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ABSTRACT, The uranium(VI) complexes with new unsaturated macrocyclic ligands of eryptand
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types and the neodymium(III) complexes with cryptand 222 and DBC ligands have been investig-
ated polardgraphically 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(IIl) complexes with cryptand 222 and DBC ligands were stable above pH 4.0.

bqoOB

Az gztee Yutd oz Frlx A4,
& zEvld] AxYANE A= crown A 3§
% 229 AadAst A4 2= FYAE
AF == A X3 cyptand A BFE2
HolAY cryptand Al SFEF Aa—aa FA
4AE 2832 & Ad =z 2 7eE crown
A S3E ALPANE THE cryptand A
Adzel Zzkee] wdo F4 AL SR
32 g+t

ol Adzy =g 23§ Ho|FEHE
£+ hemoprotein 8] RW7) 5o musitEz
A BEF7]| 3okl A3g A9 o Aol
Hz gled, Adzaastz qdtd o] E A
8 YR=HEY HAEAFE AY gt
Hdle oz Adza gPeg 2 I3
9 4750 @uteio),

AFE N0, & N;O,—H, A Az 2z
=% 238 AolFS, 85 (VD ¢ IEH

) +532-59 434245 QA =453

of Aol 3d o] & A g
AolFgolvt $2t5 (VD) 453 43S 5
< 4% JEFUD IS EL 459 94
2] ¢kokeh. 22l cryptand 221 3 cryptand

222 A =sd TG JEFUAND FESo|u F
9 271E 223 NOu A Adze zics
E3g Ni** F52 5o o3 A =FF-S 23
el gfste] Zhzt S A AskY 211 Kulstad!?
T oM EYED oS 4] cryptand 221 33}
cryptand 222 Ad 28 =g I gL
REZHETESHES T A/ AREY
gote AAE A4E SHAANES. 2y
Spiess %% 89  FolA cryptand 2213
cryptand 222 B =L SHu (VD) EE3 3
=& =R gedz gk

Vol. 32, No. 3, 1988

A %% crown ether 53 Th (IV)IF&<& &
A%z %A wgel o4 389 Fz o
A2 4 & AEdn AVAzed, Zg
2oy 9 8% ARF—AGY 5o o8 o)
HEFAS §oFolA o5 FEESA dg 4
S$—UEE AIEE Az tsie
FAEH el A Az -Ni(D) 459 FF4
o F2H229 ATE SAT o] 59 P4
Ni(II) %5 $oll 4 imine & o] &0] amine &o] &
Br} 3go] £o]FL A9tw cis X} trans iso-
mer 2H-E-0] Zt{lo] LoldtA Yolyeg nws}
3 et Sevryukovs'7s}t Grosbois®e 4-£-of
ZolA Né* o Setzade @5 Ax7
H49 T Frlol o=} A Az b8t
3 Nd* 9 Zehzzae 39 f¢ss e
4keh, Levepue & 2.9 o FAL-E2 DMF, eth
ylenediamine, acetone, acetonitrile @ ©joj el &
ZAEgo Fol A BBFE 249 37be] L] 1
g Fetra g SAFAGTBE o] oA
JEF S50 2YA AT S0 FFo] wpet 7
& & FolA I EF FF0) 2% wazt 39
S %50) % hES & ¢ A e
Z Sm¥, Eu®* 9 Yb¥ &= 2 <h4) 39 o9& Ladt,
Prét, Nd**, Gd*+, Tb**, Dy3*, Ho®, Er** @
Tm® = 44 345tE 44 2o Fo, Zanello
o 29 o2 dFAEE HedEFAAss o}
Aot E &o Foll A ulAl, At D oA
dobA &A1 9 2 7eE 233 UO Fo] 259
Fheade A7 2ARAPR olEe o
e Fol wet e g l=dAx o]
z24d ozt g whsbA S gk A4 2] ye
gew ol 59 BURFS 144 197 B
£ B9 F gl

EdFlAE 539 275 2893 olulA
N0 A A} z2] 2 7t=1} cryptand 222 2 DBC
Adze] R E5S T3 U0 9 N&+ 3
=9 A7 54 ¢ AR o] A= I}

=

|

N



AR EFAE $ 304 Adnd A=F Y +34E(VDS JefMDIS 159 Thzaqy 235

=
FEEFH e (VDE5E A9H ez F
g T oz FAGTRo] vlad & o
dEIAs ejFolA o)F FEo] Hg F4
4, 7194, 3L4F3A B AR £ AA
7be] wE Zetzode 4P AR O 2
ol A& AFusY wAYEE A3t
22z old7tA] ¢ A v g Fx3HH NO,
Y Adzegees EFT UOH FHE9 A
28 HAERTY 24 & AN

a4 &

Al ¢} salicylaldehyde, 1, 2-dibromoethane,
1, 3-dibromopropane, 1, 2-diaminoethane, 1, 3-
diaminopropane, dichloroethylether, tetrameth-
ylether, tetramethylammonium hydroxide, am-
monium hydrogen oxalate, uranium{VI) nitrate,
neodymium nitrate, dbc @ cryctand 222 &
Fluka A £ A] &% sodium boro hydride, borax,
F4 Na,S0, 5-& Wako 53 A& AASHA
%z a2 AMER =, ligand 44 EH=
A}£-3 methanol, ethanol, aceton, ether, chlor-
oform, methylene chloride $-& Wako &3 A
g Aasisieh

71 7]. ¥E=4-2 Yamato melting point app-
aratus model MP-2 2, #9A ~¥HE#L2 KBr
9w S o] 43 Shimadzu IR-440(5000~300
em )¢k IR-420 (4000~400cm™ o2, P4 F
4] & Yanaco CHN Corder MT-33 9] 94 ¥4
AZ, 'H nmr A8 52 Bruker nmr spectroph-
otometer (80 MHz) & o] &3l d4ich, pH &3
£ Tokyo electric 3| AL2) potentiotitrator 625 2]
stze 8 23471548 £99 pHE
Kyoto electronics AT-1189] A-5-A A=A A A
of ¥3g pHAFE AH&3tlen AHEr=
water jacket 7} & AAHYP L ALg3lg o
2xx4 & Hakke §-2 z=A71& A&l

AU, Addd] AL HHEEFA =Y F
AS 2.3 Codtzectt o Wpglol whet AA3HY
£d, 534 DMSO & F#&ehazol Y
4 A7EE BFAA 23] FF3d NI FH

Vol. 32, No. 3, 1988

viot o 60% 9 FH-EuHE AHEE T olEE
Y o2 FA S DMSO & P05 & Yol E dlA
AolE FollA ¥A}A e, T/ F 159
ojulell gt AHEEIE S, FHE ool AR AL
A9 ¥z AFIdzadgden R
& 2%t g EA4E-E #$l3ta,
22x, SO, % #=jd(1:3:109 v =
33l CH;OH €98 M A Karl Fischer ] 0.2
2o Fe Atk 0.03% olsholn go=
A48, AXAHAE SFA % TEAP(tetr-
aethylammonium perchlorate) 9} whS-E@ =z A
4% A5EL AFA2IAA 50°C 2 A=AA
Y24 2 IR spectrum § 2AMSt T A 9
O] BAE vl HQldtd AgEldch YAE=
9 53449 AAAHALE AN &7l Yz 2
tzd AFE /1EAFeE 8t DMEE %
dA Tz Yo

A zg HZ=E 0.5mM & DMSO 50mi o)
4A3] 5 F& o] £ 0.5mM Y UQH,
N&* & 7247 £z AeeA 347k0] 4
IZPANF FH LYoz Agsige, Eetaa
BEP A 259 Eo] 8oemoA $2-9 4%
&% m=1.86mg/s, H3A7 t=>5sec e},
AAGY Fol Folde Ax2E AAs 939
o AHEE AadlAE 2EEY ARE Ao
At

AHoi 2| =tgrE B4, Lindoy 5-5%0] A<t
g FAYel wet Fig. 13} e Adizg g
Z+= % OenNtny(3.4 : 9. 10~dibenzo-1,12 diaza
-5, 8-dioxacyclotetradeca-1, 11-diene (CyoHyN,
0,)]), OtnNtn(38, 4:9,11-dibenzo-1, 13-diaza-
5, 9-dioxacyclohexadeca-1, 12-diene, (Cpy Ha,
NzOz)]), OdienNtn (3,4 : 12, 13-di-benzo-1, 15-
diaza-5,8, 11-trioxacy clooctadeca-2, 14-diene
(CyiHgy4N;03)] 2 Trans OtnNth (3,4 : 11,12~
dibenzo-1, 9-diaza-5, 13-dioxacyclohexadeca-1,

9-diene (CHx:N:0;)) 58 Z4 FA43H )

# 8 D@

AHcime| 2|ZtEE ZEs & ERe| &2tz
2. 0.05M TEAPS AA A=A LA <LoA



236 TEE - TER - 2t3

- 0
ro) 3
¢l @t

U

(Cen — Ntn) (Otn — Ntn)
m N(\
c, © & °
o O
So’ \J
(Odien — Ntn)

(Trans Otn —Ntn)

Fig. 1. Structures of Synthetic macrocyclic’
compounds.
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Fig. 2. Polarograms of uranium(VI) complex and its ligand in DMSO solution with 0.05M TEAP as a
supporting electrolyte at 25+0.1°C @ 0.05M TEAP. @ 0.5mM UO,2*-Odien~Ntncomplex-+0. 05M TEAP.
® 1.0mM UO2*+0.05M TEAP. @ 0.5mM Odien-Ntn+0.05M 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 Nd3*+0.05M TEAP. (3 0.5mM Nd3+—
Odien-Ntn complex+0.05M TEAP. @ 0.5mM Odien-Ntn+0. 05M TEAP,

o} v wdtd & FAY wFoew A o] F3}
A4S roAdFz ok o9k 2 b ¢
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Table 1. The half wave potential. diffusion current constant and diffusion current of dioxouranium(VI) and
neodymium (III) 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: 5sec

reduction wave
metallic
ligands ) Ist 2nd 3rd
ion
(EIV’Z)U E‘l,/z (yIA) D (Ev2)v Eiyz2 1 D (Erd)e Eipz 1 D
Odien-Ntn —0.450 1.9 8.81X107° —1.375 1.9 8. 81 X106 —2.475—2.325 6.3 4.95X 11
Trans —0.425 1.7 6. 25X —1.40 1.7 6.25%X1075—2.450—2.30 5.6 3.97 X1
Otn~Ntn
Otn-Ntn UO,2t |—0.575—0.450 1.8 6.64 X104 —1.125—1.375 1.8 6.64 X176 —2.475—2. 325 5.9 4.28 X145
QOen~Nin —0.450 1.5 5.48x10°¢ —1.375 1.5 5.48X1078—2.475—2.325 5.4 3.66 X106
DBC —0.425 1.6 5.49X1079 —1.425 1.6 5.49X1078 — - —
Cryptand —1.375 1.8 7. 91 X10" - — — — —_ = —
222 Nd*+ |—-2.125 —
DBC —1.875 1.9 8.81X1§® - - — — - — -

(Ei,2)y: half wave potential of free UOy?* ion. (E;/z).: half wave potential of free ligand.
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Fig. 4. Calibration curves of Odien-Ntn~UQO,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-Ntn-
UO.2* complex in 0. 05M TEAP-supporting electrolyte
solution at 25+4-0.1°C.
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Fig. 6. Log plots of reduction wave of DBC-Nd3+
complex in (.05M TEAP-supporting electrolyte solu-
tion at 2540.1°C.
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Table 2. Nernst slope of dioxouranium(VI) and neo-
dymium(III) complexes with various macrocyclic
ligands

ligand metallic reduction wave
ion 2nd

1st (mV) 3rd
Odien-Ntn 67.6 67.6 17.4
Trans Otn~Ntn 65.2 65.2 18.3
Otn-Ntn U0+ 69.9 69.9 18.4
Oen-Ntn 65.2 65.2 18.0
DBC 61.7 61.7 —
Cryptand 222 Nd3+ 66.7 — —
DBC 65.3 — —

294442 ¢ 4 Ak

&Eo| pHO| cHdt ¥#. U0 2HEo pH 1
~117hA WA 7| Eelzad g S48 A
s Fig. 73 Rt}

Fig. 7614 & & sl wsh o] pH7 ol
o] A imine A AdzE]E A= U0 FEE
o gehzade 32 3wA BUsh A
25 3Yste) fUsEE A o5 st
£ AR Frtel Bet 2 et d FE FAY

1.0 ﬂAI

Current

mwvﬁ*
JA 0 2BV

,_;_f_f

0 o 0
E.Vvs, SCE

Fig. 7. The effect of pH on the polarograms of UQO22*-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=9.0 ® pH

=11.0.
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Fig. 8. Effect of pH on thvalue of Odien Ntn-UQ,?*
complex in 0. 05M TEAP-supporting electrolyte solu-
tion at 2540.1°C.
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Fig. 9. A plot of (E1/2).— (Ey2), vs. log[Odien-Ntn)
at 25+0.1°C.
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Table 3. The mole-ratio and stability constants of
dioxouranium(VI) and neodymium(III} complexes
with various macrocyclic ligands at 25+0.1°C

. stability

ligand metallic mole-ratio| constant
ion log &
Odien-Ntn 1:1 7.27
Trans Otn~Ntn 1:1 7.13
Otn-Ntn U2+ 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 @ 4.220] %t} o] B EFHX¥9 B
dA g, DBC gzt #ZoA= U0 A&
o tH® A4 gro] Nd** 2Axe =08 Nd**
~Cryptand 222 #E9] kA ® A7t b4 =
o )R FFY 27 FHel &8 2] %
z I E Art 2EAr] Aol

atEo| MIANS WIS, B AR FEE
(pH=7.0)ell g FAAAel| RAd AR,
st 78 4 A5 AgA T AT«
FAGESE g e Adzd HA=E
M FEAEEY A3—3Y A3uEY

A EE ALstd

2

1) V0D L = U0, L

E1/2= -“0 45
e
p— UO0.(0) -L
El/z= —-1. 375V
UO.(0) -L+4H*+4e~ == U0,
E1/2= —2. 475V
L—H,

L : Odien-Ntn, Otn-Ntn, Oen-Ntn

-
IH-L_ = UO.(I) -L
@ UVOADL, = U0

P
— U0, (0) -L
E1/2=—1. 40V

U0:(0)-L +—— UO,-L—H,
E]_/z= —2. 450V

1. : trans Otn-Ntn
pu
U0, 1) -DBC —] UO,(I) -DBC
3 , (I1) e —0.425V (D
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— UO,(0) -DBC
Ey;2=~1.425V

(4) NdA(II) -Cryptand 222 fr— Nd
Ey/3=—1.375V

(II) -Cryptand 222

(5) Nd(I)-DBC +=—  Nd(II)-DBC
Ey/p=—1.875V

o2 2 4% 1985~1986W = 353 A)

2 A AT o Feolgen dFtdd
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