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SUMMARY

Lanthanide(I){Ln = Pr’’, Sm®’, Gd*', Dy*'} complexes of the 20-membered diox-
atetraaza—macrocycle(20-DOTA) have been synthesized by the schiff base conde-
nsation of 2,6-diformyl-p-cresol with 1,2-diaminobezene in the presence of lanth-
anide(Ill) nitrate hydrate at ambient temperature. Discrete mononuclear lanthanide
(I complexes of the type [Ln(20-DOTA)(NOs3)(H:0)I(NOs); - xH2O were obtained
in the solid state.

Equilibrium constants K for the substitution of coordinated CHsOH in the
[Ln(20-DOTA)(NO3)(CHsOH)]*" by various ligand L. — monodentate ligand La™
(donor atom N : pyridine, imidazole, triethylamine, diethylamine, piperidine ; donor
atom O : salicylic acid, p—chlorobenzoic acid, benzoic acid, acetic acid, 4-bromophenol)
and bidentate ligand B™ (donor. atom N i o-phenylenediamine, 1,10-phenanthroline,
ethylenediamine ; donor atom O : oxalic acid, malonic acid, acetylacetone) — were

determined by UV/VIS spectrophotometry in MeOH at 25C and u = 0.1mol dm .

[Ln(20-DOTA)(NOs)(H.0)]* % [Ln(20-DOTA)(NO3)(CH;OH)* + H,O

L
<= [Ln(20-DOTA)(NOy)(L)]*™ + CH;OH

The equilibrium constant for the adduct of the monodentate ligands as an
auxiliary ligand with the donor atom N increases with the pK, value of the
auxiliary ligand. The exception is a triethylamine in which the equilibrium
constant is the greatest. The equilibrium constant decreases with the increase of
pKa in a monodentate ligand with oxygen as the donor atom, due to the
formation of a hydrogen bond with NO; in [Ln(20-DOTA)(NO3)(CH;0H)]*". In

the case of a bidentate ligand with nitrogen as the donor atom, the variation



pattern of the equilibrium constant may depend on the factors of m backbonding
and the steric effect in the auxiliary ligand. And the equilibrium constant
decreases with the increase of pK, at which it is the bidentate ligand with
oxygen as the donor atom. It is resulted by the fact that the o bonding ability
of the oxygen atom increases if the acidity of the auxiliary ligand increases.
Also, the hydrogen bonding between the complex and the auxiliary ligand might
be another possible factor. Especially for the acetylacetone, the steric effect may

be an important factor in the significantly low equilibrium constant.
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o} ma =23 Z2we gre Alold] ¢-ATA Aafo] n-ARA Aeg
2rh FaAdo] d3tn A H B

[Co(IIDP(MeO)(MeOH)1®] methanol -&<Holl Al thekgk Lol 3] MeOH7F %] 2=
u wkE&wmel SAsUA(E,) 9 AEZTASHE AHnd, Y2 7= (entering
ligand), Lo @71%=7} ®ststo] whel wbE Aol dejel A 7PaA A7 o-Z27 5
2 (o+m-ZAde] FAATFY E»9 AS'= LH'Y pKo7b Z74eel| wiel Z7he
1Y) pyridine #F=¢] pK, gkl thall #2E = (ko) TS =A1 23
0-A7IE7F AAAR F7HEAS W HAHES A "k imidazoled W
ARRE ARS UERAIRE pK, > 7Y e SR %
ztol ol A3k imidazole®] FT7H¥ o-FTAZF BREEE FTI7HAI7IA Kok

A& imidazole AFA| 7} pyridine Xt} %33 g-F A o] 7] wjFEo|t},

£

s

o

g 3}(level off)5 &= o] pyridine

Ho

B

cobalt(Ill) corrinoid aquacyanocobamidel A v ¢l ¥ & & X}7} amine, pyridine, L

A

1 diazineo| 23 X33} iron(Ill) porphyrin microperoxide-8°4 s ¢ ¥ H.O7}
kst azoleo 23k 2% wkgo] A vyt vk M. S. A, Hamza®t &5 A

u
lo
b}
g
2

A5 “group specific factor” 2 ¢ amined 971%=7F 543 amine
_ . . 40-44) -
Fag AAAola n-AfFAA L FFHoRE TS AEA AU B8, ded A

ZFA ¢l metoxide”| & trans W oA HAALUEE Z7HA1 7] 7] W Fol [Co(Ill)



P(MeO)] 7HA41= AL 9714 S 7FA amined #740°] g3t A4S Hudk A
7

glt}h. =, methoxide’} &

b

I Y= 7t n-ZA3E HXA7I= vbHel aquacyan-
ocobamine®] CN o] A ¥ dz 11+ t=v o-2FS FashA g
lanthanide(IID) -7 t) 122l (HAM, DOTA, TAHOM 5) #&2 A& [y (bi-
omedical diagnostics)® & FA G AA (fluorescence imaging agent) 32 & =2}7|
o 2H(magnetic resonance imaging ; MRD A 42714 o % 738} Al (paramagnetic ¢
ontrast enhancing agent)®] A& S84 A Wx FAAH(tunable photonic

devices)ZA =3} P B w=Roq= o

pu

il

A2 WS WEUA =25
913kl lanthanide(I-DOTA Z2{lanthanide(IID) = Ln*" = Pr(ID, Sm(ID), GA(IID),
Dy(ID}& @A 3kel, ol A3t REeRI=(@Ae @ FAe =) 1be] 315 Pl

el e Aol

CHjs

AN
£ for VAN
NN N— ’ ’ N 900
N OH N
_C g QO
CC ]Q N OH N
N\ENJ/N | | 7N\_/OL/O\_/

CHjs

HAM DOTA TAHOM



tol

II. =
Elg=g=
1) 5-, 6-wi9&E AP F g
Aol F&AEM)H 3 MY BEZ7F=(auxiliary ligand, L) 7Fe] 3Fshat$-(1)9
sk gty S mEstdE (2) 2 32dd F Ak dAS FAZAN SA- 53
K
M + L == ML 1)
_ _[ML] 2)
K = "ML
= ZAEE o]&sH )4 3o HIHET o] #AN FEHAHL FHAA E
3] o} B 4= gl B
Er= K(5ML_€T)[L]+€M 3
BAANA gy ey A4 (ML} (M) 9] F3A5E vetdoh A48 S4
T FRAT e % FEE Ans® A= DA 2o (DA AA L2 FsA e, Mlr
ET = obs /E[M]T (4)
=M F AdeEE YEIT. M £ 7F 5% g, gy R ey S #A
= o 2
ET [Mlr = eM[M] + 5ML[ML] 5)



SR
- =

DA, [ g 3AT B @A AT EAT AE2RE K
+
a5 Aol FE Avne e RE Sugish e el 44 ul sHohugo)
WYL, K)E BRPEYE ol gelel e} Te wyo 7o 4+ Ak
K
M + L == ML (6)
K>
ML + L == DMl (7)
sulsl % % 6usl Fol AHE ©AF DA BN K} Kx A7 ©),
@Aox EAT ¢ Ak M Fo AQF Aol A [L] Aste] W ZG9 §2
_ [ ML]
K= ML ®
__IML)]
Ko = TML{ L] ©
+8 o183, (8), @49 K, Kb F35e) duael fE2 & Aok M 53
27, Lol AASES 247 My, L2 $09 g3} o] A,
IMIr = IM] + IML] + [MLo] + - + [MLy]
N
-1 33 8, [L)"
(L] + [ML] + 2[MLy] + + NIMLy]
[L]”

(L]t

>0) Fo] g

N
(L] + [M] Z

%+ 53}

(10)

(11)

=4 (overall stability constant)e]™, L3} MLu(n
ol7F ¢ w (12)¥e= 18T & vt



N
A= 0(IM] 3 e,8,IL1" + e, [LD)
=L ([M]rer t e, [LD (12)
Ax U= BE(LD G2 FFEoIM, o3 o, & 27 ML Lol 37

_/':
ougat \A @A H 5u Haol F4E w (13)4e] LA, o] A& st

A—2¢ e[ L]

ETT [ Mg
_ £ot Bl L] (13)
N 1+ 8,[L]
W sl (1) o= Hr,
1 _ 1 | l
ST_‘SO_ K\(e;—¢e,) [L] + €17 &, (1

ADAANA g, g2 ZZF M3} ML €9 §3A5E dehdh o] W 334+ K
S (ep-e ) vs [LI'E A8 78 5 9l
EE, (12)48 o] gshd 6vl§l Fol AAHEE (DA FPFFE 7+ F Yk

(124 eziE e (1545 HIA7H FIddT e 72 5 U= 163z

zdEh A6)A A g5 MLy £ F3AFE ovdth 283, Kis o] &35t
PR A_igl[L] _ €0+ 6161[L]+€2,82[L]2 (15)
T [M] ¢ 1+ B,[L] +4,[L]*
E1— €, (epr—ey)) Ky -1 16
L) T edll - Kifeer - KWK U0

a9 3, Kg o8 6usl B9 Kok (1646 A ((ep —e,) + (eq -

e VKLY /e ([LT vs. e ' B4 AH2 2E A8 5



Hdola Adlare] Zeol FAg d=@)7F 2 o dwbHl sk 2 (17)

oz AAT & Atk o] W HIPYL netA (9)HoE BAT 5 Ak

K
M + B == MB (17)
_ _[MB]_ 18)
K= "TMIB] (

bidentate ligandE 2] protonation constant® (21), (22)2 0 2 FE AL = =4,

oA (23), 244 Ay WP F Yop?

. Kj
B + H =— BH (19)
. K5
BH + H = BH: (20)
. _ __[BH] o)
K= "pia
,_ B, )
K% = g ]
[ BH] = K7 [BIIH"] (23)
[BH,l= K% K% [BI[H "]* (24)

(18)2fell (23), 2HA S st (2545 2= e, o] w (26)4°] dHIth

K= [MB] — —LMBL (25)
[MI([B]+[BH]+[BH ) [MI[B]e

[Blr = [B] + [BH] +[BH]

= [Bl+ K3[BIIH'1+ K4 K% [BIH"]?



=[B]1 + K3[H"]1+ K3 K% [H']9

= [Bla (26)
M %3 Bel dAEEE
Mlr = [M] + [MB] 27)
[Blr = [MB] + [B] (28)
2 3243 g don o AES (254 Y - AEstd (2942 Hr).
PR Vi P
[MI([B] + —[MB]) @
[MI([B] +— [M]r—[MDa
A71A [M] = Aw/lex YEE £ 9lomz (29048 (30)2 o2 W)
K= [M]T_ Aoo/[é\ (30)

Ao/2e([Blt —[Mlt+ Ao/?ea

2. gleteFE ™ AME o= (number of stoichiometric states)

N

—_
2
o
e
o
£
Y

o

2! ] 3} A (spectrophotometric procedure)S ©]-&3tH g Zo X
Sl F(species)®] & AT F Ak EAA 1:1 FEo] == Aol 2
Mol FM, ML)o] EAES on]git}. o] FrtHo=r F4she F(L)H o/ g4
AMLME ZEa A& Allsystem)e] Fet=FE4 e o] F=(stoichiometric number)ell
e FdstE Aoluh wElbd, M, ML, LMS %33t= Al &4 2709 x4
ZEQl 3709l 71 H (substrate) & zYal dvh #3383 WRo R olg AH e

& W

of st ARE A& & Avh HAdl2 steaFE4 v (stoichiometric ratio)© <1



%+ (continuous variation method) ¥+ =4 (mole ratio method ; Job's method)&

_EH
il

A (isobestic

[¢]

& 3
[eR=]

24 el Al (two-state system)= 7}

s

2l

=
g

t} 27 o]
th 57 ~FEHA 2707F mAH S A, o] Ho] 2AEAI AFfoll=

5}

point) ©] 2}

o

Jlo

ol

_EH

el

plo

E @ (member spectrum) =57}

|
i)

3

A

i

B

22|

-

R

M
of-
ﬁo
)

—

K

%, 270 ool el

ox

¢
oV

o]
-

o

B

B

o)
1o

T
if
=0
<]

=

o

A F

g el

=
T

99 gu] o

]
—

so] gtk e,

LHI‘L
I

of &3, A7F 37K o]/

b A ek e g 7hA]

Aol g

el

)

TH
ﬂ..,.o
_EH

Hlo

g iolAd &dj(&

At AA71M Ay

5 A~
3

%3

(matrix element) A;%

B

i

xéi

3

s

b

Al AE] 9= (state number)oll

BIN
o
KO

X
w

it

A =3 W (graphical method) 2

Be] = — 170 el (F= A

3

Dz

A9, HE 3 o1l (el

_10_



ol EAst= AF) — olg WA ALl wE(I s HA FE, pH, 2% Tl <
5l 1A el Al (one-state system)ol] A HetsE AdESR

er's lawel <jstd ) 1, 200141 & j ol

1y =( 51//52) Ayj 3D

(BD2je] A #shs, &z (solution composition, j)o] HFFH = HIZ, &/ e,
= 44 Aoz 7pHS = v A, jE FSATIHA Ay ol tiEl A E EA
3t AHS Tk Aol & Fojnh olet e EA A= o Ao I

AE 42 4 qov, old AT 13aAE GAsE AoE £88 5 drk
2

o] 7} A (additivity)S 48314

Ay = efi[Cl + e [C] (32)
AZj = Sg[cj] + ng[cj] (33)

xdT F da & ko i olet FAFSHA vERE & AtHIM] + [C] =
[My] + [Cil =M, (M, : constant)}, B8, ~HEHL wjdo|] oJ&s1x| Y= Aoz A7tst

om Mo M 7L gyt o] dnse

(A=A = (e5—eNDUCI-[CD (34)
(AZ/_AZk) = (é‘gf'_e%)([cj']_ [Ck]) (35)

2 H7] gzol, o] AES £F6td 36042 2 5 vk wiAed dAgle] 2

_11_



(¢ 1= ]Z

(Alj_Alk) = C (A2; AZk) (36)
(6 2 2/
A% Aolel gl AT W, (A, —A, ) W (A,—A,)F =ASA A
S St Aol & Hojth
3. MR} O|= HIZ2(proton—transfer reaction)
AurA 9l AR} o] F wrgol A b e daE (389)4 HE A 4 )
HB = H + B (37
= [H"][B]/[HB] (38)
- log 10 Ka = pKa
2FHHB)#F o] 9] =< 7](conjugate base, B)oll thal dwtx el A3t Fej= (39, 40)2
A A4 S Qdvh 27 ool Fa o2& 4 9l Ak phosphoric acid A
CH;COOH == H' + CHsCOO (39)
NH,” == H + NH; (40)
v A2 ma
H;PO, == H + HPOs K2=708x10"  (41)
pK ? =215
H,PO, == H + HPOS K3=634x10° (42
pK% =72

_12_



HPOS == H + PO K3=420<10"  (43)
pK 4 =12.33

(4423 22 Bl g A7) sl 2] (basic dissociation constant) Ky7} 2 23
NH; + H0 == NH,' + OH (44)

= pKp = pKy — pKa (K = [H'I[OH], pKw =pH+ pOH) #AZKFE A4S 4 rh
ole]g 7]E 2 el nire] ZAsle] B Ao #HEEE AR olF wrSALE

Table 1] Az 38}

_13_



Table 1. pK. values of substance in water at 25C.

Substance pK § pK 3
pyridine 5.22 -
imidazole 6.99 10.58
methylamine 10.62 -
triethylamine 10.72 -
diethylamine 10.80 -
piperidine 11.12 -
o-phenylenediamine 2.00 4.47
2,6-diaminopyridine 2.13 6.48
1,10-phenanthroline 4.86 -
ethylenediamine 752 10.65
dichloroacetic acid 1.26 -
chloroacetic acid 2.87 -
salicylic acid 2.96 -
p—chlorobenzoic acid 3.86 -
benzoic acid 4.21 -
acetic acid 4.76 -
4-bromophenol 9.34 -
phenol 10.00 -
glycine 2.35 9.78
malonic acid 2.83 5.70
succinic acid 4.21 5.64
acetylacetone 8.95 -

_14_



32
i

o},

Heg, A% 29w, 29 A(R)

2

B A% o] &3 AJeF2 Aldrich, Merck &2 Ficher A|¥& Al-&3} =5
O~ O~

2]}
T, =1

Ed A7 FHNMR) ~HEHL 717F Elementar Analysen system(GmbH Vario
EL), KONTRON UVIKON 860 UV-VIS Spectrophotometer, VG70-VSEQ Mass
Spectrometer(VG ANALITICAL, UK), &< HEWLETT PACKARD GC/MSD
5772A, 18] FT-IR spectrometer(Bio-Rad FTS60), 28] HITACHI FT-NMR
(60MHz / CDCly)& A&ttt AgadEd 544 FAB condition® = FAB sou-

rce®} Matrix®= 35keV CsT ion beam®} GlycerolS A}-4-81$3t}.

s

N
ot

1) manganese(IV) oxide A%

2,6-bis(hydroxymethyl)-4-methylphenol 4F3}ol]l H Q3 %2 &3 MnO, |2+

manganese(Il) carbonate® 7] Z(295C)ol| A 15UZF 7tdstozm 753>

2) 2.6-diformyl-p-cresol(DFPC) 3+4

300m¢ chloroforme®l manganese(IV) oxide(80g)%} 2,6-bis(hydroxymethyl)-4-methyl-

phenol& F#4 e WE F AeolA A3k o THEL 3N AR wuksy

_15_



phenole =z om 447 AL Aol & thSo st A4 HAAES chloroformo
2 AASA AA ST} o] uf chloroformS v ¥ 200ml = 33| o] AAlgt) Hx
of o} (filtrate) ¥+ 33] o]/ A% 9 (washings)& &ate] FEA 7| A7 =gk 314
7b golatAl ARt o2& ¥ARE]7](12,000rpm, 4T)oIA AAA MnO; BaEE
S AAT t} silica—gel columnel Al chloroform : ethyl acetate(10:1) E£3-&wj= &
gsto] A WA SFFEES ol AEATIH 1kl AHES S

g

[«
&

+
4
=
9
et

GC/Mass % NMR ~¥Eg oz gelagir}™

il
rlo

3) #&= ZE{[Ln(20-DOTA)(NO3)(H20)1(NO3), - xH:0} 4

DFPC(Immol)®] acetonitrile(35me) ¥ Ln(NOs)s - 6H:0(0.5mmol) ] acetonitrile(15
ml) &Yl 1,2-diaminobenzene(Immol)2] acetonitrile(25ml) &4 H7}stt} o] &
FEHES oW, g AZol Wl (T — g FA)7F #EEE 307 ol
e 2 Aol &7] 71¥el AEH7] Azt 6A1F A o &5 uwkAzl
So 3 YAES FEl5te] acetonitrile?} chloroform o 2 33] o] 4 ¥ ZFo] A3l
th o] AHEL CaCles ¥ vacuum desiccatord] Az - BystH A 8shukg-of

O] % 3} E]—_57’58)

Scheme 1. Preparation of [Ln(20-DOTA)(NO3)(H:0)](NOs)s + xH20

0.5mmol Ln(NOs); - 6H:0{Ln’"=Pr, Sm, Gd, Dy}

L dissolve in 15m¢ acetonitrile

add the acetonitrile(35m¢) solution of
1mmol DFPC

yellow solution

l drop 1mmol 1,2-diaminobenzene solution

dissolved in 25m¢ acetonitrile

_16_



yellow mixture
stir continuously (6hr.)
{color change(light purple — dark red)}

dark red precipitate

l filter
wash with acetonitrile and chloroform

crude crystal
over 3 times

l

l dry in vacuum desiccator
[Ln(20-DOTA)(NO3)(H20)1(NO3)2 -+ xH20

H3

Ln(NO3)3-6H20 Y—E n
_
/|
N 0 l\i
CH3

(X=H20, Y=bidentate NO5; ligand)

2 H3C
H3N
H
3. YNz L ST2HEH FF
< methanoldl]l & ¥ Wxgtoe 2 AAEE [Ln(20-

_17_
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DOTA)(NOy)(CH:OHI" #o]-&-& CHsOH®} B2 2] 3H= (auxiliary ligand ; pyridine, i-
midazole, triethylamine, diethylamine, piperidine, salicylic acid, p—chlorobenzoic acid,
benzoic acid, acetic acid, 4-bromophenol, o-phenylenediamine, 1,10-phenanthroline,
ethylenediamine, oxalic acid, malonic acid, acetylacetone) 7+e] 2| &hul-g-of| X &4 A9
Ed SAS A #FE2 s==
[Pr(20-DOTA)(NO3)(H,0)*] = 6.80 x 10° ~ 9.92 x 10 °M
[Sm(20-DOTA)(NOo)(H:0)*'] = 2.34x10° ~ 9.92x 10 "M
[Gd(20-DOTA)(NO3)(H0)*] = 695x10° ~ 890 x 10°M
[Dy(20-DOTA)(NO3)(H20)"1 = 720 x 10° ~ 1.05x 10 'M

oo, HEetr =

[pyridine] = 472 x10* ~ 272 x 10°M

[imidazole] = 694 x 10° ~ 3.04 x 10 *M
[triethylamine] = 1.44 x 10" ~ 2.88 x 10°M
[diethylamine] = 1.44 x 10* ~ 2.88 x 10°°M
[piperidine] = 2.16 x 10 * ~ 2.88 x 10°M

[salicylic acid] = 1.44 x 10" ~ 2.88 x 10°M
[p-chlorobenzoic acidl = 1.25x 10" ~ 1.08 x 10°M
[benzoic acid] = 4.00 x 10* ~ 3.20 x 10°M

[acetic acid] = 1.44 x 10" ~ 1.15x 10°M
[4-bromophenol] = 360 x 10* ~ 2.88 x 10°*M
[o-phenylenediamine] = 1.44 x 10* ~ 2.88 x 10 °M
[1,10-phenantroline] = 7.20 x 10" ~ 2.88 x 10°M
[ethylenediamine] = 1.04 x 10* ~ 9.00 x 10*M
[oxalic acid] = 6.80 x 10° ~ 1.08 x 10 “M
[malonic acid] = 6.75 x 10° ~ 840 x 10'M
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[acetylacetone] = 1.44x10? ~ 1.15x 10°M

Moo AL H3ATh o9 2 methanol &9 A FA] o] &7 =(ionic strength,
WE NaClOsE p= 0.1°0] == Aot @e=(1) o2& Ad2 F+& AHhard ac—

ideoln®, o]5& F, O7F FALAR! gt=e} 480z Ajdd ol A A
Adiare] gr=o JAF dAE st [Ln(20-DOTA)NO3) (H20)1(NO3)- 2]
H;07} methanolell ]3]l 53] Xge= AMES o + AdS AHolth. EE,
Ln-(H,0)Y wxt} Ln-(CH;0H) ZHEY Bz b=t X 3Rkgo] B & §ols)
Al dold Aojtk ety o] dad Au(FHE) 54 KONTRON UVICON 860

4

spectrophotometerE ©]-&3}%3
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V. 23 %2 311

i

1. lanthanide(III) O|2°2| =&} QAET|(AHya.)

Af A= FFZAF ds &gy ol =2 3 X (charge density)ell
711kt Ajtell #AsteE FH Fo] AHV|A QAHo|r] wite] 7]ekshE 9
HWgAol ol H7t=4 d3(ligand field effect) S TFE Ho]lF& ZEo|x ut

F TEAE &) o] ARES APH E(atomic number)oll 3] 4=3}Fol Y 2] (AHyya.)

o 4] lanthanide® ¥j$4=(coordination number)E &% EA Y &4 Hv So uw
2t 6~9 HoA Wt E 7hx] 2ZAEe] HHdEo] Hiyo] g+dH, Nd9 Sm

3}¥ bromate S9H{MBrOs); - 9H0}& A 3sth o] w FHEL 9§ Foly EF

o
o

T
<

A= g g AR 47 =2 F(tricapped trigonal prism)S 3

2. [Ln(20-DOTA)(NO3) (H,0) 1(NO3), « xH0 =S| MAt STAHEH

lanthanide ©]29] SF2~HE WL lanthanided] AA A AEF AHAGH =Ho
&3ttt lanthanide ¥4+ F Al 3 520 9% FoA&5 A3 BESZH F432
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&

M7ZEe. & f— A2} (unpaired f electron) <ol o3t} 1 AAE JHX1 Y= 94
v (14-n HAAE AYL U= A 2 AZS Jerdt ey, AR
(valency state)7} Aoldt dAhZEA SHAA o] Ao MZo] x| ¢k}, ek
SAE sstEe MZAL 5t 9o Fo] 7tAlA
vi=d), o] ] ZA% E¥(crystal field splitting) 2.t} =3 -#% 2] S (spin—orbital
coupling)e] © F&3dtth Lu” o] &2 293 TEH o] AdEFS A F
& Z-ALAE FskH, o] W f-fHelol o) MzZo] WHATE o] Hole
Laporte & A o] A%k, A el f2 o] ¢tslo] s Ast MZ-S Az 5 gl
f-AESFE AdAWR AT glo], o5 38HA F9lo A= F
2HY 2o vk L
o]k Z7t=o tha| WE WA gt EE o] W BE U7EA FAHER
FEE daE 717]19 94 H A (wavelength calibration)ol] o] €t} et 4l
f— 5d delx 7hsstH, o] W= do]ae] Fo] WA it FA
gzl g ofste] JFe W

2 ATl o]83% [Ln(20-DOTA)(NO3)(H:0)I(NO3)s - xH,O F= 9] FF2dHEF
-d doJo 7198 Rew Y7 = glry L LY o] 29
Fol =, [Ln(20-DOTA)(NO3)(H:0)](NOs), - xHO ZHE2] & M7
of ZA yehd ZA(FAM)L YNERFYH G502 dAolwed og Hatolw A

o,
o
rr
N

f
R
N
)

rlo
.
\
=
o
f
o B
fr
&B

©](charge transfer transition)¢} #& o] 91-& Aotk (Figure 1~61). A+r2l7t=, DOTA
= n—n, non Aolol 7|eld= Ao ® 265 349, 374nmolAH FFE dozith
Gd” ZE9] A& 280, 4220nmol A #FEE = vk 4F9] ZEA HslolE ol
o o]a AL 238nm FLol A UEFGE shoulder spectrum©] T Ln® #Eo] CH;OH
SN 2 WA & AHERG A= 320, 338, 400nm A ANA F5 w7t AAH

th &, 360nmell Fru= AFRA AL 320, 338nmollA = A= w7h yERdt) o] Aie

_21_



[Ln(20-DOTA)(NO3)(H:O) P el Al B8 217F 213 38] methanoldl] o3 23gS & 4
At} o]5 HEo] methanol §HS 1€ A% LA Fow T4 ~FHEHLS W

sHA] =
3. lanthanide &&9Q| 7|57 =

lanthanide(Ln®") ©] & hard acide]”] wW&o] F & A<J3g halideo] w3 223
Aot o FsA 328 & Aoty 1A, lanthanide-halidex &4 (hygro-
scopicity) & 7FA AL glow ofF Heo Z & — CeClie 4AM 89 Ax 7hs —
gt} E3h cerium(ID) oxide®t HBr& 8HS-AI 7] CeBrs E.U= oxybromide”} 2873

e},

———= 2CeBr; + 3H:O (no reaction)

Ce03 —

—— 2CeOBr + H>O

Ln’" o] o¢] CO, CN, 183 {7]5%7](organometallic group)$} <HAe &S
Fgsts 49E =80 old AMEL Af ATt AR A gle] o
A=8t7F -9 A (n-back bonding)ol ¥k = §l7] wjiZolt}.

(nonaqueous complex)E =9 KiLa(NHy)sl& =43 6719 La-N 2%
& e Aoz FwA #9715 7k 28, (NH)o[Ce(NOs)sl 9l [Ce(NOs)sl”
Agol oA Cedl MFE 1201tk o Wl 6719 NO; ol2< digh WA F2E
A8l bidentate B FF=Z A A4V FAYPAZR &3t} [Table 21+ T4 €
=R A aE&% FES AT W 7)ek 2 g Al ZAolth lanthani-
de(l) o] chelate &2 Aty Zr=e} AES P ko]l I F7}

&t} Ln®" o] o] hard acide]”] W&ol chelate &< Adaegle FALAIL 2ba

—_

=
i

21_5
e
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2w Agtel B% 5o

P

olth, 1A, Ln’" 0] &2 acac(acetylacetonate), EDTA,
crown ether, cryptand 53 <33 2&ES A3}

B Ago] o] &3 F&, [Ln(20-DOTA)(NO3)(H20)1(NOz)o> 9891 713t+35 7}
Atk 29d), 3ty Ye FEES chelating ligand ZEH T QFAA o] AT 0 ZH
[Ln(20-DOTA)(NO3)(H20)J(NO3)29] methanol &2 29 A% 733t methanoll
°J3] H,07} | g€t

Table 2. Simplified shapes of some complexes based on the mean positions of
bidentate ligands.

Figure Described by

Coordinati : .
cordination Positions of Ligand Figure De; (.:1bed by. Examples
Number Mean Position of Ligand
Atoms
4 Tetrahedron(D2g) Linear Be(acac)s,
Cu(NO3)s*
6 Octahedron®(Ds) Trigonal plane Co(NO3)3
8 Dodecahedron(Dsq) Tetrahedron Ti(NO3)y,
Fe(NO3),
Square antiprism(Dgq) Square plane Zr(acac),
10 “Bicapped” trigonal Trigonal bipyramid Ce(NO3)s*
antiprism(Cy)¢
12 Icosahedron(T?) Octahedron Ce(NO3)s”,
Ce(NO3)s™

“The structure of Cu(NOs); in the vapor is distorted tetrahedral ; the O-Cu-O angle
is 70°.

"The octahedron is distorted toward the trigonal prism because of the small
“bite” of the ligand. The simplified shape would still be trigonal planar even if
the structure were the trigonal prism.

“Each cap is a bidentate nitrate ligand.
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4. Hoiae|aEy Exg|zte zte| ¥

02

1
=
gole] tmo] o ESH, o5 F& FLaAEYC o S48 4 vk

fast fast MeO
[CoIID(PP)(MeOH)s) " === [Co(PP)(MeO)(MeOH)] === [Co(III)(PP)(MeO),]

H +
slow l/

dimer

A3 o] 43 [Ln(20-DOTA)(NO3)(H:0)]*" 9] methanol £9 o2 HE AL

[Ln(20-DOTA)(NO;)(CH;OH) 2" o] &3 mzg k= 7he] 238 w&e CH,OHY 3
Fo A gEth oY Al B

A9 n T ARER F43 NOs olee 3
g 7r=0] 9% [Ln(20-DOTA)NO:)(CH,OH P 9] 2= ed Wsle} FB o] 55t ge
Aol 5 Age ARy A = v F 36400 (4,— Ayl el
(A—A)E EAS 297 A4 F9hehs Aae] 53ichFigure 62~69). et
A, olsh ge sehitgdN FEo sEtFed gu s 2dd 2
complex) & ¢ & ATk ol¥] DHEZRE O5AH sHYPS =9 ¢ ok
[Ln(20-DOTA)(NO3)(H.0)1* s [Ln(20-DOTA)(NOs)(CH;OH) >
= [Ln(20-DOTA)(NO)(L)]# ™"
[Ln(20-DOTA)(NO3)(L)"* ™"
" [Ln(20-DOTA)(NOg) (CH;OH) 1™ ]

(45)
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of Wl HYPNFE RFIUN=E A g FE={monodentate ligand(La™ ) ; pyridine,
imidazole, triethylamine, diethylamine, piperidine, salicylic acid, p—chlorobenzoic acid,
benzoic acid, acetic acid, 4-bromophenol} ¢} FAF2] # 7F={bidentate ligand ; o-phe-
nylenediamine, 1,10-phenanthroline, ethylenediamine, oxalic acid, malonic acid, ace—
tylacetone} & 1}Fo] Al4beE 4= 9tk [Ln(20-DOTA)(NOs)(CH;OH)J* 2to]e-3} &7}
g gzr= B oAy giie 1He] JYdAae 44 (14), QoA erREH Al &
=3 Fakg] Yterh e w A4l A4 FEel t g, e, A4 [Ln(20-
DOTA)(NO3)(CH:OH)I*', [Ln(20-DOTA)(NOs)(La)]*™" o] Fo] ZFPAFZ
Ebdich [Ln(20-DOTA)(NOs)(CH;OH) 18 44 frAsta [La” 15 W3 g ow
W oerE 9E F AtkFigure 1~61). A, (1449 I/[La™ o 3l 1/(g ¢ )
s =AIE Ao AE VeV REH K @5 €& F JAthFigure 70~106). %E37F H
ez F2 HR=@" )7 B Fgol F5 2 EYS Figure 1~61004]

1 5 gler (30)4 94 [Mlr = [Ln(20-DOTA)(NO3)(CH;0H)”] +[Ln(20-DOTA)

ool

(NO)B)*™ 1, [Blr =[B™ 1 + [Ln(20-DOTA)NO)®B)? ™, 283 [M] = A /ve
’d gt

W70 €] lanthanide Adiize] &3 ¥hgsh=
o AgAg el wel vro] n@E & ok Adiay] FEA ol HxIt= 7
o) JPFF Aat Ak Table 3~100] Qs o] ARES Bxgt=9] 4
&2 g (Kool sl EAgezA e Hxe 7

olstAl A& 4 At (Figure 107~122).

AUk o g BZIUNER o] &5 +E imidazole o- % n1-HAAFA =z F

N
-

f
BN
L0
i~
(r
s
N
Y
o,
D)
a
o

=

o

=

Q

g
3

)
[
o
©
ox
foi
x
oo

O

|

&3t Wkl pyridine Btk Wk n— Al (n-acceptor) E S AU vk 1F
A9k imidazole n-FAl(n-donor) A &o] F Q23 J&S T wx= Qu
S w= 9tk [(NH)sCol(5-CHy-imHI’ o] #& 2] 9o Colll), A2

in) d° o] AqUAel WM 1 ALTdFS /1A

=

A RV wmel fFaEd
-7 geks @ 4 glo] imidazoled n-FAEA F QA &vh 2E Y, Ax

Fe(IlD), Ru(l) &S FALAEZFEH adzxd=

mlm

TE&E vk ¥,
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pyridine imidazolex]# oy x]e] HOMOE 7FAx A 7] wFo F33 1
-7/ imidazole®} €] pyridine2 ##% °Ft n-FAZ Z&3}, pyridinee] n-wk
A A7l 2% A= HFH oA pyridined LUMOZF 43k n-wHA=Z <&
B4 = pyrazine®l AntE olUAZE wA @] wiitolth. iy, ZQ)E|itE
(entering ligand) 24 pyridine®} imidazole2 ofligand — Co(ll)} % n{Co(lll) —
ligand} 23S YJeEllE Aoem A28 4 9t AA11E g 7= (electron withdrawing
ligand)+= n1-Z2%S =ZA7)3, HAAFE7](electron donating ligand)E 0-Z2%S
FrelatAl shr] wiiEel ¥hE FAEI AJE = ghel] WA pKa gholl web ¥
sHAl € Aot} (octaethylporphinato)iron(Ill) methoxide, [Fe(OEP)(MeO)]oll imida-
zole 7P EC] HFFF(K)E A EW L=2-R-imH(Y A4 Fef7t EAlst=
2)9 pK(LH )7} A&55 Kgtol 27 ®©2 & & vk o] w methoxide 7HE
¢ 2-R-imH®] N-H F-& 3Fe] 423 A4S Fe-OMe 2 oF3tA7]l= Ao
2 BuE v dg. 23y, [Fe(OEP)(MeO)]¢t A7l 7F viAl¥l imidazole e

BINS 6v9] Axd AHEs A, of W pKot S/HEFE K7F SRS

7] #]7F=9l pyridine, imidazole, triethylamine, diethylamine, piperidine 7+2] 3}

SGHPGTE @A EY =Y pK, 7 2 N-H 7234 Zo]2o] EAd= NOs
A2 AT PAdo] Tag AR FAEsta d5S & F Ak A g
=) 735

£ N-H ¥

N

t=E9 pK, ol S7HE5E K7 S7FsHAI R, triethylamine
o] Bl 23 nitrate °o]=3 F424
w5 &olstA AFEES & F Ak 1A, BEE =T} triethylamine®] 78 -$-ol

N 2 BYPEE e Qo 44T & 9

o
filo

FAs 4 (7] wjFo] ZFE 9] lanthanide

FALA7E 0ol A skxke] g]7F=<l salicylic acid, p—chlorobenzoic acid, benzoic
acid, acetic acid, 4-bromophenolE ] [Ln(20-DOTA)(NOs)(CH;0H)* 3} A 7} A &
= 4 W BIATE pKot 7SS g o] dis BEgt=e] Ax

FALA 9&s GolstAl & & 7] wolvh AwrF vow

* FHEEE 0%
nzE =g -O-H 20| g NOy o3 +22¥& 4 Hsiol 714
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71wl Az SAFEI WA=l 42 FEo 4T
lanthanide(IlD-A ol =& =2t FA42] ZF=(FALA N) o] H7HAA Sl A

AEFe BEYi=e (o+n)-2% 83 dAt des & 7 U

=&, o Holok kAT -9 A 3H(back bonding)©]
A3d 83 JdAE FEsta A& Beolv. 53], YA &I chelate 47 #HA

R
g ATl TaT dFS W ofAL nevt ¢AdE wf Y]Ee A o UhA|
7F NgEhr] wiEelth Ak o® 5 6- ZHolE gt QkAsIH, o] w Mz}
v A s dojd
nthroline, ethylenediamine= 5-¢ ¥ #F&E& dA3slH, o] ol 1,10-phenanthr-
oline®] 7o AAn|AA 7 7+ &
&3 ol o-phenylenediamine® 7-$-° AA4G7F 78 & Holuh
[Ln(20-DOTA)(NO:)(CH;OH) " #o] o] mze|zt=9] FAUA7 09 F4
gr=o] HIMAA =] FAho% pK, dAEH, F2AY
+ Attt 6-9 ZAHolE 18 E FA3E malonic acid® acetylacetone® 7 -$-H
1 E JAsE oxalic acidS! Aol dAFN7E HowA pKoth 2] Wi
of K7F 7}4 & ZAolt}. acetylacetoned EAWR F424%3 HEoA NO; 9
N-O F-&3 Fa24%e] A2 7Hedol 7] wigd Bxet=o F=AAA O

Faol AgerI7} olH 9 BALST A7E 4L Aol

Bl Belstn Qe

v}
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Table 3. Equilibrium constants for the reaction

[Pr(20-DOTA)(NO3)(CH;OH)*' + L™ = [Pr(20-DOTA)(NO3)(L)]*™" at 25C{L™ ;La or B).

K(logK) K3 K3
pyridine 109.50(2.04) 1.16x10° -
imidazole 1716.20(3.23) 9.77x10° -
Monodentate
iethylami 10371.00(4.02 6.31x10" -

Ligand(La) triethylamine ( ) x

diethylamine 2268.52(3.36) 6.31x10" -

piperidine 4289.47(3.63) -

o-phenylenediamine 182.22(2.26) 2.95%10* 1.00x10°
Bidentate

1,10-phenanthroline 45.20(1.66) 7.25%10" -
Ligand(B)

ethylenediamine 21.10(1.32) 4.46x10" 3.33x10"

Table 4. Equilibrium constants for the reaction

[Pr(20-DOTA)(NOs)(CH:O0H)* + L™ = [Pr(20-DOTA)(NOs)(L)]* ™"

at 25C{L™ ;La or B}.

K(logK) K3 K%
salicylic acid 5844.00(377) 952107 -
p—chlorobenzoic acid  1505.82(3.18) 7.24x10° -

Monodentate benzoic acid 998.11(3.00) 1.62x10" -

Ligand(La) acetic acid 706.34(2.85)  5.75x10" -
4-bromophenol 100.00(2.00)  2.19x10° -
oxalic acid 5993.74(3.78)  1.85x10" 18.66

iﬁjﬁ?}; malonic acid 1797(1.25)  498x10°  7.14x10°
acetylacetone 0.00127(-2.89) 1.00x10° -
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Table 5. Equilibrium constants for the reaction

[Sm(20-DOTA)(NOs)(CHsOH)I* + L™ = [Sm(20-DOTA)(NOs)(L)]*™" at 25C{L™ ;La or B

K(ogK) K3 K%
pyridine 8.36(0.92) 1.16x10° -
imidazole 138.00(2.14) 9.77x10° -

Monodentate  triethylamine 2745.20(3.44) 5.25%10" -
LigandLa) o vlamine 517.44271)  631x10% -
piperidine 1874.78(3.27) 1.32x10" -
o-phenylenediamine 440.82(2.64) 2.95%10" 1.00x10°
Bidentate _ 4
] 1,10-phenanthroline 13.73(1.14) 7.25%10 -
Ligand(B)
ethylenediamine 2.78(0.44) 4.46x10" 3.33x10"

Table 6. Equilibrium constants for the reaction

[Sm(20-DOTA)(NOs)(CH;OH)* + L™ = [Sm(20-DOTA)(NO3)(L)]* ™" at 25C{L™ ;La or B

K(logK) K3 K 3
salicylic acid 1116.52(3.05) 9.52x10” -
p—chlorobenzoic acid 788.00(2.90) 7.24x10° -

Monodentate  benzoic acid 427.00(2.63) 1.62x10" -
Ligand(La) ) ) 4
acetic acid 293.73(2.47) 5.75x10 -
4-bromophenol 252.32(2.40) 2.19x10° -
oxalic acid 248.58(2.41) 1.85x10" 18.66
Bidentate . . 5 5
] malonic acid 7.53(0.88) 4.98%10 7.14x10
Ligand(B)
acetylacetone 0.00825(-2.08) 1.00x10° -
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Table 7. Equilibrium constants for the reaction

[Gd(20-DOTA)(NOs)(CH;OH)* + L™ = [Gd(20-DOTA)Y(NOs)(@L)]* ™" at 25C{L™ ; La or B).

K(ogK) K3 K3
pyridine 500.00(2.70) 1.16x10° -
imidazole 781.98(2.89) 9.77x10° -

Monodentate _ _ "

Ligand(La) triethylamine 4954.35(3.69) 5.25%10 -
diethylamine 2720.58(3.43) 6.31x10" -
piperidine 3299.67(3.52) 1.32x10" -
o-phenylenediamine 215.25(2.33) 2.95%10" 1.00x10”

Bidentate . 4

] 1,10-phenanthroline 36.00(1.56) 7.25%x10 -

Ligand(B)

ethylenediamine 3.55(0.55) 4.46x10" 3.33x10"

Table 8. Equilibrium constants for the reaction

[Gd(20-DOTA)NOs)(CH:OH)* + L™ = [Gd(20-DOTA)(NO)(L)* ™" at 25C{L™ ;La or B).

K(ogK) K3 K3
salicylic acid 1659.00(3.22) 9.52x10" -
Monodentate  P-chlorobenzoic acid ~ 250.00(2.40)  7.24x10° -
Ligand(La) benzoic acid 50.00(1.70) 1.62x10" -
acetic acid 11.28(1.05) 5.75%10" -
oxalic acid 169.62(2.23) 1.85x10" 18.66
Bidentate
Ligand(B) malonic acid 26.50(1.42) 4.98x10° 7.14x107
acetylacetone 0.000175(-3.76) 1.00x10’ -
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Table 9. Equilibrium constants for the reaction

[Dy(20-DOTA)(NO3)(CH:OH) > + L™ = [Dy(20-DOTA)(NO3)(L)]* ™" at 25C{L™ ;La or B).

K(logK) K3 K3
pyridine 1943.33(3.29) 1.16x10° -
imidazole 2106.16(3.32) 9.77x10° -

Monodentate . . 10
_ triethylamine 13864.60(4.14) 5.25%10 -
Ligand(La)
diethylamine 4882.30(3.69) 6.31x10" -
piperidine 10883.00(4.04) 1.32x10" -
o-phenylenediamine  846.15(2.93) 2.95%10" 1.00x10°
Bidentate . 4
_ 1,10-phenanthroline 120.83(2.08) 7.25%10 -
Ligand(B)

ethylenediamine 2.31(0.36) 4.46x10" 3.33x10"

Table 10. Equilibrium constants for the reaction

[Dy(20-DOTA)(NO»)(CH;:0H)I* + L™ = [Dy(20-DOTA)(NO)(L)I*™" at 25C{L™ ;La or B}.

K(logK) K3 K3
salicylic acid 1472.37(3.17) 9.52x10" -
Monodentate . . 4
] benzoic acid 800.00(2.90) 1.62x10 -
Ligand(La)
acetic acid 166.98(2.22) 5.75%10" -
oxalic acid 1031.67(3.01) 1.85x10" 18.66
Bidentate ) ) - 5
] malonic acid 11.59(1.06) 4.98x10° 7.14x10°
Ligand(B)
acetylacetone 0.000291(-3.54) 1.00x10° -
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manganese carbonates ='TEZDRE sto] HZ A3t JEIQ] manganese(IV) oxide
= Y59 26-bis(thydroxymethyl)-4-methylphenolZ %€ 2,6-diformyl-p-cresol(DF
PC)E A slgith. o] DFPC$ lanthanide(I) nitrate ¥ 1,2-diaminobenzeneE ©] &
&tel [Ln(IID(20-DOTA)(NO3) (HXO)I(NO3)»E &4 - <18k

olgd Aoz A2 & [Pr(ll)(20-DOTA)(NO3)(H:0)I(NOs)2, [Sm(II(20-DOTA)
(NO3)(H20)1(NOs)2, [GA(TID(20-DOTA)(NO3)(H20)1(NOs)2, [Dy(IID(20-DOTA)(NOs)
(H2O)I(NO3)2 9k ghate] 9 F2te] 2jit= 3ho] stetgd g5 AlLtstaitt. o] shst
P& #E [Ln(D(20-DOTA)(NOs)(H,0)I* & methanolell &-3lA1# -2 [Ln(I)
(20-DOTA)(NO3)(CH:OH) " el A Bz2] 7k =6l 2] 3 methanol %] $4F-g-0] T},

p CHsOH .
[Ln(20-DOTA)(NOy) (H0)* == [Ln(20-DOTA)(NO3)(CH;OH) > + H.0
L
<= [Ln(20-DOTA)(NOy)(L)]*™" + CH3;0H
{L=La™ or B™}

(1) ®zg7r=(auxiliary ligand)® FA Y9 & (donor atom)7} “N”¢l 3ztg] g3t=
(monodentate ligand)9] H7IAAES HINFE HEZ=9 pK, 3ol =71
T2 Z7}( pyridine < imidazole < triethylamine > diethylamine < piperidine )3Ft}. ©]
%!

ol Al Blojub= RO 2 triethylamine®] 7 -5-o H& 471 7k At

@ FALAT} OOl HA WA A= W FYREE pKoh FAEEE i
('salicylic acid ) p—chlorobenzoic acid ) benzoic acid ) acetic acid ) 4-bromophenol )
at=dl, ol A€ [Ln(20-DOTA)(NO:)(CH:OHI* el NO3 9 243 d4d 7]

A Aol
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@) FALAZF “N'oluA Fate] 2t (bidentate ligand)d ™ 3 F7d2] W3}
BFE BENEe] AR JAGNt Fa xR A

ool W BEASTE GeAd e,
o—phenylenediamine < 1,10-phenanthroline < ethylenediamine

4) FALA7E ‘0" F2E git=e ABfole ol59 pKot S5 HdA
7+ 2~ (oxalic acid > malonic acid > acetylacetone )3tt}. o] A¥= wW xg7he 9
7b 7kt ‘079 o-ZA¥ sdol FUke] wWiEd Zeolv. E8, HEd Bx

o] FAAT AR AR FoJsta AL Holth 53|, acetylacetone?]

o Moo Ay
[N S
[
a

o
=2,
o,

s grol WA e A
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Figure 1. Spectral changes upon addition of
pyridine to [Pr(20-DOTA)(NO3)(H0)I** in
methanol at p=0.1.
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Figure 3. Spectral changes upon addition of
imidazole to [Pr(20-DOTA)(NOy)(H:0)I*" in
methanol at p=0.1.
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Figure 2. Spectral changes upon addition of
triethylamine to [Pr(20-DOTA)(NOs)(H,0)]*"
in methanol at p=0.1.
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Figure 4. Spectral changes upon addition of
diethylamine to [Pr(20-DOTA)(NO3)(H,O)*" in
methanol at u=0.1.
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Figure 5. Spectral changes upon addition of
piperidine to [Pr(20-DOTA)(NO3)(H:0)I*" in
methanol at p=0.1.
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Figure 7. Spectral changes upon addition of
salicylic acid to [Pr(20-DOTA)(NO3)(H0)]*"
in methanol at p=0.1.

Figure 6. Spectral changes upon addition of
p—chlorobenzoic acid to [Pr(20-DOTA)(NOs)
(H;0)I*" in methanol at p=0.1.

Figure 8. Spectral changes upon addition of

benzoic acid to [Pr(20-DOTA)(NO3)(H,0)]*'

in methanol at p=0.1.

Absorbance



Absorbance

0.800

0.400

0.000,

350

Wavelength(nm)

_34_



Absorbance

0.900

0.450{

0.000

350

Wavelength(nm)

0.8

1.000y

0.4

Absorbance

Absorbance

Al

0.0

350 20 430 540 600

‘ Wavelength(nm) o
360 120 80 540 600

Wavelength(nm)

Figure 11. Spectral changes upon addition of
o-phenylenediamine to [Pr(20-DOTA)(NO3)
(H,O)F*" in methanol at p=0.1.

Figure 9. Spectral changes upon addition of
acetic acid to [Pr(20-DOTA)(NOz)(H.0)*"

in methanol at p=0.1.

Figure 10. Spectral changes upon addition of
4-bromophenol to [Pr(20-DOTA)(NOs)
(H:0)*" in methanol at p=0.1.

Figure 12. Spectral changes upon addition of
1,10-phenanthroline to [Pr(20-DOTA)(NOs)

_35_



(H:0)1*" in methanol at p=0.1.
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Figure 13. Spectral changes upon addition of Figure 14. Spectral changes upon addition of
ethylenediamine to [Pr(20-DOTA)(NOs) malonic acid to [Pr(20-DOTA)(NO3)(H,0)]*"
(H:0)1*" in methanol at p=0.1. in methanol at 1=0.1.
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Figure 15. Spectral changes upon addition of Figure 16. Spectral changes upon addition of
oxalic acid to [Pr(20-DOTA)NO)H0)*" in acetylacetone to [Pr(20-DOTA)(NOs)(H0)]**

methanol at p=0.1. in methanol at p=0.1.
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Figure 17. Spectral changes upon addition of
pyridine to [Sm(20-DOTA)(NO3)(H0)F** in
methanol at u=0.1.
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Figure 19. Spectral changes upon addition of
imidazole to [Sm(20-DOTA)(NOy)HO)*" in
methanol at p=0.1.
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Figure 18. Spectral changes upon addition of
triethylamine to [Sm(20-DOTA)(NOz)(H,0)**

in methanol at p=0.1.
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Figure 20. Spectral changes upon addition of
diethylamine to [Sm(20-DOTA)(NO3)(H,0)]*"

in methanol at p=0.1.
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Figure 21. Spectral changes upon addition of Figure 22. Spectral changes upon addition of
piperidine to [Sm(20-DOTA)(NOs)(H.0)]* p-chlorobenzoic acid to [Sm(20-DOTA)(NOs)
in methanol at p=0.1. (H20)*" in methanol at p=0.1.
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Figure 23. Spectral changes upon addition of Figure 24. Spectral changes upon addition of
salicylic acid to [Sm(20-DOTA)(NOs)(H:0)*" benzoic acid to [Sm(20-DOTA)(NO3)H-0)]*"
in methanol at p=0.1. in methanol at p=0.1.
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Figure 25. Spectral changes upon addition of
acetic acid to [Sm(20-DOTA)(NOz)(H.0)]*"

in methanol at p=0.1.
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Figure 27. Spectral changes upon addition of

o-phenylenediamine to [Sm(20-DOTA)(NOs3)

(H-0)]*" in methanol at p=0.1.
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Figure 26. Spectral changes upon addition of
4-bromophenol to [Sm(20-DOTA)(NO3)
(H:0)*" in methanol at p=0.1.
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Figure 28. Spectral changes upon addition of

1,10-phenanthroline to [Sm(20-DOTA)(NO3)
(H,0)]*" in methanol at p=0.1.
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Figure 29. Spectral changes upon addition of
ethylenediamine to [Sm(20-DOTA)(NOs)
(H;0)I*" in methanol at p=0.1.
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Figure 31. Spectral changes upon addition of
oxalic acid to [Sm(20-DOTA)(NOz)(H.0)]*"

in methanol at p=0.1.
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Figure 30. Spectral changes upon addition of
malonic acid to [Sm(20-DOTA)(NOz)(H,0)**

in methanol at p=0.1.
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Figure 32. Spectral changes upon addition of
acetylacetone to [Sm(20-DOTA)(NOs)(H-0)1*"

in methanol at p=0.1.
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Figure 33. Spectral changes upon addition of
pyridine to [Gd(20-DOTA)(NO3)(H0)*" in
methanol at u=0.1.
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Figure 35. Spectral changes upon addition of
imidazole to [Gd(20-DOTA)(NOs)(H-0)I*" in
methanol at u=0.1.

_42_

Absorbance

Absorbance

1.000

0.5004 [

10 Inm

0.000
350 125 490 555 620

Wavelength(nm)

Figure 34. Spectral changes upon addition of
triethylamine to [Gd(20-DOTA)(NOy)(H.0)I**

in methanol at p=0.1.
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Figure 36. Spectral changes upon addition of
diethylamine to [Gd(20-DOTA)(NO3)(H,0)]*"

in methanol at p=0.1.
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Figure 37. Spectral changes upon addition of

piperidine to [Gd(20-DOTA)(NO»)(HO)*" in

methanol at p=0.1.
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Figure 39. Spectral changes upon addition of
salicylic acid to [Gd(20-DOTA)(NOs)(H0)**

in methanol at p=0.1.
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Figure 38. Spectral changes upon addition of
p—chlorobenzoic acid to [Gd(20-DOTA)(NO3)
(H.0)]*" in methanol at p=0.1.
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Figure 40. Spectral changes upon addition of
benzoic acid to [GA(20-DOTA)(NOs)(H:0)]*"

in methanol at p=0.1.
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Figure 41. Spectral changes upon addition of

Absorbance

acetic acid to [Gd(20-DOTA)(NOs)(H.0)]*"

in methanol at p=0.1.
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Figure 43. Spectral changes upon addition of
o—phenylenediamine to [Gd(20-DOTA)(NOs)
(H:0)]*" in methanol at u=0.1.
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Figure 42. Spectral changes upon addition of
1,10-phenanthroline to [Gd(20-DOTA)(NO3)
(H,O)F*" in methanol at p=0.1.
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Figure 44. Spectral changes upon addition of
ethylenediamine to [Gd(20-DOTA)(NO3)
(H:0)*" in methanol at p=0.1.
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Figure 45. Spectral changes upon addition of
oxalic acid to [Gd(20-DOTA)(NOz)(H-0)]*"

in methanol at p=0.1.
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Figure 47. Spectral changes upon addition of
malonic acid to [Gd(20-DOTA)(NOs)(H0)]*"

in methanol at p=0.1.

_45_

Absorbance

Absorbance

1.200

0.600

0.000
350

Wavelength(nm)

Figure 46. Spectral changes upon addition of
acetylacetone to [Gd(20-DOTA)(NOs)(H0)**

in methanol at p=0.1.
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Figure 48. Spectral changes upon addition of
pyridine to [Dy(20-DOTA)(NO3)(H0)*" in
methanol at p=0.1.
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Figure 49. Spectral changes upon addition of
imidazole to [Dy(20-DOTA)(NO3)(H.0)I*" in

methanol at p=0.1.
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Figure 51. Spectral changes upon addition of
triethylamine to [Dy(20-DOTA)(NO3)(H:0)]*"
in methanol at n=0.1.
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Figure 50. Spectral changes upon addition of
diethylamine to [Dy(20-DOTA)(NOs)(H:0)]*"
in methanol at p=0.1.
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Figure 52. Spectral changes upon addition of
piperidine to [Dy(20-DOTA)(NOs)(HO)*" in
methanol at u=0.1.
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Figure 53. Spectral changes upon addition of
salicylic acid to [Dy(20-DOTA)(NOs)(H0)1*"

in methanol at p=0.1.
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Figure 55. Spectral changes upon addition of
benzoic acid to [Dy(20-DOTA)(NOs)(H,0)]**

in methanol at p=0.1.
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Figure 54. Spectral changes upon addition of
acetic acid to [Dy(20-DOTA)(NOz)(H-0)]*"

in methanol at p=0.1.
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Figure 56. Spectral changes upon addition of

o-phenylenediamine to [Dy(20-DOTA)(NO3)
(H:0)1*" in methanol at p=0.1.
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Figure 57. Spectral changes upon addition of
1,10-phenanthroline to [Dy(20-DOTA)(NOs)
(H:0)F*" in methanol at p=0.1.
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Figure 59. Spectral changes upon addition of
oxalic acid to [Dy(20-DOTA)(NOz)(H-0)]*"

in methanol at p=0.1.
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Figure 58. Spectral changes upon addition of

ethylenediamine to [Dy(20-DOTA)(NO3)
(H:0)*" in methanol at p=0.1.
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Figure 60. Spectral changes upon addition of
malonic acid to [Dy(20-DOTA)(NOs)(H0)1*"

in methanol at p=0.1.
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Figure 63. Analysis of absorbance data for
the reaction of p—chlorobenzoic acid with Pr
complex. A: i=3%, i'=404nm; B:1=415, i'=425nm
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Figure 61. Spectral changes upon addition of
acetylacetone to [Dy(20-DOTA)(NOs)(H0)*"

in methanol at p=0.1.
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Figure 62. Analysis of absorbance data for
the reaction of malonic acid with Pr complex.
A:1i=400, 1i'=405nm;B:i=418, i'=430nm;C:
i=519,1'=532nm.
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Figure 64. Analysis of absorbance data for
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the reaction of 4-bromophenol with Sm complex.
A:i=386, 1'=398nm; B:1=409, 1'=420nm; C:
=518, i"=540nm.



Figure 65. Analysis of absorbance data for
the reaction of oxalic acid with Sm complex.
A 1i=391, i'=400nm; B:i=407, i"=420nm; C:
i=516, 1'=540nm.
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A=A i

Figure 67. Analysis of absorbance data for
the reaction of imidazole with Gd complex.
A 1i=372, 1'=374nm; B:i=380, i'=386nm;C:
=390, i’=394nm.
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Figure 66. Analysis of absorbance data for

the reaction of ethylenediamine with Gd
complex. A:i=376, i'=380nm ; B : iI=384,
i'=387nm ; C : =509, i’ =523nm.
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Figure 68. Analysis of absorbance data for
the reaction of pyridine with Dy complex. A :
=385, i'=390nm ; B :i=396, i'=400nm ; C : i=406,
i'=413nm.
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Figure 69. Analysis of absorbance data for
the reaction of o-phenylenediamine with Dy
complex. A 11=385, 1'=390nm; B:i=3%, i'=400nm;
C:1=406,1'=413nm.

Figure 71. Plot of 1/(e 1 —& ) Vs

1/[pyridine] in reaction of Pr complex with
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Figure 70. Plot of 1/(e 1 — €& o) Vs

1/[imidazole] in reaction of Pr complex with

imidazole.

Figure 72. Plot of 1/(e 1 — & o) Vs.

1/[triethylamine] in reaction of Pr

complex with triethylamine.
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