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INVESTIGATION OF THE REACTION OF Br~" AND Fe(ll) USING LASER 

PULSED PHOTOLYSIS 

I. V. Khmelinskii, V. F. Plyusnin, 
and V. P. Grivin 

UDC 541.141.7:542.91:546.14-128:546o722-128 

In aqueous solutions reactions of X~" (X = CI, Br, I) with the metal ions Co 2+ and Fe 2+ 
occur according to an intrasphere mechanism and are limited by the process of replacement of 
water molecules in the first coordination sphere of the ion [i]. It is well known that for 
solvated complexes of these ions methanol molecules are exchanged with a rate one to two 
orders less [2, 3] than molecules of water in aqua-complexes [i, 4]. As a result the reac- 
tion of the ion with Br~" may become extra-sphere or not be limited by the exchange rate. 
In this paper to clarify realization of these possibilities the mechanism of reaction of Br~" 
with the Fe 2+ ion in a mixture of methanol with diethyl ether is studied. 

EXPERIMENTAL 

In this work a laser pulsed photolysis setup with an XeCI excimer laser was used (308 
nm). The resolving time (50 nsec) was determined by the system of digital signal recording 
(1024 channel, 8 discharge ATsP), connected to the "Elektronika D3-28 Kamak" complex. 

To generate Br~" pulsed photolysis of solutions of the FeBr] complex, CBr~ or the Br~ 
ion, which was obtained by adding to a solution of the Br- ion molecular bromine, were used. 
All these particles have a rather intense absorption at 308 nm and are sources either of the 
bromine atom (CBr~ and Br~) or Br~" (FeBr] and Br~ The Br atom in reaction with the Br- 
ion also leads to formation of Br~'. 

The Fe 2+ solvated complex was obtained by stationary photolysis of solutions either of 
Fe~iv [Fe2(SO~) 3 solution] with subsequent addition of LiBr, or of the FeBr] complex (FeBr~). The 
fact that Fe 2+ exists in solvated form in the presence of Br- is seen in Fig. i, from which it follows 
that stationary photolysis of FeBr] solution in a mixture of methanol with diethyl ether 
(i:i by volume) leads to the appearance of the absorption band of free Br- with preservation 
of the isobestic point. This shows that after Ph0toreduction of the FeBr~ complex four free 
Br- ions are formed~ Kinetic measurements were performed at the 365 nmwavelength, at the 
maximum of the Br~" absorption band. In the calculations a value of the extinction coef- 
ficient of this band equal to 8.5"10 s dm3/mole.cm was used [5]. 

DISCUSSION 

In water solutions for the disproportionation reaction 

BrC" + Br~"-~ BrZ + B~ (i) 

the rate constant is close to the diffusional (5"i0 s dma/mole.sec at 298 K [6]). Reaction 
(I) limits the possibilities of studying the reactions of Br~" with other particles, and 
therefore it is desirable to reduce its rate constant. With this goal we used a mixture of 
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Fi E, i. Stationary photolysis of the FeBr~ complex 
in MDE at 296 K: i) initial spectrum; 2-4) irradiation 
for 5, 20, and 80 sec, respectively; 5) spectrum of 
solution of Br- in MDE with [Br-] = [FeBr~] 0. 

methanol with diethyl ether havinga reduced dielectric constant (~ 18.4 [7]), which reduces 
the rate constant of the reaction of the two identical charged particles [8]. In this sol- 
vent the Fe 2+ ion is solvated by mechanol molecules. 

On pulsed photolysis of CBr 4 and Br~ solutions the linear dependence of the effective 
rate constant on the initial Br~ concentration was tested; from these data the bimolecular 
rate constant of reaction (i) at different temperatures was determined (Fig. 2). At 298 K 
it is equal to 5.4"108 dm3/mole'sec, which is smaller by an order than its values in water. 
The activation enerEy, ii kJ/mole, is close to the values of the activation energies of dif- 
fusion in these solvents. 

The value of the rate constant obtained agrees well with the value of the permittivity, 
charges, particle sizes and solvent viscosity. Reaction with the solvent plays a role at 
low Br~" concentrations, and its rate constant (k 2) coincides with the rate constant of the 
reaction Br[" with methanol (k 2 = 4.103 dm3/mole.sec [5]). 

2+ In the presence of Fesolv the effective rate constant of destruction of Br[" in the 
initial region of the kinetic curve 

keff~ - - ( d  [BrZ']/dt) /[Br{ ']  o = 2kz [BrZ']o + k2 [M] + k a [Fe~v] (2) 

linearly 2+ depends on the concentration of Fe&olv (Fig. 3). The temperature dependence of k s 
(Fig. 2) was measured at [Feebly ! = 1.3-10 -~moles/dm s, where the initial rate of reaction 

2+ (i) is considerably less than the rate of the reaction of Br~" with Fesolvo At 298 K k~ = 
(5.9 • 0.5)'107 dmS/mole.sec, and the activation energy comprises (28 • i) kJ/moleo 

To clarify the mechanism of the reaction we investigated the composition of the initial 
3+ products. In the case of extra-sphere electron transfer the Fesolv complex must arise, and 

in the case of intrasphere the FeBr 2+ complex (or FeBr~). All these complexes have different 
optical spectra given in Fig. 4. There the spectrum arising at the moment of total disappear- 
ance of Br~ ~ is also given. The extinction coefficient for the experimental points was cal- 

�9 2+ culated from the value of this quantity for Br~ . The Feso• concentration was 2.15"10 -2 
mole/dm 3, which excluded reaction (i). To generate Br~' a solution of CBr 4 with a small con- 
centration of Br- (1.5"10 "a moles/dm s) was used. The closeness of the spectrum obtained to 
the spectrum of FeBr 2+ (Fig. 4) indicates that the reaction proceeds by the intrasphere 
mechanism. The FeBr z+ complex is the primary product, since processes of substitution in 
the coordination sphere of Fe s+ are several orders slower thin for Fe 2+, and lie in the re- 
gion 10-3-1 sec [2]. We note that the rate constant in MDE is greater by a factor of 15-20 
than in water solutions, despite the considerably lower rate of exchange of methanol mole- 
cules in the coordination sphere of doubly charged ions of metals of the iron group [2, 3] 
in comparison with the rate of exchange of water molecules [i, 4]o 

In the framework of a model with formation of a diffusion pair [8] 

Br~-'-]- Fe *+ ~'~ (Br~- ' . . .  Fe 2+) ~'-~P FeBr 2+ -5 Br- 
}:--L 

(3) 
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Fig. 2. Temperature dependence of the rate constant of reactions: !) reaction (I) 
in MDE and water (A) [6]; 2) reaction of Br~" and Fesolv ~2+ �9 3) reaction of Br~" andFe2~olv 
[6]. Pulsed photolysis of solutions: a) Br~; b) CBr~; c) FeBr]. 

Fig~ 3. Dependence of the effective rate constant of destruction of Br~" on 
[Feebly] at 260 K (pulsed photolysis of FeBr~ solution)~ 

=e ~+ �9 2) FeBr 2+ Fig. 4. Optical spectrum of complexes: i) ~ solv, in water [9]; 3) 
FeBr 2+ in MDE; 4) spectrum 30 usec after laser pulse at the instant of total dis- 

. e2+ appearance of Br~ on photolysis of CBr 4 (1.7"10 -2 mole/dm 3) at 280 K, [F solv] 
and [LiBr], 2.15"10 -2 and 1.5"10 -3 mole/dm 3, respectively. 

the experimental value of the rate constant is equal to kex p = kpKeq, where Keq = kl/k- I. 
Taking into account the charges, particle radii and permittlvity-of the solvent ken = 1.3 
and =460 dm3/mole for water and MDE, rspectively. Consequently, for water kex p = kp and 
coincides with the exchange rate of H20 molecules [i, 4]. For MDE kex p = 460kp and exceeds 
the exchange rate in value by almost three orders of magnitude. Thus, the reduced permittiv- 
ity leads to an increase in the lifetime of the diffusion pair [Eq. (3)] and despite the re- 
duced exchange rate, partners more effectively survive to the moment when space for Br~" is 
freed in the coordination sphere. From the data obtained it follows that for exchange of 
methanol molecules in the coordination sphere of Fe 2+ in MDE solution at 298 K kexch = kp 
1.2"i0 s sec -l, while the activation energy comprises 49 kJ/mole. 

CONCLUSIONS 

The reaction of Br~" with Fe~iv in a mixture of methanol with diethyl ether occurs 
according to a intrasphere mechanism with the primary product being the FeBr 2+ complex. The 
rate constant (5.9 • 0.5)'107 dm3/mole'sec at 298 K is greater by a factor of 15-20 than in 
the reaction of Br~ with 2+ " Feaq, despite the slower rate of exchange of the solvent molecules 
for 2+ Fesolv. In the latter case the reduced permittivity considerably increases the lifetime 
of partners in the contact pair state. 
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