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IIBSTR*A,CT

Investigations, iffere caruieC out oa the h.alf-wave

potentials and d,iffusion cuments 6û the oxidation waves

of vanadiun (II) i-n thiocyanateu fluoride, chlori-de,

bromi-de and j.odide sol-utions"

'Ihe el-ectrode reaction_ was shor,'¡n to be reversi-
b1e by plot of 1og i/(La - i) vs Edoe.o On applying the

equati-on described by r.,ingane, the ratio of the fornation
constarnts betn'een valLadiråm (ffi) and. vanað.iu¡r (rrr) eonplexes

of thiocyanate anc f,luorid.e v/ere determj-ned, rt was f or.¡nd

that the formation constants of vanadrun (rrr) comprexes

are smaller than the correspondi.:eg vanad.ir¡¡s (rr) complexeso
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IiiiTRO}UCTIOi'i

t'he electronic configuration of V++ is
- - - - --1
4nl

I

I

I

unused- d i i

i^zl
orbitals f--- ---oÍ"-n'----- - - - -i

fhe hatf-fi]Leð u unuseð- ð'. or.bitals which are left after

hybridization to obtain the bonding orbitals and thus get a

sta'ole eleci;ronic configuration for the central metal ion -oy

coordination"

rt has been qualitatively inðicateð by .rau-be ( nl) 
n

that the possibility of stability of a half filled ð se'b by
- :-¿l.

corralent bonding to vanadj-um (II) woulð suggest that LV(CIii)6ì

shourd be stabitized with respect to the fota^la] -l state'
( *2\

King and Garner\'tl reported that the vanadium (II) Ícn forms
¿ \,-,. -(*4\

a stable complex ',vith lVlOipt Ð1,1"* " Schu¡arzenbach\ /'/ has

found direft evið.ence for EtTÀ ccnplex of vanadiun (II)'

Although the polarographic ell"aracteristics of +2 and

+1 vanadium in complexing solution has been investigated by
( +tL c Ál

Iringane and lVieites(**'2oo) , no quantitative work regarding

the fornation constants Ìras as yet been ,f one"

lrccordingly, this research rn'as unðertaken to o-btain

inf ormation about the conposition and siability consi;ants of

some of the halides and tbioc.ya¡ate complexes of vanadium (II).

some methods $fere trÍed but the overl-ap of th-e

absorption apectrum of cornplex anð simple ions irr spectro-

photometry, and failure of E,Ivi"F. methods due to the high

_ _Jq_i _ _
1 1 li

,4s
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reðucing polqiel of vanadiun (fI) oa metal-salt indicator elec-

trodes (X.g-AgCNS, Cu-CuCl\S anð Hg-FIgCI'{S ) nade it impossible to

uge those methods. Finally, the ðroppÍng !1ercury elecirode iffas

fou¡-d to be satj-sfactory for this wori<"

In the dropping üescuÏy electroðe, the consíderable

complexation of vanadium (II) will be expecteil to produce a

more negatj-ve b-alf-wave potential than the simp'1e ion. By

carefully esti-mating the change in the character of the red'ox

curves, tÌr-e ratio of complex foruation constant between +2

and +1 vanað,iu¡o. complexes can be evaluateð'"
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lF.iÍ\icli".¡riÞ cir -rÚlÁjiÚGPlii-|iy

'Ihe general peiociples arLr' practical applica1;ion

of polarographic a-nalysis ir,iif,!¡ 'þhs d::o;opínó xleîcu.ïy elec-
( +rl\ f ä'R'

trode have been revÍevreð,by rleyrovsky \*'/), tiohn (-cJl,

f *q1 f *r nl
:i:aclrel"oer'g V a/ ancr 'iol-tlrcff an^ J-iilÌ3år:le \ --l o

Ihe current-voltage c'ürves al:'e o'i¡-b:lineð i¡,rh.en so-

lutions oi- elecì;::o-ox[di2a]¡le or] electro-reðu-çi'53 subs.ta.rLces

are electroly,zeð i¡ a cell, in r'¡ilici':. the catho¡e consis'bs çfl

eesíty ltolarizeÃ ðro1,rlets Oí- iiercury emrirS,j-n¡ legulerly from

tlie etf.l o:i a fine Capill',r,v 3lass i;UÌ:e â.j1.r continuously eX"-

posi-ng a fres..h- l?3t3c.U-ïy susface to the elecirolyì:e , thus -Ð3e*

ventin': ihe accurnul.:rti on of an.f i,)-¡-'o;rU-CtS of electrol-ySíS at

the elect::oð es " The anorle i s Ð. læ.r¿e u-npolari-zed pool cf, ller-

cli.lr.ìi i-nto i¡,¡hieh the cathode r,ercury is absorbeð. The poten-

'oia.l of thís type of ei-ectroðe is variable, depending u-pon

the com-ocsition a-oð. ïla tu::e of ih.e electi:oiy'ce j-r.¡ coniact

rnith. ito e.nð is now often replace¡l by a satu-rateð calonel

eleet:eoðe ( ,!"C"Ï, ) whose potentiel is Gons'ca.r:Lt anð ín-
-lependent of -l;h.e rratr-rre of the e] ectrolyte"

ilhe teciuiÍque,r Congi_q-il5 in a¡r,.,lyín- a 3r:aðuel}y

i:icreasin¿ potential 4if i'e::ence across the elec'u:roîes ìäi-

merseð in the solutiiln u::rfl.e¡: analysis, a.n;l Iteasuri-rL3 s¡iall

curren-bs of the o::Cer of t:rrcroalùperes ;o:roðuceð by tl:e re-

^uction of ions a'b the iÌroppi-ng nercu-ry ca.-b]:ocÌe, or oxi--

r-lati-on i f 'che electroðe ís o:-reratín3 an.ofical lY' 'Jhese cuT*

renÌis are due to the m.:i-gra.'i;ion of ions to th-Ís c¿lthoðe in

the electrical gradien.t se'c r-r.5rr ¿?J1ð to the f,ift'usion of ions
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in th-e concelaratioa grad,ient producu6 bJ the renoval of ions
from solution in the pro:ciraj_ty of the cathode, û:nly the
latter current is needed i-n the ;oolarographic method, since
its inagnitud-e j-s ilepenC,eni oïi. the concentratj,on of the

reC.ucj.ble substarrce .

;\ cu-ruent-voltage cu.rve¡ or ;ootarogram., is then
obtained by plotting the appried voltage in vol_ts along a

hatt zontal arcis against the observed curreni; in r¡icroanÐeres

along a vertical axis,

some ty.oical current-volta3e clrrves are shor,r¡n in
'ig, 1. Curve I represents the 'cype of cathodíc v,,iave (

el-ectro-reduction) vuhich i;he elecæode reaction is reclucing
the metal ions of higher o:cid¿f,ion state to l_or,,¡er oxiä¿.6iç¡1

^.1- ^ -t ^Þ Ucd t/ti o

t¡rlr o -¡ o

,., r]*
llll -!

ymboli-zes

ae = i¿

the simple,

(n a)+

or hyds¿f,sd, ions of the metal.
., " lL+

oos i ti ve
ðunent

E,
o

1;l()
lflÌt
I .q,

L holf wove potentiol

--à E volt

TYPICAL CURRENT- VoLTAG E
CURVES

J*o
neqot ivecurent

FIG. I



It i¡,,ì I l_ 'oe observeð that the cur\¡e fall-s rn'bo tluee sei:ara.te

1:or.bions..fron-ze]]oapplieði-lo.bentialtcill.eðecoiiii)osition
-^^--^---'=i ^-l 

( ¡-: tt,r.r,.,çrrurú¿ \!/, on.ly a very srlall curreni, calleð tire residual

cr.litrente pa5SeS 'ui-Lrou-g1t -boe ceil tnj-s is 1'eiJllesenteð jrJ'

;iB j-n the figure" -4-t B, ali a.Dpreci able rate of ðiscba.:cge of

raetal i-orrs a.t 'bhe droppinð meccLlr.v ca.'oltcðe is ¿.t'baireð result-

in6 in an 1llclrease of cu-ment fisrlin¡, tl:ror-rgh tne solu-tion"

the cuilve at B s.uððenly turrrs upr'"r¡.1'ðs efld ti:e cr:::::ent -iri'creases

rapi ð]y 1o" s¡rall increase j-r¡ tne apptieð voi'bage u:nrtii Û is

reacheð? rlrhen the cr-rrrent becor¡es êonsta'n'b aga-ì-n" :ifi;er Ü1

there is a pla'i;eau of current v¡ítir tire incre:.se of i;Ïre

applieð vol'oa¿.e a.nð the stea,ðy cur:rerr'b representeC -0;, CI is.

referred to as the lÍl"Litin:j or ðiffusj-on cur:rent" o'u}:.er

factors renaining consiant, tiris curr'en'b is ¡l'ir'ectl;v i)Iopor-
'bional to 'bl:.e concentra:tion of metal ions in ihe solution"

,r,he 1_rotentÍal of' 'ühe i:oint ott 'ril:.e crærent-voltage

curve at v;¡hich. the ðiffusion cu.r::ent ¡s one-na1f of its l--L¡ttit-

i-ng va.lue is k;rown as the half-úave potential (- v,)u

C"r;lrve II is k*novl'lt aS an anodjc r-¡ave (el.ect:ro-oxi-

da-bion) l,ihich 'bhe elec-b:,:ocie reaction LS ç1çi.ð'IZa.tion of the

¡reta.1 iOns of lor,,rer oXic'.ation state 'bo 'rilte hi¿irer oxj.ða'oion

-.À^J---ÞU<4UUo

är(* - Ð. )+

curve Il'I is composiie ca'bnod'ic-anoclic'\tva.ve of e

¡iixl;u.re of 'L;ne oxiðizeð a.nð reðucec-r for¡is " itccoriìiri¿l ì;o 'tihe

usual converrtion., a positive sign is given to a cathoðe

cur::ent and- a negative siSn to an anoðic cLtrÏeilto
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[he mathematical th.eory of th.e polarograph has been

ful-Iy rvorked out by J.Heyrovsk¡/, Ï" Ilkovic a:rd their co-

workers" The equation resulting from the theory is knowa as

the rlkovic equatioa( 
#11e12 )

rd = 6a5 a c rY' 
^215 

*/a (1)

v,¡Ìrere IO i.s the diffusion current ( i:r microamperes ) " , n is

the number of electrons involved in the reduction process

taking place at the cathoden C is the concentration of tb.e

specific metat ion in solutions ( in mill-imol-es per Liter ) o

Ï j-s the coefficient of d"iffusion of the metal ions ( ia

square cenüj-meters per secoad. ), lo j-s the mass of mercury (

j-n ruLlligxaa.s ) flowj-ng through the capillary per second,, and

t is. the time between successive ðrops ( j-a seconds ) "

,Equatioa (3) can also be given as z

T*Ã
k=i=

(1.v

6oD n {' #/5 tL/6

The nu¡nerical value of. 605 was fisureC' out experimentally.

(+)
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.THEORY

[he polarographic nethcû can be applj-ed adva::.-

tageously to the stud.y of compJe x ions by virtue of the

fact that the half i¡rave potentials of the complex metal

ione are shifted by complex formation" Lingane CLl) has

described in detail the application of tlris tech:r.ique to the

determination of the fæ mulas of Fe (II) and Fe (III) oxa-

late complexes uncler varying oxalate concentrations aad to

&he determination of the stability constant of tr'e (C" 9,)=*¿ +'t
and, Fe (C^ O,,)^= from the dissociation constant of¿ +'¿

=/^ \ ã
-u'e \ç2v+) 1 o

T[hen the reduction at the droppj.ng-mercury elec-

trode takes place between two valence states. of a metal ion,

one or both of v¡hich are complexed o iAIe Inay consid.er the

feaetion to be ;

M Xn(n-pb)+ + ae

'n-a-qb)+ / \ -.-bDiX^\r +\p-q ).a. ------(5)q

/^ ^l.\,where IVi X*\"-Pv /t is the metal- j.on complex at l-oruer oxj--
v

d-ation stateu Ni x^(n-a-qb)+ at a hígþer o:cid.ation state, p
Y

and q are the coord-ination numbers, X-o is the complex-forra-

ing substance a:ed a is the number of ele c.trons transf erreð.

in the reaction" Under these cond.5-t5-ons,, th.e mercury

eleetrod.e behaves as an ínert el-ectrod.e.

=--t€-_--



lr geaeral equation f'oÈ these lvaves r'¡ill be clerived on

l,'he basis of the followj-ng assr-u:rptions: (1) th¿.t r,'he elec',æod.e

reaction is reversible; (2) thai; sufficierrt supporiJ-ng

electrolyte is present so that the current is entirel¡'
diffusion controlled; anð. (Ð that a si.rfficier:i; excess of the

conplex-forrning substance is present in the solu'cion to irrsure

'bhat its co¡:centration at ihe el-ectrode surface will reniain

virtually constant and. indepenient of the cument" 'Ihe poten-

tial of the dropping electroC,e at any tr>oint on either a

cathodic, ãL anodic or a coiuposite v¿ave wi3-l- then be ex;Jress-

;.^-r ^ I ^^ ^,.-"i - -. ^^-r'r an-nr:,,,..-; ^-^^ ^ ^,..-r ..r-^ aC.biVÍtíeS at 1O¡,vIUJC \ äÞiÞLútI¿ILL3 LiUIJ.L;çIJ.UI'C' rJ¿lJJ.lÞ çLi L¿o.J- uv

concentration ) by the iternst equatiotl(o19) u=,

fìo
ño O.O59L r ^.- "P.ed.

= ir ,-O l---a Ur*

tþ-.Or( {- * ) 0,Or9L 1og C_,
a --u -X (6)

^alat 2r" C, in thj-s equation, I" is the orð.iriary standard

;ootential of reaction(1), Cå"¡. and. t3*. are, respectively

the concentrations af th.e electroðe su-rface of tne cornplex

ions in the lower and higher oxid"ation states, and /--, j.s the

concentration of X-b.

ün the basis of Itkovið rs ecluation, the catirodÍc

C,j-ffusion ci-:-rrent is directly p3coport-io¡:at to the con-ceïL-

Sration of the oxidized form in the body of tir.e solution,
( ic )c = kü*. ' co*.
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lrhere kO*. is Cefined by eclua!¿ion (4). Siroitarly, the anodic
diffusion cument is c"irectly proportional- to the cor¿centrar,-iort

of the seduceC, form j-n the boC,.y of the soluti_on,

( i¡ )a = tnee. uRud.

s-lnce the changes in the concentration of' the recuced anð.

oxid"izec-i forns at the electrode s'urface are directfy proporti-on-
al to the cu¡re.,-.t, then at each value of i, \¡,/e have

-(i¿)a+itR"d . = up.uc. * 
;- l: = ---=--- e),*Re¡ o 'Ìiec' .

and c3*" = oor" -# = tt*]i"-l 
(ro)

'v;ç. . {J)l.

rn these eo.uatlons, i r-s .bo be given its conven'bional sign of
(u) for the catirocli-c part of a v,rave aad (-) for the ano6ic
part,

substitu-ting the foregoi.r:g relations Ínto equatio:r
('"), vre obtain the following general equation, vrÌ:.ich is
applicable to ei'cb-er a cathod,ic, an anoitic or e comrlosite wave"

-',/i'\

ï^ ^ = ;¡.. - o'oi9r roo- l,-.!jolu rrrl\LoEo lz a (aöj" - l_ \**/

and the half-vi¡âvê potential is ¿iven by

L
ri . = :f,o - Q'Q>L)L los ]-Ox'i2 a " KRec"

r lr-qlo\ a- ¡ w.Oj)l log C.- eZ;
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Since i-t based on i[ernst equation, the relatj-oaship of ecluation

(11) is ofi;en used as the basis of the test for reversibility"i _(r")^
Thusap1otofEvs1oedshouldgiveastraightfine

n na$l LL v
of sl ope Y-"

The relatj-ve values of p and q can be obtaineð from

the shift of half-wave potential as the concentrat.ion of the

complex-formj-ng substance is varied." If p happens to be equal

to er then it is eviCent according to equation (12) thab the

half-wave potential d: oul-il be con"s taút and iná ependent of ihe

con.centrstion of the complexing forming substa¡ce.

It shoul-ð also be noÌ;ed that the ratio of KO*.

}h.e¡. , rvhich is equal to (oo* 
"/Êu"u)/' , can be derivec

Il-kovicrs equation anð evaluated experinentally from the

of c athoðic and anoðic diffusj-on cuments obtained új.th

solution containj:rg equal concentrations of the oxidized

reduced forms"

+^

from

retio

and

(L5)
/':\\ td )c
l'i\\ *d /a

This ratio is sufficiently
it ca:e be neglectedo Vühen

potentiaJ- observed nrhen Cx

coj.ncide v,¡ith the ordinary

potential of the systgm,

( 
"ù.. )Y'

7-\ tRed" t
b""
%.e¿"

close to I j.n ny case so that
this is true, the hal-f-i¡rave

= 1Iú should practically
staridarð oxid.ation-re d,ucti on
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Relation between the half-v¡ave pote,rti"l ,r.,.d th"
¡'crmatj.on constanis of t c'lzec'. a rr d ^atçi:

,J-he clÍfference betv¡ee:¿ .bhe half_wave potential in _bhe

;oartial reducüion oí siruple or hyCrated ps,ù¿1 ions a::d in the
recluction of a coni.-olex of the salae metar- can be derived j:y
considering; the tr¡,ro corres_üoriding reacti-ons ;

iiijl(
q

+(-p
n-

'l-

frlL)

b)+

/rrr\

and

$ince tire

reac tions

equal to
(-'lrir -r \ rL -

-rr

lTe heve

(Lr)
number of electroris j.nvolved is the saüe for -both

, tire Áifference between ilreir standarð pouentials is
the S r*and.ard, ,j " l, " ¡' . Of -bhe re ac tÍ orl,
pb )+ -i_ ,.:. 

( ', - a )+

-a

q)i(

)+ -,n r*-t, .i.fl

(16)

qìr

îo ,.,o ..ro*(16) ='c-i's
r;,¡l¡a-na li.O .--Ä',.OrirrÌez'e tt' alLc XS are the Standard potentials in the reduction of
the complex and simple or Ìryd.rateil. metal_ ions. 82. 

^,, 
is equal

. prrr \Lt> )to # It l((re) try definition of equili^briu:ri constant 'K of
leactj-on, v,rhere t (re ) i= the eclu-ilibriu-m constant of reactio¡.
(f0¡, I{owever, it follov¿s fro¡r tire definition of fornation
constant that

t'( to )
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Kr- Õ
,i-LâVoKr.aì = Ç\--l L,"v.

tlereo K,-. .\ anC ¡r,- r\ are resllecti-vely, the forma'cion' U.U" -:i.U.
of the complex Íons in 'r;ire hi Éher and lori¡er oxj-dation

It follou¡s from (16), therefore tþ.at

.._,0 R,T -= 
- 

J-n li(tel
^n \ ¿u/

/'rÊ\\¿vl

c ons-bants

^.]-.-t-^AÞ Ud, t¡9Þ o

/rcl

From reason"irig analogous to tL¿at in tTre preced,ins

seciion, it car.ì- be sh.ori:l that'bhe Ïral,f-r'¡ave irotentiäl in the

ssð.uction of a sirnple or h-yc-ia¿ted netal j-on to a l ov,¡er oxj--

ðatiort s'rJate j.s related to the standarC i:oienii-al of the
-o.ïeacTl-ofÌ -iC oy

( ort )'-u l:i-.
J.J

- o'059t ( jc.,_ ).
I no ..Æ-:.J;i--+"Û (!lu.i.ls

o"0591 1^_- -z;- L\)ó
( oo*. )s

Ga)
'rf a r1

r¡¡her-c ( *: - )^ and ( i- . )- ar"e tlre diffursion coefficients of'¡sv¿ v \ -- CX" /S ,æ¿- t ^ È-e(l o ,S

ihe oxidized anC- reduced forns of the sinr-ole or hyds¿ted r:etal

íon, respectively. Uonceil.tratiofrs have -oeen assu-'neö to be ec_"ual

to activÍties. Since ( l^ \t¿ / ( -rr t'i'

. ux . )'- / ( 'tl,.uo " )'' Ls affectível,v

u-nj-ty, ihe last ter:a in thÍs eclua'tion has only iì.irror si5ni-
-Fi nanaa o,räl ( i,', ) i s Ì)1"aCtiCally eC*UAI tO I.1 " -:jOf 'rjhe SAne-L-Lvø.¿¿v(' t d.-ll\.. , tt?t, ,/q ¿Ð yr ctv v¿v/.:¡¿!J çv¿q-- -,.S

reåson, we nay ireglect ttre seconó ter¡¡r in eç¡uation (fZ) ¡ ând

l'rrite as a tood approxination,

.,.-O
= lll¡r

( su, ), = E3 ( # ) o"o59r toe c" \.L )
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From these

f\

rel aiions

Wz)c-(
, and-

Wz )s

equation (19), it fol-Ìows that

OT ( ry,), - ( Ey, )s

The shift of the half-wave potential thus depenðs on the ratio

of the dÍssociation corÌs'i;ants of the e5i6,i zed and reduceð. com-

plex ions, and also, of cou.rse, on the stoÍchiome'try of the

formüla of the complex ion" If, as is usually the case, the

oxidized complex ion i-s considerably Inore stable than the cor-

resþondJ-ng rerluced form , then KO.C" i" larger than KR"C., t'1d

(Eyr)C is mor e negative thail Gyr)*e when Cli = 1 IvI. If in a par-

ticular caseo K^ (1 and. K., Õ shoulÄ happen io be equal, then

= E3 "ir$ ( 
-o ) o.o59t r,osc"

(22)

^^-^a L^U"U)"Jl-- .ELoVo
4 ¿v hï¡a -.rL^ n

Uo \¡e

( ry ) o.o59t toe c.. (21)
a.Å

(%), woulð be more posiì;ive than (d/.)S when C-' v'ras les's than

1 molar; the tvuo balf-wabe pot entials v¿oul-d be equal when CX =

l i[r; and (f+¡r)a w.ould become ]trore nega'oive than (U/r)* only

when C., vras greater then 1 it't" In general, when
Â

(tr)n-q
K.. lj

then (î'yr)c-('.,1r)s = o

Equation (22) ca11 be useð to C.etermine the ratio of

formation constants of the compl-ex j.oas in the higþer a:rd loi,n¡er

oxidation state" If o:re of the oxidåzed or reô"uced. førm of com-

plex fo:mation constant j-s lctor'''¡n, then the other form of for-

mation c.onstant can be evaluateC..

A series of sol-utions of constan'ü concentration

of Vanadium (II)

K^
= l(o Uo
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I¡/ere IÛaCe Llp s¡ith vari-oì¿s concer'.r.trations of tne cotrçlex form-
ing reagent" the ionic strength of the solution \,vas ¡i¿ipi¿inçC
constant by aô'di.ng soc.ium ;oerchlorabe. the reversibility of

]. ll.)thee1ecirod-ereactionv'/aStestecbyp1otoiiog(#)
\-Li/d - r-

vs ll.r 
o e. , Erom the slope of the lÍne the reversibility âr-riì

nu.:mbers of electrons transfemed v¿il-l ire shov;n¡ ånd the val-u-e

of E,, rnras obtaj-ned- fron i;his grapJr.

Tire colicentra.tion of free complex forrníng reagent
úvas calculateil. by sr-rbstrac'cing the concentration of boturd.

liganc' frorn the totat concentratj_on present" Á plot of lr, vs

1og c.. gave the value of p q. 'lhe ratio of the formation
consbants raere thus deter¡rined 'iry means of !.1q" ( zz )
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EKË'trIll,iEliiTåJJ.

A. Íliaterials;

I¡anac-ium (rr) sulfate vras preparec, accoräing to Jo

Grj-nnell and J. li. col-vin ( 
u 1a )q r5o gïams of British. Írug

ilouses reagent gracre of vanad-ii-r:n pento>ciils i'ias sus;oend.ed in
JO nrJ-" of concentrateC. sulfurj-c acid, dilu-bed io¡ith about 600

ml' of r,i¡ater anC. sulf&r ð.j.oxide passed throu¿h the solution
until the vanadiur, pen-t'oxide was conÌ:l-etely recjucec' to vanadyl
sulfarer ås indicated t>¡ i;he clear 'blue sol-ution. ;å, st¡:ea¡i of
air v¡as then passeC tlrough'bh-e solution to lemove t6e excess

sulfer d.j-oxiiÌ-e fron tb"e solution, ,.,¡hich thei: was filtereä
tlrough a sintered etass filter"

Ihe vanaðyl sulfate r.'vas redu-ced ai a mea.@ury cathode
j-n a reil,ucing cell ( r'ig" 2 ) wit.n the platinum anode a:rð Z

amperes of cur.reni5 lvere crossing it. Äfter about 20 hours, a

greenish-yellow ;orecipitate v¡as fould e presì.raably trivalent
vanad.ium, which v,ras dissolved. by aild,ing üore sul_furic acíd.
Continuation of electrolysis for about four days resu-kÌ;ed- in a

concentrated, violei col-ored solution" 'i'he solution was

j-nducted, into a fäask eontainín¿ 95Ti ethyl alcoholr care bei_ng

taken to i-nsure that the van¿flfrrrir (Ii) solutiorÌ \¡r.as in the

bottor¿ oi the flask, r.i::.dss blre arcoh-ol and:rot mixeil i,-¡ith Ì;he

^'r a a1^^-¡ 'T;^^
aJ-corlor s Trte flask r,iras filled alärost completely and tnen stop-
pereil- 'bo protect from aÍr" Áfter a fer,r¡ C,ays 'bire c:cystallj-za-
tion of viol-et vanacriirm (rr) sulfate v¡as corirpletecl "

'Ihe formula of ihe vi-clJ-et crys1;al v,¡as shov,.n to be

i/so4 . 7úzo. rn orðer to verify that quantitative red-uction

to -bhe dival-ent state had tarcen pla.ce, the vanad_ium arrd
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sulfate ions u¡ere iletermj-ned. separately" ¡r convenient qmounì

of vanacl.ir:m (II) sul.faie crystal r'ras ð.ried in a @acu"utß des.Íe-

cator ov,er oight, anð ilissol-ved, in cl.i1ute hyil,roch.loríc acid.

[he sulfate ion content v¿as ð.etermined- by precipi'batio3r as

barSir::a sulfate and vanad.iu¡n i.vas precipÍtatei' ìry aru-nonium

benzoate , accorðing to the procedure v;-hich is recomrnend-ed by-

t'x1t\ -16\Rhcmv.qlrin and lveigheii as VrÜO' ïilater cOntent rt¡aSÈ¿*vJ&J _'--u 
/

figureð by d.iff erence. The analytical results are shoinn as
:'

/a\'jlaþIe t f J

'Table I : Formula Å:ralysis of Vanad'irru SuIf ate "

ruopositions
t¡O, ----------=- Vanadir.rm

"/.
Sulfate( So; )

"/¿

H^Ot%
I lÅ A& 1' "LO 4-6,26

2 18.61 'Aî- 1/L +6 "25

LB.6' 46 "23

+ I8 .68 'ir,L2 46 "20
q +6 "22

-lliean Value I8 "64!,O2 39 "L4+O "Oi 46 "2i+Û "OZ

V5C', ' 7-{t^OL|- I

( theoretical )
1r.17 +6 "L7

group ratio l_ t

$od.iu-m perckllorate, arnmoniim -bh.iocyanaie, soðrium

chlorið.e, soc.ium bromicle and, soC,iurn iodic'-e lvere recrys'bal]-izeð

i;irice from distilled r'¡ater

Balçe.ranalyzed grade perchloric acid" and- g;erck" &- Co"

reagen'b grade of sodium ftuori.de rrere used. v'riÌ;hout any further

puri-fi-cafÍon"

Bariun perchlorate vsas prepared" fron Þesicchlora h¡il

rgcrvstallizir.igtn',¡ice from il.ístille$ r¡¿ater, '
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B. So]-utj.ons !

Vanad"iun (II) solui;ion ¡ Tala.dium (II) j-s a p@rer-

ful red-ucing agent ¡ i-t is thermod.ynarni ç¿11, capable of re-
tlucing hydroge!. j.or] in aeid, solutionn

anð- j.s sensitive to air oxiüati-on

2V++ + /ñz + U{ a- 2V +++ * Hzo

Therefe e, a great care h.ad to be taken duri-ng the prepara-

tion cf vanadii¡-rn (II) s.oJ.ution" ¿.11 solutions were saturat-

ed with hydrogen gas before using. Trarrsfemi-rrg of crystatrs,

and of solutions were d.one in an inert atmosphere (purifie d

nj.trogen gas was useð-) to pfotect from a.ir" The solutions were

prepared- by d.is"solving a des,jr ed amou:at of vanad,.ii¡m (II) s.ul*

fate crystal j;rrto O"l N perchloric acid. The solution in the

resevoir was preserved. by eontinuou.s bubbling of hyd.rogen

gas througb ito and. was prepaxed fres[Ly eac,h ð"ay j.n the

@ourse of i-nvestÍ-gationo Vanaðiun (II) concentrations were

established by titration wj-th a standard. pernangane.te s,olu-

üíono

ÄlL conplex forming reagent solutiolls were made up

5-lr volumetric flasks by dissolving a weighed amount of salt
ånto OoI i\* perchloric acid and th.e concentration factor of
qash solution was ehecked with the tiüration metirod- wh-ich is
d"escribed. irr the Textbook of Q¡rantitati-ve Inorganic Analy-

sis by Kol.thoff"
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C, Åppafatus i

.A.s shs¡/n j.n Figo 5t A tii;ratj-on type of polaro_
graphlc cell was useð. in tb.is investigatioa" ft was deve-

loped- to faciritate the pre¡æ,ration of vanadium (rr) el_ec-

trolytic solutions and to camy out the polarographic oxi-
datj-on in a:r atmospb.ere of inert gaso The 5oo al-" sell- ertr-

ploys. a separate pernanent a¡ode; a layer of ae::ra.urÏ on th-e

bottom of the flask serves as the permanent anode" a¡nâ a

saturated calomel electroð,e is used as the erternal alroðeo

fhe outer ves.sel, whicli is separated by a sintered, glass ap.ê

agar plug, contains a saturateð solutio¡r of potassiu¡t chloride
that j-s arso saturated with caloroel" é. gas inlet tube is
placeC. just on the surface of the nercury pool, passing

hydroger. gas to stir ancl protect th-e solution" [vüo necks

on the top of the cel-l are used to insert the mercury drop-
pj.ng electrode anð. buret, ,{ddition of any xeagent solu-
tions are through the buret a¡.d are also protected from aÍr.
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Ð" ïnstrumeat i

é.s shq¡!'n i-n Fig" + I the Bargent-Heyrovsky Kodel

XII polarograph, lv[anufactured. by E" H' Sargent and- COo ¡

Chicago, was used to suppty the applied voltage to the

cell. lhe polarogran was record"ed by Masely X - Y re-
cord,er in whicb the cument was ÍÞ asured- i-n terms of the

i.R d.rop across the l0?0O0 ohms precj.sion f5-xed" resistance,

and a variable cond.enser, O to 80O I\mUlI'S, was us;edl to re-
duce the danping effectu [he recorder scales, of current-

voltage $rere calihrated- with the EniI Greiner COo, Ivlod.el

E-7O+5 Potentioneter"
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E. Proeed.ure z

The electrolytic sorution vúas prepared- by ad,dition
of the d,esired a:nor¡¡t of freshly prepaired vanadium sol-utio¡r

through the buret iato a o"l N perchloric acid in the po-

larograph:lc ce1l, In case of compJex forming studies, a

Êlesj.reð vo}¡me of O"5 F conpl-èx formin6 reagent solutj.on

was. adðed." [he ionic strength sias ms.intained constant at
o"2 by addj-tion of l- F sodium perchlorÉrüe solution" [he

total voLtme was adji.rsted to 4oo nJ., in a o,l N perchloric
acid" A stream of hyd-rogen gas was passed through the s.o-

lution, wh.ich was al-].owed to stand for oae hour. ,Ihe pro-
grâm was then recorded-, /.t11- ueasuremen'ts lr¡ere camied oui
in the thermostat at }Jo! O"J-o Co
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Tata and. Ïisc.us.sion i

Typical polarograms of varioi.i.s concentration of
vanaii.ii"rm (rr) ion in o"l i\T perehloric acid and o.r F so_
dir.r.m. perchlorate are sho$¡ß in Fig" 5. These polargrams. con_
sists of three anod.i-c rqabe* in which only olr.e of the vraves

is well-defined" Lingane(*4) found both the reduction of va-
nadium (rrr) ion to the vanadium (rr¡ s.tate, a.nd, the orrlc-a-
tj-on of vanadium (rr) ion to vanadiun (rrr) ioa proeeedeö,

practically reversibly at the dropping electrod_e in an acid,
medium" rn l- I{ sulfuricu hyd.rochlorj_c or perchrorj_c acid,
both waves F'"e very well-d.eveloped with an average half rffave

potential of -0.12 volt vs the S.C"E" This value is sonevrhat

differeat from our resurt, Thís is not slæprising owing to
the different sonditions, such as acicity anc, ionic strengtb.
of the elec,trolytic solution, comparisonr;;was made by refer-
ring to the stand.ard" potential of the reaction i

g' +++ + e 4-ì r++

Jones, and Colvin(of4) d.etermined the reaction potentia-L th-rough

a s.eries of differe¡rt s.i¡lfuric acj.d concentrations by the o1.-

rî-i-nary potentiometri-c method vrith a large statj.onary r4ereury

electrod-e. They found that the oxidation-reduction is a func-
ôion of acid concentration, and in o,o5oo morar sul_furic acid"

E = O.2OZ5 + 0"OB2O ( C, o CZ ) volt vs. normal
Hydrogen Electrode (i{"H.E,) where c, and, c, are the soncentra_
üion of vaaadíum (III) an¡ yan¿ðinm (II) respectively" If
vrre take the total vanadii.¡¡r concentration e7 * CZ = 0.005 M,

then the o¡cid.ation-red.uetion poùential in o"o5 lrri and o"r0 N
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acid. solution is 0"2029 vott vs NnIIoE. Since the poteatial of

N,HoEo is -0.2+6 volt vs S,C.E., the th.eoretical value of the

half vrrave potential þ, is -0"2+6 - 0o2O, - -Oa4+9 vs S"CoEo

@his is the id"enticaf- value th.at we get in tlre vanadii¡m co¡--

àenfuation range of 4 to 6 -mJr'I

As. sh.orvn i-n Fí9. 6r the half -wave potential of th'e

wel-l-defined wave sbifts n'ore positive witþ FJI increase in the

vanadium (II) ion concentrationn [his vcill be due to the d.if-

fierent hyd.rated. ion species of vanadium (IT) at different
goncentrations in such a dilute acid solution.

some of the data used in obtaiaing tþese graphs are

reproduced. in Tabte II" It is evident from tbis table that

the anodic d-iffusiorl cument i-s accurately proportional to the

concen'brati-on of vanadj-r.rm (II) i-on after proper coruection is

applieC for the resiCual current" lhe d-iffusiolL cugent co-

efficient is z,oz È o. 03 ]eL / m:ilrinole per titer *2/t +/6 c

For analysis of the electron cb.aages of the lfeae-

tj-ono tog_j n¡as plotteiì vs -Ed_,u. at varying concentra--Fr-
tioa of '' vanadir¡s (II) iolxu Jllach plot gives a goÕd. straigþt

l-ine, [he s]-opes of th.e collcentration range, 2"5 to 6 ül!1. -

as shown in Table If , are very close to i;he theoretical value

of 1I8.4 ulllivolts from Hyd.rovsky and Illkovic(u12) equation

&t ?.r"8 d"egree C"for a reversiblee avelaße hal-f-elec.tron lfeaQ-

tion, Outside th:Ls range, tb.at of lov¡er or higher eoncentraË

tion of vanaC.ium (II) j.n this el-ectroJytic solution indicates

an irreversi.ble reaction"

[he average half-e]-ectron transfer reaction ind,icates

the ion s.pecies of va.nadium (II) in thi-s solution will be ivith

the fo::ri of ( VO - gl )++ and d-uring the electrode oxid.ation,
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only one of the vanadium (iI) atom oxidizes ' *- +++ I

r¿ith the oxidized rorn or ( vo :"î ;î::''ï"-;-1"""; :::""'-
isn maY be exPresseð as follor,¡s:

,, ,iè.+ Æ vzú* + eu2" 

-;t ;;:1', ¡,, ;.1.,, :,,¡:,t; 
; 1'.,"

ponils to a half-el-ectron transfer of each vanadir-lm atomo

[al¡le TI. IIalf-rruave. potentials Ånd" }iffusion Cuments ,t 
,.

Vanadiun (ÏI) S*fate In Various Concentrations.
:::::,.

ti
ti;

ilanadåun( 1l )
fr&

.' ,X 10:¡,'i,

"E*,vs Ë ? C.li"

volt

að,

Íz$'

Lö/c#/1*/6 --, fi'.':'r::,,:.,,:: f;,,i.:ê,
:*

roe(Iãh)#v-

B "L9 o,550 1"68 L,96 B4'92

L6,22 L.g7 8 ,,'"'75

26 ",68 o "+gg 2,ø5 T29',;9

39 ^38 t "+72 L)t-/J 2;Q7 1^--1LlA clL

44.15 a "449 I *48 2"t+ LaB "25
tg "26 a "+49 L9 "+6 2.O1 !,i.û;,,":,fi,!

,4.LO o.449 LL-5' 2 "O3 L29,98 
,

5B,gg O;449 L1.a* 2"O9 LãL"7L',

61"62 o "+17 3"1.+5 2.OI L14 "3L

35 "L8 o.+L, T5,99 2"87 Ltó,67

ii¡
i¡
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: : i To confirm our view about the er-ectrod.u 
""*eiióo,

a titration of vanadir¡n (rr) by standard- potassium p""*"o- l

ganate solution v,,as polarographi-carly stuclied, some typical
,.' -¡11

titration polairograms obtained" by titration of 5z0nL of ?"5
_7

Lo-2 Tv'i v¿¿nadiun (rr) sulfate in o"l- N perchloric acid and-,,r'

0"1 F sodj-um perchlorate i¡vith o"l iv standald potassium per-
:

manganate solution are shon¡n i-n tr'ig. 7 " curve 1 was taken.

before tÍtration, the small cathodic d.j"ffusion cri:crent (á- '

bove uero cument) sb.ows that some vanaclium (III) was pre-.

s.ent inj-bj-ally in the sol-ution, Curve 2 arLð. l rvere obtained

after addj-tioa of potassium pernanganate solution. The 5-n-i.

creasing of cathodic diffusion current accompalr.ieC by de-

creasj-ng the anod-ic diffusj-on current indj.cates the vanu- "
dir¡m (I1) vras oxidj-zed gradually to vanadii:m (III) by po-.:.

rfrassir¡-n pernanganate at the first step" fn the analysis of,

the diffus.ion currrent waves, we for¡:r-d- tbat both cathodic' :

and anod.ic currents h.ave th.e same value of diffusion clrr-:

rent coefficient" fhj-s fact makes Ít possÍble to d.eter-

¡rine tha vanadiun (II) by polarographic titration: Suppose

we recorð,ed the polarogram of v ml of an unlü.ovütL vanadium
'.'.(çonsists of V(fI) and.V(III) ) solutionn and got the 

"o-
od-j-c diffusion current ( t" )r , cathodic current ( i" )r.,..
Then A ml of fN stand.ard. potassiulo permanganate wafl ac-c,ed.',,,

' .:: l

The polarogråm again vras recorded to get the anod.ic 
"o"-,,.,,'. 

i,

rent ( i^ )^, and. cathodic curuent ( i^ )^ " From these- a -c '¿
d"ata¡ wê calr. r:île;berminêi.,, the vanr.dium ions (II and IfI) ,,-,,.,,

concentrations in the original soLution3 , ;,,':" '.1',::,,'
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l¡fhen enough potassj-um pernanganate solution was

ad.ded to reduce the ar:odic Cj.ffusion curuent to half iis
original value, a second cath¡òd,ic v¡ave of b.alf-wave potential

-1'2 volts vs S.C.Eo appeared," The cl.iffusiorl Gugent v,¡as

analyzed and it vuas found to be aboui twice that of the first
wave " lhe wave comesponds to the red,uction of VO++ to V+++

at the cathod.e, a&d th.e reaction was recently shovm by Johns
( "-t-t ¿L'\

anÃ Colvin \ !- '/ to be

Vii'+ + 2H+ + e- <--'-'+' V+++ + HrO

ruhich is reversible at a platinum electrode. [he titraüion
resul-ts are shorn¡n in Table rrr. rt is noticabl-e for tbe o * T

trilli normal 3[vlaOu ad.d.ition range, the adcition of titration
will cause a decrease in the first anodic cument (ia)"] ,

and increase the secónd cathodio diffus.ioa current (i-) 2
-d./ c. o

It strongly suggests that tlre. var¡a,dium (rr) in this. electro-
lytic solution rruill be in the form (VO - V)**, in which one

vanadium (il) atom becomes less &abile after oxidation of the

second. to v(rrr). [herefore, in the potassium pernanganate

tüitrati-oa, the first step i-s oxid.izj-::.g the labile vanað,ium

atom and subsequently the oxid_ation of y+++ to VO++ aad VO to
V+++ will take place simultaneously.

Sumnarizin.g the reaction, the equations are re-
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presented. as follows:

(vo-v)o* a----+ (VO-v)+++ +e
2H+ +(VO-Y)+++ ?--+ 2V+++ +HrO +e

2V+++ + HrO e- VC++ + 2E+ + e

and the d.roppi.ng rnercury electroðe reaction of vanadÍum (II)

and (III) coupte c.orresponds to

(vo-v)** a- (vo-v)+++ +e
Th:is is agreeable to our colLclusi-on in the.previous sec-

tion regarding th.e nrrmber of eLectrons transfemeC. in the

electrod"e reaction"
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t'Þb]-e III: I{atf-f,iave Fol;entials 6rrd, }iffusion Currents Of

Vanådium In The Potassium i'ermanqanate Titrati on,

firr rr l'l
I t \*-/l

x-ta* Nl .'-
Irc'*cl
iro 3 n'r í

(ßyr) t
_ielf-

( ii,):
,1,L/1

(id )å
,¿¿A

(1i,¡) 
2

va Lt

(id )3
t¿Å

çio i|+( LðÉ/z

(v) . ,/ +,

75 "LB 0.415 L5 "99 Uø lU 2L "28
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70, BO 5 "379 o "621 A ryT- 1 ^2.4q O "'79 21.00
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" 
ol L "27' l_ "98 L9 "17

hx ullvvò )v '7 "844 00" 20 LO.r2 L "291 + "58
€'7 "96 9 "026 o "629 7 ,9r L "296 O a\O

67,O5 LO *L76 o.6L7 r aÔ
j @Lv L "29r L1 .5+ L7 "82

A^th LL,296 o "607 2.'77 r "279 19"01 L8 "+7
6' "28 L2 " i87 0*40 L "279 24,01 19"oo

6+.91 L2,8L+ 1"178 ?Lt "70 L9.O2
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CO1ûPLEX EORIÍuITIO¡T SîiilIiÈS

A preU-rn'ilr.ary test to exarn-ine the formation of

sulfate conplex. was camied- otito In order to replace the

sul-fate ion r,viüh perchl-oraËe, barium perchlorate was added to

preciþitate the sulfate ion in vanaðium (II) suJ-fate sol-ution.

Barium sulfate precipitate i,vas thea separated by filtering
through a fine glass fj-l-ter under i-nert gas atmosph€rêo

Polaeograrns of 5 aM vanadium (II) perchlorate in O"l

1{'perchloric acid, and 0"1 F sodiim perchlorate, and of the same

concentration of vanadir:m (II) ion ill O,I N perchlssis acid but

of varyi-ng coucentrations of s,ulfate ion (ionic strength was

kept constært with sodi.um perchlorate) r,'rere recorð,ed."

The resulting half-rl¡ave poten'i;ia1,s were fou::-ð, to be

constant at -O"4+9 volts. vs S.C.E. and i:rdepend.ent of the

sulfate ion concentration up to O"5 idl" !-or th:is reasonr any

sulfate complex formed. must be very v¡eak and woul-d not interfere

rvith furtb.er i-nvesti-gation of thioc.yanaie and. halide complexes

with. si:-lfate i-ons present in the electrolyte solution"

Application of the relations prevS-ously derived for
the study of vanadiu¡n (II) complexes r¡¡ere caruied outl i,vj-tb-

thiocyanateu fluoride, chlorid.e, bromicle and ioCide as complex-

j.ng agents,

1) Flr¡-or5-d-e eomplex: Table (IV) d.emonstrates that

&/rru colsstant at - O"5?sO + O.OOI volts ( S"C"E" )'when the

concentration of excess fluoriðe ( based on the vanaðium

mono-complex species ) is þreater than O"O4l ivl" '{,Iith smaller

concentrations of fluoriðen it is shifted to a more positive

value as, CU_ decreases" This effect i-s sh.gwn more clearlg
by the plot of these data in figure B. Three
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different slopes of 0.Oir, O"QQ75 anð O are obtai-ned from the

coæesponding three dotted li-nes ârb and. co The O slope is
agreeable to the theoretical slope precticted by equetio¡t- (22)

for p = eo The values p - q. corres,pond.j-ng'bo slopes O"O1, and

O.O7?, are O"59 and l"Jl respectively. Th-ese are not i-ntegral

numbers owi.:rg to tb-e nixtu¡e of different coord.j.::atio:r nu-rqbers

of complex ions prespnt i:r the solutiono and only the average

of these values j-s sj.gnì-ficantu

The d.ata from table (IV) combined with the data from

table (II) can be used, to eval-uate the retio of formation

constant of vanad.ium. (II) and (flf) cornptex€so

For the reaction
., n** Tr ô+++ozu "..- uz' + e

, Ur, )s = - o"Êw+g volt vs s.c'E"
and for complex ion reaction:

v-otp'12 - P,-= v^o(Ð1 - q
o Z"\. )T

the (8./r) 

" 
=

(22) r wê have,, .r rr

o.org rog ( \to(¡)f - t) 
= -o.53o - (-0.¿+49) = -o"o8r-vort.ouro,"); - "

- O"5ã0 volt vs S.C.E" and p =

i-s higber Ì;han 0"045 I!I" I{ence

= L1"7O

+(p-q)F-+e
q wb-en fluoride
frorn equati-onconc entrati-on

and. therefore

where

fueo(u)l -
Kvrotr¡fr - ?

zo3)? - P

zo(F)i - F

þrocu>l -pì-J
-tf
^-ì¡

v

þzo**l["J "
þroculÊ 

- 
"J

þro**][u
and

-IP-
_t-



7E

Table IT" Hal-f-rrfave -l-o'bential Cf Vanafiun (II) Fluoride

Complex fcn i.s -{ Function Of lhe F1U-orid"e

üoncentration, üoncentration Of Vanadiu¡a (II)

Sulfate tiiåas O.OO5 To p.OO45 iri"

iia F i-n gxcess
X 102 ii¡i

Log CF- -þì, vs" Ë,C.,T ,/2 volts

1,5 -2 0+8 o "+76

6"6 -2"I8 o,+89

9"8 -2" 01 o,492

L1"O -1"89 o "+97

16.1 'L "79 o,501

21.7 -L,61 o "rI+
3A,3 -f"50 o"5L8

ltÍ tr'-î) ø ) -L o¿14 o.529

,9 "O -L "27

7l "B -1.14 o.r29
,qLl L- -L.O' o.r32

j oo"+ -Q.99 o,528
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.ii) tlhioeyanate complex; Ðata a'Ì.e shorsn in table
(v) anc-r. also a plot of the b.alf-wave potential vs logarith-n
concentration of free thiocyanate ion as. Fig. g. Values of
p eiO"525, 2 and O were obtai-ned from the coffesponding

slopes of o"otl, o.ol8 and 0 of the d,otted li-ne a, b and. c.

when the concentration of e)ccess thioc¡ranate is smalrer than
oo 0, 1!i, the value of oo525 :-nð.icates that a mixture cf som-

plex ions d-ÍfferenÌ; coordination :rumber6,.;r¡râH'pies:ënt: in the
sorution. [he value 2, obtained when the free Ëhi.ocyanate

ion eoncentration railged from o.o5 to o"o43 Ii{? is in asree*
ment with the theoretical slope predicted by equati-on (zz)
fon p - e = 2" Tbis fiea6. that the coerdinati.on number of
vanadium (rr) com.plex is Ja rger than vanad.ium (rrr) complex

by 2 in, th.:is concentration rangê. Äbove 0"045 M, p e = O

inðLcates thæ.t the saae coordination nulber in both ori-
di-zed- anð, reduced form"

[reating the sane procedure as previous sectiono

we .got i
-&, 

nr ñî\Tc:\Z - P
u 2-\ v¿IL-¡ / p = 25"45 for p = q

furoccls)3 - q

iii) [he res,ults on the ehloride, bromíde and io-
dj.d"e showed that th.e half-üiave potentiars were independent

of those ions present and always kepù at *Oot1J+g voLts vs

s,coE This fact indic ates the complex formation of van.a-

d.ir.l-m' (II) with those anions are very v¡eak"
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Table Y" Half-''f'fave Poteatial Of Tanadiu_m (ff ; 'Ihloeyanate,

üomplex lon 4,s A Function Of The lhiocyanate Conc.

Concentration Of Vanad-ius. (TIj Sulfate ï¡as O"tO5

To O.0O4þ l';I.

}üi,. CNSLl- t-n
4

10-iú
excess log car,*_ -w,,n vso fi.C"E,

voltg,

../o+./ -2"ro O, "+AZ

7 "BL -2"11 o,+78

-L "81 o.489

2? "7+ -r "64 o "+9+
29 "88 -L "55 o.4gB

v6.BO -L,47 o.5Q1

+1"r4 -L,16 o "5L+

,6 "+V -L,2, Q "116
68 "6+ -1,16 o,516

91.11 -1.O+ a "rL7
LzO.93 -o "92 o "rL1
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p = q------>i

gr,

d
fo+bP ,-¿-,/ - _ {r--

-¿-'-ù'ó- I

- - -;?-- |

Q"47 o.4I 0.49 o.50 O.5f O.gp. 0.59 .O:S4

.g
F

@.'

FrG. I
- F,7, vs S. C. E. volt.

þ{AÌ-F,WAVE POTENTIAL OF VAruAEIUM(I UTHIOCYANATE COMPLËX IOf{ AS A FUNCTION
OF TI{g EXEESS THIOCYÂNATË CONCÈ*îNA-Tl0P.
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CO}TüTU*TO¡T

The â.¿foiric c.iffusion ci_¡-r¡,en-bs are propo:r,tional" to
the concentration of vanadiu¡n (Ii) ions with the rrifj:usion
current coeffici ent 2 naz ! o,o3 þrt/ lair] iirror e l_¡er liter

^/2 - Ì-

m¿l 2 tl/o à

In O"l l{ percir}o::.jc acÍð soiution, the Croppin3
jiiercury electrod,.e reaction cf va¡rsciu-n (rr) anð (irr)
coi-rt;le j.s shown to be

( Vo - V)** ç-_- ( ,fO - rl ¡-i+'t' + e:

[hj-s is conj]i::r'ieð. by potassÍu::r permanganate tr tration*
$ue to its high recrucin¿ po1i,¡er arr.;i i_nstability

in compJe x f o:rrn¿. i;i on , it is hard f or us to Cieterr¡.j_i:e ð.i*
rectly the vansðium (II) coraplex forrnati orr consta,nts" The

::atio of formaiion con.s.bants of vanadiu¡r (rï) a¡.c_-r (fr:l_),
11.7o enr-l 2j"+5 cor:responrring to fluoriðe a.ncr tt:r_iocyanate

co:.rr1r1exes, obi;aineð Í¡r our inves.tiga-i;ions will enabt e Lts

to evaluate the vanaCirm (II) con¡,rlex fo¡mati on constsr.,.bs

as the corresponirinE va-nac,i-rrn (trr) cornolexes forrirai-ion
cons'r;ants beccrle available "

,Ihe coroplexes fornieC lr¡,r va*aði-unr (lf:) wi,ch

chlori'ne, bromi¡e an.d icÃide ¿re inðica-beð to .be 
ve¡'y

ureak by ana,lysis of tire irarf*lvave potential_s,
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