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dark green crystalline powders (R = Ph, Ar) or vi- 
scous oil (R = Et). 

Recrystallization of the compounds Fe(NO)zSbRr 
Br turned out to be difficult, for as was shown be- 
fore8 in the case of Fe(NOhSbPh,J, the complexes 
dissociate in solution according to 

into components with different solubilities. ESR 
spectra are not seriously affected by this dissociation, 
since [ Fe(NO)zBr]2 is diamagnetic. ESR spectra of 
[Fe(NO)zBr]z in toluene exhibit merely an extremely 
weak quartet, presumably due to slight dissociation 
into the monomer Fe(NO)zBr. The compounds had 
to be measured immediately after preparation, since 
they tended to decomposition during storage. lo-‘rn 
toluene solutions of the complexes were used for 
measurements. ESR data were obtained on a Va- 
rian V4500 X-band spectrometer equipped with 100 
Kc field modulation and with a Varian V4540 varia- 
ble temperature controller. Magnetic fields were me- 
asured using an AEG nuclear magnetic resonance 
gaussmeter, the microwave frequencies with a Hew 
lett-Packard 5245L frequency counter. The repro- 
ducibility was checked with DPPH. 

ESR data of the complexes Fe(NO)SbRBr (R = 
CJH~, C6Hs, and ~-(HE)zNC~HI) in solution are pre- 
sented. The observed hyperfine coupling due to bro- 
mine and antimony is inferprefed including second 
order contributions. Nuclear quadrupole effects are 
discussed and found to be detectable in the antimony 
hyperfine pattern. 

Introduction 

Analyzing electron spin resonance spectra includ- 
ing second order hyperfine interactions is a well esta- 
blished procedure.1*2*3,’ Recently, the importance of 
nuclear quadrupole coupling to the ESR spectra of 
polycrystalline samples was demonstrated.5 In a pre- 
vious communication6 we reported the solution ESR 
spectra of several complexes of the type Fe(NOkLX 
(L = PRJ, AsR~; X = Br, J). These spectra, espe- 
cially those of the arsine compounds, show remar- 
kably clear second order hyperfine effects. In the 
present paper we have extended our ESR studies to 
the compounds Fe(NO)$bR,Br (R = Ph, Et, 4-Mez- 
NC6H4 (= Ar)) in which we expected even higher 
second order effects. We intended to investigate the 
influence of nuclear quadrupole interactions on ESR 
spectra of solutions of these complexes. 

Results 

The ESR spectra of Fe(NO)zSbPhjBr and Fe(NO)r 
SbEtlBr obtained in toluene solution are represented 
as examples in Figures la and 2a. The spectrum of 
Fe(NO)zSbAnBr is very similar to that of Fe(NO)r 
SbPhJBr. All spectra consist of one set of six .quar- 
tets and another of eight quartets with lower intensi- 
ties. These two sets partially obscure each other. The 
spectra can easily be assigned assuming a monomeric 
complex (S = l/2) with hyperfine coupling (hfc) 
due to one bromine nucleus (I = 3/2) and one anti- 
mony nucleus occuring in two isotopes (UISb, I = 
5/2, natural abundance 57.25%: lUSb, I = 7/2, 
42.750/o).” Since the nuclear moments of 79Br and 
“‘Br are very similar (mR: msl = 0.93; IT9 = Is, = 
3/2)? individual couplings to the two bromine iso- 
topes are not resolved under the observed line widths 

Experimental Section 

All substances, solvents, and solutions were hand- 
led under nitrogen atmosphere. Solvents were di- 
stilled from sodium and stored over molecular sieves 
(Merck 4A). The complexes Fe(NO)zSbR3Br were 
prepared according to Hieber and Kramolowsky’,’ by 
addition of equivalent amounts of SbR3 (R = Ph, 
Et, Ar) to solutions of [Fe(NO)zBr]2 in tetrahydro- 
furane. These solutions were cooled below 0°C and 
rapidly evaporated, leaving the desired compounds as 
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Table IV. Observed and calculated positions of antimony hyperfme transitions of Fe(NO)SbAr,Br (in toluenc at 22T, fre- 
quency v, = 9.53312 Gc). 

Line positions calculated with: 
HC. = 3310.0 3310.0 3309.9 

Assignment Observed Weight a121 = 162.94 162.83 162.69 
mr line positions aI23 = 88.66 88.48 88.31 

CGI :, ‘121 = 0 1.4 2.0 
111 = 0 0.8 1.2 

aBr = 14.77 14.77 14.77 

--5/2 3708.4kO.3 1 3708.3 3708.4 3708.4 
-3j2 
-l/2 
+1/2 
+3/2 
+5/2 
-7/2 
-5/2 
-3/2 
-l/2 
+1/2 
+-3/2 
+5/2 
+ 7/2 

3529.4zko.3 
3357.610.6 
3193.6kO.3 
3038.4 3- 0.6 
2891.OkO.3 
3616.5-t0.3 
3520.7f0.6 
3426.9 20.3 

- 
3247.1 -CO.3 
3160.5kO.3 
3076.5 f0.3 
2995.1 kO.3 

x. = 0.12 

i.5 

i.5 
1 

i.5 
1 
- 
1 
1 
1 
1 

6 

3530.0 3529.9 3529.7 
3358.1 3358.0 3357.9 
3193.5 3193.6 3193.7 
3037.3 3037.5 3037.6 
2891.1 2891.0 2890.9 
3616.4 3616.4 3616.5 
3521.0 3520.7 3520.4 
3427.5 3427.2 3426.9 
3336.1 3336.0 3335.9 
3246.9 3247.1 3247.2 
3160.2 3160.6 3160.8 
3076.1 3076.5 3076.7 
2995.0 2995.0 2994.8 

= 0.14 0.07 0.06 

(b) quadrupole interactions must be small compa- 
red with the nuclear hyperfine interactions. 

In solution, the first order and second order terms 
in Bleaney’s results for Ami = 0 transitions reduce 
by rapid tumbling’0 to 

H=H,-am I-&[I(l+l)-m,‘] (2) 

with H, = hv,,/gP, g = (l/3) (glr+2gl), and a = 
( 1/3)(All+2AI). In this case, it seems to be a valid 
assumption to replace A,, and A, by a, gll and gl by g, 
respectively, in the quadrupole terms as well. The 
spatial average then leads to a simple form of the 
additional quadrupole term: 

@a) 

Q’ = 3eQ(8V/az2)/41(21-1) represents the nuclear 
quadrupole coupling constant. We note that the de- 
nominator of the second order hyperfine term, which 
is H, in Bleaney’s original paper,2 should be replaced 
by the actual resonance field H.5 The resulting qua- 
dratic equation can be avoided, however, by substitu- 
ting H by (H, - amI) in the second order term. Er- 
rors caused by this simplification are negligible in 
the actual problem. 

Though the Hamiltonian is probably not axially 
symmetric in the complexes Fe(NO)zSbRjBr, we apply 
the above result, assuming that formula (2) is at 
least a good approximation for solution ESR spectra 
in case of unrestricted spin Hamiltonians. Bleaney2 
further discussed transitions with Am1 = & 1, 22. 
While these transitions may become very important 
in single crystal ESR studies, they do not contribute 
to the positions of the resonance fields in solution 
spectra, because the corresponding energy terms are 

(10) H.M. McConnell, /. Chem. Phys., 25, 709 (1956). 
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averaged to zero by rapid tumbling. Moreover, pro- 
vided Q’<a, the additional intensity arising from 
these transitions is extremely small. Consequently, 
we have ignored all AmI # 0 transitions. 

Thus, from the last two terms of the Hamiltonian 
(l), we expect the following effects in the solution 
spectra similar to single crystal spectra: 

(a) Second order nuclear hypertine terms provide 
a down field shift of the lines depending on mI, 
which is slightly higher on the low field side. 

(b) Quadrupole terms produce line shifts of values 
depending on mI but not on the field position, and of 
directions determined by the signs of rnr and a. These 
line shifts are proportional to the squared quadrupole 
coupling constant. 

Evaluation of hfc Constants and g Factors. To de- 
termine the coupling constants and g values from the 
observed spectra, the following procedure was ap- 
plied. The bromine hfc constants, causing second 
order deviations below experimental errors, were ap- 
proximated by the averages of line distances within 
the outmost quartets (transitions with m(“‘Sb) = 
?5/2). The results are compiled in Table V. For 
calculation of the antimony coupling constants, the 
centers H, and H_ of the outmost bromine quartets 
corresponding to the transitions assigned +I and -I 
(i.e. +5/2 for “‘Sb and +7/2 for %b) serve as 
first approximations in an iteration procedure. De- 
fining 

s=(H_-H+)/21 (3) 

and 
H,=(H-+H+)/Z (4), 

and remembering that the second order shifts appear 
to be 

l.1 
&LbI) 

(5) 
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revealing comparable or even higher donor-acceptor 
properties of the stibines in this type of complexes. 

Conclusions 

Based on the above results, it is concluded that 
it is in principle possible to estimate absolute values 
of nuclear quadrupole coupling constants from the 
positions of hyperfine transitions in the ESR spectra 
of radicals in solution. There is evidence of antimo- 
ny quadrupole coupling constants of about 1-2 G in 
the complexes Fe(NOhSbRsBr (R = Ph, Ar) in solu- 
tion. The observed ratio am: an3 of the hfc constants 
of antimony is very near to 1.846 in all cases, which 
is the ratio of the nuclear g factors of the two iso- 
topes? 

Calculations 

A program based on equation (2) was written in 

Fortran IV for a Telefunken TR 4 computer. Cal- 
culations of line positions were carried out with the 
simplifications given in the discussion. A second pro- 
gram was generating theoretical spectra with finite 
line widths. Lorentzian functions were found to be 
a fairly good approximation to experimental line 
shape. The spectra of each isotope with different 
abundances and nuclear spins were summed to give 
a resultant derivative spectrum. Field dependent 
line widths and intensities were taken into account 
by linear approximations of the type AH = AH, 
I1 +@H-H,)]. Theoretical spectra were plotted on 
a Calcomp plotter. 
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