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Spectrophotometric and Conductometric Studies of the Com-
plex between Aluminium and 2~hydroxy 3-naphthoic
acid in Aqueous medium

8. L. Gupta and R. N, Soni

The eolourless complex formed by 2-hydroxy 3-naphthoie acid with aluminium has been studied in
aqueous swlutions of differcnt iomic strengths and at different temperatures lpq::rophotomctriml}y. The
molecular composition hay been determined by Job’s method of continued variation and is found to be ATR
(R=Reagent). The values of AH and AS are found to be—(9.454.0.15) k. Ql/molc and _(52. 2:!:1 3)
e.u. respectively. The probable structure of the complex is also suggested.

The bhlue coloured water soluble complex formea by 2-hydroxy 3-naphthoio acid
wita Fe*+ jon has boon investigatod by Gupta and Soni'. It is scen that aluminivm forma
& colourless eomplex with 2-hydroxy-3-naphthois acid in aqueous medinm. The gresant
investigation, therefore, gives the iesalts obtained in the study of the complex between
aluminium and 2-hydroxy-3- naphthoie acid in aqueous madium on which no data a.e
svailable in Jiterature. The molecular composition of the complsx has baen det- rmined
by Job’s method of continued variation®. The ipstability constant of the complex has
bean dotermined at various ionic strengths and at various temperatures.

EXPERIMENTAL

Aluminium parchlorate was prepared by beating pure aluminiam chlorida(E. Merck)
with conoentrated psrebloric acid (E. Merck) uatil the solution no longer gave a test for
chloride ion. It was diluted to required volume and sufficient perohloric acid was added
to prevent hydrolysis. The aluminium content was estimatod a3 oxide?.

2-Hydroxy-3-naphthoioc acid was B. D. H., L. R. sample and was recrystallised befove
use. Sodram perchlorate (E. Merck) was used to adjust the 1on1¢ strength. Hydroahloric
acid and sodium hydroxide used were of AnalaBR quality of B. D. H.

Absorbance measarements were made by Hilger Uvispec spectrophotometer (Model
H 700-308 of Hilger Watts Ltd., London) nsing one cm. effective light path. The cell
compartment was fitted with jacket through which water could be circulated from a
thermostat (Townson and Mercer Ltd., England). A thermometer insarted into the oell
compartment and allowed to come to temperature equilibrium ehowed a variation of less
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than 0.1°C over period of time much longer than those needed to make measurement of
optical density.

Conduotometric mossurements were made nsing condnctivity moter (LBR of Wis-
sonschaftlich Technische Werkstatten, Germany). The titrations were carried cut in »
titration cell (type LTI) which had a thermostatic jasket for temperature stability. The
pH measuroments wore made by Backman »H meter (Model H2). All the sohrkions and
subsoquont dilutions were made with conductivity water.

RESULTS AND DISCUSSION

2.Hydroxy-3-naphthoic acid (pH 4.0) absorbs strongly in ultraviolet with an
ahsorption maximum at 345 np, wheteas sluminium perchlorate is transperent round
this wavelongth. The addition of aluminium perchlorate shifts the absorplion maximmn
of 2-hydroxy-3-naphthois acid from 3456 mp to 350 mp indicating complex formation
botweon sluminiom and 2-hydroxy-3-naphihoic acid. This shift was found from sH
2.5 to 5.0. Investigationa above pH 5.0 could not be carried ovt because of precipitation
of aluminium prosumably as hydroxide. Hence the pH of 4.0 was selected for subsequent

studies,

Composition of the Gomples: TFig.1 givos the molecular composition of the complax
at pH 4.0 using Job's method of continued variation. The optica’ density measuremeits
were made at 340, 355 and 360 mp, keeping total molarity of 8.0 x167%M. The guantity,
D (the differenca betwoen the total optical density of the solution and that which is shown
by the acid solution alono if no reaction occurs at the eame pH), was plotted against
[AP+]/3[AI*] 4+ [HOC, HgCOH]». At 355 and 360 mp the complex has a higher
absorptioa than that of free complexing agent and at 340 mp the complexing agent
has higher s.bsorptmn that that of the complex. As such I at 355 and 360 mj: pamos
through maximum and that at 340 my passes through a minimum, The maximwm a#
0.5 indicates the formation of 1:1 complex.

Molecular Extinciion Coefficient: The molecular extinction coefficient of the com-
plax waa calcalated from the optical density of the solutions conteining sluminium and
2-hydroxy-3-naphthoie ueid in which the metal ion was in excess so that the concendra-
tion of the complex could be taken to be equal to that of the ligand. The average value
of extinotion coefficient of the complox at 340, 365 and 360 my is (1680-+4), (24674-3)and
(2680 3) respectively whereas for the ligand it has bean found to be (21321-5), (185542)
and (14693-3) at the above wave lengths respectively.

Instabilily Constand, Tho instability constant of the complax

Kin= A[AP'hran —([Complax]} {[Acidlroml —[Complex]}
[Complex]

has been caloulated. The concentration of the complex is caloulated from the optical
density ofthelolntmnoontanmgalunumumnndthehgmdnmgaqnum

Optloal density=e, [Complex]1 + ¢, {[Acid] —[Complex]} 1.

whereas ¢, and ¢, are the molecular axtinstion coeffiolents of the complex and the ligand
tespectively and I, the cell width,
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At pH 4.0, the instability oconstant has been determinzd at different ionic
strangths (vide Table I). Further the instability constant was determined st different
temperatores. The results are recorded in Table II. The logarithm of the instability
constants have been plotted against 1/T whioch is linear and from the slope of the straight
line, AH has been found to be™ (9.463-0.15) K. aal/mole. Assoming this to be conatant
over the rango of experimental temperatures, AS of the reaction has also been caloulated

snd is (52.2£1.5) e. u.
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Fig. 1. Job's mcthod of continued varlation.
Total molarity=58.03 10—4M; pH=4.0
Curve 1-3. 360, 355 and 340 m{*
respectively.
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Flg. 2- Complex by conductivity method.
Curve 1: 40 ml. of 1.0 10-3M va
1.0 103M Als+ sohition
Qurve 2: 40 ml. of 3.0 10+M va
1.0X 10-sM A1+ solylion.

Conduclomeiric Studies: Curves 1 and 2, Fig. 2, give the titration curves of 40 mlL
of 1%x10—*M and 6.0 % 10™4M acid with 1 x 10*M solution of aluminium perchlorsie res-
pectively. From these curves also the ratio of the reagent to aluminium is found to be
1:1 which confirms the composition of the complex as obtained spectrophotometrically.

TABLE I

Effect of ionic sirength on the instability constant of the complex.
1-355 mik; pH—4.0; Cell widthem | cm.} ']_‘qnp.ﬂzo-

Ionic Strength Instability Constant
0.02 (2.804-0-09) 10-3
0.06 (4.161+0.20)X 103
0.09 (5.454:0.15)X 1073
0.11 (6.72£0.04)> 10-3
0.l6 (8.45£0.15)X 10~3
0.21 (1.08£0.24)X 10~
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TABLE II
Instability conalant of the complex al different tomperatures.
Tonic strength—0.02 ; A=355 m}L; B=-40
Temp.°K Instability Constant
293.16 (2.8040.09) 10>
303.16 (1.6940.16)XX 108
313.16 (1.264+0.23)> 108
323.16 (6.594:0.24)X 109
333.16 (9.79£0.37)X 10-6

Structure of ths Complez: Curvo 3, Fig. 3 shows that the pH of 2-hydroxy-3-naph-
thoio acid (25 il. of 1073M pH=3,10} is gradually decreased by the addition of aluminium
perchlorate solution (107"M pH =3.50) and becomes constant at2.00 when one equivalent
of aluminium perchlorato (2.5 ml.) was added. This evidently shows an ineresse in the
H* iop conceatration in the mixture, Thisis only possible when hydroxyl hydrogen of the
2-hydroxy-3-naphthuic actd is replacod by sluminium. Thia is in acoordance with the
view advanced by Owens and Youc* in the structure of Bo-phenoxyquinizarin solphate
(1:1} complex, )
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Fig. 3. Structare of the complex-
Curve 1z 1:I, Curve 2: 1:2.
mixtares of metal and legand,
titrated with 0.01 M NaOH.
Cugve 3: 25 ml- of 1.0X 1073M acld -
titrated with 1.0)¢ 10=M Al solytion.

Effect of addition of Sodium BSydroxide solution: Two sets of solutions were prepac-
od by mixing 10™*M aluminiom perchlorate with 10-*M sodium salt of 2-hydroxy-3-naph-
tholu aoid in ths ratie of 1:1 and 1:2 respectively. The total volume in each oase being
kept constant by the addition of conductivity water and the solutions were allowed] to

4. Yoe apd Owens, :1-!:&-.,_ ig59, 31, 964,
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stand for half an hour for attaining oqailibrinm. Varying amounts of 10™*M sodiuvm
hydroxide solutions were added to both samples and condvotance valuos were noted
down a8 usual. The obsarved data were plotted against tho ml. of alkali added. It was
intercsting to note that in both the caser, conductance curves 1 and 2, Fig. 3 exhibited
only one break corresponding to one equivalent of alkali addex. Bince the sodium salt
of ths acid was ased, the only proton which could be replaced 83 a result of chelation
was ths hydroxy! hydrogen. The break at one equivalent of sodium hydroxide in both
the eases, thorefur e, suggested that only 1:1 complox is formed in the system. On tha basis
of the ahove experimental observations tho stiucture of the complox can be assigned as
below:

AN/ _oH AN _o—a
| | o5 T+ A= Lol I—c—lo + H*
VN A VAV A

0] 0
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