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INFRARED SPECTRA OF MORFOLONIUM 

( ~ ~ H ) Z M O Z C ~ S ( H ~ ~ ) ~ ( I ) , ( ~ ~ H ) Z M ~ ~ C ~ B ~ ~ ~ ( H Z ~ ) Z ( I I ) ,  

(mpH)~Mo~Br~(H~0)2(111) AND THE PYRIDINIUM 

(P~H)~Mo~I~(Hz~)z(IV)HEXAHALO-DI(AQUO) 
DIMOLYBDATE(I1) COMPLEXES, CONTAINING 

QUADRUPLE METAL-METAL BOUNDS 

Key words: Infrared spectra; Ionic interactions; Morpholinium and the Pyridinium 
Hexahalo-di(aquo) dimolybdate(I1) complexes, with quadruple molybdenum- 
molybdenum bonds. 

V.K. Ceylan 

(Afyon Kocatepe Universitesi, Miihendislik Fakiiltesi, U$AK -mRKIYE) 

ABSTRACT 

The electronic (800-400 nm), infrared (4000-700,400-20 cm-'), ordinary 
Raman (400-200 cm-') spectra of morpholinium and the pyridium hexahalo-di(aquo) 
dimolybdate(I1) complexes, containing quadruple metal-rnetal bonds were 
investigated. The electronic spectra of the solid compounds at various temperatures 
(3,100 and 3OOK) demonstrate intense and structured bands in the visible region 
(5 10-582 nm) attributed to  the expected 6 4 '  transitions. 

From the infrared and Raman spectra, the skeletal stretching modes in these 
complexes have been localized, and the charecteristic bands of these ions were 
observed in the expected regions. 

the ionic interections were relatively weak, but the existance of 
phenomena was perceptible and the result was obtained in agreement with X-ray data. 

Finally, 
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1556 CEYLAN 

INTRODUCTION 

Over the past decade, a wide variety of quadruple metal-metal bonded 
complexes have been synthesized (1). Much of the interest has focused on the 
structural properties of these and related species were investigated by the method of 
X-ray crystallography(?,3) and infrared (4), Raman (5 ) ,  resonance Raman (6) 
spectrescopy. 

In this context, several hexahalo-di (aquo) dimolybdate (II) anions, 
Mo2&(H20)>, containing quadruply bonded molybdenum atoms have been prepared 
and characterized by X-ray diffraction methods (7-8). Moz&(H20)2” seem to be the 
most frequently found halodimolybdate group in the presence of pyndinium ( C 5 H 5 W  
or pyH), of Cmethylpyridinium (CHjC&M” or picIT) and of morpholinium 
(CfiONH; or m p K )  countercations. These anions generally contain a short metal- 
metal quadruple bond (ca 3.12Ao) and water molecules are coordinated to 
molybdenum at ca 3.30 A’, so that anions possess a centre of symmetry and an overall 
symmetry near to C a  and the cations possess an overall symmetry near to C ~ V .  

The spectroscopic studies have been performed (9-17,) detailly on the above 
complexes. The aim of this work was to investigate the ionic interections phenomena 
and to inform the obtained vibrational wavenumben and the assignements of infiared 
(4000-300 cm-’) spectra of these complexes. 

EXPEWENTAL 

Preparative details 

A sift from J.V. Brencic, the morpholinium salts (mpH)2M02Cb(HzO)2(I), 
(mpI?+Mc&IxBr~,(H,0)1 (II),(mp~MozBr&120)z(m) and the pyridinium complex 
(pyH)2MozI&IzO)z(IV) were prapared by the methods given in the literature(7,8). 

All compounds except II were recsystallized from 1:l mixtures of halide acids 
and of the appropriate morphohum or pyridinium salt. The recrystabations of II 
froma 1:l HbrgaveLn. 

Instrumental details 

Electronic spectra were recorded using a Cary 17 spectrometer either in the 
diffise reflectance mode (at 300K) or in the transmission mode with potassium or 
caesium habde pressed discs at various temperatures (35-3OOK). 

The low-temperature spectra were obtained using a liquid nitrogen cryostat or 
a Cryodine Model 21 closed-cycle helium refrigerator. Infhred spectra of the 
complexes were recorded from nujol or fluorolube mulls held at 300K or at ca 8OK by 
use of Perkin- Elmer 225 and 180 spectrometers (400-1 80 cm-’ ) and of a Polytec FIR 
30 interferometer (250-20 cm-’). 

Raman spectra were recorded with either a Coderg T800 or a Dilor RTl3O 
triple monochromator instrument using nine emission lines of Model 164 Spectra- 
Physics Kr’ and Ar’ lasers (b from 676.4 to 457.9 nm). Dedection was by 
conventional d.c. techniques using a cooled RCA C3 1034 photomultiplier tube. 

Repeat scan measurements were camed out with a Mostek 280 
microprocessor and all data could also be transferred to a PDP 11 computer. Spectra 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
3
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



INFRARED SPECTRA OF MORFOLONIUM 1557 

from samples held at room temperature were obtanined by use of a sample holder 
rotating at ca 1600 rev min-l ( 1  3,14) and those from samples held at ca 35-80K were 
obtained from K?SO4 or KCIOJ sample discs in conjuction with a glass block rotating 
at ca 1500 rev min-l; the latter refracts the incident laser beam across the surface of the 
sample in order to minimize any  local heating effects. 

RESULTS 

Electronic spectra 

The electronic spectra of 1, 11, 111, and IV at 300K in the transmission or 
diffuse reflectance mode exhibit intense broad bands at about 5 15, 530, 534 and 583 
nm, respectively. 

These bands were confidently assigned(9,lO)to the 'Ag+lAu or &(a,)-+ &*(a,,) 
(in the CZh symmetry group) axially polarized and dipole allowed transitions by 
anology with the corresponding transitions in similar Mo2X8" , Moz(S0~) .tJ- or 
MoJ& systems with qadruple Mo-Mo bonds ( 1  1). 

Infrared and ordinary Raman spectra 

Structure and selection rules. 

Compound IV crystallizes in the monoclinic space group P21 /c (or C'B) and 
the unit cell contains four cations on.general positions and two anions on Ci sites (7). 

One can assume isomorphous structures for the morpholinium complexes even 
though X-ray results (8) prove that they crystallize in the triclinic mspace group with 
anions located on symmetry centres. 

To a first approximation, the symmetry of an isolated pyridinium, ( py H ) 
cation belongs to the C2" point group and the 30 internal vibrations can be classified: 

TcXvvyib=l 1Ai( R,IR )+3A? (R)+6B, (R,IR)+IOB? (RJR) 
All the modes are active in Raman spectra and 37 vibrations are active in 

infrared spectra. The morpholinium (mpH+) cation was considered the same symmetry 
C2V and its internal vibrations: 

r2\y,h=13Al ( R,IR )+8A? (R)+9Bl (R,IR)+12Bz (RJR) 
All the modes are active in Raman spectra and 34 vibrations are active infrared 

spectra 

Vibrational results 

The structure of an isolated M%)(6(H20)z2* anion, belongs to the C 3  point 
group and the internal vibrations infrared and Raman spectra ( k 6 4 7 . 1  nm) were 
registred in the 30-400 cm" range where all the hndamental vibrations of the 
binuclear anions were expected. 

Some typical spectra, the corresponding band wavenumbers, and the proposed 
assignements were reported(9,lO). 

Internal vibrations of the cations were considered in this article, therefore, a 
complete list of the infrared wavenumbers (4000-300cm~'), assignements based on 
those known for morpholine ( I  5) and various pyridinium salts ( 16) were reported in 
table 1. The infrared spectra of the 4 complexes were illustrated in Fig. 1. 
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TABLE I .  Vibrational wavenumber (cm-') and assignments of infrared spectra of complexes 
(I, II, III, IV) 

3361 nt 
3248 nt 
3133 m 
So16 m 
3012 ,u 
2993 \?\ 

2975 \?I 

2%7 \\ 
2870 \\ 
If135 u 
1276s 
I370 rb 
1467 sh 
1457 rb 
1450 m 
I441 m 
1424 u 
1406111 
1395 m 
1389111 
1377 m 
l i 4 3 m  
1315 rh 
1306 m 
1288 m 
1217m 
l l 8 2 m  
IlSOrb 
1170w 
1092- 
1070 rb 
1037m 
1027 m 
1017 m 
982 m 
976 sb 
869 VI 

865 rb 
839 rh 
819 m 
772 (L. 

588 m 
486 u 
474 H' 
441 sb 
440 rn 
415 m 
395 m 
375 sh 
,374 M 

273a 
266a 
255n 

237al 
228rb 
22om 
208m 

3362 m 
3250 m 
3126m 
3040 n1 
3006 \,\ 
2990 rh 
2961 tv 

21168 \\ 
1625 w 
1568s 
1560rh 
I 466 \,\ 
I425 rh 
I U 8 m  
1439m 
142O\n 
I405 m 
1392 m 
1387 ti 
1377 m 
1 3 U m  
1313sh 
1305 m 
I283 u 
1 2 1 6 ~  
1 I84 m 
I168 u 
I092 vs  
1085 rh 

1036 ms 
1026111 
l O l 6 r  
874 m 
1167 vs 

8 1 6 ~  

585 m 

1 7 2 w  

438 m 
414111 
385 n 

300 ml 
276 w 

226u 

237w 

21% 
2 0 7 r  

3293 sh 
3251 ni 
312Sm 
3040 nt 
3005 vn 
2991 v\\ 

2%2 a 
2868 u 
1 6 2 4 ~  
I569 sb 
1264 5 

I260 rb 
I466 \I' 
1452 rb 
1448 m 

1439m 
1437 rh 
1 4 1 9 r  
1404 m 
1.192111 
1387 w 
1377 u 
I343 M 
1313 rh 
1305 m 
1289 H' 
1223 rh 
1 2 1 6 ~  
1 1 1 4 ~  
1 1 7 9 ~  
1 1 6 7 ~  
1098 rh 
1092-a 
1085 sb  
1035 m 
1 0 2 6 ~  
1016w 
874 m 
867 M 
863 rb 

584 m 
470 w 
438 m 
412m 
378 w 

t i 3 W  

Z J h  
24h.a. 

23% 

21% 
206m 

34IOml 
v,(NH2) or 3352 I 

v , ( t w  3236tr 
3208 m 
3 1 1  m 

v,(CH,)Or 3124 n 
vdCH:) 30% m 

3067 sb 
MOH:) 3 0 6 0 m  

3032 tn 
MhH:) 2%8n 

2952 n 
2916u 
2900 n 

MCH:) 28JJa 

1636 rh 
1631 M 
1608 u 
1 6 W n  
1 7 7 s  
1569 rh 

rwirr(CIl2) I531 rb 
l 3 3 2 w  
I527 rh 
1217rh 
l J 8 3 w  

WMCH:) 1479rh 
1473 rb 

1377s 
I363 ml 
132Jm 

v(cycle) 1157 IV 
1245 W 

mck(CH2) 12j6m 
119Jm 
1186rb 

v(cycls) 1 I a n  
106oti  
1051 m 

rock(CH,) 1026vr 
1005 H' 
993w 

928 wl 
aMc-0) 996% 

813- 
856 M 
791 u 
74omr 
73h% 
67kh 
666vr 
63% 
608U 
5ZOnll 

386w 
2 1 7 ~ 1  

v(Mo-Br) 2 4 5 ~ '  

215& 
MMoMoO) 207m 

&cycle) 991 F 

w:W&. m: Medourn: I: S m g :  I: Large:\.: Vcw: rb: Sbouldci 
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1 I 
3600 3000 26001700 1600 1400 1200 I000 800 600 400 _2DO 

\ k m '  

Fig. 1 Infrared spectra of (a) (mpH)2M@C&(&O)z.(b) (mpH)z MeClxBrGx(H2O)2, 
(c) (mpH): Mo2Br6(H20)7 and (d)(pyH)zM&(H20)2 in the 4000-100cm-' 
wavenumber range. 
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1560 CEYLAN 

DISCUSSION 

The characteristic bands of these cations (mpK,pyH‘ ) were observed in the 
expected regions. This result is in good agreement with previous studies (15,16). The 
case, we were interested in the ionic interctions of these complexes. Totally symmetric 
Raman stretching vlbration ?(Mo-Mo) of quadruple molybdenum-molybdenum bonds 
is in a linear variation with the mass which is including molybdenum and its ligands 
(12).The wavenumber ?(Mo-Mo) varies as a hnction of ligands ( X )  and as a function 
of the cations (mpH+, pyW ) as well. 

Since G(Mo-Mo) was determined as %AM+B then the data of three 
complexes (I,II,III) were fitted on the line, but, the complex (IV) has a different 
cation, pyndinium (pyH)  and its coordinates were slightly off the line. This cation 
made different effect on the anion [ Mo2& (HrO)r” ] in comparison with 
morpholinium (mpH‘) cation. In conclusion, the ionic interections of these complexes 
were relatively weak, but the axistance of phenomena was perceptible and the result 
was obtained in good agreement with X-ray data. 
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