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SUMMARY. The infrared and Raman spectra of the title complex, the stoichio- 
metrically most simple species present in the pharmaceutical preparations currently 
known as colloidal bismuth subcitrate, were recorded and discussed in relation to the 
known structural characteristics of the compound. 
RESUMEN. "Espectro Vibracional del KBi(C6H407). 3 H20, la Especie más Simple 
Presente en el Subcitrato de Bismuto Coloidal". Se registraron los espectros de infrarrojo y 
Raman del complejo del título, la especie estequiométricamente más sencilla presente en el 
fármaco comunmente llamado subcitrato de bismuto coloidal, y se los discute en relación a 
las características estructurales del compuesto. 

INTRODUCTION 

In recent years renewed interest has been developed in the pharmacology of 
different bismuth compounds, specially after the discovery of its effectivity against 
the bacterium Helicobacterpylori, responsible for chronic gastritis and peptic ul- 
cers. Among the modern bismuth-based pharmaceuticals, preparations based on 
colloidal bismuth subcitrate (CBS) are the most widely used. The chemistry of this 
system is very complex, because it is constituted by a number of different polynu- 
clear Bi(II1) species in equilibrium 1-6. 

In order to advance in the understanding of the general physicochemical 
properties of this system; we have initiated some spectroscopic work on species 
involved in this kind of drug. 

The stoichiometrically most simple complex present in these bismuth prepa- 
rations seems to be K13i(C6H40,). 3 H,O, whose crystal structure was first reported 
by Herrmann et al. 1 and further refined by Asato et al. *. In a first approach, and 
as shown schematically in Figure 1, the Bi(II1) cation is coordinated by three oxy- 
gen atoms, one of a terminal carboxylate, one of the central carboxylate and the 
third one from the deprotonated alcoholic OH-group of citric acid. The other ter- 
minal carboxylate group is coordinated to a second Bi(II1) ion, as a bidentate lig- . 
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Figure 1. Primary interaction of Bi(II1) with Figure 2. Dinuclear subunit present in the 
citric acid (adapted from Herrmann et al. 1 ). investigated compound (0, are the oxygen 

atoms from the H20 molecules; O'are the atorns 
arising from the vicinal dimer). 

and, generating the very stable dimeric subunit Bi(cit)(cit)Bi, which is the charac- 
teristic building block of this type of bismuth complexes 4-6. The coordination 
sphere of each of the Bi(II1) ions is completed by two oxygen atoms provided by 
H,O molecules, one of which is only loosely coordinated ls4. 

The stmcture is additionally complicated because two pairs of such Bi(II1) 
dirilers, generated as described above, interact further with participation of the 
non coordinated oxygen atoms (arising from the terminal and the central carboxy- 
late groups (c j  Figure 1) finally originating a tetranuclear subunit 4. This means 
that the coordination sphere around each of the Bi(II1) ions is constituted by the 
three oxygen atoms shown in Figure 1, two oxygen atoms from the water mo- 
lecules, two oxygen atoms from the bidentate carboxylate group arising from the 
other Bi(II1) ion of the dimer and two oxygen atoms provided by the vicinal dimer4, 
as shown schematically in Figure 2. As a result of this arrangement, the coordina- 
tion polyhedron around each metal center is roughly nine. The Bi-O distances 
vary widely, between 2.12 and 3.41 A, but even the long bonds are significantly 
shorter than the sum of the van der Waals radii (3.67 A) 4. The shortest Bi-O dis- 
tance is that involving the deprotonated alcoholic group of the ligand (2.11 A) and 
the stereochemical active lone pair of Bi(II1) is surely located in trans position to 
this bond 194. 

Syntbesls of the complex 

To a solution of 0.54 g of potassium citrate, ~C6H507.H,0 (Sigma), dissolved 
in 20 m1 of distilled water and heated at 60 "C, 2 g of bismuth citrate, Bi(C6H5O7), 
freshly prepared in the laboratory from Bi(N0a3 and citric acid 7, were slowly 
added, under constant stirring. The resulting suspension was neutralized by drop- 
wise addition of a 10% NH40H solution. The limpid solution was heated during 
one hour more at 60 "C. After cooling, the complex precipitated as a white micro- 
crystalline powder, which was filtered off and washed severa1 times with cold dis- 
tilled water and finally dried in an oven at 60 "C. The purity of ihe compound was 
checked by chemical analysis. 
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Spectmscopk measurements 
Infrared spectra were measured be- 

tween 4000 and 400 cm-1 with a Bruker 
FTIR model 113v instrument, with the pow- 
dered samples dispersed in KBr pellets. 
Raman spectra were obtained with the FRA 
106 Raman accessory of a Bruker FTIR IF 66 
spectrometer. The 1064 nm line of an Nd: 
YAG laser was used for excitation. - 

s 
U 

RESULTS AND DISCUSSION w 
O 

The infrared spectra in the regions be- C, 
tween 3700-2700 and 1700-400 cm-] are Z 
shown in Figures 3 and 4, respectively. The 'E 
Raman spectrum in two of the most charac- C 
teristic regions is presented in Figure 5. a 

C 
C 

The assignment of these spectra is 
complicated by the fact that vibrational 
modes of different origins appear superim- 
posed in most of the spectral regions. 
Notwithstanding, in Table 1 we propose a 

I 1 i 

3500 3000 
general assignment, based on general litera- [cm-']  
ture data 8.9 as weii as on spectra of related Figure 3. FTIR specuum of 
species 7310,11. H20 between 3700 and 2700 cm-'. 

Figure 4. n I R  specuum of KBi(C6H4O7) 3 H20 between 1700 and 400 cm-'. 
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Figure 5. n-Raman spectrum of KBi(C6H4O7) 3 H20 in the two most interesting regions. 

Band position (cm-') Approximate assignment 

v (O-H) 
v (O-H) 

v (C-0) alc. 
v (C-C) 
v (C-C) 

Table 1. Infrared spectrum of KBi(C6H407) 3 H 2 0  us: very strong; S: strong; m: medium; w: weak; 
uw: very weak; sh: shoulder. 

The higher frequency range is dominated by a strong and broad absorption 
with a very strong band located at 3411 cm-1 (cJ: Figure 3). This band, as well as 
the other three less intense ones found at 3188, 3111 and 3066 cm-1, can be confi-' 
dently assigned to O-H stretching vibrations of the water molecules. The wide 
range covered by these vibrations is in agreement with the extensive hydrogen 
bridging between the water molecules and between these and the oxygen atoms 
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of the citrate ligands which, as shown by the structural analysis, are important fac- 
tors in the stabilization of the complex architecture of the crystal lattice 1. The po- 
sition of these stretching bands suggest the formation of H-bridges of medium 
length, in agreement with the classification of Siebert 12. The remaining bands in 
this spectral range are assigned to the stretchings of the CH,-groups. These bands 
are somewhat displaced to higher frequencies in relation with the ranges com- 
monly observed for them, in agreement with the fact that, as a consequence of its 
coordination to the metallic center, they are included in a strained ring structure 9. 

The v (CHJ vibrations appear very well defined in the Raman spectrum as 
lines of strong and medium intensity located at 2970, 2942, 2926 and 2910 cm-1. 
On the contrary, in this case the v (O-H) bands are not well defined and only two 
weak and broad signals can be identified at about 3080 and 3130 cm-] (cf Figure 5). 

The antisymmetric stretching of the carboxylate groups appears very well re- 
solved in the IR spectrum, with three components and a shoulder, in agreement 
with the different structural peculiarities of each of the three carboxylate groups of 
the ligand. The same behavior can be observed in the Raman spectrum in which 
three lines (1626, 1607 and 1534 cm-]) can be observed with a weak shoulder on 
the higher frequency side of the last of these lines (cf Figure 5). Besides, in the 
case of the symmetric stretching mode of these acidic groups, three components 
are found in both the IR and Raman spectra. In this case, one of the components 
of these multiplet is the strongest Raman line in this region (1418 cm-]); the other 
two are found at 1452 (with a weak shoulder at 1396) and 1362 cm-' (cf Figure 5). 

It should be also mentioned that in the regions associated with the men- 
tioned v (COO-1 modes other vibrations are expected and they surely enhance 
some of the observed bands. For instance, the bending mode of H20 usually lies 
around 1590-1660 cm-1 13, whereas CH, deformational modes are expected in the 
1500-1150 cm-1 range 9. 

Not al1 of the remaining bands in the medium IR range could be unambigu- 
ously assigned, although two pairs of bands related to C-C stretchings and one 
rocking mode of the CH2-groups could be identified. The strong Raman line locat- 
ed at 971 cm-' can be probably related to a v (C-C) mode. On the other hand, the 
strong IR band located at 1143 cm-1 has been tentatively assigned to the C-O 
stretching of the deprotonated alcohol group of the ligand. Such bands are usually 
found in the range between 1000 and 1100 cm-] 14-17. In the Raman spectrum this 
mode is found at 1141 cm-l. Some of the remaining bands are probably related 
with CH, bendings 9. - 

In the range below 700 cm-l we have assigned two 6 (COO-) modes. Bands 
at 593/576, 540 and 451 cm-i probably include vibrational modes of the water 
molecules 17 as well as Bi-O motions. 

To conclude, this spectroscopic study gives a first insight into the vibrational 
behavior of one of the bismuth(II1) compounds present in CBS and allows to ad- 
vance in the better understanding and characterization of this system, giving new 
tools for the analysis of other, more complex components, of this interesting inor- 
ganic drug. 
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