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' 2 C / ' 3 C would correspond in our models to a tunneling 
contribution to /CH/^D of ca. 1.5-2.0.'5 

Our results indicate that the Bell, Sachs, and Tranter8 

model is right in predicting substantial tunnel corrections. 
It does not seem to be right, however, in making the tunnel 
effect primarily or wholly responsible for variations in the 
isotope effect. 
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Optically Detected Zero-Field Magnetic Resonance 
Studies of the Photoexcited Triplet State of the 
Photosynthetic Bacterium Rhodospirillum rubrum 

Sir: 

There has been much interest in the triplet states which 
are observed in fully reduced reaction center preparations 
and intact cells of photosynthetic bacteria.' Optical2 and 
high field EPR studies3-5 have led to renewed speculation 
concerning the role of a triplet state in the mechanism of 
bacterial photosynthesis and the structure of the reaction 
center which gives rise to the observed optical and triplet 
EPR spectra. 

We have studied triplet state species of the photosynthet­
ic bacterium Rhodospirillum rubrum in chemically re­
duced preparations6 by zero-field optical detection of mag­
netic resonance at 2 K. An approximately 3 X 10~2 M solu­
tion of sodium dithionite in 50% (by volume) glycerol and 
0.1 M Tris-Cl_ buffer, pH 7.4 (deoxygenated with^nitro-
gen), was used to volume dilute packed whole cells of R. ru­
brum7 by approximately six times forming a stock solution 
of dithionite treated whole cells. In practice a further dilu­
tion without dithionite of this stock solution by a factor 50 
appeared to provide the best samples for optical detection 
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Figure 1. Fluorescence-detected zero field EPR transition in R. rubrum 
cell suspensions at 2 K. Excitation of fluorescence is at 590 nm with 
dye laser, and detection wavelength for optical-microwave double reso­
nance experiment is 920 nm. Frequency scale is in megahertz. 

experiments. Using CW dye laser excitation at 590 nm 
(Spectra-Physics Model 375 dye laser pumped by a Spec­
tra-Physics Model 164 argon-ion laser) strong, structureless 
fluorescence with a maximum at 920 nm is observed from 
the cell preparations at 2 K. Using fluorescence-microwave 
techniques previously described,8 two sharp zero field EPR 
transitions at 467 and at 668 MHz are observed, both as a 
microwave-induced decrease in fluorescence intensity moni­
tored at 920 nm. The 467-MHz transition, shown in Figure 
1, is approximately five times as intense as the transition at 
668 MHz and corresponds to a change of < 1 % of the fluo­
rescence intensity; the third transition (2E transition) could 
not be observed after extensive signal averaging. The line 
widths of the 467 and 668 MHz transitions are remarkably 
sharp (width at half-height of 7 and 15 MHz, respectively) 
and reproducibly symmetrical. The zero-field splitting pa­
rameters calculated from our optical detection measure­
ments are in excellent agreement with the zero-field split­
ting parameters, \D\ = 0.0187 cm" ' , \E\ = 0.0034 cm" ' , 
reported for R. rubrum in X-band high field EPR experi­
ments.9 From the |£>| and \E\ values we conclude that we 
are observing optically detected triplet state transitions 
originating in the reaction center. 

The time dependence of the population changes among 
the zero field triplet spin sublevels was determined by moni­
toring the fluorescence response to square-wave microwave 
modulation, as described previously.8 These experiments 
measure the rates at which each of the triplet spin sublevels 
undergo intersystem crossing into the ground state. Using 
the arbitrary designation (including the assumption that the 
sign of D is positive) of x for the top energy spin sublevel, y 
for the middle, and z for the lowest energy spin sublevel, we 
find the decay rate constants, k\, for the triplet spin levels to 
be A:x = 2105 ± 182 sec - 1 , ky = 2885 ± 400 sec"1, and kz 

= 1335 ± 58 sec - ' . From the observed intensity ratios of 
the zero field transitions, and relative populating-rates of 
the spin sublevels must also be of the same relative magni­
tude as the decay rates. 

It is of interest to compare the depopulating rates mea­
sured at zero field for ./?. rubrum preparations with those 
measured in high field EPR and flash photolysis experi­
ments. Dutton, Leigh et al. report triplet EPR signals at 10 
K with transient times on the order of 6 ^sec in R. spher-
oides preparations.5 Parson et al. have measured transient 
optical absorbance changes in R. spheroides at 15 K with 
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T1/2 of 120 /isec which are speculated to correspond to the 
absorption of the metastable triplet state.1,2 Taking into ac­
count the differences in temperature and the fact that the 
different cell environments may influence the detailed trip­
let dynamics, our dynamic data, with decay times on the 
order of 500 jusec, are consistent with the optical measure­
ments of Parson et al.2 The measurements of Dutton and 
Leigh would seem to best be explained as due to processes 
other than those associated with triplet intersystem crossing 
kinetics. 

One of the most interesting features of the zero field 
spectra is that a single dominant set of triplet signals are 
observed with narrow, symmetrical line widths. Whatever 
models of cooperativity or derealization among bacterio-
chlorophyll and bacteriopheophytin are used to describe the 
photochemical reaction center in the photosynthetic cells, 
the models must include the fact that the zero field triplet 
spectra are unique, sharp, and structureless at low tempera­
tures. Further studies on other cells, as well as on isolated 
bacteriochlorophyll and bacteriopheophytin molecules, are 
presently underway to determine the influence of tempera­
ture and local cell structure on the triplet intersystem cross­
ing rates for in vivo systems. 
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TheTetrakis^N-dimethyldithiocarbamato^antaluir^V) 
Cation. A Stereochemically Rigid Eight-Coordinate 
Complex 

Sir: 

Stereochemical nonrigidity is a pervasive feature of the 
chemistry of eight-coordinate complexes and, despite sever­
al low-temperature studies,'~6 no tetrakis chelates have 
been reported which are stereochemically rigid on the 
NMR time scale.7-9 We have now identified several tetrakis 
chelates which exhibit inequivalent site environments in 
low-temperature 1H NMR spectra.10 We present herein a 
preliminary account of our 1H NMR and x-ray crystallo-
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Figure 1. A view of the [Ta(S2CN(CHi)2M
 + cation in crystals of 

[Ta(S2CN(CH3)J)4]Cl-CH2Cl2. 

graphic studies of the eight-coordinate, dodecahedral te-
trakis(Ar,Ar-dimethyldithiocarbamato)tantalum(V) cation, 
[Ta(S2CN(CH3)2)4]+. 

Air sensitive, yellow crystals of composition 
Ta(S2CN(CH3)S)4Cl-CH2Cl2 (1) and orange crystals of 
composition Ta(S2CN(CH3)2)2Cl3-0.25CH2Cl2 (2) have 
been isolated following reaction of tantalum(V) chloride 
with anhydrous sodium 7V,/V-dimethyldithiocarbamate (1: 
5.1 molar ratio) in refluxing dichloromethane. Both new 
compounds are 1:1 electrolytes in dichloromethane, and 
both exhibit a single methyl resonance at T 6.60 in 1H 
NMR spectra of dichloromethane solutions at 37°. Com­
pound 1 shows the following characteristic ir bands: 
K C - N ) 1557, K C - S ) 992, and KTa-^-S) 353 cm"1 

(Nujol mull). The ir spectrum of compound 2 is closely sim­
ilar except that additional strong bands attributable to 
TaC^" are observed at 316 and 328 cm-1. These data 
suggest that compounds 1 and 2 should be formulated as 
[Ta(S2CN(CH3)2)4]Cl-CH2Cl2 and [Ta(S2CN(CH3)2)4]-
[TaC^]-0.5CH2Cl2, respectively, in accord with a previous 
study of the analogous 7V,./V-diethyldithiocarbamate com­
plexes." 

The presence of the [Ta(S2CN(CH3)2)4]+ cation in both 
crystalline salts has been confirmed by x-ray diffraction. 
Crystal data: [Ta(S2CN(CH3)2)4]Cl-CH2Cl2 (1), M = 
782.2; monoclinic, space group C2/c (C2/,

6, No. 15); a = 
12.055 (5), b = 18.473 (8), c = 12.794 (5) A; /3 = 94.71 
(3)°; rfmeaSd = 1.83 g cm"3, Z = 4, dcalcd = 1.829 g cm"3; 
[Ta(S2CN(CH3)2)4][TaCl6]-0.5CH2Cl2 (2), M = 1098.0; 
monoclinic, space group C2/c; a = 30.97 (1), b = 9.537 
(4)Lc = 25.95 (1) A; 0 = 117.17 (3)°; dme,sd = 2.11 g 
cm 3, Z = 8, Scaled = 2.139 g cm 3. The structures have 
been solved by straightforward application of the heavy-
atom technique using data (Mo Ka radiation) collected 
with a Picker FACS-I automated diffractometer. The 
structure of 1 has been refined (anisotropically for the 
atoms in the cation) to an unweighted R\ value of 0.063 for 
the 2458 observed reflections. For compound 2, refinement 
(anisotropic for the heavy atoms Ta, S, and Cl) has resulted 
in an R1 value of 0.096 for the 3317 observed reflections. 

A perspective view of the eight-coordinate 
[Ta(S2CN(CH3)2)4]+ cation in the more accurately deter­
mined structure (compound 1) is shown in Figure 1. The bi-
dentate dithiocarbamate ligands span the m edges of an 
idealized Z>2̂ -42w dodecahedron to give the mmmm-Did 
stereoisomer.12'13 The cation is located on a crystallograph-
ic twofold axis which passes through the midpoints of the 
opposite dodecahedral b edges defined by atoms SIB and 
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