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2 2. 0.5M NaClO, #894F¢ F2AFA vius-to 2 E] A el EAHDTPAIE o
A7 $9 L WYL RS 25T 3.2¢pH(10.50 AAHN dFHH. vhIE()-DTPAR B L
L& pHol AN V.A (A=DTPA)2A EA#3 EDTAZ LS t& gelvlsl2B ALz 3EES @

F2H717 doix) @#xn OH = W= gon seygoz whdg(l)-DTPAREZ ¥},
3.2¢{pH{(5.99 e AZvgol V-A* " +tH +e =V-HAY ¢} Zo] 3o V- -HAY & A AFE
3.09x10"z 2o] st} VO ol&e Z% pHAAAI FAW§2 VO¥ +HA =VO - HA* +H'
2 VO - HA*" =VO - A +Hs} 2o 224 Z2HA A8Ho], VO- HA" 9] Al P4 pKa=7.159]
tl. VO - HA® ¢ VO-AY9 A= re 47 L41xX10" 2 3.80x10"s Po| TRt wiyE
(V)-DTPARE S v7lg9 3oz wue(ll)-DTPAREZ BUEHY o Roldsx =043t} o &
29 BASGNNE 2 BHA BLEt, o o NAIAY #QPL 3.2(pH(10.5%44 VO-A* +
e 2V0-A' Q) Rez AU FEA @A g4 VO 93 o, VO-HAY & VO-
A' o] BAALEA 24z (9.0+0.49)X10° em®/s R 5.9+ 0.4)X107 em?/s& FHATT.

ABSTRACT. Reduction and equilibrium of vanadium-DTPA (DTPA=diethylenetriaminepentaacetic
acid, HsA) complexes at mercury electrodes are studied in 0.5M NaClO aqueous solution at 32 {pH ¢
105 and 25C At 3.2{pH (5.9, the reduction reaction is V- A>"+H" +e =V + HA’", while at 5.9 {pH
{10.5 it is V* A? +e =V - A%, The stability constants of V+ HA?>" and V * A* are found to be 6.46
X10° and 3.09X10% respectively. V(IV)-DTPA undergoes stepwise complexation as VO** +H,AY =
VO -+ HA?" +H" and VO - HA* =VO - A* +H", where acidity constant of VO * HA*" is pKa=17.15. Sta-
bility constants of VO -+ HA* and VO -+ A" are found to be 1.41X10" and 3.80X10", respectively. It
is detected that VO?*-DTPA is reduced irreversibly to V+ A" with the transfer coefficient of a=0.43.
At more cathodic overpotential, the reduction is stepwise as V (V)= V(ID—V(II). The first one co-
rresponds to VO * HA? +e —VO - HA* at 3.2{pH<7.2 and VO - A* +e =VO - A" at 7.2{pH{10.
5. The second is identical to that of V¥ (lI). Diffusion coefficients of VO * HA*" and VO * A*" are found
to be (9.0+0.3)X10%cm*/s and (5.9+ 0.4) X10 ‘cm’/sec, respectively.
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Fig. 1. pH Titration of V(I)~DTPA with KOH.
Initial DTPA(KOH added for dissolution)=7. 96mM
(A. By, V(IH)=0mM(A), 7.96mM(B). KCI=0.5M;
Initial volume=25ml.; Titrant=0.09215M KOH;
Temp.= 17C.
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Fig 2. Cyclic voltammogram of V(UI)-DTPA. V
(IIH=0.50mM; DTPA=9.5mM; p=0.5 M NaClO,;
pH=3.2; temp.=25C; HMDE =0, 013%¢m?.
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Fig. 3. A typical Tast and differential pulse polaro-
gram(DPP) of V(ll1)-DTPA complex. V(li[)=0.16
mM; DTPA=4 mM; p=0.5 M NaClO; pH=9.5;
scan rate=2 mV/sec; drop time=2 sec.
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l:‘,, volt vs. $.S.C.E.

Fig. 4. Ey, for V(IID—DTPA with pH change. V**

=0.5 mM, DTPA=50 mM, NaClO,=0.5 M, temp.

=25C.
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Fig. 5. Values of Eiz with pH change for the re-
duction of V**—DTPA in acetate buffer. V**=0.5
mM; DTPA=0.02 M; NaClO,=0.4 M; [HAc+
NaAc]=0.1 M: Drop time=2 sec; Scan rate=2
mV/sec; Pulse height=20 mV; Temp.=25C.

vs. S5CE

Fig. 6. Effect of DTPA concentration on E, of V**
—DTPA. V' =0.3mM: pH=5.0; A=un-buffered;
B=buffered with 0.5M acetate; =0.5M(A) and
1.OM NaClQ,; 25T,
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Fig 7. Titration of VO?* —DTPA. VOP* =0{A)#} 5. 10
mM(B); Initial DTPA(KOH added for dissolution)=
4.99mM; KCI=0.5M; Initial vol.=25mL; Titrant=
0.09215M KOH:; 17¢€.
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Fig. 8. Equilibrium potentials of equimolar VQ?* —
DTPA and V**—DTPA mixtures on HMDE at va-
rious pH. VO**'=V*"=1,00 mM; DTPA=0.02 M;
NaClQ,=0.5 M; Temp.=25T.
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Fig 9. A typical cyclic voltammogram of VO™ —
DTPA at HMDE. VO?*=1.00mM; DTPA=0. (05M;
u=0.50M NaCiO, pH=8.84; scan rate=100mV/
sec; temp.=25C.

otential, volt vs. $.5.C E.

Fig. 10. Cyclic voltammograms of VO —DTPA
with potential clipping at first reduction showing
effect of scan rate changes. VO*" =2 mM; DTPA=
0.05 M; p=0.50M NaClO, pH=8.0; temp.=25T.
scan rate; A=200 mV/sec, B=45 mV/sec, C=10
mV/sec; HMDE =0.013%cm’.
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Fig. 11. Tast and Differential pulse polarogram of
VO** —DTPA. VO** =0.3 mM; DTPA=0.05 M p
=0.50 M NaClO, pH=3.2; Temp.=25C: Scan rate
=2 mV/sec; Pulse height=20 mV(DPP).
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Fig 12. pH dependences of first(I) and second
(II) peak potentials of the differential pulse pola-
rography of VO*" —DTPA. VO**=0.3 mM; DTPA
=0.05 M; NaClO,=1 M; scan rate=2 mV/sec;
drop time=2 sec; tmep.=25TC,
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Table 1. Stability constants for the divalent first transition metal-DTPA complexes

Atom No. M2+ log K for M - HA log K for M - HA
23 Vv 9. 81(c) 14. 5(c)
23 VO?*) 14. 2(c) 17. 6(c)
24 Cr - -
25 Mn 9. 00(a), 8.63(b) 15.51(a), 15.60(b)
26 Fe 11. 28(a), 10.71(b) 16. 6{(a)
27 Co 13. 30(a), 13.43(b) 18. ¥(a)
28 Ni 15. 25(a), 15. 26(b) 20, 21(a), 20.32(b)
29 Cu 15. 27(a), 15. 6%(b) 21. 00(a), 21.55(h)
30 Zn - 18. 40(b)

(a) Durham & Ryskiewich, 1958. (Ref. 5). (b) Anderegg, ot af, 1959. (Ref. 20). {c) This Work.

Journal of the Korean Chemical Seciely



vhtds HEe P9 R PYJF 63

Table 2. Stability constants(logK for M - A) vanadium
complexes with EDTA and DTPA

lon - EDTA" DTPA?
Vi 12.70V-Y°7) 14, 5V-A*")
VO 18. 77(V(Q-Y? ) 17. 6(VO- A*")
v 25.9V-Y ) 27, 89(V-A?)

* Pribil, 1971(Ref. 13), p.27. * This work.
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t}. o] DTPA7F EDTART ¥xa7)7t o 2
o AR} o B dEoZ ¥Wd.

#3 oz wptgo)&9 EDTA®H DTPAAE
o MHEE Table 33 ¥, V()& V-HA
Hepe] AEA A DTPAY 4sgert o &
S oh V(IS B¢ V.HARE S %8 EDTAY
2% pKa=2.54°1tk. DTPAY) A¢ AMAPE7H
o} zn B AFPAM I & FHA RIHA
. 2% V-AZH 37 shdERES EDTA
¢ 7% V:-OH-EDTA* ¢ {EE WEH o
» AT AMEE UehiAR V.DTPA* &
Mgl obF Z3 WM V- OH- DTPA® €
¥a97 Feu. VOe VO-HEDTA & 73
2 pKa=3. 16224 ¥ad APxrt axg
VO - HDTPA* 2| A% pKa=7.1584 A =7}
zje},

"rhz cholFtZ B A 4ty BRHGES ¥
2% 2HF Fg 139 et A7)

S.5.0. 0,

volt vs.

Fig. 13. Ei» for reduction of some polyaminocarbo-
xylate complexes of vanadium. A:V*"—DTPA(This
work) B:VQ*' —DTPA(This work) C:V** —EDTA
(Pecsok and Juvet, 1953:Ref. 6) D: V(' —EDTA
second wave(Pecsok and Juvet, 1953 : Ref. 6)E : V*'
~CyDTA(Kimura, ¢f af., 1971 : Ref. 9).

V(1) ~EDTAZ&& DTPAES 7% g
pH=8.3% $4d22 4d& pHelM e Epzol €73
# AgolM veElvd: & pHelNe £ %
%oz oE¥c. & V(I)-EDTAE pH(8.3
AN VY +e =V-Y" R pH>834A4 V-
OH' Y +e V.YV +0OH & ¥ #Y¢go] I
g8t V(I —~CyDTA® EDTAS ¥&# A%
& #ch, 2 DTPASl #A$ole EDTAY
CyDTASl A% vtz & pHoME F4&9)
9] V(IDel V-HA*'Ql 32 FA8, 2
2T V(II)-DTPAREolEe OH 7} @A
2ok, ol& DTPAEAVE 23 WA &
otA) OH ¢ ©i9€ wasty] g Re=z
AzhEch,

" Table 3. Acidities of V-EDTA and V-DTPA compiexes (pKa)

lon Deprotonation® A=EDTA A=DTPA’

Ve V-HA=V-A+H 3.5¢ 5.87

v V:HA=V-A+H 2.54% _ {very low)
V-H=V-OH-A+H 9.60, 9.57 no Ol complex

Vo VO-HA=V-A+H" 3.00- 3.16 ' 7.15

* Charge balances for A are omitted. © Schwarzenbach and Sandera, 1953, (Ref. 7) * Kato and Nakano,
1983. (Ref. 10). © Ahmad and Higginson, 1983. (Ref. 17). * This work.
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