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Abstract 

Stacked, conducting isocyanide complexes of rhodium(!) were 

synthesized and characterized by x-ray diffraction and electrical 

measurements. Good crystals of orthorhombic [Rh(CNCHCH2)4Jc104, with 

a
0 

= 8.81 A, b
0 

= 22.85 ~' c
0 

= 12.70 A, were obtained and a structural 

refinement was carried out in space group Immm. The rhodium chain 

is nearly uniform (Rh-Rh = 2.94 ~) and ligands and anions show 

considerable disorder. The room temperature conductivity is 

-1 -1 -2 Q cm and conductivity is activated. The moderately high 

conductivity of [Rh(CNCHCH2)4JC104 is due to the presence of a low

lying conduction band rather than a non-integral rhodium oxidation 

state. 

The disorder, tetragonal phase of (TTF)Clx' a
0 

= 11.19 ~' c
0 

= 

3.60 A~ was studied for compositions x = 0.67, x ~ 0.70. A room 

temperature structural refinement in space group P42/mnm revealed 

eclipsed stacking of TTF cations and extremely high disorder of 

chlorides in channels. Low temperature studies revealed ordering 

of chloride ions for both compositions. (TTF)Cl 0 _67 undergoes an 

incomplete structural transition to a monoclinic symmetry phase at 

-250° K. Ordering of chloride ions occurs at the same temperature. 

Fast cooling (>1° K/hr) results in peak broadening which is apparently 

due to the very small size of diffracting domains within the crystal. 

Both small domain size and the inequivalent environments of TTF 
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cations following chloride ordering may contribute to the drop in 

conductivity observed at the phase transition. 

a = 
0 

Structural refinements of both the subcell (space group Cmca, 
Q 0 0 

18.47 A, b
0 

= 4.95 A, c
0 

= 18.30 A} and full cell (space group 

Pmc21, a
0 

= 18.47 ~, b
0 

= 9.90 ~, c
0 

= 18.30 ~) of a low disorder 

cyrstal of TTT2I3 were carried out. The iodine chain is highly 

disordered and all sites have less than full occupancy. The presence 

of I3- and I2 species in the chain is likely. The resulting 

aperiodic potential due to the iodide chain may be expected to 

be retained at low temperature and inhibit a metal-to-insulator 

transition. 

Electrochemical crystal-growth experiments involving TTF, 

TMTSF, and HMTSF gave successful results with the first two donors. 

Crystals of (TMTSF)Br0_8 and (TMTSF)(SCN) 0. 5 are isostructural, 

although the latter exhibits satellite reflections (period = 4.6 x c
0

) 

in diffraction patterns. Both structures were refined in space 

group Cmcm, and the satellite data of (TMTSF)(SCN) 0_5 was modeled in 

space group Cmc21. Unit cell parameters are a
0 

= 9.798 ~, b
0 

= 23.837 A, 
c

0 
= 7.095 ~,for the bromide and a

0 
= 9.919 ~' b

0 
= 24.124 ~, c

0 
= 

7.220 ~, for the thiocyanate. The planes of these cations are 

perpendicular to the z-axis and consecutive cations slip back and 

forth by -1.3 ~to reduce methyl group steric repulsion. 
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All of the systems studied are single carrier conductors with 

conduction along the cation stack and high disorder of anions. The 

nature of the disorder and its relationsihp to phase transitions~ 

as well as interchain coupling and stacking in the cation chain, 

were evaluated in these compounds. Comparison of (TTF)Cl 0_67 and 

(TTT) 2I3 were especially useful, as both exhibit comparably very short 

range order of halide ions at room temperatu~e, but different 

cation stacking arrangements (eclipsed and slipped, respectively) and 

hence different interchain coupling and electronic bandwidth. 

Structural studies at room temperature and low temperature provided 

an opportunity to understand the important differences in the 

electrical properties of these two materials. 
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CHAPTER 1 

Introduction 

During the past few years there has been considerable interest 

in highly anisotropic conductors (1-2). From a theoretical viewpoint, 

one-di mens iona l meta ls are much simpler than two- or three-di mens i ona 1 , 

metal~ and they are predicted to have interesting properties such as a 

Peierl'sdistortion -- an instability with respect to a metal-to

insulator transition (3-4). Also, a great deal of controversy has 

originated from theories predicting high temperature superconductivity 

in highly anisotropic conductors (5-7). 

Quasi-one-dimensional conductors, which have high conductivity 

along one crystal axis and much lower conductivity along the other 

two axes (8), may approach the behavior of a true one-dimensional 

metal in some respects, but consideration of the three-dimensional 

structure and electronic properties of these real materials is necessary 

for more complete understanding of their properties. 

There are two major classes of quasi-one-dimensional conductors. 

Organic charge-transfer (Figure 1) salts may have two kinds of 

conducting chains, as in tetrathiafulvalene-tetracyanoquinodimethane 

(TTF-TCNQ) (9), or only one conducting chain, as in the partially 

oxidized halide salts of TTF (10-13). These materials generally 

exhibit metallic conductivity down to a temperature, TMI -50-200° K, 
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Figure 1. Donors, and the acceptor, TCNQ, in organic conductors. 
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where a metal-to-insulator transition takes place. The nature of 

this transition is affected by the presence of disorder, the degree 

of interchain coupling, and the nature of the molecular stacking 

along the chain (i.e., eclipsed vs. slipped stacking). 

The second major class of quasi-one-dimensional conductors, 

stacked square planar d8 transition metal complexes, include various 

iridium carbonyl halides and partially oxidiz~d platinum cyanide 

and oxalate salts (14-18). Disorder and interchain coupling are 

very important in understanding these compounds; stacking may be 

quite complicated in these materials. The electronic description 

of the stacked d8 complexes is somewhat simpler, since metal-metal 

bonds are the only strong interactions between adjacent monomer 

units {19-21). 

The materials which will be described here include members of 

both classes. Rhodium(!) isocyanide complexes are electronically 

similar to the other d8 metal complexes mentioned above. Since a 

variety of isocyanide ligands may be employed, systematic alteration 

of the electrical properties within the series of complexes may be 

achieved. Conducting salts of organic donors with simple anions 

were also studied. The donors include TTF, tetramethyltetraseleno

fulvalene (TMTSF), and tetrathiatetracene {TTT} (see Figure 1). 

Disorder, especially that associated with the anions, is an important 

structural feature of all of the compounds. The results of detailed 

structure determinations of tetrakis(vinylisocyanide)rhodium(I) 
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perchlorate, TTF Cl _67 , TTT2I
3

, TMTSF(Br) .a' and TMTSF(SCN) .S are 

reported. Less detailed crystallographic studies of other materials 

are described. 

This work has three specific goals. First, the synthesis and 

crystallization of new quasi-one-dimensional conductors is important, since 

the few materials which have received intense study are not sufficient 

for a good understanding of nearly one-dimensjonal conductivity. 

The newer materials have often had more exciting properties, such 

as retention of high conductivity at very low temperature (22,23). 

Second, structural investigations, chemical analysis, and 

physical measurements carried out concurrently on crystals of the 

same origin allow extremely useful correlation of subtle structural 

features with physical properties. 

Finally, these materials are of significant crystallographic 

and chemical interest because of their unique structural characteristics. 

TTT
2
r
3 

and TTF Cl _
67 

have disordered halide lattices with periods 

two and three times the stacking axis length of the organic sublattice. 

Tetrakis(vinylisocyanide)rhodium(I) perchlorate has a rhodium atom 

sublattice with arh = a013 ; the ligands and perchlorate anion have 

extremely high disorder. TMTSF(Br) and TMTSF(SCN) are nearly 
-.8 ~.5 

isostructural. In the latter, however, the thiocyanate positions 

are modulated with a period c~ ~ 4.5 c
0

. Important parts of the 

structural work on TTF Cl _67 and tetrakis(vinylisocyanide)rhodium(I) 

perchlorate are the low temperature investigations. A structural 
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phase transition of TTF Cl .67 at -250° K was studied in detail, and 

the synmetry of the low temperature phase was determined. A partial 

structure refinement was carried out on diffraction data of tetrakis 

(vinylisocyanide)rhodium(I) perchlorate at 22° K. 

The structural and electrical characterization of [Rh(CNCHCH2)4]C104 
provides an example of a second way of obtaining high conductivity in 

ct8 metal complexes, and provides evidence fo~ the importance of 

interchain coupling in quasi-one-dimensional materials. The importance 

of disorder in allowing retention of conductivity in single-carrier 

quasi-one-dimensional materials was revealed in (TTT) 2I3 and (TTF)Clx, 

which exhibit comparable halide chain disorder at room temperature. 

Ordering of chloride was in (TTF)Clx occurs with a simultaneous drop 

in conductivity at ~250° K. In contrast, disorder and moderate 

conductivity are retained at low temperature in (TTT) 2I3. It 

appears that the Peierls' transition is incomplete because of the 

aperiodic potential due to the iodine chain, which produces states 

within the energy gap. The metal-to-insulator transition is complete 

in (TTF)Clx, although the effect of chloride ordering on the transition 

is not thoroughly understood. Since the superperiod of the chloride 

lattice has reciprocal lattice period -le* = 2kF' a favorable inter

action between chloride ordering and commensurate charge density 

formation is expected. 

The effect of disorder on conductivity of single-carrier systems 

was further explored in (TMTSF)(SCN)0. 5 and (TMTSF)Br0_8. Moderate 
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disorder associated with the anion lattice is seen in both cases, 

and an incommensurate superperiod which may result from a 2kF 

distortion is seen in the thiocyanate. 

Structure factor lists are collected in Appendix 1. Electrical 

properties are described briefly in the text, and plots of the 

temperature dependence of electrical conductivity and thermoelectric 

power are collected in Appendix 2. A few re1~arks concerning structure 

and refinement for these crystals are given in Appendix 3. 
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CHAPTER 2 

Conducting Rhodium(!) Isocyanide Complexes 

The unusual properties of quasi-one-dimensional conductors have 

stimulated much interest in the synthesis of new examples of these 

compounds. VJ hi 1 e a great variety of organic conductors have been 

prepared, fewer examples of conducting stacked square planar d8 

metal complexes are known. All of the highly conducting members 

of the latter group are either iridium carbonyl halides or partially 

oxidized platinum cyanide and oxalate salts (1-6). The rhodium 

isocyanide complexes (7-9) reported here are electronically similar 

to the iridium and platinum compounds. 

The intense colors of crystalline rhodium isocyanide complexes 

indicate that there are significant interactions between monomeric 

units in the solid state. In addition, the electronic spectra of 

solutions of these complexes have intense bands in the visible 

region which show a non-Beers law dependence on concentration (8,10). 

These bands indicate the presence of oligomers of the tetrakis(iso

cyanide)rhodium(I) cations. The presence of a mixture of oxidation 

states is not necessary for oligomerization in solution. 

An investigation of several rhodium isocyanide complexes was 

undertaken in order to determine if highly conducting solids could 

be prepared. High conductivity could result in these compounds in 
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two ways. The essential feature of these d8 compounds is that 

square-planar complex ions stack along an axis perpendicular to the 

coordination plane to form linear chains of metal atoms (Figure 1). 

Electrons are delocalized along this chain in a band formed by 

overlapping dz2 metal orbitals, as shown in Figure 2. Since this 

is a filled band, partial oxidation is required to generate the 

free carriers needed for metallic conductivity. A simple molecular 

orbital approach predicts that there will be a low-lying unoccupied 

band derived from metal Pz and ligand n* orbitals. If the gap 

between this band and the filled dz2 band is sufficiently small, 

thermally activated conduction will result without partial 

oxidation (11). The shorter the metal-metal bond, the greater 

the interaction between monomeric units which give rise to both 

the dz2 and Pz-TI* bands will be. The gap will consequently be 

smaller (Figure 2). Crystalline disorder may also be expected to 

increase conductivity in this type of material, due to band broadening 

or creation of states within the gap. In order to understand the 

electrical behavior of conducting d8 complexes, it is necessary to 

evaluate such parameters as the metal-metal bond length, the degree 

and nature of crystalline disorder, and the oxidation state of the 

metal. 
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ti 

Figure 1. Stacking in square planar d8 complexes. 
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Experimental 

Synthesis 

Bis(l,5-cyclooctadiene)-µ-dichlororhodium, [Rh(l,5-C
8
H

12
)Cl]

2
, 

was prepared by the method of Chatt and Venanzi (12), except that 

recrystallization from acetic acid was. omitted. 

Bis(l,5-cyclooctadiene)-bis(acetonitrile)rhodium perchlorate 

and tetrafluoroborate, [Rh(l,5-C
8
H12 )(CH

3
CN) 2J+Cl0

4
- and [Rh(l,5-

c8H12)(CH3CN)2]+BF4-, were prepared by reacting [Rh(l,5-C
8
H

12
)Cl] 

with AgCl04 and AgBF4 respectively, in 1:2 molar ratio in acetonitrile. 

AgCl was removed by filtration. Addition of diethyl ether yielded 

the yellow crystalline products. Both [Rh(l,5-C
8
H

12
)(CH

3
CN)

2
J+c10

4
-

and [Rh(l,5-C
8
H

12
)(CH

3
CN)

2
J+BF

4 
were extremely soluble in aceto

nitrile and other highly polar solvents, and quite insoluble in 

diethyl ether and hydrocarbons. If not stored in sealed vials, 

discoloration of the solids occurred, presumably due to loss of 

acetonitrile. (Caution: All organometallic perchlorates are 

potentially explosive.) 

All isocyanides were prepared by standard methods described in 

the literature (13-17). Vinylisocyanide was synthesized and used 

as 30 to 60 mole percent solution in ethanol, rather than in pure 

form, and was identified by NMR. (Caution: Some isocyanides are 

explosive. An intermediate in the preparation of vinylisocyanide 

is reported to be explosive.) 
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Rhodium(I) isocyanide complexes were obtained by reacting each 

isocyanide with [Rh(l,S-C
8
H
12

)Cl]
2

, [Rh(l,5-C8H 12 )(CH 3CN) 2J+Cl04~ 
or [Rh(l,5-C

8
H

12
)(CH

3
CN)

2
J+BF

4
- . Since the chloride salts were 

invariably the most soluble, anion exchange reactions in acetonitrile 

were also useful in the preparation of the other salts. Growth of 

crystals was inhibited by the presence of water or cyclooctadiene, 

among other impurities. Multiple recrystallization of the comolexes . ' 

from acetonitrile solutions containing excess isocyanide was necessary 

if good single crystals were desired. Acetonitrile was degassed on 

the vacuum line and distilled from molecular sieves; diethyl ether 

was distilled from sodium benzophenone ketal. Single crystals 

of several complexes could be obtained by layering diethyl ether onto 

an acetonitrile solution of the purified complex; or by slow cooling 

an acetonitrile-diethyl ether solution of the complex. All syntheses 

were carried out on the vacuum line. Analytical data are reported 

in Table 1. 

Rh(CNCH313
.38BF

4
: 0.33 g [Rh{l,5-C

8
H

12
){CH

3
CN)

2
J+BF

4
- was 

dissolved in about 5 ml acetonitrile in a flask with attached Schlenk 

fritted filters. About 0.5 ml methyl isocyanide was distilled into 

the reaction flask. The solution became brown, and addition of 

10 ml diethyl ether precipitated the complex. The solid was collected 

on the frit and then recrystallized twice by addition of l) 5 ml 

acetonitrile and 0.5 ml methylisocyanide followed by 2) 10 ml diethyl 
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Table l. Analytical Data for Rhodium Isocyanide Complexes 

%C %N %H %Cl %Rh %0 

Rh(CNC
6
H 

5
) 
4

Cl 0 
4 

calc 54.70 9 .11 3.27 5.77 16.74 10 .41 

614.85 found 54.52 9 .01 3.54 5.6 15. 7 (ll.63) 

C, H, N average of six anal~ses 

Rh(CNC H )
3 67

(C10 )
1 

calc 50.28 8.38 3.01 7.68 16.77 13.87 
6 5 . 4 .33 %(Rh+0)=30.64 

613.65 found 50.76 7 j7 3.85 7. 14 {1=30.58 

C, H, N, Cl average of two anal~ses 

Rh ( CN C 6H S) 4 Cl calc 61 .05 10.17 3.66 6.44 18.68 

550.86 found 60.83 10 .61 4.11 6 .17 (18.28) 

Cl average of two anal~ses 

Rh ( CNC
6
H

5
) BF 

4 
calc 55.85 9 .30 3.35 %F=l2.62;%R=l7.09;%B=l ,j 

602.20 found 56.69 9.58 3.80 

C, H, N average of two anal~ses 

Rh(CNCHCH
2
) 
4
cl calc 41 .11 15 .98 3.45 10 .11 29.35 

350.4 found 41 .06 16.04 3.74 10 .14 29 .12 

C, H, N average of two anal~ses 

Rh ( CNCHCH2) 4c10 4 calc 34.76 13. 51 2.92 8.55 24.82 15.44 

414 .6 found 34.96 13. 70 3.08 8.80 24.60 (14.86) 

C, H, N average of four anal~ses 

Rh(CNCH
3
)
3

.
38

c104 calc 23.82 13.95 3.00 10 .39 30 .16 18. 75 

341 .24 found 24.41 13. 37 2.92 

Rh(CNCHCH
2
)
2

_
7
c1 calc 34.54 13.42 2 .90 12. 59 36.54 

281 .5 found 35 .16 12 .48 3.18 
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ether. Crystals suitable for x-ray photographic work were obtained 

by layering 15 ml diethyl ether onto a solution of the complex in 

20 ml acetonitrile and l .0 ml methylisocyanide. 

Rh(CNCHCH
2

)
4
C!: 2.0 g [Rh(l,5-C8H12)C1]2 was reacted with 

-3.0 g vinyl isocyanide in 8 ml diethyl ether. The black precipitate 

was collected on a fritted filter and washed several times with 

additional ether. Yield after drying was 2.7 g. The infrared C=t~ 

stretching frequency was 2170 cm-1 (KCl pellet). 

Rh(CNCHCH
2

)
2

_
7
Cl: 2.0 g ( .008 mole) [Rh(l ,5-C

8
H

12
)Cl]

2 
was 

reacted with l .26 g (.024 mole) vinylisocyanide in diethyl ether. 

The solid product was extracted with acetonitrile and dried. 

Rh(CNCHCH2)4c104: 0.77 g [Rh(l,5-C8H12)(CH 3CN)
2

]+Cl0
4

- was 

dissolved in 40 ml acetonitrile. About l g of vinylisocyanide was 

added. Solution was warmed to dissolve all of the complex, then 

cooled to -15° C and filtered. The red-brown microcrystalline 

residue was redissolved in 30 ml acetonitrile and -.5 g vinyl 

isocyanide. 40 ml diethyl ether was added and product was again 

collected on the frit. The red-brown mat of hair-like microcrystals 

was dried by pumping. Failure to recrystallize the initial product 

apparently results in incorporation of 1 ,5-cyclooctadiene, which, if 

present, seems to inhibit formation of good single crystals in later 

experiments. 
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Microcrystalline tetrakis{vinylisocyanide)rhodium(I) could 

also be obtained by Soxhlet extraction of 1.0 g of Rh(CNCHCH
2

)
4

·c1 

with 100 ml dry, degassed acetoni tril e con ta i ni ng l 0 .0 g tetraethyl

ammoni um perchlorate under a pressure of -100 torr dry, oxygen-free 

nitrogen. After completion of the extraction, the flask was allowed 

to cool slowly and was left undisturbed for about a day. The yield 

after filtration was 0.5 g. (Caution: The dry complex will detonate 

on heating to about 270° C.) 

Rh(CNCHCH2)4BF4 could be prepared in an analogous manner, but 

was very hygroscopic. 

Rh(CNC6H5)4c1: 4.0 g [Rh(l ,5-C8H
12

)Cl]
2 

was dissolved in a 1:1 

mixture of acetonitrile and diethyl ether. 12 ml (-9.6 g) phenyl 

isocyanide was added to the reaction flask. Solid Rh(CNC
6
H5)4Cl 

-
was collected in two fractions totalling 8.25 g. The first 

fraction consisted of brown microcrystals. 

Rh(CNC6H5)4BF
4

: 3.0 g [Rh(l ,5-C
8

H
12

)ClJ
2 

and 1.5 g NaBF4 were 

dissolved in 40 ml acetonitrile. After filtration to remove NaCl, 

8.0 g phenylisocyanide was added. Addition of ether gave 6.15 g 

coppery-brown microcrystals. The infrared C=:N stretching frequency 

of a sample in dichlorornethane was 2160 cm-1. 
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Rh(CMC
6
H
5
)
4

Cl0
4

: 0.5 g [Rh{l,5-C8H12)(cH3CN) 2]+Cl04- was dissolved 

in 13 ml acetonitrile. About 1 ml phenylisocyanide was distilled 

into the reaction flask, giving a blue solution. About 20 ml diethyl 

ether was added to precipitate product, which was collected on a 

fritted filter and washed with an additional 10 ml of ether. Layering 

of the additional ether over the filtrate in the receiving flask 

resulted in crystals up to 0.05 x 0.05 x 0.5 ml. 

Rh(CNC6H5)3_67(Cl04)1.33: 0.5 g Rh(CNC
6
H
5

)
4
Cl, somewhat oxidized 

by several months exposure to air, was extracted with about 10 ml 

acetonitrile. 0.11 g NaCl04 was added and after stirring, the 

solution was filtered to remove the fine precipitate of NaCl. 

Addition of diethyl ether gave the complex as fine hair-like crystals. 

Rh(CNC6H5)3.67(fl_04)1.33 crystals: 0.05 g Rh{CNC
6
H

5
)
3

.67(Cl0
4

)
1

•33 
was placed in a solvent diffusion cell (Figure 3). About 3 ml 

acetonitrile were distilled onto the complex and about 5 ml diethyl 

ether were distilled into the other leg of the cell. After sealing 

and allowing the solvent to reach room temperature, the diethyl 

ether was slowly distilled onto the acetonitrile solution of the 

complex. Crystals -1 mm long appeared after about 5 days. 

Rh(CNCHCH 2)4c104 single crystals: 0.40 g Rh(CNCHCH 2)4c104 was 

placed in a solvent diffusion cell and degassed. 4 ml acetonitrile 
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Figure 3. Solvent diffusion crystallization apparatus. 
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and 15 ml diethyl ether were distilled onto the complex and into the 

second leg of the cell, respectively. After warming to room temperature, 

the ether was distilled onto the acetonitrile solution. Coppery 

crystals, -10 mm x 0.08 mm x 0.04 mm, were harvested after four days. 

Electrical measurements 

The electrical conductivity was measured on each complex with 

the use of two probes applied to a pressed powder of thickness 0.25-

0.6 mm. Single crystals of tetrakis(vinylisocyanide)rhodium(I) 

perchlorate were large enough for four probe conductivity measurements 

with silver paint contacts. Both kinds of conductivity data obtained 

at room temperature are given in Table 2. The temperature dependence 

of the conductivity of tetrakis(vinylisocyanide)rhodium{I) perchlorate 

is given in Appendix 2. 

X-ray and density measurements 

The sharp extinction of transmitted polarized light was used as 

the criterion for selecting crystals for x-ray diffraction work. 

Most crystals were fibrous and twinned; however, this resulted in 

misalignment of the diffracting domains (within the crystal) only 

in the directions perpendicular to the stacking axis. Axis lengths 

and strong repeats along the stacking (needle) axis could be 

identified, although the other unit cell parameters could not be 

determined for most crystals. Tetrakis(vinylisocyanide)rhodium(I) 

perchlorate formed good single crystals and oscillation and Weissenberg 
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Table 2. Room Temperature Conductivities of Stacked Rhodium 

lsocyanide Complexes 

Complex Source Conductivity n- l cm -1 

Rh(CNCHCH
2

)
4
c10

4 
single crystal 2 -3 

powder 5.6 x 10 

Rh(CNCHCH2)4Cl powder 2.9 x io-4 

Rh(CNCHCH 2)2.7cl powder 2 x 10-4 

Rh( CNC
6
H

5
) 
4 

Cl powder 6 x lo-7 

Rh(CNC
6
H

5
) 
4

BF 
4 

powder 2 x 10-5 

Rh(CNC6H5)3.67(Cl04}1.33 powder 1 . 1 x l o-4 

Rh(CNCH
3
) 
4

_xBF 
4 

powder 2.2 x 10 -2 
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photographs were used to determine its space group and unit cell 

dimensions. Table 3 gives stacking axis lengths and strong repeats 

for the complexes studied. The axis length of tetrakis(phenyl 

isocyanide)rhodium(I) chloride was determined from a tentative 

indexing of a Guinier-Hagg powder photogr~ph. 

More accurate unit cell parameters (Table 3) were determined for 

tetrakis(vinylisocyanide)rhodium(l) perchlorqte by least-squares 

refinement based on 28, ¢, and X of 12 accurately centered reflections, 

measured on the quarter circle General Electric diffractometer. 

The crystal used measured 0.05 x 0.1 x 0.5 mm. The intensities of 

1199 unique reflections were measured using 28-6 at rates of 1°/min 

or 2°/min. Intensities were corrected for Lorentz, polarization, 

background, absorption and decay; atomic scattering factors of 

rhodium and chloride were corrected for anomalous dispersion {real 

part) (18). Initial atom positions were assigned on the basis of 

Patterson maps. Oxygen atoms and vinyl carbon atoms (as well as 

hydrogen atoms) could not be seen on Pattersons and were added at 

calculated 2- or 4-fold disordered positions. After refinement 

reached R ~ 0.09, the vinyl carbon atoms were removed from the model 

and their positions were reassigned on the basis of difference Fourier 

maps. Refinement in space group Immm proceeded to R = 0.084, wR = 

0.02567 for 1199 reflections; R = 0.058, wR = 0.02462 for 676 

reflections with F2 > 3a. The real goodness-of-fit reached 4.37 

for 1199 reflections. Difference maps were essentially flat after 
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Table 3. Unit Cell Parameters of Rhodium Isocyanide Complexes 

a) Stacking Repeats 
0 0 

Complex a (A) n a /n (A) Source 
0 0 

[Rh(CNCHCH
2

)
4

]Cl0
4 

8.78 3 2.93 oscil 1 at ion 

[Rh(CNCH3)3. 38]BF4 
5.87 2 2.93 oscillation 

[Rh(CNC6H5) 
4

JBF 4 3.03 oscillation 

[Rh(CNC6H5)4JC1 23.54 8 2 .94 powder 

[Rh(CNC6H5)3.67](Cl04)1 .33 23. 79 8 2.98 os c i 11 at i on 

[Rh(CNC6H5)4] Cl04 3.20 oscillation 

b) Unit Cell Parameters of [Rh(CNCHCH
2

)
4

JC10
4 

a <~> b (A) c C~l 
Room Tempera tu re 8 .810 22 .851 12 .696 

22° K 8.671 22.114 12.391 

v (.ft3) 
2556 
2376 

Space Group, Immm _ 
Absorbtion Coefficient 99.6 cm-1 CuKa; 11.56 cm-1 MoKa 
Density, calc. 1.623 g/cm3 (6 Formula Units/cell) 
Major Crystal Faces [010], [011], [001] 

c) Indexing of [Rh(CNC
6
H5)4]Cl Powder Patterns 

8( obs) hK9, 

5 .63 003 
7.25 222 
8.625 400 

20 .64 .8. 11.33 006 a - I> = 
11 .685 520 0 - 0 

0 

13 .61 620 c = 23.54 A 
16.96 650 0 

17 .39 652 
18.67 654 
19 .10 0010 
31.36 0016 
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refinement, except for small residual peaks (-1e-/A3) at rhodium and 

chloride positions. 

The intensities of 1506 unique reflections were measured at 

21 .4 - 22.4° K using 28-w scans on the locally designed low temperature 

diffractometer (19). Graphite monochromatized Mol<a radiation was 

used. The crystal used measured 0.036 x 0.081 x 0.36 mm3 . The 

scan rate used was 1°(28)/minute, and backgrounds were measured at 

both ends of the scan range for a total of 1 minute. The same kind 

of corrections applied to room temperature data were applied ( 18). 

Because of the small size of the crystal, and the low intensity cf 

diffraction with MoKa, only 1032 reflections had observed intensities 

greater than zero after correction for background. Only 282 

reflections had F2 > 3cr. Moreover, the rapid drop-off in intensity 

with increasing 28 is nearly unchanged between 300° K and 22° K. 

The low temperature structure of [Rh( CNCHCH 2) 4JC1 o4 was partially 

refined by least-squares. Only the coordinates and temperature 

factors of the rhodium atoms and the atoms of one of the three 

independent vinylisocyanide ligands could be refined, due to the 

poor quality of the data. The coordinates of the atoms of the 

other two ligands were determined from Fourier maps. Spurious 

(noise) peaks on the Fourier map had a magnitude of up to ±3e-/A3, 

while the isocyanide carbon and nitrogen peaks had a magnitude about 

twice as great. Vinyl carbon peaks were of about the same intensity 

as the larger noise peaks, and were assigned on the basis of both 
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Fourier maps and geometrical considerations. The partly refined 

model gave R = 0.342 for 1032 reflections with F > 0, and R = 0.132 

for 282 reflections with F2 > 30. Weighted residuals, wR were 0.0729 

and 0.0613 for all 1506 reflections, and 282 reflections having 

r2 > 3a, respectively. The weighted goodness-of-fit was 2.58 for the 

full data set. 

Electronic Spectra 

Electronic absorption spectra of tetrakis(vinylisocyanide) 

rhodium(!) chloride and tetrafluoroborate in a variety of polar 

solvents were obtained from 10,000 to 50,000 cm-1. The observed 

bands and intensities are tabulated in Table 4. The absorption 

spectra of the chloride salt at different concentrations are shown 

in Figure 4. Photoaccoustic spectra of [Rh(CNCHCH
2

)
4
Jc10

4 
and the 

partially oxidized [Rh(CNC
6
H
5

)
3

_
67

J(Cl0
4

)
1

_
33 

were obtained using 

powder samples, and are shown in Figure 5 (9). 

Results 

Characterization and composition 

The complexes are black or coppery-brown, hygroscopic (especially 

with smaller ligands and anions), and difficult ·to crystallize. The 

chloride salts are soluble in water and polar organic solvents, 

while salts of larger anions are nearly insoluble in water. Complexes 
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Table 4. Solution Spectroscopic Data - [Rh(CNCHCH 2)4Jcl and 

[Rh(CHCHCH 2)4] BF4 

Monomer Spectra 

Absorbtion band 

intraligand absorbtion 

lA + lE lg u 

lA + lA lg 2u 
l 3 Alg + A2u 

+ 
in CH

3
CN 

233 (34,000) 

329 (19,000) 

409 (5 ,000) 

457 {700) 

5 x lo-5 and 3 x io-4 M 

+ 

£ 

not measured 

324 (17,000) 

395 (3,000) 

450 (550) 

n+ 
Positions of lowest intense band in the spectra of [Rhn(CNCHCH2)4nJ 

BF4 
-* Cl - $ 

n = 1 403 395 

n = 2 555 550 

n = 3 715 715 

n = 4 962 

*in H20 

9 x 10-4 M 
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decrease in solubility with decrease in size of ligand, reflecting 

stronger crystal-binding forces. 

The analytical data in Table l indicate that deviations from 

the expected stoichiometry of tetrakis(isocyanide)rhodium(I) salts 

may occur. Rh(CNC6H5)3.67 (Cl04)1 _33 clearly demonstrates both 

non-integral ligand-to-rhodium and anion-to-rhodium ratios, although 

the C, H, N analyses of 11 Rh(CNCH
3

)
3

_38BF
4

11 an~ 11 Rh{CNCMCH
2

)
2

_
7
Ci 11 

suggest similar non-integral stoichiometry. Careful preparation of 

tetrakis(phenylisocyanide)rhodium(I) perchlorate in the absence of 

oxygen results in a material without partial oxidation. Tetrakis(phenyl

isocyanide)rhodium(I) chloride, tetrakis(vinylisocyanide}rhodium(I) 

chloride and perchlorate all appear to have little or no partial 

oxidation. Deliberate attempts to produce high degrees of partial 

oxidation by addition of Rh(III} complexes to the rhodium(!) vinyl-

isocyanide complexes have not been successful. 

The stoichiometry of Rh{CNC6H5}3_67 (Cl04) 1.33 may reflect its 

structural details. Extra perchlorate anions may occupy ligand 

positions within the structure. Partia.1 oxidation may account for 

the increase in conductivity of this complex with respect to 

tetrakis(phenylisocyanide)rhodium{I) chloride (Table 2). 

Optical properties and crystal structures 

Well formed needle-shaped crystals of [Rh(CNCHCH
2

)
4

Jc10
4

, 

[Rh(CNC
6
H

5
)
3

_
67

(Cl0
4

)
1

_
33

, [Rh(CNC
6
H5)

4
JC10

4
, [Rh(CNC

6
H
5

)
4

]BF
4

, 

and [Rh(CNCH
3
)
3

_
38

JBF
4 

exhibit strong optical dichroism in plane 
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polarized light. Maximum extinction occurs when the electric vector 

is parallel to the needle axis, which in all cases coincides with a 

unique crystallographic direction (a0 ). All crystals transmit when 

the electric vector is perpendicular to a0 , if the crystal is not 

extremely thick. Crystals of [Rh(CNCHCH 2) 4Jc104 transmit red light 

in the b0 direction. 

The rotation photographs of each of the ~rystals (rotation axis = 

a
0

) showed the same typical set of intense layer lines corresponding 
Co 

to a d spacing of about 2.95 A, except that the extremely fibrous 

crystal of [Rh(CNC
6
H

5
)
4

Jc10
4 

showed a significantly larger 11 strong 

repeat 11 of 3.20 A. In contrast, the partially oxidized [Rh(CNC
6
H

5
)

3
_
67

J 

(Cl0
4

)
1

_
33 

showed a well defined pattern of seven pairs of weak layer 

lines and one pair of strong layer lines corresponding to d = a0 /8 = 

2 .98 fl. 

Gunier powder photographs of [Rh(CNC
6

H
5

)
4

]Cl showed a simple 

pattern of 11 lines which could be indexed to a tetragonal cell 

having c0 /8 = d(Rh-Rh) as in [Rh(CNC6H5)3_67 J(Cl04)1 _33 . All of 

the lines could be indexed to a tetragonal cell with a
0 

= 20.64; 

c
0 

= 23.54 A (Table 3c). Since the cell is large, the indexing is 

questionable, but the four strong OOi reflections (especially, very 

strong, broad 0016 at 28 = 62.72) lend strong support to a Rh-Rh 

repeat of 2 .94 ~. 

The Rh-Rh bond lengths in these crystals are considerably shorter 

than in dimeric rhodium isocyanide complexes (3.19 ~); longer than 
0 

in rhodium metal (2.69 A) (20) or in rhodium(O) complexes such as 
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[Rh(CO}(PPh3)2J2 (2.63 A) (21); and similar to the bond lengths in 
0 

rhdoium(II) complexes as Rh
2

(DMG)
2

(PPh
3
)
2

·H
2
0·C

3
H

7
0H (2.936 A) (22). 

Only [Rh(CNCHCH 2)4]Cl0
4 

crystals showed the diffraction patterns, on 

oscillation and Weissenberg photographs, of non-fibrous single 

crystals. The strong layer lines of this crystal were interspaced 

with two additional, very weak layer lines, indicating that a
0 

= 
0 

3 x 2.93 A for this compound. 

Weissenberg photographs indicate that [Rh(CNCHCH
2

)
4

JC104 forms 

body centered orthorhombic crystals. All reflections are of the 

kind h + k + i = 2n, and there are no other systematic absences. 

Thus, the probable space group was determined to be Immm, Imm2 

Crystal structure of [Rh(CNCHCH
2

)
4

]Cl0
4 

A three-dimensional Patterson map, calculated with all of the 

available room temperature diffractometer data, revealed that six 

rhodium atoms occupy two point sets: 2 Rh in (000, ~) and 4 Rh 

in (ooo,~) + (xoo,xoo), where x = 0.33272(27). Six perchlorate 

chlorines also occupy two point sets: 2 Cl in (0~,~012).and 4 Cl 

in (OQ!2,!hO) + (OxO,OxO), where x = ~. There are twenty-four 

ligands of three independent kinds, four of each of two kinds bonded 

to Rh at (ODO,!?-~) and sixteen of one kind bonded to the other set 

of Rh atoms. The former two ligands have vinyl carbons exhibiting 

high thermal motion and disorder. Ligand 1 lies along the (Q_,y,Q) 
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axis and both vinyl carbons have very high thermal motion, indicating 

that the electron density maximum along the (OyO) axis is the result 

of an average of multi-fold disorder of atoms about this axis. 

Since the root-mean-squared amplitude of vibration of these atoms is 

so high, -0.4 ~'the required geometry of the ligand (a C = C-N 

bond angle of -120°) is not contradicted. Ligand 2 lies along the 

(OOz) axis. Its end vinyl carbon atom is disordered across the 

mirror plane at y = O, and has extremely high thermal motion in the x 

direction, perhaps reflecting torsional motion of the ligand. This 

atom was revealed in Fourier maps (Figure 6) and its 

position was not refined due to proximity to the z = 0 mirror plane. 

Ligand 3 is not disordered, but has fairly high thermal motion. It 

is bent significantly out of the x = 1/3 plane, allowing mirror related 

ligands on Rh atoms at (±0.33272, 0.0, 0.0) to minimize their steric 

interactions. The only close ligand-ligand interatomic distances 

involve isocyanide carbon atoms. Atom positions and temperature 

factors are collected in Table 5. Bond lengths and angles, as well 

as some non-bonding contact distances, are shown in Table 6. An 

ORTEP diagram of the structure is shown in Figure 7. Note that all 

light atom bond lengths have fairly high standard deviations, due 

to the dominance of rhodium scattering. Bond lengths and angles 

associated with the vinyl carbon atoms have especially high standard 

deviations. 

The low intensity of the low temperature data set impeded 

refinement of the structure. A rapid drop-off in intensity with 
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0 

-.8 A/cm 
x = 0.0 plane 

D 

-.5 $./cm 
z = .43 plane 

0 

Figure 6. Fourier map of ligand 2, [Rh(CNCHCH
2

)
4

Jc10
4

• 

Contours at .2e-1X3 intervals. 

4- z 
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Table 5a. Refined Atomic Coordinates for Rh(CNCHCH 2)
4
c10

4 
at Room 

Temperature 

Rh l 
Rh 2 
Cl 1 
Cl 2 
c 1 
N 1 
c 2 
c 3 
c 4 
N 2 
c 5 
c 6 
c 7 
N 3 
c 8 
c 9 

01 
02 
03 
04 
05 
06 
07 
08 
09 

x 

0 
33272 ( 27) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

32687 (199) 
31173 (176) 
28888 (360) 
27718 ( 537) 

x 

0 
0 

1348 
0 
0 

1348 
0 
0 

-1347 

0 
0 

50000 
25000 
8954 ( 134) 

13490 (113} 
20425 (286) 
25026 (354) 

0 
0 
0 

5000 
5936 ( 67) 
9442 ( 60) 

13990 ( 160} 
13591 (267) 

5639 
4787 
4788 
3139 
2287 
2288 
1861 
2713 
2712 

z 

0 
0 
0 

50000 
0 
0 
0 
0 

16582 (373} 
25189 (326) 
36326 {282) 
41651 {635) 
11363 ( 107) 
18026 (110) 
25897 (242) 
34075 (413) 

z 

0 
1084 
-539 
5000 
6084 
4460 
5000 
3916 
5540 

Oxygen coordinates have been multiplied by 104. All others have 

been multiplied by 105. 
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Table 5b. Refined Temperature Factors for Rh(CNCHCH
2
)
4
c10

4 
at Room Temperature. 

Ull U22 U33 U12 Ul3 U23 

Rh 1 592 ( 22) 962 { 33} 974 ( 40) 0 0 0 
Rh 2 568 ( ll) 798 ( 14) 859 ( 18) 0 0 0 
Cl 1 2590 (298) 4070 ( 363) 4126 (394) 0 0 0 
Cl 2 1480 ( l 02) 1736 (103) 4853 (246) 0 0 0 
c 1 943 (215) 899 ( 190} 1767 (349) 0 0 0 
N l 1105 (217) 837 (163) 2865 (434} 0 0 a 
c 2 4082 1738 ( 539) 4203 0 0 a 
c 3 3063 ( 938} 4837 1901 (563) 0 0 0 
c 4 312 (118) 1175 (241) 2456 (500) 0 0 a 
N 2 1468 (314) 3076 ( 529) 1886 (427) 0 0 0 
c 5 3814 (879) 4256 (937) 508 (188) 0 0 0 
c 6 6184 3085 (960) 3048 0 0 -1887 {75l) 
c 7 653 ( 68) 1530 (114) 1196 ( 95) 238 (13?) -48 (134) -49 ( 90} w 
N 3 844 ( 98) 1795 (117) 1705 ( 115) -57 ( 93) -35 ( 95) -770 (103} °' 
c 8 1726 (270) 3598 ( 355) 2630 (296). -273 ~237~ -184 ~230~ -2235 ~290~ c 9 4301 ( 554) 5815 (780) 5313 (783) -599 457 1714 533 -4321 746 

B 

01 16.00 
02 16.00 
03 16.00 
04 16 .oo 
05 16 .00 
06 16.00 
07 16.00 
08 16.00 
09 16 .oo 

All Uij's have been multiplied by 10
4

• 
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Table 6 

Rh(CNCHCH
2
)
4

c10
4 

Room Temperature Structure, Bond Lengths~ Angles~ 

and Contact Distances 

Rh 1 - Rh 2 2. 9314 ( 24) Iii 
Rh 2 - Rh 2~ · 2 . 9 4 7 5 < 48) K 

Rh 1 - C l 2.05 (3) $.. 
Rh l - C 4 2.11 (4) J\• 
Rh 2 - C 7 1.93 (2) Ji. 

C l - N 1 l.04 ( 4) ~ 
C 4 - N 2 l.09 (5) $. 
C 7 - N 3 1.17 {3) $. 

N l - C 2 l .58 ( 6) i 
N 2 - C 5 l .41 (4) 
N 3 - C 8 l .46 ( 6) ~ 

c 2 - c 3 l • 05 ( 12) Jl 
c 5 - c 6 1.33 (10) It 
c 8 - c 9 l . 05 ( 12) It 

< N2-C5-C6 120 ( 7) 0 

< Rh2 - C 7 - N 3 175 (2) 0 

< C7-N3-C8 177 ( 4) 0 

< N3-C8-C9 129 ( 8) 0 

c 7 ---- c 7" 3 .05 ( 4) ~ 
C 7 ---- C 7n 2.71 (2) ,& 
c l ---- c 4 2.94 (3) j{ 
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Unit cell of 

[Rh(CNCHCH
2
)
4

JCl0
4 

having Rh and Cl positions 

ORTEP diagram of the 

carbon chain asymmetric 

unit. Thermal ellipsoids 

at 30% probability level. 

z 

y 

Figure 7. [Rh(CNCHCH
2

)
4

Jc10
4 

structure. 

0 Rh 

Oc1 

f 
8.83 
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increasing k and ~ remained at low temperature, indicating retention 

of disorder in y and z parameters. However, h = 9 and 12 reflections 

were observed, reflecting a precisely defined Rh-Rh distance in the 

x direction. The "high thermal motion'' of several atoms at room 

temperature is resolved into two-fold disorder at 22° K. However, 

only the rhodium atom coordinates, anisotropic temperature factors, 

and coordinates of the atoms of ligand 3, may,be refined by least-

squares. Other atom positions were obtained from Fourier maps. 

Atom positions and temperature factors are shown in Table 7; bond 

lengths, and bond angles are collected in Table 8. 

There is no structural phase transition between 22° K and 300° K 

in [Rh{CNCHCH
2

)
4
Jc10

4
. There is some reduction in thermal motion, 

but disorder is retained. There is no crystallographic evidence for 

Electronic Structure 

The electronic properties of crystalline [Rh(CNR) 4J+x- may be 

rationalized from simple molecular orbital arguments and a knowledge 

of the properties of oligomeric species in the solid state and 

solution (1,2,10). Figure 2 shows a molecular orbital diagram for 
n+ [Rh(CNR)

4
]n where n = 1,2, and 3, as well as a simple band diagram 

for the polymeric solid. The dimer and trimer are assumed to have 

staggered configurations, resulting in D4d and o4h symmetry, respectively. 

The highest occupied orbital of the monomer is a19(dz2); the lowest 

empty orbital is an a2u orbital with Rh Pz and ligand ~* character. 
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Table 7a. Atomic coordinates of Rh(CNCHCH
2
)
4
c10

4 
at 22° K. 

x y z 

Rh l 0 0 0 
Rh 2 33333 0 0 
c l 0 9700 0 
c 2 4000 21000 2000 
c 3 0 24000 9000 
c 4 a l 000 14300 
c 5 0 1000 33000 
c 6 6000 5000 37000 
c 7 32761 6109 12042 
c 8 29552 14164 25196 
c 9 25326 12772 34295 
N l 0 15700 0 
N 2 0 1000 22500 
N 3 31422 9248 18062 
Cl 1 0 50000 0 
Cl 2 0 25000 46000 
01 0 56390 0 
02 0 47870 10840 
03 13480 47880 5400 
04 0 31790 46000 
05 0 23270 56840 
06 13480 23280 40600 

All coordinates have been multipled by 105. 
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Table 7b. Temperature Factors of Rh{CNCHCH
2
)
4
c10

4 
at 22° K. 

Ull U22 U33 Ul2 Ul3 U23 

Rh 1 743 1179 746 0 0 0 
Rh 2 632 616 1189 0 0 0 
c 1 464 791 3047 0 0 0 
c 2 B = 10 .0 
c 3 B = 10.0 
c 4 1063 1090 1786 0 0 0 
c 5 B = 10 .0 
c 6 B = 10 .0 
c 7 793 2005 1620 584 564 136 
c 8 1266 5911 3337 -423 61 -3084 
c 9 4468 4744 4748 -801 2386 -3794 
N 1 746 1409 3202 0 0 0 
N 2 712 3126 1638 0 0 0 +::-...... 
N 3 563 2294 1920 -225 -14 -685 
Cl 1 1746 8654 8334 0 0 0 
Cl 2 1287 1666 6200 0 0 0 
01 B = 16.0 
02 B = 16.0 
03 B = 16.0 
04 B = 16.0 
05 B = 16.0 
06 B = 16.0 

All Uij's have been multiplied by 104• 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

42 

Table 8 

[Rh(CNCHCH
2

)
4

Jc10
4 

Low Temperature Structure, Bond Lengths, and Angles 

Rh 1 - C l 2 .14* Rh l - Rh 2 2.890 ( l 0) 
Rh 1 - C 4 l. 78* Rh 2 - Rh 2 ... 2.890 ( l 0) 
Rh 2 c 7 2.01 (3) 

C 1 - N 1 l .26* 
C 4 - N 2 1.02* 
C 7 - N 3 1.03 ( 4) 

N l - C 2 1. 29* 
N 2 - C 5 l .30* 
N 3 - C 8 l .41 (5) 

c 2 - c 3 l.05* 
c 5 - c 6 l.14* 
c 8 - c 9 l. 22 ( 6) 

< C 1 - N l - C 2 164° * 
< N 1 - C 2 - C 3 145° * 
< N 2 - C 5 - C 6 116° * 
< Rh2 - C 7 - N 3 175 (3) 0 

< C 7 - N 3 - C 8 172 (4) 0 

< N 3 - C 8 - C 9 115 {5) 0 

*At least one atom position estimated from Fourier map, and not refined 
by least-squares. 
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On dimerization, in symmetry o4d, two sets of a and b2 orbitals result·, 

each of which is primarily associated with either the a19{dz2} or 

a2u(Pzn*) orbitals of the monomer. The low energy transition at 550 nm 

in water or acetonitrile solutions of [Rh(CNCHCH 2)4]c104 is assigned 

to the lb2 + 2a1 transition of [Rh(CNCHCH 2)4J2
2+. Likewise, the 715 nm 

3+ band is assigned to the 2a 19 + 2a2u transition of [Rh(CNCHCH
2

)
4

J
3 

. 

Oligomerization is allowed because of signifi~ant mixing of the 

a19 (dz2) and a2u(P2TI*) derived levels of the monomer, stabilizing 

the lower, filled orbitals of the oligomer, and destabilizing the 

higher, empty orbitals. If the Rh-Rh interaction in the stacked 

crystalline modifications is similar in strength to that in the 

oligomers, a band gap between the dz2 and Pz-n* bands might be 

expected to be significantly smaller than lowest energy band of the 

tetramer at 962 nm (10,400 cm-1 = 1.3 eV). Furthermore, the Rh-Rh 

bond length in the polymer is apparently significantly shorter than in 

the oligomers. Photaaccoustic spectroscopy of [Rh
2

(CNC
6
H

5
)
8

J[B(C
6

H
5

)
4
J
2 

in the solid state reveals absorbtion at about the same wavelength 

as the lb 2 ~ 2a1 band in solution. The Rh-Rh bond length in 

[Rh
2

(CNC
6
H
5

}
8

][B(C
6
H

5
)
4
J
2
, from refinement of the crystal structure, 

0 

is 3.19 A. The significant shortening of the Rh-Rh bond in 

[Rh(CNCHCH
2

)
4

Jc10
4 

must lead to a much stronger overlap of dz 2 

and PzTI* orbitals in the adjacent monomeric units, and a much lower 

band gap than would be predicted from the oligomer spectra. 

The photoaccoustic spectra of [Rh(CNC
6
H
5

)
3

_
67

J(Cl0
4

}
1

_
33 

and 

[Rh(CNCHCH
2

)
4

Jc10
4 

have strong absorbtion throughout the visible 
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region. This is consistent with strong interactions resulting in 

a band structure, with activation energy <l eV for excitation into 

the conduction band. 

The room temperature conductivity of [Rh(CNCHCH
2
)
4

]c10
4 

is 

-2 n-1 cm-1 as measured on single crystals. The plot of ln o vs. l/T 

(Appendix 2) reveals that the conductivity is activated, ~E -0.10 eV 

in the linear low temperature region. This electrical behavior is 

consistent with a small band gap between the dz2 and Pz-~* bands, 

and conduction via thermal population of Pzn* band. Disorder may 

play a role in increasing the conductivity. 

The transmission of polarized light~ with electric vector 

perpendicular to a
0

, through single crystals of [Rh(CNCHCH
2

)
4

Jc10
4 

in the b
0 

direction, indicates that the activation energy for hopping 

between chains is very high (.c..1.5 eV). Although crystals are far 

too thin for conductivity measurements with the Montgomery configuration, 

it is certain that these complexes are among the most anisotropic 

of known quasi-one-dimensional conductors. 

Powder conductivities increase with decrease in ligand size. 

This is presumably due to greater interchain coupling when rhodium 

chains are close together. 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

45 

Conclusions 

Tetrakis(isocyanide)rhodium(I) salts crystallize in conducting, 

stacked modifications if ligands and anions are reasonably small 

(CN-R: R = methyl, vinyl or phenyl; x-: Cl-, BF 4-, Cl04-). Partial 

oxidation of the rhodium chain is likely in some of the complexes, 

for example [Rh(CNC
6
H
5

)
3

_
67

J(Cl0
4

)
1

_
33

. However, a non-integral 

average oxidation state does not seem to be a necessary condition 

for moderately high conductivity (11). Chemical analysis and 

refinement of the room temperature crystal structure of [Rh(CNCHCH 2)4JC104 
indicate that this complex has one perchlorate anion per rhodium atom. 

If a very low level of partial oxidation exists, it may effect the 

magnitude of the conductivity, but would be present as a crystallographic 

impurity and no metallic state would exist. A minor difference in 

two Rh-Rh bond lengths occurs at room temperature and probably at 

low temperature. This inequality, along with the differences in 

the chemical environments of the two crystallographically inequivalent 

rhodium atoms, seems to be due to steric interactions {i.e., steric 

repulsion, between the eclipsed sets of ligands on the equivalent Rh 

atoms at x z 1/3 and x ~ 2/3, results in displacement from the ideal 

positions and lengthening of the Rh2-Rh2- bond). Both integral 

oxidation state and crystallographic inequivalence of metal atoms 

have been observed separately in conducting, stacked d8 metal 

complexes (11,23). The conditions for conductivity in these materials 

seem to be less restrictive than previously thought. 
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Non-integral oxidation has been described as a necessary condition 

for high conductivity in d8 metal complexes (5). The conductivities 

of complexes exhibiting both integral and non-integral oxidation 

states have similar dependence on temperature. Magnitudes of the 

room temperature conductivities of the rhodium isocyanide complexes 

are -100 times less than the partially oxidized platinum complexes, ... 
\oJhile the activation energies are similar. The decrease of room 

temperature conductivities in the sequence: 

follows the increase in interchain distances. 
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Abstract 
~ 

(TTF)C1x, x = 0.67 and 0.70, is a quasi-one-dimensional organic con-

d t "th t t d t" "t of -· 150 n-l cm-1 • uc or wi a room empera ure con uc iv1 y - H At room 

temperature the structure is tetragonal and consists of chains of uniformly 

spaced, eclipsed TTF molecules surrounding channels occupied by chloride 

ions, which form a disordered lattice. The chloride sublattice becomes 

ordered and the TTF sublattice undergoes a structural phase transition 

from tetragonal to monoclinic symmetry at ~ 250° K. The angle ~ of the 

monoclinic crystal increases continuously as the temperature is decreased 

from 245° K to 19° K. The electrical conductivity shows a sharp_ decrease 

at the phase transition which is suggestive of the formation of cornmensu-

rate charge density waves in the monoclinic crystal. 

Introduction 
~ 

The stabilization of the met~llic state in quasi-one-dimensional 

organic metals has been a goal of researchers for many years. These 

materials exhibit meta1lic behavior down to a temperature, TMI - 50 -200° K, 

where a metal-to-nonmetal (M-NM) transition takes place, resulting in non-

metallic behavior at low temperature. It is important to lUlderstand the 

nature of the forces that drive this transition in order that it may be 

controlled, and eventually suppressed, so as to stabilize the metaJ.lic 

state. Some of the experimentally controllable parameters which should 

in:f'l.uence the phase transition are the interchain coupling, the degree of 

disorder, and the nature of the molecular stack~ along the chain (i.e., 

slipped versus eclipsed stacking). 
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There have been numerous studies of the M-NM phase transition in 

organic metals in which the cation and anion radicals stack in a slipped 

fashion. 1 However, very little work has been done on systems such as 

the halides and pseudohalides, (i.e., thiocyanate, SCN and selenocyanate 

SeCN) of tetrathiafulvaJ.ene (TTF)21314 , in which the TTF molecules in the 

chain are eclipsed. In these materials the metall.ic state appears to be 

less stable (i.e., higher TMI). Recent X-ray diffuse scattering studies 

of ('I'TF)12 (SCN)7 reveal a tetragonal-to-monoclinic structural phase transi

tion at - 340° K and the presence of one-dimensional incommensurate charge 

density waves (CDW) below this temperature.5 In this paper, we report the 

results of our single-crystal X-ray study of the crystal structure of 

('I'TF)C1x (x ~ o.67 and 0.70) at various temperatures down to 19° K. Here, 

the TTF molecules are eclipsed and uniformly stacked and the chloride 

lattice exhibits considerable structural disorder at room temperature.6 

The electrical conductivity and thermoelectric power undergo changes at 

200-250° K, which are suggestive of a M-NM transition. Similar changes 

are observed in aJ..l of the halides and pseudohalides of TTF. 

~XJ ... e ... r ... i;n~~t_~ 

Crystals of (TTF)Clx were grown by co-diffusion of solutions of (TrF) 

(Cl04)0• 7, and tetraethyla.mm.onium chloride in acetonitrile. The crystal 

structure was studied by a variety of X-ray diffraction techniques. Oscil-

lation and Weissenberg photographs were obtained at room temperature. In 

addition, oscillation photographs were obtained at 120 + 10° K by cooling 

with a stream of cold N2 ga·s. 

The room-temperature structure of {TTF)Clo. 67 was determined and 

refined with the use of a three-dimensional data set that was obtained 
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with nickel-filtered CuK0 radiation (A= l.54178A) and a Datex automated, 

locally modified General Electric quarter-circle diffractometer. The crys

tal used was a tetragonal prism of' the size 0.11 x 0.11 x 0.63 mrn3, the 

prism axis being ££• A total of about 800 reflections were measured up to 

29 = 155°, using 2Q - Q scans. These were corrected for Lorentz, polari

zation, and absorption (µ = lo4 cm-1 ), and merged to a set of 303 unique 

ref'lect ions. 

For the study of structural changes at temperatures ranging f'rom 300° 

K to 19° K we used a locally designed and built low-tempe~ature diffracto

meter 7 consisting of a CTI model 21 closed-cycle "Cryocooler", an E & A 

full-circle and base goniometer, a Syntex Pl interface (and sof'tware package), 

a graphite monochromator of our own design, and a molybdenum-target X-ray 

tube. The temperature can be varied in steps of 0.1° K and kept constant f'or 

long periods of time. The crystal used for this study [(TTF)Clo.67 ] was from 

the same batch as that used for the room-temperature work and had the dimen

sions 0.17 x 0.20 x 0.27 mm3. It was mounted with the £0 -axis approximately 

parallel to the rotation axis. 

The electrical conductivities were measured by the standard four-probe 

technique using aquadag contacts. 

Results 
~ 

General Features of the Layer Lines and Stoichiometry 

A number of batches of good crystals were obtained by the co-diffusion 

method. The two kinds of' crysta.l.s studied in de.tail represent the extremes 

of the short range of' stoichiometry exhibited by disordered tetragonal (TTF):I..x. 

Figure l shows an oscillation photograph taken at room temperature of 

a crystal from one of' the batches, which we label (TTF)Clo. 70• The rotation 

axis is £o• It is seen that there are two sets of diffuse layer lines 
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marked hkl and hk2. Single crystals from the other batch which we label 

(TTF)Cl0 . 67 (again, rotation axis is .£o) gave rise to two similar sets 

of diffuse lines, which, however, differ somewhat in the spacings. In 

each case the hkl set corresponds to the d-spacing d 001 ~ 3.0 x So and the 

hk2 set to d002 ~ 1.5 x .£o, where .£o is the length of the cell edge that 

corresponds to a003 or the (non-diffuse) hk3 set (TTF sublattice). 

Each hk2 set is due solely to the chloride iops in the channels (Cl-sub-

lattice) and the weaker hkl set results from both the Cl-sublattice and 

the TTF-sublattice. If the assumption is made that d 002 is the same 

as the average Cl-Cl distance along z and that d
003 

represents the 

average TTF-TTF distance, the stoichiometry should correspond to the 

ratio a003/d002 • In the absence of chemical analyses of sufficient 

accuracy to determine the minute differences in composition of the 

two batches, each label used above was assigned so as to represent the 

a003;a002 ratio as determined from the corresponding oscillation photograph; 

see Table 1. The nominal camera radius was used for the determination of 

each cl-spacing without applying a correction for film shrinkage. Thus, 

each cl-spacing by itself may lack accuracy, but for the practical purpose 

considered here errors due to film shrinkage cancel out in the ratios. 

The stoichiometries 1:0.70 and 1:0.67 are consistent with the composition 

range previously reported6 for the disordered tetragonal (TTF)Cl . . x 

In (TTF)c10 _67 the chloride sublattice is conunensurate with the TTF 

lattice whereas in (TTF)Cl0 . 70 the two lattices are incommensurate with 

each other. The diffuseness of the hkl and hk2 layer lines indicates 

that there is a considerable degree of disorder in the chloride 
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Table l.. Repeat distances in the TTF and Cl Stacks 

Temperature dlTF d~1 
Phase (oK) c ) (A) dTTF/dc1 

TTF Clo.6'l 298 3.57 5.32 0.671 

TTF Clo.67 120 3.54 5.36 0.660 

TI'F Clo.70 298 3.58 5.<>8 0.705 

TTF c10• 70 120 3. 57 5.36; o.666; 

4.97 0.718 
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sublattices of each compound at room temperature. The diffuse nature 

of the spots which make up the hkl and hk2 layer lines, indicates that 

only very short-range order exists in the chloride sublattice. 

The features of the oscillation photographs just discussed are in 

general similar to those that we have observed on photographs of (TTF)Br0. 74, 

(TTF)12 (SCN)7, and (TTF)12(SeCN)7, except that in the case of (TTF)C1x, the 

diffuseness of the anion-sublattice ref1.ections is considerably enhanced. 

Refinement of the Room-Temperature Structure of (TTF)Clo.6? 

Weissenberg photographs of (TTF)C1o.67 showed that the structure is 

tetragonal with Laue symmetry ~nnnm. All Okl reflections were of the type 

k + l = 2n and no other conditions for reflection were detectable. Thus, 

the probable space groups are ~/run, P4n2, and P4.g ronm, of which the last 

one has all the necessary properties to incorporate the flat TTF molecules 

in columns parallel to the £-axis and leaving channels parallel to these 

for the chlorides. The lengths of the edges of the smallest unit cell 

(TTF-lattice) are ~£ = Ee_ = ll.1931(7) A and ££ = 3. 6002 (2) A, as deter-

mined by a least-squares fit of 2Q values for 14 reflections measured with a 

diffractometer which was caref'ull.y calibrated for 2Q0 • 

The trial structure consisted of two TTF' molecules, with mmm symmetry, 

which are centered at (o,o,o; etc.), with c0 perpendicular to the molecular 

plane. The chloride ion and hydrogen atom were lef't out at this stage. A 

nearly uniform column of electron density at x = 1/2, y = O was observed on 

Fourier maps, and was ascribed to the highly disordered chloride ion. A 

chloride was included in the model structure; it was placed corresponding 

to the maximum in electron density of the column, at (1/2,0,1/4). 
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This trial structure was refined first isotropically and then aniso

tropically by full-matrix least-squares minimization of Ew(F 2 - F 2) and 
0 c 

weights equal to l/cr
2

(F ) 2+t), where tis a term accounting for errors other 
0 

than counting statistics (CRYM program). The scattering factors of sulfur 

and chloride were corrected for the real part of anomalous dispersion; the 

imaginary component was ignored for this centrosymmetric space group. 

Inclusion of a population factor for chloride as refinable parameter . 
in the full matrix in some of the refinement cycles led to inconclusive 

results because of the high standard deviation of that parameter. Also, the 

chloride anisotropic temperature factor in the z direction, u33 , could not 

be refined. The Fourier section through the chloride channels ranging from 

z = 0 to z = 1/2 showed a variation in electron density of merely about 20% 

over that range, the minima being at z = 0 and z = 1/2 and the maximum 

at z = 1/4; see Fig. 3. Thus, the refinement was continued with 1.34 

chlorides distributed over the two point sets 4d(l/2,0,l/4; etc.) and 

4c(l/2,0,0; etc.) and with the inclusion of population factors Pd and 

P as refinable parameters that were constrained to P = 1 - Pd. These 
c c 

population parameters could be refined adequately. The anisotropic 

temperature factor of the chloride ions still showed high standard 

deviations and oscillated after partial refinement. The chloride 

temperature factors were held constant in the final stages of refinement, 

when the hydrogen atom, positioned by geometrical considerations, and an 

additional parameter to account for secondary extinction and counting 

losses, were included in the least-squares calculation. The final 
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agreement index obtained was R = 0.062 for all 299 reflections with 

F
0 

> 0 and R: 0.057 for 271 reflections with F
0 

2. 3cr. The goodness-of

fit [Lw(F 2 - F 2)/n-p]l/Z for n = 299 observations and p = 30 refinable 
0 c 

parameters (extinction included) was 4.39. This agreement is very 

satisfactory in view of the complications caused by the disorder of 

the chloride ions. 

Room-Temperature Structure of (TTF)Clo. 67 

The refined atomic coordinates and the occupancies of the two point 

sets 4c and 4d by the 1.34 chloride ions are given in Table 2. The 

anisotropic temperature factors are listed in Table 3 together with the 

isotropic one for hydrogen. 

Table 4 gives the molecular dimensions of the TTF species found in 

four refined structures including that of (TTF)Cl . All distances 
0.67 

and angles (colwnn headings~' E_ ••• etc. and a, S, ... etc) as identified 

in the drawing at the bottom of that table are averaged over the rnmm 

molecular symmetry observed for (TTF)Cl0 _67 • Our estimated standard 

deviations for (TTF)Cl0 •67 are in the range of 0.009 = 0.011 A (C-C)~ 

0.005 - 0.006 A (C-S) and 0.4 - 0.8 degrees (bond angles). 

An interesting trend exhibited in Table 4 is the gradual elongation 

of the C=C bond labeled a and the shortening of the C-S bonds labeled b 

as the anticipated charge transfer (column~) increases. It is seen that 

the central C=C bond length (column!!_) is most sensitive to charge transfer. 

Some reservation seems appropriate as regards the degree of charge transfer 

in (TTF)HgC13 because HgC13- species are not clearly identifiable in 
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Table 2. The refined positionaJ. para.meters 

Kind Occu- Point 
of' Atom · pancy Set x y z 

C(l) 4 4f o.04367(42) o. o4367(42) ·o 

C(2) 8 Bi 0.24007(48) 0.15649(49) 0 

s 8 8i 0.19364(12) o.01oo8(n) 0 

H 8 8i 0.3147(44) 0.1759(45) 0 

Cl(l) o. 73 (2) 4d 1/2 0 1/4 

Cl(2) 0. 61(2) 4c' 1/2 0 0 
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Table 3. Refined anisotropic temperature factors for (TTF)c10• 67 

Kind 
of Atom Ull U22 U33 Ul.2 

C(l) 0.0653(10) 0.0653(10) o. o468 (32) o. 0012 

c (2) 0.0781(31) 0.0987(36) o. 0736(35) -0. 0224(30) 

s o. o644(8) o. o924(9) o. 0657(9) o. 0015(5) 

Cl(l) 0.1051 0.1012 0.1069 -0.0051 

Cl(2) 0.1153 o.n83 0.0678 0. OCJ79 
' 

H B(isotropic) :o 6. 00 A.2 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

61 
Table 4. Dimensions of TTF cations in four refined structures 

Type of · 
Compound 

(TTF) 0 

(TTF)(TCNQ) 

(TTF )Clo. 67 

(TTF)Hgc13 

Ref'. a b c d a 8 

10 1.349 1.757 1.726 l.314 122.7 ll4.5 94.3 118.6 

11,24 l.369 l.743 1.736 l.323 122.6 114.7 94.9 l.J_7.7 

present 1 • 383 paper 

ll* ~i: t~ ll· 40 

1.720 1.719 1.323 122.4 115.3 95.0 117.4 

l.71 
l.72 
1.72 

l. 72 
1. 72 
1. 70 

1. 33 
1.30 
l.28 

122.3 u5. s 94. 7 111 .. 5~: 
122.2 115.7 94.4 lJ.7.8' 
122. 5 u5. o 94.1 118. 4,) 

*Bond lengths and angles from Kistenmacher, private communication. 

e 

o. 

"'"°· 

.... 1. 
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that structure. Nevertheless, the overall trend in the data is indicative 

of a charge transfer of nearly one electron. 

Figure 2 shows a projection of the structure onto the (001) plane. 

The TTF cations stack in an eclipsed fashion with a uniform spacing of 

3.6002 ! and form segregated columns along [OOz] and [1/2,1/2,z]. The 

chloride ions reside in channels along [0,1/2,z] and [1/2,0,z] between 

the TTF chains. The electron-density map, through such a channel parallel 

to the channel axis as shown in Fig. 3,, clearly exhibits the high disorder 

of the chloride ions as do the diffuse layer lines shown in Fig. 1. 

Effect of Lowered Temperature on the Chloride Sublattice 

1. ~0 • 67 : Oscillation photographs taken at -120° K revealed 

considerable sharpening of the diffuse layer lines and the emergence of 

weak but sharp Bragg reflections superimposed on these. A more detailed 

study at various temperatures and a cooling rate of 1° K/hour with the use 

of our low-temperature diffractometer 7 revealed distinct effects close to 

250° K. Here, the reflections with i = 1, 2, and 4, associated with 

the chloride sublattice, increased substantially in sharpness and 

integrated intensity as is shown in the graph, Fig. Sa; the increase 

occurs over a relatively narrow temperature range (~T -20° K). All 

of these reflections remain weak in comparison to the TTF-sublattice 

reflections (Q = 3n). Throughout this temperature range the 

chloride sublattice remains cormnensurate with the TTF sublattice. 

Below about 250° K the changes in the integrated intensities of the 

chloride-sublattice reflections (~ = 1, 2, and 4) are less distinct (and 
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Cl 

Ci C..Q. 

C.Q 

Figure 2. Projection of the (TTF)Clo. 67 room temperature structure onto 

the (001) plane. 
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114 reflection; b) Peak intensity of 330 reflection; 

c) Full width at half-height of 330 reflection of TTF 

Cl 0_67 . a) at 1° K/hr, b) and c) at 10° K/hr. 
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a) 265° K b) 256° K c) 234° K 

d) 19° K e) 236° K; 10° K/hr 

Figure 5. Peak profiles of 330 reflections (w scan) at various temperatures. 

Profiles a) - d) taken with cooling rate of 1° K/hour. 
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there is a smooth increase in the region between about 90° K and l50° K; 

Fig. 4a). 

The relatively sharp increase :in integrated intensity close to 

250° K reflects ordering in the chloride sublattice, which occurs over a 

relatively narrow temperature range. The extremely high disorder of the 

chloride lattice at room temperature, together with low-temperature 

ordering, suggests that dynamic disorder is present at room temperature, 

and disappears at the phase transition. 

2. .t'!:_T~) .. C!.o .. 70 : These crystals behave in a different marmer on 

cooling. Each of the diff'use layer lines corresponding to hkl and hk2 

on the room-temperature photograph splits at low temperature into a pair 

of closely-spaced sharper layer lines on which weak diffuse spots are 

superimposed. The temperat"\ll"e at which this splitting occurs is somewhere 

above 120° K. (The low-temperature diffractometer was not used for this 

study.) Thus, there are now two chloride sublattices, one corresponding 

to (TTF)3Cl2 [or (TTF)Clo.667] and the other to (TTF)rf!l5 [or (TTF)Clo.7l4], 

and each one is commensurate with the same TTF sublattice. The stoichio-

metries as determined f'rom the oscillation photographs are (TTF)C10• 666 

and (TTF)Clo. 71a respectively. Thus, upon cooling through 250° K, the 

highly disordered (TTF)c10• 
70 

crystal incorporates two kinds of' domains, 

one representing (TTF)3ci2 and the other (TTF)7c15• Within each domain 

the chloride lattice is commensurate with the TTF lattice. A phase of 

stoichiometry 7/5 is aJ..so observed :in the TTF-iodide system, (TTF)7I 5•2113 
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Effect of Lowered Temperature on the TTF Sublattice of (TTF)Clo.67 
All studies of (TTF)Clo.67 at low temperature were carried out using 

the same .crystal. Anneal.·ing was rapid and complete at room temperature, 

and there was no permanent damage to the room-temperature single crystal, 

even af'ter repeated thermal cycling. 

Changes in peak intensity and profile of the Tl'F sublattice reflec

tions were monitored at various temperatures at cooling rates of -1° K/hour, 

- 10° K/hour, and .... 100° K/hour. In the tempe;ra.ture range - 295° K to 

... 250° Kall changes were independent of cooling rate. 

Figure 4b shows the temperature dependence of the peak intensity of 

the 330 reflections and Fig. 4c the change in f'uJ.1. width at half ma.xi.mum 

observed in omega scans of the same reflection. The cooling rate was 

10° K/hour in both cases. Faster cooling ( .... 100° K/hour) results in a 

greater decrease in peak intensity, and a greater increase in the width of 

the profile. Slower cooling ( .... 1° K/hour) results in resolution of several 

components of' the peak profile. Figure 5 shows omega-scan profiles of the 

same reflection at: (a) 265° K, (b) 256° K, (c) 134° K, and (d) 19° K. 

Figure 5e shows the effect of faster cooling (10° K/hour) on the scan pro

fi1e [compare with Fig. 5c]. 

It is seen (Fig. 5) that peak splitting occurs as the temperature is 

lowered, the onset being at about 256° K (Fig. 5b). From here on the two 

smaller peaks in each profile increase. in intensity at the expense of the 

larger centra1 one. .Al.so, the separation between the individual peaks of 

each profile increases as the temperature is lowered. At 153° K each com

ponent was resolved sufficiently to be measured individually with the 

diffractometer. 
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A least-squares fit of the 2Q values of the central peak of 14 

profiles gave the unit-cell parameters of the tetra.gonaJ. phase at 153° K; 

!!o = ll.126(2) A and££= 3,5768(4) A. An analysis and least-squares f'it 

of the 2Q, w, ~' and X values of 13 sufficiently strong and well resolved 

"side peaks" revealed that they originate from a monoclinic structure with 

unit-cell para.meters ~o = 15.742(56) A., £Q = 15.721(38) A, £o = l0.744(2l)A, 

and ~ = 92.98(23) degrees. Seven of the 13 side peaks could be ascribed to 

one of four possible orientations of the cell of the monoclinic phase with 

respect to the tetragonal cell; the remaining six corresponded to a second 

orientation. Within experimental error, the cells of the two phases are 

related to each other by Cimeno = atetr • J2. and cmono = 3 ctetr• 

The four directions [llO]; (11.o], CJ.lo], and [llO] of the tetragonal 

ce.11 are equivalent. Increasing the angle, between one of these directions 

and Cotetr' from 90° to ~' results in a monoclinic cell. Since the four 

directions are equivalent, four orientations of the monoclinic cell with 

respect to the tetragonal cell (and crystal) can result with equal proba

bility. Because part of the crystal retains the tetragonal structure, the 

result of the phase transition is a quintuple twin containing domains of 

the tetragonal phase and domains of the monoclinic phase having f'our 

possible orientations. 

The relationship between the monoclinic ~,£ plane and the tetragonal 

(001) plane is shown in Fig. 6. The monoclinic angle ~ increases as the 

temperature is lowered and reaches 93. 6 degrees at 19° -K. At 24-7° K, 

~ is 91. 8 degrees. Figure 7 shows a plot of ~versus temperature. 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

70 

Figure 6. Relative orientations of monoclinic and tetragonal a, b 

planes. The dashed line shows the tetragonal cell. 
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Figure 7. Monoclinic angle 8 vs. T for the low temperature phase of (TTF)c10 •67 • 
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The arrangement of' the TTF cat ions in the monoclinic cell cannot be 

determined with certainty be~ause of' the considerable overlap of reflec-

tions caused by the quintuple twinning. One interpretation of the mono-

clinic distortion is presented in Fig. 8, which assumes that the TTF mole-

cules retain 2/m symmetry in space group C2/m; the eclipsed stacking is 

retained and the monoclinic c-axis remains perpendicular to the TTF mole-

cular plains. This interpretation implies that the individual. TTF columns 

are translated slightly relative to each other µi the (001] direction. 

This slipping of paraJ.lel TTF columns is seen in the structures of several 

monoclinic partially oxidized TTF halides and pseudohalides. 5'
6 

The location of the chloride ions in this structure cannot be determined 

f'rom the present diff'raction data. Nevertheless, it is tempting to attribute 

the tripling of the monoclinic £-axis (TTF-stacking period) to ordering of the 

chloride ions in each channel inasmuch as )dTTF = 2dc1~ (or a 003/d002 = 0.67 

as was discussed earlier in this paper; see also Table 1). In the absence 

of' ref'inable structure data (because of' quintuple twinning) we cannot, of 

course, exclude the possibility of a very slight Peierls distortion that 

would tend to drive the TTF entities toward dimerization or tri.merization. 

However, a large Peierls distortion seems unlikely because the ref'l.ections 

with p, r 3n remain weak. 

The phenomenon of increasing ~-angle with decreasing temperature was 

also observed in X-ray studies by Thomas et al. 5 of (TTF)5 (SCN )7, where it 

is believed to ref'J.ect coupling of charge-density· waves with lattice strains. 

We cannot rul.e out the possibility that the TTF stacks are undergoing a 

dynamic transition such as was measured in that compound and in (TTF) (TCNQ) 

by X-ray diffuse scattering. 1 ' 5 
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The peak broadening occurring on fast cooling of (TTF)Cl0.6? com

pletely obscures peak splitting when a cooling rate of - 100° K/hour is 

employed. Furthermore, while there is little peak broadening and no 

observable peak splitting in 2Q scans after slow cooling (- 1° K/hour), 

the f'ull width at half maximum, W1/2 , of these profiles increases dramati

cally with fast cooling. For example, w1; 2 corresponds to - 0.6° (2Q) at 

300° Kand - 3.0° (2Q) at 19° K after cooling ~ta rate of - 100° K/hour. 

After cooling this quickly, a very slow increase in peak intensity may 

occur. 14 

This peak broadening is most likely due to formation of extremely 

small diff'racting domains within the crystal.. Since there are five kinds 

of diffracting domains below the phase transition, it is likely that indi-

vidual. domains of any one kind are very sma11.. The dependence of peak 

profiles on the size of diffracting domains is well tlllderstood. 15 We have 

not investigated this phenomenon in great detail. A calculation based on 

Wilson's treatment indicates that domains in (TTF)Clo.67 may be~ 300A 

in diameter a~er cooling to 19° Kat a rate of -100° K/hour. 

Electrical Properties 

The electrica.1. properties of (TTF)Clo.67 are identical to those of 

(TTF)C10• 70 as determined by measurements on single crystals from the same 

batches that were used in the crystallographic work. However, the proper

ties differ from those of the other halides of TI'F. 21314 The room-tempera

ture conductivity is u,.., 150 n-1cm-1 , the lowest in this series of com-

pounds. As the temperature is lowered the conductivity decreases and 
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drops off sharply at the phase transition (~ 250° K), and then continues 

to decrease less rapidly as shown in Fig. 9. The plot of log a versus 

l/T is linear only over the narrow temperature range from 125° K to 

200° K and yields an activation energy, 6, of N 0.13 eV. Assumption of 

a disordered mode1,16 where £n a - l/T7 and r = 1/3 or 1/4, did not lead 

to a significant improvement in the fit of the data. This was expected 

because the results obtained from the crystallographic work provided 

evidence for ordering in the chloride lattice. · 

The thermoelectric power (TEP) is small and positive at room tempera

ture, and is relatively constant down to 260° K. At 250° K there occurs 

a sharp upturn and then the TEP continues to increase with decreasing 

temperature. _ 

Thus, both the electrical conductivity and the TEP change dramati-

cal1y at the phase transition. Below the transition norunetallic behavior 

is observed. In view of the disorder in the chloride lattice one might 

expect (TTF)C1x to behave as a disordered 1-D metal in which all the states 

of the conduction electrons are localized. The finite conductivity would 

then be due to the strong electron-phonon interaction such that electron 

transport takes place by phonon-assisted hopping. 18 Thus, the conduc-

tivity would be diffusive in nature and would decrease as the temperature 

is lowered, as was observed experimentally. However, the mere presence 

of disorder is not sufficient to guarantee such behavior because of the 

competing factors such as the disorder potential., 8, the interchain 

coupling, and the electronic bandwidth. For example, in an anisotropic 

conductor with nearest-neighbor transfer integrals, the critical value of 
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crRT ~100 n-1 cm-1. 
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the disorder potential is Be ..... (t 
11 

t 1)1 / 2 , where t 11 is the longitudinal 

transfer integral (proportional to the electronic bandwidth) and tl is 

transverse transfer integral (interchain coupling). 19 All of the conduc-

tion-electron states will be localized only if o > Be· The electronic 

bandwidth is expected to be large in (TTF)C1x because of the eclipsed 

stacking of TTF molecules. 2120 Similarly, the occurrence of ordering and 

a structural phase transition near 250° K indicates that interchain forces 

are not weak. Therefore, we believe that the conductivity in the high 

temperature state is not dominated by disorder, but reflects the presence 

of fluctuations, or precursors, of the phase transition. 

Another example of this interaction between disorder and interchain 

coupling is {tetrathiatetracene)2(iodide)3 , (TTT)2I3. This is a single-

carrier, quasi-one-dimensional organic metal in which the TTT molecules 

stack uniformly in a slipped fashion, in contrast to the eclipsed stacking 

of the TTF molecules in (TTF)3ci2•14 The iodine chains exhibit considerable 

disorder. Unlike (TTF)3Cl2, the temperature dependence of the conductivity 

of (TTT)2r3 is metal-like, even in the presence of observable disorder. 

The conductivity exhibits a broad maximum near 100° K and slowly decreases 

as the temperature is lowered. A possible phase transition occurs at 

20-25° K. X-ray diffraction studies do not reveal any significant ordering 

of the iodine ions, nor is there a.ny evidence of a structural. transition in 

the 'I'TI' lattice upon cooling to 27° K. 16 We believe that this is another 

example of structural disorder disrupting interchain correlations such that 

the phase transition is smeared and suppressed to low temperatures. Two 

other interesting points emerge :from the comparison of (TTF)3ci.2 and 
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(TTT)2r3 : {a) the temperature dependence of the structural disorder may 

vary significantly among different quasi-lD organic metals; and (b) the 

disorder. observed at room temperature may be quite different at low 

temperatures. 

Below the transition, the conductivity exhibits a nonmetal.lie tempera-

ture dependence even though the chloride sublattice is now ordered. In 

view of the recent work on (TTF)12 (SCN)7,5 which is electronicalJ.y and 

structurally analogous to (TTF)Clx, we feel tnat a dynamic distortion 

occurs along the chains and that charge density waves are present in the 

monoclinic phase. However, an important difference between the monoclinic 

phases of the two materials should be noted. (TTF)12(SCN)7 exhibits struc-

tura.J. disorder corresponding to the two possible orientations of the SCN 

anions in the chains,16 while the chloride lattice is ordered in the mono-

clinic phase. We feel that the effect of the disorder in the SCN lattice 

is to favor the formation of incommensurate CDW. The influence is absent 

in (TTF)3c12 and should lead to commensurate CDW and semiconducting be

. havior. A similar situation is found in Tas
3 

where a Peierls transition 

occurs along with the formation of commensurate cnw. 17 The temperature 

dependence of the conductivity o~ (TTF)3c12 and Tas3 are quite similar. 

Obviously, (TTF)Clx needs be studied by X-ray dif'fuse scattering experi-

ments to veri:f'y or disprove our predictions. 

Conclusions 

The chloride sublattice in (TTF)C1x, x ~ 0.67 and 0.70, is disordered 

at room temperature. The disorder diminishes over a narrow temperature 

range at about 250° K. For (TTF)c10• 70, in which the disordered chloride 
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sublattice is incommensurate with the TTF sublattice at room temperature, 

the chloride chains order into two dif~erent configurations, resulting in 

the formation of the commensurate structures (TTF)3c12 and (TTF)7c15. In 

(TTF)Clo.6?' the chloride sublattice is ordered and remains commansurate 

below the transition temperature. The Tl'F sublattice undergoes a static 

structural ph~se transition from tetragonaJ.. to monoclinic symmetry at 

...,, 250° K. This transition is incomplete in the sense that domains of' both 

tetragonal and monoclinic symmetry are present. No evidence of a static 

Peierls transition is observed. The ordering of the chloride sublattice is 

important for the development of the structural phase transition of the TTF 

sublattice. Comparison of' the electrical conductivity of (TTF)C1x with 

other quasi-lD conductors [i.e., (TTF)12 (SCN)7 and Tas3] suggests that a 

dynamic distortion occurs along the TTF chainsJ resulting in the formation 

of' commensurate CDW and semiconducting behavior. The monoclinic cell of 

(TTF)Clo.67 is similar to the room temperature cells of (TTF)Bro.?4-o. 78 

and (TTF)r0 . 71 except that the ,£2 -axis periods are diff'erent. We would 

expect to observe a high temperature tetragonal phase for the two latter 

materials. 
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CHAPTER 4 

The Structure of Low-Disorder 

Bis-Tetrathiatetracene Triiodide 

Introduction 

The tetrathiatetracene (TTT) iodide system is of great current 

interest because it contains two quasi-one-dimensionally conducting 

phases, (TTT) 2I3 and (TTT)I, both of which have unusual structural 

and electrical properties (1 ,2). Furthermore, the highly conducting 

phase, (TTT) 2I3, exists in several modifications which show a 

systematic variation in iodide-associated disorder and a concurrent 

variation in temperature dependent electrical properties (3). A 

room temperature x-ray diffraction study of low-disorder (l.d.) 

(TTT) 2I3 was undertaken in order to learn more about the nature of 

the iodide chain (2,4). 

Experimental 

Long, flat, needle-like crystals of l.d. (TTT) 2I3, grown by 

slow cooling of a nitrobenzene solution of TTT and 12 from 95° C 

to room temperature, were supplied by Dr. R. B. Somoano. Crystals 

were six-sided prisms with [001] and [101] faces predominating and 

a metallic-gold luster. Crystals were initially characterized by 
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x-ray diffraction photography using oscillation and Weissenberg 

photographs. Unit cell parameters were obtained from a least

squares fit to the 2e, ¢, and x values of 9 reflections manually 

centered on the diffractometer with the use of beam splitter and 

peak profiles. Crystal data are listed in Table l. The crystals 

were all very small; therefore, intensity data were collected using 

Ni-filtered CuKa radiation. A crystal measurjng 0.383 x 0.043 x 

0.008 mm was used for intensity data collection at room temperature 

on a quarter-circle G.E. diffractometer. A total of 1276 unique 

reflections, 915 due to the sublattice and 361 from the diffuse 

third layer, were measured using 2e-e scans and scan rates of 1°/rnin 

and l/2°/min, and background intensities were measured at the 

beginning and end of each scan for periods totaling 1 min or l min, 

20 sec. Three standard reflections, 224, 002, and 606 were measured 

every 40 reflections for purposes of scaling. They did not show 

(>1%) significant crystal decay, although oscillation photographs 

taken after data collection revealed that sharpness and intensity 

of the diffuse h3£ reflections of the supercell had decreased 

substantially. The intensities and their standard deviations were 

scaled (including minor decay correction), and corrected for 

absorption(µ= 272~9 cm-1), Lorentz, and polarization effects (5). 

The atomic scattering factors of S and I were corrected for the 

real contribution to ano1nalous dispersion (6). 2e-e scans of 

several reflections of the subcell and third diffuse layer were 

recorded with a strip-chart recorder in order to compare profiles. 
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Table 1. Crystal Data {1.d.) TTT2I3 

a = 18. 468 ( 2) 

b = 9.851 (l) 

c = 18.299 (2) 

Volume = 3329.0 a3 

Space Group= Cmca (subcell) 

Pmc21 (full eel l } 

z = 4 formula units per cell 
3 

dcalc = 2.166 g/cm 

b subcel l = b/2 

µ (absorption coefficient) = 272.87 cm-l CuK& rad. 
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Electrical measurements of TTT2r3 crystals were performed using 

standard 2 and 4 probe techniques and aquadag contacts. Conductivity 

vs. temperature and thermoelectric power vs. temperature are shown as 

plots in Appendix 2. 

Photographic results 

Oscillation photographs of l.d. (TTT) 2r3, revealed a set of 
0 

sharp diffraction lines corresponding to a spacing of 4.92 A. 

Diffuse layer lines corresponding to a spacing of 9.86 A were also 

seen, with spots superimposed on the third diffuse line. These 

diffuse spots correspond to a doubled unit cell, within the limits 

of the measurement. The photograph is shown in Figure 1. 

Weissenberg photographs of subcell layers indicated conditions 

for reflections, h02: h = 2n, £ = 2n and hk2: h + 2 = 2n, 

consistent with Cmca symmetry. A Weissenberg photograph of the 

third diffuse line revealed spots with slight extension in wand 

not significantly broadened in the 28 direction. No systematic 

absences were seen in this Weissenberg photograph, implying that the 

iodide lattice and TTT lattice have different symmetry. 

Structure determination and refinement 

Atomic coordinates for C~ S, and I atoms were obtained from 

previous work (7)~ and provided sufficient phasing to make refinement 

of C and S in the subcell possible. Positions of I atoms could 
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not be refined. After C and S atoms were refined, I atom coordinates, 

populations, and anisotropic temperature factors were adjusted in 

order to obtain a flat difference Fourier map. H atom positions 

were calculated, and the final stage of refinement consisted of 

refining H atom coordinates and isotropic temperature factors, and 

I atom populations and anisotropic temperature factors. C and S 

atom parameters were fully refined at this leNel. The converged 

structure gave R = O.lll, wR = .037 for all 915 subcell reflections; 

R = 0.085, wR = .034 for 548 reflections with F2 
> 3a. The 

distribution of iodine obtained from subcell data is a smoothly 

varying column of electron density along (~,y,~) with a minimum of 

5.15 and a maximum of 26.2 e/~3. This is similar to the results 

obtained by Smith and Luss (4), except that they see a variation 

from 16 to 37 e;A3. Comparison of relative maxima and minima 

imply a greater degree of registry between the I chain and TTT 

lattice in (l.d.) TTT2I3, as is also suggested by the differences 

in diffuse layer line spacings observed photographically. The 

differences in absolute value of electron density maxima is not 

significant, or grid size on Fourier maps may have been different. 

As there is only one I-chain maximum in electron density in the 

asymmetric unit , interpretation is subject to question. For this 

reason, a structural refinement was carried out.on 1276 unique 

data, including 915 subcell data, and 361 h3£ data. Since there 

are no systematic absences in the h3£ data set, the synmetry of the 
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full cell is lower than Cmca. Space group Pmc21 is consistent with 

the arrdngement of the TTT molecules, and with the lack of systematic 

absences for h3t reflections. The most important effect of adding 

k = 3 data is to add electron density to two of the four now 

independent electron density maxima along (\,y,~) and to subtract 

electron density from, and smear out, the other two maxima. The 

presence of weak h3i, h odd, reflections requJres a small displacement 

from x = ~ for some of the iodine atoms. The phase of h3t, h even, 

reflections is determined by the arbitrary selection of two of the 

four equivalent electron density maxima for reinforcement. The 

phasing of the h3t, h odd, reflections cannot be determined as 

they are all very weak, and do not interact with other data. These 

reflections would have zero intensity if the iodine atoms were 

located precisely at x = ~. The magnitude of the displacement can 

be determined from the h3t, h odd, reflections, but the direction 

of the displacement cannot be determined. Refinement of the model 

was performed by adjustment of populations, temperature factors, 

and coordinates of iodine atoms until the difference Fourier map 

was nearly flat. The R factor reached 0.137 for all 1276 data, and 

0.091 for 623 data with F2 > 36. The weighted residuals were 

0.055 and 0.050, respectively. The residual, R, for third level 

reflections alone was 0.297. Fourier maps of (~,y,z) and (x,y,~) 

reflections are shown in Figure2. Note that there is significant 

electron density at three of the four minima; that all maxima 
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Figure 2. Bond lengths and angles in the TTT cation of (l,d.)(TTT) 2r3• Estimated 

standard deviations are in parenthesis. Thermal ellipsoids are at the 

50% probab il; ty 1eve1 . 
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represent less than full iodide occupancy, and that the distance 

between the strongest maxima is 2.68 A, just 0.02 A longer than the 

r2 bond 1ength. Although minor diffracted intensity in diffuse lines, 

corresponding to one-dimensional order, could not be included in 

the structural refinement, this additional diffracted intensity is 

fairly weak. The diffraction pattern, with third level data included, 

is clearly inconsistent with discrete triiodi~e ions. The electron 

density map is consistent with the presence of species such as I-, 

I2, and r3-, which may be in dynamic equilibrium. 

The atomic coordinates and temperature factors of the TTT 

cation were not refined in the lower symmetry space group of the 

complete cell, Patterson maps of the h3~ reflections show significant 

intensity only at (O,y,O); (0.5,y,O); (0.5,y,0.5); and (O,y,0.5). 

Thus only iodine-iodine vectors are necessary for interpretation of 

the Patterson map, and contributions from C and S atoms of TTT 

molecules are negligible. 

The atomic coordinates and temperature factors of C, S, and H 

atoms in the subcel l are given in Table 2. Figure 2 shows the 

molecule and its bond lengths and angles. Coordinates and 

temperature factors of the iodine atoms used to model the I chain 

structure in the subcell and full cell are given in Table 3. It 

should be understood that these parameters model a continuous 

distribution of iodide species and, individually, have little 

significance. 
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Table 2. Refined Atomic Coordinates and Temperature Factors of the TTT Cation in (TTT) 2I3 (1.d.) 

c 1 

c 2 

c 3 

c 4 

c 5 

s 1 

H l 

H 2 

x 

96094( 52) 

92395( 37) 

96052 ( 37) 

92279{ 48) 

96146( 46) 

82910( 11) 

x 

8473 

9135 

y 

0 

17964(176) 

36659(178) 

55312(184) 

73247(202) 

15187{ 55) 

y 

5561 

8661 

z 

0 

4441(46) 

8951(38) 

13493(46) 

17678( 46) 

3861(14) 

z 

1161 

2109 

Ull 

419(55) 

370(36) 

484(43) 

728(57) 

798(58) 

362( 9) 

B = 7.48 

B = 8,25 

U22 U33 Ul2 U13 U23 

315(66) 373(48) 0 0 -58( 57) 

424(59) 481(42) 11(41) 11 (33) 25( 47) 

337(45) 356(34) -20(42) 60(34) 27 ( 39) 

396(60) 420(41) 25(50) 80(41) 44(46) 

488(59) 416(38} -20(50) 26(43) -17(48) 

640(15) 724(14) 45(12) 39(10) -100(15) 

Atomic coordinates of C and Sare multiplied by 105. Uij 1s and atomic coordinates of H atoms are 

multiplied by io
4. 

w 
N 
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Figure 3. Electron density maps through iodine chain in (l.d.) 

(TTT) 213. Scale is about 0.8 ~/cm; contours at 2e/~3 

intervals. 
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Table 3. Coordinates and Temperature Factors used to Model I-Chain in TTT2I3 
Subcell - Cmca 

x y z Ul 1 U22 U33 Ul2 Ul 3 U23 Population 

I l 250 125 250 852 2306 1667 0 772 0 0.224 

I 2 250 285 250 414 2624 505 a -14 0 1. 014 
I 3 250 405 250 2233 435 4125 0 -683 0 0 .121 

Full Cel 1 - P 

I 1 254 25 246 380 2483 560 93 171 9 0.657 

I 2 253 420 248 380 12910 560 0 171 0 0. 153 

I 3 253 758 254 380 2483 560 93 171 9 0.693 i.o 
+::> 

I 4 247 278 250 380 2483 560 93 -171 92 0.351 

I 5 245 499 254 380 2483 560 93 171 92 0.369 

I 6 251 92 250 518 12910 679 0 171 D 0.050 
. 

I 7 248 580 250 518 12910 679 0 171 0 0.020 
I 8 253 680 250 518 12910 679 0 171 0 0.060 
I 9 242 194 250 518 12910 679 0 171 0 0.065 

I 10 255 340 250 B=6.0 0.030 

I 11 240 840 250 8=6.0 0.040 

I 12 256 940 250 8=6.0 0.040 

All coordinates have been multiplied by 103. All Uij's have been multiplied by 104. 
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Discussion 

Figure 4 shows a mode.I which adequately explains the observed 

electron density of the iodine chain in (l.d.) TTT
2

I
3

. It is 

likely that r3 is the dominant species. Two-fold di.sorder between 

the crystallographically distinct configurations shown in 4a and 4b 

accounts for the fractional occupancy (~.6) of two of the iodine 

positions (y = .28; y = .50), and the 11smearing out 11 of electron 

density in they direction. The fractional occupancy (-.8) of the 

other positions may be explained by additional configurations. 

However, the very significant electron density between maxima suggests 

that there is exchange of iodine atoms between sites. Intermediate 

configurations such as Figure 4c and 4d may be involved in transitions 

from 4a to 4b. These would occasionally leave the higher occupancy 

sites empty. Species such as I2, 1-, r5-, and perhaps others would 

be present, although they would be much less likely than 13-, in 

agreement with the observation of 13- in TTT2I
3 

by Raman spectroscopy (8). 

The presence of disorder in the iodide chains of TTT2I3 has been 

invoked to explain the retention of conductivity at low temperature, 

although the nature of the disorder and its behavior with cooling have 

not been understood (l-4,7). The iodide chains in (l.d.) TTT2I3 
contain partially occupied sites which are statistically filled by 

several species in several possible configurations. Microscopically, 

these chains result in an aperiodic potential around the TTT stacks. 
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It is unlikely that there are important changes in the iodide chain 

at low temperature (3~7). This aperiodic potential may suppress a 

complete Peierls' transition by creating states within the gap and 

suppressing "locking" of charge density waves on adjacent stacks. 

This qualitatively explains the retention of moderate conductivity 

at low temperature in TTT2I3, although a complete explanation must 

await completion of low-temperature structure refinement. 
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• I 

a) b) c) d) 

Figure 4. Possible configurations of iodine species contributing to 

chain in (TTT) 2I
3 
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CHAPTER 5 

Tetramethyltetraselenofulvalene Bromide and Thiocyanate; 

Electrochemical Preparation of 

Conducting Organic Crystals 

Tetrathiafulvalene (TTF) forms highly conducting stacked charge

transfer salts with both organic acceptors such as tetracyanoquino

dimethane {TCNQ) and simpler anions such as halides and pseudohalides (1,2). 

Derivatives of TTF and its selenium analog, tetraselenofulvalene (TSF), 

also form highly conducting TCNQ complexes (3,4), but their halide 

and pseudohalide salts have been studied less thoroughly (5). I 

hav1~ prepared crysta 1 s of tetramethyl tetrasel enoful va lene bromide 

and thiocyanate (TMTSF)Br0 _82 and (TMTSF)(SCN) 0 _50 in order to 

explore further the relation between structure and physical properties 

in quasi-one-dimensional conductors. 

Preparation of good single crystals of organic conductors is 

often the most serious obstacle to study of these materials. 

Electrochemical crystal growth techniques have successfully 

exploited the conducting properties of a variety of inorganic 

materials (6,7) and a few organic materials (8). The crystal 

formed by electrolysis must be quite insoluble in the solution or 

melt in which the precurser is dissolved. As the conducting crystal 

grows~ it acts as an extension of the electrode. Defects inhibit 
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crystal growth, because of conductivity decrease. Large crystals 

are, therefore, well formed single crystals. Insulating phases, which 

are often formed in other kinds of crystallization experiments, are 

avoided by this technique. Electrochemical crystal growth experiments 

involving oxidation of TTF, TSF, TMTSF, and HMTSF (hexamethylene

tetraselenofulvalene) in the presence of Cl-, Br-~ I-, SCN-, and 

SeCN- were carried out at a variety of oxidat~on potentials and 

temperatures in several solvents. This investigation was not 

exhaustive, but some conclusions about the suitability of electro

chemical crystal growth to these systems can be drawn. 

Experimental 

Synthesis 

(TMTSF)(Br) 0_82 : O .01 g TMTSF was dissolved in 1.5 ml. benzo-

nitrile containing O.l Molar tetraethylammonium bromide. This 

solution was placed in the working electrode cell (Figure l) and 
0 

oxidized, at 0.02 Volt vs. Ag /AgCl0
4 

(sat}, with a Pt wire 

electrode, at 69-70° C. Well formed black crystals up to l mm 

long were recovered after eight minutes. 

(TMTSF)(SCN) 0 _50 : 0.006 g TMTSF was dissolved in l ml benzo

nitrile containing 0.02 Molar tetraethylammonium thiocyanate. 

Oxidation, at 0.00 Volt vs. Ag/AgCL04 (sat), at a Pt wire electrode, 

for fifteen minutes at 56-64° C, gave good crystals up to ~l ITl11 long. 
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The conditions, and results, of these and other electrochemical 

crystallization experiments, are collected in Table 1. 

The oxidizing potential was controlled using a Wenking 68 FR 0.5 

potentiostat. Crystals of both of the TMTSF salts were flat needles 

exhibiting well formed {110} and {010} faces. Oxidation at 

temperatures greater than -80° C resulted in little crystallization 

because of solubility of the products. Near room temperature, 

TMTSF is only slightly soluble in benzonitrile and oxidation gives 

crystals << .01 mm in thickness. 

HMTSF is very insoluble in all common solvents at room temperature; 

a benzonitrile solution at 100° C is less than 0.02 Molar when 

saturated. Un~rtunately, at this temperature, the oxidation product 

seems to be quite soluble also, even in the presence of fairly high 

concentrations of bromide or thiocyanate. 

Oxidation of solutions containing I or SeCN- resulted in 

oxidation of the anion, and formation of no solid product. Crystals 

of (TMTSF)lx can be prepared by co-diffusion of (TMTSF)Cl04 and 

NBu 4I in acetonitrile. 

Electrical measurements 

Conductivity and thermoelectric power were measured for both 

kinds of crystals at room temperature and at lower temperatures. The 

results are shown in Appendix 2. 
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Table l. Conditions, Results of Electrochemical Crystallization Experiments 

Donor, 
-

TTF 

lx10-3-6xlo-2M 

TMTSF 

l-2xl o-2M 

HMTSF 

7xl0-3M 

TSF 

3xl0-3M 

Electrolyte, 
Concentration, 
Working Electrode 

1 

NH4SCN,4xlo-2M 

NEt4Br, lxlo-lM 

NEt4Cl ,5-20xlo-2M 

NEt
4
Br, lxlO-lM 

NEt4SCN,2xl0-1M 

NBu
4
I,lxlO-lM 

-1 NEt4Br, lxlO M 

NEt4SCN,2xlo-2M 

NEt4C1,5xlo-2M 

KSeCN,l .5xl0-2M 

Sol -

acetonitrile 

benzonitrile 

benzonitrile 

acetonitrile 

Oxidation 
Potential, vs. 
--- , --- - - -4 (sat). 

0.0-0.5 Volt 

-0.0 Volt 

0.0-0.2 Volt 

0.1-0.4 Volt 

0.0-0.4 Volt 

Room 

Temperature 

60-80° c 

Room 
Temperature 
100-120° c 

. 

100-120° c 

Room 
Temperature 

-· - -

* (TTF) 12(SCN) 7 good 

{TTF}(Br) 0_
74 

crystals, 

(TTF)( Cl) O _
67 

l Ox .1 x.l mm 3 

(TMTSF)(Br) 0_82 good 

(TMTSF)(SCN) 0_50 crystals 

oxidation of I-, no solid 
extremely thin crystals of 
bromide and thiocyanate 
no crystals, some coating 
of electrode 

no crystals, some coating 
of electrode 

{TSF)Clx,tiny hair1ike 
cr.ystal s 
no solid produced in 
oxidation in presence of 
KSeCN 

* %C %H %N 
talc 33.19 l.69 3.43 
found 33.01 1.94 . 3.39 

0 
w 
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X-ray diffraction photographs 

Oscillation photographs of (TMTSF)(Br) 0 .82 and (TMTSF)(SCN) 0 . 50 
mounted with the rotation axis parallel to the C axis were 

taken. The C axis is ~1 ~ long for both compounds~ 

but photographs of TMTSF(SCN) 0 _50 show additional weak layer lines. 

An oscillation photograph of TMTSF(SCN) 0 _50 is shown in Figure 2. 

Accurate measurement of this film gave the lattice spacings listed 

in Table 2. The satellite reflections are due to a superperiod 

C' = 32.815 = 4.56 C. The presence of strong satellites of the hkO 

layer indicates that the superperiod is due to a structure factor 

modulation rather than a C axis length modulation, since the latter 

would give hkO satellites of vanishingly small intensity (9). 

Systematic absences (hk£, h + k ~ 2n + l; h0£, £ = 2n + 1) were 

determined from Weissenberg photographs prior to data collection and 

indicated that the space group of both compounds was Cmcm. 

Data Collection 

Both data sets were obtained with Ni-filtered CuKa radiation 
0 

(Aa + 1.54178 A) using 28-8 scans at rates of 0.5 or l .0 degrees per 

minute on a locally assembled, Datex automated, General Electric 

quarter circle diffractometer. Background intensities were measured 

at both ends of the scans for a total of 60, 80, or 120 seconds. 

Two TMTSF(SCN) 0 .50 crystals were used for data collection. An 

entire hemisphere of data was collected, and merged, in order to 
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Table 2. Layer Line Spacings of (TMTSF){SCN) 0 .50 

0 * 
d (A) 

32.8146 

9. l 088 

7 .1893 

5.8934 

4.0242 

3.5983 

3.2363 

2.5774 

2.3970 

2.2268 

1.8000 

* 

0 

1 

l 

2 

2 

2 

3 

3 

3 

4 

l I 

-1 I 

0 7 .189 

+ 1 I 

-1 I 

0 7 .197 

+l I 

-1 ' 

0 7 .191 

+l' 

0 7.200 

c' t 
0 

32.8146 

34.2313 

32.5899 

33.9013 

32.2572 

34.4791 

31.1683 

Very weak i = n ± 2' satellite reflections were observed but could not 

be accurately measured. 

t 
Calculated assuming that d = (i/C0 + £ 1/C

0
1 )-l. <C0 > = 7.1944; 

<C0
1 > = 33.063; C

0
'hkl 1 = 32.815; <C

0
'>/<C

0
> = 4.60. 
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average errors in data collection. A crystal measuring 0.070 x 0.033 x 

0.533 mm3 was used for intensity measurement of 1052 reflections 

due to the 9.919 x 24.124 x 7.220 A3 cell; satellite reflections 

could not be well resolved on the diffractometer with this crystal 

which required a 1 mm collimator. A smaller crystal measuring 

0.073 x 0.027 x 0.193 mm3 was used for measurement of satellite 

reflection intensities. Using a 0.25 mm coll~mator, 197 unique hkl' 

and hk2 1 satellite reflections were measured, as well as several 

hundred combination reflections (hk£ ± £ 1
). 

The (TMTSF)(Br) 0 _82 crystal used for data collection measured 

0.05 x 0.017 x 0.40 mm3. All 1029 reflections of TMTSF(Br)0 .82 
in one octant, having 2e ~155° were collected. The data from both 

crystals were corrected for Lorentz, polarization, absorption, and 

decay effects (10). The scattering factors of selenium, sulfur, 

and bromide were corrected for the real part of anomalous 

dispersion {11). Crystal data for both crystals are given in Table 3. 

Structure determination and refinement - TMTSF(Br) 0 _82 
Symmetry, stacking, and steric considerations indicated that the 

TMTSF molecules were oriented perpendicularly to C, lay on mirror 

planes at Z = 1/4 and 3/4, and that successive molecules were slipped 
0 . 

along b by -1 .0-l .5 A. This initial model provided adequate phasing 

for refinement and location of other atoms in Fourier maps. The 

structure was refined to R = 0.071, wR = 0.023 for 1029 data; for 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

108 

Table 3. Crystal Data, (TMTSF)Br0 _82 and (TMTSF)(SCN)
0

_
50 

( TMTS F) ( 8 r) O . 82 
a= 9.798 (2) 

b = 23.837 (5) 

c = 7.095 (1) 

v = 1657.1 A3 

Space Group = Cmcm 

F.W. (c10se4H12sr0 _82) = 513.6 

z = 4 formula units per cell 

dcalc = 2.058 g/cm3 

µ (absorption coefficient) = 145.2 cm-1 (CuKCi) 

(TMTSF)(SCM) 0.50 
a= 9.919 (3) 

b = 24. 124 ( 14) 

c = 7.220 (6) 

v = 1729 .3 A3 

Space Group = Cmcm 

F.W. (Cl0.5Se4H12No.sso.5) = 494.5 

z = 4 formula units per cell 

dcalc = l .899 g/cm 
3 

µ (absorption coefficient) = 122.3 cm-1 (CuKCi) 

Space Group of modulation Cmc21 
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755 reflections having F2 >30', R = .061, wR = .023. During refinement, 

four peaks on the Fourier map of the x=O plane indicated the incorporation 

of a disordered small molecule in the structure. These were refined 

as partially occupied carbons and nitrogens. Figure 3 shows the 

structure in the z = 1/4 plane. Figure 4 shows a projection showing 

overlap of consecutive TMTSF molecules view down z; and Table 4 shows 

bond angles and lengths in the molecule. Tab)e 5 contains atom 

coordinates and temperature factors. Most shifts were 1 ess than 

ri/2, all other shifts were less than G at refinement, except for 

the coordinates of Br- ion, which has very high thermal motion in 

the z direction, and can be fit equally well by constraining it to 

the z = l/4 plane or placing it in two-fold positions above and below 

this plane. Hydrogen positions refined satisfactorily but their 

isotropic temperature factors could not be refined. The deviation 

of C-H bond lengths and angles from expected values may be due to 

torsional motion of the methyl groups. A difference map, based on 

refined coordinates of non-hydrogen atoms, through the plane of 

the hydrogen atoms, is shown in Figure 5. 

Structure determination and refinement - TMTSF(SCN) 0 _50 

The TMTSF(SCN) 0•50 data were phased by placing TMTSF molecules 

at positions equivalent to those in the refined.TMTSF(Br) 0 _82 
structure. After several least squares refinement cycles, the 

thiocynates could be seen in difference Fourier maps. They lie 
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Table 4. Bond Lengths and Angles in (TMTSF)Br0_8 

Cl - C2 
Cl - Sel 
C2 - Se2 
Se 1 - C3 
Se2 - C4 
C3 - C5 
C4 - C6 
C3 - C3 1 

C4 - C4 1 

CS - Hl 
~5 - H2 
C6 - H3 1 

C6 - H4 

<Cl - C2 - Se2 
<C2 - Cl - Sel 
<Sel - Cl - Sel 
<Se2 - C2 - Se2 
<Cl - Se l - C5 
<C2 - Se2 - C4 
<Se 1 - C3 - C 3 • 
<Se2 - C4 - C4 1 

<Sel - C3 - C5 
<Se2 - C4 - C6 
<C3 - C5 - Hl 
<C 3 - C5 - H2 
<C4 - C6 - H4 

l .406 (22) 
1 .861 ( 13) 
1 .845 {l 7) 
1.871 (16) 
l .889 ( 16) 
1 .519 {24) 
1 .542 (24) 
1.340 (36) 
1.320 (36) 
1.24 (18) 
1.12 (18) 
l.ll (18) 
1.11 (18) 

121. 9 (. 1 ) 
122.2 (.1) 
115.6 (.2) 
116.0 (.2) 
93.3 (1 .0) 
93.2 (1 .0) 

118.9 (l .0) 
118.7 (1 .0) 
115.5 (1 .0) 
114.2 (l .0) 
94 ( l 0) 

122 (10) 
109 ( l 0) 
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Table 5. Refined Atomic Coordinates and Temperature Factors of (TriITSF)(Br) 0.8 

x y z Ull U22 U33 Ul 2 Ul3 U23 

Se 1 16068 (14) 9935 ( 5) 25000 313 (7) 359 ( 6) 538 (9) -20 (6) 0 0 
Se 2 15994 (13) -4216 (5) 25000 324 (7) 359 ( 6) 540 (9) 36 ( 5) 0 0 
c l 0 5763 (56) 25000 286 ( 83) 248 (64) 369 (102) o 0 o 
c 2 0 -130 (73} 25000 214 (76) 391 ( 78) 460 ( 112) 0 0 0 
c 3 6759 (126) 16826 (44) 25000 435 (72) 376 (55) 527 ( 84) -52 (51) 0 0 
c 4 6689 (131) -11167 (45) 25000 494 (78} 376 ( 55) 444 (80) 9 ( 55) 0 0 
c 5 15622 (157) 22005 (45) 25000 673 (92) 238 (49) 1076 (131) -178 (64) 0 0 
c 6 16145 (150) -16310 ( 49) 25000 523 (78) 380 (56) 628 (91) 68 (60) 0 0 
H 1 26450 (1000) 19750 ( 560) 25000 B = 6.00 
H 2 14380 (910) 24880 (370) 13610 (1000) B = 6.00 
H 3 2535 (910) 34320 ( 350) 11820 ( 1 000) B = 6.00 
H 4 1485 (1000) -18640 (560) 25000 B = 6.00 

--' __. 
w 

Br~ 50000 17573 {20) 23600 589 ( 23) 755 (24) 5269 (148) 0 0 3996 (382) 

. 
Solvent 

C7 0 41050 (80) 17800 (290) B = 4.50 
CB 0 45730 (140) 5240 (550) B = 4.50 
C9 0 50670 (170) 10530 (590) B = 4.50 
ClO 0 51960 (170) 25000 B = 4.50 

All coordinates have been multiplied by 105; all Uij 's by 104. 
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z = 0.25 

(0.177, 0.231, 
-- 0.250) 

Figure 5. Difference map through hydrogens of methyl carbon (5). 

F(calc) based on refined positions of all non-hydrogen 

atoms. Contours are in steps of .1 e/~3 , with outermost 

contour at .3 e/~3 . Scale is 4.9 cm/A 
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across mirror planes at 1/4 and 3/4. and there is two-fold disorder 

between sulfur and nitrogen. Electron density in the difference 

map also shows the presence of a disordered small molecule similar 

to that seen in TMTSF(Br) 0_82 . Hydrogen atom positions in 

TMTSF(SCN} 0 . 50 are even less satisfactory than in the bromide. 

The structural refinement proceeded to R = 0.054, wR = 0.0124 for 

all data; R = 0.042, wR ~ 0.0118 for reflections with F2 
L 3a. 

The temperature factors of the thiocyanate are fairly large, 

reflecting disorder and perhaps the modulation of the thiocyanate 

position. At the level of refinement achieved. all non-hydrogen 

coordinate and temperature factor shifts are less than cr/4; 

hydrogen coordinate shifts are less than o and hydrogen isotropic 

temperature factors could not be refined. 

Atom coordinates and temperature factors of the refined 

structure of (TMTSF)(SCN) 0•50 are given in Table 5. Bond angles 

and lengths of the TMTSF cation are shown on an ORTEP plot (Figure 6). 

Analysis of the satellite reflections 

Only the hkl I and hk2' (ci = 33,815 a) reflections were used 

in the analysis of the structure modulation. The pattern of 

intensity, with respect to indices h and k, is about the same for 

the hkl' and hk2' and the combination reflections resulting from 

both latices. A Patterson map based on hkl 1 and hk2' data shows 

a number of peaks with interatomic vectors having x~component = 0, 

Only one (independent) relatively weak peak lies off of the x = 0 
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Table 6. Refined Atomic Coordinates and Temperature Factors for TMTSF(SCN) 0.50 

x y z Ull U22 U33 Ul2 Ul3 U23 

Se 1 15849( 13) 9724( 4) 25000 470( 6) 521 ( 6) 644( 8) -38( 5) 0 0 

Se 2 15855{ 12) -4293{ 4) 25000 413( 5) 519 ( 6) 628( 7) 33( 4) 0 0 

c 1 0 5617(55) 25000 468( 73) 529(70) 434(79) 0 0 0 
c 2 0 .. 139(57) 25000 384{ 58) 506(64) 509(83) 0 0 0 
c 3 6744( l 07) 16531(40) 25000 626( 62) 510(46) 631(68) -21(45) 0 0 

c 4 6595(l00) -11165(37) 25000 528( 56) 470(43) 609(63) 51(41) 0 0 
c 5 15512(233) 21669(63) 25000 1097(106) 651(69) 858(98) -271(82) 0 0 

c 6 15495( 134) -16238(45) 25000 556( 55) 545(51) 748(76) 117(55) 0 0 
H 1 2829 1794( 47) 2500 B = 6.00 __, 

__, 

H 2 1609( 92) 2204(34) 1531 B = 6.00 °' 
H 3 2205( 70) -1508(28) 1567 B = 6.00 
H 4 748( 98) -1902(46) 2500 B = 6.00 

SCN-

c 7 0 32400(131) 75000 310(141) 526(150) 1159 (334) 0 0 0 
S/N 0 33333( 88) 58084(299484( 57) 2421(207) 1803(170) a 0 -711(169) 

Solvent 
c 8 0 4623(19) 4607(69) B = 10.15(1. 75) 
c 9 0 4798(22) 7500 B = 1 0 . 68 ( 2 . l 7) 

c 10 0 4119(11) 1775(40) B ::: 9,28(0.97) 
c 11 0 5111(19) 1000(88) B = 8.91(1.94) 
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Figure 6. Bond angles and distances of the tetramethyltetraselenofulvalene cation in 
(TMTSF)(SCN) 0.5. Thermal ellipsoids are drawn at the 50% probability 
l eve 1 • 

__, 
---' 
"-J 
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plane of the Patterson. The strongest vector is (0.0, 0.025, 0.5) 

which was interpreted as a vector between the extreme positions of 

a modulated thiocyanate chain. It appears that a slight displacement 

in they coordinates of the thiocyanate anions occurs with a period 

of 32.815 ~. This model of the modulation, in Space Group Cmc21 , 

along with fitting of several smaller peaks, results in R ~ .397 

for 54 reflections with F2 
> 3a. A Fourier map based on this . 

unrefined model is shown in Figure 7. Larger peaks (.5 e/A3) at 

(0.0, 0.333, 0.0), (0.0, 0.307, 0.5), and (0.0, 0.353, 0.5) are 

associated with the thiocyanate ions. A smaller peak (.2 e/~3 ) 

at (0.0, 0.463, 0.0) is associated with an atom in the disordered 

solvent molecule. Small peaks are associated with the TMTSF 

cations, in the region of the C=C bonds and methyl groups, but these 

cannot be identified with particular atoms. The atomic coordinates 

and temperature factors used to model the satellite data are given 

in Table 7, 

Discussion 

The TMTSF cations in (TMTSF)(Br) 0.82 and (TMTSF)(SCN) 0. 50 are 

slip-stacked and have their molecular planes perpendicular to co' 
as shown in Figure Ba. This method of stacking is quite different 

than the stacking of TTF cations in TTF halides (8b) and (TTF)(TCNQ) 

(Sc), The stacking is rather similar to that observed in tetra-
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Figure 7. Electron density map of satellite reflection data (z=O). Contour intervals 

are at -,05 e/A
3
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electron density at z = 0.5; solid contours at z = 0.0. Strong peaks at 

and near y = 0.33 are due to the thiocyanate ion; peak at y = 0.46 is an 

atom in the solvent molecule. 
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Table 7. Atomic Coordinates and Temperature Factors used to model (TMTSF)(SCN) 0.5 Structure Modulation 

x y z U11 U22 U33 Population 

s l 0 3333 a 498 443 321948 1.9 

s 2 0 3066 5000 498 443 321948 0.9 

s 3 0 3528 5000 498 443 321948 l.5 

c 1 a 4628 a 498 443 321948 2.0 

c 2 0 1580 5000 498 443 321948 1.4 

c 3 a 150 5000 498 443 321948 1.5 

c 4 1850 1600 5000 498 443 321948 0.7 ..... 
N 
0 

Uij = O for i f j. 

All parameters have been multiplied by 104. 
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a) (TMTSF)Bro.8 and 

(TMTSF)(scrn 0. 5 . 

b ) (TT F) Cl O . 6 7 

Figure 8. Stacking in some organic conductors. 
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methyltetrathiafulvalene bromide, (TMTTF)(Br) 0.5; where only a 

slight tilt away from perpendicularity to the stacking axis is 

observed { 5). 

Interchain coupling should be quite low in (TMTSF){Br) 0.82 
and (TMTSF)(SCN) 0_50 . There are no short contacts between stacksJ 

and van der Waals contacts (3.77 ~ in the bromide) only occur. between 

methyl groups (see Figure 3). TMTSF salts, including those with 

TCNQ, generally have longer interchain contacts than are observed 

for TTF and HMTSF, for example (4). 

High disorder exists in both (TMTSF)(Br) 0_82 and (TMTSF)(SCN) 0_50 . 

In the former, the bromide ion exhibits very high thermal parameters 

in the z direction. In the latter, the orientation of the thiocyanates 

is two-fold disordered. In both compounds, anion sites are not fully 

occupied, and a partially occupied small molecule (solvent) site 

exists in the x=O plane. 

The period of the modulation of the (TMTSF)(SCN) 0.50 structure 

is similar to the periods of incommensurate charge density waves 

observed in K2Pt(CN) 4Br0_30 ·xH20, (TTF)(TCNQ), {TSeF)(TCNQ), 

(HMTSF)(TCNQ), and (HMTTF)(TCNQ) (l 2). It is not unreasonable to 

interpret the modulation of the SCN- chain as a response to a 

charge density wave on the cation column. 

While the electronic transport properties of (TMTSF)(Br) 0_82 
and (TMTSF)(SCN) 0_50 are still being investigateds several predictions 

may be made on the basis of the structural properties. Exchange 
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of anions between sites cannot occur, so that some disorder will be 

retained at low temperature. Thiocyanate orientational disorder 

will also be retained, while the high thermal motion of the bromide 

ions should decrease. Disorder in (TMTSF)(SCN) 0_50 may be expected 

to result in retention of moderate conductivity to lower temperatures 

than in the bromide. 

The 32.8 $.. superperiod in (TMTSF)(SCN)O .. SO may be tentatively 

identified as a distortion resulting from an incommensurate charge 

density wave. If this is true, then 2kF = .215 c*, which implies 

that the average charge on each TMTSF is +0.43. This is reasonable 

in view of the uncertainty in the stoichiometry of this material, 

( - + and the possibility of back-charge transfer SCN + TMTSF + 

SCN° + TMTSFo). 
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APPENDIX 1 

Structure Factors Tables 

The following tables contain the observed and calculated 

structure factors for refined and partly refined structures reported 

in this thesis. The heading above each group gives the indices 

for that group of reflections, with one index indicated by a letter. 

That index varies and is given in the first column. Fobs is given 

in the second column, Fcalc in the third, and the standard deviation 

in the fourth. A negative sign on Fobs means that the observed 

intensity, I ~ F~bs' was negative. 
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A. [Rh(CNCHCH2)4Jc104 - Structure factors, room temperature data 

obtained with Ni-filtered CuK& radiation. Space group Immm. 

26 139 126 & 23 193 205 8 22 147 127 7 4 265 
0 K 28 64 91 B 25 130 131 8 24 46 'H 15 b 261 

21 55 8·• 11 8 215 
2 2'6 2 3(· 1 a 16 0 K 3 0 K 9 lO 216 
4 JOM 2%l 33 0 K 6 12 189 
b l-+79 1253 11 I 1657 1520 12 1 7'o9 121 7 14 147 
b 250S 2591 zo 3 1303 1246 9 0 1717 l60o 13 3 725 116 7 lb 107 

10 152<; 1422 1 l 5 2131 ZOO'! 15 2 1300 1323 9 5 674 667 1 18 !:i l 
12 l '>3 1• 1517 11 1 2173 218 7 15 4 1153 1054 9 1 541 493 6 
14 'HVi l 024 f\ 9 1502 1509 11 6 930 991 B 9 380 352 7 0 
l t> 8 7li ll26 A l l 914 690 7 B 1166 1115 9' ll 347 380 1 
I 3 4'< 4 '>20 6 13 .. 51 8b4 8 10 1096 1101 9 13 369 3'>!1 7 l 2a2 
7.0 453 461 6 15 806 825 7 12 803 787 7 15 333 301 7 3 226 
22 ::11 u 330 1 17 613 52'> 6 14 487 496 6 17 23't 218 7 5 230 
24 19~ 21~ 8 , .. 288 3f.,? 1 16 353 '121 7 19 169 169 II 1 223 
lb l2'l l.27 9 21 320 305 1 16 312 323 1 21 114 121 9 9 172 
.28 65 % 1 1 23 205 231 8 20 271 277 1 23 56 90 12 11 l ~ 1 

25 163 l!:i 7 8 22 207 204 1 13 130 
0 K 27 86 102 10 24 113 140 y 0 K 10 1 !i 60 

26 82 89 8 
l 111 n 2542 13 0 K 4 0 536 563 6 0 

3 171 b !t,q5 1 l 0 "' 1 2 S38 533 6 
5 200G 1 ~20 16 0 2345 2363 16 4 466 46 7 6 0 16 3 
7 12.23 1251 9 2 1029 106 2 8 l 10'>1 1163 9 6 366 35Y 7 2 142 
CJ 1625 1515 12 4 11128 l 8'>3 l3 3 979 'il9• 7 !I 277 312 6 '• 171 

11 144ti 1383 1 l 6 2024 1%5 16 5 866 69u 7 10 329 362 1 6 156 
13 1212 1122 9 8 1661 1590 li' 1 9"1 914 6 12 344 326 1 R 142 
l :> ';I;) 3 '71U 8 LO 1131 1112 8 9 843 83~ 7 14 265 236 1 10 10 5 
17 736 6?.7 1 12 1026 1110 6 11 649 604 6 16 188 ~ 01 6 12 So 
19 42~ 490 6 14 198 181 7 13 467 'o67 b 18 156 156 6 
21 395 385 6 lb 559 566 6 15 394 't29 1 20 109 1oq 9 0 
21 214 267 R 16 302 33 l 1 17 363 350 1 22 53 B6 11 
25 l6'o lt5 8 20 267 323 7 19 262 263 1 1 105 
27 89 108 10 22 253 259 7 21 180 l9b 9 0 K 11 3 99 

24 l 78 188 8 23 135 l3b 8 5 96 
a K. 26 117 115 8 25 66 91 8 l 445 465 6 1 79 

3 396 408 6 9 56 
0 2977 33 ~e l 7 0 K 5 0 K 8 5 314 343 1 
z 1593 11t32 12 7 314 336 1 1 

"' 4008 3'795 25 l 1594 1723 12 0 1066 l 019 Q 9 316 334 1 
b 1315 12'}1 10 3 1403 1447 10 2 973 952 8 11 217 263 1 l 't59 
8 11 ... 1 l 770 l 4 5 1355 1312 10 't 886 81<J , 13 195 200 9 3 15 

10 13.lO ll'lZ 10 7 128"> 124'+ 9 6 835 653 7 15 151 175 10 5 482 
12 ll!:i~ 1101 <> 9 1234 1366 10 8 700 049 7 17 144 121 8 1 279 
14 iJ7? 625 7 11 1167 1201 q 10 524 460 6 19 ... 90 Q q 211 
lb !l l 1 793 1 13 836 800 7 12 392 428 7 11 62 
18 't9ll '+ 72 b 15 503 503 6 14 408 440 b 0 K 12 u 53 
20 373 386 b 11 349 362 1 lo 366 367 1 15 -29 
2Z 274 2~5 1 19 287 32.2 7 18 211 24':> 1 0 345 211 7 17 112 
2 .. 165 2C3 9 21 295 278 1 lO 181 181 8 2 313 2 56 1 19 69 

244 7 
25q 7 
248 1 
206 8 
174 !I 
142 8 
97 </ 
l!O 12 

I( 13 

183 8 
1 c; l 7 
2C2 7 
194 1 
168 8 
144 a 
110 B 

78 ~ 

K 14 

150 8 
152 9 
157 7 
1'>9 6 
131 ti 

1l2 <i 
87 13 

.... 15 

68 9 
1!9 9 
e1 9 
ez 9 
15 11 

K 0 

4 .. 8 4 
13 5 a 
470 4 
280 5 
219 5 

l 15 
7 19 

42 32 
67 14 
49 21 
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21 .. 1 2 29 K 4 8 -31 31 32 4 13 15 46 17 25 f <; l1 
23 4<; 1 24 10 42 b5 28 6 -18 2 41 l'l 140 72 12 

l 1 81 19C 7 12 38 ti 31 II -42 7 28 21 11 12 <+2 
K 3 203 19 ll 6 14 -39 15 32 10 46 2Z 25 23 47 0 2'• 

5 2.22 21J 5 16 -18 46 4-? 12 72 10 17 
') ~j..+ -+ l 3 .. 1 176 129 6 18 -46 3'1 27 ... -3'+ 13 2ll 2 K 2 
2 1347 12 92 1 0 9 39 13 22 20 -50 21 23 
4 647 b">6 5 Lt 77 60 15 K 12 0 2159 2128 15 
6 Gilb c.? 1 7 13 28 61 33 K a 2 781 121 (> 

B 12 () 64 8 15 't9 25 26 1 21 21 34 4 556 460 ~ 

l .') J·J ~ 335 5 1 7 54 51 26 1 44 30 26 3 64 21 21 6 381 362 
12 ltd I T2 l:l 1 'l -1a 3/ 30 3 -SS 1 21 ' 5 -59 26 21 II 162 156 1 
14 l () c 1 '•::J l3 21 38 15 29 5 -25 12 35 7 46 32 25 10 143 le!! !l 
16 12 ~ 97 12 23 41 15 25 7 -bt 6 20 9 -10 27 44 12 92 83 13 
18 ll l 70 lQ 9 Zd 39 37 ll 39 17 26 14 Gl7 BO 14 
2 (1 23 'o5 39 K 5 11 -16 49 46 16 -34. n J:l 
22 -'>2 6 28 13 -H 11 2'i 1 K 13 18 134 134 13 
24 35 12. 21 0 347 335 5 15 49 54 26 20 -:rn 16 34 

2 358 l~Q 5 17 86 44 17 0 2e 3 32 22 -54 <;. 23 
K 2 4 -15 EiO 34 l 'l 50 2'.> 23 2 -56 ll 21 24 3 l 13 21:> 

6 39 131 22 4 -31 17 30 
l 2.!.P. dl 4 8 76 49 14 I<. 9 6 -54 29 20 z K 3 
3 1054 1069 e 10 97 C,4 13 cl 82 22 14 
5 694 t.77 " 12 93 94 15 0 50 34 25 l 33 .. 2~1 5 
7 263 265 5 l 't -10 61 lO 2 80 56 18 2 K 0 3 2Hl 159 5 
9 -l 4 46 33 16 55 b 25 4 33 61 33 5 353 382 5 

11 93 102 11 l!I 51 7 25 6 51 6.l 2b 0 575 579 5 1 -.79 41<;1 5 
13 le 68 35 20 -49 26 25 8 -57 3Ll 24 7 440 4?2 5 9 41 '15 22 
l ':> 3 f: 42 29 22 11 h1 43 10 74 17 20 4 2355 2094 lb 11 -5GI fill 19 
17 14 3 114 11 u -1 31 51 6 84 207 12 13 Sb 't6 .21 
l'I "7 65 28 K b 14 80 45 18 8 526 467 5 15 7l '16 .2 l 
21 -71 7 20 16 59 3,;1 21 10 -50 2 19 17 52 4j(l 26 
23 75 4 17 l 29 2J 27 18 -31 25 30 12 110 141 11 19 49 42 26 

3 102 50 11 14 89 30 15 21 -64 7 21 
K 3 5 38 3 24 K 10 16 -38 73 30 23 -19 13 37 

7 52 19 20 18 136 112 13 
0 650 ll1 5 9 23 18 34 l BB 11 l7 20 46 25 27 2 K 4 
2 744 777 b 11 88 bl J.b 3 92 76 17 zz -26 10 35 
4 5J3 H7 5 13 -20 10 41 5 sc; 45 17 24 -4'• 2 23 0 608 62<; ~ 

6 2J8 215 5 15 78 12 20 7 45 1 29 2 100 77 l l 
8 IQ3 183 6 17 18 32 43 9 --'t5 14 l8 2 II. ... -35 23 22 

10 49 98 19 19 69 38 20 11 "2 Jo 28 6 405 379 5 
12 94 99 13 21 65 17 19 13 59 25 22 l 458 454 4 8 93 51 12 
14 56 70 22 15 ::io 19 28 3 915 773 7 10 26 7 30 
u .. <; 1 107 16 K I 7 25 25 3l 5 161 166 7 12 5,, 57 22 
1 !l 95 53 1 B 7 191> 220 6 14 102 111 15 
20 -31 39 34 0 16 " 37 K ll 9 224 178 5 16 52 23 26 
22 46 5 25 2 56 62 19 11 103 55 11 18 -61 43 23 
24 - 7't 24 16 4 50 50 22 0 48 11 28 13 39 21 26 20 -17 7 42 

6 65 105 19 2 67 3 21 15 45 15 26 22 -34 l7 30 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

129 

12 11 32 22 l -54 2 22 l '\I 3Bb 359 6 18 250 2G4 8 
2 K 5 14 -57 4& 24 3 59 12 19 2:1 251 283 1 20 24'1 252 1 

16 Sl 49 18 5 -53 24 21 23 191 209 s 22 19 2 208 7 
1 202 138 6 18 54 33 22 1 -2& 25 31 25 123 136 9 24 139 141 B 

3 -38 43 23 l1 BO 'H B 26 56 '>0 10 
5 se h l 6 2 K 9 3 K 0 
7 -22 '14 32 3 II. 3 3 K. 6 
9 94 84 13 l -58 55 24 l 3l49 3692 lb 

11 159 2CJ4 10 3 -45 <) 1 28 3 2006 l 751} 16 0 1230 1243 9 1 1119 1124 9 

l 3 -5b 58 24 5 4b 97 28 5 1151 1143 9 2 1424 143& 10 3 945 <;55 8 
15 12 .. 3 20 1 91 3 17 7 1 ~ 't't l 389 ll 4 1521 1550 11 5 lh3 ESB 1 

17 -5 5 !>4 9 10 57 21 9 1315 1424 LO , 6 1691 l 65 9 11 7 BBt> 870 a 
19 53 2<J 24 11 -28 3 36 11 l26b 1185 10 8 1333 1354 10 9 !!92 <;CZ 8 

21 't 7 17 25 13 52 5~ 25 13 'HlO 'i7!! B 10 1014 996 e 11 7ti7 112 1 
15 86 40 17 15 864 764 1 12 735 703 7 13 521 !529 6 

2 K 6 17 40 31 26 17 509 53'> 6 14 759 781 7 15 359 368 1 
19 444 419 6 16 532 513 6 17 2!JO 303 1 

0 159 182 8 2 K l :J 21 283 334 7 18 353 387 7 19 250 258 8 

2 40 l12 24 23 208 231 8 20 257 270 1 21 192 204 e .. 63 57 LB 0 79 31> 20 25 133 141 8 u 224 236 f 23 141 146 ll 

b 81 70 15 2 71 93 22 27 BO 94 9 24 1~2 163 t 25 96 c;5 1 
8 c; 88 't5 4 100 5 l 16 26 95 108 9 

10 15 1 148 10 6 56 10 25 3 K 1 3 i<. 1 
12 27 3 37 8 56 4 24 3 K 4 
14 7C 21 21 10 33 40 l3 0 2 855 2b6't 17 0 913 'i<t8 d 

16 50 6 27 12 78 37 18 2 2807 2:63, 18 1 1234 1257 10 2 90?. c;94 8 

18 -4<; 45 26 14 -47 13 25 4 1573 1457 11 3 1232 1198 10 792 1S l 7 
20 5<; 23 2 l 16 56 ~2 20 6 1549 1409 11 5 1405 1409 10 6 740 729 1 

8 1245 1194 10 7 1469 1418 11 I:! 741 123 1 

2 K 7 2 I<. 11 10 1333 1291 10 9 1115 114<1 9 10 636 623 7 
12 942 <,116 8 ll 904 885 8 12 458 442 7 

l 29 60 :rn I -32 13 H 14 927 'H3 B 13 72:4 734 7 14 3<t5 378 7 
3 't 0 82 26 3 -71 l 20 16 589 585 1 15 60'> 545 6 16 317 335 1 

5 83 52 16 5 42 16 2:8 18 4!17 493 6 17 312 3 51 7 18 254 262 1 
1 5c; 79 22 1 BO b 17 20 347 340 b 19 263 275 1 20 198 191 1:1 
9 dl 54 18 9 tt 32 27 2 2 248 279 7 21 22/i 246 e v 120 139 9 

l l -55 ll 26 11 44 15 lb 24 153 173 9 23 185 192 1 24 79 96 9 
13 60 11 25 13 -34 b 28 26 96 114 9 25 115 126 8 
15 34 14 31 3 K 8 
17 83 50 17 2 K 12 3 K 2 3 K 5 
19 -31 l3 32 1 808 71JC 1 

0 21 14 38 1 1419 1385 10 0 1341 1427 15 3 741 718 7 
2 K 8 2 12 11:1 44 3 1745 1641 12 2 1227 1297 10 5 b94 05 7 

4 -28 15 34 5 1627 1650 12 4 1021 1049 e 1 637 us 1 
0 93 136 15 6 -34 33 30 7 14'"1 1347 11 6 1095 1042 9 9 496 465 6 
2 45 17 21 B -51 37 23 9 1093 1140 e 8 1064 1101 !! 11 369 346 7 
't -31 5 33 10 -30 18 30 11 1014 894 8 lO 990 1008 8 13 34? 30 1 

6 71 81 20 13" 808 771 1 12 770 782 7 15 348 348 1 
8 66 4 21 2 K 13 15 795 682 7 14 554 580 6 17 257 251 1 

10 51t 75 21 17 505 494 6 16 326 347 T 19 182 116 e 
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21 13 4 131 8 9 213 200 1 3 166 123 7 16 -5B 0 24 10 -35 15 33 
23 Bl q3 ll 11 176 lt..l 7 5 89 3 12 10 73 52 19 12 53 6 25 

13 140 13it a 1 49 106 zo 20 65 16 19 14 3d 21 3() 
3 K q 15 97 102 9 9 149 93 9 16 -45 33 21.; 

17 51 74 11 !l bl z 21 4 K 5 
0 b-.t t..O't 1 13 511 24 24 4 K 9 
2 5~ tl (;45 1 3 "' lJ 15 12 2b 49 1 99 94 14 
4 58 5 :,c.o 7 17 10 57 21 3 bb lb 19 l -3b 54 34 
b 473 492 7 0 1 72 157 9 19 60 35 23 5 18 47 17 3 -23 41 41 
6 379 3'+4 7 2 194 159 B 21 44 0 26 7 b9 es 20 5 -26 20 37 

1 ') 2H7 l"J7 1 4 l gc lod B 9 .,3 2b 29 7 -4u 14 30 
12 324 ~'Id 7 6 187 169 7 4 I\ l l 27 21 38 ., -75 10 u 
14 JOS 303 7 a 167 15& B 13 30 5 37 11 -;.) a 24 
lb 242 2lb 7 IC 1'.5 131 8 0 104 123 11 15 -6 ll 5.2 13 64 23 20 
18 lb 7 163 8 12 114 106 B 2 152 217 8 17 -71 21 19 15 37 31 2b 
20 Jl2 12'• 9 14 87 bl 7 4 34 18 25 19 49 21 24 
22 71 tl8 9 b 245 251 6 4 K lo 

3 K 14 8 5~ 15 19 4 K 6 
3 K 10 10 112 77 12 0 41 10 27 

1 126 122 8 12 41 11 28 0 11 q 157 13 2 -13 39 45 
l 41,,7 4~9 7 3 124 121 9 14 112 74 14 2 74 4 18 4 42 14 28 
3 .. J .. .:.2d 1 5 l 3't 127 8 16 20 2 43 4 21 0 40 tJ 25 28 37 
5 356 357 7 1 112 11 7 B 18 105 77 14 6 -38 82 31 8 66 10 20 
1 20 5 2'!8 7 q 97 102 8 20 -27 1;. 34 8 -!l 4 51 10 57 5 22 
9 21 .. 288 1 11 80 85 7 22 57 ll zo 10 -47 5 2'l 12 -4& 18 25 

11 2<3~ 79b 7 12 -b9 12 23 
13 246 2.H 8 3 K l~ 4 t<. 3 14 '>2 11 2<j 4 "' 11 
1, l ':1 5 181 B 16 'tO 2 Z'J 
11 144 153 8 0 7l n 10 l <;'J 11~ 13 18 -1 22 48 1 -59 5 22 
19 112 l l 3 8 2 BJ bl B 3 174 1 b3 8 20 -17 16 37 :i -l7 12 35 

4 66 Ill 9 5 134 187 9 5 b 16 4'l 
K 11 7 1C6 40 12 4 K 7 7 66 7 19 

4 K 0 9 -J4 ~() 30 9 -b.:. 5 19 
0 31> 1 313 7 1 l lOb 81 14 l 44 21 29 11 68 16 17 
2 3 1t 3 362 7 0 B 76 932 1 13 61 29 23 3 38 60 31 
4 292 304 7 2 60 8'1 15 15 7il 11 19 5 47 43 28 4 K 12 
6 241 2 73 6 4 l 01 13 T 11 l 1 -42 55 29 7 -91 e 18 
8 25<'.l 275 1 6 bl 153 17 19 51, 50 23 g 34 5 35 0 32 3 30 

JO 2'+ 7 250 1 6 402 351 5 21 -27 19 32 11 50 32 28 2 16 12 39 
12 202 193 I'! LO -38 4 21 13 63 !2 22 4 -41 14 26 
14 175 159 1 12 'l'.i 93 15 4 K 4 15 -7 e 50 b -34 15 27 
lb 135 !JO 8 14 48 4b 21 17 -57 27 22 
18 S'l 91 9 lb -29 17 36 0 34'4 378 5 5 K 0 

18 98 btl lb 2 45 29 24 4 K 8 
3 K 12 20 -44 II 27 .. -41 BB 2 !> l 365 352 5 

22 -2b 5 33 b 59 bb 21 0 -55 67 26 3 95 -.2 13 
1 28 7 230 7 B 12 58 19 z 5b H 25 5 296 3C2 6 
3 25 l ll<l 1 .. t<. 10 112 97 14 4 -ZR 25 36 1 2bO 201 7 
5 233 217 B 12 49 34 21 6 -53 4 27 9 -88 76 16 
7 236 221 7 1 85 13 12 14 -24 l 4::1 8 lb B 21 11 60 0 2l 
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13 6€ 14 22 l 121 l2:l 13 1 64 ZJ 2't 24 74 113 9 2 671 671 1 

15 63 18 2 3 3 48 Lb 26 3 63 42 Z4 4 786 757 7 

17 55 36 25 5 l 't5 ic .. 12 5 -32 6-. 37 6 K 6 709 122 7 

l <;i 1 2 50 44 1 122 101 13 7 41 45 31 a 729 709 7 

21 J<;i LB 26 .. 64 41 L9 <; -65 24 22 l 1228 1221 9 10 552 568 7 
11 -do 5] 19 11 12 46 H 3 1011 960 d 12 4'1!1 4(:9 6 

5 K n 57 72 lb 13 ll 12 46 5 823 773 7 14 366 349 7 
15 94 3d 16 15 23 47 ~5 7 7Jl 731 7 lo 244 212 8 

0 1't 7 .<:12 9 l 7 7 15 49 9 742 685 7 18 Hl2 1€9 a 
2 -3~ 94 2 7 19 14 11 41 5 K 9 11 58 5 604 10 20 152 164 8 

4 10 e 12J 12 13 578 529 6 22 ll l l ::!5 a 
b 2'r l 1 7ll 7 5 " 5 0 -37 33 32 '15 425 436 6 

!I -74 42 l 'l z -51 31 27 11 352 326 6 6 K 5 
JO ID 70 l 3 0 92 12 17 4 29 10 31 19 2Jl 241!1 7 
12 87 53 18 2 15 5d 20 6 33 38 33 21 179 191 1 1 675 699 1 

14 -51 54 28 4 56 17 25 8 19 25 jO 23 98 136 9 3 626 626 1 

16 81 51 1 B 6 -30 9 36 JO 13 27 18 5 616 614 1 

18 75 44 I 8 8 64 33 23 12 -33 25 .H 6 K 2 1 610 645 1 

20 76 41 1 7 10 -31 94 35 9 611 59<; 1 

12 95 105 11 5 K 10 0 1019 10 Tl 12 ll 498 4'ii2 6 

5 K 2 14 60 3 23 2 829 797 10 13 385 380 1 

lu -49 ll 26 1 lo 46 48 4 932 931 11 15 259 272 7 

1 12t lJ.:J l I 18 -53 l 23 3 44 47 28 6 754 112 10 17 191 1 <;6 6 

3 27<> 298 6 5 55 21 23 8 818 748 10 19 146 lt:5 8 

5 35~ 30tt 6 5 II. 6 7 52 8 2 .. 10 552 537 9 21 126 143 8 

7 -43 68 2 7 9 -42 b 26 12 559 52" 7 
9 61 l 22 1 69 26 22 11 56 30 20 14 437 418 ~ 6 K 6 

11 57 13 24 3 56 lr 25 16 369 358 7 

13 42 l 7 ) l 5 60 2'.l 25 5 K 11 18 251 246 1 0 646 6t:8 1 

15 75 51 £'0 7 61 lJ 24 20 ltl6 199 7 2 564 5<; 1 1 

1 7 17 11 19 9 71 lb l1 0 42 2'+ 27 22 150 149 1 4 535 538 1 

19 -53 47 23 l 1 11 B.:' 22 2 H 15 l6 b 517 521 1 

Zl -'t5 11 23 1 J -)<i n 31 4 57 .;) .21 6 K 3 8 530 5ll 1 

15 35 19 32 6 47 l 23 10 "15 461 6 

5 K 3 17 20 16 38 8 -34 21 27 1 695 691 10 1l 379 3€3 7 

3 7-+5 770 10 14 271 213 7 

0 214 2'+1 7 5 K 6 K. 0 5 824 837 JO 16 192 2C9 8 

2 145 151 IC 7 769 118 10 ta 156 170 8 

4 302 271 6 0 7+ 22 21 0 l 7 l't 1726 13 9 677 633 1 20 13 7 144 7 

b !lb 227 9 2 -35 0 35 2 1325 1191 1 () l l 512 50'• 7 

ti 148 133 l 1 4 71 28 21 4 1084 l04J 9 l3 491 421 6 6 II. 7 

10 11 18 21 6 52 19 28 6 683 650 7 15 356 348 1 

12 -2i' 42 41 B 56 47 26 6 835 792 8 17 254 258 8 l 550 541 1 

14 -25 21 40 10 11 ;;.2 20 10 643 660 7 19 175 194 8 3 493 4'>'> 7 

lb 71 €4 20 l 2 -53 22 25 12 676 647 1 21 162 158 7 5 461 451 1 

18 -41 32 21) l 4 38 6 30 14 4S3 490 6 23 105 122 7 1 437 417 7 

20 -bt' H> 18 16 -so 38 24 le 406 '110 6 9 390 ~Bb 1 
18 268 284 1 6 K 4 11 314 325 1 

5 K 4 5 K 8 20 226 230 7 13 2&4 256 7 
22 1-.7 166 1 0 738 1-.1 1 15 209 214 8 
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l 7 l7tl l ti l 1 10 53 4 23 5 116 120 17 

19 130 139 7 0 l &O l4b 7 0 61.1 58 26 7 105 83 lb 

2 l 54 14J 7 2 21 B 46 1 K 8 9 -95 35 J7 

6 K fl 4 l <t4 13Y 6 4 66 T!J 20 11 9 24 49 

6 l J7 l3b 7 6 -60 18 26 1 36 lB 31 

0 4b 1 4b1 7 A 125 Bl 7 8 61 53 ZS 3 57 13 23 B I\ 4 

2 4'i-'t 4 +'.) 7 10 <;2 115 8 10 bl 35 24 5 -51 4 l':> 

4 43.? 4'.'5 6 12 58 41 24 1 -94 10 15 0 91 t7 19 

b 384 J ., .. 7 b K D 14 24 6 H 9 1 .. 13 17 2 --<<> 6 JI 

a ;<!() 7 3J6 7 11> -32 11 30 4 -93 27 19 

10 278 2S3 1 l 101 100 a 7 K 9 6 ':>9 61 25 

12 222 221 8 3 lOt> lOJ 7 K B -69 4<+ 22 

14 2,J a 210 7 5 BT 105 8 ,o -26 24 34 10 40 48 30 

It.- 1?2 H2 ll l 11 38 z,, 2 13 18 43 

ld l 2 I nz 7 7 r<. u 3 -37 3!. 3o ~ :+7 4 2't 8 K 5 
5 14 50 49 

CJ t< 9 1 160 124 12 1 39 30 J2 8 K 0 l -10 CJ 52 

3 -'09 2U 29 9 61 3.'I 2<t 3 -60 14 26 

l j' l 3&4 7 5 -37 12 34 ll 50 13 26 0 92 48 18 5 20 8 43 

3 14 5 )J9 7 7 79 80 21 13 68 lJ 20 l 46 82 31 7 51 15 27 

5 )l 5 2.;,e 7 9 80 76 19 1 5 -42 2 26 4 86 93 19 9 -57 41 24 

7 l51' l49 7 1 l 46 24 28 6 73 78 21 

9 224 2')5 !'! lJ 70 5 20 1 K 5 8 96 Bb 17 8 I\ 6 

11 l 9 7 l 9'.J 8 15 -3 7 19 30 10 20 3 4C' 

13 171 l 9'1 9 17 50 .z 0 23 0 56 64 28 lZ -46 19 27 0 39 1 32 

15 l fl l 63 6 2 67 38 2 .. 2 65 3 23 

l 7 l 11 l l i:; 7 7 K 4 64 3(., Z5 8 K 4 96 12 16 
6 19 43 44 6 73 3 20 

6 io: l (1 0 32 l ll 40 8 69 30 22 1 65 62 26 8 -62 19 22 

7 110 120 16 10 36 13 J3 3 17 33 21 
0 27d ;: C) l 7 4 Ski 61 18 12 20 20 40 5 40 13 32 6 K 7 

2 lGt. 214 7 6 24 Tl 42 14 53 10 22 1 3l. 37 33 
4 2Z-l 2 45 8 ll 32 16 37 9 26 22 37 l -37 12 ;, 1 

0 207 209 A 10 -31> 47 33 7 K 6 l l -46 5 21 3 49 14 26 

d l 8 !] I :30 B 12 -47 24 28 13 -20 2 38 ~ 54 13 23 

l 'l 118 l 71 7 14 1 4 50 l 61 35 25 
12 152 1 ..... a lb 55 30 22 3 82 l 20 8 K 2 9 I( 0 

l '+ 11 c, lJ5 8 5 25 32 40 
1 K 2 7 53 21 34 0 101 70 19 1 532 53.2 1 

6 K 11 9 51 h 26 2 -11 47 52 3 45~ 454 1 

l 87 74 21 11 -J9 15 30 4 39 67 34 5 360 362 7 

l 21 5 dl 7 3 -50 35 31 13 }CJ 5 28 6 96 98 18 1 320 315 7 

3 19 7 l 96 1 5 -59 28 27 8 -2!l 10 38 9 282 297 1 

5 l '.lfl 1 76 8 7 67 2fl 24 7 K 1 10 \6 14 43 11 .l.64 278 7 

7 15'7 1&2 ti 9 -42 25 31 12 -:.o l 29 l3 213 250 1 

... 15 0 155 B 1 l 49 33 21 0 -3<; 4 32 15 1 75 209 B 

11 140 139 7 13 -71 26 19 2 67 1 22 8 K 3 
13 l~H 110 7 lS -59 16 22 4 45 14 29 9 K 

6 81 6 19 l 91 54 20 

& t< 12 7 K J 8 34 11 32 3 -B 58 55 0 429 .r,e 5 7 
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2 4a3 47b 1 11 226 235 e lO 22-. 235 1 .. l 9't 210 1 
~ .H6 370 1 13 195 205 8 l 270 26'> 6 12 173 105 8 6 186 192 7 
b 33 2 ::>4 l 1 I 5 152 170 e 3 301 300 7 8 lb2 174 7 
8 290 294 1 5 292 31J 1 9 K 6 10 140 15 7 1 

10 21'1 2a2 7 9 K 7 28'1 304 7 
12 2lil 244 1 9 24CJ 273 1 l 242 26tl 7 CJ K e 
14 168 222 A 0 29.J 301 B ll 211 2.22 8 3 228 251 8 
16 135 l 72 6 2 334 321 1 13 115 1n 8 5 229 243 1 1 18 l 2CC 7 

4 293 31, 8 7 223 236 7 3 lBO lE5 7 
9 K 2 6 312 32'7 1 9 K 5 9 184 214 ij 5 156 H: 1 7 

8 285 28~ 1 11 150 182 8 7 130 141 8 
l 3H 386 7 10 245 250 B 0 273 282 7 
3 359 353 1 12 202 199 e 2 267 284 1 9 K 9 I(, 9 
5 319 3J4 7 14 150 lbb 9 4 256 276 1 
1 3l3 Jl5 1 6 274 283 1 0 221 238 1 0 1'>5 165 b 
9 279 274 1 9 K 4 B 25'> 2 71 7 2 232 230 6 2 139 156 7 
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B. [Rh(CNCHCH2)4Jc104 - Structure factors 22° K data obtained with 

graphite-monochromatized MoKa radiation. Space group Immm. 

3 139c.. 1231 11 10 933 938 27 11 ~205 173 1 05 
0 K 0 5 l1dl 2080 18 12 466 617 54 19 274 122 Bl 0 K 13 

7 20 51 2Cbb 20 14 444 533 51 21 -252 90 136 
2 3230 3426 25 9 1324 1464 19 16 -102 389 153 23 -212 75 l 5'1 t!O 144 208 
4 3J7tl 2tJb9 23 11 B'il 934 23 18 31 ... 310 12 3 '96 144 206 
b 117'1 ll b 1 l 1 13 -123 836 lb 20 SB 242 l 63 0 K 10 5 63 141 232 
a 2.!5ti 2363 20 15 121 706 34 22 140 l 78 133 1 237 12<; 13) 

10 14J8 1309 18 1 7 s 75 531 -+ii 24 l 2t. 12'l l .3 0 487 439 47 9 125 lC <; 193 
12 123() 15 TB 2 l 19 232 443 95 2 418 391 54 ll 245 '11 l32 
14 889 895 27 21 440 3.!0 54 0 K 7 . 4 267 401 80 11 281 75 130 
lb 162 713 33 23 290 235 Bl 6 199 304 '15 15 -204 !:4 163 
ll:l 525 559 47 1 636 999 25 8 333 260 6] 17 -253 44 151 
lO 461 ,. 85 49 0 I<. 4 3 823 881 25 LO 261 266 85 19 20~ 38 166 
2l 39C 3C8 '.>9 5 109 849 29 12 452 248 53 
24 168 230 ll 7 0 l7 55 1552 18 7 823 757 21 14 246 180 88 0 K 14 

2 1071 1224 11 9 541 712 43 16 152 130 121 
0 K 4 15d3 l43t> 11 l l 442 563 52 18 -358 109 71 0 242 c;<; 129 

6 17U l %2 19 13 310 478 72 20 -ll9 91 201 2 -156 101 172 
l 30)4 2567 ll 8 l2 ~5 127d 19 15 43b 35'> 53 n -446 6'• 1 C4 .. 32 t. '>7 105 
3 1797 1610 15 10 10<;4 1084 21 l 1 3'i6 265 58 24 227 45 160 6 284 CiO ll9 
5 2224 1793 l ') 12 880 '>7.! ~6 19 212 231 102 e 245 78 llb 
7 126 8 14 '•6 17 l • 754 ns 32 21 -226 164 ~9 0 K ll lU 256 67 121.1 
9 1620 13 76 18 16 412 480 61 23 -235 119 99 12 147 55 l '17 

11 1339 1511 zo 18 35<; 393 68 l 303 298 70 l'> 2tH 43 1 32 
13 123':1 1106 21 20 Z.H 326 92 0 K 8 3 56 2 75 182 16 385 :H 109 
15 848 8D3 30 22 317 230 74 5 l 76 243 110 16 -24b 29 156 
17 12<; 604 3 C) 24 417 178 Sb 0 717 813 Jl 1 255 226 1'-l 
l9 35<; !>lb 67 2 744 181 30 9 218 226 93 1 K 0 
21 524 371 46 0 K 5 4 681 692 J2 11 199 l 75 100 
23 245 260 ':lO 6 6!10 642 JI+ 13 307 132 73 1 259 437 31 

I 14 30 1664 18 8 528 509 43 15 122 110 139 3 -187 213 3~ 

ll I( 2 3 1317 1256 18 10 360 "ol6 63 17 312 99 75 5 590 134 23 
5 1096 1130 18 12 332 340 67 19 338 12 114 1 231 174 44 

D 2'112 2415 22 1 1389 1019 19 14 423 316 55 21 34b 51 110 q .204 2<;6 54 
2 1616 1547 15 9 991 1177 23 16 340 273 67 23 145 39 203 11 -147 2C3 75 
4 3 578 3403 21 l 1 982 1013 lb 18 286 22Z 11 13 180 4 16 
6 1326 1442 17 13 115 677 34 20 233 151 <;7 0 K 12 15 173 l'iC 89 
8 lo4 l l6J7 UI 15 488 458 52 22 334 106 73 17 182 109 9!"1 

10 1339 1161 19 1 1 325 314 17 24 56 82 21;9 0 212 212 99 19 -211 t4 17 
12 979 1148 23 19 400 334 b4 2 330 193 69 Zl -95 (;3 150 
14 826 771 2~ 21 291 242 11 0 K 9 4 475 201 48 23 191 11 lO't 
16 10b 681 40 23 117 16 '• 116 6 189 188 l 02 
18 426 512 58 l 549 610 40 6 280 188 7q 1 "' 1 
20 355 423 70 0 II. b 3 591 596 39 10 -86 l't5 156 
22 400 231 60 5 429 584 51 12 132 119 131 0 245 lC4 25 
2'> -141; 214 132 0 121..i 13t.4 19 1 503 465 45 14 -230 99 99 2 1229 fS4 12 

2 1152 1409 19 9 2bl 35't Bl 16 l B 1 75 162 4 b65 323 18 
0 K 3 4 84b Bt.1 23 11 15'> 305 113 18 -230 52 159 6 605 ti<,;4 23 

6 867 979 23 13 264 300 80 20 461 43 91 8 178 111 56 
lt.62 1514 l 7 8 91:7 895 24 15 -135 250 130 22 341 35 139 10 13 203 107 
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l? 2:,:;; 198 53 19 -2 52 59 8b 2 -231 5:-\ 82 15 252 1 145 
14 11 b 32 109 2 1 l 49 7b 116 " B 4 150 61 115 17 262 4 !43 
11> 13~ 2 .5 115 23 3 '+l 5'-J 67 b 't 1 35 1 70 

·~ 
c,<; 9? 14 3 1 178 109 tl l 8 129 23 119 2 "' 0 

20 -73 "" 15 i! K 5 3 -lb9 11 i18 10 116 11 128 

22 .,J2 d I S? 5 12 !> 83 109 12 -35fl 2 l 74 0 702 524 16 
2'+ -295 lb 78 0 2 73 233 37 1 -66 31 149 14 158 5 115 2 500 311 22 

2 200 76 51 9 147 31 lJ5 16 -195 0 105 4 1966 2c1c; lb 
K 2 4 150 55 60 l 1 110 47 139 18 126 1 204 b -231 l 78 44 

6 -133 «4 63 13 -137 4 127 20 306 0 130 a 337 3e2 36 

L 3t. '75 3 l 8 l bJ. 144 70 15 -271 3'f 76 l.2 -3-.3 1 127 10 225 2C4 51 
bu0 <; 9 3 1 1 10 -244 67 57 l 1 - 353 34 63 24 366 1 111 12 234 140 56 

') 4<;2 503 24 12 8b <;9 138 19 29 14 1'>8 14 -124 173 112 
1 £5 :.11 9d I:, S9 31 130 21 24.-! 20 92 II. 12 lb -60 , .. 168 

" -15~ 16 65 16 2 50 84 t.>7 23 216 20 154 18 189 127 101 
11 -10~ l 4il H'< 18 191 43 104 1 -150 67 111 20 276 51 71 

13 1.:: 9 51 <; 3 lC -210 SJ 'ib K 9 3 164 61 I 06 22 &1 88 145 

15 -1 ~· l l S9 105 22 -l 73 52 ll5 5 l l'f 59 103 24 -322 63 71 
17 l <) r, 153 94 7.4 -326 4~ 74 0 -269 147 68 7 -363 41 62 
19 -2 '" 1<; 90 2 -126 91 122 9 102 39 139 2 K 

21 -168 76 103 K 6 4 182 90 93 11 112 26 133 
2J -lt.3 14 1!2 6 225 b8 61> 13 lB l 18 l 05 1 482 34 ... 24 

l l 53 143 69 a 182 90 9f 15 -266 9 87 3 764 E30 18 
K 3 3 l 02 115 92 10 289 73 71 17 323 9 109 5 -2lil 14 44 

5 -107 131 <;4 12 197 l 't 'o!J 19 133 2 205 7 205 ll; 5 50 
'.) 695 <, l l l 9 1 -182 16 r 14 14 108 9 121 21 2 76 4 145 9 27 lC7 141 
2 .19'> 5d6 zg 9 1 7c 29 79 16 266 4 11 ll -242 19 S5 
4 352 J 7i' 3i 11 2 74 l~ 63 HI 30'< 9 70 K 13 13 -'t3 11 148 
b ?9 3 .i'OU 3't 13 -UJ 54 120 20 278 lb Jij 15 196 167 85 
i:l -49 350 101 15 124 17 134 22 226 16 142 0 -lJO 60 l 7tl 17 -so 148 159 

10 -195 a '>7 17 'i2 5!:1 154 24 504 13 90 2 -114 53 U!l 19 250 'i l 79 

12 -144 l 08 91 19 -215 2tl 89 4 -268 48 118 21 80 18 151 

l '• -.!.6 32 182 21 170 47 111 K 10 6 300 36 105 23 81 76 153 
lo 141 166 113 23 -117 35 138 8 -310 31 112 
l 9 -166 i> 1 110 1 't4 67 184 10 -.366 22 99 2 K 2 

20 -282 b1 72 ,.. 1 3 -61 47 lb't 12 152 18 174 
22 ?54 67 eo '> 167 69 108 14 -193 13 lb5 0 1823 I BC4 17 
24 ll8 63 121 0 2 51 62 52 1 lb8 54 100 lb 246 8 143 2 644 B4 19 

2 120 4't 90 9 -281 43 15 18 167 0 l 711 4 520 4SO 21 
K 4 4 99 33 104 11 233 6 81 20 160 0 195 6 379 3'i .. 28 

6 - 71 86 129 D -179 16 102 6 -110 H 8-+ 
16'1 165 51 8 2 32 29 70 15 102 5 l41 K 14 10 -157 no 76 

3 19C 121 50 10 -240 15 1!> 11 -96 8 148 J2 -161 'tO 85 

5 -17 129 l32 12 103 0 140 19 311 13 74 1 23't 42 132 14 231 17C 73 
1 l tl 7 42 53 14 1 'ti! 8 118 21 123 1 207 3 -132 39 182 lb -200 HZ 93 
9 111 40 "1 16 160 43 104 23 218 9 144 5 -196 34 151 18 -222 12b 98 

11 -152 '1 d5 1 !l lb7 39 l 07 7 l 83 29 157 20 320 !58 61 
13 115 83 87 20 -102 35 1'94 K 11 9 -506 23 87 22 164 ec 102 
15 <)j 92 1::16 22 304 31 77 11 -107 18 Z01 24 259 t:1 85 
I 1 -d!i 127 1"9 2't -I 71! 21 1 71 0 84 76 l 'tl 13 144 13 189 
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.. K 3 4 dl 1U3 lJO l l 269 60 68 LS 303 1 I 2tl 6 1346 1401 l ti 
b -9:. L 70 105 l 3 -197 5 LC3 20 lb8 0 206 8 887 L C45 30 

l 197 38'.) 44 B -1.23 95 103 15 171 30 11.15 22 134 b 214 lJ i 12 e 1230 21 
3 -5 I a;J l'>~ l J 194 2 !l 62 1 7 -2'ob 13 85 12 Bl S 930 2'l 
5 2(11 83 4C"J 12 -205 2 89 19 -104 4 147 2 K 13 14 771 EH 37 
7 )15 cH'J 39 1-t 2 LO l 9& 21 -107 1 .. 210 16 573 515 48 
9 c 171 163 1 b -1 10 52 100 23 -203 17 lb2 l -283 5b 113 la 3'i 5 '<6 7 bb 

11 -1 70 , ... 71 18 -257 29 80 3 -172 50 15"8 20 407 3!i3 57 
L j -~1 82 145 2 0 -3-<3 36 66 2 K LO 5 52 3d 2 31 22 67 26L l ll 
l~ - .rn't 155 So 2 2 -l 59 40 llO 1 177 29 151 24 -43 179 200 
l7 UC-. P3 86 .!.4 210 34 153 0 -101 60 l 3't • 9 -483 27 82 
l 'J 120 50 12 2 2 -42 37 169 ll -409 17 95 K 2 
21 375 62 57 2 K 7 4 'i6 55 lH 13 -552 11 Bl 
.:J -331 bl 7n t. 69 58 l )I] 15 332 13 120 I 121:11 l lbb 11 

l tl4 40 114 I> 229 76 ,, 11 2b0 B 138 3 1542 l 't~b LB 
2 K 4 3 -5\1 '.I IH 10 BO 21 153 19 176 2 177 5 1448 1 {;22 It! 

5 -2.% 5l. 56 12 203 b 89 1 1308 l 33'i l 'i 
0 4)& 420 23 7 I 62 2'-J 'H l 4 -1 1:. l 109 2 K 14 q "l99 1133 20 
2 64 120 ea q -d7 46 l45 16 323 11 70 11 940 E11 l) 

I<> I:)~ '7".J l l -2 ... 21 7'1 18 210 'i 99 0 -471 42 87 13 691 H9 38 
b 31.l I 780 39 l 3 -1 57 18 I 0 1 20 -Bl l'i 230 2 -207 40 l 46 15 762 sea 31 
ti 76 113 110 15 -2:)6 l 'J 84 22 -555 11 90 4 128 33 I 84 17 439 467 60 

LC 11 0 10 lGJ l 7 2 Cit 36 118 24 ,,,, 7 2n b -124 2r Lt14 19 408 :?'i? 61 
12 -232 111 66 19 13) H 124 8 2 51 21 123 21 315 2E7 72 
1.-. ,24<; 107 71 21 -211 31; 9il l. K 11 lO 398 11 95 23 325 2C5 13 
It> 254 <J3 86 2' -2bd 25 131 12 8~ 15 224 
l~ - 210 b~ <) 5 l l85 43 89 14 -127 12 .214 J ... 3 
20 17 55 l~b 2 " 6 3 -L 17 -to 9b lb 373 4 1 OB 
n l t> l 63 111 5 165 60 lllJ Iii -l24 0 l 7l 0 10!'!6 '141 L 1 
;,·4 lb(. 52 115 0 240 12d b'l 7 -72 37 L54 2 12'o'; l 3l:O 17 

2 l co lJB 120 9 94 D 134 3 K 0 4 1307 l 3'i'i l B 
2 "' 5 4 -2Jl 4'l 74 11 214 b SL 6 1367 l 6eo 20 

6 -1 db 37 80 13 120 25 127 1 3524 35</0 27 8 1118 1170 22 
l 2ll l 73 52 e -21s l) 93 15 217 b 94 3 1129 l 756 17 10 901 c; 10 24 
3 ~I: 31 87 LO 131 40 129 l 1 441 7 SL 5 10 5 7 l l 75 17 12 689 7C5 33 
~ )7 141 11 b 12 l 70 19 96 19 -154 5 l Sb 1 1330 l26L 18 14 6-'t2 t. 71 43 

' 146 102 78 14 60 b 167 21 -433 0 111 9 1200 l369 20 16 470 41';4 57 
q -73 11 l 124 16 - l .. 6 3~ 117 23 490 5 87 11 lll3 1190 23 ld 246 4C6 n 

11 22~ 165 bb l B -l 3t 34 122 13 930 'i8't 21 20 4':l0 3C7 49 
13 -o"'. 77 148 2 0 -1 18 17 110 2 K 12 15 005 655 36 22 309 221 77 
15 2H 33 79 22 l21 1 7 138 11 452 510 59 24 153 163 130 
11 lTC 12 109 24 242 19 145 0 -157 bb 10'> 19 4bq 436 55 
l 'i l CJ L 38 93 2 -152 56 110 21 347 321 66 3 "' " 21 211 5) 93 2 " 9 4 160 b3 99 23 76 219 1 73 
23 -3 .. 0:, ..:..:.. 71 6 -214 39 87 l 1097 l 137 19 

l -70 04 143 B -139 )4 120 3 K 3 1055 l ct6 Ill 
2 ~ b 3 BE b5 i .. o 10 201 30 93 5 120() l 33b 20 

5 95 b2 134 12 139 26 17.() 0 2751 2685 22 7 1099 1268 22 
0 1'>2 114 b5 1 -115 65 136 14 307 , 7l 2 2486 2425 21 9 890 1 C3b 25 
l - 122 153 85 q -243 10d 87 lb 398 .. 100 4 1326 1330 17 IL 762 fOS 33 
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l J llJ l>•• ... 3 "' d 14 -283 107 t:t 7 8 304 311 49 15 182 16 '98 
15 '<8 1 46'< 55 16 341 '90 11 10 223 118 69 l7 94 S2 136 
11 22f. )4<+ 95 l 585 62<'. 43 lB 2 es 61 86 12 135 30 l 09 19 -146 5t:I 122 
l '1 221 306 92 3 oC6 55 tl 42 20 267 46 14 5 14 116 182 143 21 -2C>2 ~7 83 
21 -~se 229 'l4 5 482 534 55 16 -298 90 72 23 -3.-.4 51 11 
l".> 2,1 l 75 89 7 48~ 500 53 3 K 12 18 -281 89 71 

9 404 3e2 61 20 217 31 90 4 K 4 
3 K 5 l l 3H 2 7" bl l 301 l 66 72 22 285 63 €0 

l 3 261 211 b5 3 233 160 89 24 271 52 85 0 213 303 49 
0 113" l {9·1 2::1 I 5 344 26tl 68 5 365 16] t3 2 16 fl 30 68 
2 9<1 I u 76 21 17 120 19'< 140 7 285 l 'lO eo 4 K 4 -36 E7 1 .. 0 

tl'..I bl j 22 19 -33.-. 145 lb 9 l43 136 124 ' b -120 r;o 93 
0 8~ l 'i93 25 11 -1.B 0 109 116 l 62 12 105 8 116 125 110 
a sn f47 21;> 3 K 9 13 -58 96 184 J 23~ 242 41 10 -133 78 113 

10 1':>3 a44 :n 15 349 66 ,4 5 -93 101 97 12 -259 0 11 
ll (,J1 635 40 0 c! 81 533 88 17 -2t3 44 101 7 116 18 93 14 -25 4C l'H 
14 4:, 5 '192 57 2 't3<J 480 57 19 -85 43 l tlO 9 -203 J 13 16 133 eo 114 
16 le.. 3 ~?2 83 4 SQ<, 495 50 21 415 3d 114 11 253 72 66 18 205 63 'H 
lcl 2c." 29.!. f:l:i 6 2 lo 417 104 13 -zoo 90 90 20 123 50 129 
2U 22.J 23& '\I B 8 266 303 tl4 3 K l3 15 308 162 b4 22 -lbT 50 l l (> 

22 3,: j 111 b4 10 l 51.) 246 123 17 -201 104 90 
12 1050 274 31 0 282 ll 7 n 19 237 61 82 4 K 5 

3 K 6 1-< -S':i 23'• 150 2 395 115 57 21 297 52 17 
lb 202 151! l 06 4 -34 118 200 23 61 59 I 71 l 176 11 74 

d6Y 1057 Z4 18 277 120 84 b 47 111 ld7 3 141 11 87 
81J t!94 2 1 lO 2E3 9tl 130 8 l 63 100 119 4 K 2 5 -163 17 84 

5 70"> 611.} 29 10 119 84 14 B 1 -lbl. 1 c; •n 
7 565 736 36 3 K LO 12 -LB.l 61:1 90 0 200 250 57 q 192 17 IHl 
CJ 731 716 33 14 -1c;7 4i:> 111 2 -90 272 ., 7 11 -128 31 118 

l 1 5,.5 t50 45 I 4 ll 33:.1 58 lb -313 42 -10 4 -122 l 65 13 -234 SC 84 
I :l 4 .c. .. 11 5CJ 3 l l:; 317 145 l tl 320 '>0 91 6 162 345 75 l 5 -154 58 104 
1., 419 34'l ., 1 5 233 2b t. 91 8 -154 lOb 85 17 238 65 7!l 
I. 7 -19 2bb l" 2 7 .::!"83 23.J 77 3 I( 14 10 149 170 97 l<J -lt17 37 106 
l':l -t,.~ 236 174 ., 3 3·· Vi' 63 12 204 11 81 21 308 45 11 
d 2u3 172 l~ 5 l l 318 2,.., 73 1 2 12 8;> lCO 14 217 129 1!6 

13 -1n ll 3 119 3 97 82 157 16 297 93 69 4 K 6 
3 K 7 15 -bl' 11 d L 71 5 2 31 78 99 18 -207 90 89 

l 7 76 112 167 7 - 302 71 87 20 121 48 129 0 -138 65 99 
0 74 3 b36 3 () l <; 2<JU 86 89 9 105 60 160 22 298 62 74 2 -276 38 bl 
2 b40 bJ5 ~3 21 -l S4 59 l rt:I 11 -3 49 49 1!4 24 226 50 97 4 -114 1 l'JO 
4 bb4 b 7'1 31> 13 3 JI 40 67 6 -1"> l 6<; 98 
0 ':>'-ll 5Bfl 42 J II. 11 15 22.~ 36 108 4 K 3 8 -96 60 134 
ti 61'J :,54 43 l 7 -215 28 124 10 298 38 66 

lD !:l55 54 3 47 0 87 253 lb2 1 -so 225 102 12 252 33 713 
12 4l3 3<;2 60 2. -112. 221 134 4 K 0 3 -161 146 74 14 171 22 99 
14 2~1 316 '96 4 J.55 217 115 5 12 5 155 87 16 11 '• 40 127 
11> 21:1~ ll>l 71 b -150 lBti 115 0 7bl 1018 20 7 159 85 82 Ill 2t>9 32 86 
lt:I -?O 7 220 102 !I 215 ... , 93 2 201 113 51 9 -240 Bl ti9 20 -311 32 lb 
20 -154 162 130 10 -85 162 159 4 l 62. 262 66 11 -105 35 12.b 

12 16':1 12.l 106 6 135 ta~ 79 1J -229 36 66 4 K 1 
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16 125 l3iJ 117 0 165 l:? 89 5 II. .. 
L -lZL 1 ... L24 l L 64 52- 99 18 -38 67 181 2 215 92 74 
3 lL "> J 12- l 3 112 3d l Z7 20 -243 61 90 4 326 29 5'> 0 -26'> 56 71 
~ 9<; 'J2 L36 5 2C4 23 92 22 269 4d Bl 6 100 32 120 2 -734 35 11 
7 l ~ L 6n ll 8 7 -385 l l 61 8 -63 69 148 4 168 26 90 

"' -L5 :, L 3 bO 9 - L02 £4 137 5 " 2 10 - 'ti 83 lb9 6 -133 21 117 
11 -2b I: Ci 72 l l 2 5 7 11 18 12 165 81 95 8 -101 74 133 
13 -)Ot L l 67 n -175 0 115 1 121 119 92 14 145 31 113 10 63 !:8 163 
LS - Zo~ Z'I 71 3 -52 351 l3g 16 100 3'• 145 12 -2';i 1 c 84 
11 30 39 19 l 4 K 12 5 210 28il 13 ,1 6 66 25 lb7 14 146 18 ll 9 
19 -L47 2 L 91 7 199 Btl 73 20 -2Y l 32 77 lo 245 e 89 

0 23t; Su 83 9 135 22 105 
4 K (l 2 -)2'> 4b 69 l L -2 lb 24 Bl 5 K 6 5 K 10 

4 U8 41.) 127 13 151 SL 114 
0 2B 51 83 6 -2 7u 28 78 15 -2't8 128 76 l -290 5S 64 l 286 9 66 
'l 136 6L 121 8 -loo 27 111 17 148 lDL L 10 3 -112 37 117 3 333 13 59 
4 L 7S 4<; 1J3 10 -216 11 99 19 54 54 l 74 5 134 53 110 5 275 41 73 
u 2 • .• 5'> fl~ 21 -213 44 99 7 -140 35 l Ob 7 -265 56 7'> 
s l':i7 H 69 4 " l.:1 9 -1 B!i 52 88 9 180 21 10 l 

LO -20 7 30 87 5 K 3 11 -.?40 4i' 73 l L -200 7 'Jo 
12 -til 5 140 -470 36 89 lJ -173 10 l 01 13 -247 3 86 
14 301 25 68 3 250 ;,4 130 0 180 295 7d 15 259 4 Bl 
Lb 251 i'3 1;12 5 - LbO :>LI l 74 2 222 Db 67 17 239 2a 88 5 K 11 
ld -17 Lit 166 7 L47 24 l 79 4 20t. 265 75 19 -1 Sb 26 117 

6 -63 L 'lS 137 0 114 20 133 
't K 9 5 "' 0 8 19& 125 18 5 K 1 2 2'.J 16 62 

10 He 18 57 4 -190 40 l:JZ 
L - l 1 '.'> 17. l'I <; L 314 3tJO 43 12 142 43 lLO 0 -299 63 67 6 -41 33 182 
3 ~ . 5·• L 7? 3 l ~4 71 66 14-ld6 74 99 2 -145 :n l 11 8 142 16 118 
5 -1a .. 64 LO 7 5 334 306 46 16 164 l 0'1 110 4 154 4 l 08 10 118 5 136 
7 -.!I 6 51 42 7 'JO L 71 l Lb 18 -65 46 L59 b -5b 20 15-~ 12 --.os 15 6;) 
9 135 31 112 9 -51 49 144 .£0 191 37 l C4 8 134 35 115 

lL lb 2 L56 l l -2'>8 26 61 22 214 40 o;,9 10 52 12 163 5 II. 12 
13 -l ':iG 4 lL 2 13 -107 l ll 132 12 -138 l7 116 
15 21 l 2 '} 7 15 -2% 94 12 5 K 4 14 -352 5 66 1 -28 3<; 19 5 
L 7 - mt "' 

7 tl 17 -253 90 62 16 224 2a 90 3 139 38 122 
l 'r 2.rn 68 86 1 42 136 151 16 -lSl 29 123 5 -103 32 l 'tb 

4 o<. hl 21 -177 54 114 3 17C 45 87 -102 18 144 
23 296 52 11 5 121 52 113 5 K 6 

:> -Jjlj 72 b6 1 165 6,,. lll 6 K c 
2 -3J6 SB 70 5 I\ 9 2 l'l 65 17 l l ltO 35 113 
4 -273 52 82 11 BO 67 142 3 18 17 1'10 0 1534 16<;2 22 
6 -180 B 91 C -lB';i 1-tL 66 13 36 88 184 5 160 1 93 2 1124 lC 7l 23 
B -14 l 9 1L 2 2 -161 40 1b 15 -224 76 B't 7 127 5 116 4 898 eee 26 

10 52 "' L75 4 -205 133 67 17 162 52 lLO 9 -1'+7 36 109 6 571 517 36 
L2 286 21 71 6 206 141 n 19 -163 lb 116 11 -165 bO 106 8 668 7C6 34 
14 -252 2 86 8 -189 47 1& 21 -203 36 105 13 100 6 140 10 495 51:2 45 
lb 117 12 139 10 -2 Ob 1'r 78 15 -90 29 151 IZ 529 fl38 .. 3 

l? 2 55 69 70 5 K 5 17 133 28 129 14 432 'fll 51 
4 K 11 14 -159 4!;; l 09 16 418 338 53 
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18 .391 254 5A B 633 577 38 0 331 344 67 4 330 92 109 14 -203 13 96 
20 22 7 21& 93 10 -.68 46'3 48 2 347 334 64 16 -312 46 76 

12 5 01 3b0 44 4 363 300 60 1 K 0 18 2n ~~ 'JI 

6 K 14 3 37 261 64 b 306 272 57 
16 263 220 15 6 3611 222 58 I 298 104 59 1 K 4 

l I UB<; l O'J l 23 16 l 54 lbb 117 10 365 l B2 59 3 215 90 17 
3 13$ 3 11:. 26 20 162 157 119 12 l 82 166 102 5 280 32 64 1 -30 ~z 171 
~ bll4 644 31 14 l 09 158 103 7 -282 53 66 3 183 44 89 
7 661 bl3 .i4 6 " 5 16 271 129 e4 9 144 34 'i1 5 -221 72 BL 

9 6 tl ~cl L 3 i3 18 3'5'J 'Fl dO l L 229 29 74 7 SB 45 l;, 1 
l I 52 5 563 43 I b 34 6Ql 35 20 -147 7J 174 .13 ll3 f d 132 9 191 54 89 
13 45t. 476 50 3 :i 26 5 l!l 42 15 -244 101 8b 11 214 6 85 
15 4<;<; 3<06 4-• 5 49'1 504 44 6 K 9 11 265 56 82 l3 32() 3 61 
11 314 "'05 68 1 577 510 40 19 232 26 92 15 215 32 9b 
19 1''7 2 JS 103 9 4 7l 451, 48 296 272 14 17 283 44 BO 
21 220 l 79 103 ll 489 39:.i 48 3 2 51 25tl 82 1 K 

1::1 277 301 17 5 230 228 92 1 K 5 
6 K 2 15 225 215 87 7 2<'0 183 89 0 -30 l 46 61 

l 7 U:ll lb 7 l 05 9 2 34 155 86 2 265 71 bt. 0 -174 H 90 
D 853 f;.67 26 19 lbll 151 64 u 330 147 63 4 222 96 80 2 103 5 123 
2 llt: b 35 28 13 266 13!1 83 6 -125 27 l 09 4 166 61 94 
4 7<j 1 803 30 6 6 15 2 15 110 135 8 -221 47 78 b -149 25 10 3 
b b l't b92 Jo 17 25!l Bo ll 7 10 -179 Zl 92 8 250 15 1.:. 
t' 732 6b9 32 0 .-.a 541 48 19 12 4 b'> 190 12 -160 72 l 01 10 -331 20 59 

10 506 403 40 2 512 5£o 42 14 -115 74 135 12 130 ., 118 
12 49b 4114 46 4 31:10 41A 58 6 K 10 16 -Bil 62 152 h 27'> i4 7!l 
14 410 345 )2 6 417 41~ 48 18 -136 33 132 lb -143 44 121 
16 392 2<H 54 8 408 3l6 54 0 3C6 193 73 
18 2't ~ 2 37 85 10 :,33 361 !> l 2 229 179 <JO 7 K 2 7 K (l 

20 2Jt l g7 77 12 412 293 52 4 230 166 'l2 
14 lM 21 'i 109 ·b l 5'i 142 107 I 190 70 85 1 -159 1.3 '17 

6 K ::I 16 223 lb 0 92 8 302 136 bl l -247 53 70 3 100 15 121 
18 26U 146 83 10 186 122 1C3 5 212 b'il 80 5 296 11 59 

695 551 30 20 24<; lltl 128 12 322 1()8 73 1 159 81 .;1:1 7 -236 23 1b 
3 7u3 fd5 31 14 -2 70 89 119 9 200 80 83 9 -160 33 103 
5 706 7 76 33 b ... lb -400 72 'i4 11 -130 59 109 ll l 6'l 2C 103 
7 t.62 1.ib 31 18 0 52 2tl9 13 -171 41 103 13 233 24 89 
9 63 5 577 38 1 446 442 50 20 445 39 85 15 -164 61 ! 13 15 283 33 00 

l l 458 468 49 3 426 384 51 11 236 48 BB 
13 4 ;><; 3 71 47 5 '+27 332 53 6 K 11 l9 283 34 17 7 K 1 
15 271 286 74 1 3 l<l 306 66 
17 202 234 gs 9 42B 217 49 l 1'15 121 100 1 K 3 0 -28'l 21 69 
l~ 384 l 9tl 76 11 3 tll 230 57 3 -236 116 92 2 99 14 13S 

l3 14 189 207 5 204 115 105 0 -144 2 104 4 -205 l 91 
6 K 4 15 - l 9'J 165 104 7 -293 111 80 2 207 24 63 6 237 26 60 

17 -131 140 131 4 219 14 so 8 338 32 62. 
a 594 624 35 19 462 112 78 6 K 12 6 63 50 144 10 2t16 e; 75 
2 657 59'> 34 II 86 BS l 39 12 195 n 103 
4 6t>f l, 12 35 b K 8 0 -107 90 151 10 123 44 l 1 ... 14 12l 26 143 
6 643 645 38 2 240 87 90 12 -329 18 65 
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1 K B 10 -27l 37 1't 18 - l 58 lOb 171 10 362 lf:O .... ,., 
0 -6(.. 105 136 12 -9..,. 13 1-.5 20 100 84 2 Ll 12 -165 128 135 

l - LL 4 2 l3 4 2 l 00 47 120 14 429 Sb 80 
3 -17 l 11 l05 4 -103 104 121 8 K 1 9 K 2 lb -40'> 73 43 
5 2;2 3-. 82 b 1 87 107 &1 lB -32t> 66 110 
1 149 39 11 8 a -1 <;3 14 89 l - l 79 13 104 l 400 2 79 5!!, 
9 -19L 4 10 3 10 l 76 21 100 3 81 l 15') 3 425 238 53 q K 6 

11 -2~2 14 CJ2 12 -2 G'l 3 93 5 130 14 125 5 450 2 50 52 
13 -346 13 73 l '• l 63 60 117 1 191 20 102 7 349 259 12 l 211 2C5 88 

lb l2t> 56 14 l 9 103 16 1+9 '9 400 225 60 3 -.23 179 5'l 
7 K 9 11 -365 7 b9 11 344 199 11 5 299 159 83 

B K 3 13 278 163 89 7 300 151 84 
0 2~<: 35 80 8 K 8 15 264 121 122 q 252 13C 99 
2 -3(,<; 33 12 l 118 62 114 l1 228 104 141 11 0 11 E 288 
4 -4~ 16 17 q 3 82 57 13t> 0 -249 ll 88 19 -266 89 1 37 13 393 r;5 90 
b -195 2-. lOJ 5 382 109 50 2 3!e9 2 60 15 -281 14 124 
8 231 0 66 7 2 30 53 75 4 -246 14 68 9 K 3 17 -182 <:3 173 

10 -2')7 9 B9 9 2 32 22 Bl 6 93 9 153 
ll -1 1'J i:I 98 !I 339 11 70 0 459 218 53 <; .... 1 

K 10 13 161 3r3 118 2 376 230 64 
15-396 5i;l 62 8 " 9 4 254 239 89 0 -Zlb 177 LO:J 

1 -11; 39 l:)<; 6 354 282 69 2 344 l t: 5 13 
3 -268 27 BO 6 t<. 4 L - 2 !>8 3 c;o 8 360 250 65 4 195 138 ll2 
5 175 LO 11 l 3 -149 0 12 5 10 257 211 q3 6 295 12 c 87 
7 -114 6 14:? 0 -114 73 122 12 2 79 163 89 8 -221 lOC 109 

2 l '72 3d tl9 9 t<. 0 14 312 122 94 10 54 r;z 226 
ll ~ 0 4 -l5b 21. 105 lb -233 95 140 12 318 E3 112 

6 -2 21 4U b6 l 5 65 438 42 18 4()6 86 90 14 119 7l 165 
0 -99 7tl 121 B .U2 4b ll4 3 440 331 5 1 20 -201 12 165 lb -306 63 122 
2 211 L 15 lb 10 3d3 4& 57 5 307 233 &7 
4 1 ~I SS q1 12 - l 4t.. 43 112 1 357 210 C3 q K 4 9 K 8 
6 -!14 56 L3 3 14 -202 4& 102 9 391 223 !>6 
B -255 59 70 l 1 191 235 1C7 1 33<J 2l'il 69 1 223 140 110 

10 244 :n 14 B K 5 13 365 206 64 3 340 228 72 3 -58 125 194 
12 53 5 16<J 15 604 149 62 5 421 23tl 57 5 -232 LC 3 133 
1-+ ht :.1 66 l l 44 14 105 1 1 213 118 156 1 33 7 241 75 7 201 E6 142 
lb -1'15 47 10'1 3 23 16 182 19 -!10 96 223 9 398 207 165 9 -122 i5 189 

5 -148 8 109 21 280 7'o 12• 11 35b 168 72 11 176 7C 157 
B K l 1 o5 13 155 13 382 124 67 13 267 65 12t1 

9 2 51 50 17 9 K 15 269 92 117 15 329 60 113 
l -3o4 73 52 l 1 156 4'il 111 17 203 78 154 
3 -14 7 68 qg 13 335 31 12 0 545 395 46 19 327 71 L 11 9 

"' 
9 

5 -232 15 73 2 496 366 50 
7 -265 q 66 6 K b 4 366 246 65 9 I( 5 0 -119 l 11 18 7 
q 246 16 15 6 456 238 ~l 2 432 104 BO 

11 210 15 86 0 lHd 3 94 8 304 212 15 0 259 218 93 4 -54 88 236 
13 63 21 1 7 3 2 l 'i'> 15 89 10 311 225 11 2 343 211 72 6 218 12 l3tl 
l ') 345 !>El 64 4 91 4 135 12 415 206 63 4 262 194 89 6 419 65 87 

b l lib 4 l 29 14 -26b lb7 c;a b 243 199 l 00 10 -239 5c; 138 
ll K 2 6 l6CI 32 106 lb 211 123 142 8 415 185 65 12 222 ~c; 146 
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2 182 21 101 5 187 ll 144 11 K 5 
'l " l () 4 -343 14 73 0 -l'D q 16 7 1 -95 16 202 

6 -JJ':I 2"' 91 2 -539 15 12 9 -223 l 134 0 329 1 104 
134 71 174 8 -203 32 134 4 -475 23 E5 11 -150 8 172 2 139 2 180 

3 41 (; 58 ci2 10 322 39 100 6 214 5 141 13 -a2 13 22b 4 323 1 106 
7 2J2 5-+ 132 12 -2'il 19 112 8 262 14 119 6 -295 4 120 
9 j74 j,? 96 14 -79 23 218 10 289 17 116 11 K 8 286 18 119 

l 1 3.?3 5') 114 16 404 19 91 12 335 I 10.:. 10 -14-'t 23 189 
14 330 18 108 0 200 27 142 

9 "' 1 l lQ r.. 3 2 -92 23 190 11 K 6 
10 K 7 ' 4 132 22 169 

0 -21 l' ... 1-. 7 1 2 82 15 81 6 -402 0 90 l -302 2 123 
2 15'· '•3 lb7 3 2 C3 16 103 -144 19 l 70 8 -316 3 99 .3 -58 I 244 
4 -2b4 45 127 5 260 Zl 115 3 -256 10 121 10 -263 4 122 5 -452 5 94 
C> -385 46 100 1 3 39 31 90 5 -l 76 4 153 12 305 9 111 1 -186 13 157 
d 32 J 46 106 9 194 3d 142 1 2 J<I 17 126 

11 -55 16 229 'ii -2.20 hl 1,. I 11 K 2 11 K 7 
I 0 " 0 1 3 - 1 Sil 2 165 11 317 6 l c 7 

15 344 '} 105 13 -59 18 247 l -187 1 151 0 -164 0 174 
0 2 .. 1 79 tl7 17 2 ... 1 l t. 137 3 -n ZS 211 .l. lb5 2 175 
2 - 7 ~ ,:) 160 10 K b 5 314 43 102 4 420 10 93 
4 316 l'l 65 1 ') r.. 4 1 415 25 88 
6 -221 3l <;2 0 -1.:06 10 lb9 9 UH 7 150 12 K 0 
8 -57 12 214 0 l 3 7 lS 159 2 381 2 89 11 230 2 !~ lo 1d3 1 142 2 l 5b 4 150 4 280 11 123 13 -352 14 0 259 121 100 

12 -297 19 11.:, 4 l 75 3 () 149 b -300 18 lib 2 -14 7 103 143 
14 -l6b 49 151;! 6 -342 31 ':18 8 2t9 b 12 7 11 ~ 3 4 258 81 101 
lt. -32E 36 Fl 5 8 -470 2 .. 81 10 2'+0 lU 135 6 515 !i9 83 
1.:1 -411 1 5 102 10 l <; l a 144 0 -3b8 32 % 

12 327 7 107 10 K 9 2 -304 1 109 12 "' 10 K. 14 2 Cb. 3 1.:.3 4 440 38 83 
16 -5cl lo 235 l l4S 10 113 b 124 36 181 1 467 IC5 63 

l l til 17 10.'J 3 -205 13 14b 8 -lbO 19 172 3 324 I! 1 80 
3 -11<; 2tl 13 7 10 " 5 !I 140 11 172 10 23 7 6 133 5 35b t5 106 
5 -24!! 35 87 1 -192 0 164 12 -203 11 158 
7 36~ 15 85 1 -239 5 118 12 K 2 
q -'11 ~ 14 £14 3 -l 70 25 151 10 K 10 11 K 4 

11 £52 21 121 5 330 34 99 0 322 89 85 
lJ 28C> 33 114 7 134 l.3 181 0 -36S 18 108 1 199 18 149 2 235 13 109 
15 2.:. ~ 39 132 9 -3 5<; 7 99 2 -Bl 14 224 3 -489 5 so 4 352 t2 11 
17 -3:>'1 22 ll 0 11 19 lb 231 5 264 18 126 

13 -b4b 0 72 11 K 0 1 -·+11 17 91 12 K 3 
10 K 2 15 -2 54 lo 138 9 -216 19 l 51 

l 53 42 221 11 -212 18 148 l 545 69 71 
0 2.H lb 93 10 K 6 3 -214 21 116 

I 
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(TTF)Cl 0_67 - Structure factors, room temperature P4
2

/mnm phase. 

Ni-filtered CuKa radiation. 

3 710 1:29 5 5 b8 57 2 3 46 25 2 b Jb 

H '.) 0 4 40 2'.> 2 6 129 111.> 2 4 140 137 1 1 12 
5 131 69J 5 1 BO 61 2 5 113 161 1 8 4'H 

2 515 372 3 6 2l1 232 1 a 10 91 l 6 7B 77 1 'J 1b 

4 l3J4 12 56 10 1 3C'+ JOtl 2 9 61 5'> l 1 1:17 79 2 lo 06 
b 080 asr 5 B l 70 178 1 10 58 59 l B 362 341 3 11 24 

a 25 l 4 <; 19 36 q CJ 65 62 2 12 122 
10 2d2 273 2 lC l cs 103 l H 4 10 55 51 2 13 77 

12 24 19 3 1 l Sb 77 l ll 30 27 l 
14 E 3 3 12 42 30 2 1 103 90 2 12 89 86 1 ti 3 

13 l 01 10 .. l 2 41 42 2 
H 0 14 2'l 3'• 3 33 51 2 H 2 3 62 5 

4 21 7 5 't 29 
l 1606 1551 e H 5 148 98 l 2 61 63 2 5 43 
l 4C 35 2 6 49 33 2 l 277 2&3 2 b 19 
'j 1135 llOB 12 1 709 6<;0 6 4 l4 26 b I 303 

7 54 59 1 2 212 281 2 H 2 0 5 52 49 3 ll 55 
9 ll 5 ln2 l 3 -a 5 7 b 104 85 2 'J 130 

11 13{. 132 2 4 506 490 3 2 528 5% 4 7 201 l Bu 2 10 24 
13 4E 49 l 5 143 147 l 3 111 10!> l B 42 32 3 11 17 

6 319 312 2 4 31 10 3 9 65 63 l l / l 1 
H 0 2 7 165 170 2 5 H7 331 2 lJ 10 17 1 

8 2 27 22B 2 6 31 lB 2 H 

0 1441 1431 <; 9 145 143 l 1 l2b 122 I H 2 !, 

2 44 44 2 10 l lb ll3 2 8 506 482 4 2 2Bl 
4 't98 512 4 l l 44 3t; 2 9 <;b 101 1 2 76 87 3 25 
6 4~2 ·H5 3 12 50 47 l 10 121 127 l 3 29 2 '> 4 163 

8 5q 52 2 l3 3<, 42 l 11 44 42 2 4 42 13 5 5 52 
10 151 141 2 12 131 lU l 5 52 39 j (J 32 
12 14 /_ 3 H 2 13 2'1 31 l b 3? 5 2 7 15 

14 43 39 l t; 191 
H 0 j l 4t2 4~4 3 H 3 n 'I 29 

2 229 2ll 2 h ? lu 21 

1 42 l 453 (; 3 15.! 158 1 3 1446 133'1 9 

3 4<.il 12 2 4 22 ti 4 2 2l'l 201 l 4 8+ b'+ 1 H j 

5 't03 384 4 5 482 475 3 3 10 75u 6 5 16 74 l 
7 34 17 4 6 1J8 132 1 4 'i2 8f! l 6 139 123 l 3 136 
9 38 35 2 1 12.:, 1l 7 1 5 136 12d 1 7 556 572 4 .. 25 

a 113 106 1 6 249 229 2 6 87 91 2 5 16 
H 0 4 9 2!1 1 3 7 515 499 4 9 249 262 2 " -lb 

10 n 63 2 8 70 74 2 10 24 36 7 

0 296 333 3 11 65 t2 1 'l 156 154 2 ll 23 0 3 H 4 

2 30 50 2 12 24 24 2 lCl 71 72 } 12 15 l 4 

4 131 138 l 11 26 21 3 13 144 149 1 4 15.?. 
6 131 l'lB 1 H 3 12 34 31 2 5 <13 

l3 137 lh l H 3 b 't88 
H l 0 1 126 132 2 I 31 

2 65 10 2 H '- 2 3 BB 82 l 8 231 
l 671 745 5 :> 39 14 3 4 464 ...... 3 'J 136 

2 64? 610 4 4 153 15J 2 2 482 476 3 5 151 146 l 10 185 

)l 2 

l '• 10 
4<;'> 3 

74 1 
(;2 t 
c 3 

l~O l 
24 l 

2 

5 ff, 5 
1't J 
44 3 
te 1 

2<, 3 2 
51 2 

lH 2 
'1 3 
11 2 

l 2 

3 

le] i:. 
n (., 

lH 2 
4J 3 
16 4 

2 1 
1<; 0 1 

26 2 
20 2 

4 

14 7 2 
5 6 
l 5 

20 6 

0 

156 2 
lCO 1 
4'i e 3 

31 4 
221 2 
1~3 1 
182 1 
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l l 26 19 3 10 18 19 2 l () <19 101 
12 42 40 l H 4 4 11 B':> 85 l 11 50 51 H d 0 
13 55 53 1 

4 35 22 4 H 5 3 H 6 3 e L79 l 1't 2 
H 4 5 -8 :> 7 'l 39 3E l 

5 30 19 ' 3 6 99 ':18 l 10 2 () 15 L 
4 12 L 'H l Ii 5 0 6 161 162 2 7 20 :Zb 2 11 15 lC .!. 
5 466 463 3 1 12 b1 1 a 38 40 l 
b 30 17 5 4 en 100 2 8 20 16 2 11 a 
7 102 <13 2 5 701 675 5 9 23 17 2 H 1 0 
B 59 bl ) 6 110 112 l a 38 ?f 2 
9 35 40 5 1 12 I b H b (J 1 265 267 2 'l 85 E3 l 

10 7E P.2 l 8 65 65 l B 27 22 3 10 -2 2 7 
tl BC 79 l 'l 101 .. 0 1 6 2 51 260 2 9 63 62 1 11 17 'l 1 
l l 1 t: 15 ? 10 36 34 2 1 253 259 2 10 55 51 1 
l3 l:4 66 l 11 125 118 l 8 36 29 2 11 16 9 2 H 3 2 

12 l .. l !> 1 9 lti 15 12 48 -.5 1 
H 4 2 l) 32 3& 1 10 182 183 2 a l.l 0 l .i.3 

11 81 Bl 1 H 1 9 £5 .<J 
<t l 7 1't 5 H 5 12 13 4 2 
5 ':>tl 52 2 7 130 L 3 5 1 ti 'l a 
6 233 2/.4 2 5 92 ea 1 H 6 8 163 162 1 
1 .!.~ 19 4 6 435 431 3 9 21 3 3 9 2& 2 <j 

B 11? 111 l 7 1 71 16'> 2 6 243 242 2 10 35 36 l 10 45 45 
9 93 86 l 8 47 43 4 1 77 74 3 11 63 63 1 

10 97 <:.3 l <; 53 51 3 e c;o 94 2 H q 

11 e 12 4 IC 206 198 2 9 86 87 l H 1 2 
12 30 )'t l 11 25 :.u. 3 10 38 .+3 l CJ 52 !: 3 

12 8 5 4 11 81 81 l 7 137 l '.H 1 l() IJO !: 7 
H 4 3 12 49 49 l 8 23 11 3 

H 5 2 9 30 23 l H 9 2 
4 39 27 4 H 6 2 10 37 33 l 
5 117 168 2 5 472 4o5 3 <J 8 7 6 
b 36 11 3 6 62 73 l 6 119 121 2 H 7 3 
1 40 39 3 1 3b 36 3 1 164 161 2 l'1 10 a 
8 30 20 l 8 48 40 2 e 45 43 2 7 54 56 l 
~ 23 lb 2 .. 16 76 l 9 15 ll 4 8 58 62 1 10 117 lC'i 
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(1.d.)(TTT) 2I3 - Structure factors Cmca subcell. 

CuKa radiation. 

10 10'>8 106) 12 b l '18 
H 0 0 12 924 865 11 0 1408 13)5 15 

14 711 (;65 10 2 tOJ8 CJSU l.? H 
2 l lOC.. 867 8 Hi 644 609 10 4 58A 5b0 10 
4 1849 1b70 lq 16 534 494 B 6 192 9o 16 1 23 
6 13'>6 1147 14 20 447 432 a 8 3 lll 2 7<; l 2 3 46 
8 .H7 3qo 7 22 291 292 7 10 670 642 LO 5 41 

10 2 l tl I 2183 22 12 667 172 11 1 28 
12 ltluil l'Hb ?O H 0 8 14 69G (;5 ( 9 'l 33 
14 160 7 ll 31 l 8 16 292 2 77 8 li 27 
l (, 5·t'i .. 33 l l 0 1057 'i3l 12 l l::i c; 7 '10 11 13 -62 
18 20-4 242 12 2 l4b0 1394 16 15 42 
20 Jl!C us 12 4 14lil 13H LS H 0 lb 17 -26 
22 2&2 2 5-+ B 6 1136 166i.l ie 1 'l C:.5 

B 142b 1377 15 c 331 2'15 12 21 Lil 
H a 2 10 853 7'13 11 2 38'1 359 LO 

12 673 62i:. 10 4 067 625 10 ti 
0 26 l 422 9 lit sec 480 10 6 857 800 11 
6 2tl't0 2E 36 28 16 62::. 570 LO b 671 629 lO 1 2 74 
8 2i>OC 2o4S 77 18 614 5t2 9 10 36L 35!> 8 3 q37 

lO lO!><i 966 12 20 4 36 44 7 8 12 1'15 181 11 5 6DA 
12 35 l <'.15 e l '+ 127 131 13 1 265 
14 413 335 q H 0 10 16 245 253 6 9 561::i 
lb 615 715 Jl 11 415 
ia c;-. 7 915 12 c l9'i'1 l qo2 21 .... 0 18 L3 87 
20 8d6 645 tO 2 17SO l 708 18 15 3&3 
22 346 331 7 4 560 42-t 9 0 S79 593 Lu 17 29t 

6 864 7<;0 11 2 462 'i47 10 l C) -63 
H 0 4 8 !:>C6 3~o 10 4 355 .H'.:I !'I 7.1 221 

10 1'ib 74& 11 6 374 35 .. d 
0 23'>6 2:< '+9 ?5 l 2 l 522 15?·5 17 I: 256 227 q H 
l 281:>2 271.3 le 14 5!>4 50.2 11 10 3oc; 314 8 
4 lMI'• 1558 1 B l 6 59C 5bL 9 12 359 3 (,;} 6 l 283 
6 858 762 10 LB 149 Pd lb l 'i 268 26& 6 3 65'i 
& 1194 llO'l 13 20 10 7 21 5 288 

10 1341 12'-H 14 11 0 2 () 1 100 
12 B4J 15 38 16 H D 1.2 9 "15 
14 17.21 1201 l't 0 382 372 7 11 259 
ll t92 l.'70 LO 0 407 271 10 2 32'7 29& 7 13 125 
Lil 234 217 l l 2 419 286 9 4 254 219 B 15 ZS'-
20 l 'l l 151;1 l l 4 1666 lbCil l ts 6 267 287 a 17 182 
22 232 2 16 8 b 1102 1095 13 8 222 216 8 19 36 

B 12 72 1206 15 10 248 259 1 21 161 
ti 0 6 lO 8 31 195 12 12 213 236 6 

12 374 35'i 13 H 
0 1358 1218 15 14 563 523 9 H 0 22 
2 196b l 'l L 1 2'0 16 289 302 10 1 1255 
4 1710 ll21 17 lB 552 522 8 0 251 175 7 3 357 
6 1023 15'D 12 2 'tl l 42b 6 5 63 
8 1518 1500 16 H 0 14 4 197 L95 7 7 l1b 

Ni-filtered 

183 t. <; 6'lS 788 9 
11 27d 3 t c; 9 

0 B -3 '• (b ZCJ 
15 225 2b0 13 

0 20 17 152 117 I'> 
I) 2'> l '7 &1 80 2 I 
0 21 21 20 l 167 9 
0 24 
0 22 H 4 
0 26 
0 l fl I 1761 1 <; 74 18 
0 2:> 3 320 "15 1 
0 30 5 432 4c;4 7 
0 24 1 158 130 10 
0 ~ii 9 1046 1122 1£ 

11 271:1 3: 1 'i 9 
lJ 26 50 49 
J ';, 4'>1 l,<;Q 9 

316 1 l 7 I<; B I c; 3 15 
l 0'15 lC l'l -19 liC '•6 

689 7 .21 279 2t:. 7 a 
215 I 
617 e ... l 5 
455 tl 

12 "~ l 'Jl,1 IC 7C I L 
3'3'i 10 ) 112 73 15 
310 11 !> l<t. 1£: 1 l l 

36 2b 7 2Cl0 2CB q 
20 l fl " 372 374 ti 

11 LCO 1" l 'J 
2 1J 29 i:5 45 

lS 2::.3 258 13 
Hb 10 17 -:n ~ 1 21 
733 s 1'1 7f. 71 24 
332 (;, 21 26 <; 38 
95 13 

479 7 H i: 
282 9 
108 l1 1 733 EC2 9 
257 lL ..) 1121 13Cl 12 
176 15 5 179 2~1 10 

23 37 7 78 40 20 
148 11 9 757 E26 9 

lJ 644 t~O 9 
3 13 40d 'i2b 9 

15 330 329 L l 
l 45 D 14 17 377 358 8 

'i I 7 7 19 LOS es 18 
150 18 21 354 311 1 
113 9 
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H 1 ll 80 34 31 l l 116 140 26 l"I 16 1 2 c" 9 

15 2 57 263 l3 13 qq 
l •~' 22 l 1~7 I fl'.) 10 '• 'tf'.19 5 lC 1 

l 108 14 3 l 7 l 1 1 <>a lf 2 12 l 5 54 41 l1 3 46 63 32 6 2li l 2 fit: II 

3 404 4-t6 8 19 60 44 25 17 47 32 l3 5 7ri 65 20 8 3'14 t, (3 7 
';i 3J 2 326 a 1 89 87 17 IU Iii 7 )3<; 12 
1 250 245 9 H 11 H 15 Q 94 79 16 12 215 223 12 

9 34 l!l 38 11 75 10 14 14 !:11 121 211 
11 2 .. 2 293 12 1 l i:O 15 3 l3 l S3 110 29 16 -113 35 LO 

13 3<, l 399 10 3 3 79 382 9 3 355 341 10 H 20 18 167 us 12 
15 "" 76 33 5 3!Hi 3n 10 5 -36 31, 27 20 213 171 " 17 l Cf; 1'> lO 7 125 14t. 24 1 S4 80 • 2 1 l 185 l 3 1 10 
l '1 98 72 20 9 246 266 16 9 103 12b 23 3 147 11~ 12 f< 2 2 
.21 111 60 14 l 1 3'1 12,, 57 11 251 26't 10 5 104 91 15 

13 83 9 32 13 258 213 to 1 0 26 72 0 388 312 1 
H a 15 33:.l 261 10 15 37 l:> 30 9 un 156 7 4 %1. 1CC6 8 

l1 214 187 11 l 7 161 122 1 11 36 61 21 6 592 519 8 
l 170 165 1? 19 32 14 32 fl 684 l:46 9 

3 1063 1189 12 H 16 H 21 10 lt75 444 8 

5 1 .. 7 la• l 5 H u 12 13 ... 2(7 19 
1 14 t, 144 14 l 88 85 i'b l 61 4 20 14 371 348 10 
q 509 548 9 l -35 \I 22 3 349 3!) l u 3 95 '5 4 14 16 !Bl 166 14 

11 tat: 7 1-t lG 3 162 2C~ 16 5 -72 49 11 5 -57 32 24 lA 324 2<;3 6 
13 330 341 ll '5 -~6 !:>t.1 28 1 101 44 .-'4 7 -34 25 32 20 324 2tl 1 a 
15 211 109 14 7 9~ 47 27 9 162 13t> 14 9 -3q 26 24 
17 )13 3C'1 10 9 l 2 1 lU2 25 11 266 235 9 H 2 3 
19 -32 2'! )3 1 l I 51 14<- 22 13 253 215 8 H 22 
21 312 2o5 7 13 67 l 37 15 56 l; 19 (J l 013 lOSJ 11 

15 -26 53 44 l -5b lb 22 4 43"1 <; 18 1 
H 9 l 7 26 53 40 H 17 3 141 114 8 b lJ5 lf5 12 

lS -26 11 27 5 52 37 17 ll 319 3!:4 8 
1 203 211 l 1 l 142 142 17 10 110 65 19 
3 31l4 429 <; H 13 3 l 87 207 l '> H 23 1 i! 806 c;o<; ll 
5 51 31 36 5 -35 24 20 14 184 141 14 
7 67 71 30 1 201 195 13 7 90 85 21 -20 10 32 16 104 l33 23 
') 298 :::110 11 3 341 347 10 9 38 lo 35 18 180 )59 12 

11 358 3 22 11 5 104 11 b 25 11 230 163 8 H 7 0 70 2110 238 ti 

13 12 3 12'l 23 1 -Zl 33 35 13 67 56 18 
l"> 62 68 37 q 361 32 3 12 15 53 l<J 17 0 u:.1 1169 12 II 2 4 
l7 59 83 33 11 319 Zt:3 12 4 5<'>1 519 7 
19 H 6 29 13 -51 74 36 H 16 6 147 21 11 0 933 ~ 31, 11 
21 lbC 139 8 15 11 87 24 6 220 lb3 9 2 765 l'oO 10 

17 'i 1 132 19 l 376 359 '3 10 5£.3 54l 9 4 133 13 14 
H 10 3 108 68 17 12 555 530 9 b bl .. 532 B 

H 14 5 102 115 18 1 '> 4S9 441 9 6 230 l 5'i 10 
1 3(, 1 392 8 7 91 20 18 16 164 157 17 10 301 270 q 

3 37e 3E7 9 l 43 11 42 9 315 259 8 16 31 35 40 ll. 746 7 .. 6 10 
5 335 3 74 10 3 142 l5o 19 11 103 53 15 20 -55 l 23 14 141 119 18 
7 92 106 2t! 5 -58 56 20 13 16 5 34 lb 294 254 11 
9 3-+4 393 11 7 -42 6 26 tl 2 l 16 12 7 'i9 l 7 

11 209 206 l 1 9 ll9 56 22 H 19 20 -26 11 33 
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10 173 lDo 17 2 16':> 177 15 12 24 29 38 0 7EI 74 10 
H 2 ~ 12 2 71 2b3 13 4 40C 382 ll 14 82 54 13 2 tlO <;6 11 

14 1 d3 170 17 6 44C 40ti 11 
0 bl<; no 9 16 214 266 10 8 353 349 12 H 2 l 7 H J 0 
2 420 503 9 l 0 75 11 25 10 220 I bl l '.1 

4 b74 654 'l ;>Q 150 150 9 12 78 51 30 0 326 292 8 l 43 c I '1 

6 955 915 11 14 144 116 16 2 222 201 11 3 -57 0 lb 

8 b9 '• bBb 'l h 2 'I 16 172 141 Lt ,. 101 39 19 5 77 0 l 5 
10 IUD )_f 2 I 18 177 175 7 6 158 116 l3 7 -3~ 0 33 
12 600 6 l3 10 0 969 103'1 12 B 1J6 67 13 9 -66 0 22 
1-t 255 2't4 11 2 l 88 155 13 H 2 13 10 121 96 13 11 79 0 16 
16 112 67 25 4 373 353 10 12 255 218 7 B -bb 0 l ') 
18 409 353 B 6 4:;.9 451 ll 2 -28 98 31 14 109 102 9 15 66 0 26 
20 40'1 362 7 B 6 Bl 61:!4 ll 4 6C 102 40 17 -57 0 2(, 

10 113 109 2b 6 153 175 19 fi 2 18 19 -35 0 21 

H 2 6 12 3CO 302 12 8 50 52 4 .• 
14 230 214 12 10 152 l 77 21 0 lLB 154 11 H :~ 

0 ""2 419 Cj 16 85 c, t; 26 12 107 1L. 21 2 228 210 9 
2 't:!El 417 9 111 221 11:11 10 14 n 43 2'+ 4 112 LC.9 12 l 34b 3t2 11 
4 424 405 9 20 2 Bl 24'1 7 16 17 11 42 6 81 2 19 j 985 l ( 88 11 
b 60'> 5q9 'l B 143 132 12 5 93 1(9 7 I 
a 403 377 i; h 2 10 H 2 14 10 129 146 12 1 74 15 2'; 

10 330 7q7 10 12 75 66 13 <J 566 573 c, 

12 2fl'i 26fl 17 0 673 tu 10 2 111 B 2; 11 73 7 7ZE 10 
14 17li 154 1 7 2 3 11 ~5tJ 9 4 259 24~ 9 H 2 19 13 'itl5 "tt.4 <i 

16 ZOE l i:!l:l 12 4 341 303 11 6 lt!2 176 18 15 2r1 1~0 l l' 
18 215 2 :J'l l l 6 23~ 221 15 ti 108 33 23 0 1 +9 qq 12 u 372 ~ t: 1 b 

20 136 130 13 a l SS l 7l 23 10 320 32(· !0 2 141 95 12 l "> 75 t.f. 21 
l '.l 357 350 13 l.l 240 218 10 4 209 214 9 

H 2 7 12 )12 29~ 13 l. 2-.0 22 3 9 6 1 82 115 9 H :; 2 
14 289 240 11 H 47 35 22 8 194 175 8 

0 146 3 155'1 lb 16 55 106 38 10 58 70 17 l 141 l 't9 lb 
2 310 301 10 l 8 58 82 18 H 2 15 3 121 117 1 7 

4 5~ 86 36 H 2 20 5 339 362 9 

b 52 3 556 9 ti 2 ll 2 129 156 20 1 177 164 14 

8 52 l 51> 1 9 4 134 111:! 20 0 -15 30 22 9 l (i 1 158 lb 
10 3'15 3 75 l () 0 431 379 9 6 218 l9b 12 2 183 177 CJ 11 9'1 1~3 26 
12 60 l 581 10 2 2 62 261> 12 8 2 72 256 10 ~ -11 28 49 13 ?73 2~<; 11 
14 56 I scs 10 4 -33 9 27 10 BS 67 22 6 202 lBl 1 15 232 2C2 ll 

16 53 19 33 b 174 128 17 12 57 30 28 8 107 114 10 17 &O ~8 ll 
Ill 221 192 11 8 -•'t 77 26 H B4 68 l1 l 'l 12 21 20 
20 271 Ul 8 10 171 uo 19 16 53 9't 10 H 2 21 

12 267 22b 15 H j 3 
H 2 8 1't 222 185 14 H 2 16 0 188 l 74 8 

16 13 t>O 26 2 120 113 10 l 313 2'lC 11 
0 332 401 Io 18 -49 52 21 2 197 164 15 4 79 36 13 3 593 621 10 
2 'JQt;l 92il l 1 4 249 255 13 6 44 22· 18 5 28tl 316 10 
4 38 5 341 10 H 2 12 6 .!2 5 230 10 7 14 7 141 J '> 
b 28 l 224 e 8 294 256 9 tl 2 22 9 '+92 4EI 9 
8 62 e 601 10 0 181! 191 16 10 120 113 15 11 400 371 10 
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13 140 139 I 8 q -64 4;, 22 11 145 11 <; 2'1 3 -48 28 34 2 70 .t,1 31 
15 262 235 1 iJ 11 - 33 a 33 13 52 5Q 35 5 54 41 28 .. l2to a le 
17 266 228 9 13 52 3':1 3b 15 332 263 8 ' 13 25 21 6 DO l.t,0 21) 
19 68 25 2 I 15 23 40 50 l 7 lCC 5G l l 9 l Ol> 91 15 8 101 .:'.3 ..:l 

17 -54 21 24 11 l> l 31 l <J 10 -25 30 3t.. 
H 3 .. I<; 40 3 25 ~ 3 12 12 71 4 25 

H 3 17 14 t2 <t7 n 
l 49 2 45 H 3 8 l 183 221. 17 10 -4 2 22 <!(., 

3 268 2'10 11 3 110 166 '2 7 1 95 53 1f 
5 102 75 23 1 ll 1 85 33 5 101 45 25 3 103 126 18 H 4 2 
7 57 23 32 3 189 171 17 1 c;a lh 30 5 13 71 21 
9 12 2 1?9 21 5 156 157 25 9 51 60 31 7 76 30 17 0 4!"16 4':14 10 

u ne HQ l B 1 123 127 21 ll 119 54 19 9 154 94 8 2 149 119 21 
13 C:,1 11 24 c; Sib 26 29 13 47 39 32 ll 101 85 10 4 ltO 117 l , 
15 71 68 21 ll 118 lot. 24 15 -32 J.4 30 '-' 37.2 32£: 10 
17 13 l 102 l~ 13 -96 51 21 H 3 18 & 2G8 2t4 l l 
19 -21 5 2"1 15 c;5 61 23 H 3 l3 10 89 75 ;>4 

17 111 l,'l 18 l 50 1 24 IL 262 22G 10 
11 3 5 l 429 406 10 3 116 82 n l'> 270 lbS 10 

H 3 9 3 320 254 ll 5 14 24 30 lo 5, 3 24 
l llt 142 31 5 192 159 l':> 7 _,2 16 Zb 
3 265 261 15 l 33 .. 3'>t:1 12 7 -56 l 33 9 30 3-'t 24 h 4 3 
5 119 165 24 3 242 lb2 15 9 469 388 8 
7 1t: 62 29 5 142 136 25 11 216 15H li H .J 19 0 174 ir; e 18 
9 220 20 .. l • 1 -Jb l L) 29 13 -71 33 ?? 2 111 143 37 

11 156 13::> l 7 9 363 34,, 13 15 229 201 1 1 31 24 29 ... 165 118 l <i 
13 -44 14 26 I l 177 11':> 20 3 31 19 29 6 2ub l.d 14 
15 181 l't 1 I 2 13 e7 43 21 H 3 14 ) 61 2 1 17 tl 124 121 72 
17 lH 10'> 15 15 203 164 13 1 20 'j 28 1U 4b 54 4G 
19 63 19 l 7 17 102 5<' 16 l 162 121 l 7 12 228 2CS 11 

3 154 l4o 19 H 3 20 14 28 3<t 41 
H 3 6 H 3 10 5 122 75 17 lb -21 11 3'> 

7 118 103 18 1 ~3 Zl 19 
1 218 21;9 1 1 1 2'H 329 13 9 45 b 1.t, 3 -80 9 15 H 4 4 
3 136 170 26 3 213 20'> 16 11 47 77 31 
5 -32 75 27 5 es 57 32 13 76 11 16 H 4 0 0 134 IC 2 ?3 
1 50 42 41 1 138 105 26 2 261 254 22 
9 18 3 186 18 9 -38 106 30 H 3 15 o 420 393 10 .. 1 .. 9 193 2'> 

11 154 )36 18 11 134 106 22 2 328 314 12 6 133 114 21 
13 JC 23 50 l 3 -llo 2<l 5'* 1 125 92 17 4 193 185 14 8 89 c;5 28 
15 50 77 35 15 67 26 28 3 297 260 9 6 388 353 10 10 2b S6 '>1 
11 81 85 22 l 7 12 72 18 5 206 150 11 8 256 251l 12 12 318 2f9 9 
19 52 4b 25 7 62 64 l.1 10 -29 45 34 14 33 8 38 

H 3 11 9 210 197 lD 12 3 1•b zc;s 8 lb 94 56 17 
H 3 7 11 136 130 13 l't 240 166 LO 

l b84 687 11 13 60 34 17 16 -54 l 1 23 H 5 
1 25 16 61 3 2J9 l 7't l't 
3 60 61 42 5 162 15.t, 21 H 3 16 H 4 0 571 530 11 
5 93 43 33 7 143 94 21 2 82 14 46 
1 -26 23 34 9 520 467 ll 139 155 15 0 61 11 34 4 245 2€:9 19 
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(l.d.)(TTT) 2I3 - Structure factors Pmc~, full cell. 

CuKa radiation. 

10 2191 2267 25 6 3 76 362 
11 } 0 12 16'+4 LB<> 1 23 0 71309 2166 31 

14 142<' l 4t. 1 2 l 2 2012 2034 24 H 2 0 
2 2212 l 7 tl':> lb 16 12 80 1331 20 .. 11 7,. 1247 20 
4 3690 32<'2 37 18 1066 1072 l 7 6 384 4lb n 1 47 1 
0 Lui>~ 23 (>'J zc; .20 892 937 16 8 635 657 l3 3 <J2 3 
ll o3-'t c; t ... l~ 22 5el 64..l 15 10 1353 l 315 21 5 82 4 

10 4 l6 5 4412 44 12 1730 1So2 22 6 46 25 
Ll 3721 4D(l 4D H 0 8 14 1390 135.2 • l 11 1 5u 4 
14 32J8 .'d39 35 16 5b-+ 581 l 1 6 -99 26 
llJ l ~qr LO 53 t2 0 2109 2 ll6 24 18 193 183 22 9 65 3 
lfi 5b1 t- ll 23 2 2914 2'"o77 32 10 -106 27 
20 301 2 uO 2:, 4 2830 2S4~ 31 h 0 16 11 53 1 
n so 5~6 16 6 3465 34ei:: 37 12 98 27 

8 28't5 28!;:> 31 0 t>6l 697 25 13 -12. 0 
h 0 i' 10 1702 l 7't 9 22 2 117 829 21 14 119 26 

l 2 1344 1422 20 4 1 j) l l32'> 21) 15 84 2 
J 52 I l(b(, l ll 1 '• ~Sd 102~ 20 6 l 710 l 653 22 lb ·t6 27 
6 S6o<.. 54 l cl 57 16 1243 1266 20 B 1340 l29b 21 17 -53 3 
a 5187 5169 53 18 l.!25 123-. ltl .10 1Z.2 755 17 1 'l 130 4 

10 211.? ?017 ;_ .. 20 b7l 92'> 16 12 390 401 73 21 35 4 
12 70 I 641 1 7 14 253 265 26 
14 d2 5 b55 18 H 0 10 16 't90 51 .. 13 H 2 
16 162 1 16 6':1 2? 
18 l fl·il 1'7( 5 H 0 36d<l 3949 41 11 0 18 1 546 636 
lO l fo<, l 11 .. 2 l 2 349;, J5oo 37 3 1811 2171 
n 6'11 741 15 4 1118 ll6t, 18 0 1157 119'.l 20 5 12 l lt 1356 

6 17£5 173.l 23 z. '922 •n1 2·J 6 90 10 l 
H D 4 a rn1a lOZJ 20 .. 710 719 17 1 52!1 617 

10 156'> 16£<, <'.3 6 746 719 l 7 b -6't 81 
0 47f>I. 44 66 51 12 )037 312 1 35 tS 511 500 1 !l '.l 1134 1261 
2 5150 5091 56 1-+ 11C7 1127 22 10 618 635 16 10 -33 64 
4 33tiC ~165 36 16 1178 lloS 19 12 716 718 13 11 828 939 
6 l 71 2 1659 ?O 18 297 361 32 14 535 526 12 12 11'; 'tB 
B 231:! 3 2:H4 2~ 20 139 12u 42 13 174 106 

10 2676 27 06 ?." H 0 20 llo Sn 35 
ll 301:0 316-< 33 H 0 12 15 76't 766 
14 2448 2548 2 B 0 763 737 15 16 -83 26 
16 1381 14 58 20 0 613 80.l 20 2 656 605 15 17 586 618 
l!! 467 !> .. 2 23 2 836 es 1 1 ti .. 508 550 17 19 -1?6 41 
20 jJl 446 22 4 3325 3306 36 6 533 56u lo 21 441 401 
22 Solt 625 16 6 2199 2359 26 8 444 437 16 

8 2538 252 7 30 10 495 502 14 H 7 2 
H 0 6 10 1659 1668 25 12 425 464 13 

12 747 707 26 l 566 683 
0 2110 2u<t5 30 14 1123 l 0'>3 19 11 0 ;>2 3 1306 1457 
2 392 2 38 79 41 16 578 649 21 5 576 659 
4 .H 13 33 67 35 18 ll 02 106~ 16 0 502 3711 h 6 .+9 b't 
6 3239 3301 24 2 821 779 13 7 201 2 31 
8 3030 3134 32 H 0 14 4 394 379 15 fi 14 57 

Ni-filtered 

13 "' 828 <i76 l-+ 
10 7U 50 45 
11 518 5r,7 19 
12 11 .:,4 H 

41 13 25;) le"J 34 
50 14 -21 .]<; 62 
43 15 507 'tl:7 25 
56 lb - l l l 35 40 
49 l 7 3o'+ 355 30 
36 19 73 8 74 
45 21 321 301 22 
35 
53 H 2 3 
39 
36 2SO't 2e32 2;; 
38 3 713 '104 14 
50 5 l27 310 :, 7 
bS 6 t>9 <,a 18 
60 1 35 L 444 l <; 
4b 8 .... eo 57 
11 9 l 3fl 7 1 513 I 8 

10 10 6;3 83 
ll 555 510 l t:i 
12 23 48 lb 

15 lJ -Ml Llt l 57 
21 l+ 80 36 52 
15 15 449 St:O 21 
3~ 16 -7<; 21 50 
14 17 304 2S3 31 
46 19 173 2CS 42 
lt. 21 401 322 l "J 
63 
16 1-1 2 4 
34 
4b 1 3515 3€04 37 
49 3 639 ee6 l <; 
20 5 863 1020 14 
49 b 46 112 41 
23 1 315 311 70 
!:>2 8 n ':ill 12 
17 9 206!! 2210 24 

10 81 tl4 .. !> 
11 555 513 'l" 
12 38 71 71 

20 l'3 52 12 7 98 
16 14 1 Ou 59 41 
13 15 913 102 19 
4'1 lb -82 50 50 
u r1 395 438 30 
76 19 -39 152 9l 
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21 55t 4'lll 1 7 9 6tl 91 76 H 2 10 l'> -52 139 bl:l 17 32 l l <;(J l~ 

l 0 -156 bO 31 1 7 5? 151 70:, 
~I 2 5 11 464 702. 24 1 720 753 17 19 -53 59 54 H 2 lb 

12 -105 .. d 49 3 755 752 lR 
l Jd-JO 2087 22 l 3 780 112 20 5 bt.8 695 21) H 2 13 1 7& lb7 52 

3 U3 203 30 14 24 37 89 6 5H 177 49 3 6'io 5'i2 21 
5 78tl :c.· 't6 2 I 15 13<; 255 o7 7 l 8 '+ 26::1 57 l .. 02 391 Z1 4 -144 148 33 

6 -7 5 •;n 35 16 -13 29 52 tl 'l!l 157 J<J 3 680 720 21 5 -143 <; 3 _l5 

7 400 '.!19 1 <; 1 7 Z ll 8.:, 41 y 61J& 853 ZJ 4 27 66 74 6 -bO:, Dll "' 
b 95 71 34 19 1 'ib Hl 40 10 51 l 3& ,69 5 20fl 295 50 , 201 70 47 
9 7't2 IJ77 16 2 I 2U 217 28 11 417 454 ]4 6 34 60 76 8 -59 125 59 

10 - ll2 62 40 12 -104 115 52 1 -H 55 71 9 32 -t 306 2b 

ll 20 I 4t, 39 H 2 B l3 161 2J 62 6 77 53 53 11 53:'.l 4f:4 19 

12 -1::>0 48 45 14 -1513 95 34 9 720 569 24 B 50b 3'>'• 17 
l3 58 206 96 l 3'10 359 24 15 512 468 26 10 101 46 45 15 11 j 7 j'J 

14 -109 37 45 3 Zl21 2376 25 I 7 395 315 24 l l 637 465 24 
15 46f: 415 26 5 294 432 31 19 120 3J 50 l (: -37 39 81 H '- J7 
16 -7C 28 55 6 43 17J 51 13 -103 193 12 
11 -66 50 55 ' 291 24£ 28 H 2 ll 15 154 256 49 l 28 .. 2t:1 35 
19 l ':i l 95 4 'l 8 -142 15;) 28 17 181 300 38 3 :H3 .. 16 29 

21 53 68 11 9 1016 102 J LS 320 305 2 r 4 -133 45 Jt.. 

10 -43 129 70 J 7'6 72d l'l H 2 14 5 -71 13 41 
H 2 6 11 1370 l3t'1 20 5 774 685 2-J 7 180 143 -t2 

12 10 10'> lu4 6 21 70 lu l 86 24 b5 'I 77 53 rn 
l 1463 1598 19 13 660 744 22 7 2'>0 374 41:! 3 265 ~32 39 11 4S9 id<i l 7 

3 ;/ 2 3f: 25-+l 25 l 4 73 90 59 ti -.:.ct 61 t:>7 .. -111 170 4.! lJ 134 U4 .i1 
i; 35, 481 21 15 422 48 7 29 c; 491 643 J2 5 -115 70 41 15 10 5 7 34 
6 12 5 14!:1 24 17 624 671 20 10 -11 52 98 6 67 158 Su 

7 157 53 ~o 19 -64 102 66 11 78 319 113 1 -84 23 5t H ~ 18 

8 -90 130 37 21 624 4<i:J 14 12 -86 43 5& 8 157 142 29 
9 1510 1723 l <) 13 166 91 64 9 237 76 -+5 l 751 1C4 lo 

10 -149 112 31 H 2 .. 14 ll2 35 40 10 -Bb 124 52 3 217 158 :~s 

11 1286 1451 l'l 15 665 475 20 11 232 240 52 5 205 2Z5 J 7 

12 !O 3 94 45 l -+05 44 7 22 17 •27 316 22. 13 199 305 .... 7 183 62 ':>7 

!3 815 611 19 3 767 901 16 19 64 4& :.3 15 l 06 41 54 9 630 ·521 le 

14 -S'l 77 51 5 102 153 71 17 93 98 46 11 2Q6 f8 J<) 

15 658 606 22 6 -1 C3 7-1 31 H 2 12 13 36 ~1 61 

16 -13] 63 36 7 l 3J 56 60 H 2 15 
17 754 669 I 7 6 156 68 25 1 -70 29 45 H 2 ('l 

19 218 1-> l 37 <; 5c;5 53i:l 22 3 324 417 32 I 167 208 5'> 
21 70 1 665 15 10 -23 56 84 4 14 186 81 3 70B 650 21 1 3-14 Ji,'l ll 

1l 714 5;J.b L2 5 -53 147 5b 4 18 55 87 J ""- 122 6't 
H 2 1 I 2 -58 4& 69 6 -29 1 72 14 5 -13 74 55 5 15 8 lCB 41 

13 24t. 3!>5 46 1 189 48 55 6 106 51 40 1 l 7 tl lf 1 J4 

J 217 256 33 14 113 37 42 6 --t4 154 70 1 188 99 54 9 10 1 136 32 
3 606 6.?I:! I 1 15 l 24 213 74 9 253 l 54 :.1 6 -94 45 47 11 150 4C l9 

5 603 741 1 1 17 l 17 242 66 10 77 134 57 9 205 297 '• 1 
6 79 87 35 19 113 1~ 59 11 302 236 ~3 11 502 557 ?l H 2 20 , 500 394 16 21 320 236 lb 12 -ea ll4 55 13 515 368 20 
6 -20 73 73 13 135 bO 74 15 14 37 61 3o9 2b0 ~o 
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3 2H 230 24 2 504 73 '} 18 10 4d5 450 2~ 9 78 129 l•.J 1 
5 ZJ8 119 3 l 3 20b 8u 32 l 1 104 190 T7 H 3 6 10 199 2C2 t.O 

1 0 58 144 4 549 693 17 12 404 JB7 3:::1 11 !9 2 134 (: l 
9 3h 3lb l 5 5 c; 1 1J2 63 1-. 416 321 JJ 0 2b5 307 41 12 10 l l 77 ,,(, 

11 12 130 41 6 5bl.> 62d l7 16 25<7 21.oc 47 1 192 23 52 1) l 16 1~2 !''.:> 
7 z 36 160 31 l 1 l4b lb7 63 2 214 302 'i~ 14 2 {, '• 1~2 4:; 

H 2 71 8 557 553 lB 18 215 2J6 ~9 3 tl5 bT 94 l'; 2~0 124 4? 
9 Z33 l 8 r 35 l ':l 101 l4G 72 4 293 287 36 16 ll 4 l~b ~-..u 

l lZJ 14 41 10 534 47 7 21 5 83 10'< 81 17 72 11 l '11 

J 190 I Jl 28 12 ... 3 7 403 25 t1 3 4 6 304 ?67 32 l fi 41 1.:l 11 5 
5 -113 54 49 13 2 19 19 :.> 46 7 lbb 130 52 
1 -t. e 56 65 14 443 333 28 0 299 32'> 34 B 236 241 4J H j c; 

9 -15 64 48 lS l l 9 ltH> 18 2 2'i6 3l'i 38 10 298 214 36 
16 308 2t9 39 3 197 7':> 42 12 258 186 44 0 384 41':E 29 

H 2 22 l 7 165 171 56 4 3 02 30.; 21 lJ 247 146 45 l 715 2C I;!,, 

18 260 214 41 5 l. 75 114 43 14 162 158 66 l 4l'>l "tel 27 
1 -ll l .rn 45 6 298 27<J 26 15 209 136 50 3 3'; 58 1"7 
3 lli2 2?J 1 7 H 3 2. 1 I I 142 124 16 168 lH 5b 4 4~il 4:19 3CJ 
!> l ll 5 83 34 a 2H 251 39 Cl 42 5 4Cb 14 

0 266 )]ti 30 'I Bl 15ti ao fl 3 7 7 L9:; 117 u3 
h ? 23 l 2 37 ?8 Stl 10 23t; 221 40 b 3'• ~ 361 .. 44 

2 2'18 331 29 11 2 Jl 162 42 0 507 '>S'l 22 10 341 321 43 
-40 20 b'< 3 l S6 bO 43 12 210 191 52 l 256 23 39 12 30J 275 :.o 

4 210 312 28 1 3 l 76 151 uO 2 479 54'1 2b 13 12 7 145 % 
ti {1 5 158 122 43 14 232 1&2 4<1 3 12 67 l C5 14 21 ti 230 "l. 

b 3 .. o 2bc.. 22 16 221 B~ ~l;I ,. 517 !>? l 25 16 l41:l 1 ac; 15 

0 237 342 30 1 1 71.J 150 42 l 7 106 131 11 5 170 l {15 57 
1 1'! 2 28 101 8 264 25<.J 32 19 124 114 &4 6 429 480 "'"' II J 10 
2 29 J 335 26 9 b7 1!>6 74 8 436 429 2c, 

3 183 82 37 lO 303 224 31 H 3 5 9 62 153 l 07 0 l y 2 255 53 
4 JU ~16 22 l l l lL l 7;) 69 10 391 375 :03 l 112 17 70 
5 21c 124 'I l 12 235 l <j 3 L•4 lJ 495 64'> 26 11 141 162 73 2 272 2~2 40 
6 30'1 2<:16 26 14 237 164 47 1 140 2l< 68 ll 416 320 32 ~ 199 50 ;4 
1 19 a 153 37 15 16 1!13 139 2 525 633 26 11 82 163 9<J 't 21b 2 .. 2 ~,j 

a 2'11 '251 28 16 l B 1 136 55 3 62 76 •H 14 301 267 44 5 17? 18 69 
9 142 169 53 18 87 111 85 4 500 59R ll 16 233 217 52 t> 1£. 2 227 N 

LO 326 225 28 l c; l 91 118 '>5 5 14~ ll / 55 17 '>8 145 l Oti B 246 ZiJB ,9 
11 IC,1 l 73 46 6 555 547 19 18 247 173 43 10 100 187 10!:> 
ll 2ll 6 l'i4 5 l H 3 :> 7 l'il4 14CJ 42 11 46 ll7 136 
1-t 2i:O 164 51 ti 509 4Bo Zl H 3 a n ;55 116 it9 

15 184 1 i;s 5(, 0 521 716 20 9 145 16<; SB 14 12 1 142 ll6 
lo 2J7 136 44 1 166 za 70 10 47b 422 25 0 329 283 32 15 ~ .. lC9 123 
17 0 138 143 2 513 701 2'2 11 0 tro l &O l 137 20 65 l 7 270 <;9 :rn 
lB H.8 111 51 3 l '>l b2 51 12 448 35il JO 2 257 279 42 
19 ~::! 120 96 4 546 b59 17 13 145 178 Tl 3 175 59 60 ~l J 11 

5 165 12 1 42 14 339 296 37 4 253 267 5'J 
H 3 6 !:>60 599 18 15 154 1 71 ~3 'i 111 91 62 0 3t..': JEC j4 

7 15'1 160 47 lb 2'>5 2.:.2 ,. , 6 103 249 90 l -ll9 17 12 
0 498 H6 l 8 8 5 19 530 20 l 7 113 159 17 7 191 ll 5 55 2 )2 7 3 75 J'J 
I 2lh 30 70 9 l .lO 181 62 18 195 19.' 53 8 243 Z21 47 3 1 ·+7 49 69 
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4 349 358 J9 JO 136 14 ~ 75 0 1-+5 12'> 5<; t'I 637 62-+ 1 7 H '+ 1 
5 S<; 7il 99 12 122 l?'i 1f l <65 6 12 10 219 2l2 3o 
b J:>4 B3 39 14 lb4 ll..I 51 2 121 12: 64 12 l 767 1891 23 0 2919 Jl4C 32 
7 2b 7 10] 'tEl ... l '+ 7 llB 52 l '< 369 31.>5 29 2 6 1"' U1 20 
8 21 tl 301 74 H ) 1 :> 6 14il 111 49 16 21'J9 307 46 4 11(; e9 73 
9 34 7 !l 5 44 HI 360 283 24 b l 1)44 1 Cf, l l!:I 

10 2tl '.! 266 5'i 0 320 23:::l 40 H 4 0 20 559 464 16 a 1040 LOH 19 
lL 3'.) 1 229 49 2 261 227 47 10 781' 637 2 l 
lJ 15 ;> 125 80 4 299 21 i;J 40 0 22.le ?55u 2"> H " 12 l J <;.; l Ul 21 
1-'t lbt l'l::J 11 B 247 160 4':> 4 ll20 l 2ld l 5 14 11.?l 10'"1 20 
16 ll'i 158 62 9 40 7'3 ll<J t; 294 210 22 0 1863 2012 22 16 106 :C4 66 

11 0 8 't 153 8 +39 485 la l 152 7 l 620 21 18 ... -. l 3E .. 22 
H 3 12 13 l 70 66 47 10 1123 1221 18 4 266 l8CJ 28 20 5':>2 4 74 17 

12 1108 1122 18 6 1225 1186 17 
0 l 51 N.4 7C H 3 16 l 'r 975 1 01 7 19 8 -.60 '+59 21 11 4 8 
1 2J 8 14 51 16 321 37t1 34 lJ 602 651 l<; 
2 143 222 7S c 159 15'7 b:i 18 62 114 8) 12 1490 1569 .21 0 Md 73C 20 
3 l 1 •2 l ... =i 1 l 7tl 'J 56 zu -110 86 46 14 2'33 318 37 2 lll 14 I E'r6 2;' 
4 15 6 214 7l 3 07 27 89 U> S86 S59 22 4 769 113 <! l 
5 l (j<; t. 5 63 4 H7 10:..:! 59 H 4 l ti 25S 268 3<+ 6 560 5'<6 17 
1 1511 93 rfl 6 l'r'I 144 67 20 -5? 7l 66 8 1253 l 2 !: 7 21 
~ 14 1 l BS 66 7 l 5'r 54 bO 0 3J3 33d 18 10 .::.46 .2tll 34 .. l~4 94 58 B L 11 Llt ct7 .. '195 llOu 15 H .. 5 12 5'<.2 558 26 

10 20 l 167 67 lC 0 12 2 148 6 521 67' 16 14 366 3<;1 35 
ll 162 99 17 l l l 99 t:6 40 8 786 9ll:i 15 0 1235 l36S 19 16 546 546 21 
u ':It: 1-+8 104 10 3B 361 z .. 2 838 920 19 18 15 ') 202 50 
14 2ti3 l 2tl 44 H 3 1 7 12 429 397 <!4 4 1J46 l 'r 12 18 20 379 335 l !i 
!5 67 94 103 14 173 301 5& 6 1905 2)80 22 

0 L 80 171 58 16 -225 l2U 20 8 138'l 146?. 19 H 4 <; 
H 3 13 l 110 d 76 18 334 29rl 25 1 (l 2 0(1 126 43 

2 2 52 16'-J 43 20 425 379 19 12 l l 'IB 1141 19 0 1933 1'i5 <; 2 .. 
0 22 .. '.luO 56 3 141 25 63 14 509 463 23 2 376 355 21 
2 37<; 2 '16 33 4 219 lbl 48 H 4 2 16 164 189 50 4 744 1E <; 20 
3 145 40 72 5 133 40 66 18 817 776 1 ti 6 915 1014 22 
4 34 3 2 83 18 6 2 57 152 40 0 '75 819 14 20 816 731 15 ti l 36() 1423 22 
5 106 64 93 1 19 52 128 4 1956 2157 15 10 22!> 1 St: 52 
6 290 265 • fl 8 139 140 b3 b 1181 133'1 16 H .. 6 12 5<,9 St:O 25 
1 183 83 66 9 160 bl 51 8 1366 1430 18 14 459 318 24 
8 199 240 61 10 97 12S 72 10 949 lOOb 17 0 962 961 ie lt> 170 232 53 
9 196 96 62 12 267 349 H 2 971 968 18 HI 453 4C5 21 

10 24 3 213 53 H 3 19 1" Hl 763 21 4 846 920 19 20 S61 53C 14 
12 204 H!4 45 16 362 399 29 6 1216 1280 18 
15 15C l 02 56 l l 73 1 51 18 641 632 l 7 8 804 844 18 H 4 10 

4 23 12.i 122 20 647 609 lb 10 659 668 21 
H 3 I t 5 121 33 63 12 576 623 24 0 1342 12~0 20 

t. l 7!> 11' 49 tl .. 3 14 357 355 34 2 752 759 19 
l 11 1 11 84 1 121 42 60 16 415 439 24 4 680 t:53 22 
3 36 34 133 0 2021 228-. 23 18 429 436 22 6 469 459 31 
4 20 5 1 83 56 H 3 lCJ ~ 876 936 15 20 271 290 26 8 318 3S3 46 
9 67 78 107 6 210 306 25 10 112 718 27 
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12 623 617 27 14 4 7~ 434 18 6 36'+ Z9J 19 H f) "l l 'i lb 1 20 h 
14 '.i71 s l l 22 16 <;4 <) 1 45 8 386 3lt. u. 
16 llC' 242 76 10 116 12'.> 3":> 1 21:!2 279 32 t-1 6 6 
18 l'H l 7V 36 H '• 15 3 2 ~2 200 34 

h 4 20 5 617 720 18 l 430 4SC 35 
H 4 11 2 259 310 41 7 353 329 28 3 212 ~65 ~2 .. 269 241 40 0 -151 80 t5 9 323 304 32 s. -65 161 5';) 

0 861 B29 l'l 6 4 35 394 25 2 166 30Cl 19 ll 195 30'1 5'.I 1 101 85 92 
z 523 bll ?4 B 5'14 5.!3 20 4 -2l 81 9q 13 5'o6 519 23 'J 365 367 36 
4 -67 Bl 5't 10 l 70 l ?b 44 b 4J4 301 l l.> lS 463 423 21 11 30il 222 31 
6 3't 7 219 34 12 114 5.., 56 8 214 l S'> 20 17 159 SS 43 13 61 E: 7 101 
8 -88 106 53 14 161:1 12 5 35 19 IH 66 40 l '> 100 lb 0 7u 

10 351 267 38 lb le7 19d 21 H 4 21 11 l t> I 166 44 
12 533 4'18 30 H 6 3 19 104 1C4 51 
14 44'< 410 28 H 4 lb 0 375 319 16 
16 141 146 52 2 21;1 209 21 l 6~5 593 22 H 6 7 
18 -'JB 12 43 2 394 35::1 30 4 158 9J 2. 7 3 llB4 1276 20 

~ 4<;8 47. 26 6 89 60 3o 5 51'.> 672 2J l 49 za l?? 
H 4 12 6 450 42 •; 21 1 293 293 31 3 l~ 'J 12q '14 

8 587 491:) 18 I-' 4 22 q 981 963 1':1 5 18 7 71 be. 

0 311 3 72 3? 10 HO 207 31 11 N6 I?. 9 20 1 -53 76 b4 
2 ]6q 3'! 2 31 12 49 77 11 0 157 112: 21 u 21:!1 263 36 9 - l2d lCB 4'.t 
4 79<; 768 22 14 l 65 12 j 27 2 161 l':>. 22 15 523 520 20 11 -t.1 51 b 1 
6 87B Ei22 n 17 53?. 4Jl 16 13 10 4 ~2 n 
8 705 b98 24 H 4 l 7 H 6 ~ 19 137 44 42 I"'> 'to 72 9q 

lO 440 350 ;;'J 17 -10 c:; 37 -t9 
12 l;. 7 133 (,(; c 654 5<>'• 17 l 86 4 38 d b 4 19 JO 35 r.o 
14 287 236 3'1 2 443 4 lu 22 3 -114 l.'l 33 
16 3-+4 291 ~3 .. 2 Cl b-1- 38 5 155 2U 31 l 99 ~2 90 H I! 
18 353 361 15 6 316 2f•o 27 1 -71 2t. 67 3 536 569 27 

8 272 ll cl 21 9 -133 28 44 5 20+ 17-+ 47 l l t.2 162 6 (; 
H .. l3 10 241 1 c. l 26 11 157 ;1<, ·n 1 115 79 65 3 37u 1t2 l'j 

12 509 427 15 l3 -132 21l .) q q 244 261 43 5 310 314 50 
2 -57 1 75 62 14 21q 230 19 15 133 2'> 'j l 11 276 338 37 7 245 255 55 
4 120 224 80 1, -114 22 53 13 l 9 1t 36 47 9 193 72 Sil 
6 30~ 380 3'l H 4 18 iq -71 19 55 15 143 149 53 11 236 201 4'.I 
8 lOC 97 H'> 17 263 198 29 11 -191 lC 1 43 

10 305 311 4? c 235 26'• 34 H b 19 -55 28 57 15 191 142 46 
12 21'4 177 43 2 455 377 19 17 22 l 151 36 
i .. 155 97 46 .. 344 292 24 l 692 729 16 H 6 5 
16 ;;4 6 84 6 162 63 39 3 l9b5 .l 172 23 H 6 q 

8 28b 22.9 24 5 167 301 +2 l 231 297 63 
H 4 14 10 259 2:.0 23 7 141:1 98 ::> l 3 530 517 31 l bb7 nc 24 

12 150 137 27 9 1129 117":> l tJ 5 237 351 48 3 462 403 30 
2 222 173 45 11 1471 1450 21 7 157 1 .. 1 58 5 2t!3 ;iC.,2 51 
4 516 461 I CJ H 4 I <; 13 ':169 881 l'"J 9 440 442 28 7 -73 n 58 
6 323 351 37 15 454 42t.. 21 11 311 28'1 34 ':I 12'.i 6c3 2b 
I! 216 151 47 o 290 201 24 17 742 63!! l& 13 -011 2 l 52 11 3'>3 21 <; 41 

10 639 639 20 2 283 217 24 19 150 12R 42 15' 362 2134 24 D 174 107 54 
12 47<; 432 2 1 4 4 lfl 392 19 17 2&7 212 31 l ':> 40":> ~~2 26 
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15 f;t; 3 
17 20C 

tl 6 

l 3ofl 
3 221 
5 2C2 
7 H6 
9 1'J ;> 

11 2 .Hl 
l3 9.:. 
15 -64 

H 6 

l 8'J7 
3 63<; 
5 .l8 3 
7 -112 
9 •n 1 

11 ,, 32 
13 -l<o] 
15 'o57 

H 6 

10 

6)1 
4ld 
1.16 
239 
206 
213 

41 
37 
1~4 

11 

1313 
389 
3 lb 
l4A 
9Y9 
.266 

e4 
503 
139 

12 

3 19 
285 

12 
.;:·oo 
110 
103 

73 
23 

13 

764 
546 
3 'i1 

H 
750 
31() 

81 
41~ 

14 

32 

2 1 
33 ,, .. 
5<' 
60 

'• 5 
l!J9 
56 
37 

22 
26 
4? 
43 
23 
3c; 
71 
16 
22 

35 
53 
51 
bl 
75 
;a 
64 
61 

20 
22 
30 
65 
1 7 
22 
45 
14 

1 324 
3 3C8 
5 244 
7 237 
s <;O 

11 94 
13 l 52 

H 6 

l 2 50 
j 593 
5 412 
1 125 
9 420 

11 2 12 
l.l 120 

ti 6 

l 2 71 
3 -97 
5 107 
7 14 7 
9 213 

11 122 

H 6 

1 190 
3 205 
5 147 
1 153 
9 ] 07 

11 202 

H 6 

1 112 
3 233 
5 69 
7 -105 
.. 61 

H 6 

l 63 
3 63 
5 122 
7 41 

23'J 
284 
139 
19• 

7 
14<> 

23 

15 

160 
5£0 
301 
J.!o] 
39'J 
282 

50:. 

16 

21l 
73 
7o 
4o 

180 
7(, 

17 

105 
259 
140 
~3 

171 
lt:tl 

l ll 

16 
l 5't 

!iO 
28 
75 

19 

35 
37 
51 
n 

34 
38 
35 
Jt> 
[, 1 
t.2 
33 

35 
19 
22 
5'o 
21 
26 
34 

30 
66 
56 
42 
,;, l 
".J7 

35 
36 
42 
35 
17 
20 

48 
26 
61 
52 
48 

59 
56 
34 
55 

154 

H 6 

Be. 
3 -161 

H 8 

0 llJ9 
'l (,')5 

4 386 
6 77';) 
6 512 

10 -5'l 
12 6<H 
14 479 
16 -106 

H B 

ll 122 
2 1 'oO 
4 251 
6 260 
8 203 
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12 141 
14 124 
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0 910 
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6 744 
a 595 

10 178 
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14 439 
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6 416 
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2 164 5 b 
4 4d9 511 
6 54 117 
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:1 3 6 

0 7J8 095 
2 633 691 
4 384 322 
b 2lfi 40 
6 250 231 

10 404 358 
12 470 <tOB 
14 359 754 
lb 266 229 

H d 7 

0 1128 1108 
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4 370 258 
6 312 767 
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10 l'*b 23't 
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14 -46 173 
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'l'J 
18 
k 
35 

23 
'12 
38 

114 
22 

107 
17 
4'.:> 
Bb 

31 
30 
47 
57 
45 
lb 
21 
25 
2& 

28 
52 
41 
50 
23 
65 
20 
78 

H.. 1 •O 

H tJ 

0 479 
2 -140 
4 lt.5 
b 296 
c 3:>2 

[[) ic,3 
l<' 2'14 
I'+ 163 

0 425 
I! 302 
.+ .2" l 
t- 513 
a 229 

10 -<;l 
12 3'ti:! 
l • 2bll 

0 43<; 
2 "1:) 
4 27!> 
6 4Yl 
ii 2'H 

10 121.> 
l~ 423 
14 250 

H 5 

0 ll:'l 2 
2 152 
.. 14 "t 
6 320 
6 271 

1'.I -109 
17 24 l 
h 11-> 

H tt 

0 575 
2 247 

18 

8 

'o53 
138 
132 
1 73 
2C4 
1C5 
241 
l'J6 

346 
2f.6 
156 
5.26 
21 '5 
lCO 
232 
234 

10 

4C6 
214 
233 
437 
zcc; 

38 
323 
173 

11 

21':8 
117 

86 
.2L5 
13'> 
6t 

l 'i3 
139 

1.2 

510 
245 

39 

34 
38 , '} 
4ti 
37 
52 
32 
.:.1 

'.'\ l 
.30 
35 
24 
37 
63 
d 
2• 

53 
55 
57 
30 
]0 
[, 6 
27 
35 

?I 
37 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

155 

4 21. ~ 1.27 4(1 4 148 lU ~ J4 lJ 98 l '> '>4 c; 53fl 438 u II l J 11 
b 4'11 )':Vi 21 b 1 .... lB 25 11 401 279 2'• 
d 3lt; 25Z 23 8 I 75 19" 23 H 10 ) SB 19 r f! 

lO ~b 67 7e II to 7 ::s -.:.d 5 l ,i:, 

12 )'ti; 3C2 1 ri h 8 l , 1 35:; 2'H 31 " 214 Pit 1':1 
3 136 83 11 7 1 133 52 64 7 bb (.1 t.2 

H 8 LJ 0 431. 32 5 15 5 l7b l 'J SCI 3 111 48 74 
2 -1 5J 34 38 1 l 2 'l 41 5[1 'j 86 76 87 ti lJ 12 

c lb l 204 )2 4 lo9 1:1 l lb 9 82 l5b 71 1 .,,. 34 l 12 
2 133 '+ l 5+ 11 109 67 ~b 'l 126 66 71 l lud t.2 49 
4 -82 69 73 h LJ 0 13 E5 5 59 ll l :> 1 15 62 ) 41 25 Tb 
6 l l ... 11 55 5 16) 175 31, 
t! 12 1 llb 50 l -lt5 J 5& ~i 10 ti 10 s I -l<!b tl 42 

10 11 1 11 "" ) -se oJ 89 
12 93 1l 38 5 160 0 59 1 35.2 316 37 1 350 252 32 

'""' 
lLI I 3 

.. -1 cl l 10 3 599 490 10 3 614 57-3 21 
H !I 14 11 -1 C!I l 55 5 3CC 26il 'tl 5 205 139 4'.l 91 ~ti 4& 

13 109 l .. o 1 ~2B 108 j8 7 -::.a 25 bJ ., _, I l ti lC e 1:; 
0 3il 5 31.14 23 9 'J42 444 lO q 440 356 24 5 110 ~4 JS 
2 2Zll 177 30 H 10 11 392 27b ll 11 449 J65 17 
4 2H 15'< 30 LI 1.51 69 .. 1 H 11 c 
b 352 21!5 70 l "3 5 37 2 23 •• 10 '} 

e 2'1 c 220 22 3 40 11 d l 2'J H 10 5 0 333 3<;4 108 
10 -1,;3 10 :+\ 5 77 .. <) 79 l 75 120 81'· 2 234 '>2 1 .,,, 

7 '13 12 5 71 1 -221 ... 42 ] 116 70 64 
H B LS 9 2 17 216 36 3 2'J 104 142 5 l 7S lbo 45 II 12 

l l -88 c;.0 LO 5 -1 n lu 50 7 I 81 57 40 
0 324 245 24 L 3 -104 43 42 1 lllJ 35 68 .., ti) 91 62 2 133 zcc; .?l A 
2 LL ti 131 30 9 15 .:.1 83 
4 112 47 47 H LO 2 11 -93 63 56 H 1 Cl 10 H 12 2 
6 146 55 35 
a i!ll 138 23 l llC5 703 17 

"" 10 b 1 -120 57 ';5 0 617 5~6 7o 
3 159 59 70 3 52(; 4/)b 19 

H f\ 16 5 57 lOJ Bb l 248 205 71 5 L4B lq 44 H 12 4 
1 -b<J 14 .. 97 3 -55 556 -n 7 61 13 12 

0 54.., 4<;4 15 <; 535 't5!l 18 5 43& 391 JO 9 2~:. 159 26 0 5lb 337 4l 
2 14'1 lM 37 l l 174 7j 38 7 2..H 22.0 49 
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F. (TMTSF)Br0_8 - Structure factors, Ni-filtered CuK& radiation. 

Space group Cmcm. 

22 311 231 8 15 314 251 9 16 363 373 8 2 13&tl 1372 10 
0 K 0 24 -39 53 37 17 423 404 8 18 39 29 33 4 1889 l 761 13 

26 53 57 24 19 426 414 1 20 134 l2B 11 6 2271 2 lte lb 
2 2314 2290 24 28 J3 58 21 21 441 353 1 22 -64 58 16 8 3369 3030 25 
4 130C 1119 10 23 E3 49 20 10 1405 1318 11 
6 55C 640 6 3 K 0 25 64 lb 21 9 K 0 12 1528 l!> 15 12. 
B llt>8 1164 9 27 40 12 18 14 1742 1(:28 13 

10 310 474 1 1 4382 4052 32 l 1608 1589 12 16 194 228 10 
12 273 351 7 3 421 271 5 6 K 0 3 -66 96 26 18 347 365 7 
14 21:12 e 2734 1" 5 645 6~6 5 5 454 401 8 20 622 672 7 
16 1666 ll, 03 13 -, 1171 1231.> 9 0 3485 3519 24 • 1 39l 419 9 22 91!> en 9 
18 940 934 9 9 390 2"d 6 2 1537 1482 11 9 1l 88 27 24 692 616 6 
20 1192 1166 10 11 135 233 10 4 248 237 1 11 104 118 19 26 648 686 7 
22 1071 1132 9 13 1517 1584 12 6 648 635 1 13 750 731 8 28 811 t.55 7 
2,. 256 263 10 15 2522 2377 l9 8 bCll 651 1 15 1112 1086 9 
26 101 llO 17 17 556 522 1 10 119 212 16 17 257 228 1 l K 
28 32'> 341 6 19 861 SOb 8 12 398 364 8 19 401 385 5 
30 252 302 5 21 1166 1101 9 14 1550 1487 12 l 36 35 19 

23 665 717 7 16 1090 1004 9 10 K 0 3 320 351 5 
K 0 25 132 ll2 14 18 330 316 9 5 200 305 7 

21 143 l4b 10 20 q45 86b 8 0 869 876 8 7 2584 2307 19 
l 1994 2161 14 29 264 289 5 22 855 852 8 2 53.2 568 1 9 1153 1202 9 
3 652 581 5 24 135 133 l l 4 201 217 11 lL 119 n ll 
5 1318 1396 10 4 K 0 26 44 79 lb 6 563 570 7 13 546 4'>8 6 
7 109 559 6 8 53 18 30 15 927 '> 13 ti 
9 427 53S 6 0 1111 132 2 8 K 0 10 51 12 29 17 50 c;g 29 
ll 675 762 6 2 904 1074 7 12 377 37'.I 8 1 'l 77 8 22 
13 7<;.J 714 7 4 263 407 5 1 1131 1235 9 14 636 574 b 21 547 521 1 
15 112 1 10 74 9 6 1:.06 141 <I 11 3 122 761 1 16 521:1 532 6 23 439 418 1 
17 339 3211 7 8 2 07 19 5 7 5 707 740 1 25 57 .. 28 
19 qqo; lC06 9 10 35 137 28 7 620 570 7 11 K 0 27 415 411 6 
21 647 552 1 12 924 Sl 6 8 9 284 252 9 29 399 441 5 
23 192 153 11 14 997 892 9 11 454 499 1 l 39 49 34 
25 9 .. 73 18 16 1130 1138 10 13 613 538 11 3 119 154 15 2 K 
Z7 11 52 19 18 1 78 203 12 15 148 679 9 5 60 q9 26 
29 10 .. 173 6 20 875 7g4 8 17 36.2 350 8 1 42 1 31 0 -32 0 22 

22 430 345 9 19 644 620 B 9 66 95 21 2 180 137 6 
2 K 0 24 76 78 21 21 721 644 7 11 25 50 32 4 755 135 6 

26 46 58 23 23 225 195 7 13 -40 28 19 6 1755 l 7'>2 12 
0 464 215 5 28 96 92 10 8 2486 2289 18 
2 684 82't 6 8 K 0 12 K 0 10 465 316 6 
4 -JC 85 24 5 K 0 12 490 430 6 
6 1572 1519 l l 0 71 51 30 0 l O'il6 1027 9 14 536 578 6 
e 322 336 5 l 361 lo89 5 2 186 192 11 2 498 451 6 16 490 452 7 

10 109 209 13 3 Biol 823 1 4 207 208 10 " 117 12 7 11 18 244 2<;7 t; 

12 969 939 8 5 605 628 6 6 344 357 7 6 209 194 1 20 282 237 8 
14 .t,46 409 6 7 .133 316 6 8 157 180 B 22 533 4!!5 1 
lb 1093 1030 9 9 381 351.> 6 10 9g 6 20 0 K 24 56 66 27 
18 lb7 121 12 11 433 486 6 12 196 208 14 26 238 235 1 
20 751 680 8 13 267 200 9 14 255 19"- 10 0 -69 0 13 28 227 2~~ 6 
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23 263 242 8 12 54b 481 6 5 874 'i3 5 7 
3 K 25 43 17 26 9 K 14 21lb 2191 17 1 l l Ol 1C63 C) 

21 147 170 6 16 1469 1475 ll 9 'iJ 50 l" 
l 1068 1109 8 l 382 400 q 18 736 '754 B ll 54 9 Z4 
J 165 102 6 6 I\. 1 3 -30 lb 46 20 1160 1094 9 13 1444 1~22 ll 
5 1815 l'l03 13 !) 803 78-t 8 22 921 1174 8 15 2087 l <;S <; 1 !:> 
7 306i: 2900 ?l 0 55 0 21 1 1116 1116 10 24 182 193 l? l 7 620 5'i 5 7 
9 2215 2223 lb 2 795 816 7 9 957 939 q 26 66 89 22 19 761 154 8 

11 7'>o 793 1 .. 'o9b 51, b ll 172 192 15 28 218 264 5 21 1051 r;4 <; 9 
L3 1902 ll'll 14 6 1693 l66B 13 13 823 BO'I 8 2J 507 5~ l 1 
l '> 1Bb 781 e a 2154 2160 lb l 5o 39b 378 7 K 2 2S 70 92 20 
17 .. 1 lH 20 10 54 ... 529 1 17 zz 43 39 21 121 L05 9 
19 433 464 B 12 1149 1091 10 19 164 118 8 l 2410 2423 16 
21 100 b1b 1 14 936 1348 8 3 368 440 5 4 I\. 2 
2J 882 852 11 16 116 159 22 LU K 5 783 1l1j 1 
25 15 3 160 11 lB 151 183 17 1 402 456 5 0 1H5 1739 13 
21 113 BOB 7 20 483 46b 7 0 62 a 26 9 217 196 7 2 942 1Cl2 7 
29 31'15 431 4 22 764 724 7 z 123 95 11 11 396 389 6 4 329 30 5 5 

2 lo 365 370 6 4 113 59 18 13 660 736 7 b 902 <;47 7 
4 K 26 491 529 4 6 825 825 II 15 1126 1056 9 B -14 51 a 

1:1 <; 15 956 9 17 188 134 11 10 107 16 14 
0 10 0 36 7 K l 10 95 81 21 19 891 844 8 12 662 67 E 7 
2 -24 17 2 1 12 360 355 8 21 551 544 1 14 9!J 7 s 13 9 
4 165 167 b 1 56 lJ 25 14 47(; 478 & 2l 228 250 10 16 1020 944 ... 
6 1780 1799 l 3 3 343 37l 7 16 163 186 8 25 90 53 19 18 225 222 11 
8 2214 2213 16 5 362 377 1 21 53 69 20 20 729 b12 7 

lO 102 54 13 7 19Cl 1941 14 l l K 1 Z9 160 176 6 22 392 406 B 
12 556 ~43 1 9 812 81C. 8 24 110 104 15 
14 924 916 a 11 475 446 8 l 43 52 32 2 K 2 26 37 45 24 
16 't64 458 8 13 Sol 444 6 3 11~ 108 u 
l fl 1 .. 4 199 16 1 5 537 517 7 5 76 78 21 0 870 793 7 5 K 2 
20 352 309 ti l 1 -14 12 55 7 124 111 13 2 82:l 863 6 
22 562 513 8 19 61 48 21 9 101 68 14 4 36 l 22 l 774 7l:2 7 
2-t 12 2 121 14 21 sic; 4 1H 1 1l 59 24 19 6 881 909 1 3 591 5c;4 6 
26 334 329 6 23 383 369 5 13 -12 65 31 8 -22 13 34 5 342 31 7 6 
2tl 344 374 4 10 190 121 6 1 209 Z6C 8 

6 K 12 K 12 633 655 1 9 133 145 13 
5 K 14 559 588 7 11 282 2~ ... l:l 

0 -79 0 22 0 -i;.2 0 25 16 938 634 8 13 221 2't4 11 
l 216 202 6 2 84 84 21 2 224 233 1 18 96 55 19 15 348 3C3 6 
3 476 479 5 4 <;8 119 19 6 523 480 5 20 601 559 7 11 293 25 3 11 
5 91 82 13 6 331 331 1 22 314 330 9 l<J 357 334 9 
7 l403 1459 1 I 8 417 41 7 7 0 K 2 24 103 87 lb 21 361 3~2 8 
9 55 3 513 b 10 131 bO 17 26 -22 43 37 23 136 l:25 13 

11 301 2'H 7 12 25 10 50 0 B7l 5302 40 26 '3 88 13 25 61 23 16 
11 91 24 20 14 1<;7 213 l3 2 1949 1943 14 
15 355 3<t8 q 16 13~ l46 17 4 1012 1021 8 3 K 2 6 K 2 
17 74 51 24 IS 97 133 11 6 1092 999 8 
19 72 94 28 20 t.5 34 lB 8 762 681 1 1 2865 3085 21 0 2563 2126 19 
21 38<; 312 1 22 74 82 12 10 403 344 6 3 -31 41 24 2 1264 1308 10 
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.. 222 2H 8 D 610 62 7 8 4 K 3 
6 76f! 159 7 15 945 'i40 9 1 204 248 6 1 149 150 14 
8 421 4 22 1 17 255 249 6 3 52 32 lB a 52 0 20 3 202 2C9 10 

IO 13r, 1 59 E> 19 352 356 5 5 612 640 6 2 145 1 78 9 5 459 '<53 7 

12 460 406 7 7 1436 1425 11 4 256 270 7 1 1351 131' c; l I 

1 ... 12u 3 ll 9tl IC 10 K 2 9 972 1 Oll a 6 1280 130-. 10 CJ 691 714 7 
16 962 'd4 <; l 1 -t,9 29 Z7 a 1470 1525 ll 11 320 324 10 

13 ~4'7 241 11 0 'i57 917 9 15 5'»6 553 7 10 IN 176 11 13 488 4<i2 9 
;.o ~6~ 8')6 8 2 502 sc .. 8 17 110 lb l 7 12 561 591 7 15 354 3.'!5 9 
27 7;> l 686 9 4 l 9<; 190 12 19 175 166 12 14 785 736 a 17 36 33 39 
24 I'.! I 94 10 6 434 434 B 21 403 371.J 1 16 255 282 10 19 131 115 l 3 

8 61 15 28 23 345 385 a 18 60 1 30 21 397 3cO 5 
K 2 10 -40 2 31 25 76 13 17 20 325 264 9 

12 307 30<> 7 27 349 376 5 22 406 398 1 B K 3 

I 1310 1295 11 14 583 566 6 24 142 14 7 10 
3 546 60 ... 7 16 504 459 5 2 K 3 26 252 289 5 0 55 0 33 

5 ~93 !>Cl 1 2 -35 12 43 
1 478 491 7 11 K 2 0 45 0 19 5 K 3 4 98 es 22 

9 us l fJ5 15 2 112 107 10 6 260 223 11 

11 hO 32'> 8 I 120 111 15 4 68 ?3 16 1 49 53 24 ti 220 2l: l 12 
13 540 !>28 9 3 61 109 25 6 1216 120'1 9 3 199 215 9 10 18 7 146 l '• 
15 723 656 9 5 63 35 20 8 1425 1464 11 5 207 173 .. 12 -16 E2 SB 

17 27l 2:.0 IO 7 16 2 43 10 !>9 8 24 1 8?4 819 8 14 220 lf7 11 

19 ~69 532 1 9 25 47 32 12 486 521 7 9 450 490 1 16 14 j<; 51 

21 615 604 7 I l -20 7 29 l "t 534 476 1 J.1 129 155 16 Ill 76 24 15 
23 220 231 6 16 205 253 11 13 214 175 11 20 55 35 14 

12 K 2 18 73 31 26 15 201 171 12 
K 2 20 273 212 9 17 -59 17 35 9 K 3 

0 8 74 849 1 22 312 374 7 19 -66 39 30 
0 310 292 8 2 437 406 5 24 92 110 17 21 300 266 1 l 236 2~4 11 
2 21 7 Hi't 10 26 l'H 222 1 23 195 234 8 3 113 76 19 
4 lef !76 l 1 0 I\ 3 21l 130 186 7 25 -34 5 20 5 532 5~8 8 
6 178 190 12 7 lOO't 'iE6 9 
& IJ2 60 2~ 0 -85 0 l <;i 3 K 3 6 K 3 9 732 1C4 8 

10 -57 Z2 ]5 2 849 7i35 1 11 172 16 7 13 

l2 UI 128 18 4 614 609 6 1 4'i8 530 5 0 -60 0 26 13 579 582 1 

H 275 lb? 10 6 1920 1836 14 l 169 203 8 2 508 517 7 15 332 343 6 
16 313 3:!4 8 a 2696 2460 19 s 1093 1169 9 4 lJZ 117 16 17 .r,3 ll 19 
lB 7. 7 2 35 10 861 769 1 1 2501 2 540 19 6 1338 l 382 11 

20 61 95 16 12 10 91 <;94 9 9 1611 1589 13 8 1815 l 789 14 10 K 3 
22 37 l 16 14 1236 1232 10 11 676 625 1 10 306 282 9 

16 331 2tll 6 13 1276 1228 10 12 631 755 8 0 35 0 3EI 
9 K 2 18 160 7l 13 15 7CB 726 8 14 684 t>52 e 2 115 122 17 

20 488 491> 8 17 124 40 17 16 237 183 10 ... 170 150 12 
l 1261 l2'i8 LO Z2 789 728 8 19 119 210 12 18 79 24 25 6 650 t:39 8 
] 57 29 32 24 50"t 466 1 21 603 586 7 20 351 353 1 8 122 123 6 

5 .r,;,Q 459 B 26 501 501 6 23 679 627 1 22 639 597 6 10 128 12 5 12 
1 391 378 8 28 593 691 5 25 l!JO 143 9 24 241 252 5 12 327 332 6 

".l l 9 9 '•9 27 547 608 5 14 .r,41 3"1 !> 

l l J1 38 27 K 3 7 K 3 
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1 l " 3 l-+ 497 41l9 1 17 l 6 l 125 13 5 3b6 366 1 23 231 Z41 6 
lb 5<;5 538 7 19 211 199 9 1 280 265 B 

l -21 1 32 18 28 "r2 45 21 <!40 261 1 9 5b 10 25 2 K 5 
3 j3 SB 29 20 340 345 8 23 125 117 8 11 79 3 <J 18 
~ -26 14 31 22 247 283 B 1J 484 462 6 0 -30 0 37 
7 45 83 21 24 46 61 23 6 K 4 15 679 668 6 2 13 q 111 l:i 
<, bO rs l 5 26 -49 0 16 4 -41 61 31 

0 l 701 1736 13 10 K 4 6 6b5 t2e B 
0 K 4 3 I\ 4 2 '110 'i'ill 8 B 101 744 ll 

4 126 120 15 0 696 705 8 10 69 13 31 
0 3!3':l 3213 22 l 1813 l'H':I 13 6 613 601l 1 2 324 333 7 12 3bl 3.35 ll 
2 l'.>~8 14 30 12 J 201 233 9 8 199 22b 12 ' 4 145 161 11 14 321. 241 9 
4 5'.>4 521 7 5 697 741 7 10 67 35 23 6 2 72 276 7 16 50 62 39 
6 882 818 8 1 704 68] 1 12 .C,29 390 8 8 74 79 17 18 49 20 3!1 
8 34!:> 323 B 9 -41 2 lb 14 846 809 8 10 -64 71 16 20 153 113 l l 

10 179 82 12 11 220 211 ll 16 670 677 7 22 223 221 1 
12 61 1 534 7 13 106 L 900 9 18 113 159 16 11 t<. 4 2<t 42 62 l ii 
l '< 1509 1463 12 15 1380 1361 11 20 653 618 6 
16 1046 1046 9 17 516 41:" 8 22 452 463 5 l 68 105 l !> 3 K 5 
18 493 510 1 l 9 604 S72 1 3 46 46 17 
2[1 93 4 8'<6 !! 21 762 680 1 J( 4 251 259 9 
22 ti 15 ':>63 7 23 311 333 6 0 K 5 3 106 164 lt:I 
24 115 139 12 25 75 20 l2 9611 <;72 9 5 7't l 143 8 
26 44 34 l8 J 288 32<t 'I 0 -56 0 38 7 1671 lf;7':1 l3 

4 K 4 5 318 307 9 2 438 419 7 9 1070 1a11 9 
K .. 1 338 33<; 8 4 38!'. 284 8 11 376 379 8 

0 1328 l3td 10 9 94 34 21 6 1335 1255 11 13 802 19'> 8 
l l 5.!9 1607 11 2 602 629 7 11 114 106 19 8 1703 1584 13 15 500 5n e 
3 1'>5 113 10 4 2CJ7 28tl 1 13 364 3ti4 8 10 563 41!9 b 17 56 66 zc, 
5 48'!: 454 fl 6 5CO 530 7 15 52.? 477 7 12 64A ol'J 1 19 t:H 122 l :> 
7 311' 3')6 !:l 6 180 12 9 11 17 I'• li 137 11 l.+ 839 821 B ZL 385 4C2 b 

9 11 70 24 10 -62 55 40 19 356 355 5 16 261 257 9 2:1 J64 'oC2 '.> 
11 7<J 7 2l 12 323 316 q lll -63 50 30 
lJ <tol 490 a H 780 751 8 8 K 4 20 318 321 1 4 K 5 
15 636 76:1 8 16 121 626 8 22 487 494 6 
11 -3J u 39 18 178 153 13 0 289 302 9 24 259 297 5 0 -2(} 0 46 
l '1 595 5-+'+ 1 20 421:1 438 1 2 99 68 20 2 139 1"1 14 
21 374 3<;i4 7 22 290 325 7 4 156 162 l4 K 5 4 160 1<;4 13 
23 19 l 213 9 24 60 76 15 6 86 62 22 6 750 734 7 
25 42 q 22 a -40 1 38 l l 68 175 10 6 883 833 B 

5 K 4 10 81 63 22 3 71 33 24 10 122 12':> U3 
2 K ,. 12 -21 19 '+5 5 403 383 8 12 41 't 3€5 9 

1 584 615 1 14 212 222 9 1 1<t2 701 B 14 468 -'tl5 B 
0 735 828 7 3 281 252 B 16 205 20J 7 9 603 558 8 16 140 119 15 
z 49<; 4-t3 6 5 l Bl 158 11 16 -69 2 13 11 49 6 35 18 36 1 34 
4 13 7 123 11 1 169 178 13 13 438 373 7 20 163 149 q 

6 47S 466 6 9 -72 54 25 9 K 4 15 322 243 10 22 233 239 5 
8 104 <;'l l7 11 -49 4 34 17 56 lB 30 

10 '<3 5b 35 13 147 153 17 l 868 8!:13 8 19 127 99 14 5 K 5 
iz Z67 251 10 15 lll2 239 10 3 49 'oO 31 21 221 216 ll 
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l H b9 23 10 -72 z., 32 2 553 5% Cl 5 l ':l l 226 18 
3 14 5 127 14 l 133 122 12 12 l 7 .2 134 15 4 31 29 45 7 459 3c4 10 
5 114 l ll't 17 3 .}(> 5.<! 32 14 303 304 9 6 310 312. 9 ':l 322 2S7 1 l 
7 4 .. 1 't:, l 6 5 360 351 6 16 312 331 8 8 120 104 1q 11 r5 19 26 
'J 262 275 LO 1 b58 b7 2 7 l 8 -Zt. 60 3b 10 66 19 29 lJ 210 183 11 

11 ll <t 86 22 q 462 4bZ 6 zo 187 162 1 12 205 217 11 15 137 12 l 13 
13 1-+3 l .:J l l 7 l l l 10 l06 11 14 466 444 9 11 211 4 :rn 
15 bl 3b 29 3 K 6 lb 314 361 b 
17 -74 D 22 10 .... ~ z K 7 
l <) 63 25 19 l l 06 .. 1060 9 7 K 6 
21 151 l 55 7 a 42 0 22 3 123 l 'l4 L 1:1 0 46 0 38 

2 58 85 18 5 'tlO 375 9 l 535 543 8 2 1l 31 30 
b K 5 4 105 107 12 1 3b2 3l'l 9 3 185 166 12 4 53 t:S 38 

9 -47 20 40 5 187 201 12 6 364 353 10 
u l 1 0 52 0 K b 11 89 lll 21 7 195 215 12 s 442 3Sl 10 
2 296 311 9 13 5 7<; 538 a 9 45 1 32 10 14 18 bO 
4 -2'i 36 45 a 1760 1739 13 15 793 746 a 11 BO 5 1t 20 12 117 172 13 
6 903 c;,32 9 2 619 a ... 2 8 17 254 262 8 13 197 211 6 14 ll6 123 16 
Ii 1194 lll.l3 10 4 309 224 10 19 316 334 b lb !!4 4 8 l~ 

10 llC 1A3 12 6 .-.e1 401 6 i< l 322 3'1'1 5 a K 6 ld -32 1 23 
12 "t93 4BU a 8 l db l.? 7 14 
14 445 440 7 10 l 03 52 23 4 K 6 0 l39 167 13 l K 7 
16 150 159 11 12 313 2Y't 9 2 31 16 36 
18 -10 l c; 42 14 8 7ll 807 a 0 682 729 8 4 85 12 5 lq l 12 '> 132 19 
<'0 21~ 237 5 16 601 546 7 2 339 31 'I 9 6 52 67 26 3 -20 118 '.>5 

18 303 31• 7 .. 142 .21& 18 8 ~11 13 20 5 422 34 <; 8 
K 5 20 47q 501' 6 6 337 334 10 10 25" 35 31 1 841 620 y 

22 264 315 5 8 114 105 l2 <J 530 4'i 1 ~ 

110 I l ti 18 10 -52 28 40 9 K. 6 11 213 203 12 
l 14 3 13'3 15 1 K. b 12 2 ')2 173 15 13 408 421 1 
5 29 3 285 8 l "t 't64 45:> a I 534 '508 6 l5 199 263 <; 

T !lJZ 7q, ti 1 825 832 a 16 350 311 1 3 -44 36 23 17 -38 2'> 21 
9 417 434 8 3 64 lJ 25 16 80 58 lb 
ll 2H 2 )2 10 5 2'l7 31'> 10 20 209 2 .. 0 5 0 K 1 .4 K 7 
l3 310 2tl7 B 1 l "4 213 15 

:....53 l '.> 162 l '>8 <; CJ 75 4 30 5 " 6 0 -67 o 37 0 0 34 
11 -5.+ b 20 l l 12 17 28 z 207 230 l3 2 71 47 28 

13 339 294 b 1 315 332 lC) 4 168 91 lB 4 17 130 27 
B K 5 15 464 4~6 7 3 130 lOb 19 b 696 593 CJ 6 414 4C2 9 

17 59 2 .. 2? 5 147 12:1> lb 8 846 153 9 8 4bb ":? l 8 
0 34 0 31 l 'l 297 297 1 7 148 134 lT 10 271 247 11 10 ol 78 3l 
2 32 20 39 21 201 222 6 9 81 b l1 12 336 317 8 12 196 l'i8 10 .. ot 76 25 1 l -43 2 40 14 403 413 1 14 201 213 8 
b 125 l 05 15 2 K 6 l3 66 91 29 lb Sb 124 17 16 o9 (: q 13 
8 ll l 119 l (, 15 131 149 14 18 30 H 26 

10 76 97 21 0 3'iB 433 7 1 1 "-8 82 l3 s K. 1 
12 -se SS 23 2 265 232 q K 7 
14 105 l Ol l l 4 79 lJl 25 b K b -43 27 36 

6 318 29':1 8 l 40 &9 43 3 -67 47 27 
9 K s 8 63 'lb 35 0 952 <l75 9 3 b4 q 35 5 110 75 lB 
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1 246 242 10 4 100 50 21 4 K 8 
9 14 l 151 15 l l'+ 52 45 K B 6 129 132 20 

11 -4(;; 35 Jl l BC 63 18 8 -83 49 25 0 322 3 :!:6 B 
l3 73 44 l 7 5 128 l6L 12 1 425 403 8 LO -52 0 29 2 147 154 14 

1 380 423 6 3 -88 25 31 12 41 7l 21 4 -33 <;7 40 
6 K 5 118 140 44 b 118 15C UI 

0 .... 8 7 205 96 25 3 K ti a 4!> !: 1 33 
0 -41 0 33 9 -110 " 35 
2 158 173 12 0 BOb 773 '1 J 1 -45 0 4-, 477 457 8 5 K B 
4 't9 16 2'1 2 3 64 3 7't 8 ll l OD 147 13 3 bb 15 21 
6 460 46·J 7 4 1 33 119 22 5 201 181 12 l 149 lt.CJ 14 
8 S4 l 590 7 6 206 18.1 20 2 K 8 7 203 131 11 3 -107 66 l" 

10 LOS ti 7 14 B 96 50 45 9 -36 lb 37 5 -42 !. l J1 
1 ::i l 24 Jo 40 0 l 70 197 15 11 -15 35 41 

K 7 12 l 46 llll 24 2 113 116 19 
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G. (TMTSF)(SCN) 0. 5 - Structure factors, Ni-filtered CuK& radiation. 

Space group Cmcm. 

24 92 'fl 14 15 239 227 10 l4 162 169 10 
0 K 0 26 39 52 23 17 lat. 197 12 16 llB 169 y 0 ,( 

28 -33 !! 22 19 182 147 9 lfl 35 46 27 
l 212ci 2290 19 30 41 43 11 21 268 284 7 20 21 5 27 2 1 oz .. f52 5 
't 1271 1006 l 0 23 149 167 9 22 50 6 14 4 12 79 7SO 10 
b 'Hl9 1377 I! 3 K 0 25 29 22 26 6 2245 2.2t2 17 
8 954 812 8 21 26 13 20 9 K 0 6 3 .. 80 3514 26 

lJ l't 7 l ?8 16 1 4343 33'H 30 10 1085' lCll <; 

12 40'1 ':)81:> 9 3 87 285 16 6 K 0 1 1314 1144 10 12 1123 lC'iS 10 
14 1~75 IB3J 15 5 912 llH B 3 107 122 lB 14 1698 16'i't 13 
16 l <> l B 1601 l 2 7 1306 142 !> 10 0 3016 2 591 22 5 417 4J8 6 16 642 ~57 6 
18 53 7 571 8 " 210 1':) 11 2 1H7 l5l3 11 7 37.2 387 6 l!! 54 22 21 
20 11':)7 ll q5 9 11 llB 292 20 4 132 12. lY 9 71 73 19 20 316 .Hb B 

n 844 851 8 13 lO'i7 1091 11 6 7Sl 960 1 11 19 68 40 22 555 581 6 
24 H5 316 

"' 
15 1823 1768 13 8 507 465 6 13 440 453 6 24 4 1+5 440 6 

26 10'> 75 11 l 7 755 11'1 7 10 32 8 34 15 687 675 6 Zb 309 311 5 
2a -2 l 36 30 19 679 719 1 12 363 428 7 17 259 255 6 26 616 603 5 
]'.} 14 l 155 5 21 880 956 B 14 951 900 8 19 262 263 5 30 352 351 4 

23 530 549 6 16 890 862 8 21 298 319 4 
K 0 l5 53 4 19 18 85 97 18 K 

27 7l 57 13 20 6'i5 736 6 10 K 0 
1 2260 3311 16 2q 89 81.J 1 22 625 b33 6 1 301 543 5 
3 361 168 5 24 1 <;1 190 6 0 862 993 1 3 189 41 6 
5 91:12 628 8 4 I<. 0 26 so 61 6 l 466 481 6 5 484 712 6 
r 85 7 68? B 4 165 190 9 7 2039 1618 15 
9 113 (q 17 0 1515 2492 12 7 I<. 0 6 418 362 6 <j 1362 1318 11 

11 172 ia 14 2 810 'i79 1 B 186 175 8 ll 68 14 2'l 
13 674 647 e 4 344 433 7 1 1224 15 l ':> 9 10 36 28 21 13 791 1!25 8 
17 16 l 1s7 11 6 1221 982 10 3 550 479 6 12 238 200 1 17 56 30 25 
19 6<;.<; t><..ll 1 8 3l6 "20 9 5 4q<,1 422 6 14 481 481 5 19 48 10 30 
21 533 54:) 7 10 61 39 33 7 644 598 7 16 365 378 4 21 238 247 9 
23 30 2 322 6 12 504 428 9 9 -25 75 <tZ 18 BS a .. 1 23 310 325 6 
2 'j 3 1 39 26 14 lOGl 1033 9 ll 200 131 10 25 69 60 17 
27 44 27 21 16 907 921l a 13 498 469 7 11 I<. 0 21 301.J 303 5 
29 74 69 11 18 121 153 16 15 643 665 6 29 314 2'i9 4 

20 577 57ti 6 17 239 229 B l 69 8 17 
2 I<. 0 22 437 463 6 19 401 396 6 3 55 56 19 2 K. 

24 115. lii! ci 11 21 540 543 5 5 -21 42 34 
0 264 1482 6 26 73 ()0 14 23 290 290 5 1 -45 14 22 2 64 238 20 
2 't42 61? 5 26 -18 15 25 25 37 20 11 9 -50 5 19 4 no 154 1 
.+ 4'i 173 26 11 -112 21 B 6 1436 1222 11 
l 1202 758 9 5 II. 0 8 K 0 13 29 42 20 8 212 5 l 1f6 16 
8 293 393 B 10 74 SS 21 

10 7b 44 25 1 322 838 8 0 92 250 22 12 K 0 12 669 733 8 
12 497 346 8 3 554 410 7 2 33 36 36 14 529 5't2 9 
14 541 610 9 5 268 149 LO 'it 146 160 12 a 687 596 6 lb 3-+7 Z<:l4 7 
16 751 143 1 1 335 271 9 6 l ()3 63 ll z 368 341 5 18 -22 29 43 
18 119 141 lb 9 -10 25 64 8 11 24 54 4 72 36 12 20 90 1C2 20 
20 422 397 1 11 134 62 12 10 -27 23 42 6 170 173 5 22 256 256 7 
Z2 349 391 6 l3 l 7l 150 11 12 65 21 21 B 89 99 8 24 104 127 13 
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26 152 160 8 2 l 125 Ill 12 e 692 687 8 2726 2S61 l9 
2tl lB l l 74 6 23 143 150 9 9 K l 10 229 126 12 j 365 343 7 

25 36 29 22 12 't11 . ,SOB 9 5 1070 1050 9 
3 K 21 ~9 100 1 1 l 75 144 9 14 1651 1623 14 1 1259 llel ---10 

3 12 12 45 16 1373 1364 11 9 103 €9 21 
l 102 567 1 6 K s 579 531 6 18 460 4!:19 1 11 168 218 17 
3 ;,: 1 124 .35 1 982 975 6 20 1029 1052 8 u '1811 <;17 8 
5 143 9 l29J l I 2 489 460 8 9 73't 719 6 22 768 750 7 15 1573 1540 12 
7 3265 3398 24 4 250 128 11 l l 61 11 16 24 2B6 282 6 17 571! 678 9 
9 2107 2126 15 6 1520 1554 12 l .3 567 537 6 26 81 66 13 19 605 l:24 7 

11 l:99 730 e 8 2015 2099 15 15 lo31 437 5 2B 10 31 11 21 848 845 1::1 

13 1476 1419 12 10 404 386 6 17 96 101 11 23 490 483 b 

15 1085 1115 9 12 818 780 1 19 46 34 l 7' K 2 25 43 2 21 
17 2!1 196 10 14 834 803 8 21 135 147 4 27 39 51 19 
19 112 79 17 16 368 390 a 1 2189 2736 21 
21 lo2 l 434 6 18 9 23 41! 10 j( 3 118 14 l'+ 4 K 2 
23 524 520 6 20 212 200 7 5 ft9l 580 1 
25 l ft 31 38 22 425 43'> 5 2 117 99 12 1 454 562 l 0 l163 21C9 lb 
27 505 479 5 2'> 25<t 225 5 4 154 173 lJ 9 94 38 23 2 823 I! 78 8 
29 3b3 363 4 26 248 2"7 4 6 665 t34 6 ll 54 3 36 4 t,33 3<;9 B 

B 793 737 7 13 SH 578 9 6 723 El6 8 
4 K 1 K 10 161 179 1:1 15 9d5 987 II 8 322 356 10 

12 330 325 6 17 170 135 ll 10 94 16 2~ 
2 254 341 B l 198 245 9 14 428 409 5 19 623 610 1 12 311!:1 3l:4 7 ,. 111 39~ 12 3 267 216 1 lb 162 189 6 21 476 479 6 14 8115 SC6 8 
b 1639 1520 13 5 489 539 b 18 -31 21 15 23 288 283 6 16 bl5 HZ 7 
8 2011 169'> 15 1 1582 149!> 12 25 62 36 11 18 101 127 l'I 

10 271 271 11 (j S'll 8'!0 8 11 K 21 32 24 23 20 523 511 f., 

12 696 73!1 6 11 355 352 1 29 66 62 9 2Z 412 4C7 6 
14 933 '731 A 13 5 B't 59~ 7 1 -22 12 32 2+ llB 113 10 
16 41 (l 392 1 15 445 4C 1 6 3 So 26 20 2 I( 2 26 59 52 14 
18 57 0 2!:1 17 68 89 20 5 33 33 28 28 17 13 20 
20 lH 157 12 19 43 5'> 25 7 36 46 25 0 1261 1170 10 
22 323 320 6 21 265 253 6 9 40 14 22 2 545 597 6 5 K 2 
24 16<; 169 ll 23 259 273 5 11 81 57 11 4 154 132 12 
26 2l'i 221! b 25 18 b3 1 13 62 43 11 6 543 661 1 764 101 B 
28 295 267 4 8 312 334 9 3 323 3t 7 9 

8 K 12 K 10 87 9 27 5 1111 137 19 
5 K 12 33 7 298 11 1 loJ 243 l 7 

2 40 2 33 2 91 76 10 14 514 553 6 'l 81 22 1 ti 
l -24 107 45 4 -6 131 57 4 82 70 10 16 658 63'o 1 11 85 't3 l '1 
3 314 l 'l3 B 6 127 113 15 6 313 332 4 18 115 128 16 13 155 142 13 
5 95 130 22 8 l46 83 15 8 360 406 4 20 357 345 7 15 217 1 'i7 ll 
1 618 725 9 10 1 74 1116 12 22 349 345 6 17 158 lt. 7 1 .. 
9 5b2 SH CJ 12 -t, 1 53 0 K 2 24> 98 87 12 19 160 128 10 
ll 15C 121 11 14 157 157 10 26 74 47 H 21 253 252 l 
l3 171:1 212 11 16 bb 86 20 0 5174 5441 38 28 38 1 17 23 141 149 8 
15 187 155 12 18 -15 2 36 2 ~294 2101 17 25 40 19 19 
17 0c 60 23 20 "1 3 19 4 814 1!27 8 3 K l 21 30 12 14 
l9 -71 12 20 22 -31 4 18 6 1484 1227 12 
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6 I( 2 5 395 3119 6 22 445 4-62 6 l9 55 54 24 22 341 342 5 
7 370 336 6 24 35S 337 5 ll 328 343 6 24 176 115 5 

0 2l 10 22 •6 16 9 b9 69 20 26 2-.9 2:.0 5 2J 407 407 5 
2 1320 lJB 10 11 5 60 !:10 28 4tl0 4 74 4 25 4 27 '42 7 K 3 
4 a~ 94 16 I J 3911 401 6 21 180 37'o 4 
b 850 f:l26 1 I~ 620 598 6 K 3 1 206 1 t.5 10 
0 426 40! 1 11 228 22, 6 4 K 3 3 164 112 12 

10 6'> 0 24 19 225 232 4 1 454 319 1 5 -.47 412 1 
12 352 370 8 3 -9 63 55 2 213 221o 11 1 l151 l 152 10 
l ... 834 795 8 10 I\ 2 5 698 583 8 4 351 262 9 9 693 6'7 l 1 
lb 17 J 753 7 1 1102 1184 10 6 11'>5 l l't9 9 11 264 272 7 
ta bB e3 I r 0 904 874 1 9 1044 952 l(l 8 1398 1406 11 13 "t6b 41':4 6 
20 662 654 7 2 432 427 6 ll -52 11 45 10 290 239 7 15 329 3CB 6 
22 58C ~oO 6 4 l 63 !7U 9 13 669 6-'t2 7 12 589 569 7 l 1 12 73 1 1 
24 15 4 168 6 6 325 31 ll 6 15 555 557 1 1 II, 723 706 8 19 13 "t] 3g 

8 148 155 9 l1 -48 33 32 16 292 301 9 21 211 200 5 
K 2 10 -54 26 22 19 58 49 28 lB -40 6 30 23 208 214 4 

12 188 177 7 21 197 196 a 20 132 119 11 
I 1366 1330 11 14 429 427 5 23 254 252 6 22 250 248 b 8 K 3 
3 40 I 417 b 16 333 335 4 25 43 48 21 24 143 129 8 
5 36 7 3 76 1 27 239 231 5 26 176 177 5 2 42 4 33 
1 490 Sil 1 ll K 2 .. 120 1C3 13 .. !> 5 76 29 2 K 3 5 K 3 6 117 66 13 

11 160 115 13 l 52 '1 20 8 84 64 17 
L:l .:.28 <t l Z 6 3 79 49 14 2 280 221 B l 141 90 10 10 14 'ii 145 11 
15 594 563 6 5 36 38 25 4 223 129 10 3 152 155 10 12 -5 7 1 23 
17 217 203 8 7 ,, 13 35 6 938 933 9 5 l 85 133 9 14 -65 124 20 
19 31>'> 350 5 9 40 4 19 a 1229 1200 ll 1 518 534 6 lb 6El t:B 11 
ll 494 483 5 l l 19 19 26 10 146 112 20 9 414 393 1 la -25 2 27 
23 256 256 4 13 37 38 L3 12 525 523 6 11 12 74 24 20 9 3 30 

14 451 428 7 13 180 163 12 
a I( 2 12 K 2 16 250 233 9 15 100 12 l 21 9 K 3 

18 -50 16 32 17 45 46 28 
0 236 221 9 0 525 529 5 20 65 18 2 I 19 39 8 2'7 l 94 102 16 
2 -15 31 4'1 z 289 309 5 l2 209 203 8 21 105 lOb 12 3 24 8 37 
4 l4'l 1 .. 2 13 .. 4'> 32 14 24 lJl 93 11 23 120 119 9 5 403 "15 b 

6 32 55 39 6 U.5 153 5 26 129 126 a 25 36 21 16 7 780 759 7 
ll 22 20 44 28 130 134 5 9 569 561 6 

IO -35 19 31 0 K 3 6 K 3 ll 95 59 13 
lZ -30 24 33 3 K 3 13 435 423 6 
H 14'i 151 10 2 532 646 6 z 322 349 1 15 338 341 5 
lb 156 150 9 4 380 499 9 I 285 370 9 4 16 85 20 17 65 1!4 12 
ld -19 41 35 6 1865 1822 14 3 197 177 11 6 1195 1205 lo 
2J 50 ] 16 8 2548 2445 19 5 934 1042 9 8 1594 1593 13 10 K 3 
22 -31 1 16 10 155 191 9 1 2493 2413 19 10 286 314 B 

12 847 839 1 9 1552 1563 13 12 625 609 7 2 Bl 14 15 
9 K 2 l 't 12 59 121:14 10 11 52'> .r.95 6 14 632 616 1 4 16 7 137 8 

16 512 512 1 13 1121 1107 9 16 298 301 7 6 509 498 6 
1 1002 100 9 8 18 81 21 22 15 6'>9 847 8 18 -7 22 48 8 593 573 6 
) 136 J 06 11 20 222 2'>3 B 17 176 163 12 20 15"> 156 8 10 139 142 9 
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ll 2':>t: 25b 5 b 't58 "35 10 9 -52 17 32 3 -2b 59 41 
14 3 l.J 3.!2 4 8 214 211 9 11 BO 21 24 9 I<. 4 5 325 352 1 

10 51 13 30 13 74 104- u 7 713 Hl 7 
11 K 3 12 186 19!l 13 15 13!> 131 13 l 693 690 1 9 si;8 ~4<; ll 

14 367 390 8 17 113 106 13 3 80 70 16 11 -8 10 62 
I -31 9 23 16 'o33 41 7 1 19 90 87 l 't 5 210 272 6 13 360 3!l2 9 
3 _,, 1 21 19 18 118 95 13 21 1 86 171 1 7 2lB 2.?. 5 1 15 324 325 7 
5 53 21:1 16 20 23't 231 7 23 94 105 9 9 64 51 19 17 12 24 41> 
1 60 3b l 't 22 229 2~1 6 11 56 lf2 20 19 52 30 22 
9 20 12 24- 24 27 61 21 6 K 4 l3 288 280 5 21 ll 7 122 10 

26 J9 32 15 15 405 417 5 23 161 154 7 
0 K 4 0 15 ll 150 l 12 ZS 42 31 13 

3 K 4 2 889 912 8 IO K 4 
0 JOB1 3189 32 4 LOO 67 18 2 K 5 
2 I SL 5 14.?8 13 l l 763 l B2 l 14 6 543 546 1 0 607 598 6 
4 544 464 10 3 253 299 12 6 211 211 9 2 301 294 6 2 81 127 18 
6 890 844 10 5 715 719 1 10 54 9 25 4 109 120 11 4 82 18 19 
!l 396 435 12 1 121 141 1 12 262 250 8 6 228 219 6 6 537 !"7 1 

10 102 86 18 9 63 76 26 14 566 546 6 8 100 107 11 8 690 HS 1 
12 JSO 342 1 11 145 120 H 16 243 508 14 10 -4 19 40 10 26 74 40 
14 l I 14 11 ~)8 9 13 705 681 8 18 12 55 16 12 120 124 6 12 291 3C2 10 
16 '$OS 839 8 15 1051 1031 9 20 460 457 5 14 268 20 1 
JC! 333 325 6 1 7 .. 70 459 6 22 369 391 4 11 K 4 16 152 143 11 
20 126 1?5 1 19 428 4lb 6 18 -74 9 ta 
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26 38 44 17 25 -27 1 2Z l '>15 907 !l 5 43 27 14 24 25 53 22 

3 300 28& 8 
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1 151t 1570 1.? 0 1350 1351 15 9 .. 2 62 2.9 5 2 77. 257 6 1 z .. 1 ZC3 8 
3 12.? 97 19 2 592 609 6 11 58 80 24 3 119 116 15 
5 40 I 410 10 4 263 27tJ 8 13 294 2.8~ 6 0 K 5 5 651 t:~6 7 
7 3 1t. )St, 11 6 B2 518 6 15 407 394 6 1 1390 1424 ll 
9 -50 41 30 8 111 231 12 17 161 139 8 2 416 368 1 9 941 sea 8 

11 .:!3 2 45 10 34 2 39 19 256 244 5 4 330 26'• 9 11 21l 275 10 
13 ]<,If 398 6 12 249 239 10 21 327 340 4 6 1100 1069 9 13 696 612 1 
15 t:5 l 653 7 14 613 61 'I 8 e 1412 1375 11 15 497 5C7 6 
17 114 85 18 16 560 552 6 8 K 4 10 526 478 l 17 103 ICS 14 
19 426 411 6 18 14 11 19 12 510 493 B 19 36 32 26 
21 331 332 6 20 358 352 6 0 142 146 Jl 14 765 759 8 21 209 2.C9 6 
23 196 194 7 22 262 218 b 2 16 19 42 16 285 308 1 23 240 246 5 
25 3E 28 20 24 63 1/j 10 4 83 101 18 18 -42 10 21 
27 43 17 12 6 58 38 2.2 20 153 148 9 4 K 5 

5 K 4 8 -37 12 30 22 2 74 285 6 
2 K 4 10 -21 13 .J 1 24 209 204 5 2 95 126 19 

1 442 459 6 12 51 16 22 4 135 154 15 
0 651 706 8 3 248 251 8 14 103 lOB 13 K 5 6 681 Ci!! l 1 
2 407 440 9 5 64 95 25 16 107 107 10 B 843 UB 8 
4 65 18 33 1 l 84 168 11 18 -16 29 21 120 168 14 10 122 152 ) ... 
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17. 3(; 5 3bJ 7 4 63 t7 19 19 .228 230 6 5 32 45 34 
14 416 425 7 6 52 42 22 21 170 l Bl 6 1 84 89 lR 2 119 164 12 
16 l 9!: l 1:4 ., B 46 37 21 q 48 12 lb 4 15.2 llO 15 
lb -35 9 i'1 10 79 69 l v 2 K 6 11 4(> 12 2f. 6 508 4'i6 1 
20 83 71 14 12 38 5 24 13 76 53 17 6 666 ~39 7 
22 159 15'.J 6 14 lb BO 12 0 308 361 9 15 54 b5 21 10 2-*1 228 ti 

16 'tb 44 13 2 234 226 10 17 44 52 19 12 23 5 22& ti 
5 K 5 4 27 44 .r,5 19 49 50 12 l't 343 356 6 

9 K 5 6 2-.3 223 11 16 126 145 10 
l 33 56 36 8 90 106 20 6 K 6 18 -6 l 35 
3 tl4 95 2 l l 72. 57 17 10 71 4 23 
5 fl B~ 2b 3 47 0 l2 12 108 101. 16 0 612 799 1 K 7 
l 338 312 B 5 2 61 25 7 6 14 201 209 9 • 2 476 492 6 
9 212 2 30 9 7 466 46.! 5 16 235 227 7 4 -'>4 27 21! 1 73 79 20 

11 H 37 32 9 344 343 5 18 65 59 16 6 2 76 289 1 3 42 27 31 
1.3 1'l % 2 1 11 46 35 17 .to 130 121 8 8 l 'i 1 151 10 5 169 H> l 1"1 
15 44 10 27 13 232 263 4 22 118 129 6 10 32 9 31 1 33,. 3JO a 
tr 40 27 24 12 137 135 11 9 212 2'H ti 
19 -6 5 43 10 K 5 3 K 6 14 291 291 6 l1 511 12 23 
21 57 67 I 3 16 270 267 5 13 190 117 ti 

2 t.5 41 13 1 921 9 J3 6 15 141 151 10 
6 K 4 BB ea JO 3 9b 161 22 7 K 6 17 25 12 21 

6 300 3uB 5 5 356 374 6 l'i 49 16 12 
2 l IJ2 iJ4 14 1 386 362 1 1 488 488 b 
4 73 47 19 0 K 6 9 31 ,.... 36 3 177 163 tl 2 K 7 
6 72 4 726 1 11 -'tl 65 33 5 166 135 B 
Ii <;57 949 8 0 1590 1579 ll 13 380 367 6 7 179 182 9 2 86 4fl 17 

10 196 195 9 l 755 747 II 15 ,69 556 6 9 -11 37 43 4 'o8 ?1 28 
l?. 382 31:>7 6 4 214 223 12 17 253 251 7 11 83 45 14 f, 261 250 8 
l '• 3~ I 369 6 f, 450 443 9 19 222 21& 6 13 154 151 7 B 31 f, 315 8 
16 16 7 181 9 8 23'. 218 12 21 3;) l 315 4 15 201 207 4 10 -19 30 44 
1 tl 38 ir 22 10 -23 33 44 12 15!> 147 LO 
20 95 <J8 6 12 l8b 164 10 4 K b 8 K 6 l'o 119 1'7 10 

!'* 5% 51:)5 9 16 49 70 19 
1 K 5 16 476 465 6 0 610 666 6 0 4 75 48 18 -16 6 Zb 

lR l Bl Hll 8 2 143 318 6 2 -48 5 22 
l 91: 93 15 20 395 395 5 4 148 144 11 4 83 59 14 3 K 7 
3 12 l 107 12 22 2sa 279 6 b 293 272 7 b 34 21 26 
5 2U 247 B 8 123 121 14 8 -38 " 23 l 79 92 19 
1 1l ii t.96 1 K 6 LO 78 2 19 10 54 1 15 3 70 't5 21 
q 418 418 ti lZ ll6 11() 15 12 -a 9 30 5 296 3C3 7 
ll lf2 JC:.) 9 1 Hl 7b l 8 14 3" .2 336 6 1 683 669 1 
1J 2 85 280 6 3 75 13 21 16 JC2 298 6 9 K 6 9 440 426 b 

15 ld6 1 az 7 5 241 214 ll lB 21 35 30 11 141* 131 l l 
17 34 46 21 7 222 183 17 20 119 181 5 1 356 370 5 13 319 323 " 19 -10 28 25 9 39 25 36 3 33 35 22 15 220 244 b 

11 22 2 't4 5 K b 5 132 149 7 17 49 54 1't 
8 K 5 13 209 211 9 1 108 12 1 1 

15 348 343 b 1 228 248 8 .... K 1 
2 57 5 21 11 24 37 33 3 138 134 12 0 K 7 
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'1. -1 )d 50 .. 1-. 21 "1 6 195 18? 11 lO -15 a 28 1 89 11 l 14 
4 4~ $3 lB b 338 H4 6 8 - 53 90 20 12 1'l 46 13 3 44 "1 22 
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1 t; 7<; ~I 10 5 158 155 11 0 306 342 5 

l 21> 45 29 1 333 133 6 1 152 159 11 2 IBI 215 6 
3 52 54 20 3 ,., 35 28 9 -27 19 33 
5 121 11 7 9 5 96 BB 19 11 42 .:tl 20 0 K 9 

l 22 26 H> 7 330 33 3 5 7 61 1'> 27 
3 60 4f 70 9 I 79 I 'J ,, 6 9 -30 12 34 4 K 8 2 -85 (:0 74 
5 45 J4 24 11 -20 3 jj 4 -144 44 49 
I l<.o'.:l I 'tl II ii " 7 ll 99 Bd 9 d 294 219 6 
~ l(J 1 1 10 14 2 132 12 B 11 K 9 

11 'r9 lu l2 2 22 5 23 2 K a 4 l ".13 61 12 
!l 33 42 23 6 102 115 13 I -96 30 52 
15 16 29 24 u K 8 0 DB 142 12 8 -42 so 25 3 -61 11 82 

2 42 87 31 10 -40 0 19 
b 0 6d8 6l6 10 4 -58 20 25 

2 343 lid B b '17 92 17 5 K a 
2 112 9'1 13 4 lC9 !>9 l 'J a 23 'f3 40 
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H. (TMTSF)(SCN) 0 . 5 - Structure factors, Ni-filtered CuK& radiation, 

satellite reflections, Space group Pmc2 1. 
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APPENDIX 2 

Electrical properties of crystals. Conductivities were measured 

using the standard 4 probe technique. Silver paint contacts were 

used with [Rh(CNCHCH2)4JC104; aquadag contacts were used with all 

other crystals. 
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APPENDIX 3 

Notes on Structure Refinement 

All structure refinement was carried out using CRYM system 

programs and the Institute's IBM 370/3032 computer. Least-squares 

refinement proceeds by minimization of the qua11tity L:w{F bs 2-F 1
2). o cac 

The weighted residual, \<JR, is Ew2(F
0
b/-Fcalc2

)
2;n}IF

0
bsl 4

• The 

residual, R, is Ej IFobsl-IFcalcl l/EIF
0
bs· The real goodness of fit 

. 2 2 2 1/2 ls [Ew(Fobs -Fcalc ) /n-p] . Weights are determined from counting 

statistics: 

2 2 w ~ l/(a Fobs +t) 

where t is a term which accounts for errors other than counting 

statistics. 

In the refinement of structures with considerable disorder, 

refinement of some parameters is difficult or impossible. There 

are three important cases. 

l) Atoms are located close to, but not on, symmetry elements 

such as mirror planes or rotation axes, Terms in matrices blow up 

if refinement places the atom very close to the symmetry elements. 

2) The fitting function is incorrect. If thermal motion is 

high, approximation with thermal ellipsoids may be far from correct. 
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Compare, for example, the electron density map and ORTEP of carbon 6 

in the room temperature structure of [Rh(CNCHCH2)4JC1D4 . 

3} The fitting function is not unique. Fitting very "smeared 

out" electron density such as that observed for halide chains in 

(TTT) 2I3 and (TTF)Cl 0. 67 or the disordered perchlorates in 

[Rh(CNCHCH2)4JC104, can be done in many ways which are equally 

valid. 

In all cases, the observed electron density is far more 

informative than the parameters used to fit it. Some parameters 

were not refined by least squares. A fit which provided a flat 

difference map, low residuals, and convergence of refinable parameters 

was considered satisfactory. 

The kinds of structure disorder and distortion which give rise 

to diffuse spots in the diffraction patterns of (TTF)Cl 0,67 and 

(TTT) 2Ij. and satellite reflections in the diffraction pattern of 

(TMTSF)(SCN) 0_5s are fairly well understood. 

Disorder which appears as 11 mistakes 11 with respect to an ideal 

lattice gives rise to broadening of diffraction peaks (1,2,3). 

This phenomenon arises for the same reason that peak broadening in 

powder diffraction occurs. Diffraction peaks are infinitely sharp 

only for infinite lattices. As the number of repeating units in a 

diffracting domain (a single particle in powder· diffraction or a 

mosaic block in single crystal diffraction) decreases, the resulting 

diffraction spots will increase in width, According to Wilson's 

treatment, the probability of mistakes (a) will determine the 



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

179 

average size of the diffracting domains and the intensity (I) as a 

function of a normalized coordinate (w) in reciprocal space will 

be given by: 

i(w).., T22 
a +TI W 

This expression was used to determine the size of diffracting 

domains in (TTF}Cl 0. 67 after fast cooling. It also might be used 

to determine the range of order of the chloride sublattice in 

(TTF)c1 0.67 at room temperature, and the iodide lattice in (TTT) 2r3. 

This was not done quantitatively for the following reasons. 

a) Accurate profiles must be obtained using a very small 

or narrow aperture for the x-ray beam. 

b) Chloride sublattice reflections were extremely weak and 

very diffuse at room temperature. 

c) The diffuse third layer reflections were only ~50% wider 

than sublattice reflections in (l.d.)(TTT) 2r3, and w scans 

could not be obtained on the quarter-circle diffractometer. 

Qualitatively, the range of order of chlorides in (TTF)Cl 0. 67 
0 

might be ~100 A. The range of order of iodide ions in (l.d.)(TTT) 2I3 
is hard to estimate, as part of the diffracted intensity indicates 

only one-dimensional order, while the spots on the diffuse third 

layer indicate quite long three-dimensional order (~1000 ~}. 

Modulation of structures results in superperiods and leads to 

the observation of satellite reflections on diffraction patterns. 
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Early treatments of this effect distinguished between modulation of 

unit cell parameters and structure factor amplitude (4). In the first 

case, for modulation in, say, the x direction of the crystal, 

satellites with index h = 0 will have very small intensity. If the 

structure factor amplitude is modulated, these satellites will have 

significant intensity. Later treatments describe satellite intensity 

for specific kinds of structure modulation (fr). A number of 

structures have been solved in which refinement of satellite, or 

study of its significance, played an important role (6,7). 

The modulation of the (TMTSF)(SCN) 0 . 5 structure clearly involved 

structure factor amplitude modulation rather than unit cell 

parameter modulation. Patterson maps showed that most of the 

modulation was associated with the x = 0 plane. Further details 

of the model are given in Chapter 5. In general, satellites of 

order greater than one are not observed or are very weak. No attempt 

was made to fit the great decrease in intensity on going from first-

to second-order satellites, which could be observed for (TMTSF)(SCN)
0

•
5

. 

The space groups used to fit the full cell data of (l.d.)(TTT) 2r
3 

and the satellite data of (TMTSF)(SCN) 0•5 were picked to be consistent 

with the basic structures of the crystals. Symmetry elements which 

the superperiod necessarily destroyed were removed, and lower 

symmetry space groups were then picked whtch contained the remaining 

symmetry of the structure. Likewise, the space group of the low 

temperature monoclinic phase of (TTF)Cl 0. 67 has the most symmetry that 
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can remain after the distortion of the tetragonal cell, A good 

treatment of derivative crystal structures exists (8). 
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