysie, followed
by dilution to the dealred volume. The
N/10' ' NaOH solution waas prepaved by
diggolviig A R. reagent in disiilled wa-
tar, -followed by appropriate dilution.
Standard pH' 410 hufer solution was
prepared from Coleman Certified huffer
tablety, as directed by the ménufacturer.

Agperatus—Any eommercial electron-
fe pH meter equipped with glags ihdi-
cator.and saturated . calome! refefence
electrodes iz saltable .for pH measnre-
ments at inciplent precipitation; in this
stady, Coleman Model 18-A and Beck-
man -Zeromatic Ingtrumenis were .nged,
slandardized immediately prior to titra-
tiong against the alandard pH 4.10 buiter.
A variable aperture spotlight lamp,, ar-
ranged s0 that the.light béam passed
through the titration beaker at right an-
gles to the, d,tret'tlon of chservation, was
uted -as an end-point detector; ne sig
nifieant differetice wad observed when
ar ordinary pencil flashlight was sib-

stituted for the lamp. Black construc-

tion paper placed behind thd titrajion
beakér was found to enhance end-point
observation. Low-speed magnetic or
manual stirring was tound to he zatiz-
tactory.

Procgdyre—Aftter preliminary sland-
ardization of the pH meter, appropriate
velumes of Al++ and oxine reagent sloclk
golutions wers pipetted into the titvation
bagkar. ‘A‘jl'ai:curately measured vulume
of distifled water was then added to in-
erease the volume of the solution to a
convenient - level, if necessary. The titra-
tiong were au,omphshod by the. addition
of thé NaO¥ solution from a buyet—
end-points of separate titrations were
detected by normal and Tyndall effect
observations .of incipient precipitation.
The pH value of the sample golutions at
the end-peints wore recorded, a= were
the. volumes of NaOi{ added; the ioptal
volume of solution at the end-point was
obtained hy gimple arithmetical adidition
(to the neavest 0.5 ml) of all reagent
and water volumes contributing to the
final mixture., The {emperaiures of the
titration mixtures at the end-points weve
obgerved and found to be 27 &£ 2°0
(room temperature) in all instances.
Each - titration reqguired 15-230 minutes
for completion, .

L\I‘-&TJLi 8 AND DIC;('Ussw\

The resuliz of pK,, evaluations Eor
alumionum coxinate at room temperature
for normal and Tyndall effeet end-point
vbservations are shown iu Tastws 1 and
2, respectively. End-pointy detecied by
normal visual observation weve charac-
terized. by: the initial appearance of &
Taint opalescence througlhoui the solu-
tion, Tlie appearance of the Myndall ef.-
feet end- -polint was not only relatively
sharp, hut also somewhat earlier than
normally observed end-points. Tw: all in-

‘stances, the pK,, values were calenlated
-by subsiitution of the experimental data

nto equation’ 4, along with the litera-
ture values for pll and pKt previovgly
wiven.

The pK,, values shown in "Tapres 1
and 2 correspound to ¥,, values of 4.1 x

107 and 3.5 x 10-%, respectively, for nor-

mal and Tyndall eﬂ.’ect end-poini obser-
vatlons. These correspoiid with litera-

inre values, determined potentiometvic-

ally, of 5 x 1{] “# (Lacroix, 1947) and § x
10-# (Borrel and Paris, 18523, The value
obtained through Tyndall offect. end-
point observation is mot.only mere ac-
cutate than t{he normally observed one,
but alse reorve precise; the 1) 10 data tor
the Tyndall effcet experiménts show a
gtandard deviation of 0.40, as- wmp'lred
with 0.Y5 for the normal observations.
The confidence limit, at the 90% proba-
bility level, for the pK,, results shown
in Table 2 iz 30,45 =+ 0.20.

An exper 1menr based on the precipita-
tion of aluminom trig-(8-hydroxygquino-
Iate), or any of the other readily pre-
cipitated moetallic vxlnates, may be
adapted quite readily to stuﬂent ner-
formance. Other organic precipitating
agents, auch as dimethylglyoxime for
nickel, which opecrate in & muanner sim-
itar to B-hydroxyquinoline mway alse be
studied, In most ingtanced, liferaturs
values for cm*-'resp'onding K. s are avail-
ahle for comparigon of results. In cases
involving divalent muetals, an equation
analogous to eguation 4 must be derived
by theo exporimenter for evaluation of
the solubility product eonstant from ex-
perimental data.
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TapLr 1, —8olubility Product for Aluminum Oxinate Caleulated from Normal
Visual Observation of Incipient Precipitation. [Al*] = 0,033 M, [OxH-]

0.0%5 M.

Salotion Compoaition
B 1¥inal pH at
CA OxHt HG Volume Incipient

ml. ml. ml. ml Pptn. K.,
10.0 10.0 0 31.5 3,82 28.35
3.0 3.45 30.53
10.0 43.0 3.65 19.92
44.0 382 28,594
20.0 490 3.55 30.73
48,0 3.80 29.19
30.0 6l.5 3.89 29.09

61.5 3.88 25.15
20.0 20.0 10.0 70.5 3.70 29,27
72.0 385 28.41

10.¢ 20.0 20.0 9.5 3.75 25.23
71.5 3.65 29.91

Mean: 29,39

TABLE 2.—Solﬁbility Prud.uct for Aluminum Oxinate Calculated from Twndall

Eifect Observation of Incipient Precipitation,

[Al+] — 0.033 M, [OxH;]

0,095 M,
Solution Composition
- Final pH at.
At OxHst. Ha> Volume Incipient
ml, ml. ml. ml. Ppto. K,

10.0 1b.0 0 31.0 341 3077
30.0 3,48 30.31
10.0 41,5 3.52 30.63
40,5 3.62 29.99
20.0 48.5 3.58 30.55
52.0 3.32 31.03
30.0 61.0 3.71 30.17
60.5 3.70 30.19
20,0 20.0 0.0 71.3 3.62 29.79
70.3 3.56 30T
71.5 3.50 30.50
10.0 20.0 20.0 70.0 3.45 31.07
. 66.0 3.48 30.77

Meun: 30,45
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