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Re(CO)3Cl(Phosphine)2 
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Summary. The compounds Re(CO)3CI(L)2 , L = triphenylphosphine, tri-p-tolyphosphine, and Re(CO)3- 
CI(E ),/2 = 1,2-bis(diethylphosphinoethane) are luminescent in solution and in crystalline form when 
excited between 351 nm and 514 nm at temperatures ranging from 10 K to room temperature. The 
absorption spectra contain a weak (E ~ 10M-1 cm-1) band in the visible region of the spectrum 
between 400 and 500 nm. The lowest energy transition giving rise to these spectroscopic features is 
assigned to a d-d transition. 
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Elektronenemissions- und Absorptionsspektroskopie der Rheniumkomplexe Re(CO)3Cl(Phoshin)2 

Zusammenfassung. Die Verbindungen Re(CO)aCI(L)2 mit L = Triphenylphosphin, Tri-p-tolylphos- 
phin und Re(CO)3CI(E )2 mit E = 1,2-Bis(diethylphosphinoethan) sind in L6sung und im kristallinen 
Zustand bei Anregung zwischen 351 und 514 nm im Temperaturbereich yon l0 K bis Raumtemperatur 
lumineszent. Die Absorptionsspektren enthalten im sichtbaren Bereich zwischen 400 und 500 nm eine 
schwache Bande von e~  10M - lcm -1. Der energetisch tiefstliegende Obergang, der fiir dieses 
Verhalten verantwortlich ist, wird einem d-d-0bergang zugeordnet. 

Introduction 

Luminescence  of  Re(CO)3CI(L ) where  L is a b iden ta te  e-di imine  l igand or  two 
subs t i tu ted  pyr id ine  l igands con t inues  to a t t rac t  interest  [ 1 -1 1 ] .  The  pa ren t  
c o m p o u n d  of  the series, Re(CO)5C1, is luminescent  f rom a d-d excited state [12].  
Subs t i tu t ion  of  two of  the ca rbony l  l igands changes  the lowest  exci ted e lect ronic  
s tate  to  a meta l  to l igand charge  t ransfer  s tate  ( M L C T )  when  L = b ipyr id ine  or  
o -phenan th ro l ine ,  for  example .  The  la t ter  two complexes  have been the mos t  
extensively s tudied because  they exhibi t  unusua l  luminescence  proper t ies .  O f  mos t  
interest  has been the obse rva t ion  of  r o o m  t e m p e r a t u r e  luminescence  in fluid so lu t ion  
[8] and  luminescence  f ig idochromism,  the change  in co lor  depend ing  on  envi ron-  
men ta l  r igidi ty [2].  
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As par t  of  ou r  interest  in the use of luminescent  p robes  of  the local  e n v i r o n m e n t  
of  o rganometa l l i c  molecules  [11],  we invest igated the luminescence  proper t ies  of  
phosph ine  der ivat ives  of  the type  Re(CO)3CI(L) 2, L = t r iphenylphosph ine ,  tri-p- 
to lyphosphine ,  and  Re(CO)3CI(E),  E = 1,2-bis(diethylphosphinoethane) .  These  
complexes  conta in  phosph ine  l igands which are s t rong l igands in the spectro-  
chemical  series [13, 14] bu t  which are no t  excepted  to have low lying rc an t i bond ing  
orbi ta ls  which could  par t ic ipa te  in M L C T  transit ions.  We r epo r t  here  the results of  
luminescence  spec t roscopic  studies of  these complexes  at r o o m  t em p e ra tu r e  and  low 
t e mpe ra tu r e  and  c o m p a r e  the effects of  the e n v i r o n m e n t  on  the emiss ion m a x i m a  
with those  on  the k n o w n  r ig idochromic  molecules.  

Experimental Part 

The complexes Re(CO)3CI(L)2 where L=triphenylphosphine (Aldrich Chemical Co.) and tri-p- 
tolylphosphine (Eastman) were prepared according to the reference procedure [15]. Pentacarbonyl- 
chlororhenium (Atomergic Chemical Corp.) and a five equivalent excess ofligand were heated at 120 ° in 
nitrogen until the evolution of CO ceased (ca. 30 min). After cooling, excess ligand was removed by 
washing with diethyl ether (3 x 5 ml) (Fisher Scientific). The residual solid was extracted in cold 
chloroform (2 x 2 ml). Light petroleum (15 ml) (Fisher Scientific) was added to the filtered solution and 
the solution was allowed to crystallize overnight. The crystals were washed with light petroleum 
(2 x 2 ml). Excess solvent was removed by using a rotary evaporator (20°/0.1 ram). The same procedure 
was used to prepare Re(CO)3CI(L ) where L= 1,2-bis(diethylphosphinoethane) (Alfa products). The 
evolution of CO begins at about 100 ° and the total time of heating was 20 rain. Recrystallization from 
ether, chloroform and light petroleum was necessary to obtain the pure product. Satisfactory elemental 
analyses (Desert Analytics) were obtained for the three complexes. All of the complexes exhibit the 
characteristic three band infrared spectrum in the CO existing region: L-- triphenylphosphine, 2035, 
1952, 1905; L = tri-p-tolylphosphine, 2034, 1969, 1899; L = 1,2-bis(diethylphosphinoethane) 2027, 1951, 
1887cm -1. 

Infrared spectra were recorded from chloroform solutions using a Nicolet MX-1 spectrometer. 
UV-VIS absorption spectra between 200 and 600 nm were recorded from chloroform solutions using a 
HP-8651A Diode Array spectrophotometer. 

Emission spectra were obtained by using an instrument described previously [16]. The sample 
temperature was controlled from between 298 K and 10 K using an Air Products displex closed cycle 
helium refrigerator. Spectra from crystals and frozen solutions (10- 2 M) were obtained. The excitation 
source was an Argon ion laser. The detector system consisted of a 3/4 meter SPEX 1702 single scanning 
monochromator, a C31034 photomultiplier tube, and a photon counter interfaced to an Apple 
computer. 

Results 

Absorption Spectra 

The electronic absorpt ion spectra of Re(CO)3Cl(triphenylphosphine)2 and Re(CO)aC1- 
1 ,2-bis(die thylphosphinoethane)  are shown in Fig. 1. The  posi t ions  of  the m a x i m a  
in the a bso rp t i on  spectra  and  the mo la r  absorpt ivi t ies  of  the c o m p o u n d s  are given 
in Tab le  1. T w o  intense abso rp t i on  regions are observed  in the ul t raviole t  range 
be tween 25000  and  3 3 0 0 0 c m  -1 in the spectra  of each of  the co m p o u n d s .  Each  
of  the complexes  also exhibits  a weak  ab so rp t i o n  peak  in the visible region  be tween  
20 000 and  25 000 c m -  1 (e = 4 - 1 8  M -  1 c m -  1). This  peak  is slightly h igher  in energy  
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Fig. 1. The electronic absorption spectra of Re(CO)aCl(triphenylphosphine)2 (top) and Re(CO)3CI 
1,2-bis(diethylphosphinoethane) (bottom) in chloroform at room temperature; the insets show 
enlargements of the visible region 

Table 1. Electronic absorption maxima 

Compound Band maxima, mm 
(E, m - 1  cm 1) 

Re(CO)3Cl(triphenylphosphine)2 

Re(CO)3Cl(tri-p-tolylphosphine)2 

Re(CO)3C1 1,2-bis(diethylpbosphinoethane) 

290 340 370 490 
(2550) (1280) (1000) (18) 

295 340 370 490 
(2560) (800) (500) (6) 

300 340 440 
(1700) (800) (3) 
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in the case of the complex containing the bidendate ligand 1,2-bis(diethylphos- 
phinoethane) than arethose in the spectra of complexes containing two monodentate 
phosphine ligands. 

Emission Spectra 

All of the complexes are luminescent at 298 °K and 10 °K both in the solid state and 
in solution. The emission spectra are shown in Fig. 2 and the positions of the 
emission maxima are listed in Table 2. 

The room temperature solution emission bands are structureless and less intense 
than those in the spectra of the crystals at the same temperature. The emission 
maxima in the solution spectra are modestly affected by changing the temperature 
from 298 °K to l0 °K, as shown in Fig. 3. This figure also shows the temperature 
dependence of the emission band of the rigidochromic complex. 

In the case of Re(CO)aCl(1,10-phenanthroline) a sudden change in the wave- 
length of the emission maximum is observed between 195 °K and 175 °K. The 
intensity of the solution emission strongly increases as the temperature is decreased. 
The emission could be excited by using visible lines of the argon ion laser (457 nm, 
488nm and 514nm) which are absorbed by the low energy transition in the 
absorption spectra (20 000 to 25 000 cm-  x). 
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Fig. 2. Crystal emission spectra at 12 K of 
Re(CO)aCl(triphenylphosphine)2 (top) and 
Re(CO)aC1 1,2-bis(diethylphosphinoethane) 
(bottom) 



Spectroscopy of Rhenium Complexes 

Table 2. Electronic emission maxima 

853 

Compound Wavelength 
of excitation 
n m  

Band maxima, cm- i 

Solution Solid 

298K 10K 298K 10K 

C1Re(CO)3(triphenylphosphine)2 

C1Re(CO)3(tri-p-tolylphosphine)2 

C1Re(CO)3 1,2-bis(diethyl- 
phosphinoethane) 

457 

488 
514 a 
351 
457 

488 
514" 

351 
457 

488 
514 a 
351 

18 100 

18 000 

18000 

18000 
17 500 

18 200 
17900 

17 200 

17000 17 200 

17000 17000 

16900 17200 
17 000 b 

18 200 17200 

17 600 17900 
17 200 17200 

17 200 b 

19 000 19000 

18 000 18 000 
18 000 18 000 

18 800 

a Interference from scattered light and/or the filter precludes exact measurement 
b A shoulder observed at about 19 200cm-1 is probably caused by traces of Re(CO)sC1 
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Fig. 3. Comparison of the wavelength of the luminescence maximum of the rigidochromic molecule 

Re(CO)3Cl(1,10-phenanthroline) (top trace) with those of Re(CO)3Cl(triphenylphosphine)2 (middle) 
and Re(CO)3Cl(tri-p-tolylphosphine)2 (bottom) as a function of temperature in chloroform 

Discussion 

The emission bands which are observed from the Re(CO)3Cl(phosphine)2 complexes 
are assigned to a ligand field transition with a large triplet character [17-20]. In all 
of the samples studied here, the emission band overlaps the weak absorption band. 
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The extinction coefficients of these weak absorption bands are less than 20 M -  1 cm-  1, 
consistent with a spin-forbidden d-d assignment. 

The emission maximum of the parent compound Re(CO)sC1 is at 19 900 cm-  1 
with a width at half height of 5200cm -1 [12]. This band was assigned to the 
1Al(egb2)~ 3E ligand field transition. Replacement of the chloride with a halide 
ligand lower in the spectrochemical series shifts the band maximum to lower energy. 
Replacement of two carbonyl ligands with two monodentate phosphine ligands or 
one bidentate phosphine ligand also causes a shift in the emission maximum to lower 
energy. The smallest shift is observed with the bidentate ligand (ca. 1000cm-1) 
and the largest with the monodentate  ligands (ca. 2700 cm-  1). The emission energies 
and the magnitude of the shifts with ligand replacement are consistent with the 
ligand field assignment. 

The emission of derivatives of the form Re(CO)3Cl(phen) has been assigned to 
metal to ligand charge transfer transitions [2]. In these cases, empty rc antibonding 
orbitals on the ~-diimine ligands lie lower in energy than the empty d orbitals on 
the metal. A charge transfer assignment is ruled out in the case of phosphine ligands 
for three reasons. First, the diethyldiphosphinoethane ligand does not contain any 
low lying ring n antiboding orbitals. Although the other phosphine ligands do have 
ring rt antibonding orbitals which could participate in charge transfer interactions, 
the similarities of the energies of the transitions do not favor a change in assignment 
in going from 1,2-bis(diethylphosphinoethane) to triphenylphosphine. Second, the 
extinction coefficients of the lowest energy absorption bands are much too low for 
charge transfer transitions. In the cases of the Re(Co)3Cl(diimine) complexes, 
the extension coefficients of the lowest energy absorption bands are greater than 
103 M-1  cm-1. Finally, metal to phosphine charge transfer transitions in similar 
compounds generally occur higher in energy [-1, 21]. In the case of the Re(CO)3C1- 
(phosphine)/compounds studied here, the charge transfer bands must lie at energies 
greater than 33 000 cm-  1 

The luminescences of the phosphine complexes do not exhibit the rigidochromic 
effect. The term "luminescence rigidochromism" has been used to describe the 
substantial dependence of the emission maxima on the environmental rigidity [2]. 
Rigid media cause the emission maximum to blue shift and the emission intensity to 
increase relative to the spectra obtained from fluid solutions. This phenomenon 
is found for all the emissive Re systems studied in which the emission is attributed 
to a MLCT transition, but the origin has not yet been established [1, 2]. The shift 
which occurs when the solvent freezes is clear in case of the Re(CO)3CI(1,10- 
phenanthroline) as shown in Fig. 3. However, under the same conditions the 
phosphine complexes do not show a major shift. 

The absence of a rigidochromic shift is probably attributable to the d-d nature of 
the emission. Ligand field excited states are much less sensitive to the environment 
of the molecule than are charge transfer states. On the other hand, charge transfer 
excited states are known to be very solvent sensitive, for example. The rigidochromic 
molecules containing the bipyridine and phenanthroline ligands and the non- 
rigidochromic phosphine complexes all have a similar electronic ground state. The 
results reported here suggest that the rigidochromism is caused primarily by changes 
in the energy of the MLCT excited state rather than by a large change in energy of 
the ground state. 
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