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INFRARED SPECTRA OF SOME TETRAMMINEPALLADIUM (IT)
COMPOUNDS

L. Soptrajanova and B. Soptrajanov

Hemiski fakultet, Univerzitet ,,Kiril i Metodij* — Skopje

The ir spectra of four tetramminepalladium(Il) compounds
have been recorded and the characteristic features of some of the bands
are discussed. Spectra-structure correlations are sought.

Ammine complexes are among the best known coordination compounds
and it is only natural that they have been extensively studied by various mehtods,
including ir spectroscopy [1]. There are several ir spectroscopic studies on
tetramminepalladium(IT) complexes as well [1], but it appears that the majo-
rity of workers have been dealing with either halide (mainly chloride) or
tetrahalopalladate salts ([Pd(NH,),] [PdCl,] is known as Vauquelin Red Salt,
VRS). In view of our continuous interest in the chemistry and spectroscopy
of Pd(II) compounds (mainly palladium acetate and its derivatives [2—4]) on
the one hand and of compounds (conveniently labelled bicomplexes) containing
complex (ammine or ethylenediamine) cations and complex (cyanide) anions
[5, 6] on the other, we decided to prepare acetate and tetracyanonickelate
complexes containing [Pd(NH,),] cations and to study their ir spectra. Since
VRS is also a bicomplex, it was decided to reinvestigate its spectrum as well,
whereas the recent crystallographic study [7] suggesting that the water mole-
cules in [Pd(NH,),] Cl,.H,O are disordered was the reason to conclude,
for the time being, the list of investigated compounds with this one, paying
particular attention to the spectral regions in which the internal and libra-
tional bands of water are expected to appear.

EXPERIMENTAL

The studied compounds were prepared by known methods [8] or their
adaptation, except for the tetracyanonickelate bicomplex which was obtained
by mixing equimolar solutions of tetramminepalladium chloride and
K,[Ni(CN),]. The white tetramminepalladium acetate was prepared by
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evaporating an ammonia solution of palladium acetate which, itself, was
prepared by the method of Stephenson et al. [9]. On standing it turns yellow,
apparently as a result of partial loss of ammonia.

The ir spectra were recorded on a Perkin—Elmer 521 instrument as
KBr pressed discs. The liquid-nitrogen temperature (LNT) spectra were
obtained using a VLT-2 variable-temperature cell (RIIC-London).

RESULTS AND DISCUSSION

The most conspicious feature in the spectrum of [Pd(NH,),]Cl,. H,O
(Fig. 1), as far as the regions of absorption by the water molecules are concer-
ned, is the broadening of the spectrum below 650 cm™! quite reminescent of the
similar feature of zeolitic water. No clearly defined librational maxima could
be detected on this broad band and this seems to be in agreement with the
crystallographic inferrence of a random displacement of the water molecules
around their mean positions.

In the stretching region the bands are also broad, even at LNT (Fig. 2),
despite their relatively high frequency and the possibility [7] of formation
of only weak hydrogen bonds. Rather similar, in this region, is the spectrum
of the acetate compound (Fig. 2), but there are, in its case, several clearly
visible features in the water librational region (Fig. 3). It would, therefore,
appear that the water molecules in the structure of this compound are ordered.
Quite surprizing, in this spectrum, is the low intensity of the band around
1230 cm™! originating from the 3; mode of the ammonia molecules, whereas
the rocking (p) NH; mode appears as a split band between 850 and 800 cm—2.
The splitting to at least three components is more apparent in the LNT spec-
trum (Fig. 4). The splitting of the corresponding band in the case of VRS is
much less pronounced, whereas in the case of the tetracyanonickelate bicom-
plex two separate bands are seen in the room-temperature spectrum (Fig. 5)
and are further split at LNT (Fig. 4). In fact, for an idealized D, symmetry
of the square-planar [Pd(NHjy),] ion, two ir active p(NHj) bands are expected
to appear, although frequently (e. g. in the room-temperature spectrum of
VRS) only oneis seen. The pronounced splitting of the corresponding bands
in the spectrum of the tetracyanonickelate bicomplex (clearly split in this case
is not only o(NH,) but also 8, (NH,), as seen in Fig. 5) indicates a considerable
reduction of the [Pd(NH,),] cation symmetry (below C,; and C,;) and/or
existence of non-equivalent tetramminepalladium ions in the structure of
the bicomplex. The existence, in the cyanide stretching region of the spectrum
of this compound, of four clearly defined bands (Fig. 6) shows that not only
the cations but also the anions are of low symmetry and/or crystallographically
and structurally non-equivalent. ‘

It should be noted that the frequency of the o(NH,) band in the spec-
trum of the acetate (containing wunivalent anions) is higher than that found
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in the spectrum of VRS in which the anion is divalent*, contrary to the gene-
ralization of Miiller and Baran [10] that the rocking NH; frequency should
increase with increasing charge on the anion.
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*The components of this vibration in the spectrum of the tetracyanonickelate bicom-
plex fallnthe regions where those of the acetate and of VRS (around 820 and 780
cm— respectively) appear, this being perhaps in line with the notion of non-equiva-
lent ions.
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Fig. 2. The OH stretching region in the LNT spectra of
[P[NH,),] Cl,.H,0 (a)
and [Pd(NH,),] Ac, . xH,0 (b)
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Fig. 4. The rocking (p) NH; region in the LNT spectra of:
[PA(NH,),]Ac, - xH,O (@)
[Pd(NH,),] [PdCL] (b)
[PA(NH;),] [Ni(CN)4] (¢)
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Fig%5%The 8,(NH,) and ¢(NH;) regions in the room-tempera-
ture (a) and LNT spectra (b) of [Pd(NH,),)] [Ni(CN),]
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Fig. 6. The C==N stretching region in the spectrum of
[PA(NH,)] (Ni(CN)]
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UHOPALIPBEHU CIIEKTPA HA HEKOM TETPAMMMHIAJIA/IN-
YM (II) COEAVIHEHMJA

JI. Illontpajanosa u b. IllonTpajanos
Xemucku gaxyaidgein, Ynusepsumei 5, Kupun u Meitoguj« — Ckoiije

CuuMenn ce MHQPAUPBCHUTE CHEKTPH HA HEKOJIKY COoeIMHEHja 1TO
IO COAPXAT KOMILICKCHHOT teTpammvurnaraamyy(Il) jou, [Pd(NHj;) 2.
Bo Bpcka €O HAILIMOT TOCTOjaH MHTEPEC 3a XEMHUjaTa H CHCKTPOCKONMjaTa
Ha TAJaJMyMOBH COCAMHeHMHja (Ipe] C¢ ManajuyM alueTaT 1 HETOBUTE NCPU-
BaTH) OF €JHA CTpaHa M COCJMHeHWjaTa ILITO COAPKAT KOMIUICKCCH
KaTjoH ¥ KOMIUIEKCeH aHjoH (WITO 3rOZHO MOXC Ja C¢ Hapewat
OMKOMIUIEKCH) OJ ApPYra, 3a MCHUTYBAMbE Oea oa0paHH COCAMHEHHMjATA
[PA(NHj),]Ac,]- xH,O, [Pd (NHy)] [PACL], pd (NHy),}[Ni (CN)], a deme
pelleHO Ja Ce NPEHCOHTa W CHOeKTapoT Ha MOHOXAApATOT HA TeT-
pammvmanatsaguyMm (IT) xnoprgor. CpoekTapoT Ha BoJaTa (ocodbeno BO
HOApaYjeTo HA JMOPALMOHUTE MOJOBH) Kaj MOCIENHOBO COJMHCHUC € BO
COIJIACHOCT CO NpEJUIOKEHATA NPETIOCTaBKAa 3a CTATHCTHUKO H3MECTYBAMbE
Ha MOJIEKYJIMTE BOJA OJi HUBHUTE DPAMHOTCKHH MMOJIOKGH BO CTPYKTY-
paTa, Jojieka Kaj XHAPATOT HA AUETATHOTO COSJMHCHME M3IJIEJA HOCTOM
CpEJEHOCT HA MOJIEKYJIMTE BOJIA. 3a0€JIeKUTEIHO € PACLEIYBAETO HA JICHTATA
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IITO NOTEKHYBA OJf HUIIANHATA (rocking) BuGpauMja Ha MOJIEKYNHTE O
KOOPJIMHUPAH aMOHMjAK Kaj aueTATHOTO M, OCODEHO, Kaj TeTpalMjaHOHH-
KEeJJATHOTO coemuHeHue. IlocToemeTo, BO MOCIEHHOB CiIydYaj, HA MOLIHE
jacHO 3a5esIex/IMBO PACLENyBahe i HA JICHTATA UITO TTOTEKHYBA O CHMETPHY-
nata NH; jgedopmaumja ykaxysa Ha GakToT Aeka WM CHMETPUJATA HA KOM-
miekcHuoT [PAd(NH,),J**+ jon e sHauutenso cumxena (moxg C,, MWIH Cupn)
WM, TaK, BO CTPYKTypaTa IOCTOjAT HESCKBHBAJICHTHH TeTPAMMHHIIAJIAIM-
ym(IT) jonu. ITocmennoBo M3TIe A OBEPOjaTHO, OUIEjKM ABETE KOMIOHEHTH
Ha Humansata NH,; sBubpamuja (Ha Hucka TemmepaTypa ce 3abeiexysa u
JIOTIIONHATENHO LENehe) Ce HaoraaT Bo noapayjata (oxomy 820 m 780 cm—Y)
BO KOM C€ jaByBaaT JIEHTHTE OJ MCTHOT MO/l Kaj aleTATHOTO COeIUHCHHE O
e/lHa CTPaHa U Kaj TEeTPaxXJIopOoHalafiaToT, of Apyra. M3rienoT HA JIEHTHTE
BO BAJICHTHATA LMjaHUAHA ODJIAaCT HA CHEKTAPOT Ha [Pd(NHj),] [Ni(CN),]
MOK&XyBa [cKa HE CAMO KATJOHHTE, TYKYy H aHjOHHTE C& CO HMCKA CHMETpHja
U/MIH HeekBHBaNeHTHH. Tpeba ma ce 3abenexu mexa ¢pexBennujaTa na
e(NH;) MOIIOT Kaj aueTaToT € #06UcoKa OMOIITO Kaj TeTPaxIOPONANANATOT,
BO CNPOTHBHOCT CO TeHEepalM3alfjaTa IITO OWJa HANPABEHA JeKa oBaa
{pexsenumja Tpeba na pacifie co 3rojyeMyBam¢ Ha IOJNHEKOT HA aHjOHOT.
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IITO IOTEKHYBA OJf HUIIANHATA (rocking) BuGpauMja Ha MOJIEKYNHTE O
KOODIMHHPAH AMOHMjAK Kaj aleTATHOTO M, OCODEHO, Kaj TETPAIMjAHOHH-
KEeJJATHOTO coeauueHue. IlocToemeTo, BO MOCIEHHOB CiIydYaj, HA MOLIHE
jacHo 3a0esIexIMBO PACLeNyBahe i Ha JICHTATA UITO TTOTEKHYBA O CHMETPHY-
nata NH; fgedopmaumja ykaxysa Ha GakToT Aeka MM CHMETPUJATA HA KOM-
miekcHuoT [PA(NH,) 2+ jon e 3Hauntenso cumxena (mom C,, WIH Cypn)
WM, IaK, BO CTPYKTypara IOCTOjAaT HESEKBHBAJICHTHH TeTPAMMHHIIAJIAIH-
ym(Il) jonu. ITocmennoBo M3rIeAa OBEPOjaTHO, OUIEjKH ABETE KOMIOHEHTH
Ha Humansata NH, sBubpamuja (Ha Hucka TemmepaTypa ce 3abeiexysa u
JIOTIOTHUTENIHO LENekbe) Ce HaofaaT Bo mogpayjata (okomy 820 m 780 cm—1)
BO KOM C€ jaByBaaT JIEHTHTE OJ MCTHOT MO/l Kaj aleTATHOTO COeIUHCHHE O
e/lHa CTPaHa U Kaj TeTPaxXJIopomaNafaToT, of Apyra. M3riefoT Ha JIEHTHTeE
BO BAJICHTHATA NMjaHUAHA ODJACT HA CHEKTApOT Ha [Pd(NHj),] [Ni(CN),]
IOK&XyBa NeKa HE CAMO KATJOHHTE, TYKYy H AHjOHHTE CE CO HMCKA CHMETpHja
U/MM HeekBHBaJeHTHH. Tpeba nma ce 3abelexkn mexa ¢pekBeHnujaTa na
e(NH;) MOIIOT Kaj aueTaToT € #06UcoKka OROIITO Kaj TeTPaxIOPONANANATOT,
BO CHPOTHBHOCT CO TeHEPANM3AUMjaATA WITO Ouja HANPABEHA Jeka oBaa
{pexsenumja Tpeba na pacifie co 3roNeMyBam¢ Ha IIONHEXKOT HA aHjoOHOT.



