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Cr(I)-, Y(II)~, Nd(II)-, Dy(II)-, Er(lll)-[18]hexaazamacrocycle # & ¢
A7 54D

o % @
ARG Dt HYagAF

Aeap H F E

Cr(Il)-, Y(O)-, &e&=(M)-189 H 2 (hexaaza Schiff base), 2,11,17,26,31,32-hexa-
azapentacyclo[25, 3, 1, 1'*'%, 0*,0'**] dotriaconta-1(31),2,4,6,8,10,12,14,16(32),17,19,21,23,
25,27,29-hexadecane([18]JHAM) 2] 2% phthalic dicarboxaldehyde®} 2,6-diaminopyridine®} <+
& 38 3ol o3e §A3ch F, lanthanide(H) nitrate® ©o]§3t9 EAEH o
B #FZA [Cr(HI8JHAM)ICL - H0, [Y([18JHAM)NO:)(OH)(H:0)I(NOs) « 6.5H:0, [NA([18]JHAM)
(NO3)(OH)2J(CH:CN) » (Hy0)s,  [Dy([18JHAM)(NO3s)(OH)(HA0)INOs + (CHsCN)(H,0)s,  [Er([18]JHAM)
(NO3)(OH)(H20)I(NO3) - (CHsCNY(H:0)s 5& d3ith

o] AEEL YA4EHN, M7 AEL, FAB-A % £4, A ¥4y, 191 4FFY ¥
< o83l FENan BEHES nAHAUch IBHAMA ZFA ohdd =Zr)e] Cr(,
Y(I), VS LolE5Y AAH FF 482 Adzdgs FdAdsd 189 A=
(extra~cyclic ligand)e] A3 876 o4& ZHolt} A, FHol&& Auge F4 ¢
Ay, A8 chelate NO;, 882}, 18] OH ol 3 Aol

SEE(ID-[18HAM #HEEL Al Ay, w9esde] & DMF, DMSO %
ol fujolME FEo F&o|29 Nt BEAPoit)h o) FEBEL dHozs A
B, Adizg HAe 500CAAE o) &4 fxH).

D& =g 20009 68 AFHeta 24dd Y2 AEE w&st 4AEY =89
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1.4 £

@& Z(lanthanide(), Ln(ll)} F%]-&& 233 diamined dicarboxyl A7 A2l Schiff
base &L A7 TH uisl #PS Aok, Adawl yIFE(macrocyclic
ligand)e ¥ &&= P ote]FS(actinide) ¥4 GHHF AEE A8, ol THo|29
Welgee dysted ow Jge o’

Ao uE Adang FEL WA % (radiopharmaceuticals)” "2 A, Z1E]3 HApA
™ o %] & (radioimmunotherapy)® ,  ¥AME 94 %39 & (radioimmunoscintigraphy ; 7 -4 %29
&), ¥AALETSHEGeY 2L 9 &8 T BAS FJFANL Ak EF, o)H
HES A7) FHGANA o) =734 (contrast-enhancing  agent)® > !, NMR ©]% A (shift
reagent)'” ?, @@ @ QE3H Fo]o] UE NMR olF 2 ¢siA” A4S AYY
(fluoroimmunoassay)# Bt 443 &&elA HFAef, EFAAESAHYAA LHY FA
(luminescent labeD)'™ ® 22 3 w3 ¢(luminophore) 224 @7F @4s Ay g}

dgA deE FEH-LolE(chelate) FPE AELS AEd B AN HAZA . A
otHlal glom, @34 AAFARA A48 Aotk HA IDF A ARY 24A
(probe)e Adliel #EH AT AdA FHol2ae g A7sted FHAEA 184
2 A"

das FEID-Adguz]l 422 RNAY &37 Zu] FAHRNAY o282 @
(transesterification)}# #& Q&&okd @A dige] sz Aok F%F0)d(homodi-
nuclear) @8&F-Adia FEL do|A(Jaser)9t 2 #E A (phosphors) 2 F&3 F 4719
g 9% JA 4, BFH AAEA(biomolecule) 54438, AA AN FE&E-F
&7t Aglg FHAH w9 WA A (ocal coordination symmetry) 274, ¥z FHoER
B &A4gatele] o] & T o] &5H3 Urt

FeE 3 FHFE F&EL & vl F(coordination number ; CN.=7~12)9] FHES ¥
Aok olAL FE-Enm AFY ol AT A FHol2e & Z:d 7AEr. 55—
s A¥d f~HAe] #Ade g A7 FEEA ol He sjEAd FEo
A% vl A (bonding parameter)E 781, FAH $8448E Hde AL 7Y F&



ol&o) AAT Adinyl FBL FAHsed dasith AR FEE FAPsEY 8 HE
g G 229 543 ¥ Adaeg dAsE Ae #8F At

6710] AL FALAE 717 189 HAn=9 FEL LM FF 22 (metal release)ol
el BgAgelr] wie EWy Fulg F3 vt 2R, Addo] WEFHA @9 (aromatic
head unit, pyridine, furan, phenohol 5 &@o] W& L&l A AL} %) of
) w¥o] AEH wielo] ZWol AW WEE AXLIONPY o F93F o B}
B3 g whis bl

B Y
R - R -
| N [ R| N |R
[N N] N N
. ) L0
I |
N
R ,} R R /Nl R
2y 2
R = H, CH; ; L] R=H,; LlO]
CHz ; L[]

Gray-Hart¥= barium perchlorate®] 7 o] x22]# & (bimacrocyclic complex)2 %8 &
Furgol o& S FFL-aromatic tetraaldimine ZHE-& AUth Benetollo-Bombieri & &
JEE 245 L FY(template) & £ aromatic tetraketoimineZ - Qo EA4FAZT. ojd
ZAZo A 284 Azg T2Ei= praseodymium dinitrate-perchlorate® 9] @23 X-4 ¥
Aol o8 FFAAS”

olgtge FHZ-Adiney AE FAAC FEEH(Mo) 9 nitrate(NO3 )= ZHE S AA
& FAAAG ZE YHFEo & dES d2d o dEs A W(La~Nd; 80~60%)
g&ol29 A7t Hold4F FAHor FATH(Lu ; ~5%). F, g&ol29 A7|E
E A8 33 FE(stoichiometry)el] F#FE& P & @@ZFol2(La~Gd)Y W= nitrate
o] o] 37} #Hsle [Ln(LIODNO3)s] - nH:0(n=0~45)°] @A =A%, & o] &(Th~Lu)



9 A4 nitrate-hydroxide® %, [Ln(LITD(NO3)s-«(OH)] - nHO(n=05~15)°] A4 €.
old et Wt UM nitratec] 29 YAH fd02RE yeidd £, A7
e F&H0|ULE SR s APl FUHE7) gLt

2 JeE 949 triflated} acetate® F8 9EE FA T, &L A48T nitrated] A
®oh Aok, dutdoz ML 4% fdse HF AHES FAAYE WA Sl
(coordinating anion)oll 918 £ @t} o9} & ATL LMl A&3te Adzy F&
Aol At LIM)E 493 & &8t diacetate chloride® o2 744 2 49t

w L w *NQN_
d&b GCNUNDO

LIIV] LIV ]=[18]JHAM

38 g4 ¥d(template synthesis) 2828 Ajiz #HEe +£&& FeA Y (anthanide
series)oll A LEZo R #FEF LA W, vlANIE f7] FAES Frdvh dutdeg o
W A== 2,6-bis(2-benzimidazolyDpyridine{ L[V} A € 7](free base)?t F4AHd 52
Hlgietad 54 AVMAAER YAED? N-gAAsS §7) 2aEe LY F452 ¢
el o]gF= = Utk

B = E A Adgud FEE 97 A8t pyridines vg oz WYH FH o
AE A [18JHAMI2,11,17,26,31,32~ hexaazapentacyclo[25, 3, 1, 1'*', 0** 0"**Idotriaconta-1
(31),2,4,6,8,10,12,14,16(32),17,19,21,23,25 27,29-hexadecane}sl| s Cr(Il), Y(II), Nd(II),
Dy(I), Er(I) ©}]259 53§42 (template synthesis)& L& 3T}



II. o] &

1. 39X B339 (infrared spectroscopy)

oM #AL o Imm~25um HWHA P ol AiA HARZE 0.1-50k]/mol,
0.001~05eV, E¥ 10~4000cm ‘o] A&k, ol e Aoz Ao} o) 23
g Ze 3stdd 3 F& Fusivlde REFsih e, o] HHe 3 Fe A
dHoz ZA¥IWE(bond deformation) & dod £ Utk ofd AFLEL 25N E (stret-
ching vibration, 87t A&l #%E)3 H 82 %F(bending vibration, 2z W3g {us
A% 5 F kA wyoz dided ¥ BV 38 e vhed AF HyE A%
3 B9, oE 2FoEgE 4 A& x, y, z AXEE AATeEN AHYE F A 24
A, AA 2 E(degree of freedom)E (3 atom) X (3 dimension) =9ojt}. 221}, o] F 3
Me B &% (translational , #2k9] 33 A £ AFPZE WA IA g A7} v
Byeln], k& 37& 3 A2 F(rotational)ejt}. 71% %1% W4 (normal vibrational mode)®] <
T (3%3)-6=3¢|t}. dutF o R 71F WAL Fol HAEY A F= 3n6eln AL W
3n-50]1}

’

/N e

v 1(A) v 2(A1) v 3(Bp)
olE IFWAAM @7tA Ak A o] &9 FA FA(center of gravity)7t vl A
%t Aotk o] AgzACA H07 Hate 7Hx e WAL fFUsA 2Ad. R A
et Al WA A5 A(vy, vaE Z¥AHole WEE XTSI, vy 4% 38 IS %
Aolth, A, voz 3748 AF WA F AR @2 Aol ol XFd HFse A
gH @ AAE FALLY B2 JU(EA A5 FdEo] AN B 1)
uhe} gl



Table 1. Energies(cm Y of vibrational modes of H:Q as a function of sample state and

isotope of hydrogen.22

Species v 1A1) v A1) v 3A1)
H,0(g) 3657 1595 3756
HO() 3450 1640 3615
H20(s) 3400 1620 3220
D20(g) 2671 1178 2788
D0O(s) 2495, 2336 1210 2432
T20(g) - 9596 2370

o] FAEFY AL Cn A X RK(character table ; [Table 21)9 =&& Wol AHFT
At o]lE T o] wEel Fost RE EAFE] AR dojd 7ol BF FH
2o AL ohg: AL FAHTFH T E(group theory) 22 BAE 4 duk. Fo3 o
Ao #A7t F4E HE3L A7 (selection rule)oll 9l& AA P AAHoE ATy
& iy 7hsAel A& W FE “@A(active)” F& “FL(allowed)”o) = HEZ BAMH
3, HEA shsAdel gl W “Bl@ A (nactive)” E¥E “FA(forbidden) 2t ¥t 9
W] ols] %= EwE(dipole moment)7t ¥WaA HYE I W IR BR8N R
84 9ch” Raman #3%ojME £ ¥ 3 & (polarizability)dl M2zt 47148 2Fo] & &
gl B AFo] AIFAdr JFE FUMN HFEde IS FA FAY 2 Hdy 3
7 A7) WE olE F V)¢ 45 HEAQ "ol ofF A
AREEE 3EH Aol AL #Holg Lolle A2 MW E AT Foh AEEY 28
Fo] ek UE x, y, 2 HEE HYH-84 dALE BINAZS 48 S G AT
A x WEE B, yE B, z¥ AUIGEELE WGty 18822 4, B, BUAE e
AEHWAL M-8t

Raman #3389 A$de o480y, 2x, vz, X, ), 22 Ex o159 2oz &
4 XIS AT £ Ak G, HANAM BE o]AR $4e EF Vg dd nAn dd.
& A obyAw H09 RE 7]E AFLFL A Raman RN & o &
otk oe] 71x FdA BaAY dig HQH A8E [Table 3]d $&FH gloH, §
st AFA7] Aolo] AsHAZ Uk



Table 2. Character table of (i point group.

Ca E Co ago(xz) o'lyz)

A 1 1 1 1 z X, ¥ 2
As 1 1 -1 -1 R xy

B 1 -1 1 -1 x, Ry xz

Bz 1 -1 -1 1 ¥, Iix yz

Table 3. Vibrational frequencies(cm ') for selected triatomics.® -

Linar Angular
Triatomics v Ve Ve Triatomics . Ve v
BeF» 680 345 1555 Snky 593 197 971
BeCl; 390 250 1135 PbF2 531 165 507
XeFs 497 213 555 PbClz 297 = 321
CO. 1337 667 2349 SF. 825 358 799
CS 658 397 1633 SCl2 518 208 526
NNO 2224 589 1283 NO: 1318 749 1610
I 114 52 145 NH: 3270 1556 3323
H25 2615 1183 2627
0] 1135 716 1089

718 el BAMe EF4e 439 w7t g E S48 SoAsd o A V1E e
AL 3 fAYE e EAdAMe 49E £ gdoh 2™ Fol 7R A /88
ARE 2-47] Fd(functional group frequency)dlAd €& 4+ Aot B 714 £7] £43}
o} galEe] #47] Fu4= [Figure 110) 28t Ech zF A3 deol tisl ¥A7
A48 AL Fold JEwe fA7F FFH Qo wet @ar] fEet. & Eo borane
7} heteroborane & x| 3}gENAH 7la FA(B-H-Bes)E d¥F o2 1600~2100cm Y
o AEJAELE 2erh 2B, o/5L %Y B-H AHF(2450~2,650cm ') 2R E
H4A TdEch
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Figure 1. Group stretching frequencies(cm Y for selected bonds to hydrogen and chiorine
:—— =H; --- =Cl ; (t) =terminal ; (br) =bridging



2. 9 %44 (thermal analysis)

EFAEE 258 U4 £ FUVHAIIEA Algd BEAS
ojth. F, A5 s JAE oW A 2R A
59 #F4zA @A HAssd 2R oiE 2% AR

419l dEHY FF, 543 29334 parameter R FHFAE A BHUH

Table 4. Summary of thermal analysis techniques

3
&

AgHow FHsE WY

< o,

2 A" 4o
dA 2 Aol [Table

3 = 25X9 g8 r ZFHAH = parameter Ab & & A
AFHFE5AH(TGA) 5% a4dA
vELGEZ2A DTG | T2 13 o ERIE

A1zt &4 (DTA)

MNES EEEA Atol9 2R

REE R

SERETER

9 eEAel 14 v

AR DR M A

M AFALE F 5 (DSC)

rir

NE 2 BFEH 385HE ¢

rr

SEEREEEE

A7 H M (EGA)

BAVNA L B, &

AFEAA

gas chromatograph

A=A B 374 2447
e GEE A2 XA#4dA
A7ZAERE ) A & bridge
TR L] 2152 %A
LERA Lx s A EE AR 4G L= A A




1) 93 %Y (thermogravimetric analysis, TGA)

s

rir

dzdde oW ARE YHSEE stEREA 1 3% WSE d&Hoz 349
goz, o W YolAE FFFAoE LY g 2L TGP ARE AL § At

(D Az dEAgd 347
- ARF, 2R 4
- dEaurge] 44
(2 ALAHEAY J4& Fose did ¥ DY AT
(3) LA 71A e g AT &8
(4) &4, vy 24
(6 R 2 T2, 55E o]4Y TANEFEY Y

AYAQ FaEIMel a2 MXo: 6H09 AL dsted #F WyE [Figure 2]ol4 &
F3t1, [Figure 3]914 % CaCO;-MgC038] Ao gloixe] gz sl 71&gct

A5
g} ¢ »°
=
=
2 |
=
{ I
- E F
1 _ L i ]
(0] 100 200 300 400 500
Temperature(°C)

Figure 2. Decomposition curve of the MX:z -+ 6HyO run in air atmospere and heating

rate 5C/min.



ZRE B7AAlE Alge ¢A4sts F@ WEle Q. BEREH AlgEv $3e] A4 Al
Zatn Cola] o] W3 FHAHol gud Az FF TAE AR 18T 689 £ €A
U Ao g AAPH(EFS) CERE DAXNY JFEL Ay F4L2 538U FF
& Uedg DE Aud ARE A 28 9o ERRE Fo gate e F8$F
< Yehdnh o] R BAsE 71AE B o Favtrge] dojuteA oI
Az NgY AR & & vk E-FHe 5% £ i5E M09 =4S ZE Re
S Rag2l=g

AN

A P

o

210

Weight(%)

L AN — L e e v —— ——

Temperature (°C)

Figure 3. Decomposition curve of CaCQO; MgCQOz mixture systemiCaCQs @ dissociation

pressure 1atm(898C), MgCQ; @ dissociation pressure latm(5407TC)}
CaCO3 MgCQs2] Z&3 T3 EAA 210CAA = &49e AAolx, E-FL MgO2
CaCO8] E#E dgsty, G-HIL MgO9 CaOstel EFE4 3. A wrwss

500~ 900C Atojol A ©ikzbgo] e o =M WA e CO9 2t

2) A A4 ¥4 (differential thermal analysis, DTA)
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ARG ENo|F FEow TEE FHAIE AAAM AR 7IFEATY EAFY A
A% S&TAE A Be 24 dEd 71&sts JYeltt AlAEEA S ¥ F [Figure
4190 VeErel $dUA EL FEAINE FAAN st v2A AZHY 2RE s
A [Table 5]} 2t}

= furnace
® | == standard o t
: -
g - sample ‘§ g » exothermic processes
o
2 % \ tme —-
E } T] -2
o S
- -l =
T § &
?QE ‘ endothermic processes
Time
(a) time changes ot temperature {b) time changes of difierential temperature

Figure 4. Principles of differential thermal analysis.

NEEHY 22w 9 X2 Aedch 39 AgE Tl g3d 2x9 gl 7IEE
Aol vzt dAIHL R Fo|AR g TelME 2 Joz Ygur} o 2% Ago] dAH
28 FoAE AL ANE7 & F5E7] WEolH, B¢ £ 4o AR WE A
< dg 247 gt a¥d, N1EERAHA AR 2EAANALZE ATE HEA (b)
o} #& FH(DTAFA)] Ao}

DTA® Z4A7e] &S vXE AAE 2F¥s & w, DTAFTAA peaks ¥, A
R HHE QMEF QEARE, @Y, @UA AF, ©FAE, @0 2917, @F
SHE T o8t AFS W) e Aol e AAE d' de Hd dAG A
of &3 T4 Hart ot 48 59, 5= 0L W9 AAE [Figure 519 2
o YR og $L&EE AA W peak’t FUER HE XEE L2EOE VL3 @)
A S AT, peaks] ;T L A 2709 AHE peakdl #EF o] hE FFo FFolA
T Ath

2
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Table b. Cause of exothermic and endothermic peak in differential thermal analysis.

i 4 W g @ 4 i
(£ 3 4<) (shet2 €1Ql)
AA "o O O g E @)
§ O S+ O
71 % Q g+ O
s & O z o O O
S | O A3k 2 8 O
L O 2} 3H(gas A1) O
F & O #d(gas ) O
Aot nkg O O
g O O

8 T /min

l— , Iq " | llz‘C/min
lll*#ll,lﬁtﬁnin

20C /min

600

Figure 5. Peak changes of differential thermal analysis of kaoline for heating rate

change.
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o7|M ted 2 AES 1 - 2H £ Yen,
(1) A& Aele 221 A e]([Table 5] &)
@) &8, FL 5o FWgE F3
(3) ¥3, 4y, g 5o AF

24 oslitel fAHE & gGFo) Folof &k

MWAgE 74 mg~F8mg/3 & EH

QA8 E, 2%, 49, o3 d498& F7)

(NEY, ABEE, o= 5), FAEAY), ¥HEL 44 -4 §), 5454,
A4, G4, A /5 B)E E

@EA 54 3 =0(FAY 2= ¥4, 49 £497 )2 715

G)#1 £9 2 A8t oW Y

A o] #E 24 A E [Figure 6], MnCOs8l DTA-TGA S4] ¥4 & [Figure 7]
SRR

a6 @ @a G a
[ Vo i 2 =
A R R 3 a 6
1 1 L
H ¢ liquid 1
1] } 1 ! '
5 a1 11 ! 1
s liquid + :
% solid A .
1
—_ |' [} : =
] H i liquid + solid B
! 1 ' - .
i ' ! ! comrespending
jsofid! | 1 | point
i 1 { '
S
1 4'L 1 :
A Composition B exo e—e endo
(a) phase diagram (b) differential thermal analysis curve

Figure 6. The phase diagram and differential thermal analysis curve for a mixture of

two material
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49 A4 19% Lol $LHPANE Ago] FHGAN A% A B peakst Ve
L3 Fol B mgAY st 2L BWE peakst oloiWrh HEUIE WHAA of
NALRNTE T FFY Aol-g9Y FSAE peake] 271 HIE A&H
W37 ehdh g ol g stel 2HE 4Tt A8 WA @x QojR ARG
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Figure 7. DTA-TGA curves of MnCQ3

DTAE TGASt 2§ste] %0324 Ao AR o] F7gth addME F%F 740
e AbshE e xAdwEstE 2EXMFAe o) HFeA & AE A vdehged o=
FH 47he] MnO.7F EAste A& o 4 Ak DTAS 550Co 1914 9] peaks MnOp—>
Mn;032] #2i%E-g-of -3t A2¢] Fhpeak Twmu=970CE A 3AH S WE & MnOs -
MnzO4°) -,
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m A 9

1. Ao 2 £47]7]

AHo] o] &g Aok phthalic dicarboxaldehyde, 2.6-diaminopyridine, Dy(NOs)s - 6H20,
Nd(NO3)s - 6H20O, Er(NOgs)s - 6H:0, Y(NO3)3 - 6H:0O, CrCls, acetonitrile, diethyl ether,
HCIOs, DMSO, DMF, 283 methanol S22 Aldrich €& Sigma A F& AH&3lATh

3—}—;-:‘3-%-.‘% Elementar Analysensysteme (GmbH Vario EL)& AM8-3le] 9484 391,
DMSO £ &lell A ORION Model 162 Conductivity Temperature Meter& AH8-8ke M 7] #
LEE 2339 d. AFAAEHL VGT0-VSEQ FAB Mass Spectrometer(VG Analytical,
UK)Z ZAsqvd, o] W FAB condition®.® FAB source®t matrix-& Z+z} 35keV Cs'
ion beam# DMF/NBA& AF&3t4ch AH9d AHMEZHL FT-IR Spectrometer(Bio-Red
FTS60)o.2 &Astgr} <8 AL Thermogravimetric Analyzer(TGA 2050, TA In-

struments) 2 522 % 20T/ ming FA3le A5 art.
2. lanthanide(Il)-A d 8] #&&E FA

o] A& gA4< V. Arul Joseph Aruna & V. Alexanderd& Tha =4 - dA & gch”
phthalic dicarboxaldehyde(0.2683g, 2mmole)®] acetonitrile(30mD)&el)  lanthanide(Nd™, Dy*, E*)
nitrate (Immol)#] acetonitrile(30ml) &85 H7Heeh of T3 F4E d2oA 108 A= ait
A%l Fo 2,6-diammopyridine(0.2183g, 2mmol)¢} acetonitrile(25ml) €4S A3 AH7}gc}.
o] w 7} A2 10% o) 2 QFH, o] ukg FFEL 10412 o] wukAIZTE o)A
AEZ7A YA A 33 Fo acetonitriledlt diethyl ether® A} # ¥} o] v} acetonitrile
2 Fisher(HPLC grade)#| ¥-& CaH.2 A g]&ta] oj& 3}

_15_



Scheme 1. Preparation of lanthanide(Il)-[18]HAM complexes.

phthalic dicarboxaldehyde(0.2683g, 2mmol) _]

l dissolve in 30ml acetonitrile

add the acetonitrilie solution(30ml) of lanthanide

nitrate(1mmol)

mixture

stir for 10min at room temp.

drop the acetonitrilie solution(25ml) of 26-diaminopyridine(0.2183g

2mmol) over a period of 10min

stir for 10hr at room temp

deep brown microcrystalline compound J

cool and filter

crude precipitate

l wash with acetonitrile and diethyl ether

l dry in vacuum desiccator

lanthanide(I)-[18]JHAM complexes
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=0 | = lanthanide nitrate
2 + 2 P . -
acetonitrile/stir

c=0 HoN” N7 NH;

N ks

=N. N 'N= skeleton of Ln(III)-[18]HAM complexes
Ei \L / ﬁ ; omitted exocyclic ligands and counter ions
n
[\
N7 ON=

3. yttrium(Y*)-Ad g 8 A

lanthanide(I A e AL ¥4 BHF FAFSH, lanthanide(l) nitrate @2lel yttrium(OI)
nitrate s o} &%t}

4. chromium(Cr*")-Adqxd I8 F4

phthalic dicarboxaldehyde(0.26826g, 2mmol) DMF(30ml)& 9] CrCls (0.1584g, Immol)-&
A3 Horg. o] EF S99 2417 A% BF A Fo 2,6-diaminopyridined DMF&
#4(021826g, 2mmole/25ml)-& A A3 H7pgich o] Afo &4 A AZEE 102 AE 2
g o] WE EF SNAL 10A7 o)A E&FAATH 28D o] §Y94A DMF &9 E da
T2 ¥ diethyl ether(20mDE #7tste] AAEE divh o 2AAE A#F o)
methanol# diethyl ether® 33] o] 4 )43},
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V. 43 2 33

1. Adae 2 FE g4

Z 8% A9 (template synthesis) 2 2% “2+2" AP Adngy FE2& A& F /)l B¢
7t FHE 9ol AdizE Yu=EzyE s g4 28y, Aduygy =T F4
Zate] F43% YA B WA A o & Ak ol9h2e ARANE AT
F71ATA L dAYE ol 23 FAD AdnEAE A ¥ AR FYLF o= A
Zgtogn AZL AL 4 v} 26-diformyl-4-chlorophenol® polyamine &2 5 i
“2¢2" Adiazet olg AE @ HdgA AduzdE $4YT + A E7ILIOH F&
NaOH)E ol§&d Aduz 22y gggdashitge] dojdo 2 nitrate 5 £°]&&
Eiete HE A4ol ¥ £ Atk 94717 EA8A ¥S WE FEE Yi=Ee T
Arefol o, chelate® 270 9] nitrateo] &4 3¢5l HEZ @l

lanthanide(IN)(Dy, Nd, Er), yttrium(Ill), chromivm(Ill) ¢]&< 2, 6-diaminopyridine¥}
phthalic dicarboxaldehyde®l Schiff base ZF&W-&& ZFIAAA “2+2" AL Adizud
([18JHAM) #E& #@Agr o #HE2EL [NA(I8JHAM)(NO:)(OH):] + (CH:CN)(H:0)5, [Dy
(I8IHAM)(NO;)(OH)(H20)INO3 + (CHsCN)(Hz0)3, Er([18]JHAM)(NO3)(OH)(H20)INO;3 - (CH4CN)
(H20%, [Y([1I8JHAM)(NOs)(OH)(H.0)INO; - 6.5H20, “12]3 [Cr(Ho[18]JHAM)ICI - HLOE H =
Adg 4 glen, o W F£&& 65~76% PJLEl lanthanide(Il) nitrate &3}l Schiff
base & §ukgo] F= ethanol & methanolol| A AA)ed, F43x & 24E& 717 3§
Bo] doj2ct a#y, |2 A T4 gcetonitrileE ol €3, BEdLH Ay FAEo] &4
A AdErt

z g&ole 9l o] utAEH WHS(C. N, Cr’' 755pm(C. N =6) ; Y 104pm(C.N =6),
1215pm(C.N.=9) ; Nd” 112.3pm(C.N.=6), 141pm(C.N.=12) ; Dy* 105.2pm(C.N.=6),
122.3pm(C.N. =9) ; Er’ 103pm(C N.=6)8 9% @ Cr* o # 277 /b A2 Cr
(ID-[18JHAM #-&o] <Qdojrt [18JHAM#A x84 thkd =7)el Cr(), YD),
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Nd(I), Dy(I), Er(I) %el&Eo] 78 Agg & + A& AL Aduzs Fddx g
o] fr=2 JA A o] ¢£837] HEolrh

Table 6. Elemental analysis of the Cr(Ill)-, Y(II)-, Ln(II)-[18]JHAM complexes.

P Calc.(%) Found(%)
TEE
Compound(%) %)
° C H N C H N

[Cr(H[18]JHAM)ICI » H:0 40 59,78 | 460 | 16.09 | 60.28 | 4.55 | 16.11
[Y(NBHAM)(NOsXOH(HZO)ING; - 65H0 76 4003 | 436 | 1436 | 39.88 | 3.76 | 14.37
[NA([IBIHAMY(NOY(OH),] + (CHz CNY(H:O)s, 74 4355 | 435 | 1524 | 4360 | 4.03 | 1513
[Dy([IBIHAMY NOWY(OH)HO)NO; - (CHCN)HO),| 72 4043 | 3.6] 15.16 | 4068 | 3.97 | 14.76
[Ex([1BJHAM) (NO3)(QED(H)ING; + (CHICNYH)g 65 3776 | 405 | 14.16 | 3776 | 3.89 | 14.29

2. 899 A7 AL

ytttnium(Il)-, Ln(Il)- Az d] #FAE2 EHdT=(molar conductivity)”’} DMF &l A oF ~
% ohm 'em’mol ' AES] FHE 7HA|7) wEo] 11 AHNAR Az $ o FBE [Y(18])-
HAMY(NO)(OH)(H20)INOs « 650 S8 ®38 + gtk

3. chromium(Ill)~, lanthanide(IN)-#& ¢ FAB A JF2HAEF

#HE° FABI# ~#E-LE Exol&(molecular ion)o) A3éte 3$8(peak) & E 33
ek, Exlol &g w9 #7rE(extra—cychc ligand)E 2024 [Ln(HAM)NO)(H:0)',
[Ln(HAM)(H20)]' ZZHfragment)S ol @4 At 28 2, [Ln(HAM)]' & & &£ 4k-$ (demetalla-
tion)ell ¢l [(HAM) + n HI'&#o2 Fv}h &, i 22 ABoAN Ay L=+ FAB

- 19 -



ZAM gFE&E0E Fgo G99t ESF o2 RE nitratec] 29 AAL 639 FF &
AZA 8§A8 & Art o]H FEL FAB AFAHEHNA & AFE 5 U}
Er(IN-[18]JHAM & A [[Er([18JHAM)(NO:)(OH)(H:0)INO; - (CH:CN)H0)e £A}0]
208X 8979m/zolA 2dE = K eh([Figure 8]). 840.0, 767.0, 749.0, 6633m/z peake 4%
[Er([18]JHAM)(NO3)2(OH)}CHsCN)(Hz0)a + HI'. [Er([18JHAM)(NOs):(OH)(CHsCN)T", [Er-
([18THAM)(NO3)2(CH,CN)T', [Er([18JTHAM)(NOQ3)(Hz0) + Hl'oll #si%3leE E%F peaksol
o oE VEE I FHAT e AAY Foe F59 GFF FAYLE(VE
Wpr %Er ¥Ee gy "OEr) wjEol @ Z(cluster)®] peak’t & A&},
B =Fo] #4% FAB AN E F&ol29 77t /M Fe O oled W g3
Bte-m Adimele] wtesl Fo o] LolaA APE Relth([Figure 9. d714 Al
HtE Yl £.29 phthalic dicarboxaldehydest 2,6-diaminopyridinee] 2 @ 2 &¥]& ©-5-%
o) olm 1 :1 BHlE A HAHELny = LIVIDA 438} olalgh AL Cri'ol

4

At

wooH

R

»
=N~ “N“ “NH,

NH,

Lw2= L{VI]|

o WA Fo] 7 Fol Aduert AstA Rz GEio)r] diEd &olstA F&olLo]
dHH Adage olTl 24o2 H7| 48 2H%Y Foltt,

4. #&-Adae ZE9 AHH AAEY

Adzelet olg] #HEe g IR 2¥MEHA = -NH >C=0 #8&719 54 &% peak
7t veRRl kEcH(Figure 10 ~ 13]).  ~1625cm ‘A4 #FEe 28 F5 dE o
(C=N)ll 711825 ~1580cm !, ~1,460cm ' BZolA #HE= F4E pyridinedte]
Aol % Aoz F9 FFust Tgso] BRAL Gib®® o] o 1460cm | F2A
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BAs e F4us W9 nitrate ol o oF FF W EHasA € £ Uk WY
£29 v (OH) d%& 3218m ' #2olA #% & & ek % 1,650cm 'olA dold Ao
2 d&5+ H-O-H F¥%4(bending mode)S v (C=N)8l 25 &5 &) R53tA ¢
E}~|22

aqua-, hydroxo-#£29 v (Ln-O)(OH: & OH) A ¥l AFss F1A4719 Fsus
415~426cm ' GGl aFe § vt ” nitrate-FE M= w9 L o)A nitrate®] 54
ol F4mWE A £ Yk ~1,460cm ', 1,307cm "ol wE w9 nitrateo] 29 v
(N=O)(v1), va@NO)(va)ol 22t gg@eh?h 252 ~1030em ol BREE v (NO(v
2)¥ bidentate chelating nitrate®] E-2do A 33tet, nitrated] A& 712 AF 9 A E(4
v=y1-v2)E monodentate®} bidentate chelating nitrate® T+H3éls 7|Fo8 o] 8&E F
UTH 4 v & nitrate B3t=9 w97} monodentate ¥ bidentate € bridging& I E 2
Wahe] whel Z7kgiv) B Agea #Ed BEUAE, 4y >150em ‘o), o]& nitrate ©)
2°] bidentate =2 FAFEH A UL IAET dw¥HoE NOs &
lanthanide(Il) o] &3 chelate #E& FAY¥E o] 24 nitrated F4Ho2% 7ZHshdA &7}
2& W7t 1,380cm 'F2 A #FHT”?

5. #&-AdlxeE FE TGA

Ln(ID-[18]JHAM #E59 & 4 a4 L 4888 £ (thermogravimetric analysis)2
H #2% 5 v NdID 229 Z9e 3 HA 2A(~3400)0A AxEuz 43
5%7H9t CHsCN 2825 0] "Wozl=d 7198 s 19.86% FA #a7t vehdeh 13
A dAG0~590T) e 29 PN NOs, 2719 OH o] &)5¢ ¥4
datod 1556% FA Za7t dolwrh 600T ol &R0l Aduia gztx=e] 2o
& A FAE 2 & [NA(I8]JHAM)(NOs)(OH)2] -+ (CHiCN)(H20)58] TGA curve
[Figure 14]¢} Zt},

o R K or
i i il

oft

rl
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5238 (1)

(1) (HAM)(H,0), + H]*

(2) [Er(HAM)(NO }(H,0) + H]*

(3) [EFHAM)(NO ,),(CH,CN)*

(4) [ErHAM)(NO ,),(CH,CN)(OH)}

(5) [Er(HAM)(NO ,),(CH,CN)(OH)YH ,0), + H]*
(6} {Er(HAM)(NO ,),(CH,CNYOH)YH ,0), + 4H]*

41 0130 633.1

595.8

0 . P

663.3 (2)

\

7489 (3)
\ 767.0 (4)
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Figure 8 FAB-mass spectrum of the [Er([18]HAM)(NOs}(OH}H:0)INOs - {CH3CN)Y{H20)s complex.
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mfz

Figure 9. FAB-mass spectrum of the [Cr(H{18]HAM)ICI - H2O complex.
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Figure 10. IR spectrum of the [Y([18]JHAM)(NO3)(OH}H20)INO; - 6.5H20 complex.
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Figure 12. IR spectrum of the [Dy([18JHAM)(NOz)(OH)(H20)INOs - (CH3sCN)(H20)3 complex.
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Figure 13. IR spectrum of the [Er([18JHAM)(NO3)(OH}(H20)INOs - {CHsCN)(Hz0)6 complex.
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Table 7. Characteristic IR absorption(cm™) of the Y(II)- and Ln(IID-[18JHAM complexes

macrocyclic ligand coordinated nitrate
Compound
v (C=0)| v(NHz} | v (CH) | v(C=N)| v (C=C)| v{NO} | va(NO2)| v s(NO2)
{Y{[18JHAMNNC:)(OH} (H0)ING; + 65H0 no no 203554 | 1624.01 | 1533 | 1458.14 | 1307.70 | 10319
INANIBIHAMM NG OH),] - (CHs-CNWHA), no no 292589 | 162208 | 1533 | 145814 | 1303.85 | 10315
[Dy(IBIHAM) (NCsHHOH) (FLOYING; + (CHCN)HO); no no 202589 | 1622.08 | 1533 | 1458.14 | 130578 | 10319
[Er{[18THAM)NOsOHMHONNG; - (CH:CNYH0)6 no no 202396 | 1624.01 | 1533 | 146393 | 130578 | 10319
. . coordinated coordinated lattice
Compound lonic nitrate .
hydroxide water water
TY{I8IHAMNNO:OH (HXO0NNG; - 65H0 1384.85 3431 3215.2 3356
[INd{[18IHAM}NO:}OH)2l - (CHs- CNY(HO)5, 1384.85 3443 3218.7 3383
[Dy{([18JHAM}NO)OH) (FHeONNG; - (CHCNYHA)3 1384.85 3437 32152 3381
[Er((18THAMY(NO:XOH)H0)NO; - (CHCNIHO)s 1384.85 3439 3217.2 3383
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Figure 14. TGA curve of the [NA([18JHAM)NOs)(OH)2] - (CH:CN)(H20)s run in nitrogen atmosphere and heating rate
20C/min.



v.d4d £

A defe A A, WYsEe] & DMF, DMSO 59 £doAx aE9 Ff£ol
9] sfelb-go] B@g<el Cr(ll)-, Y(I)-, Nd(I)-, Dy(I)-, Er(IM-[18JHAM %& 438t
[ BE, o2 AR ¢AsY Ay dAe 500CAHARE g4 AES F
A3 At

o] & MA] E{Cr" 755pm(C. N, =6), Nd”' 1123pm(C.N. =6)}e] @77} A3 Aojd F&
EHE AT Adingy FEE AL F U HEZE o] AdimeE Ih(18JHAM) S
Fradel &3t 28y, Cr(ID-[18JHAM g9 AFAHEHME Aindge vE
2 F(LIVIDS peake] A717F ZsA JdEpdo. & F&0]&9 wx]go] Zo} o] FHE ]
ASde A T/ A5d ded Aol

Y(II)-, Nd(Ill)-, Dy(I)-, Ex(IN)-[18]HAM ZEoA F&Ho] viYE NO; o2& Fxa
g IR 2§37 gt o159 w9 1009, Cr(ID-[I8JHAM 9 W& gt o

2 ¢49A e AAY Cr(DY w5 60153
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[Abstract]

Synthesis and Characterization of Cr(II)-, Y(III), Nd(II)-, Dy(Il)- ,

and Er(Ill)-[18]Hexaazamacrocyclic Complexesl)

Lee, Woo-Hwan

Chemistry Education Major

Graduate School of [tducation, Cheju National University, Cheju, Korea

Supervised by Professor Byun, Jong-Chul

Chromuum(IIl), yttreium(Il), and lanthanide(Ill) complexes of the 18-membered hexaaza
Schiff base macrocycle 2,11,17,26,31,32- hexaazapentacyclo[25, 3, 1, 1418 0% 0¥ dotraconta
-1(31),2,4,6,8,10,12,14,16(32),17,19,21,23,25,27,29-hexadecane([18]JHAM) have been syn-
thesized by the metal template condensation of phthalic dicarboxaldehyde and 2,6-
diaminopyridine. Therefore, discrete mononuclear complexes of [Cr(HA18JHAM)ICI - H:O,
[Y([18JHAM)(NO3)(OH)(H:0)J(NO;) - 6 5Hz0, [Nd([18JTHAM)(NO3)(OH).J(CH,.CN) + (H:0)s, [Dy([18]-
HAM)NO3)(OH)(HO)INO; - (CHLN)(H:0)s,  [Er([18JHAM)(NO,)(OH)(H0)J(NO3) + (CHICN)NH)s
have been obtained by using the respective hydrated metal nitrate as the template

Chemical formula and characterization of these complexes have been determined by
elemental analysis, conductivity, FAB-mass spectrometry, IR-spectroscopy, and thermo-
gravimetric analysis. The various sizes of lanthanide(Ill) cations in the assembly of
[1I8JHAM are due to the f{lexibility of the macrocycle to adapt to the geometrical

requirements of the metal 1ons and to the steric demands of the extra-cychc ligands The

central metal jons have been coordinated by donor atoms of macrocyclic ligand, bidentate

1) A thesis submitted to the committee of the Graduate School of Education, Cheju
National university in parttal fulfillment of the requirement for the degree of Master
of Education in June, 2000
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chelating nitrate ions, water molecules, hydroxide ions.

Lantharude(IN-{18JHAM complexes were stable in solid state, and the metal ions were
not dissociated in DMF and DMSO which have high coordination ability. The complexes
have exhibit of high thermal stability and the macrocycle entity remains unchanged up to
500°C.
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