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INSTITUTE OF NUCLEJA RESEARCH

ТЫВ PHYSICO-CHEMICAL РВОРШОТВБ OF WE LANTHANIDS COMPLEXES
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WŁASNOŚCI PISSKO-CHBMICgNE EOMPLiSSSOW
S TIBNOXLOTBidjFUJOROAOBTONBH

I I I o Widma w podczerwieni kompleksów Xantanowcow % TfA
w e b s s a r s e i?00=400 om"1

#13IKQMffi4SeifflE СВОЙСТВА tCOMDIEKGOB ЛАНТАЕИДОВ
С ИНШЛТРЯФТОРАДБТОН0М

I I I » Ивфраврасвдо eaeEfpi кошмегксов ж ш т а ш д а в с Я А

L i s



Abstract

The ier<, spectra of the Ln(TfA)j «xiHgO complexes and the
dehydrated complexes of Nd, Gd aad Lu with ФТД as well as tie
Ai(T1A}j and PetTTA'.g complexes have Ьеен studied xn the raag©
j.TOO-40'0 сш"1 , All spectra of the investigated complexes in
the range 1700-700 cm"1 are similar«¥be significant differences
between Lu complexes and those of Al,Fe occur in the rang© 700»
-400 cm"* „ It has been found that the «rave uumber of the band
.рриагшд m the La eoraplexes ia Ш е vicinity of 4®Q oia1 in-
i teases uoiiutonically with the atomio nuraber» The behaviour of
the vs and rocking baads of hydrating water raeleoules has been
discussed» The 1600-1500 cm*1 rang® was analysed in detail an.d
also the iaa4ioiity of the absorption band a in the remaining part
of the spectrum has beea assigsiod* j I I I

[ ГДА1А V

Streszczenie

wtdma w podoserwieai kosapleJsŁiów Ln(TTA), o H20,odwod-
nionych kompleksów Nd.Gd i Ьч oraz kompleksów Ai (TTA)3 i'Pe(TTA)3

w obszarze 1700-400 om"* . Widma w poAicserwięzii wszystkich przo-
Łiadaaycb związków są w salireaie 1700-700 ora" podobaxee Istotne
rósnice ^stępują międsy widsiami kompleksów Ln oras Al i F© w
obesara® 700-400 cm"1 „ Stwierdsoao, ża lic.aba i'alcma występują-
cego w kompleksach ltuttanotfców pasm® w pobliżu 490 cw wykazuje
aoaiMoaicaay wzrost ae zmianą liosby atomowej. Przedyskutowano
zachowanie się разша Vg i libraoyjnego «ila wody występującej w
kompleksach, przeanalizowano ssczegdłowo obszar 160C~1500 cm1

przyporsądkowaao więksaość pasm absorpcji w

Резюме
Исследованы ЙК- спеЕстры комплексов 1л(ТТА.ц »пНйО, дегшд

тиоованых комплексов Nd, Gd и Lu а также комплексов Al(ffA)3 нFe(TTA)-, в области 1700-400 си"1. Спектры всех изучаемых коми -
лексов в области 1700-700 см"1 бы&ш noxosie друг на друга0 Зта~чшые различия спектров наблвдаянсь в области 700ДОО см"1 .
Показано, что положение полосы прш около 490 см"1 , внстуташщей
в спектрах комплексов лантанидов, мовотоиво сдвигается с увели-
чением атомного чжсла элемента, Z в Рассмотрено поведение полосv3 и лябрасоояной молевул волн в комияексах. Подробно проанали-зовава область 1600-1500 см'г • Определено большинство абсорб-
ционных полос в остальной част спектров*
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?hi® papas* i s a aontiau&tlen of studi©©

«1th m .
fimk

fli© preparation ®f Ш© ©OS|>1©S©B of the general
)3#ogg0 to® been d©©oritied previously*'*

f Ш@э© сощредшвв, tto@ir thersaal p'fojier-
solubi l i ty ef the toyfirat©6 and clatayfiy&i©d owapie-

iaa Inert ®olv©xita haa also beea dUsoussed in d e t a i l 2 ' o

of the ч о

iaf©E®aii@n ©&n©©rsiHsg the stintoture of these
aad give a feasi® for the di©©®asi©a o:f the hydr©-

is a great ш&эЬог of pap©r« ©a ta© iafra-red
of eo^plesea @f different metals witfe different

т®в% of Ш©ш й©а! witli the
/M/o User® are, 'inly few references» to

the i,!** sp©atra ©f в®©р1®ж©е of oieftals with "i?fAe H©lt̂ cl@w
аав СоИшаа * have й©&©га!гш$ the speoir®. of. a-evere'J. (3 «Si»
!s©t@3©a / i e i« ftĄ/ вт& tfto&r copper coap^uads In the rasag

-600 osa reporting 0 however, m®itSaor the wav©
the rsc^fiai spsotra* Роггаг.ч» and leaJty ' have
i e r e speetra ©f COBTOMIMIS of the type *1,CVTA).»„,

S ia Ш© neutral Iis«ja4 froea the grsrap
of organophesphoirae @@î oyisto /e e g

A
at 1600

©£ the WA
e©Ę^i®s©se 1йш g©ak
was ascribed to the
щ?и1«1 Е1©!ш that on©

', Li et a l

—i

©a

the oar-
two p®alOjrtaiioatiag that one

si? © шш*8>й@и&вЛ© ligt$nd in
viS3o s 1622 on

ШЬшХ® oarbonyl fujacftioa
i s mtQiatod®ntate*

the s p l i t t i n g of the
is not © «osioliaslvs proof for

presence of a



some simple М(ТТА)Й compounds the band is split» In ad-

dition, Lewis ©t al.6/ have shorn! that osi© of th© criteria

for the presence of saenodeatata |3-dike tone groupings in

platlEiana ooaples.es is tbe p*-0@@ao@ ©f a band at about

1690 os due to & free betonie rarbonyl ftmetioiu Baskin

and Krishna Prasad ' have reported the spectra of U ,

Th4*, Zr 4 +, Hf4*, Ge4* ooaplesoa witłi ffA in th© rang©

•1Я0О-5О0 c®"^. The i,r. speotra of the compounds invoatl-

gated show strong siaiiarities with little variatios ia the

frequencies of their absorption bands. Puruehothasa et al, '

hav© discussed the i,r. spectra of the anhydrous оошр1©же®

of эошв lanthanldes with T'?A aad tried to asslga а©ш@ of

tine absorption bands to particular functional groups in the
9/

compound molecule Charles et al« ' Jsave reported the main

absorption bands for Eu(TTA)a»2Ho0e Ohwads ' has analysed
—i

the isre spectra of TTA in the range 3i20»ii05 cm and dis

cussed the ier» spectre of some of th@ metal oomplex^s with
/

—1 ii is/
TTA in the range 1700-1300 сш -

o Noskova et al«
 s ' bave

iiaalysed the spectra of some metal complexes and the spectrum
—i

of ТТЛ in the rang© 3800-230 cm . ала on the basis ©f this

investigations arrived at the conclusion that there is no

distinct dslocalisation of th© 7Г~©l©otrons in all the о©ш-

pounds studied wh&n the substituents /tsrifluoromethyl and

thiuphene/ are iKtrodxsced into the ДА ra>l©eulee

The iere spectra of the hydrat©d and dehydrated compl©.-»

ses of all lanthanij|©s with TTA have, however, not yet been

investigated»

EXPERIMENTAL

The preparation of o©mpl©s©se Ш © r©@Mlt@ of

l/
Ъе©п described in Ш® previous paper ' o

tra ia the range iTOO-4.00 сш з̂?еге геойгйвй with



epeotropuotuaster w©rking in a two-ls©asa compensated system*
—AI n Ш® r s a g o 700-400 on a iffir c r y s t a l амй i n Ш э rang©

«»iiTOO-TOO os a MaCl orys tał were used» Depending on the
r®sg@g Шг ©г MsCl euvettee w©r© used e The measured s t a p l e s
wer® prepared @s raulle i a nwjoX or hexftchlorobutadleae. The
samples of dehydrated completes hav© bsesi obtained by heatis&g
esaall as©Mata of Ш® cosplese® a t SO7eG aad grounding witto

©r &©s;@b©lil©r©b«tadi©a© in a dry glove Ъши The speotro-
plaotoiseter performaace was controlled by reeording the stan-
dard ареойгша ©f poii8tyrene a

ДЖ> DISCUSSION

Tbe i e r e spectra of the hydrated La(WA) a enHo0 e©saplex©s
of a l l lanthanides /excluding Рш/ i n the rang© i?OO-TOO ош"*
are very s i B i l a r to ©аса other* Kiars ar@9 hov?®w®T, sisbstaa™
t i a l diff©r®aos0 iss the raage 700-400 овГ^в

 ч

WE ЕШШ T00~400 om"1» The i „ r o spect ra of the OTA шй
hfur&teu L&CTTA^eQH^O ooiaplexe® ©totaiaest ипйег s i m i l a r Q@a~
d i t i e a s taave эоше absorpt ion bands a t the вавш frequences
/fab»I, F i g a i / e Th@ baads in the v i c i n i t y of 460S 520„ 5§39

58©, 605, ©43s 6S3 дат*1 «scour i n the spectra of both
and Łydr&iecl @©шр1ех@ав The new fomsds in the kyteauefi
s©s n e t present iia ffA are the 490 and 694 cm'"^ bands, She
490 GB baau cliangee i t s p©siti4sa waen passing frosa the
Ьа complexes /4S9 ош / to the Lu-©oppl©^:es /503 cm~V» the
®S4 oa"* peab mainte ta iag i t s ooasitant po©iti©2ie In the ease
©f TTA, a d i s t i n c t shoulder-appears a t 470 onf"^ absent from
tli© s p e o t r a of hydrates! ooaplexea» Also a peak a t 559 евГ*
can b© observed, wiai@a in tła© case of hydrated ooiuplexes
appears a t 563 сш a s a sligBauly a©rk©d snould©r e

Tb® ©OBip©risua of th© epeotra i n the range T00-=400 om"^
of feydrat®^ cc«api©x©s of d i f f e r e n t lamttoaaii@s leads to the



conclusion that the spectra from La to Tm ar© identical

exeopt for the baud uea.r 490 om~ , which ehifts to

auabers with increasing Se Tbe ©peotra of fb and Ln

complexes beiag sisailar between theaselvea differ ®srk@€i

from those ef other lanthanides* In tlie sp©etra of № and

Lu complexes tboro is a weak band at 475 Q E afeseat

the spectra of lighter Iantłisniaes, 1$&®г©шз the 694 ош

band ©eonring as a, clearly visible peak in La-Ти

i: b© seen is ГЬ aad Lu ap©ot-rs oaly ©s © eligSaily

As far as the dehydrated compl©s©s ar© ooac@rs\©d the

spectra of the Nd, Gd aasl Lu о©шр1вх©а only hav© Ь>э@га re-

corded /Tab» II, Fig, 2/ o TŁse epeotra off the hydrat ей and

the dehydrated complexes of Nd and Gd differ in two

hthe iat©ia©ity oi the toaad at 4G0 cm"'" is much higher for the

dehydrates! complexes, whereas the biwA at 694 ces

©xiats as a distinct peak in the bydrated complexes,

in the dehydrated complexes as a slightly raark©d

lu the case of the Lu complex the baadSj which in the

hydr&ted complex appear at 460 and 475 ош = л, are shifted to

453 and 464 сш~ and their intensity is increased consider-

ably э

In the spectra of tlie dehydrated Lu comples two Ьамйв at

425 and 535 сш~ can be found, which ar© absent iron the

spectra of the dehydrated complexes of Hd anfi (Me

It follows that two absorption bands ar® particularly

interesting in the rang© 700-400 em"*^ the 4b© oa"^1 (La) ~

503 сш""1 (Lu) band and the 694 cm""1

ne>ar 490 cm~ shifts to biglier wav© з1шаЬ©г@ with

Z as7.d becausse it does not exist in

) 3

drawn that Ш 1 & vibration contalma,, &в a offi©p©a©satB ©

vibration of the Ln»0 /Mgaacl/

the lasitMaaî ©a for the investigated



ia Figa4a This feamd ©овш̂ ш ЬПШ in Ш® laydr©ie>d @з&й de.«
) 3

/Pr-Ег/ a@ etretebiag vtbratiess ©f ttoe La-»O group,
Llmag et a l 4 4 * asoribe t»he bani a®ar 4iO esa""1 la the
Еи(АА)-<»Ш4О ©omplco: to a expl icated sodę in\diving the
Bu-0 siretolie la ан@Шег paper Liang et al» ' аг*сг!Ъ© Ш®
band ©©©wring iaa the vicinity of 400 сш ia th«i coiaplexea
Uu(7FAA.)4«DII&l Ви(ВРТА)4.ША, Bu(BA )4»Pip and Eu(DBM)?ip
to a o@sipliested raode isivelviag tSss Sna-0 streteh» In the
©as© of tiae А1(ФТА)» and Pe(TTA)n complexes the band at
51© ota was asorib©$ Ъу Мозкота13-' to Łho V (M-0) and in-
-plasaa deformation vibration of Ш© cto.elate ring»

The 694 ош band i s pi-eseat in th© hydrated cotapleses
withia the series Ls~TmB Tiao ¥b asku Ui coaplexes which

oaateia oae molecule of water have only a s.lightly marked

8Sa©ulfi©r in this region» Thex̂ e i s no counterpart of this

Ьаш! la the TTA апй aahydrous caaplexes ot Al(TTA).3 and
Р©(ТТА)3« I t ©eeme tia©r©for© that the bam', at 694 ся""^ рге-
seat in t2a© hy^rated complexes containing more than one
mol©o«l© of water, should be assigned to the LH-0HO rookiag

Тйе relatively weak iatensity of this Ъамй в:ееш.а i©
oonf irm tlse e©rrsota@§s of suofo su aausignment f

 e In the
sulphate© off lanthanides the Ln-0H„ rocking vibra

tioaa appear near 750 сш and the i r "wave numbers increase
sl ightly with Z" 'л Assuming therefore, that the strength
@f hydrogen bonding in these sa l t s йощш not change with 2,
tSae increase in tae ^ave auusber of th© 1л-0Но rocking vibra™
tlon suggests an increase in tiie coordination strength of
water Eaolecul©s.e The lower value of the Ln~0Ho rocking vibra-
tions la th© discussed lanth/snido с©шрЗ.®зсеа can 'be attr ibuted,
aesutaing a similar La-OT2 fiistay/toe, t© weaker hydrogen
of water meleewles ia Ln(ffA)3'SiH2O o o u p l e x e s 1 8 ^



Tła© regaining b&iids ooouriag in TTA; аий Ы the
and dehydrated complexes a t Ше aas&e oz- s l i ght ly

shifted wave aumbers oaa be ascribed to Ше vibratioas of

subetituenis and oboist© ring* The bos&cls 563 aad 60S ca"

beloiag to the out-of-plaae and in-рЗчше bending vibraticas
•JO— J?4./

of Ĉ C in tlie tiop&ea© ring, respectively" * The band
at 580 oa" 1 ean be assigned to the deformation rood© of CF~

•erj 35—5?7/
group observed in ш&к&у f luorinatod В -dikotonad "" • J ' (

This assigasaeat is supported by Ше fact that the
with AA and t.Mstjpbsa© molecule Uo not absorb in this r@giona

I'he bands 520 and- 683 сш are easily interpreted ass ths

-plane and tb© 643 чзт b«mil a^ Łhe oufe-of«pia*i©
vibrations of the chelate risig" 9ЙО»'5 ; Ł i > w / e faking into ac»

count the fact that most of the vibrations baloty 100 ora "
31 /

ai"e more or less ooupled ^?ith the M-0 stretching mode ,
— ithe bands 643 aad 683 ош «hich shift whea passing from 1д;

to Л1 aad Pe complexes seera to contsia as a component the
stretching vibration of the La-0 groupe

THE RANGK 1T00-7QQ _CBTJ\ The i e r* spectra of the hyclrated
ianthanide coiaple^ss with TTA are very similar in this rang©
/Tab,IV, Pigo5/e SligSst differences oftour only in oase

regions the оошр1©хео of La to Eu /inclusivs/ have oaly on®
—1

absorption band near 1300 cat , wanreas the complexes of Gd
-•A

to Lu, besides the 1305-1310 сш band analogous to that is,

the light Ianthanides, have a poorly resolved peak at

1295 em"" o Th© greatest differeaoes between TTA аш!

oomplestós, neglecting toe SEaall differemoiaB aft 1овег fr©-

quemoiee, ©xist ia Ш® raag© 1600-iSOO om „ In t&iss

TTA has tvfo olear ab0@rptioa bands? the f i rst ©шэ

broad, at 1606 ©и with, a shoulder at 1635 om

asooad, poorly shaped at 1525 cm "Ф Im the case of

and dehydrated laath^alde coiapi©xes with TTA th©r@ a;r@ f@»r

dist inctly narked absorption bands a t i6Q5-i®10e 1585,0

- 6 -



and 1515 одГЧ Is Ш е case of ITA tae very broad band 1606-

-1635 ssa"3" is undoubt3<31y the superposition of the vibra-

tioass ^{QZTZft) &мй v(C77iC) of the oheiate ring aad

of tho stretching vibration of the tteiopaene riage The

interpretation of the four absorption bauds of the complexes

iQ the rasge 1SQO-1SG0 em""* oaa Is© based on the fо3 lowing

all metal completes with AA have, in principle,

two absorption bands in the rauge 1600-1500 cm" , the first

at- higher wave number can be assigned mainly to the V (CoTlo)

vibratioa and the second at lower wave number can be attri-

buted to the v(crric) vibration of the «-„helate ring '*"
3fi / —1

'» T h e dista/ace b e t w e e n thorn is 5 0 era or wore» O n the

other L&nd, for aetal complexes with 0'diketones other than

AA /e ag* BA, DBM, ТТЛ/ Haltaolawv asd Subrara&niaii et al. ' 7

have foumd that in the range 1650-1500 era /besides theae

two abserption bands naiaely v(CO) sad V(oc)/ some other

dxist, which should be attz'ibuted fto vibrations o£

groups such AS phenylt furan and thiophene rxugs.

It seems therefore to. be no doubt that in the coaplexeH

w:\th TTA the band \ci th the highest ware number (±605 om" )

anu with the strongest intensity results raainly from the

stretching vibration of the СГ770 group of lioaml (V CO )

siicilarly to the baud at 1540 em""*- which can be derived froix

v(crTeC) of the ligtmde The two remaining peaks b&iaeiy

15S5 аай 1515 em"3" should be assigned to the stretching vib-

ration© of the aromatic substituent risig 8 j l i' 2 t' 2 3' 4 0' 4 1 /' e

Th© ooctireiice in ТТЛ, of only two <Asorpti«m bands and of

four Ьаши? in the Ln complexes can be explained most likely

by the lower symmetry of the complexes in comparison to that

of rJ?TAe The change into lower symmetry removes the degenera-

tion of some vibrations»

Tfeor© is still on® reason to disoass the range near

1600 ош ш©г© in dstbiil», It is well Imo-jra that in this rangn

the Ъ@ж& resulting frora the bending, vibrations, V ?, of water



шэ1ее«1еа should be visible* Por a free water aolooule the
bsadtag vibration, Vos appear© at i59U ел"1* i t Is a wel
@etab!iabed fact, tto«®ver8 that hjrirogen bonding increases
the frequency Vn> o* water шо1вем1оо» smu the str^ager
hydrogen banding, the greater the fore© ooaptasit of the
beading vibratioa, and the кога is Ше band due to t-liie vi

d?/
bratioa shifted toward® kiglaer wave пшаЬега »
of the hydratod and dohydrabed laufehenide o©spl0S©s with TTA

are, however, almost identical a«d there aro a© absorption

baxvds between 1610 and 1T00 ош • It must be ih©r©fiuro

asamaed that tlłe rather weaE, V„ H-O-H Ьш1« uiiueubt'Sclly is
es

soreeaed by the very string v(C7770) band«

The above discussioa does net explain, however, why the

V4 H-O-H vibration ia the Ł&(7TA)no3iU„0 оошр1©ж:ев has
Л od

such a low frequency, la iee, where the oo©rdiE.atioiŁ effectis .ibsenb aad only hydrogen fooadieu exists, ib© Vo Н'-О-Я
-i

band occurs at I65G cffi о It s©@a@ t© ie nu doubt that the

of H,,0 ffioleeui© t@ %h& La ion гёоег©ав0в the
frequency of beading vitsratioa© of water Boieoul08o Therefore
the position of the \L H—0-*H b&ati i s toe investigated еош™
plexes is defined by twa factors § a/ relatively weak feydrogen
bonding duo to water molecules, \fbi©k issereases the Vr

£reąaency in cosaparisoa to feh® fre^aea©^ off fr@©
h/ the coordination offeot whiols deoreaeos this

Tae retaainlng absorption band! in 'the i5OO»T©0
are very difficult to estperlEsatal iat©rpreitati@sa0 i t e©©@s
possible, however, to inteiiirast the band at 1-Ш5 osa ™
Vaa(C."7T0) 4- СИ bending1 , aad the p©ak at 1413 ©ш т^ а®

the stretching vibration of the thiopheno ring, V s ( C r ^ C ) e

The i4b5 cm" band is shifted aliglitly to higher wave auiabers

with inor©asiag 4, its shape also chancing siightiyo It is

very well shap««f for Jh and Lu complexes isa contrast to other
~ilantnanides* The 1413 em peak ргвэегтее its



1037 ша"3" can toe assigned t© Ш© C-E in-plane
vibration© ©£ thiop&@n@, Ша T19 oss~ band to the C-H
©at=©f-plaa@ tes^el&Eis vit№&ftJ.©sa» ш.й 86© om to Ше
atretobiag and b©a«tag vlbr&£ie&e ©f thiophene ring ~ ' *

Moreover, %% seems very Шш1у that tlie CP« group gives
absorption bmnia %n the rang® 1300, 1140 and 1062 cm '

/ although t,h® i3oo o r a " * band does not originate from
CP- Itself* ftoo reaaiaiag banus result ffn>ra the ohelat^

—iring vibrati©asa The band at 1359 em occurs both in ТТЛ
amd -a tee complexes ©f Al , Fe aad Ln + at the same

aumber, althougb i t a iatensity ia TTA being sl ightly
fros that ia the oompiexee* Riohardson ' and

soae @Ua«sr auihora | Ł * assign the band г.еаг 1350сш~ ,
appoarisig ia the Ln(3HFA4)3»«Ho0 complexes, to the V ( c m c ) C h

+ (C-F„) vibrations* At the same frequency the V ( c m o )
thiophea© \ ribratioas exist, but as being relatively weak are
undoubtedly sereanacl* fhe is tezpratst ioa of the band near
1300 cm"1 is very difficult,, la TTA i t occurs at 1282 cm"1

with a well-aarkod sb©?,tli©r at 1305 om*" e For the A1(TTA)«
ooapl©s this bmid i s shifted Ы 1323 cm * , for the Pe(TTA)3

i t is feimd &% 1305, ©пй for the Ln complexes one broad very
p©si£ exists at 1300 em™ « Bellamy and Ohwada

desorib© th® intoasiv© ЪашЗ иэаг i300 сш~ , which appears

Ы Ш® u®%a,l e©E®l®s©s vt%h TSA» as the enclic bonding vihra-
tioja of the V(C-O-H) typ©o I t i s probable that in this
regi©a a feirly imt@ass.vQ Ьашй frora thiophene vibrations
/iaSS em"'/ ©sisfi®0 Liang**' assigns the intensive band ct
i290 oaa"1, pr©8©at to Ш© Bu(TFA4)4

eDMA and Eu(flTAA)4
eMLl

oorapleses to Ш® шует®Ьг1о. vibrations of the CF3 group»
fafeiag into aooeumt that this Ьапй i s shifted when TTA is
attaeia©«l to Ш® Ln i©ns9 and tliat i t shifts to higher fre-
queaoies al®sag tte© Ls to Lu @ori'©as i t s assignment to the
(C-O)-M groiapiag viferfe^ions ©ainly witta аош© share of the
CPj, group asyffimetrio vibratioap э@®вав very probable„



sharp aad intensive band at i2oa oa ocourlng ia TTA

is fioissl at the sas© frequency in the Al(TfA)3 and

^©(TTA)» coisple&esa la the La зощв1ез:9& It is shifted

about i© ess towards Ш © lower wave mssb®rse Most of the

autfeors aro ©f the opinion that tbe Ьавй aear 1190 om™

occurring ia the j3-dik@t«m© ooapleses is due' to the in-

-gl&ae feeadiag vibrations of the 0-H ohelate gr©ispe Tbis

to be supported by the faot that in the cyanoaoetyl-

asd Its Na-sait speotrna ' t there ia a© absorption

ia the range 1250-1050 oes""̂ * Per TTA the paalc of low

isii©asity &% 908 cm" ia oharaoterietlo, Ш©г®аа the Al, F©

aad La complexes do n&t afes©rb in tiiis range. How©v©s% for

all discussed oomplesee the sharp аш! relatively iatensiv©

absorption band between §30 and 940 os"^ ia very charac-

teristic* The band whiofe appears In this rang© in the ease

of ©nolie forms of AA and HFAA is assigsed to the OH out-

-4»f-plane bendisig vibration '. The Ъ&шй in the rang© 930-

-940 ош"* for metal j3 -di&etones eemples^s is describee! as

resisltxsg from very oosapiieated vibratione, haviag the

D(e,~O) vibration as a c©apon©iit '

at 790 em" ia the studied coiapl«£©s9 and at somewhat

wave шшЬегз ia the ffA Is «md®ubt©illy due t© the

—i

very broad Ъ®шй botw@©a 2©0©-»2S@© сш of a r a t t i e r low in-
t e n s i t y ©l i s t ing 4a WAs has ш eqiaiv©l©Efe i a the ep^et ra
©S th© а ш 1 б £ п $ . ^ i s Ьанй i s assiga©« to tlaS SwSfóeSM&ug
v4br©ti©as of Ше ОН ®r@Esp ta&UJig p a r t iia
l a r hydrogen



CONCLUSIONS

Fr©s tii© results described above the following general

i» fbo emparisoa of the i»r* spectra of the complexes of

lanthanicles with those of Al tmd P© leads to the con-

olusion that they are generally similar in the range

1TOO-?OO от"*3"» The significant differences occur, how-

gver. is the reage 700-400 oa ', where the deformation

mode of the ohel&t© ring and the vibrations in which

the M-0 boadiag partioipat©, are predominant.»

2. The change in the iar» speotra of the Ln(TTA)3»nHo0

eomploxes with tho laathaaide ar© small end ooacsrn

saisily the D(M-O) band. 'Да© wave siuiaber of this band

increases linearly with increasing Z although the points

for Tm and Yb deviate from the straight Siae* Provided,

the atomic weight is a decisive factor in the V (_M=0)

vibration а йесгоаае iu the V(M-O) frequenoy should

be expected with increasing д. It should therefore be

assumed that the relationship b©twcv>n \? (М-0) and E

is governed by other factors, the ssost important being

the decrease iu the M-0 bonding lenght in. the region

from La to Lu» Fig* 4 shows that the V(M-O) wave

number changes significantly from La to Ce and from Gd

to Tb.

3e Ш® decreasing ionio radius within the lanthanid® aeries

causes a chaage in the hydration degree of the investi-

gated eotaplexeSo In the ¥b and Lu coiapleses •which have

only ояе water molecule with both O-H groups participa-

ting in hydrogen bonding, the 694 сш band assigned to

the rocking snode is practically invisible* In the La to

fra complexes which Isave two wst©r moleoules, one of the

0-H groups seems t© partioipat® In only © very weak

iiyfirogun beddings if at all, so that a sigxsifleant rocking

Ь&пй results•
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ТЛВЬЫ I I , Infra-red absorption bands
of the dehydrated сога.р1ехеы
in the 400-700 om region.
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Fig.5. I.E. spectra of tbo TTA and La(i"EA.)a,»aH2Q

coaplexoa in tuo 1800-700 on'1 rogiaa.
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