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 Abstract 

Sm(bipy)(glycine)3 [bipy = 2,2-bipyridine] was synthesized by classic, microwave and mechanical methods. UV-Vis 
reveals a strong signal near 190 nm corresponding to a high energy Sm-O bond and f→f transitions. FT-IR spectra 
show a band between 490 - 450 cm-1 indicative of a Sm-O bond. TGA-DTA and MS analytical analysis, confirm the 
structural proposals. T he s amarium (III) c omplex w as t ested in 1 -hexene h ydrogenation, in b iphasic media 
(cyclohexane/water) and the reaction parameters were optimized ( time, temperature, substrate/catalyst r atio and H 2 
pressure). Catalyst showed 37.5 % conversion. 
Keywords: Catalysis; Hydrogenation; Samarium complex; Rare earth. 

Resumen 
El complejo Sm(bipy)(glycine)3 [bipy = 2,2-bipiridina] fue sintetizado por tres métodos diferentes: clásico, microondas 
y mecano-química. El espectro UV-visible muestra una señal fuerte cerca de 190 nm que corresponde al enlace de alta 
energía Sm-O y a transiciones f→f. En el espectro IR-TF se aprecia una banda entre 490 y 450 cm-1 que confirma la 
presencia del enlace Sm-O. Los análisis termo-gravimétricos TGA-DTA y la espectrometría de masas confirman la 
estequiometria i nicial p ropuesta. E l complejo de samario(III) fue e studiado en r eacciones de h idrogenación de  1 -
hexeno e n medio bifásico ( ciclohexano/agua) y lo s pa rámetros de reacción (tiempo, te mperatura, relación s ustrato 
catalizador y presión de H2) fueron optimizados. Se observó un 37,5 % de conversión. 
Palabras clave: catálisis; hidrogenación; complejos de samario; tierras raras.  

 
Introduction 

The n umber o f s tudies with r are ear th co mplexes has 
increased r apidly on t he l ast t en years, due t o t heir w ide 
capabilities as photon receptors via antenna effects1. On the 
other hand, l anthanides c omplexes ha ve s hown c atalytic 
activity in olefin hydrogenation2, moreover they can be used 
in asymmetric catalysis with high selectivity3.  
Today, microwave synthesis is widely s tudied and it is 
consistent w ith g reen c hemistry principles4. In t his pa per, 
alternative s ynthesis m ethods a re us ed i n order to r educe 
environmental i mpact cau sed b y t raditional m ethods. 
Sm(bipy)(glycine)3 was characterized using UV-Vis, FT-IR, 
TGA-DTA, M S and studied i n a h ydrogenation r eaction 
using a biphasic system (cyclohexane/water). 

Materials and methods 

Materials  

The samarium (III) complex was prepared from samarium 
acetate m onohydrate ( SIGMA-ALDRICH). Al l r eagents 
were analytical grade, and used without further purification. 

Measurement of samarium complex properties and catalytic 
studies 

UV/Vis s pectra w ere r ecorded o n a  Shimadzu Mini 1240 
UV/Vis Spectrophotometer on 1x10-4 M aqueous solutions. 
FT-IR spectra were measured with a PE Spectrum RX1 on 
KBr p ellets 5 % w/w. MS data were obtained f rom a HP 
GCMS 5988A. T GA/DTA m easurements w ere ac quired 
using a  TA INSTRUMENTS SDT–Q600. Catalytic trial 
analysis w as recorded o n a Perkin-Elmer Autosystem 900 
GC with an methyl silicone capillary column Quadrex (50 
m long and 0.52 μm diameter). 

Preparation of samarium (III) complex Sm(bipy)(glycine)3 

Amino a cid (glycine) a nd bipy w ere a dded on 3 :1 molar 
ratio to 70 % ethanolic solution (30 mL) and heated to 74 °C 
(reflux t emperature)5. Samarium acet ate w as ad ded t o t he 
mixture and stirred for 24 hours. The resulting solution was 
vacuum evaporated. A solid precipitated was washed three 
times with acetone (5 mL), dried and stored in a dark glass-
ware without light exposure. Reaction yield was 62.4 %. 
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Microwave s ynthesis w as car ried out m ixing t he s ame 
molar r atio and quantities described a bove on 10 mL of  
ethanol 99 %. Eight pulses of 15 seconds were applied on a 
PANASONIC Household Microwave @ 60 % of  nominal 
power ( 1200 W ) l eaving a 5 s econds of r elaxation time 
between pulses completing a total time of 160 seconds. The 
solid produced w as w ashed t hree times w ith acet one ( 5 
mL), dr ied a nd s tored in dark g lassware without li ght 
exposure. Reaction yield was 35.6 %. 

Mechano-chemical sy nthesis consists i n accurately m ixing 
the molar ratio and adding drop-wise 5 mL of ethanol 99 %. 
After c rushing t he m ixture f or 3 0 m inutes, the s olid 
produced w as w ashed t hree t imes w ith acet one ( 5 mL), 
dried and stored on dark glassware without light exposure. 
Reaction yield was 12.8 %. 

Catalytic trials 

The cat alytic r eactions w ere p erformed on 10 m L Parr 
Instruments batch r eactors. T he t emperature w as provided 
by vertical heating ovens and monitored by PID temperature 
controllers and type K thermocouples. The r eactions were 
performed as follows: 2.5 mL of cyclohexane and 2.5 mL of 
water were ad ded i n t he r eactor j acket, t hen 0 .0050 g  of 
samarium (III) cat alyst w as ad ded a nd 1-hexene s ubstrate 
according to substrate/catalyst ratio required; The reactor 
was cl osed a nd charged w ith appropriate H2 pressure, and 
the r eactor w as p laced i nto t he heating o ven. I nitial t ime 
starts just before the reaction reached the temperature set up 
on the controller. 

Results and discussion  

Synthetic methods 

Sm(bipy)(glycine)3 was prepared by three different methods 
(classical, m icrowave a nd m echano-chemical s ynthesis). 
Classical synthesis showed overall best reaction yield (62.4 
%), h owever the t ime u sed b y m icrowave s ynthesis ( 160 
seconds) and the use of less quantity of solvent makes this 

synthesis method more promising in the development of 
green chemistry. 

Uv/vis spectra 

The s hape a nd intensity of t he peaks o n the c omplexes 
mainly depends on the ligands6. Characteristic absorption of 
bipy in 202, 233, 283 nm can be appreciated in figure 1. The 
spectra s how a  bl ue s hift evidencing c oordination o f two 
nitrogen atoms with the metal i on and a benzene co nju-
gation decrease. 

 
Fig. 1: UV/Vis s pectra o f S m(bipy)(glycine)3; G lycine; Bipy-
ridine and Sm acetate  

FT-IR spectra 

Figure 2 s hows t he I R s pectra of t he n on-coordinated 
glycine (a) and bipy (b) in which it is possible to observe the 
most important characteristic bands at 2898, 1612 and 1412 
cm-1 corresponding t o νNH3, νasCOO- and νsCOO- 
respectively to glycine and νC=C in 1580 cm-1 and νC=N in 
1454 c m-1 to b ipy. I n t he figure 2(c), I R s pectra o f 
Sm(bipy)(glycine)3 showed al l ch aracteristics bands o f 
ligands glycine and bipy with a shift of the following bands: 
νasCOO-, νsCOO- and νC=N l eading t o guess an  ef fective 
coordination of both ligands. 

(a)

(b)

(c)

 
Fig. 2: IR spectra of bipy (a), glycine (b) and Sm(bipy)(glycine)3 (c). 

cm-1 
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Mass spectrometry 

Taking i nto acco unt t he p reliminary s tructures of co mple-
xes and t he o btained mass s pectra, t here i s a g ood ag ree-
ment with the initial structural proposals due to a molecular 
ion (P+) observed and fragments due to loss of ligands. This 
allow the proposal of a fragmentation pattern for the struc-
ture of Sm(bipy)(glycine)3. (see table 1 and figure 3 below). 

Table 1: Main peaks (uma) observed for the complex Sm(bipy) 
(glycine)3. 

Sm(bipy)(glycine)3 

P+ 708.55 
P+ -(glycine) 633.20 

P+ -2(glycine) 556.90 
P+ -3(glycine) 482.85 
P+ -3(OAc) 530.60 

P+ -(bipy) 551.95 

Peaks o bserved o n t he MS s pectra w ill v ary in a r ange 
between ± 1 uma and ± 6 uma due to action of different 
isotope d istributions/ r elative a bundance on ligands 13C 
(1.11 %) , 144Sm ( 3.07 %) ; 147Sm ( 14.99 %) ; 148Sm ( 11.24 
%); 149Sm ( 13.82 %) ; 150Sm ( 7.38 %) ; 152Sm ( 26.75 %) ; 
154Sm (22.75 %). Table 2 indicates the fragment losses and 
figure 3 shows a fragmentation pattern. 

Table 2: Mass loss and h ydration w ater on t he s amarium (III) 
complex.  

% W T (°C) Fragment % W 
remaining 

10.660 85.94 4 H2O 
36.029 

53.311 156.26 Organic 

TGA-DTA analysis 

The w eight l osses of  t hese c ompounds e xhibited a  go od 
agreement with the stoichiometry. There are two main steps 
when complexes being heated. The first one corresponds to 
crystal w ater l oss on t he c omplex a ccompanied by a n 
endothermic process. The second one refers to a d ecompo-
sition of the anhydrous complexes to oxides a ccompanied 
by an exothermic process with one, and two peaks.  

Catalytic trials 

Sm(bipy)(glycine)3 was tested in hydrogenation reactions in 
a b iphasic system ( cyclohexane/water) using 1 -hexene a s 
substrate. T he conditions o f reactions were optimized 
exploring the reactions under the following conditions: time 
= from 12 t o 72 h ; t emperature = from 12 5 t o 225 °C; 
substrate/catalyst ratio = from 50:1 to 400:1 and H2 pressure 
= from 400 to 1.200 psi. The optimal parameters were: time 
= 2 4 h, t emperature = 175 °C , s ubstrate/catalyst r atio =  
100:1 and H2 pressure = 1000 psi, under optimal conditions, 
a 37.5 % maximum conversion was obtained. 

 
Fig. 3: Fragmentation pattern for Sm(bipy)(glycine)3 complex. 
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Conclusion 
Sm(bipy)(glycine)3 was su ccessfully s ynthetized wi th three 
different m ethods sh owing the m icrowave sy nthesis l ike a  
promising a lternative for development of green chemistry 
due to low cost and low environmental impact. UV, IR, MS, 
and TGA-DTA technics reveals good agreement with ini-tial 
stoichiometry pr oposal, s howing a n effective bo nding 
between O an d N d onors an d S m(III) m etal i on. Under 
moderate c onditions S m(bipy)(glycine)3 showed m oderate 
activity in 1-hexene h ydrogenation in a biphasic system 
(cyclohexane/water) with a maximum conversion of 37.5 %. 
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