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INSTITUTE OF NUCLEAR RESEARCH

THE PHYSICO-CHEMICAL PROPERYIES OF THE LANTHANIDE COMPLEXES
WITA THENOYLTRIFPLUORDACETONE
111, Infra-red speoira of the lanthanide coemplexes with TTA
in the rogion from 1700 to 400 em™t
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Abstract

The 1.r. spectra of the Ln(TTA);°nid,0 complexes and the
dehydrated cowplexes of Nd, Gd and Lu with TTA as well as tho
AL(TTA); and Fe(TTA ; complexes have been studied in the range
17T00~400 cm™® . All spectra of the investigated complexes imn
the range 1700-700 em'! are similar.The significant differences
botweon Ln ccmplexes and those of Al,Fe occur in the range 700-
-400 cm' . 1t has been found that the wave number of the band
.ppearing i the Ln  complexss in the vicinity of 450 om” in-
creases monvtonically with the atemic numbor. The behavieur of
the V¥, and recking hands eof hydrating water melecules has baen
discussed. The 1600-1500 om' range was analysed in detail and
ilse the majority of the abscorptiom hando im the romaining part
of the specirum has been assigned, R
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Sireszczenle

Zbacany widna w podozerwienl komplekudw Ln(TTA%;oﬂag,odwad-
nienych koupiekséw Nd,Gd i Lu oraz kompleksdw Al(TTaA); i Fe(TTA),
W qbszarze 1T00=400 epm” , Widba w poﬂeaerwgﬁni wuzystkich prze-
vadanych zwigzkiw 8§ w zakresis 1700700 cm’ podobne. Istotne
roinice wystepujg miedzy widmami kompleksdéw Ln oraz Al 1 Feo w
ebszarze T20=-400 cm’ . Stwierdzono, %a liczba falows wystepujg-
cago w kempleksach lantapeowedw pasme w peblizu 490 cm  wykazuje
sonntoniczny warest ne smlang liozby atowowej., Przedyskuiowano
zachowanie sig¢ pasma VYV, i libraoyjrege dla wody wystgpujgcej w
kompleksach, przesbalizowano szczegdiows obszar 1600-~1500 o’
0rad prayporgadkovane wigkszosc pasm  absorpcii w jdzostale]
covsel widma,

Pe¢rpie

Wocae zovann VK- CﬂeRTgN reuniercos Ln(774 ;; «nH,0, FermEpa-
HpoBalux woMniexcob Nd, 6d ¥ Lu 8 Tagme ROMMIRRCOE Le(ima 5 B
Pe(TTA); B o6nacts [700-400 cy'!, CHSRTPH BCeX WAYYREMHX ROMN -
nexcoB B o6xactu I700-700 cM™ OmBR MOXOHHE NpYr Ha ngxrag 3ua-
YHMHE DABNWYAA CHeRTPOR RaGADRBAHEC B  ofxactm 700-400 cu? ,
Torasaio, uTO MOKOREHNe MOROCH NMpE OXoAC 490 cu™ , BucTynammell
B CH@ETDAY ROMNAGRCOB NAHTARKLOB, MOMOTOHRO CRBUTEETCR ¢ YBORH-
YeHHEM ATCMEOTO YHCAA JJMeMeRTR, Z . PaccuMoipeno moBeREHMO NOAOC
Vp U JIROpOLEORROH Moneg%n Bofy B _kommAexcax. HogpodsHo mpoaraay-
soeena ojzacts 1600-1500 cw- Onperesnero COABMWHHCTBO alcond-
ITORANX TOROC B OCTARBLHON YACTH CHERTPOB. '
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This paper s a contimuation of studiss osnoerning
the phyeics=chomical proporties eof lanthenide complezes
with T¥A. Thoe properadion of the complexen of the ganeral
foremla hm(??&)aamﬁaﬂ has beon desoribed pruviau@lyi/a
The oconposition of these compaunds, their therzal preper-
tics aud solubility of tho hydrated and dohydrated oomple-
a9 in ipert molvenise has aleo heen diseussed in %etailglo
The infra-red spectra of the hm(TTA)souﬁaﬂ counplores
provide new information oongerning tke siructure ¢f these
cezpounds and give & baeis for the discowseion o the hydro-
gon bending in those essplaxes,

There is a gresat number of papers on the iafra-reod
apootrs of comploxes ¢of different metals with dlifferent
B -aikotones, but most of them deal with the compounds with
acotyloasatone /JAA/. There are, snly few raofercnces o
the i.r. opootrs of complexes of vetals with TPA. Holtseclaw
and Collman® hmavo dotormimed the speotira of seversl B <ai-
kotomss /Fli.8. TPA/ and tholr ocupper compounds in the range
4000330 em‘i roporting, however, meither the wave numbers
nRor the rascorded gpootra. Perrais and Heahy&/ have digeussed
the i.r. Speoira of compeunds of the type MXCTTAJySE, whore
M= Né, Th, UOz and 8 is the asutral ligand from the group
of organcphoophorun ceupounds /fe.g. TBP/, The latier
authors ¢lalmed that tho neulral orgencphosphorvs ligand in
the MK(TTA)ySz complexos conges tho splitiiang of the car-
bomyl peak at 1660 om™* into twe posks,.indloating that omo
of the TTA molooules acts ar & nonvdentate ligend in these
complaxen., Thne peak at highor freguemey, vis., 1622 omt
was aperibed to the froo ketonino garbenyl funotion which
weuid mosn that ono of the FiA solsculesn is monodentate.
Howsver, Li ot 81.% have uhown thot the splitting of the
carbonyl band at 1600 om~ = 16 260 & vonclusive proof for the
presence of a meavdenitate diketone grouplng since eoven im
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some simple M(TTA)g compounds the band is split. In ad-
dition, Lewis ot 81.%/ have chowm that ome of the criteria
for the presence of monodentats {3»dikem0ne groupings in
platinun complexes is the p.ossnce of a band at about
1650 cm"i due to a froe ketonile earbonyl fumction. Baskin
and Krishna Prasad'’ have reported the speotra of U%?,
Thé*, Zr4+, Ef4+. cett conplexed with TTA in tho range
1800-500 co~l, The i.r. spectra of the compounds investiw
gated show ptrong asimilaritlies with little variation im the
frequencies of thoir abscrption bands., Purushothan et alea/
have discussed the i.r. specira of the anhydrous ocmploxes
of sovme lanthanides with TTA and itried to assign pome of
the absorption bands to particular functionsl groups in ithe
compound molecule, Charles et aleg/ have reported the main
absorption bands for Eu(TTA)soBHEOa onwadsl0/
the i.r, specira of TTa in the range 3120-1105 cm” © and Qis-
cussed the l.r. specira ¢f some 0f the mestal complexss with
TTA in the range 1700-130G0 en~d, Noskova et 21,1232/ paye
unalysed ithe specira o©f some meial compliexes and the spectrum
of TTA in the range 3800-230 om L and on the bapiz 5f Lhis
investigations arrived at the comeclusien that there 15 no
distinct delocalization of the T =-eleectroms in all the com—
pounds gtudied whem the substituenis //itrifiuoromethyl and
thicphene/ are introduced into the AA molocule,

The i.r. spectira of the hydrated and dehydrated comple-
xes of all lanthamides with TTA have, however, mot yet been
investigated.

hag snalysed
i

EXPERIMENT AL

The preperation ¢f complexes, the results of elememtal
analysis and of water titratiom by the K.Pischer method
bove been deseribed in the previous papari/a The Ll.r.y 0pece
tra im the range 1700400 cmmi were recorded with the UR-10
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gpectirophe tvnater working in a two-=boam componsated system.
In the range T00=400 cmui s EBr orystal and in tho range
1700=T00 om™} a NaCl orystal were used. Depending on the
range, EBr or NaCl cuvettes woers used. The measured samples
vere propared a9 mulls in nujol or hexschlorsbuitadiene. The
sanples of dehydrated comploxes have been obteined by heating
enall axounts of the complexes at i07°C and grounding with
aunjol or hexachlorobutadisne in a dry glove box. The speoctro-
photemotor porfornance was gontrolled by recording the stan~
dard speotrum of polistyrens.

RESULTS AND DISCUSSION

The i.r. spectra of the hydrated Ln(TTA)aonﬂze complexes
of all lanthanides fexcluding Pm/ in the range 1700-T0C om™>
are very similar to each other. There are, however, auhataaw
tial difforsnces in the rsage T00~400 om ie *

TRE RANGE 700-200 o="Y, The i.r. spectra of the TTA and
hydrated Ln(TTA)Senﬁzo complexes obtained under similar con-
ditions have pome abserption bands at the same freguences
/Pabol, Fig.1/. The bamds in the viocinity of 460, 520, 563,
580, 605, 643, 683 om~! ocour in the spectra of boib TPA
and hydrated eemplexes. The nmew bands in the hydraied comple=-
Xa8 not pregent Ik TTA are the 4950 and 694 cm’i bands. The
450 em™! bang changes 148 position when passing from the
La complexes /489 cm’i/ t¢ the Lu-complexes /503 cm"il, the
694 cm™t Poak maintaining ite comstant pesition, In the ease
of TTA, a distinet shoulder appears at 470 cm"i, abgent from
the speotra of hydrated complexes. Also a pesk at 559 cm -
ean be observed, which in the cane of hydrated complexes
appears at 563 cn”> as a slightly marked shoulder.

The comparison of the epectrs in the range T00~400 cm L
of hydrated complexes of differemt lanthanides leads to the




conclusion that the spocira from Ly to Tm are idemtical
except for the bamnd near 490 om~ ! which chifte te higher
wave pusbars with incrsasing &. The spectra of Yo and La
complexes being similar between themselves differ markedly
from these of other Jansthanides. In the gpectra of Yb and
Lu complexes there is a weak band at 475 o~ ) absent from
the spectra of lighter lanthanides, whersas the 694 cn”t
band gceuring as & clearly visible poak in La-Twm speotira
col: be Span in Yh and Lu specirs only &g & slightly marked
shoulder.

As Far a&s the dehydruted complexes are concermned the
gpectrs of the Nd, Gd and Lu complexes only have bien re-
corded /Tab.Il, Fig.2/. The spectra of the hydrated and
the dehydrated complexes of Nd and Gd differ in two poinmts:
the intemsity oX the band at 460 cu”* is much higher for the
debydrated complexes, whereas the band at 694 cm >, which
exials 88 a disgtinct peak in the bydrated complsxzes, osaours
in the dehydrated complexes as a slightly marked shoulder,
In the came of the Lu complex the bands, which in the
bydrated complex appeaxr at 460 and 475 cmni, are shifted to
453 and 464 ca~' and their intensity i® increesed compider-
ably.

In the specira of the debydrated Lu complsxz two bands at
425 amd 535 cm~l cam be found, which are sbsent from the
spectra ¢f the dehydrated complexsa of Nd and Gd.

It follows that twe absorpticn bands are particularly
interesting in the range 700-400 emmiz the 449 cmwﬁ (L&) -
503 cm ™t (Lu) band and the 694 cm~ > band. Bocsuse the band
near 499 cm'1 shifts to higher wave numbors with imeressing
Z and because it dees mot oxist im TTA and im Al(%ﬁﬁ)a aad
Fe("ﬁ‘TA)S complexes /Tab.lll, Fig.3/, the conclusien can be
drawn that this vibration comtaims, as & component, & SLPOL=-
ching vibration of the Ln-0 /ligand/ group. The rolatiem
botween Ln-0 vibration frequemcy and the atomic oumboy of
the lanthanidee for the invesiigated cemplexes iz showm
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in Fige.4, This bamd ccours both im the hydrated and de-~
hydrated complares. For oompounds of ihe type EH(AA)3
Misumi and Iwasakiisj roport the valuss 430-433 om™d
/Pr-Br/ as otrstehing vibratlen of the Ln-0 group, whereas
Liang et aliéf aseribe the band mesr 410 em’ﬁ in whe
Eu(AA)Ssaﬁgﬁ coplex to a odmplicated moﬂeiéﬁvglving the
-0 gtretch. In another papoer Liang ot al. aaeribe the
band occuring in the vioinity of 400 cmmi in the complexes
bu(?FAA ), .DMA, Eu(BFTA),.DMa, BEu(Ba)°Pip and BEu(DBM)Pip
to a gomplicated mode inrvelving the Bu-0 streteh, In the
pase of the Al(TTA)a and Fe(TTA)k gomplexes the band at
520 cmfi was ascribod by Noskov&ii} to the V{M-0) and in-
~plara deformation vibration of the chelate ring.

The 824 om‘i band is present in the hydraied complexes
within the seric¢s La~Tm. The Yb and Lu conplexes which
gonitaln one molecule of walter have only s slightly marked
shoulder in this rogliomn, There 1s ne counterpart of this
band in the TTA and snhydrous complexes of A.l('li"l‘.é.)‘.3 and
Fo(174 )y. It peems therefore that the band at 694 em~1 pre-
gent ir the hydreted complexaes goentaining wore tham one
moleoule af water, should be asgigned o the LnuOHa rooking
pode. The relatively woesk intensity of this band seems teo
confirm the correcimess of such am aasi,gnmentiﬁ'/e In the .
hydrated sulphates of lanthanides the Ln-OEz rocking vibra-
tjons appear near 750 em 2
slightly with Zi7/, Asganing therefore, that the strength
of hydrogen bonding in these salts does not change with 2,
the increase in the wave nuwber of the IMwOHg rocking vibya-
tion euggests an increase in the coordination strength of
water melecules., The lower valus of the Lm-OHa rocking vibra-
tionms in tho discussed lanthenide complexes can be attributed,
assuning a similar Lﬁm@ﬂg dietence, to weaker hydrogen bomding
of water melecules im Ln(T@mQ%'mﬂaﬁ e@mplexeﬂla”ig/ ag pom=
pared %o the hydrated sulpbales,

aund their wave numnbers increase



The remaining basde oocurlng in TTA, and in the
hydrated and dehydrated complexes at the same or slightly
shifted wave numbers cam be ascribed to thse vibralionsg ef
cubgiituonts and chelato ring. The bands 563 and 605 cn”!
beleong to the cut—¢f-plane and in=plane vending vibraticns
of C=C in the tiopheme ring, r@speetivelyzo"aé/a The band
et 580 om * ean be aspigned to the defermation modo of CF,
group cbserved in mamy fluorinated F%«dik@tunsdia'zsaa?/g
This assignment ia supported by the faci that the complexes
with AA and thigphoms molecule do noti absordb in this region,
the bands 520 and 683 ez ! are sasily interpreted as the ik~
-plane and the 643~nm"1 band as the sut~uf=plane doformation
vibrations of the chelaie r%ngis’as'zamgofn Taking into ac-
count the fTact that mest of the vibrations below 700 cm"'1
are more or less coupled with the M-0 stiretching modegif,
the bands 643 and 683 om™* which shift when passing frem Lv
to Al and Fe complexes seem 10 contislinm as a componeunt the
stretehing vibratier of ithe Ln-0 grouw.

-3

THE RANGE 1700-700 c¢m -, The i.r. spoctra of the hydrated
tanthanide comploxes with TTA are very similar in this range
/Tab. IV, Fig.5/. Slight differences oocour only im one
regions the gomplexes of La to Eu /finclusive/ have only one
abgorption band near 1300 cm“i, whnreas the complexes of Gd
to Lu, besides the 1305-1310 cu™} band analegeus to that in
the light lanthanides, have a poorly reseolved peak at

1295 cm"io The greateost differemces between TPA amd hydrrted
oomplexes, neglecting the small differcmces at lowsr fre-
quemeies, oxist im the ramge 1600-1500 om™*, In this range
TFA bas two clear sboerption bandss the first eme, very
broad, at 1606 om~+ with & shoulder at 1635 cm™' and the
scoond, poorly shaped st 1525 em™ Y, In the cage of hydrated
and dehydrated lanthanlide complexes with TPA there sre four
distinctly marked absorption bands at 1605-1610, 1588, 1540
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and 1515 om“in In the case of TTA tne very broad band 1606-
1838 @ﬁ_l is sndoubtadly the sugperposition of the vibra-
tlongs V(Cs..0) and V(CiesC) o0f the ohelale ring and

of the strotching vibration of the thiophene rimg., The
interprotation of the four absorption bands of the complexes
in the range 1000-15Q0 cm-i can beo baged on the ¥ollowing
premiset all metal complexes with Ah have, in prineiple,

two abssrpiicn bands in the range 1600=-1500 cm"i, the first
at higher wave number can be assigned mainly te the V (C:5.0)
vibration aad ithe second at lower wave number can be atitri-
buted te the v{(€77.C) vibration ¢f the chelate ringls’ag-
Baf, The distamce betwsen them is S0 cm“i or more, Om the

sther lsnd, for metal complexeg with [3_diketonee other than
AA /o.5. BA, DBM, TTA/ Haltzelaw’ and Subramsnian et al,o
have found that in the range 1650~1500 cm"l /besides these
two abserption bands namely V{(c0) and V(CC)/ scme other
peaks axisgt, which should be attribuited to vidbrations of
fungtional zroups such as phenyl; furan and thiophene rings.

It seens therefore io bg ne doubt that in the complexcs
with TTA the band with ths highest wave number (1605 om™ 1)
anug with the strongest intensity resulis mainly from the
gtretehing vibration of the C750 group of 1li_and (VcCo)
givilarly to the band at 1540 em~1 which can be derived froii
vw(C538) of the ligand. The two remaining veaks namely
1585 and 1515 cm ' should be asalgned to the stretching vib-
rations of the aromatig substituent rimg8'11’21f33’40'41/o
The occcurence in TTA, of only two absorpiion bands and of
four bandg in the ln complexes cam be explained most likely
by the lower symmetry of the complexes in cemparison to that
0f 2TA. The change into lower symmetry removes ithe degenera-
tion of some vibrations.

There 18 siill one reasen to discuss the range near
1800 cm™ more im detail. It is well lmowa that im this range

the bamd reguliing from the bending vibrations, v?, of water



poleculea should bo visible, For u free water molecule tho
bending vibratior, V,, appears at 159 em~ Y, 1t 18 a well
establishad fact, however, thaé hydrogen bonding ilngreases
the frequemcy vz of wator moleoulesn, and the sirenger the
hvdrogen boading, the greator tho fores oomstant of the
bending vibrationp, and the mere is the bhand due to this vi-
brationh shifted towards highorxr wave numheraga/o The apecira
of thhs hydrated and dehydrated lanthenide complexes with TTA
are, howaver, almest identical and there aro no absorption
bands between 1610 and 1700 cm"ln It wuaty bo therefeore
asaumed that the rathor weak vg H~0-H band undoubtedly 1isg
sereened by ihe very streng Y(CIo70) band.

The above digcussicn does net explain, however, why the

Vv, U-0-E vibration in the Lm(T@a)aonﬁzo comploxen has

such a low freguenecv, In ige, vhgre the coordination effeot
ig sbsent and eanly hydrogen bonding axists, the va He0=fl
band oeccours st 1650 c&”ie It socme to Be ne doubt that the
coerdination of H20 molecule to the Ln+3 ion docreoases the
frequency of bemnding vibretions of water moleocules. Therefere
the position of the vg H=0=H Dond in the investigated com-
plexes is defined by itwe Ffactors: af relatively weak hydrogen
bonding due to water molecules, which inereases the va H=0-H
freqiency in comparisen teo the frogucmey of free water, and
b/ the coordination offect vhiok deorecases this freguensy.

The remaining absozpition bands im the 1500-TG0 emmi'rﬁmg@
are very difficult ito experimental interpretaticnr, It socms
pogeible, however, to interproi vhe band ai E%GS @mmﬁ o8 the

UEQ(C.,nO) + CH bendiuglsf, and the pealk at 1443 en™l as

the stretching vibraticn of the thiophene rimg, vs(coaoc)e
The 1403 cm—1 bond isc shifted slightly te higher wave nuubsrs
with inerearing %, its shape alse channing slightly. It is
vary wWell shaped fox ¥b wsnd Lu complexss im contrasi to other
lanthanides. The 1413 cm peak preserves Lis pomstent posi-

tion and invtensity. Furthermore, ke bands 41251, 1083¢and




1037 emﬁﬁ can be assigned %o the C-H in~plane bonding
vibrations of thiopbemne, the Ti9 or~! band to the C-H
gut=pf-plane hendimg vibration, and 880 cm—i v the
gtretching and bemding vibratioens of thicphene ringao'zél.
Moreover, it seems very likely that the CFy group gives
absorption bands in the range 1300, 1140 and 1062 cm"1 &,
15,35f9 although the 1300 a@ﬁi band does not originate from
CPq 1ta0lf. The remaining bands result from the chelate

ring vibgations. The band at 1359 cn~! ocours both in TTA
and ‘B the ocomplaxes of A13+. Féa+ and Ln3+ at the same

wave number, although iis intemsity in TTA being slightly
difforont from that im the complexss. Biohardson43/ aund

gome oOier au&h@r810'11°44m47/ aggign the band rear 1350cm°1,
appearing in thae Ln(HF&A)SnnHBQ complexes, to the V(C3C)q,*
+ (ana) vibrations., At the same frequemey the V(Cio3¢
thiophens vibraticzms exilst, bul as belng relatively weak are
undoubtediy serooned. The interprotation of the band near
1300 cm“i is very diffiocult., Im TFA it cccourse at 1282 cm-1
with & woll-marked shoulder at 1305 om™*, For the AL(TTA),
complex this band 1o shifted to 1323 ca™l, for the Fe(TTa),
it is found av 4305, and for the Ln complexes cne broad very
intenmsive poak exists at 1300 om™t, Bellamy48/ and OhwadaiO/
describe tho intemsive band near 1300 cm™ >, which appears

in the metal comploxes with TTA, as the emclic bonding vibra-
tionm of the V(C-0-M) type. 1t is probable that in this
rogion & felrly intemsive band from thiophene vibrations
FL388 am"i/ oX1i8u8, Liangﬂsf assigns the intensive band ct
1290 em~i, proaent im the Bu(TFAA),°DMA end Eu(BTAA), PMA
complexen to the esymmoiric. vibrations of the CF3 group.
Taking into accoumt that this band is shifted when TTA is
attached to the Lo iong, end that it shifts to higher fre-
guencles aleomg the Ls to Lu gories, its assignment to the
(c~0)=18 grouping vibretions mainly with some shaye of the
CFa group asvomeitric vibrationr seome very provable,
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The skavp and intensive bamrd adt 120z em’i ocouring in TTA
15 found ot the same froquemcy in the Al(TTA); and
F@(@TA)B comploxes. In the In jomplexas it is shifted
about 10 om~! towards the lower wave numbers, Mest of the
authors are of the opinion that the band near 1190 o™t
occurring in the B-diketone complexes ig due to the in-
~plane bending vibrations of the C-H chelate group., This
gocms to be supported by the fact that in the cyamomeoetyl-
agotene and itg Na-=salt spaatfumég/. theroe ia no sbeorpiien
bard in the range 1250-1050 oL, Por TTA tho peak of lew
intenglity at 908 cmﬁi is cheraocterictic, vhereas the Al, Fe
and Ln complexes do not abgord in this range. Howsver, for
all discussed complexes the sharp and relatively intensive
sbsorption band between 930 and 94¢ em~i is very charac-
teristic. The band vwiich appears in this range in ithe oase
of cnolic ferms of AA and HFAA ig assigned te the 0H out-
-0 f-plane bending vihratianas/. The band in the range 930~
=940 nm“i for metal IBadiketones gemplexes is demeriboed as
resulting from very complicated vibratioms, haviang the
V(C520) vibration as a c@ﬂpon@ntagle The band cccuring
at 790 em”t in the studied complexes, and at somewhat
higher wave numbera im the TTA is undeoubiedly due to the
C~H oud=of=-plane bendinmg vibrations of the ohwlate. The
very broad band botween 2600-2860 @m"a 0f a rather low in=

tonpity existing in TTA, has no equivalemt in the speotira

of the ccmploxes. This band ig sgzigmsd 40 0he SLFeIching

vibrations of the OH group taking part in the intrenslocu-
lar hydrogen bonding.
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CONCLUSIONS

From the resulits deccribed gbove the Ifollowing goneral
oonclusions cap be drawng

i, Thoe comparisen of the i.,r. spectra of the couplexes of
lanthanides with these of Al and Fo leoads to the con-
olnsion that they are gehnerally similar in the range
$700=T00 cm™ >, The eignificant aifferences ocour, how-
ever, in the range 7900-400 omsi, where the deforustion
mode of the chelate ring end the vibrations in whioch
the M-0 bonding partioipate, are predominant.

2. The change in the i.r. specira of the Ln(TTA)aonﬁzo
couplexes with the lanthanide are small and concern
painly the V(M-0) band, The wave number of this band
increases linearly with inereasing Z although the peints
for Tm and Yb deviate from the strsight iine. Provided,
the atepic weight is a decisive factor am the VY (M-9)
vibratiom a decrease in the Y{M-0) frequenoy should
be expoctod with inereasing A, It should therefore be
asasumed that the relationship beitweon 1)(M—0) and 2
is govorned by other facters, the most imporiant being
the decrease in the M-0 bonding lenght in the region
from La to lu. Fig.4 shows that the Y(M-0) wavse

nubber changes significantly from La to Ce and from Gd
o Th.

3. The decreasing lonioc radius within the lanthanide series
cauges a change in the hydration degros of the investli-
goted couplexes. In the ¥b and Luw complexes which have
only one water molecule with both O-H groups participa-
ting in hydrogen bonding, the 694 cm™ ' band assigned to
the rockimg wmode is practicslly invisible. In the La to
fm complexes whiech have itwo water moleonles, one of the
0-H groups seems to participate in omly & very weak
hydrogen bonding, if at all, so that & significant rocking
band rosulis,
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TABLE 1. Intra-red absoerptiois bands of the .0y ... : «.(T;A)J.nnzu conplenes
in the U0 - 700 cm-1 regicll.

i t
486 = 456 ) 458 {4560 {459 | 460 ' 460 | 462 [ 464 | 464 1 4C4 } 366 | 461 | 400 | 460 i W
I

498 sh i 475 . 475 W
1
489 [ 493 (402 (454 |49 | 494 1496 | 499 | 499 500 5601 ;498 | &00 | 503 ¥ @ainiy Lo-0
gtreich
D17 @ 5190 | 648 1520 520 | 520 [ 520 {520 [ 520 1520 |520 1520 | 520 | 520 | 620 w Ch-ring defor-

mation

- 563 | 562 | 562 | 564 | 563 [ 562 {563 | 563 | 3465 gh T=ring outl~6f-

555 562 | 5656 [ 56b | 853 | BE&3
-p.ane bend

?
EBt s 580 1680 |G80 | a2 | 581 ;582 582 | 583 |52 | 583 | 583 | 584 | bB6 | 585 8 CFS bend
|

807 m 605 {805 | 606 | 606 | BOS | 6056 | 605 | 605 | 605 ; 606 5 605 | 606 | 606 | 606 . T-ring in-plane

bend
641 e 642 | 641 {64 { G43 | 642 !643 643 | 643 ! 642 | 644 (643 (643 | 644 | 644 8 Ch-ring defer-
{ mation
680 s 681 | 683 14680 | 655 | 683 1 653 { 683 | 683 | 683 | 684 [ 683 | 683 | 686 | 685 8 Ch-ring defor-
i mation
694 1694 694 | 695 LfQS 6Y5 !} LYS | 694 1 695 | 695 | 695 | 694 73 EEO rocking

Rel. - relative intensity: w - weal; w - wedium; 8 -~ streag; V8 ~ very strong; sh - shoulder;

P - thiophens;
Ch - chelate.
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PABLY IX, Infra-red absorption bands TABLE IX1I, Infru-red absorption banda

of the dehydrated cuvmplexes of the Al(TTA)n and Fﬂ(TTA}a
in the 400-700 cm.1 region, couplezes in the 400~700 om™1
rogion.
Nd Gl Lu Al Fe
424 w 425 8
458 w
453 m 480 w
458 461 464 m 522 w
534 m
492 496 504 m 543 m
520 520 521 w 563 m 565 @
535 w 591 B
605 8
563 563 565 ah 607 sk
382 582 585 s 847 8
6567 B
805 806 606 m 68T 8
683 @
642 843 644 8
683 683 685 =&
623 8h 593 sh
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