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Spectrophotometric and Coa.daetometric Stuclie• of the Oom.­
ples betweea Ala.mia.iam and !Z•hydrosy 3-aaphtholc 

acid in Aqaeou• medium. 

S. L. Gupta and B. B. Soni 

The colourleu complr-x formed by 2·hYdrozy 3·naphthoit: acid with aluminium hal been 1tu.dicd In 
aqaeou• solu1iom of diff~t ionic 1Lrength1 and at diJT.:.rcnt temperatlll'el •pcctrophotometrically. The 
molecular CompOSilion hal been determined by Job'l JQethod ol'Conlinued vviatioll and i1 found to be AIR. 
(R..-~ol)· Tbc v.;alue• of ,O.H and .O,S ue found to b,;-(9.45±0.15) .L cal/tDOic a,ad. (52.2± 1.~) 
e.u. ~io."el)'. The probable Jtructure or the complex is at.o a~tcd.. 

Tho hlul'l c::olourOO. water soluble oompk.x formea by 2-hydro:xy 3-na.phthoio aeld 
witll Fu'+ ion hllB boon investigatod by Gupta and Soni'. It ia soen that.aluminiom fol'DlS 
• oolourl.o.l.'i OOIDplox with 2-hyd.roxy-3-napht.hoio acid io o.queoiiB medium. The pn~S!Blt 
iovaldig.tlion, t.he.reforo, givu the .ecw.Ita obtained in the study of the complez beW-een 
a.luminium and 2-hydroxy-3· n.phthoio aoid in aqueou11 m3Clium oD which no data &.'8 

a.v~~oilaulo iu litorataro. The moJeular composition of tne oomiJio .b&8 blUl det· rmioed 
by Job's mat-h<)(). of oonti.nurd variatio.a•. 'I.ne instability oonsta.nt of the complex baa 
been. doltermine<l a.t varioLlB ionic strengths a.nd at various temperatures. 

EXPERIMENTAL 

Aluminium parcblora.ta wa.s prepared by beatins pure a.lumuuam. ohb·rid.!(E. Merck) 
•itb conoentrated p3rcbloric acid (E. Merck) until the solution no longer gave a. t.m(or 
chloJide ion. n W&8 diluted to required vol.J.me a.nd aufii.oient pe~orio acid w.u ad.d.od 
lio prevent hydrolyaia_ The a.luminium oonte.nt wa.a esti.ma.tod a.s oxidsl. 

2-Hydroxy-3-na.phthoio a.cid wa.all. D. H., L.R. sa.m.ple and was reorysli&lliaed befo.·e 
nee. BodiWD perohl.orate (E. Marak) was used to adjufi the 101110 streogtb. Hydroohlorio 
acid and !Qdi.nm. hydroxide used WBI'e of A.uaJ.a.B quality of B. D. H. 

Absorbance meuu:rem.eats W8l'8 made by Hilger Uvispec spec.t.rophotometer (1{odel 
11700-308 of Hilger Watts Ltd., London) nsing one c.m. effective light Jl&th. The cell 
compa.rtment wu :fitted with jacket through wbicb water could be eiroula.ted from • 
tberm.oat.s.t ('l'OWIIBOn and 'leroer Ltd., England). A thermometer insarted into the oeU 
oompa:rtmeot a.nd aJlowed to come to temperature equilibrium showed a. Vlliriation of Ie-
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than 0.1°0 over period of time DIIJCh lon.gu UlAn t.hoae needed to mAke DIIMBIII'e!Dleli; ot 
op~ical density. 

Conduotometric mO&Bmemoo.t.a were mad£ naing conductivity J:IIOIK (LBR of W11-
IIC)JUICMf'tlil'h 'l'!)Chnii!Che Werk&t.a.t.ten, Gmmany). The titrat.ioDB wore curled. out Ia a 
titr&tion call (type LTJ) "'·hir.h bad a therm.osta.t1c jackt>t for temparature .t.bDity. '!he 
pH mM~oononts wo-:oe mBd.e b:; Bookman pH meter (Hodel H2). All the lll)lutioDI md 
IIUb~K»q-Jont dilutiollB wero made with conductivit.y water. 

RESULTS AND DISCUSSION 

2·Hydroxy-3-1Wphth.oic aoid (pH 4.0) abtorh8 strongly in ult.ni'liole& with u. 
a.haorption IDIUimum o.t 3!5 miL, whOI'e&ll alumiuiu.m pardllomto ia ~ tomld 
thia wa.velongth. The addition of al;.ooinium pen-hlorate sbifta the abtlotption maDniiiB 
of 2-hydroxy-3-nAphthoic acirl from 34.fi miL t.o 350 m11 indicating c:o.m.plu formatioD 
bo~weon a.luminh.1m and 2·hydroxy·3·D"phLhoic acid. This Bhift WBS fOUDd from .Ill 
2,15 to 5.Q. InvMtign.tioWJ a.b(•Vo pH 5.0 could not he (arried out beoau.ao of~ 
of aluminium pros·.una.bly as hydroxide. Hence the pH of 4.0 was selected for su~ 
lltud.iea. 

ComporiHon of lht. Comple:;r;; Fig.l givos tl1o moleguJar compoeition of tho compla 
a~ _pH 4-0 using Job's matbod or continued variation- The optital density~ 
were ma.do at; 340, 3GU &nd 360 n114 keepi.11g totAl mola.rity of 8_0 X 101M". The quantity, 
D (the differ11110s betwoen t.he total optic.a.J. deoaity of the solation aod that which illlhow'D 
by the acid 110Iu~ion a.lono if no rua4lLion occ:un~ a"' tho 81L!De pH), waa plottod apfDit 
[AJ!I+lf~[Al5-I-J+[HOC10H&C01H]~- At 355 and 360 ml'- the oompLo: baa a ....... 
a.baorptio4 than that of free oomplexing agent s.nd a.t 340 m~ the oo.mple:Iing ageS 
hM higher a.baorption that tb&t of the oom;lcx. As such i5 at 3ft5 and 360 ml' ~ 
through maximum IWd tha.t a.t 340 m11 paii96B through "" mh:t.imwn. The JJ]U:im'IUD. aa 
0.5 indioate.a l;be formation of I :I com];Jlex . 

.Moluv.laT E:niJICiicm Coejp.citat.:: The moleco.1a.r extinction coefticieat of tlle oom­
ples. ..- caleolated from the optio&I den.aity of the eoJutioa11 coo.taiJJ.i.ag Numi.niam Ulll 
2-h;ydroxy-3-Mpht;hoie acid in whi<:h the metal ion was io e:l"oeBI so that the coooeatr&­
tioD of the oomplex could be taken to be equal to tho.t of the liga.Dd. The average ntDe 
of minotion 006i!l.oiea.t of the oomplox at 340, 305 and 360m~ fa (1589±4)1 (~7±3)ud 
(!i!880;;t3) ~t.ivel;y whenu for the lip.nd it has beon found to be(2132±5),(1850:!:2) 
&nd (1469±3) &t the above waveleogths reapeotively. 

l7UtabWU1f C~; The 'inatability OOIIBti.nb of the oomp1u: 

Ki.D- -i[AJI'ku.l -[Oomplu;])- -<[Acidhow -[Complax]}­
[Complez.] 

hu been CAloula.ted. The oonoentratioa of tile oomple%. is oa.U!ala.ted from the optJa&l 
d.Dsity of Ule IOiut.iOD oont.ainiue ahmi.inio.m. and the ligand oaiDg ~ 

Optlo&l d.emity-=•1 [Complu:J 1 + .-1 -i[Aoid] -[ComplezU· 1. 

~ ._ ADd •• ue the molea:alar utiDDtioa. OoeiiWiebt. of 5he oomple:a: aod the ~ 
hlpeotinly r.nd I, the (Alii. wiiHh. 
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Ali pH 4.0, the instability ooDBtaD.t hBil beeu detenD.bud at. d.i.Se;rent ionic 
lliraogtha (vjda Table I). Furtbe!" t-he inst.ability conat.ant waa determined at different 
M!npera.t01"88. Tbeo results a.ra reoorded in Ta.ble IT. The logarithm of the instability 
eolllltante havo been plotted a.gain!!!lt I JT whiob. ia linear and from the &lope of the IJtTaight 
line, 6.H has been found to be-(9.46±.0.15) K. oal/mole . .Aamming t.b.ia to be oonat.a.nt 
over the rango of experimental tempera.tureii,6S of the rea.ctio:c. hal alao been ca.loulated 
and is (52.2± I .li) e. u. 

-D'II 

Fi,. 1- jOJb'• metb()(] of contiDuc:d variation. 
Total molarity= B.OX l(jt M; JIH- 4-.0 
Cun-e 1-3. !160, 355 •nd. 340 mt-L 

re~ively. 

FIIJ. 2- Compla bY COnductivity method. 
Curve l: 40 mJ, of l.OX IQ-IM va 

I.OX J()-11M Ail+ 10lution 
Oucve 2: 4o mi. of 5.0x lNM VI 

I.OX 10"1M All+ -olul.ion. 

Ctntd'MW:mtdrit:. Sht.diu: Curves 1 a.ad 2. Fig. 2, give the titration Olll'ft8 of 40 mL 
of 1 X l()-SM a.nd 6.0 X 10-..M acid with 1 X I<r-M solution of aluminium perohlon.te rs­
pectiv~y. From the9e curves also the. rntio of the reagent to aluminium is found to ha 
U whiob confi.rm.B the oompoaitio:c. of the oomplex as obtained apectrophotometrioally. 

TABLE I 

Bffeel of ~ .H~ll. on. lhe irt.atabilKy conaiCJDI of the COfl&.!lk.z. 

).-355 m!A-; pH-4.0; Cell width-1 an.; Tcmp.""'2o-

look StreostJI 

0.02 
0.06 
0.09 
o.u 
0.16 

0.21 

In•tabillty Conltant 

(2.80±0.09)X lD-1 
(4.16±0.20)X lh 
(5.4-5±0-1.5)X IQ-a 

(6.72::1;0.04-)X lo-s 

(8,45;i:O.I5)X 10"'5 

(1.08.:f:0.24)X to---. 
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TABLB II 

]Mtt:Jbilit'Y eomttJnt of the eompkz: at t1,~fft!kllllempert8w.ru. 

Ionic !trength.-0-02; A-3~5 111(-L; JB-f.O 

Tc:mp.°K 

293..16 
!OJ.I6 
313,16 
323.16 
333.16 

ln1labllity CoQiraat 

(2.80:±_0.09)X llh 
(1.69±0-16,)( 10"1 
(1.26±D.23)X IQ-s 
(6.59±0.24)X m-e 
(.!I. 79;!;:0.37)X 11)-e 

Btrvdure of lAs C'ompkz: Curvo 3, Fig. 3 shows tho.t the pH of 2-hyd.roxy-3-llloph­
thoio 11o0id (25 mi. of w-~.M pH =J.lli) is gradua.lly decreased by the a.dditionohlnmiui:nm 
perchloro.U, solution (I Q-1llpH =:l.M) nnd becomes (;onsta.nt a.t 2.00 wlwn one equivaieM 
of &luminium ptrchlora.to (2.1'i ml.) wal!l added. This evidently showl!l an iJloreue in tbs 
H+ ion ooncMtra.t-ion in t-ho mixturo. This i~ only pos..'!iblo whcm hydro:~:yl hydropu of die 
2-hydtoxy-3-naphth..uic ncid itt rG:placod hy ~~oluminium. Thia is in acoordanae wUh the 
view advanced by Owens and Yuo+ in t.l1e strudure of Bo-pheno:~:yquiniUI'iD 111~ 
(l:l) t-omplex. 

10 
IODIUIII NW~CIIDI-1111.. 

Fig. !I- Strucblre ollhe c:ompL:z. 
Curve I: 1 :1, Cue~ 2: I :2. 
m.ixt.11Jd of:mclal ilnd kgand, 
titn.tc:d with 0.01 M NaOH. 

1111 

•o 

CuM J: 25 mi. of J.ox l(l."1N ..:14 . 
titrated wirh J.Ox 1(1-'sM AI ... IOiut.ion. 

E/ft.a of addiltMI of Sodivm il{tSr~ .WutioR: Two aets of aolatioal-.nn pnpM"­
ed by mixing 10--1]( &ltuqi,a:iompernb.lora.te with li:F!){ aodinm aa.lt of 2~h~y-3-mpb· 
thD!tJ s.oidin thera.ti~of 1:1 and 1:2 respeotively. The total volumu in eaah oaae beiDa. 
bpt. oonsh.n' by tb.e..addit;ion of ooodootivity wat« .ad tho 10lutionll wero al.lo1nd to 

i. Yoe IIDII Owma, 4,.L_C....., i959,_31, SM. . .. ... - - - ... 
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stalld for hRJf &a hour for attaining oqnilibrium.. Va.rying amounts of IO-IIM Sodium 
hydro:~:ide 110lutions were addad to both aa.mples and condvota.nc.e va.luOii we:-e noted 
down a.s asu&l. The obs:trved data. were .t~lotted a.gaiD.llt tho ml. of alkali added. It WB8 

in&erosting to note that in both the c.&88!', condud.ance turv9B 1 and 2, Fig., 3 !Uhibited 
only ooo break oorresponding to ont' equivalent of aJkali addt-"J.. Since ths sodium Rlt 

of ~h!l &Ud wa." .l'if:d, the only proton whim could be repla.ced &a a. resLJlt of chdation 
'll'a'J tb!l hydroxyl hy(hogen. Tht: bre!lk. at one equivah·ot of sodium hydro:x.ld.e in bot.h 
U.e oa.'te!l, tl1orofo1 o, suggested that only 1 :l oomplox is formed in the system. On tba ba.Bis 
of the abovo expe.rimont.o.l obBal'vatlom tho &t.lnctore of the eomploll: aan be &Illig ned e.s 
below: 

-"-""-OH 
I f, i-e 0-vv 

0
-

o 

+ 

Tho ~uthors a.ro gra.toful to tho ailtlwritiOII of tho J:Sirla JnBtilute of Technohlgy and 
Boienoo, Pilani, for providing f11o0ilitie~t and. to C. S. I. R. for the award ofroae&rch fellow· 
ship to onu of thom (R N. 8.) 
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