DAEHAN HWAHAK HWORIEE

%md of the Korm Chemical Society)
ol. 32, No. 3,

Printed in the Repubhc of Korea

CIHSEZAE SHSHAM HiD2)2|UERE Z8Et
fekE(Vhat s|IsRdIDE4 28 Z2t2ay

TH@ - THER' - B£5
z4dta AQoa Y Syt
(1987. 12. 4 AF)

Polarograms of Uranium (VI) andRare Earth(lll) Metal Complexs
with Maecrocyclic Ligands in Dimethylsulfoxid Solvent

Hak Jin Jung, Oh Jin Jung, ! and Chilnam Choi
Department of Chemistry, Chosun University, Kwangju 501-759, Korea
(Received December 4, 1987)

2 o HYeldaZAe g0 FoA ofF w3 v v 2EIA N0, Y Adae =%
& Z8Y FeE (VDR YL dID3E, 28X cryptand 2229 DBC Adl e #=d 51
+ VeH DA FehE (VD A2 dd AFEdzzdzy AFE zA89Y ARIaa
Aol 3t iz} AHE] 43 YA, M4, BEAA B AAE D AHolel o
& 4% % AS—AQAF LS wFES Gob nekth, 28]z FEEY MAE A 249
£ gotngtel imineAd] Ad2EE 2ed /e A EUIDAES] 45t Jelda] gsto
Y, $2RE(VDRAEL 647 334 #HU%E DBCE 7w a5 (VDEAEL 244 294 3
{318, 282 cryptand 2229 DBC & 7Axle W9 & (IS 134 194 3458 A7
velflon] ol F AEEE FAMAlH A9 vjad e} uranyl(I) 4 Fo] 29 1,2
2A #doe 1A FASele] A 3Al #UstelAE 4R BQukE, 282 neodymium
(IDAE& 144 194 3933 E 72k, DBC ¢ imine Al A =z AR g 72 Lty
(VD5 pH=7.0 o| 4ol A, cryptand 222 8} DBC & #7tc.2 & vl -S(IDEFHE L pH=
4.0 o] el A <A ZAES AP iminedA] ARz P& e UOH FEY kA x A
TRHE 7.008~7.2730 et AL AAE FTUEE AL ©] F%EL Odien-Ntn>Trans Otn-
Nin=Cis Otn-Ntn>Oen-Ntn 0| it}, =z2]z UO.(ID-DBC, Nd(IID)-cryptand 222 2 NdA(II)-
DBC 259 A x Ao 7.614, 12.669, 4.223°1Ax DBCE e FHEdME UOH =9
AT Frgel N9 27 pe; a0 Nd*-cryptand 222 389 AA = A7 7% ad,

ABSTRACT, The uranium(VI} complexes with new unsaturated macrocyclic ligands of cryptand

types and the neodymium(III) complexes with cryptand 222 and DBC ligands have been investig-
ated polarographically in dimethylsulfoxide solvent. The reduction states, electron numbers invol-
ved in the reduction process, effects of the added acid on the polarograns of complexes, and the
mechanisms of the reduction electrode reactions have been examined. The stabillity constants and
mole-ratio of new complexes were also obtainedby polarographic method. The reaction of ligands
was controlled by the diffusion in the reduction with four electrons at a step, whereas the redox
reaction with six electrons at three steps in UQO,?** complexes with macrocyclic ligands and the
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redox reaction with one electron at a step in Nd** complexes with cryptand 222 and DBC have
been observed. The imine ligands formed stable complexes with uranium(VI) above pH7.0, and
the neodymium(IIT) complexes with cryptand 222 and DBC ligands were stable above pH 4.0.
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Fig. 2. Polarograms of uranium(VI) complex and its ligand in DMSO solution with 0.05M TEAF as a
supporting electrolyte at 2540.1°C @ 0.05M TEAP. @ 0.5mM UQy**-Odien-Ntncomplex-+0. 0sM TEAP.
® 1.0mM UO#++0.05M TEAP. @ 0.5mM Odien-Nin+0. 05SM TEAP.
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Fig. 3. Polarograms of neodymium(III) complex and its ligand in DMSO solution with 0.05M TEAP as
asupporting electrolyte at 254-0.1°C @ 0.05M TEAP. @ 0.5mM Nd**+0.05M TEAP. & 0.5mM Nd*-—
Odjen-Ntn complex+0.05M TEAP. @ 0.5mM Odien-Ntn+0.05M TEAP,
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Table 1. The half wave potential. diffusion current constant and diffusion current of dioxouranium(VI) and
peodymium (I} complexes with various macrocyclic ligands at 25.0+0.1°C. concentration of complexes=0.5
mM, TEAP concentration=0.05M, m=1.86mg/s, drop time: Ssec

reduction wave
metallic
ligands ) 1st 2nd 3nd
ion
{EE'V’)z)U %,Sz (pIA) b (Ey)u Eipe 1 D (Brde Erpe 1 D
Qdien-Ntn —0.450 1.9 8.81 X 1) —1.375 1.9 8. 81 X 1075 —2. 475—2.325 6.3 4. 95X 1t
Trans —0.425 1.7 6. 25X 10§ -1.40 1.7 6.25><1U'ﬂ—2-450—2-30 5.6 397X
Otn-Ntn
Otn-Ntn UQ2+ |~0.575—-0.450 1.8 6.64X10"4—1.125—1.375 1.8 6. 64 X 108 —2. 475—2. 325 5.9 4. 28X]1™®
Oen-Ntn —~(.450 1.5 5.48X1078 —1.375 1.5 5. 48X %—2.475—2.325 5.4 3.66 X ¢
DBC —0.425 1.8 5.49x 1074 —1.425 1.6 5.49%x 10§ - - — —
Cryptand —1.375 1.8 7.91 X0~ -_—- - o~ - — —_
222 Nd¥* ]-2.125 —_
DBC —1.875 1.9 8.81 X109 — - - —_ —_—— -

(E1,2)u: half wave potential of free UQz?* ion. (E)/2);: half wave potential of free ligand.
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Fig. 4. Calibration curves of Odien-Ntn-UO»2* com-
plex in 0.05M TEAP-supporting electrolyte solution
at 2540.1°C (A): 1st and 2ndw ave (B): 3rd wave.
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Fig. 5. Log plots of reduction wave of Odien-Nin-
UGQ,?* complex in 0. 05M TEAP-supporting electrolyte
solution at 25+0.1°C.

38yt oid Fig. 6& DBC-Nd™* g9
Al 18 ato) BF AFAdelt, o) ES) H g
< FL AU ¢ Bed5Fe, Fig. 59 6024
B 3 o] &9 #duae] A9 Aer] @gEL
Table 28} 7r},

Table 204 UOS* A8 A 13A|9F A2
A $95 7171 69.6~61.7mV o] = DBC
F2L A Az imined 2 REE 2T
3 A 34 #L5te g 7187 g 18.4~
17.4mV W slo] A, 2elz Nd* FE] &
a3 717 % 65.3~66.TmV o) glek, o
A ZE AZE9 A 1342 A 234 Hgsh
71€71E 14X 345 o] 234 59.2mV g} 4|
oz 134 FeFPez ¥ 4 jled
U0 489 A 334 st 71 &7l 443
F45 o) &3kl 14.3mV Y Artgmz 43%
FoHAgole & 4 Ad, 7Y HolASs art
10/ BYurge AAS AQAqAL o] %
o 13d AAAY FotAw ¢&9. AP L

Journal of the Koream Chemical Society



SAEE RN gl FAN Adzed JPEE 2EE +AB(VDS FENAD IS 19 Eohzaq 239

Table 2. Nernst slope of dioxouranium(VI) and neo-

0.70 dymium (III) complexes with various macrocyelic
ligands
0.50 ligand metallic reduction wave
ion 2nd
Ist (mv) 31’('1
0.30 Odien-Ntn 67.6 67.6 17.4
Trans Otn-Ntn 65.2 65.2 18.3
" Otn-Ntn U02* | 69.9 | 69.9 | 18.4
S P Oen-Nin 65.2 | 65.2 | 180
PR DBC 6.7 | 6.7 | —
~0.10 — J—
Cryptand 222 N 66.7
DBC 65.3 - -
-0.30
FEAALE ¢ 4 Ak
-0.50 &Eo] pHo| cHEt I3 UGA* aHgo pH 1

~17A A3A 7| A Eetzad & AR 2

~1.925 -1.975 ~2.025 -~2.018 -2.125

E. volt vs. SCE s+ Fig. 73 7k}
Fig. 6. Log plots of reduction wave of DBC-Nd%* Fig. 744 & o 3l& ups} 3Fo] pH7 03}

complex in 0.05M TEAP-supporting electrolyte solu- o)A imined A9z S AAE UOL 325
flon at 25:£0.1° 9 Fzade 389 394 Bsh Al
A A g, oY FAHNAH E 4 £ 4 2% st gYaatE A ol &) 4+t
A9 F4He BF A940 vad F& & 4R Sl w2 kY 3E 43S

1.0 ﬂAI

Current

| LT
I 7

0 o 0

E, Vvs, SCE

Fig. 7. The effect of pH on the polarograms of UOg2*-Odien-Ntn complex in 0.05M TEAP-supporting
electrolyte solution at 25+0.1°C @ pH=1.0 @ pH=3.0 @ pH=5.0 @ pH=7.0 & pH=90 ® pH
=11.0.
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complex in 0.05M TEAP-supporting electrolyte solu-
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FFoz FATE ¢ F % 2# =z pH
7.0 o) A A, VO FES HYU%y ¥4
289 ybdd HEe e gk o3
o AL U0 ZEoll 4bg A7bdel et &
AR 5 o] FF-L Ate] A HeFE 9
g, zez 44 SR U0 3ol
o) Hte] Frtsje] 229 imine | & }E7t 3

#3522 U0 7} UO,™ & wpe] A7 wjEol 7
AY —0.78V e} —1.2V oA Zzt Fo st ot
B Aoz f4¢ 4 At o Az pH
7b w& &YolA el Davis® i} Lai¥’e]
UOQ,(EDTA) #29 d-7+A 4} A% 0.5
mM Z-Zo) A3 A 152 pH wstel =g &
AAF & Fo log ke plord A
& Fig. 83 7},

Fig. 894 2 uhs} 2ol pH7.09] 24l A
logt.;_iik%-?: 0.459 A% @§& kA=
pH 7.0 9} A A& imined] A ze 23=d
AAE U0 A& At £ 4 it

EZEe orE A2l moled] HE, =E
A8 FEY AR A 24y ((UOH) :
(L)E F37] 939 27t 55§ 0.5mM
A 1L1mM7tA] 34 o 55 FEE3 §

F5E g A 1499 wakAg S A2t
ZA% G2 (Ey).— (Eyy2) ol A3 ligand S5

- =H3LE plot ¥ A#E Fig. 96 Vel gk,

Fig. 99 A3l A& vz e
22 Lingane®y o o|ste] W=} 259 X
29 HAE A4E T ¢ Aok Fig. 99
A#E Ligane 4|, JE=(Ey3).— (Ei/2),=—
2091 tog 4220 tog(A)e) S A A are
o (Ey)e 32 29 A d, (B,
AR & o F509 A9, e T
$oll At AAF, 2= WA AgR,
(A 8 WAe] 5=, logkye FF9 g
A% Agolct, Lingane Ao o#A 73 £ 4
WAEe QAR At 2A4¥ 5 Table 35 %
o,

Fig. 9|4 71&7 zez¥y 92 UOH
Age] =4uE 1:1°%em, Table 3614
imine A Adixa] HA=E JAE U0 &
2 7.008~7.273 )8t MEE AL AT #
EE AUtk ol & gEL UG o wigd 3t
£ imineAd] Adxng =] FFAIA
g G744 vt2w 1 3§ Odien Ntn>Trans
Otn Ntn=Cis—Otn Nen>Oen Ntn ol e}, =
g = U0%*—-DBC, Nd**—Cryptand 222 % Nd3*
—DBC #&5Y A= d(oghe A7 7.

Journal of the Korean Chemical Saciety



Ao RN s $Fd A Ad =] g Y FAEVDA JeF(D S5 3Ee Fetaag 1

Table 8. The mole-ratio and stability constants of
dioxouranium{VI) and neodymium(III} complexes
with various macrocyclic ligands at 25+0.1°C

ligand metallie mole-ratio :L:bsltl;g
on log £
Qdien-Ntn . 1:1 .27
Trans Otn-Ntn 1:1 7.13
Otn-Ntn U0,z 1:1 7.12
Oen-Ntn 1:1 7.01
DBC 1:1 7.61
Cryptand 222 Nd%* 2: 12.7
DBC 1: 4.22

61, 12.7 R 4.220|3ld, o] &2 FHUXNG &
A A ged, DBC g zte AR U0 2%
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L : Odien-Ntn, Otn-Ntn, Oen-Ntn

pu
2) U0 {UD-L E —
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-
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425

12=—0,

v U0, (1) -DBC
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