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COMPARATIVE ANALYSIS OF THE INFRARED SPECTRA OF SOME
TETRAAMMINECOPPER(II) CO M PO U N DS

M. Trpkovska, B. Soptrajanov

lnstitute of Chemistry, St. St. Cyril and Methodius University, PO Box 162,91001 Skople, Macedonra

Abstract

Subjected to a comparative analysis were the infrared spectra of four tetraamminecopper(ll) complexes: two an-
hydrous compounds ([Cu(NHr).]SeOo and [Cu(NHs)ajCrOo) and two monohydrates ([Cu(NHr).SOo].HrO and
[Cu(NH3)"]BeFo.HrO). The spectra were recorded at room temperature and at the boiling temperature of liquid
nitrogen. Particular attention was paid to the bands which are indicative of the strength of the hydrogen bonds
formed by the ammonia and (when present) water molecules. The electronegativity difference between the
chromium and oxygen, and beryllium and fluorine atoms, on the one hand, is much larger than the difference
between the sulphur (or selenium) and oxygen atoms. Nevertheless, the hydrogen bonds in each pair of isomor-
phous compounds do not differ considerably in their strength. A more sophisticated approach in predicting the
relative proton-acceptor ability of different anions is therefore needed.

Keywords: lnfrared speclroscopy, Tetraamminecopper(ll) compounds, Tetraamminecopper(ll) selenate,
Tetraamminecopper(ll) chromate, Tetraamminecopper(ll) sulphate monohydrate, Tetraamminecopper(tl)
tetrafluoroberyllate monohydrate, Hydrogen bonding
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lntroduction

Corrtirruing oLrr \^/ork on the inll'ared (lR) spec-
tr';.1 ()t \ ut'loLrs coppcr(tl) contpounds, cspecially of
tirtrsc colltainirrg lnoictics u,hich cbuld act as pro-
tr)ll tjonors (uratcr or anlnronia lr-Iolcculcs, alnrno,
n lLlnr lolts ) [ I -(r l. \\ c now t'cport thc t-csLl ltS of our'

-\\lnparatlVL- stLldv of thc IR spcctl'a of, four
1.11 lrl] nl llt iltcco ppr-- r( I I ) collli) lcrcs: two anhydrous
ut)nrpoLrrrds ([CLr( NH,).]ScOr and ICu(NHr).]CrOo)
.ind t\\ o lnorrohvdratcs (tCu(NH..)+ JSO1.HrO and

iC',r(NH,)r]BcF* H.O) TIrc compoLrnds were se-
lcctcd to tcst thc rclativc protor-r-acccptor abilities
rrl- tlrc t-orrr irrvcstigatcd anions.

It shoLrld bc notcd that thc IR spcctra of
t-'1t .te lll tll ll'lCCOPl-r.-t ( II ) colltpoLuldS have alrcady
irccrr rinillv'zcd bv othcr aLlthors [7-l0] A particu-
l:rrlv thoroLrgh study was thc analysis of Schrnidt
ln(l iUri Ilcr'Ill who studicd thc spcctra of

tctraarnlninccoppcr(ll) sulf'atc and tts t'ullv
dcrrtcrated altalogr-re wltilc Acevcdo and Draz. ll2 ]

pcr'fonncd a rlonnal-coot'dirratc analysis ot' the
cor'!-tplcx cation. Howcvcr', wc ill'c not a\\/al'c of-

any cornparativc rcsearch on thc conlpoLlntls \\'c
havc studicd: ncither thc anllydroLrs conlpoLurds nor
thc two nronohydratcs. Irr f act, thc infrarcd spcctl'a
of thc tctrafluol'obcryllate and of the chron-larc
contpoLtrtds do not sccnt to havc bccn altall,zcd in
dctail, cxccpt f or oLu' own works [, 6].

Tlrc crystal stntctLrres of all thc studicd cont-
poLlnds exccpt l'or thc chromatc cotnpoLrnci ltar:c
bccn pLrblishcd. It was slrowrr [13] that

ICu(NHr).a]ScOo- crystallizcd irr thc rnonoclirric
space groLrp C),,whcrcas the sulphate and thc
tctrafl r-rorobcryl latc cornpoLrnds arc orthorhontbic
and crystallizc in the space group D)f, ! 3, l4] It
scct'ns that the only crystallographic data on

ICu(NHr)q]CrO* arc thosc forlnd in ref II 5] tt'ltcrc
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it is only statcd that tlrc cor-rpour rrcl is ,.,ot c,bic
In all four colltpoLlrrds, thc arnn'lonia n-lolecules

are hydrogell-bonded and act as p.oto, donors T'c
reported N. . Y distanccs 

'argc ll-o* zgl g pnr to
318.3 pttr itl the case of thc sullatc [13]. fl'or, 21 5I to
341 0 pln irr the structurc ol'thc sclc-natc Ili] f i, botS

bortds at'c also forrttcd bv tlrc watcr nrolcculcs (w5cn
prcscrtt) Thosc in tlrc sirlf utc a.c 277 1 p,t long,
rvhereas the l-cportcd O F cJrstanccs i, tlrc casc of
[c,(NHr).]BcF* a.c 2(r5. 26s. 2(t(),rrcj 273 r)* Tlrc
co lllpa t'i so tl o f Il l'o to tt - t t-t - a c c c 

1'r 
( t-l r cl i s t a p c cs s 6 o rr I cJ

L-lc ttradc r'r'itlt citLttion sirlcc rhc ilcccptor.ato,rs lrr.c
tttlt thc sal'llc (oxygcn irr thc strirctr.u'cs ol'thc srrllirtcand sclcltatc, flLtol'utc ,r tlrat ot' t'c tctr.a-
fluoroberyllate) and the diitcrcnccs in thc van der
waals radii slror"rld bc takcn into account

The watcr lnolcculcs in thc two nronohvr-ir.ilrt:
are coordinated to the C,l- io,s. rv'cr-cA.\ tlre
selenate anions entcr thc coordirration sllhcr-c t)l'
copper in [Cu(N H, ). ]S eO*

Experimental

The studied co,rpoLr,cls \\,cr-e pr-cp?r.u.ci br
tncthods found in thc Iitcraturc If 3- 161. sliglitlr
lllodificd whctt ttcccssar',y Thc dcutcnltcti l,ii-
loglles were prcpared by cvapot.ating thc solrrrron:
ol'the str-rdicd conrpoLrncls nr H.,Or'D.O p1 \trrr.c: t)l
appropriate cornpos i t iorr

Thc infl'arcd spcctra \\,cr-c r-ccor-clcrl . r'r.orrr \rr(.r
pcllcts, at l'oolll tcttrpcri-ltrrrc (lf.T1. 1t btlrlirrg rcrrr-
perature of Iiq,id-,itrogcn (LNT1. as rvcll a:.r ,r-
termediate temperatures on a perkin Elrner (L,S.\r
5 80 infrared rnectrophoronreter..
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Fig' 2- lnfrared spectra of tetraammrnecopperlil ) surpnare
monohydrate (a) and tetraamminecopper(il ) te trattuorc-
beryllate monohydrate (b)
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Fig 1.lnfrared spectra of tetraammrnecopper(il) serenate(a) and tetraammrnecopper(li) chromate (b)
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Results and Discussion

Thc rrrfrarcd spcctra of [Cu(NH,)u]SeOo and

I Cu(N H:).]CrOu are shown in Fig. I and those of
ICu(NH,)o]SOu HrO and [Cu(NH,)o]BeFo.HrO are

siven in Fig.2. Since the assignrnent of rnost bands
originating frorn the vibrations of the complex cations
rs a rathcr straightforward task, it will not be dealt
u rth irr Lulncccssar-y details. Instcad we shall concen-
tratc onl)'orr thosc bands which can provide inforrna-
Iron aborrt thc hydrogcn bonding in the str-rdied com-
poLurds. Such bands are., of coLlrse. those which origi-
nate fi'onr the stretching vibrations of the ammonia
and. r,vhcn prcsent, watcr nloIecules and aIso those
u,hich are due to the librational NH, and HrO rnodes.
Thcsc lattcr bauds arc relatively easy to locate when
thc- RT spcctra are cornpared with those recorded at

LNT since thc librational bands are temperature-sen-
sitivc and have a ncgative tcrnpcrature coefficient
cli / d T. that is w'h,v thcy shifi rowards higher fre-
qLtcrrcics r.'n,hcn thc tcnrpcraturc is lon,ered.

Irr principlc. the N*D aud/or O-D stretching
L'rarrds in thc spcctra ofthc isotopically isolated NHrD
and,or HDO rnolcculcs should be even rnore indica-
tivc. Ho\\.'e\/er. bccaLlse bands belonging to the spec-
tra of thc protiated coulpounds (the upper cLtrves in
Frg 3 and Fig 4) are prcscnr in thc sarne region, it is

2600 24 00 2200
Wavenumber (cm-')

Fig.3. The N-D stretchrng region in the infrared spectra of
protiated (a ) and slightly deuterated (b) tetraammine-
copper(ll) selenate
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difficult to correlate irrdividual hydrogen boncls'uvith
bands irr the N-D/O_-D strctching rcgion o f slightlr
dcuterated sarnples of thc selcnarc (Fig. 3) or of the
sr"rlfate compound (Fig 4)

Thus, for thc tirne bcing. we abandoncd thc dc-
tailed aualysis of this region and rcvcrte d ro thc
analysis of the barrds found in thc N-H/O-H srrctch-
ing region of thc protiated coulpounds. As sccn ur

Fig. I and Fig. 2, thc fr'.qLrencics of thc bands irr thc
abovc tncntioned region of thc chrornate spcctrlun
are not significantly different from those in the spec-
trum of the selenate and the situation is sirnilar in the
case of the spectra of the ICu(NH,)o]SO..H.O
[Cu(NHr)o]geFo.HrO pair. Such a situation is rarher
Lrnexpected if thc elcctronegativity differcncc be-
tween the X and Y atorns of the tetrahedral XYj
anions is taken into account. Since this diff-erencc is
incomparably larger betwecn thc chromium and ox-"--

gcn than bctween seleniunr and oxygen atonrs. one
would expcct the partral clectric charge on the ox!,-
gcn atou-is in CrOl to bc larger rhan in ScO; A
siurilar rcasoning leads to the conclusion that the
partial electric charge should be larger on the tluo-
rine atoms in BeFj thau on thc oxygen aronls in
Soi- Consequcntly. the lrydrogen bonds irr the
case of thc chrotnate and tetrafluoroberyllate
would bc expected to be stronger than in thc rc-
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Fig.4. The N-D/O-D stretching region in the infrared spec-
tra of protiated (a) and slightly deuterated (b) tetraam-
minecopper(ll) sulphate monohydrate
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Fig.5. The NH, rocking bands in the infrared spectra of
tetraamminecopper(ll) selenate (a) and tetraamminecopper(ll)
chromate (b)

rnaining two compoLurds Hou,cvcr, as Figs. I arrd 2
clearly slrow. this is not the casc.

Since the NHr rocking frcqLrcncics are also con-
sidcred to bc indicarivc of'thc srrcngrl'r of thc hydr-o-
gcll bortds ilt whrch tltc alllltonia lnolcculcs tak. part.,
thc rcgron bclow' 1000 crn i in thc spcctra of thc two
Itrtltvdt'cltts contpoLlnds \\'as at'lalyzccJ irr lt-)ol'e dctails
(a sirnilar colnparatrvc iln;tl;rsis of thc two tnono-
hydrates w,as harlpcrcd b,), thc occLu-cncc of intense
bands in thc above rcgion. drrc ro thc strctching vibra-
tiorrs of thc BcFj anrorrs) As sccn in F,g 5, the
p(NH,) trarrd f'r'ctlLrcncv ur ttrc chrornatc spcctr-unr is
not apI-)r'ccrablv drf'fcrcnt tl'orn thc rcspcctivc fie-
qLrcIc]\'irr thc selcnultc spcctrLlnt. Thus. contrar-y to
tltc cxpcctatiotts. rt rnr"rst bc conclurdcd that the hydro-
gen bonds forrncd w,ith thc C,'o; or B.Fi- anions as
proton-acccptors arc rror .sisnificantly different in
str-e n-,eth fl'orn thosc in \ i hich thc proton-acccptor-r-ole
rs playcd by thc ScO; or SO_r an rons

Thc analysis prcscrrtcd abovc shows beyond
doubt that thc conclusiorrs bascd on thc sirnple elec-
it'oncgatrv'ity coltccpt do rrot agr-cc witlr the experi-
rlcntal data and that sonrc n'lorc sophisticated ap-
proaclr should be adoptcd wc irrtcnd to continLre our

work in this field and publish additional r-cstr lts
due tirne.
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