
tact cell types [see discussion (3)] and 
can be shown to cross cell membranes 
rapidly and routinely (16). Thus the 
highly supportive pieces of interlocking 
data now in hand suggest that the nega- 
tive comments of our critics in no way 
weaken our hypothesis and therefore 
need not be considered further. 
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ments were made with standard 3-cm 
and 8-mm spectrometers, each having 
full rotation facilities for the magnet 
and the specimen. Specimens studied 
included heated gem-quality and un- 
heated natural crystals (3) from Tan- 
zania. 

All our evidence suggests the pres- 

ments were made with standard 3-cm 
and 8-mm spectrometers, each having 
full rotation facilities for the magnet 
and the specimen. Specimens studied 
included heated gem-quality and un- 
heated natural crystals (3) from Tan- 
zania. 

All our evidence suggests the pres- 

Table 1. Ion spin Hamiltonian parameters and orientations in zoisite. Table 1. Ion spin Hamiltonian parameters and orientations in zoisite. 

Spin Hamiltonian parameters* Spin Hamiltonian parameters* 

g, = 1.948 ? 0.001, A, = 163.4 ? 0.2 
gv = 1.968 ? 0.001, A, = 53.3- 0.2 
g8 = 1.942- 0.001, A, = 49.2- 0.2 

g, = 1.938 ? 0.001, A, = 161.7 ? 0.2 
gy = 1.928 ? 0.001, Ay = 52.5 - 0.2 
g- = 1.944 ? 0.001, A, = 45.2 ? 0.4 

g = 2.000 ? 0.001 
D = 0.787 - 0.004 
E = 0.015 ? 0.001 
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g = 2.000 ? 0.001 
D = 0.787 - 0.004 
E = 0.015 ? 0.001 

gJl = 1.9705?0.0005 
g1 = 1.975 ?0.001 
D = 0.636 -0.0003 
E = 0.027740.0003 
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g1 = 1.975 ?0.001 
D = 0.636 -0.0003 
E = 0.027740.0003 

Orientation Orientation 

(VOt2)l 
The z-axis is 39? from the b-axis, 7? from 

the (100) plane; the x-axis is in the (100) 
plane; four sites. 

(VO2+), 
The z-axis is in the (010) plane, 110 from 

the a-axis; the y-axis is parallel to the b- 
axis; two sites. 

(VOt2)l 
The z-axis is 39? from the b-axis, 7? from 

the (100) plane; the x-axis is in the (100) 
plane; four sites. 

(VO2+), 
The z-axis is in the (010) plane, 110 from 

the a-axis; the y-axis is parallel to the b- 
axis; two sites. 

Fes+ Fes+ 

Crj+ Crj+ 

The z-axis is parallel to the a-axis; the y- 
axis is parallel to the b-axis; one site. 

The z- and y-axes are in the (010) plane, 
45? from the a and c axes; two sites. 

The z-axis is parallel to the a-axis; the y- 
axis is parallel to the b-axis; one site. 

The z- and y-axes are in the (010) plane, 
45? from the a and c axes; two sites. 

ence of Fe3+, Cr3+, Mn2+, V02+, 
and V4+ ions. The various spin Ham- 
iltonian parameters and the orientations 
of the magnetic axes are given in Table 
1. 

The single anisotropic line at a 
wavelength of 3 cm detected by Ghose 
and Tsang and attributed by them to 
Fe3+ is in fact due to Cr3+. Its an- 
isotropy from an effective spectroscopic 
splitting factor g of 2 to 4 labels it as a 
- 1/2 to + /2 transition in the | 1/2 > 
doublet of an S (electronic spin) = 3/2 
spin system with large crystal-field 
splitting. The presence of Mn2+ for- 
bidden transitions along the magnetic 
z- and y-axes indicates that the cubic 
field and the lower symmetry tensors 
do not have the same principal axes 
(4). This result might be expected if 
the Mn2+ substitutes into a very low- 
symmetry Ca2+ site. 

The assignment of the vanadium 
lines to V02+ and V4+ (dl) follows 
from the temperature dependence of 
the spectra and the absence of fine 
structure lines that would characterize 
V2+ (d3). The small anisotropy in g 
at a wavelength of 3 cm and the 
absence of fine structure at the Q band 
precludes the possibility that the spectra 
are due to V2+ with large zero field 
splittings. Because the axes of the 
vanadium sites correlate strongly with 
those of the Al nuclear quadrupole 
tensors (5), we would allocate the 
VO2+ to Al substitutional sites. 

Our experience in the field of mag- 
netic resonance in mineralogy has led 
us to the conclusion that full rotation 
facilities for crystal and magnet, and 
the use of at least two widely sepa- 
rated frequencies, are essential for 
such studies. 

D. R. HUTTON 
G. J. TROUP 

G. A. STEWART 
Department of Physics, 
Monash University, 
Clayton, Victoria, Australia 

ence of Fe3+, Cr3+, Mn2+, V02+, 
and V4+ ions. The various spin Ham- 
iltonian parameters and the orientations 
of the magnetic axes are given in Table 
1. 

The single anisotropic line at a 
wavelength of 3 cm detected by Ghose 
and Tsang and attributed by them to 
Fe3+ is in fact due to Cr3+. Its an- 
isotropy from an effective spectroscopic 
splitting factor g of 2 to 4 labels it as a 
- 1/2 to + /2 transition in the | 1/2 > 
doublet of an S (electronic spin) = 3/2 
spin system with large crystal-field 
splitting. The presence of Mn2+ for- 
bidden transitions along the magnetic 
z- and y-axes indicates that the cubic 
field and the lower symmetry tensors 
do not have the same principal axes 
(4). This result might be expected if 
the Mn2+ substitutes into a very low- 
symmetry Ca2+ site. 

The assignment of the vanadium 
lines to V02+ and V4+ (dl) follows 
from the temperature dependence of 
the spectra and the absence of fine 
structure lines that would characterize 
V2+ (d3). The small anisotropy in g 
at a wavelength of 3 cm and the 
absence of fine structure at the Q band 
precludes the possibility that the spectra 
are due to V2+ with large zero field 
splittings. Because the axes of the 
vanadium sites correlate strongly with 
those of the Al nuclear quadrupole 
tensors (5), we would allocate the 
VO2+ to Al substitutional sites. 

Our experience in the field of mag- 
netic resonance in mineralogy has led 
us to the conclusion that full rotation 
facilities for crystal and magnet, and 
the use of at least two widely sepa- 
rated frequencies, are essential for 
such studies. 

D. R. HUTTON 
G. J. TROUP 

G. A. STEWART 
Department of Physics, 
Monash University, 
Clayton, Victoria, Australia 

References and Notes 

1. D. R. Hutton, Proc. Phys. Soc. London Solid 
State Phys. 4, 1251 (1971). 

2. S. Ghose and T. Tsang, Science 171, 374 (1971). 
3. We thank H. Azizollahoff of the Rockmin 

Gem Company, London, and Miss J. Myers 
of Affilated Importers, Sydney, for donating 
the samples. 

4. R. L. White, G. H. Herrmann, J. W. Carson, 
M. Mandel, Phys. Rev. A 136, 231 (1964); 
M. L. Meilman and I. A. Gavrilov, Sov. 
Phys. Solid State 11, 628 (1969). 

5. D. Brinkmann, J. L. Staehli, S. Ghose, J. 
Chem. Phys. 51, 5128 (1969). 

9 April 1971 

1259 

References and Notes 

1. D. R. Hutton, Proc. Phys. Soc. London Solid 
State Phys. 4, 1251 (1971). 

2. S. Ghose and T. Tsang, Science 171, 374 (1971). 
3. We thank H. Azizollahoff of the Rockmin 

Gem Company, London, and Miss J. Myers 
of Affilated Importers, Sydney, for donating 
the samples. 

4. R. L. White, G. H. Herrmann, J. W. Carson, 
M. Mandel, Phys. Rev. A 136, 231 (1964); 
M. L. Meilman and I. A. Gavrilov, Sov. 
Phys. Solid State 11, 628 (1969). 

5. D. Brinkmann, J. L. Staehli, S. Ghose, J. 
Chem. Phys. 51, 5128 (1969). 

9 April 1971 

1259 

* The parameters may be defined as follows: g is the spectroscopic splitting factor; A is the hyper- 
fine interaction constant; and D and E (in reciprocal centimeters) are crystal-field parameters. 

17 DECEMBER 1971 

* The parameters may be defined as follows: g is the spectroscopic splitting factor; A is the hyper- 
fine interaction constant; and D and E (in reciprocal centimeters) are crystal-field parameters. 

17 DECEMBER 1971 


