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Experimental

Data Collection

A yellow, transparent prismatic crystal of Zr 2 F 27BC 68 48 was cut from a largerr sample, the resultant

having approximate dimensions of 0.30 x 0.29 x 0.19 mm was mounted on a glass fiber. All measurements

were made on an Enraf-Nonius CAD4 diffractometer with graphite monochromated Mo-Ka radiation.

Cell constants and an orientation matrix for data collection , obtained from a least-squares refinement

using the setting angles of 25 carefully centered reflections in the range 20.3 < 20 < 23.90 corresponded to

amonoclinic cell with dimensions:

a = 11.582(2) A

b = 20.997(5) A = 90.72(1)o

c = 26.008(5) A

V = 6324(1) A3

For Z = 4 and F.W. = 1571.33, the calculated density is 1.65 g/cm3 . The systematic absences of:

hOl: 1 2n

OkO: k 2n

uniquely determine the space group to be:

P2 1/c (#14)

The data were collected at a temperature of -120 + PoC using the w-0 scan technique to a maximum

20 value of 46.00. Omega scans of several intense reflections, made prior to data collection, had an average

width at half-height of 0.300 with a take-off angle of 2.80. Scans of (1.00 + 0.35 tan 0)' were made at a

variable speed of 3.0-16.0 0 /min (in omega). Moving-crystal moving counter background measurements were

made by scanning an additional 25% above and below the scan range. The counter aperture consisted of

a variable horizontal slit with a width ranging from 2.0 to 2.5 mm and a vertical slit set to 2.0 mm. The

diameter of the incident beam collimator was 0.7 mm and the crystal to detector distance was 21 cm. For

intense reflections an attenuator was automatically inserted in front of the detector.

Data Reduction

Of the 9297 reflections which were collected, 9147 were unique (Rint = 0.046). The intensities of three

representative reflection were measured after every 90 minutes of X-ray exposure time. No decay correction

was applied.

The linear absorption coefficient, p, for Mo-Ka radiation is 4.5 cm-'. An analytical absorption correc-

tion was applied which resulted in transmission factors ranging from 0.88 to 0.92. The data were corrected for

Lorentz and polarization effects. A correction for secondary extinction was applied (coefficient = 3.31606e-

08).
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Structure Solution and Refnement

The structure was solved by direct methods' and expanded using Fourier techniques'. The non-hydrogen

atoms were refined anisotropically. Hydrogen atoms on the Zr were refined isotropically with group thermal

parameters. The rest were included in fixed positions. The final cycle of full-matrix least-squares refinement'

was based on 5502 observed reflections (I > 2.50o-(I)) and 912 variable parameters and converged (largest

parameter shift was 0.13 times its esd) with unweighted and weighted agreement factors of:

R = EIlFo| - tFcjj/EJFoj = 0.048

R,, = ,(Ew(IFol - JFcI)2 /EwFo2)] = 0.040

The standard deviation of an observation of unit weight' was 1.91. The weighting scheme was based

on counting statistics. Plots of Ew(jFol - JFcJ) 2 versus IFol, reflection order in data collection, sin 0/A
and various classes of indices showed no unusual trends. The maximum and minimum peaks on the final

difference Fourier map corresponded to 0.68 and -0.58 e-/A 3 , respectively.

Neutral atom scattering factors were taken from Cromer and Wabers . Anomalous dispersion effects

were included in Fcalc6 ; the values for Af' and Af" were those of Creagh and McAuley'. The values for the

mass attenuation coefficients are those of Creagh and Hubbel'. All calculations were performed using the

teXsan9 crystallographic software package of Molecular Structure Corporation.
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula

Formula Weight

Crystal Color, Habit

Crystal Dimensions

Crystal System

Lattice Type

No. of Reflections Used for Unit

Cell Determination (20 range)

Omega Scan Peak Width

at Half-height

Lattice Parameters

Space Group

Z value

Fooo

p(MoKa)

Diffractometer

Zr 2 F27 BC 6 8 H4 8

1571.33

yellow, prismaztic

0.30 X 0.29 X 0.19 rn

monoclinic

Primitive

25 ( 20.3 - 23.90 )

0.300

a = 11.582(2)A
b = 20.997(5) A
c = 26.008(5) A
)l= 90.72(1)*

V 6324(1) A3

P2 1 /c (#14)

4

1.650 g/cm3

3136.00

4.52 cm 1

B. Intensity Measurements

CAD4
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Radiation

Attenuator

Take-off Angle

Detector Aperture

Crystal to Detector Distance

Temperature

Scan Type

Scan Rate

Scan Width

20mar

No. of Reflections Measured

Corrections

Structure Solution

Refinement

Function Minimized

Least Squares Weights

p-factor

Anomalous Dispersion

No. Observations (I>2.50o(I))

No. Variables

Reflection/Parameter Ratio

MoKa (A = 0.71069 A)
graphite monochromated

Zr foil (factor = 22.25)

2.80

2.0 - 2.5 mm horizontal
2.0 mm vertical

21 mm

-120.00C

W-0

3.0-16.0 0 /min (in w) (up to 0 scans)

(1.00 + 0.35 tan 0)0

46.00

Total: 9297
Unique: 9147 (Rint = 0.046)

Lorentz-polarization
Absorption
(trans. factors: 0.8829 - 0.9202)
Secondary Extinction
(coefficient: 3.31606e-08)

C. Structure Solution and Refinement

Direct Methods (SHELXS86)

Full-matrix least-squares

Ew(IFol - IFc|)2

1 4Fo
2

7i
2

(Fo) Tr

0.0000

All non-hydrogen atoms

5502

912

6.03
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Residuals: R; Rw

Goodness of Fit Indicator

Max Shift/Error in Final Cycle

Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map

0.048 0.040

1.91

0.13

0.68 e-/A 3

-0.58 e-/A 3
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Table 1. Atomic coordinates and Biso/Beq

atom x y z Beq

Zr(1) 0.03510(6) 0.59067(3) 0.14660(3) 1.63(2)

Zr(2) -0.06027(7) 0.45307(4) 0.28885(3) 2.29(2)

F(1) -0.3392(3) 0.6244(2) -0.0470(2) 4.0(1)

F(2) -0.4420(4) 0.5330(2) -0.0988(2) 5.0(1)

F(3) -0.6697(4) 0.5413(2) -0.1237(2) 4.6(1)

F(4) -0.7916(3) 0.6448(2) -0.0958(2) 3.5(1)

F(5) -0.7307(3) 0.7761(2) -0.1307(2) 3.4(1)

F(6) -0.8704(4) 0.8732(2) -0.1049(2) 4.6(1)

F(7) -0.9196(4) 0.8949(2) -0.0048(2) 5.0(1)

F(8) -0.8278(4) 0.8189(2) 0.0691(2) 4.1(1)

F(9) -0.6902(3) 0.7206(2) 0.0439(2) 3.0(1)

F(10) -0.4625(5) 0.6280(2) 0.0437(2) 5.3(1)

F(11) -0.4421(4) 0.6118(2) 0.1419(2) 5.5(2)

F(12) -0.3826(4) 0.7094(3) 0.2056(2) 5.8(2)

F(13) -0.3492(4) 0.8268(2) 0.1648(2) 5.2(1)

F(14) -0.1689(3) 0.8363(2) 0.0419(2) 2.9(1)

F(15) -0.1386(4) 0.9572(2) 0.0126(2) 5.1(1)

F(16) -0.3123(4) 1.0434(2) 0.0223(2) 6.5(2)

F(17) -0.5170(4) 1.0067(2) 0.0607(2) 5.5(2)

F(18) -0.5510(4) 0.8846(2) 0.0887(2) 4.1(1)

F(19) -0.1962(3) 0.7047(2) 0.0242(1) 2.5(1)

F(20) 0.0022(3) 0.7056(2) -0.0227(1) 2.9(1)

F(21) 0.0183(3) 0.7418(2) -0.1232(1) 2.9(1)

F(22) -0.1710(3) 0.7872(2) -0.1722(2) 2.8(1)
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Table 1. Atomic coordinates and Bio/Beq (continued)

atom x y z Beq

F(23) -0.4230(3) 0.6950(2) -0.1664(2) 3.1(1)

F(24) -0.5851(4) 0.7429(2) -0.2307(2) 4.0(1)

F(25) -0.6224(4) 0.8707(2) -0.2337(2) 4.6(1)

F(26) -0.5033(4) 0.9494(2) -0.1705(2) 3.7(1)

F(27) -0.3415(3) 0.9008(2) -0.1054(1) 2.5(1)

C(1) 0.0015(7) 0.5235(4) 0.2215(3) 2.3(2)

C(2) 0.2267(7) 0.5786(4) 0.1496(3) 2.6(2)

C(3) 0.1070(6) 0.7039(3) 0.1680(3) 1.8(2)

C(4) 0.0436(6) 0.6838(3) 0.2118(3) 1.9(2)

C(5) -0.0716(7) 0.6752(3) 0.1961(3) 2.6(2)

C(6) -0.0813(6) 0.6889(3) 0.1438(3) 2.2(2)

C(7) 0.0284(6) 0.7053(3) 0.1257(3) 2.1(2)

C(8) 0.2292(7) 0.7272(4) 0.1694(3) 3.1(2)

C(9) 0.0929(6) G.6787(3) 0.2660(3) 2.7(2)

C(10) 0.0676(7) 0.5432(4) 0.0575(3) 2.5(2)

C(11) 0.0423(6) 0.4902(3) 0.0893(3) 2.1(2)

C(12) -0.0713(6) 0.4988(4) 0.1068(3) 2.3(2)

C(13) -0.1155(6) 0.5557(4) 0.0866(3) 2.9(2)

C(14) -0.0310(7) 0.5827(4) 0.0561(3) 2.8(2)

C(15) 0.1774(8) 0.5520(4) 0.0276(3) 5.2(3)

C(16) 0.1157(7) 0.4327(4) 0.0983(3) 3.9(2)

C(17) -0.1326(8) 0.3825(4) 0.2320(4) 3.2(2)

C(18) 0.1579(7) 0.4438(4) 0.3017(4) 3.8(3)

C(19) 0.1228(8) 0.3842(5) 0.2838(4) 3.7(3)
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Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

C(20) 0.0498(8) 0.3589(4) 0.3209(5) 4.6(3)

C(21) 0.0426(9) 0.4029(7) 0.3601(4) 5.5(3)

C(22) 0.1056(10) 0.4540(6) 0.3486(4) 5.6(3)

C(23) 0.2494(9) 0.4836(6) 0.2777(5) 11.8(5)

C(24) 0.165(1) 0.3525(7) 0.2371(4) 11.4(5)

C(25) -0.2515(6) 0.5151(4) 0.2826(3) 2.4(2)

C(26) -0.2783(7) 0.4567(4) 0.3078(3) 3.1(2)

C(27) -0.2138(7) 0.4569(4) 0.3536(3) 3.5(2)

C(28) -0.1508(7) 0.5130(4) 0.3590(3) 3.8(2)

C(29) -0.1756(7) 0.5491(4) 0.3144(3) 3.1(2)

C(30) -0.3094(6) 0.5378(4) 0.2338(3) 3.1(2)

C(31) -0.3675(7) 0.4101(4) 0.2913(4) 4.7(3)

C(32) -0.4915(5) 0.8187(3) -0.0284(2) 1.5(2)

C(33) -0.5052(6) 0.6912(3) -0.0454(2) 1.7(2)

C(34) -0.4523(6) 0.6346(3) -0.0597(3) 2.4(2)

C(35) -0.5039(7) 0.5861(4) -0.0860(3) 3.2(2)

C(36) -0.6167(7) 0.5891(4) -0.0979(3) 3.1(2)

C(37) -0.6766(6) 0.6421(3) -0.0842(3) 1.9(2)

C(38) -0.6240(6) 0.6922(3) -0.0582(3) 1.6(2)

C(39) -0.7048(6) 0.7457(3) -0.0446(3) 1.9(2)

C(40) -0.7536(6) 0.7855(4) -0.0807(3) 2.2(2)

C(41) -0.8255(7) 0.8350(4) -0.0680(3) 3.0(2)

C(42) -0.8502(6) 0.8465(4) -0.0173(4) 3.2(2)

C(43) -0.8036(7) 0.8083(4) 0.0192(3) 2.7(2)
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Table 1. Atomic coordinates and Biso/Beq (continued)

atom x y z Beq

C(44) -0.7321(6) 0.7579(4) 0.0062(3) 2.0(2)

C(45) -0.4150(6) 0.7391(3) 0.0460(3) 1.8(2)

C(46) -0.4351(6) 0.6810(4) 0.0695(3) 2.7(2)

C(47) -0.4250(7) 0.6704(5) 0.1221(4) 3.8(3)

C(48) -0.3961(7) 0.7194(5) 0.1542(3) 3.7(3)

C(49) -0.3759(7) 0.7778(4) 0.1334(3) 3.3(2)

C(50) -0.3846(6) 0.7885(4) 0.0806(3) 2.1(2)

C(51) -0.3627(6) 0.8562(4) 0.0650(3) 2.0(2)

C(52) -0.2584(7) 0.8766(4) 0.0459(3) 2.6(2)

C(53) -0.2401(7) 0.9390(4) 0.0313(3) 3.1(2)

C(54) -0.3279(8) 0.9821(4) 0.0374(4) 3.7(3)

C(55) -0.4304(8) 0.9642(4) 0.0571(3) 3.4(2)

C(56) -0.4469(7) 0.9012(4) 0.0701(3) 2.8(2)

C(57) -0.2999(6) 0.7501(3) -0.0470(2) 1.3(2)

C(58) -0.1983(6) 0.7290(3) -0.0244(3) 1.7(2)

C(59) -0.0916(6) 0.7270(3) -0.0480(3) 1.7(2)

C(60) -0.0835(6) 0.7465(3) -0.0982(3) 1.7(2)

C(61) -0.1815(6) 0.7676(3) -0.1223(3) 2.0(2)

C(62) -0.2868(6) 0.7707(3) -0.0986(3) 1.4(2)

C(63) -0.3803(6) 0.7961(3) -0.1325(3) 1.7(2)

C(64) -0.4435(6) 0.7583(4) -0.1659(3) 2.3(2)

C(65) -0.5248(6) 0.7819(4) -0.1994(3) 2.4(2)

C(66) -0.5443(6) 0.8458(4) -0.2004(3) 2.6(2)

C(67) -0.4831(6) 0.8860(4) -0.1691(3) 2.5(2)
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Table 1. Atomic coordinates and BiSO/Beq (continued)

atom x y z Beq

C(68) -0.4016(6) 0.8609(4) -0.1356(3) 1.7(2)

B -0.4293(7) 0.7501(4) -0.0180(3) 1.3(2)

H(1) 0.058(5) 0.488(3) 0.203(2) 3.0(6)

H(2) 0.047(5) 0.552(3) 0.245(2) 2.974

H(3) -0.067(6) 0.531(3) 0.213(3) 2.974

H(4) 0.256(6) 0.537(3) 0.145(3) 2.974

H(5) 0.265(6) 0.602(3) 0.127(3) 2.974

H(6) 0.262(5) 0.594(3) 0.184(2) 2.974

H(7) -0.133 0.662 0.218 3.068

H(8) -0.150 0.687 0.124 2.630

H(9) 0.047 0.715 0.091 2.491

H(10) 0.261 0.721 0.203 3.759

H(11) 0.273 0.704 0.145 3.759

H(12) 0.231 0.771 0.161 3.759

H(13) 0.081 0.637 0.279 3.227

H(14) 0.173 0.687 0.266 3.227

H(15) 0.056 0.709 0.288 3.227

H(16) -0.111 0.471 0.129 2.746

H(17) -0.190 0.573 0.09:3 3.478

H(18) -0.038 0.621 0.037 3.400

H(19) 0.242 0.552 0.051 6.225

H(20) 0.185 0.518 0.004 6.225

H(21) 0.174 0.591 0.010 6.225

H(22) 0.078 0.396 0.084 4.653
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Table 1. Atomic coordinates and Bio/Beq (continued)

atom x y z Beq

H(23) 0.188 0.438 0.082 4.653

H(24) 0.128 0.427 0.134 4.653

H(25) -0.071(5) 0.363(3) 0.213(2) 2.974

H(26) -0.157(6) 0.345(3) 0.244(3) 2.974

H(27) -0.190(5) 0.401(3) 0.208(2) 2.974

H(28) 0.113 0.491 0.369 6.731

H(29) -0.001 0.398 0.391 6.619

H(30) 0.012 0.319 0.319 5.571

H(31) 0.320 0.461 0.278 14.199

H(32) 0.228 0.493 0.243 14.199

H(33) 0.258 0.522 0.296 14.199

H(34) 0.129 0.312 0.234 13.712

H(35) 0.146 0.378 0.208 13.712

H(36) 0.246 0.347 0.240 13.712

H(37) -0.213 0.423 0.378 4.141

H(38) -0.101 0.525 0.387 4.573

H(39) -0.145 0.590 0.307 3.762

H(40) -0.276 0.577 0.223 3.750

H(41) -0.300 0.507 0.208 3.750

H(42) -0.389 0.544 0.240 3.750

H(43) -0.440 0.431 0.289 5.677

H(44) -0.348 0.393 0.259 5.677

H(45) -0.371 0.376 0.316 5.677

H(46) -0.444 0.852 -0.015 1.765



lYYO llal %I-U111Jtd11 '111R1 3UUdrL J. Mdli. '.111.3uL. V ILUk rdgrU/zO '.-11r11 OuppiUMIii~ita rager I-)

Table 1. Atomic coordinates and Biso/Beq (continued)

atom

H(47)

H(48)

x

-0.502

-0.565

y

0.825

0.819

z

-0.064

-0.012

Beq

1.765

1.765

Beq = 89(UI(aa* + U22(bb*) + U33(cc*)2 + 2Ul2 aa*bb* cosy + 2Uiaaa*cc* cos [ + 2U 23bb*cc* cosa)
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Table 2. Anisotropic Displacement Parameters

atom

Zr(1)

Zr(2)

F(1)

F(2)

F(3)

F(4)

F(5)

F(6)

F(7)

F(8)

F(9)

F(10)

F(11)

F(12)

F(13)

F(14)

F(15)

F(16)

F(17)

F(18)

F(19)

F(20)

F(21)

F(22)

U11

0.0261(4)

0.0354(5)

0.026(3)

0.039(3)

0.043(3)

0.030(3)

0.035(3)

0.049(3)

0.052(3)

0.060(3)

0.046(3)

0.115(5)

0.080(4)

0.083(4)

0.085(4)

0.035(3)

0.052(4)

0.080(4)

0.081(4)

0.049(3)

0.027(3)

0.019(2)

0.021(3)

0.031(3)

U22

0.0181(4)

0.0265(5)

0.023(3)

0.033(3)

0.048(3)

0.043(3)

0.068(3)

0.049(3)

0.033(3)

0.040(3)

0.045(3)

0.036(3)

0.075(4)

0.114(5)

0.086(4)

0.034(3)

0.044(3)

0.027(3)

0.049(3)

0.069(4)

0.041(3)

0.047(3)

0.055(3)

0.045(3)

U33

0.0176(4)

0.0251(5)

0.101(4)

0.119(5)

0.083(4)

0.059(3)

0.027(3)

0.077(4)

0.105(4)

0.056(3)

0.022(3)

0.049(3)

0.054(4)

0.022(3)

0.025(3)

0.041(3)

0.099(4)

0.138(5)

0.079(4)

0.041(3)

0.026(3)

0.044(3)

0.033(3)

0.032(3)

U 12

0.0007(4)

0.0038(4)

0.001(2)

0.004(2)

-0.008(3)

-0.004(2)

0.009(3)

0.012(3)

0.014(3)

-0.002(3)

0.001(2)

-0.020(3)

-0.009(3)

0.020(4)

0.000(3)

0.003(2)

-0.017(3)

0.000(3)

0.034(3)

0.018(3)

0.008(2)

0.001(2)

0.007(2)

0.005(2)

U 13

0.0000(3)

0.0024(4)

-0.004(3)

0.002(3)

-0.003(3)

-0.004(2)

0.001(2)

0.001(3)

0.031(3)

0.032(3)

0.009(2)

-0.025(3)

-0.006(3)

0.008(3)

-0.005(3)

-0.001(2)

-0.002(3)

-0.018(4)

-0.012(3)

0.010(3)

-0.003(2)

-0.001(2)

0.007(2)

0.012(2)

U23

-0.0013(4)

0.0061(4)

-0.012(3)

-0.035(3)

-0.044(3)

-0.015(3)

0.011(3)

0.023(3)

-0.004(3)

-0.014(3)

0.001(2)

0.017(3)

0.049(3)

0.023(3)

-0.016(3)

-0.007(2)

0.011(3)

0.003(4)

-0.020(3)

-0.009(3)

0.007(2)

0.013(2)

0.011(2)

0.008(2)



Table 2. Anisotropic Displacement Parameters (continued)

atom U11  U 22  U33 Ul 2  U 13  U 23

F(23) 0.045(3) 0.038(3) 0.032(3) 0.000(2) .-0.006(2) -0.008(2)

F(24) 0.049(3) 0.070(4) 0.033(3) -0.010(3) -0.025(2) -0.003(3)

F(25) 0.044(3) 0.079(4) 0.050(3) 0.010(3) -0.019(3) 0.018(3)

F(26) 0.049(3) 0.042(3) 0.050(3) 0.015(3) -0.001(2) 0.016(3)

F(27) 0.038(3) 0.025(2) 0.032(3) 0.001(2) 0.000(2) 0.002(2)

C(1) 0.022(5) 0.033(5) 0.030(5) 0.012(4) -0.001(4) -0.001(4)

C(2) 0.033(6) 0.040(6) 0.027(5) 0.001(5) 0.007(4) -0.013(5)

C(3) 0.038(5) 0.013(4) 0.016(4) 0.001(4) -0.003(4) -0.005(3)

C(4) 0.028(5) 0.017(4) 0.029(5) 0.005(4) 0.004(4) -0.005(4)

C(5) 0.038(5) 0.022(5) 0.037(6) 0.001(4) 0.012(4) -0.011(4)

C(6) 0.032(5) 0.023(5) 0.028(5) 0.009(4) -0.016(4) -0.007(4)

C(7) 0.040(5) 0.018(4) 0.021(4) -0.003(4) 0.000(4) 0.000(4)

C(8) 0.054(6) 0.038(5) 0.027(5) -0.012(5) 0.001(4) -0.005(4)

C(9) 0.043(5) 0.037(5) 0.022(5) 0.000(4) 0.006(4) -0.002(4)

C(10) 0.047(6) 0.039(5) 0.010(4) -0.007(5) 0.000(4) -0.008(4)

C(11) 0.037(5) 0.021(5) 0.021(5) -0.004(4) -0.011(4) -0.015(4)

C(12) 0.034(5) 0.034(5) 0.019(5) -0.005(4) -0.004(4) -0.004(4)

C(13) 0.032(5) 0.033(5) 0.045(6) 0.007(4) -0.009(4) -0.022(5)

C(14) 0.058(6) 0.024(5) 0.025(5) 0.004(5) -0.013(4) 0.001(4)

C(15) 0.093(8) 0.077(7) 0.027(5) -0.033(6) 0.029(5) -0.029(5)

C(16) 0.055(6) 0.031(5) 0.061(7) 0.012(4) -0.015(5) -0.024(5)

C(17) 0.049(7) 0.031(5) 0.043(7) 0.010(5) 0.005(5) 0.007(5)

C(18) 0.031(6) 0.040(6) 0.073(8) 0.000(5) -0.009(5) 0.030(6)

C(19) 0.040(6) 0.053(7) 0.048(6) 0.019(5) -0.003(5) 0.002(6)
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Table 2. Anisotropic Displacement Parameters (continued)

atom

C(20)

C(21)

C(22)

C(23)

C(24)

C(25)

C(26)

C(27)

C(28)

C(29)

C(30)

C(31)

C(32)

C(33)

C(34)

C(35)

C(36)

C(37)

C(38)

C(39)

C(40)

C(41)

C(42)

C(43)

U11

0.052(7)

0.058(7)

0.073(8)

0.045(7)

0.12(1)

0.035(5)

0.031(5)

0.040(6)

0.053(6)

0.046(6)

0.046(5)

0.044(6)

0.015(4)

0.027(5)

0.017(5)

0.032(5)

0.035(5)

0.011(4)

0.019(4)

0.018(4)

0.022(5)

0.031(5)

0.024(5)

0.034(5)

U22

0.025(6)

0.11(1)

0.078(9)

0.15(1)

0.22(2).

0.038(5)

0.047(6)

0.049(6)

0.059(7)

0.037(5)

0.043(5)

0.043(6)

0.024(4)

0.021(5)

0.026(5)

0.029(5)

0.029(5)

0.034(5)

0.021(4)

0.025(5)

0.033(5)

0.029(5)

0.018(5)

0.033(5)

U33

0.099(9)

0.041(7)

0.061(8)

0.25(2)

0.10(1)

0.017(5)

0.039(6)

0.043(6)

0.034(6)

0.036(5)

0.029(5)

0.094(8)

0.016(4)

0.018(4)

0.047(6)

0.060(6)

0.056(6)

0.029(5)

0.019(4)

0.030(5)

0.027(5)

0.054(6)

0.080(8)

0.034(6)
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U12

-0.003(5)

0.031(8)

0.029(7)

-0.051(8)

0.13(1)

0.011(4)

0.000(5)

0.009(5)

0.015(5)

0.007(5)

0.007(4)

-0.001(5)

-0.003(3)

-0.001(4)

-0.005(4)

0.005(5)

-0M009(5)

-0.007(4)

0.003(4)

-0.001(4)

-0.009(4)

0.005(4)

0.010(4)

-0.009(4)

Ut 3

-0.017(7)

0.005(6)

-0.027(7)

-0.063(9)

-0.050(8)

0.000(4)

0.012(4)

0.016(5)

0.008(5)

0.014(4)

0.004(4)

0.024(5)

-0.002(3)

0.008(4)

0.000(4)

0.016(5)

0.011(5)

-0.001(4)

0.005(3)

0.008(4)

0.006(4)

0.011(5)

0.017(5)

0.019(4)

U23

0.019(6)

0.043(8)

-0.017(7)

0.15(1)

-0.08(1)

0.008(4)

0.002(5)

0.008(5)

-0.011(5)

-0.005(5)

0.003(4)

0.016(6)

-0.004(3)

0.003(4)

-0.002(4)

-0.012(5)

-0.027(5)

-0.003(4)

0.002(4)

0.001(4)

-0.002(4)

0.013(5)

-0.001(5)

-0.009(5)
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Table 2. Anisotropic Displacement Parameters (continued)

atom U11  U2 2  U33  U 12  U13 23

C(44) 0.022(5) 0.031(5) 0.023(5) -0.006(4) 0.008(4) -0.005(4)

C(45) 0.016(4) 0.027(5) 0.025(5) 0.000(4) .-0.003(4) 0.004(4)

C(46) 0.033(5) 0.037(5) 0.032(5) -0.004(4) .-0.003(4) 0.002(5)

C(47) 0.038(6) 0.058(7) 0.050(7) 0.006(5) 0.004(5) 0.035(6)

C(48) 0.047(6) 0.074(8) 0.021(6) 0.024(6) 0.002(5) 0.024(6)

C(49) 0.042(6) 0.056(7) 0.027(6) -0.003(5) 0.007(5) -0.013(5)

C(50) 0.022(5) 0.043(5) 0.013(5) 0.005(4) 0.005(4) 0.003(4)

C(51) 0.028(5) 0.033(5) 0.017(5) 0.007(4) -0.005(4) -0.009(4)

C(52) 0.040(6) 0.035(5) 0.025(5) 0.002(5) -0.008(4) -0.011(4)

C(53) 0.035(6) 0.036(6) 0.049(6) -0.012(5) -0.007(5) -0.012(5)

C(54) 0.052(7) 0.020(5) 0.069(7) -0.005(5) -0.027(6) -0.005(5)

C(55) 0.051(7) 0.033(6) 0.045(6) 0.015(5) -0.011(5) -0.016(5)

C(56) 0.035(5) 0.049(6) 0.023(5) 0.002(5) -0.001(4) -0.021(5)

C(57) 0.022(4) 0.015(4) 0.014(4) -0.002(3) -0.006(3) 0.000(3)

C(58) 0.029(5) 0.019(4) 0.015(5) -0.003(4) -0.010(4) 0.000(4)

C(59) 0.020(5) 0.015(4) 0.029(5) 0.002(4) -0.009(4) -0.005(4)

C(60) 0.008(4) 0.025(4) 0.031(5) 0.001(3) -0.004(4) 0.002(4)

C(61) 0.033(5) 0.018(4) 0.024(5) -0.004(4) 0.002(4) 0.007(4)

C(62) 0.018(4) 0.013(4) 0.024(5) 0.000(3) -0.005(4) -0.007(3)

C(63) 0.015(4) 0.026(5) 0.023(5) 0.008(4) 0.010(4) -0.001(4)

C(64) 0.028(5) 0.028(5) 0.031(5) 0.004(4) 0.012(4) 0.004(4)

C(65) 0.026(5) 0.049(6) 0.015(5) -0.008(4) 0.000(4) -0.001(4)

C(66) 0.023(5) 0.056(6) 0.020(5) 0.000(5) 0.000(4) 0.012(5)

C(67) 0.029(5) 0.038(5) 0.027(5) 0.011(4) 0.007(4) 0.017(4)
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Table 2. Anisotropic Displacement Parameters (continued)

atom

C(68)

B

U11

0.017(4)

0.019(5)

U 2 2

0.035(5)

0.015(5)

U33

0.013(4)

0.014(5)

U 1 2

-0.006(4)

0.005(4)

U 13

0.002(3)

-0.009(4)

,23

0.006(4)

0.001(4)

The general temperature factor expression:

exp(-27r2 (a* 2 U 11h2 + b*2 U2 2 k2 + c* 2 U 3 312 + 2a*b*Ul2hk + 2a*c*Uihil + 2b*c'U 2 3 kl))
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Table 3. Bond Lengths(A)

atom atom distance atom atom distance

Zr(1) C(1) 2.439(8) Zr(1) C(2) 2.235(8)

Zr(1) C(3) 2.578(7) Zr(1) C(4) 2.590(7)

Zr(1) C(5) 2.525(7) Zr(1) C(6) 2.465(7)

Zr(1) C(7) 2.468(7) Zr(1) C(10) 2.555(7)

Zr(1) C(11) 2.585(7) Zr(1) C(12) 2.506(7)

Zr(1) C(13) 2.439(7) Zr(I) C(14) 2.471(7)

Zr(2) C(1) 2.409(9) Zr(2) C(17) 2.247(9)

Zr(2) C(18) 2.552(8J Zr(2) C(19) 2.571(8)

Zr(2) C(20) 2.490(8) Zr(2) C(21) 2.431(9)

Zr(2) C(22) 2.456(9) Zr(2) C(25) 2.572(7)

Zr(2) C(26) 2.579(7) Zr(2) C(27) 2.467(8)

Zr(2) C(28) 2.461(8) Zr(2) C(29) 2.512(8)

F(1) C(34) 1.364(7) F(2) C(35) 1.369(8)

F(3) C(36) 1.350(8) F(4) C(37) 1.364(7)

F(5) C(40) 1.346(8) F(6) C(41) 1.349(8)

F(7) C(42) 1.339(8) F(8) C(43) 1.350(8)

F(9) C(44) 1.341(8) F(10) C(46) 1.336(8)

F(11) C(47) 1.349(9) F(12) C(48) 1.358(8)

F(13) C(49) 1.346(9) F(14) C(52) 1.342(8)

F(15) C(53) 1.333(9) F(16) C(54) 1.357(9)

F(17) C(55) 1.347(8) F(18) C(56) 1.351(8)

F(19) C(58) 1.363(7) F(20) C(59) 1.340(7)

F(21) C(60) 1.357(7) F(22) C(61) 1.369(7)

F(23) C(64) 1.350(8) F(24) C(65) 1.344(8)
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Table 3. Bond Lengths(A) (continued)

atom

F(25)

F(27)

C(3)

C(4)

C(5)

C(10)

C(10)

C(11)

C(13)

C(18)

C(19)

C(20)

C(25)

C(25)

(26)

(28)

C(33)

C(33)

C(35)

(37)

C(39)

C(40)

C(42)

C(45)

atom

C(66)

(68)

C(7)

C(5)

C(6)

C((11)

C(15)

C(16)

C(14)

(22)

C(20)

C(21)

C(26)

C(30)

C(3 1)

C(29)

(34)

B

C(36)

C(38)

(40)

C(41)

C(43)

C(46)

distance

1.349(8)

1.339(7)

1.419(9)

1.402(9)

1.395(9)

1.418(10)

1.51(1)

1.493(9)

1.388(10)

1.38(1)

1.40(1)

1.38(1)

1.427(10)

1.505(9)

1.48(1)

1.41(1)

1.389(9)

1.672(9)

1.339(10)

1.388(9)

1.374(9)

1.375(10)

1.35(1)

1.385(9)

atom

F(26)

C(3)

(3)

C(4)

C(6)

C(10)

C((11)

(12)

C(18)

C(18)

C(19)

C(21)

(25)

(26)

C(27)

(7(32)

C(33)

C(34)

C(36)

(38)

(39)

C(4 1)

(43)

(45)

atom

(67)

C(4)

((8)

C(9)

C(7)

C(14)

(12)

C(13)

C(19)

(23)

C(24)

C(22)

(29)

C(27)

C(28)

B

C(38)

C(35)

(37)

(39)

C(44)

C(42)

(44)

C(50)

distance

1.353(8)

1.428(9)

1.498(10)

1.516(9)

1.403(9)

1.411(10)

1.409(9)

1.399(10)

1.39(1)

1.49(1)

1.47(1)

1.33(1)

1.396(10)

1.399(10)

1.39(1)

1.631(9)

1.411(9)

1.363(10)

1.36 1(10)

1.507(9)

1.385(9)

1.37(1)

1.389(10)

1.415(9)
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Table 3. Bond Lengths(A) (continued)

atom atom distance atom atom distance

C(45) B 1.687(10) C(46) C(47) 1.39(1)

C(47) C(48) 1.36(1) C(48) C(49) 1.36(1)

C(49) C(50) 1.394(10) C(50) C(51) 1.500(10)

C(51) C(52) 1.381(10) C(51) (56) 1.367(10)

C(52) C(53) 1.38(1) C(53) C(54) 1.37(1)

C(54) C(55) 1.35(1) C(55) C(56) 1.38(1)

C(57) C(58) 1.382(8) C(57) C(62) 1.419(9)

C(57) B 1.686(10) C(58) C(59) 1.388(9)

C(59) C(60) 1.372(9) C(60) C(61) 1.364(9)

C(61) C(62) 1.374(9) C(62) C(63) 1.488(9)

C(63) C(64) 1.379(9) C(63) C(68) 1.384(9)

C(64) C(65) 1.367(9) C(65) (66) 1.36(1)

C(66) C(67) 1.365(10) C(67) (68) 1.381(9)

22



Table 4. Bond Lengths(A)

atom atom distance atom atom distance

C(1) H(1) 1.10(6) C(1) H (2) 1.01(6)

C(1) H(3) 0.84(6) ((2) H(4) 0.95(6)

C(2) H(5) 0.90(6) C(2) 11(6) 1.03(6)

C(5) H(7) 0.95 ((6) H (8) 0.95

C(7) H (9) 0.95 C(8) H(10) 0.95

C(8) H(11) 0.95 C(8) H(12) 0.95

C(9) H(13) 0.95 C(9) H(14) 0.95

C(9) H(15) 0.95 C(12) H(16) 0.95

C(13) H(17) 0.95 C(14) H(18) 0.95

C(15) H(19) 0.95 (15) H(20) 0.95

C(15) H(21) 0.95 (16) H(22) 0.95

C(16) H(23) 0.95 C(16) H(24) 0.95

C(17) H(25) 0.97(6) C(17) H(26) 0.90(6)

C(17) H(27) 0.99(6) C(20) H(30) 0.95

C(21) H(29) 0.95 C(22) H(28) 0.95

C(23) H(31) 0.95 C(23) H(32) 0.95

C(23) H(33) 0.95 C(24) H(34) 0.95

C(24) H(35) 0.95 C(24) H(36) 0.95

C(27) H(37) 0.95 (28) H(38) 0.95

C(29) H(39) 0.95 C(30) H(40) 0.95

C(30) H(41) 0.95 C(30) H(42) 0.95

C(31) H(43) 0.95 C(31) H(44) 0.95

C(31) H(45) 0.95 ((32) H(46) 0.95

C(32) H(47) 0.95 C(32) H(48) 0.95
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Table 4. Bond Lengths(A) (continued)

atom atom distance atom atom distance
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Table 5. Bond Angles(')

atom

C(1)

C(1)

C(1)

C(1)

C(1)

C(1)

C(2)

C(2)

C(2)

C(2)

C(2)

C(3)

C(3)

C(3)

C(3)

C(4)

C(4)

C(4)

C(4)

C(5)

C(5)

C(5)

C(5)

C(6)

atom

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

atom

C(2)

C(4)

C(6)

C(10)

C(12)

C(14)

C(4)

C(6)

C(10)

C(12)

C(14)

C(5)

C(7)

C(11)

C(13)

C(5)

C(7)

C( 11)

C(13)

C(6)

C(10)

C(12)

C(14)

c(10)

angle

94.3(3)

85.3(3)

114.5(3)

121.7(3)

78.6(3)

132.1(3)

91.9(3)

129.7(3)

80.2(3)

114.2(3)

108.8(3)

53.2(2)

32.6(2)

149.8(2)

130.0(2)

31.8(2)

53.8(2)

173.1(2)

131.9(2)

32.4(2)

144.6(3)

120.7(2)

112.7(3)

112.7(2)

atom

C(1)

C( 1)

C(1)

C(1)

C(1)

C(2)

C(2)

C(2)

C(2)

C(2)

C(3)

C(3)

C(3)

C(3)

C(3)

C(4)

C(4)

C(4)

C(4)

C(5)

C(5)

C(5)

C(6)

C(6)

atom

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(I)

Zr(i)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr( 1)

Zr(1)

Zr(1)

Zr(1)

atom

C(3)

C(5)

C(7)

C(11)

C(13)

C(3)

C(5)

C(7)

C(11)

C(13)

C(4)

C(6)

C(10)

C(12)

C(14)

C(6)

C(10)

C(12)

C(14)

C(7)

C(11)

C(13)

C(7)

C(11)

angle

114.5(3)

85.2(3)

137.3(3)

89.7(3)

102.5(3)

77.2(3)

123.6(3)

98.4(3)

83.6(3)

133.7(3)

32.1(2)

53.8(2)

120.3(2)

162.8(2)

111.3(2)

53.4(2)

152.1(2)

150.1(2)

133.1(2)

54.0(2)

152.5(2)

100.8(2)

33.1(2)

133.4(2)
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Table 5. Bond Angles( 0 ) (continued)

atom

C(6)

C(6)

C(7)

C(7)

C(10)

C(10)

C(11)

C(11)

C(12)

C(1)

C(1)

C(1)

C(1)

C(1)

C(1)

C(17)

C(17)

C(17)

C(17)

C(17)

C(18)

C(18)

C(18)

atom

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

C(18) Zr(2)

atom

C(12)

C(14)

C(11)

C(13)

C(l1)

C(13)

C(12)

C(14)

C(14)

C(17)

C(19)

C(21)

C(25)

C(27)

C(29)

C(19)

C(21)

C(25)

C(27)

C(29)

C(20)

C(22)

C(26)

angle

111.5(2)

82.3(2)

132.0(2)

97.6(3)

32.0(2)

54.1(3)

32.1(2)

53.7(2)

53.8(2)

92.2(3)

93.1(3)

132.3(3)

84.6(2)

134.5(3)

82.2(3)

84.1(3)

113.1(4)

88.7(3)

101.8(3)

120.5(3)

52.7(3)

32.0(3)

161.2(3)

C(28) 111.8(3)

atom

C(6)

C(7)

C(7)

C(7)

C(10)

C(10)

C(11)

C(12)

C(13)

C(I)

C(I)

C( 1)

C(1)

C(17)

C(17)

C(17)

C(17)

C(17)

C(18)

(18)

C(18)

C(18)

atom

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(1)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

C(18) Zr(2)
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atom

C(13)

C(10)

C(12)

C(14)

C(12)

C(14)

C(13)

C(13)

C(14)

C(18)

C(20)

C(22)

C(26)

C(28)

C(18)

C(20)

C(22)

C'(26)

C(28)

C(19)

(21)

C(25)

C(27)

C(29)

angle

81.2(2)

100.7(2)

130.2(2)

81.3(2)

53.3(2)

32.6(2)

54.1(2)

32.8(2)

32.8(2)

80.8(3)

125.1(3)

102.6(4)

114.9(3)

111.0(3)

113.4(3)

83.3(3)

134.7(3)

77.7(3)

131.7(3)

31.6(2)

52.5(3)

153.8(3)

129.3(3)

123.7(3)



Table 5. Bond Angles(') (continued)

atom

C(19)

C(19)

C(19)

C(19)

C(20)

C(20)

C(20)

C(20)

C(21)

C(21)

C(21)

C(22)

C(22)

C(25)

C(25)

C(26)

C(26)

C(27)

Zr( 1)

Zr(1)

C(4)

C(7)

Zr(1)

C(3)

atom

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

C(1)

C(3)

C(3)

C(3)

C(4)

C(4)

atom

C(20)

C(22)

C(26)

C(28)

C(21)

C(25)

C(27)

C(29)

C(25)

C(27)

C(29)

C(26)

C(28)

C(26)

C(28)

C(27)

C(29)

C(29)

Zr(2)

C(7)

C(7)

C(8)

C(5)

C(5)

angle

32.0(3)

53.0(3)

146.7(3)

133.2(3)

32.5(3)

149.3(3)

99.7(3)

145.1(4)

132.9(3)

81.0(3)

113.8(4)

129.7(4)

82.2(3)

32.2(2)

54.1(2)

32.1(2)

53.2(3)

53.3(3)

170.9(4)

69.4(4)

107.1(6)

127.6(7)

71.6(4)

107.6(6)

atom

C(19)

C(19)

C(19)

C(19)

C(20)

C(20)

C(20)

C(21)

C(2 1)

C(2 1)

C(22)

C(22)

C(22)

C(25)

C(25)

C(26)

C(27)

C(28)

Zr(1)

Zr(1)

C(4)

Zr(1)

Zr(1)

C(3)

atom

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

Zr(2)

C(3)

C(3)

C(3)

C(4)

C(4)

c(4)

atom

C(21)

C(25)

C(27)

C(29)

C(22)

C(26)

C(28)

C(22)

C(26)

C(28)

C(25)

C(27)

C(29)

C(27)

C(29)

C(28)

C(28)

C(29)

C(4)

C(8)

C(8)

C(3)

C(9)

C(9)

angle

53.1(3)

172.4(3)

131.0(3)

155.0(3)

53.2(3)

117.2(3)

112.3(4)

31.7(3)

109.8(3)

82.3(3)

134.6(3)

97.6(4)

103.9(3)

53.1(2)

31.8(2)

54.3(3)

32.8(3)

32.9(2)

74.4(4)

127.5(5)

124.9(6)

73.5(4)

124.5(5)

124.8(6)
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Table 5. Bond Angles(o) (continued)

atom atom atom angle atom atom atom angle

C(5) C(4) C(9) 127.4(7) Zr(1) C(5) C(4) 76.6(4)

Zr(1) C(5) C(6) 71.4(4) C(4) C(5) C(6) 108.8(7)

Zr(1) C(6) C(5) 76.2(4) Zr(1) C(6) C(7) 73.6(4)

C(5) C(6) C(7) 108.3(6) Zr(1) (7) C(3) 78.0(4)

Zr(1) C(7) C(6) 73.4(4) C(3) C(7) C(6) 108.1(6)

Zr(1) C(10) C((11) 75.2(4) Zr(1) C(10) C(14) 70.5(4)

Zr(1) C(10) C(15) 123.7(5) C(1 1) ((1) C(14) 107.7(7)

C((11) C(10) C(15) 125.3(8) (14) C(10) C(15) 126.9(8)

Zr(1) C(11) C(10) 72.8(4) Zr(1) C(I11) C(12) 70.9(4)

Zr(1) ((11) C(16) 126.3(5) ((10) C(11) C(12) 106.8(7)

C(10) C((11) C(16) 127.2(7) (12) C(.(11) (16) 125.8(7)

Zr(1) C(12) C((11) 77.1(4) Zr(1) C(12) C(13) 71.0(4)

C((11) (12) (13) 109.0(7) Zr(1) C(13) C(12) 76.2(4)

Zr(1) (13) (14) 74.8(4) (12) (13) C(14) 107.8(7)

Zr(1) C(14) C'(10) 77.0(4) Zr(1) C(14) C(13) 72.3(4)

C(10) C(14) (13) 108.7(7) Zr(2) C(18) ((19) 75.0(5)

Zr(2) (18) (22) 70.1(5) Zr(2) C(18) (23) 127.5(6)

C(19) (18) C(22) 107.8(9) C(19) ((18) C(23) 124(1)

C(22) C(18) C(23) 127(1) Zr(2) ('(19) ('(18) 73.5(5)

Zr(2) ((19) (20) 70.8(5) Zr(2) C(19) C(24) 125.3(6)

C(18) c(19) C(20) 106.6(9) (18) C(19) C(24) 125(1)

(20) C(19) (24) 127(1) Zr(2) C(20) c(19) 77.2(5)

Zr(2) C(20) (21) 71.3(5) C(19) C(20) (21) 107.4(9)

Zr(2) C(21) C(20) 76.1(5) Zr(2) C(21) C(22) 75.2(6)
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Table 5. Bond Angles(*) (continued)

atom atom atom angle atom atom atom angle

C(20) C(21) C(22) 109.5(10) Zr(2) C(22) C(18) 77.9(5)

Zr(2) C(22) C(21) 73.1(6) C(18) C(22) C(21) 108(1)

Zr(2) C(25) C(26) 74.2(4) Zr(2) C(25) C(29) 71.7(4)

Zr(2) C(25) C(30) 126.1(5) C'(26) (25) ((29) 107.8(7)

C(26) C(25) C(30) 124.3(7) C(29) C(25) C(30) 127.4(7)

Zr(2) C(26) C(25) 73.7(4) Zr(2) C(26) C(27) 69.5(4)

Zr(2) C(26) C(31) 127.3(6) C(25) (26) C(27) 105.8(7)

C(25) C(26) C(31) 126.1(8) C(27) C(26) C(31) 127.8(8)

Zr(2) C(27) C(26) 78.4(5) Zr(2) C(27) C(28) 73.4(5)

C(26) C(27) C(28) 111.2(8) Zr(2) C(28) C(27) 73.8(5)

Zr(2) C(28) C(29) 75.5(5) C(27) C(28) C(29) 105.7(8)

Zr(2) C(29) C(25) 76.5(4) Zr(2) C(29) C(28) 71.5(5)

C(25) C(29) C(28) 109.5(7) C(34) C(33) C'(38) 112.5(6)

C(34) C(33) B 121.0(6) C(38) C(33) B 126.5(6)

F(1) C(34) C(33) 119.8(6) F(1) (34) C(35) 114.7(7)

C(33) C(34) C(35) 125.5(7) F(2) C(35) C(34) 120.2(7)

F(2) C(35) C(36) 119.7(7) C(34) C(35) C(36) 120.1(8)

F(3) C(36) C(35) 121.0(7) F(3) C(36) C(37) 120.5(7)

C(35) C(36) C(37) 118.5(7) F(4) C(37) C(36) 118.5(6)

F(4) C(37) C(38) 119.9(6) C(36) C(37) C(38) 121.7(7)

C(33) C(38) C(37) 121.6(6) C(33) C(38) C(39) 124.3(6)

C(37) C(38) C(39) 114.1(6) C(38) C(39) C(40) 123.0(7)

C(38) C(39) C(44) 120.7(7) C(40) C(39) C(44) 116.3(7)

F(5) C(40) C(39) 119.2(7) F(5) C(40) C(41) 118.0(7)
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Table 5. Bond Angles(0 ) (continued)

atom atom atom angle atom atom atom angle

C(39) C(40) C(41) 122.8(7) F(6) C(41) (40) 120.5(8)

F(6) C(41) C(42) 119.7(7) C(40) C(41) C(42) 119.8(8)

F(7) C(42) C(41) 120.0(8) F(7) C(42) C(43) 121.0(8)

C(41) C(42) C(43) 119.0(7) F(8) C(43) C(42) 119.5(8)

F(8) C(43) C(44) 119.5(7) C(42) C(43) C(44) 121.0(8)

F(9) C(44) C(39) 120.3(7) F(9) C(44) C(43) 118.6(7)

C(39) C(44) C(43) 121.1(7) C(46) C'(45) C(50) 114.0(7)

C(46) C(45) B 122.7(7) C(50) (45) B 123.3(6)

F(10) C(46) C(45) 123.6(7) F(10) C(46) C(47) 112.2(8)

C(45) C(46) C(47) 124.2(8) F(11) (47) C(46) 120.7(9)

F(11) C'(47) C(48) 119.4(8) (46) C(47) C(48) 119.9(8)

F(12) C(48) C(47) 120.6(9) F(12) C(48) C(49) 120.8(9)

C(47) C(48) C(49) 118.5(8) F(13) C(49) C(48) 119.1(8)

F(13) C(49) C(50) 119.1(8) C(48) (49) C(50) 121.8(8)

C(45) C(50) C(49) 121.5(7) C(45) C(50) C'(51) 124.3(6)

C(49) C(50) C(51) 114.2(7) C(50) C'(51) C(52) 122.9(7)

C(50) C(51) C(56) P20.4(7) C(52) C(51) C(56) 116.7(8)

F(14) C(52) C(51) 120.8(7) F(14) C(52) (53) 117.1(8)

C(51) C(52) C(53) 122.1(8) F(15) C(53) (52) 120.7(8)

F(15) C(53) C(54) 120.7(8) C(52) C(53) (54) 118.6(8)

F(16) C(54) C(53) 119.4(9) F(16) C(54) C(55) 119.5(8)

C(53) C(54) C(55) 121.0(8) F(17) C(55) C(54) 120.1(8)

F(17) C(55) C(56) 120.7(9) C(54) (55) c(56) 119.0(8)

F(18) C(56) C(51) 119.8(8) F(18) C(56) C(55) 117.6(8)
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Table 5. Bond Angles(') (continued)

atom atom atom angle atom atom atom angle

C(51) C(56) C(55) 122.6(8) C(58) C(57) C(62) 113.5(6)

C(58) C(57) B 124.5(6) (62) C(57) B 122.0(6)

F(19) C(58) C(57) 121.3(7) F(19) C(58) (59) 113.2(6)

C(57) C(58) C(59) 125.5(7) F(20) C(59) C(58) 120.9(6)

F(20) C(59) C(60) 120.1(7) C(58) C(59) C(60) 118.9(6)

F(21) C(60) C(59) 120.3(6) F(21) C(60) C(61) 121.8(7)

C(59) C(60) C(61) 117.9(7) F(22) C(61) C(60) 116.7(7)

F(22) C(61) C(62) 120.1(6) C(60) C(61) C(62) 123.2(7)

C(57) C(62) C(61) 121.0(6) C(57) C(62) C(63) 125.7(6)

C(61) C(62) C(63) 113.3(6) C(62) C(63) C(64) 122.9(6)

C(62) C(63) C(68) 121.0(6) C(64) C(63) C(68) 115.9(7)

F(23) C(64) C(63) 118.7(7) F(23) C(64) (65) 118.0(7)

C(63) C(64) C(65) 123.2(7) F(24) C(65) C(64) 121.0(8)

F(24) c(65) C(66) 120.1(7) C(64) C(65) C(66) 118.9(8)

F(25) C'(66) (65) 120.3(7) F(25) C(66) C(67) 118.9(8)

C(65) C(66) C(67) 120.8(7) F(26) C(67) C(66) 120.2(7)

F(26) C(67) (.'(68) 120.6(7) C(66) C(67) C(68) 119.2(7)

F(27) C(68) C(63) 119.4(6) F(27) C(68) (67) 118.5(7)

C(63) C(68) C(67) 122.1(7) C(32) B C(33) 110.7(5)

C(32) B C(45) 108.8(6) C(32) B C(57) 108.6(5)

C(33) B C(45) 111.4(6) C(33) B C(57) 106.0(5)

C(45) B C(57) 111.4(5)
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Table 6. Bond Angles(o)

atom

Zr(1)

Zr(1)

Zr(2)

H(1)

H(2)

Zr(1)

H(4)

H(5)

C(4)

Zr(1)

C(7)

C(3)

C(3)

C(3)

H(10)

C(4)

C(4)
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C(10) (15) H(20) 109.4 C(10) C(15) H(21) 109.4
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angle

93(3)
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Table 6. Bond Angles(0 ) (continued)

atom atom atom angle atom atom atom angle

H(19) C(15) H(20) 109.6 H(19) C(15) H(21) 109.5

H(20) C(15) H(21) 109.5 C(11) (16) H(22) 109.5

C(11) C(16) H(23) 109.5 C((11) C(16) H(24) 109.5

H(22) C(16) H(23) 109.5 H(22) (16) H(24) 109.5

H(23) C(16) H(24) 109.5 Zr(2) C(17) H(25) 109(4)

Zr(2) C(17) H(26) 117(4) Zr(2) C(17) H(27) 113(3)

H(25) C(17) H(26) 93(5) H(25) C(17) H(27) 109(5)

H(26) C(17) H(27) 111(6) Zr(2) C(20) H(30) 117.2

C(19) C(20) H(30) 126.3 C(21) (20) H(30) 126.3

Zr(2) C(21) H(29) 115.4 (20) C(21) H(29) 125.3

C(22) C(21) H(29) 125.2 Zr(2) C(22) H(28) 115.4

C(18) C(22) H(28) 125.7 C(21) C(22) H(28) 125.6

C(18) C(23) H(31) 109.4 C'(18) C(23) H(32) 109.4

C(18) C(23) H(33) 109.5 H(31) C(23) H(32) 109.4

H(31) (23) H(33) 109.5 H(32) C(23) H(33) 109.5

C(19) C(24) H(34) 109.5 ('(19) C(24) H(35) 109.5

C(19) C(24) H(36) 109.4 H(34) C(24) H(35) 109.5

H(34) C(24) H(36) 109.5 H(35) C(24) H(36) 109.4

Zr(2) C(27) H(37) 115.6 C(26) (27) H(37) 124.4

C(28) C(27) H(37) 124.4 Zr(2) (28) H(38) 115.9

C(27) C(28) H(38) 127.2 C(29) (28) H(38) 127.1

Zr(2) (29) H(39) 118.5 C(25) C(29) H(39) 125.3

C(28) C(29) H(39) 125.3 C(25) C(30) H(40) 109.5

C(25) C(30) H(41) 109.5 C(25) c(30) H(42) 109.5
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Table 6. Bond Angles(0 ) (continued)

atom atom atom angle atom atom atom angle

H(40) C(30) H(41) 109.5 H(40) C(30) H(42) 109.5

H(41) C(30) H(42) 109.5 C(26) C(31) H(43) 109.4

C(26) C(31) H(44) 109.5 (26) C(31) H(45) 109.5

H(43) C(31) H(44) 109.5 H(43) (31) H(45) 109.5

H(44) C(31) H(45) 109.5 B (32) H(46) 109.3

B C(32) H(47) 109.3 B C(32) H(48) 109.3

H(46) (32) H(47) 109.7 H(46) C(32) H(48) 109.7

H(47) C(32) H(48) 109.6
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X-ray Structure Report for{[Me2(Flu)(Cp)Zr(CF,)]2(j-F) }MeB(C6F5)3- (13)

Sterically Encumbered (Perfluoroaryl) Borane and Aluminate Cocatalysts.
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Experimental

Data Collection

A red, translucent, platy crystal of C 8 7 H 5 5 F 2 6Zr 2 B having approximate dimensions of 0.33 x 0.33 x

0.08 mm was mounted using Paratone-N (Exxon) on a glass fiber. All measurements were made on an

Enraf-Nonius CAD4 diffractometer with graphite monochromated Mo-Ka radiation.

Cell constants and an orientation matrix for data collection , obtained from a least-squares refinement

using the setting angles of 25 carefully centered reflections in the range 16.0 < 20 < 17.90 corresponded to

a primitive triclinic cell with dimensions:

a = 13.460(4) A a = 95.01(1)o

b = 15.504(3) A ) = 91.74(2)o

c = 17.568(4) A = 95.65(2)

V = 3631(1) A3

For Z = 2 and F.W. = 1787.60, the calculated density is 1.63 g/cm3 . Based on a statistical analysis of

intensity distribution, and the successful solution and refinement of the structure, the space group was

determined to be:

PT (#2)

The data were collected at a temperature of -120 + 10C using the w-0 scan technique to a maximum

20 value of 45.90. Omega scans of several intense reflections, made prior to data collection, had an average

width at half-height of 0.380 with a take-off angle of 2.80. Scans of (1.00 + 0.35 tan 0)o were made at a

variable speed of 2.0-16.0 '/min (in omega). Moving-crystal moving counter background measurements were

made by scanning an additional 25% above and below the scan range. The counter aperture consisted of

a variable horizontal slit with a width ranging from 2.0 to 2.5 mm and a vertical slit set to 2.0 mm. The

diameter of the incident beam collimator was 0.7 mm and the crystal to detector distance was 21 cm. For

intense reflections an attenuator was automatically inserted in front of the detector.

Data Reduction

Of the 10591 reflections which were collected, 10082 were unique (Rin, = 0.051). The intensities of three

representative reflection were measured after every 90 minutes of X-ray exposure time. No decay correction

was applied.

The linear absorption coefficient, p, for Mo-Ka radiation is 4.0 cm-1. An analytical absorption correc-

tion was applied which resulted in transmission factors ranging from 0.88 to 0-97. The data were corrected

for Lorentz and polarization effects.

Structure Solution and Refinement

The structure was solved by heavy-atom Patterson methods' and expanded using Fourier techniques2.
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