
~ .. 

, , 

N 









3.4. Crystal stnICture determination pf the 

t.etracblorn(metbnDQl)n1~]tecbDet1um (11) aDign. 

The anion [Tc <NOlCL. (CH"OH)]- has a distorted octahedral 

geometry with the four chlorine atoms lying in an equatorial 

plane and the other two ligands in axial directions. The nitrosyl 

group is bonded almost linearly to the technetium and the co­

ordinated methanol trans to it was found to be hydrogen bonded 

to a methanol of solvation. 

Two forms of bright green crystals were grown from the 

methanolldiethylether mixture, rectangular plates and needles. A 

single crystal, (0.63 x 0.39 x 0.13mm), of the rectangular plate 

form was mounted about a. 

Formula: [(C4R,,) .. Ill[Tc (liO>C!.. (CI60H)J; 

Formula weight: K~=545.3; 

Space group: monoclinic, P2,/n; 

Cell dimensions: a=11.350 (10), b=11.450 (5), 0=22.154 (10)A; 

Cell volume: U=2878.85A"; 

Z=4; 

Density: Dm=not measured, D~=1.256 gcm-"'; 

Radiation: X(MoKa)=0.7107A; 

)1=8 .Ocm-' ; 

F(OOO)=932; 

T=293K; 

R=O.051 for 2282 observed reflexions with I>30'(I); 
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Stoe Weissenberg dHfractometer, sin8/>'(O.6A--l i 

lattice parameters by maximising fit of axial row reflexions in 

the range sin 8/), 0.2 to 0.5 i 

3797 reflexions measured, 2283 with D30' (I) i 

h 0 -t 8, k 0 -t 13, 1 -26 -t +26: 

standard check reflexions on each layer with no significant 

changes; 

no absorption corrections applied: 

Tc positions found by Patterson and other atoms by successive 

difference-Fourier methods, refined by full-matrix least squares 

on F to R=O.051, wR=0.051: 

all atoms anisotropic, unit weighting (based on weight analysis 

and rapid convergence of refinement), 

15 H atoms located by difference map and not refined: 

remaining H atoms omitted; 

max A/0'=O.009, 

Ap excursions to.3 to -0.6e1-"'; 

Final atomic coordinates are given in Table 3.4. bond lengths and 

angles in Tables 3.5. and 3.6. respeotively. H atom coordinates 

are given in Table 3.7. and the anisotropic thermal parameters in 

Table 3.8. 

The numbering schemes of the atoms of the anion and cation are 

shown in Figures 3.5. and 3.6. respectively. A view of the unit 

cell is shown in Figure 3.7. Observed and calculated structure 

factors are given in Appendix I 
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Table 3.4. 

Final pgsit1gnal parameters <X1Q4) and isotrppic thermal 

parameters (A") for [(C.H")4NHTe(NQ)Cl. (CHaOH)!. 

x y z B." 
le 318 (1) 1095 (1) -1537(0) 4.9(1) 
Cl (1) 10667(3) 582(2) 1188(1) 6.4(2) 
Cl (2) 8638(3) -2826(2) 1751(1) 6.0(2) 
Cl (3) 7865(S) -175(2) 1319(2) 7.8(2) 
Cl(4) 11470(S) -2110 (2) 1632(2) 7.S(2) 
NO) 9770(9) -628(8) 2260(5) 7.0(6) 
0(1) 9901 (13) -269(9) 2752(5) 13.2(8) 
0(2) 9679(6) -1595(7) 612(3) 6.5(4) 
H(2) 5107 (7) 1074(6) 7476 (3) 4.7(4) 
CO) 6014(9) 1196 (8) 6982(4) 5.4(5) 
C(2) 5861(10) 341 (9) 6466(5) 6.4(7) 
C(3) 6927(13) 462(11) 6042(6) 9.0(9) 
C(4) 6785(15) -284(12) 5477(6) 8.0(10) 
C(5) 3861(9) 1131 (8) 7240(4) 5.0(5) 
C(6) 3514(10) 2234(9) 6900(5) 6.4(7) 
C(7) 2256(10) 2100(10) 6597(5) 6.7(7) 
C(8) 2185(14) 1181(13) 6104(6) 9.9(9) 
C(9) 5387(9) 2074 (8) 7913(5) 5.0(6) 
C(10) 4670(11) 2110 (9) 8478(5) 6.2(6) 
C(ll) 5117(12) 3144(10) 8861(5) 7.4(7) 
C(12) 4464 (15) 3197(13) 9464(6) 10.0(10) 
C(13) 5197(10) -121(8) 7783(4) 5.1(5) 
C(14) 6445(10) -401 (9) 8042(5) 6.6(7) 
C(15) 6362 (12) -1591(10) 8370(7) 8.0(8) 
C(16) 5710(14) -1548(14) 8952(7) 10.2(10) 
C(17) 8886 (15) -2302(12) 269(6) 10.2(10) 
C(8) 2406(14) 3844(15) 4917(6) 10.1(10) 
0(3) 8577(9) 1315(8) 119(4) 8.9(6) 
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Table 3,5, 

Bond Distances for [<C4H .. ).N1UcCND)Cl. <CHaQH)J. 

Anion 

Tc-Cl (1) 

Tc-Cl(2) 
Tc-Cl(3) 
Tc-Cl(4) 
Tc-N(1) 
Tc-Q(2) 
N(l)-O(ll 
O(2)-C(17) 

Cation 

JI(2)-C(1) 
C(1l-C(2) 
C(2)-C(3) 
C(3)-C(4) 
N(2)-C(5) 
C(5)-C(6) 
C(6)-C(7) 
C(7)-C(B) 
N(2)-C(9) 
C(9)-C(10) 
C <to)-C(ll) 
C(11)-C(12) 
N(2)-C(13) 
C(13)-C(l4) 
C (14)-C (15) 
C(15)-C(16) 

Solvent 

C<1B)-O(3) 

1. 
2,363(3) 
2,364(3) 
2,355(3) 
2,344(3) 
1. 689(11) 
2,128(7) 
1.171(15) 
1. 417(17) 

1.53(1) 
1.51(1) 
1. 56 (2) 
1.52(2) 
1.50(1) 
1. 52 (1) 
1. 57 (2) 
1. 52 (2) 
1. 53 (1) 
1. 51 (2) 
1. 54(2) 
1.54(2) 
1.53(1) 
1.55(2) 
1.55 (2) 
1. 50(2) 

1. 403(19)1. 
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Table 3.6. 

Anion 

o (1)-1f(1)-To 
Cl (1)-To-Cl (2) 
Cl (1)-To-Cl (3) 
Cl (D-To-Cl (4) 
Cl (1)-Tc-N(1) 
Cl (D-Tc-O(2) 
Cl (2)-Tc-Cl (3) 
Cl (2)-Tc-Cl (4) 
Cl (Z)-Tc-N(!) 
Cl (Z)-Tc-O(Z) 
Cl(3)-Tc-ClC4) 
Cl (3)-Tc-N(!) 
Cl (3)-Tc-O(Z) 
Cl (4)-To-N(1) 
Cl (4)-Tc-O(Z) 
N(1)-Tc-O(2) 

Cation 

C (1)-N(Z)-C(5) 
C(1)-N(Z)-C(9) 
C (l}-N (Z)-C (13) 
C (5)-)J<Z)-C (9) 
C(5)-N(Z)-C(13) 
C(9)-N(Z)-C(13) 
N(2)-C(!)-C(2) 
C(1)-C(Z)-C(3) 
C(2)-C(3)-C(4) 
N(2)-C(5)-C(6) 
C(5)-C(6)-C(7) 
C(6)-C(7)-C(8) 
N(2)-C(9)-C(10) 
C(9)-C(10)-C(11) 
C(lO)-C(11)-C(12) 
N(2)-C(13)-C(14) 
C(13)-C(14)-C(15) 
C(14)-C(15)-C(16) 

175.5(10) 
172.5(1) 
89.4(1) 
90.9(1) 
92.1 (3) 
83.8(2) 
88.6(1) 
90.Z(l) 
95.3(3) 
88.8(2) 

172.8(2) 
94.7(4) 
86.8(2) 
92.4(3) 
86.1(2) 

175.6(4) 

113. Z (7) 

104.6(7) 
111.Z(7) 
111. 6 (7) 

104~Z(7) 

'112.2(7) 
114.6(8) 
108.6(9) 
112.3(11) 
116.1(8) 
110.6(9) 
114.0(11) 
115.9(8) 
107.5(9) 
110.4(10) 
113.6(8) 
106.6(11) 
114.3(11) 
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Table 3.7. 

Elnll.l pcs1ticnal ~ar~m~etS ~X1Q4l ~na 1~C±rcpiQ thecwll.l 
12~x::alDete:rg ~A"'l lex:: :tl:Le h!ldx:cgen Aiwl:i ef 
[(C4Ha l. N1Uc (NDlC14 (CH3 OHll. 

B"'8U"'u 

le y z B 

H(1)0(2) 10571 -1398 387 7.3 
H(l) 5857 2002 6871 5.9 
H(3) 5037 418 6196 7.3 
H(5) 7124 1187 5839 9.1 
H(10) 3777 470 6954 5.9 
H(11) 3182 1040 7664 5.9 
H(13) 4058 2216 6565 9.9 
H(14) 1780 1650 7033 9.9 
H(19) 5249 2854 7633 6.0 

H(20) 6347 1916 8060 6.0 
H(22) 4726 1254 8793 7.1 
H(28) 4778 -9 8186 6.0 
H(29) 4849 -617 7442 6.2 
H(33) 5655 -2202 8178 8.2 
H(40)C<18) 7465 981 -561 10.8 
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Table 3,B, 

ADi5CtLcpiQ 1he~mal p~~~mete~s* (Xl Q"', A"'l lex: 
[(C4H"14NHTc(NO)C14 (CHsOHl J, 

U11 U22 U33 U23 U13 U12 

Tc 63(1) 44(1) 79(1) -1(1) -1(1) -1 (1) 
Cl (1) 73(2) 58(2) 112 (2) 10(2) 5(2) -10(1) 
Cl(2) 73(2) 49(1) 107(2) 12(1) -4(2) -2(1) 
Cl(3) 68(2) 64(2) 163(3) 31(2) 17(2) 10(2) 
Cl(4) 63(2) 64(2) 150(3) 4(2) -24(2) 1 (1) 
NO) 112(9) 66(6) 96(8) -2(6) 15(6) -25(6) 
0(1) 286(17) 121(8) 97(8) -34(7) 25(9) -76(9) 
0(2) 60(6) 106(6) 81(5) -12(4) -1(4) -19(4) 
N(2) 52(6) 45(4) 81(5) -3(4) -6(4) -1 (4) 
C(l) '72 (8) 47(5) 86(7) -1 (5) 19(6) -4(5) 
C(2) 78(10) 75(7) 89(8) 4(6) 3(6) -1(6) 
C(3) 154(14) 86(9) 101(10) 13(8) 61(10) -13(9) 
C (4) 169 (16) 105(10) 99 (10) -4(9) 29(10) 14(10) 
C(5) 60(9) 58(6) 72(6) 4(5) -8 (5) -5(5) 
C(6) 71 (9) 62(7) 109(9) 19 (6) -9(7) -3(6) 
C(7) 64 (10) 82(8) 109(9) 28(7) -17(7) -10(6) 
C(8) 144(15) 109(11) 122 (11) -19 (10) -52 (10) -1 (10) 
C(9) 56(8) 50(6) 86(8) 2(5) -11(6) -1(5) 
C(10) 86(10) 65(7) 84(8) -13(6) 5(6) -5(6) 
C(11) 117 (12) 80(8) 84(8) -15(7) 1(7) 4(7) 
C(12) 154(15) 125(12) 101(11) -29(9) 10(9) -5 (10) 
C<l3) 80(9) 44(5) 70(7) 7(5) -10(6) -6(5) 
C(14) 72(9) 61(7) 120 (10) 30(6) -20(7) 2(6) 
C<l5) 100 (12) 62(7) 143 (12) 25(8) -28(9) -6(7) 
C(16) 128(14) 146(14) 114 (11) 37(10) -4 (10) -8(10) 
C(17) 159(15) 121(11) 109 (11) -21(9) -26 (10) -70 (11) 
C(18) 94 (13) 190(16) 101(10) -10(11) -8(8) 10(11) 
0(3) 99(8) 146 (8) 94(6) 10(6) 14(5) 12(6) 

* The form of the anisotropic thermal parameter is given by 
exp{-21F (U 1 1 a*"'h"+ ...... ,2U23 b*c*kl+ .... » 
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Figure 3.5. 
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Figure 3,6. 
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A view of the unit cell contents Of the tetrabutylammon:!um salt 

of the tetrachloro<methanplln:!trosyltechnet:!um <ID anion. 
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3.5. Di §c1J§§i pD. 

The reaction of ["'''Tc/'''''"'TcHTc04 ]- with HCI gives [1cC4F­

when the reaction is heated for a prolonged period (158). The 

yellow ammonium salt may be isolated from the ""Tc reaction 

solution. ['''''TcCl,,]''- disproportionates in the absence of large 

chloride excess to TC02 and [1C04]- • On this paper 

chromatography system with saline eluant there is evidently 

sufficient chloride for the complex to remain intact at least on 

a ""··Tc scale (Table 3.1). With the organic eluant decomposition 

to [1C04]- may occur but no Tc02 was observed. Reaction of 

[""TcCI"J2- with NH2 0H gives quantitatively (Tc(NQ)C141-. This 

is similar to the results reported by Armstrong and Taube (30)' 

The same complex is also formed when ("'3TcOCl4]- is reacted with 

NH20H in methanol. From the solution a green solid was obtained 

and after recrystallisation from methanol/diethylether green 

crystals were obtained which had infra red absorptions at 

1805cm-' (v (NQ)] and 326cm-' (v(Tc-Cl)]' This concurs with the 

reported absorptions for (Tc(NO)CI4]-. The single crystal X-ray 

determination indicates that in the crystalline form there is a 

methanol ligand trans to the NO group. The nature of a sixth 

ligand trans to the NO with the four chlorides in an equatorial 

plane which may be chloride, water or alcohol depending on the 

solution conditions is unimportant since it will be labile and so 

in vivo will be readily replaced (157). 
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It seems likely that in the final ""mTc injection solution the 

methanol will be displaced and possibly replaced by water. 

On a no carrier added """'"Tc scale the reaction proceeds in a 

similar manner. The R< values obtained are identical to the 

carrier added ~"'Tc preparation except at the [TcClG32 - stage. To 

check that one species was formed HPLC was performed and showed 

only a single species which is only weakly retained on the 

reversed phase column. There is no evidence of any other species 

in the solution and only minimal losses of radioactivity on the 

column. 

Electrophoretic measurements proved impossible for [TcCl .. J2- due 

to decomposition but ["""'Tc/""Tc3[Tc (JiO>Cl .. 3- moved as an anion 

with a mobility half that of ToO .. - and in all preparations only 

one species was observed. 

The aninal biological distribution data for ["''''"TclHJCl .. l- is 

given in Table 3.2. and dissections were carried out at 2 and 60 

minutes. Gamma camera scintigraphs were taken at 0, 10, 20, 30 

and 60 minutes post injection (Figure 3.4). Both the images and 

the dissection data show that while there is some renal 

clearance the majority of the material renains in the muscle and 

carcass. There is evidence in all the animals studied of some 

specific accumulation of activity in the leg jOints although 

whether or not this is of any significance is not clear. After 

60 minutes there is also considerable blood retention and there 

- 84 -



is comparatively little change in the biological distribution 

during the period of the experiment. These comments also are 

applicable to the [Tc(NO>Br4)- biodistribution data (Table 3.3) 

which shows that the majority of the complex remains in the 

muscle and carcass, with a high percentage also in the blood. 

The tetrabromide complex is known to be five coordinate with no 

ligand trans to the nitrosyl (65,66) but there appears to be 

little difference in biological activity in these two complexes. 

Protein binding experiments revealed that 90% of the complex is 

associated with the initial plasma fraction with the remainder in 

the cellular pellet. 92% of the activity is bound to plasma 

after partition. These results are as expected, since the gamma 

camera study reveals extensive blood and muscle activity even 

after 1 hour post injection. Lability of the ligand trans to the 

nitrosyl and the other chloride ligands presumably lead to rapid 

ligand exchange with the large number of possible ligating 

moieties in the plasma proteins. 

The exact structure of the [Tc(NO)]4_s)'-or2- complexes has been 

a matter of some discussion. The ESR data for the complexes 

where X = Br or I suggests that the species are 5 coordinate 

with no ligand trans to the nitrosyl (65,66). Since the data for 

X = Cl is difficult to assign to either 5 or 6 coordinated 

species (70,27) it was decided to undertake a structure 

determination. In addition this has confirmed the identity of a 

species prepared by the same methods for both 99Tc and 99mTc. 
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The X-ray data of the monoclinic crystal shows that the 

tetrachloro(methanol>nitrosyltechnetium(ID anion has a distorted 

octahedral geometry with the nitrosyl and coordinated methanol 

mutually trans and the four chlorines in an equatorial plane with 

the technetium 0.15A above towards the nitrosyl. 

The bond angles of 172.5(1)" (Cl(1)-Tc-Cl<2» and 1'72.8(2)" 

(Cl<3)-Tc-Cl<4» reflect this. In other Tc<NO) complexes, namely 

[Tc (NQ) <NH,,) 4 (H20)]2+ (69) and Tc (NQ) Br:> (CNCMe", >:. (68) similar 

distortions have been observed. The Tc-N-O bond angle of 

175.5(10)" confirms that the ligand should be considered as NO+ 

rather than NO-. The Tc-If bond length of 1.689(1DA appears 

shorter than in the two complexes above which are 1.716(4)A and 

1.726 (15)A respectively but this may not be statistically 

significant while the j-O bond is intermediate between the other 

two, 1.203(6)A and 1.136 (l7>A. The Tc-O bond is probably 

elongated, due to the trans effect of the nitrosyl, although a 

lack of suitable other technetium complexes prohibits a 

quantitative assessment of the effect. However a long axial bond 

has been observed in the analogous rhenium complex (159). The 

contact distance of 2.610(2)A for 0(2)-0(3) is attributed to 

hydrogen bonding between coordinated and solvated methanols. 
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In conclusion while this formulation is rather involved from the 

radiopharmaceutical point of view the complex may be made in a 

form amenable to intravenous injection and may therefore find use 

as a precursor to a series of novel radiopharmaceuticals through 

ligand exchange reactions. 
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CHAPTER 4 

SYNTHESIS. CHARACTERISATION ADD BIOLOGICAL STUDIES 

OF THE CATION [Tc<I)(IO)(IHb)A<H?O)J~~ 

AlID RELATED COHPOUlIDS 

'.1. Introduction. 

The cation trans-aquonitrosyltetraaminetechnetium(I) , 

!Tc(!{Q) (!{H")4(H"Q)]2+, has been well characterised by Taube (30) 

following the work by Eakins (44). The compound is found to be 

stabilised by the ll-acid character of the NO group, the nitrosyl 

group being inert to nucleophilic attack while the ammonia 

ligands, although themselves not susceptible to ligand exchange, 

may be replaced in a modified synthesis. Hence, this compound 

would appear to be an ideal model for a range of novel potential 

radiopharmaceuticals with the technetium nitrosyl core but 

enabling variation of charge, lipophl1icity, size and shape of the 

complex. 

Here a modified synthesis of ITc (NO) (!{H,,)4 (H2Q»)2+ is described 

from ITc(NQ)C14]- as prepared in the preceding chapter and its 

identity confirmed by crystal structure determination. In 

addition a range of compounds of the general formula 

CTc(NO)(RNR"),, (H",Q»)2+ is prepared and the biological activity of 

some of the compounds is studied. 
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4.2. Syntbesis of the m=aquonUrosyltetraal!1netecbnetium<Il 

cation. 

4.2.1. Synthesis of no carrier added [ ...... Tc(fJo)CIIlb) .. (IkO)]2+ 

To 1 ml of generator eluant was added 1 ml of concentrated HCI. 

The mixture was heated in a pressure cooker for 30 minutes. The 

product of the reaction is sodium hexachlorotechnetate. The 

resulting solution was cooled, diluted with water (lml> , mixed 

with a solution of hydroxylamine hydrochloride (lml, 2.3H) and 

heated for a further 30 minutes. The resulting solution contains 

the species [Tc (NOlCl .. XJ- (X = Cl-, H20l. By neutralising the 

solution to pH 7.5 with 5H }flL.OH the complex 

[Tc(IfOl (HH,,) .. <H.,Q)J2" is formed. To ensure reaction the solutions 

were heated for 15 minutes on a waterbath. 

After each stage of the reaction the product formation was 

monitored by the standard chromatographic procedures described 

earlier. 

4.2.2. Preparation of the complex for biological studies. 

It was not possible to inject the complex as formulated above 

because of the high concentration of chloride ions in the 

solution. These were removed by shaking the solution with an ion 

exchange resin (Amberlite IRA-67). The product was then passed 

though a Hillipore filter before use in the biological studies. 
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4.2.3. Synthesis of carrier added ['''·Tc(IO)(ll1b) .. GbQ)lCb. 

An aqueous solution of the green [TcOrQ)C141- anion was prepared 

as described earlier (3.2.3), The complex was not isolated as the 

tetrabutylammonium salt but instead the solution was neutralised 

using 51( lIH40H as for the no carrier added preparation. A purple 

solution formed. The product crystallised as hexagonal plates on 

slow evaporation of the solution after the addition of ethanol. 

4.2.4 Synthesis of the no carrier added derivatives of the 

formula [Tc(KO> <RJI'lb) .. GbO>l"'+ 

Derivatives of the type [Tc(J{Q)L4 (H20>]2+ are for.med by 

neutralisation of the tetrachloronltrosyltechnetium(II) anion 

solution with solutions of other amines (RIiH",) to pH 7.5. (R = 

methyl-, ethyl- etc). 

4.2.5. Analogous no carrier added complexes 

Complexes of the type [TCC![Q)L2(H,.Q}]2+ where L is a derivative 

of ethylenediamine (en) may be prepared by neutralising the 

tetrachloronitrosyltechnetlum <ID anion solution with the diamine 

to pH 7.5. The reaction mixture was heated for 15 minutes on a 

waterbath to enSure reaction. 
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4.3. RffiDlts. 

4.S.1. Paper chromatography. 

Paper chromatography results are summarised in Table 4.1. for the 

amine derivatives and Table 4.2. for the diamine derivatives. 

4.S.2. Electrophoresis. 

All of the compounds were found to move as cations under the 

standard electrophoretic conditions 

Results for the diamine derivatives are given in Table 4.3. 

4.S.S. Infra-red spectrum. 

Absorption at 1795cm- 1 for v (HO> in the complex 
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Table 4.1 

Paper chromatography results for amine derivatives Of 

[99rnTo (NO)(iNH?-)4 (H20) J2 .... 

Complex 

R= 

H 

methyl-

ethyl-

n-propyl-

n-butyl-

t-butyl-

n-pentyl-

n-hexyl-

n-heptyl 

n-octyl-

l-methylheptyl-

dimethyl-

benzyl-

R. in 

butan-2-one 

0.02 

0.05 

0.05 

0.04 

0.04 

0.02 

0.06 

0.06 

0.05 

0.06 

0.07 

0.02 

0.03 

R. in 

saline 

0.96 

0.81 

0.83 

0.80 

0.80 

0.84 

0.75 

0.66 

0.68 

0.48 

0.48 

0.77 

0.68 

Standard deviations have not been calculated for these mean R. 

values of several experiments. 
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Table 4.2 

Paper chromatography results for diamjne derivatives Of 

[""MIc(NQ) (NH,,). (H?Q)P+ 

Complex 

ethylenediamine 

triethylenetetramine 

N,N-dimethylethylenediamine 

N,N,N'-trimethylethylenediamine 

N,N,N',N',tetramethylen 

cyclohexane-l,2-diam ine 

N,N'-dimethylethylenediamine 

N,N-dimethyl-N'-ethylen. 

R, in 

butan-2-one 

0.05 

0.04 

0.03 

0.03 

0.02 

0.02 

0.00 

0.02 

R. in 

saline 

0.89 

0.88 

0.85 

0.80 

0.84 

0.83 

0.93 

0.80 

standard deviations have not been calculated for these mean R, 

values of several experiments. 
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Table 4,3 

Electrophoretic movement Of the diamine derivatives of 

[99rnTc(NO) (NH3 >4 <H20»)2-+ 

Complex 

ethylenediamine 

triethylenetetramine 

N,N-d1methylethylenediam1ne 

N,N,N'-trimethylethylenediamine 

N,N,N',N',tetramethylen 

cyclohexane-l~-diam1ne 

N,N'-dimethylethylenediamine 

N ,N-d1methyl-N'-ethylen, 
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Distance moved 

in 1 hour (cm) 

0,60 

0,92 

0,40 

0.20 

0,20 

0,23 

0,33 

0,16 

Volts/ 

cm 

1.82 

1.82 

1.82 

1.82 

1.82 

1.82 

1.82 

1.82 



4.3.4. Octanol/saline partition experiments. 

The results for ["""Tc(NQ) (RNH"),, (H"Q»)2+ are given in Table 4.4. 

Table 4.4. 

Octanol/saline partition experiments - % activity in organic layer 

Complex 

R = 
% activity in organic layer 

mean (S.D.) 

methyl­

ethyl­

n-propyl­

n-butyl­

t-butyl­

n-pentyl­

n-hexyl­

n-heptyl­

n-octyl-

4.3.5 Biodis1ribution studies. 

0.62 (8) 

0.83 (27) 

1.91 (11) 

2.81 (16) 

5.82 (-) 

6.68 (-) 

7.95(-) 

10.25 (15) 

10.66 (12) 

The animal biodistribution data for ["gm Tc (NQ) <NH"),, (H20»2+ , 

and [99mTc(No) (t-but ylNH"),, (H,,0»)2+ are given in Tables 4.5., 4.6., 

4.7. and 4.8. respectively. 

Gamma camera scintiphotographs of 

",." Tc (NQ) (n- butylN!L;,)4 (!L;,Q»)2+ and 

[""'''Tc(NO) (t-butylNH"),, (H"Q))2+ are shown in Figures 4.1., 4.2. and 

4.3. respectively. 
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Table 4.5. 

Animal biodlstrlbution data for [""mTc(NO)(NH")4 (ij.,Q)]2+ 

% injected dose/organ 

2 min sacrifice 60 min sacrifice 

mean S.D.* mean S.D." 

)!uscle 28.87 2.87 13.60 3.94 

Blood 17.61 0.92 5.79 1. 07 

Kidneys 4.09 0.92 5.47 2.31 

Bladder 0.29 0.15 34.24 17.21 

Lung 1.56 0.23 0.66 0.25 

Liver 4.52 0.74 5.06 0.86 

Spleen 0.23 0.05 0.13 0.04 

Stomach 0.91 0.14 0.60 0.28 

S. intestine 3.89 0.64 3.14 0.59 

L. intestine 2.27 0.63 1.38 0.65 

Heart 0.44 0.08 0.19 0.03 

ThyrOid 0.17 0.03 0.08 0.03 

Brain 0.07 0.02 0.03 0.00 

Carcass 35.08 2.36 29.64 7.82 

Injection site 3.28 0.70 2.86 1. 15 

Counts/gram ratio 

Heart/blood 0.36 0.03 0.46 0.02 

Heart/muscle 1.61 0.17 1. 50 0.22 

Heart/liver 0.89 0.50 0.38 0.02 

Brain/blood 0.03 0.00 0.03 0.00 

Brain/muscle 0.13 0.00 2.86 1.15 

# = standard deviation of three animals 
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Table 4.6. 

Animal hiodistributioD data fur ["gm Tc <NO> (ethyl NH2). (H2O> 1<:+ 

% injected dose/organ 

2 min sacrifice 

mean S.D" 

I!uscle 30.15 0.51 

Blood 18.04 0.48 

Kidneys 3.35 0.55 

Bladder 0.15 0.04 

Lung 1.70 0.00 

Liver 5.16 0.13 

Spleen 0.24 0.02 

Stomach 1. 21 0.01 

S. intestine 2.79 0.11 

L. intestine 3.02 0.31 

Heart 0.64 0.09 

Thyroid 0.18 0.00 

Brain 0.10 0.03 

Carcass 33.30 0.52 

Inj ection site 3.19 0.37 

Counts/gram ratio 

Heart/blood 0.42 0.04 

Heart/muscle 1.83 0.10 

Heart/li ver 1.20 0.05 

Brain/blood 0.03 0.01 

Brain/muscle 0.16 0.05 

# = standard deviation of three animals 

* = results for one animal only 
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60 min 

sacrifice" 

9.81 

7.04 

3.29 

45.75 

0.81 

5.13 

0.20 

0.78 

3.12 

1. 14 

0.17 

0.05 

0.02 

22.70 

2.52 

0.24 

1. 26 

0.28 

0.02 

0.13 



Table 4.7. 

Animal b1odistr1butioD data far [""MTc(NQ} (n-butyllfH",)a {HzO)J2+ 

% injected dose/organ 

2 min sacrifice 60 min sacrifice 

mean S.D" mean S.D." 

Jruscle 25.77 0.67 12.94 2.65 
Blood 15.94 0.48 6.41 1.55 
Kidneys 6.61 1.68 5.99 3.81 
Bladder 0.20 0.08 30.68 14.67 

Lung 1.85 0.07 0.80 0.30 
Liver 9.55 1.31 12.36 1.35 
Spleen 0.25 0.04 0.13 0.02 
Stomach 0.96 0.08 0.46 0.08 
S. intestine 3.90 0.66 4.84 0.05 
L.intest1ne 2.79 0.41 1. 37 0.16 
Heart 0.44 0.04 0.20 0.03 
ThyrOid 0.15 0.01 0.06 0.01 
Brain 0.08 0.03 0.02 0.00 
Carcass 31.52 2.18 23.74 4.91 

rnjection site 2.45 0.15 2.98 1.65 

Counts/gram ratio 

Heart/blood 0.42 0.02 0.57 0.06 
Heart/muscle 2.12 0.62 1. 53 0.02 

HearVl1 ver 1. 43 0.07 0.64 0.06 

Brain/blood 0.03 0.00 0.04 0.00 

Brain/muscle 0.13 0.05 0.10 0.01 

# = standard deviation of three animals 
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Table 4.8. 

Animal biodistrlblltion data for (""""Ic(NQ) (t-butylllH'!)4 (H"Q)l"+ 

% injected dose/organ 

2 min sacrifice 60 min sacrifice 

mean S.D" mean S.D." 

Xuscle 26.45 1.22 12.24 4.62 

Blood 16.62 4.69 4.36 1. 35 

Kidneys 5.35 2.14 4.39 1.54 

Bladder 0.23 0.09 41.95 19.41 

Lung 1. 80 0.41 0.63 0.21 

Liver 4.29 1.16 3.2'7 1. 10 

Spleen 0,26 0.04 0.14 0.06 

Stomach 1.13 0.02 0.53 0.19 

S. intestine 4.49 0,98 2.86 1. 1'7 

L.intestine 3.28 0.3'7 1. 36 0.41 

Heart 0.64 0.18 0.19 0.08 

ThyrOid 0.18 0.02 0.06 0.03 

Brain 0.08 0.03 0.02 0.00 

Carcass 32.19 5.73 28.02 8.86 

rnjection site 3.38 1. 01 3.34 2.06 

Counts/gram ratio 

Heart/blood 0.39 0.01 0.45 0.02 

Heart/muscle 1. 79 0.09 1.66 0.11 

Heart/li ver 0.54 0.04 0.18 0.03 

Brah/blood 0.03 0.00 0.03 0.00 

Brain/muscle 0.14 0.04 0.10 0.02 

# = standard deviation of three animals 

- 99 -



FlIPID' 4.1. 

Time post injection Image No. 

0 min. 1 

10 min. 2 

20 min. 3 

30 min. 4 

60 min. 5 
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Figure 42. 

Gamma camera imagg; of [99mlqOfQ) (n-bytyINH2}4 <HzO)]2 ..... 

Time post injection Image No. 

0 min. 1 

10 min. 2 

20 min. 3 

30 min. 4 

45 min. 5 

60 min. 6 
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Figure 4.3. 

Gamma camera images of [99mTc(!JO) (t-butylHH"")4 <H-.0)]2+ 

Time post injection Image No. 

0 llIi n. 1 

10 llIin. 2 

20 llIin. 3 

30 min. 4 

60 min. 5 
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4.4. Crystal structure determination of the trans-­

!lQlIonitrosyltetraam:!netg;hnetitm (I) cation. 

The crystal structure determination of the above compound has 

already been reported by Radonovich and Hoard (69) on the 

crystals prepared by Taube (30). In order to confirm that the 

complex produced by the alternative synthesis described above 

(4.2.3.) was in fact the trans-aquonitrosyltetraaminetechnet1um (Il 

cation it was decided to undertake a structure determination. 

The cation has an octahedral geometry with the almost linear Tc­

ND linkage trans to the coordinated water while the four amine 

groups lie in the equatorial plane and, as prepared, crystallises 

as the dichloride salt. 

Slow evaporation of the aqueous purple solution resulted in the 

formation of hexagonal plate shaped crystals which appeared to be 

suitable for crystal structure determination. A single crystal, 

(0.19 X 0.19 X 0.07mm) was selected and mounted about a. 

Cell dimensions calculated from Weissenberg photographs and 

refined on the diffractometer were comparable with those already 

reported and confirmed the structure to be solved. Rather than 

locating the technetium and chlorine atoms by the Patterson 

method, the reported coordinates were used immediately in least 

squares refinement calculations. These coordinates were revised 

by subsequent refinements and the coordinates of the other atoms 
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determined. A reliability factor of R=0.02 was achieved 

(literature R=0.042) 

The crystal data are summarised below: 

Formula: [Tc (NO}(NH")4 (H"Q)]Ck; 

Space group: monoclinic, P2,/m; 

Cell dimensions: a=6.86, b=10.62, c=6.631., )3=93.99·; 

Cell volume: 482.031.3 ; 

Z=2; 

Density: D,. not measured, Dx=1.969 gcm-S; 

Radiation: A(XoKa)=O.71071.; 

JI=18.58cm- 1 
; 

F(000)=283.98; 

T=273K; 

R=O .020 for 1202 observed reflexions with 1>30' (l) out of 1329 

measured reflexions; 

standard check reflexions on each layer with no significant 

changes; 

no absorption correction applied; 

T,. 'n= 0.7019, T".~x= 0.8778; 

All atoms anisotropic, unit weighting <based on weight analysis); 

8 H atoms located by difference map and refined, remaining H 

atoms omitted. 
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Final atomic coordinates are given in Table 4.9., bond lengths and 

angles in Table 4.10. H atom coordinates are given in Table 4.11. 

and the anisotropic thermal paraneters in Table 4.12. 

The numbering schene of the atoms of the cation is shown in 

Figure 4.4. A view of the contents of the unit cell is given in 

Figure 4.5. 

Observed and calculated structure factors are given in Appendix II 

Table 4.9. 

E~Dal pos1t1~~1 ~tamete[§ ~X1Q4l ~Da 1§otrg~1~ ~h~tm~l 
parameters (A2) for t rans-[Tc(XOl(IHs )4(H?0)lC12 

B..c,=8Tf2 ('/",) (Iu .. ) 

x y z B ... 

Tc 2173(0) 2500(0) 1773(0) 1. 7 (0) 

CH1) 2700(1) -207(1) 6981 (1) 2.7(3) 

rHl ) 2307(4) 463 (2) 1948(4) 2.6(1) 

IH2 ) 4186(5) 2500(0) -602(6) 2.7(1) 

1f(3) 639(5) 2500(0) 4496(5) 2.8(1) 

N(4) 142(5) 2500(0) 114(5) 2.1(1) 

0(1) 4741(5) 2500 (0) 3855 (5) 2.0(1) 

0(2) -1256(4) 2500(0) -1073(5) 3.3(1) 
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Table 4.1Q. 

Principal bond distances and an~les for traDs 

(Ie (NQ) (NR •• ). (H·,Q) le]" 

Bond Lengths 

To-O(1) 

To-I£(1) 

To-N(2) 

To-If(3) 

To-If (4) 

1f(4)-0(2} 

Bond Angles 

0(2)-N(4}-To 

o (1)-To-II(4) 

o (1)-lc-11<1) 

0(1)-10-][(2) 

0(1)-lc-][(3} 

0(1)-10-11(1) 

][(1)-10-][(4) 

][(1)-lc-1«2) 

)!<1)-lc-II(3} 

11(1)-10-11(1) 

11(4)-10-][(2) 

1I(4}-10-1I(3) 

11 (2)-10-1I(3) 
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2. 161(3) 

2.168(2} 

2.165(4) 

2.149(3) 

1. 1 '14 (3) 

1.19'1(4) 

1'18.8(3) 

1'19.8(1) 

86.3(1) 

86.1(1) 

83.'1(1) 

86.3(1) 

93.'7(1) 

90. '7 (1) 

88.'7(1) 

1'72.4(1) 

93.'7(1) 

96.6(1) 

169. '7(1) 



Table 4.11. 

Final pos1tional parameters (X104 ) for the hydrogen atoms Of 

[le (NQ) (NR")4 <H.,Q) 1Cb 

x y z 

HU1 2421 -10 670 

H2lr1 3340 256 2709 

H3lr1 1311 40 2610 

H1Jr2 5479 2500 -360 

H1Jr3 4109 1832 -1252 

HU3 2052 2500 5397 

H2N3 -555 2062 4406 

Iable 4.12. 

Anjsotr~1Q th~mal p~ametet5* {XlQ"'. ,&2) fcx: 
[Tc{ffQ) {fiR .• ). {H.,DllCb 

Ull V22 V33 V23 V13 U12 

le 21 (0) 19(0) 28(0) 0(0) 1(0) 0(0) 

CH1) 34 (1) 32(1) 38(1) -2(0) 2(0) 1 (0) 

NU) 38 (1) 21(1) 40(1) 1(1) -12 Cl) 0(0) 

N(2) 28 (2) 33 (2) 44(2) 0(0) 9 (1) 0(0) 

N(3) 29(2) 45 (2) 34 (2) 0(0) 6 (1) 0(0) 

N(4) 25 (2) 24 (2) 33 (2) 0(0) 2 (1) 0(0) 

0(1 ) 28(2) 27(1) 50(20 0(0) -9(1) 0(0) 

0(2) 29 (2) 53 (2) 44 (2) 0(0) -12 (1) 0(0) 

* The form of the anisotropic thermal parameter 1s given by 

exp (-2rr2 (U, , a*H"+ ....... 2U23 b*c*kl+ ..... » 
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Figure 4A. 

MglecuJ ar ~ __ w. ____ _ "trtlcture and atom numbering for the 

i t h etium (l) cation trans-aquQnjtrosyltetraam ne ec n 

02 N 1 

N3 
N 1 
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Pigure 4.5. 

A view pf the unit cell contents Of 

trcDs-!:!quonitrp§l'ltetr""m inetechnetll!m (I) d1cb] pr! de 



4.5. D1scuse1OD • 

Paper chromatography results show that by increasing the length 

of the amine chain. more lipophilic complexes were produced - the 

R. in saline decreases with increasing carbon chain length. For 

all neutralisation products. no movement was seen when the paper 

chromatograms were developed in butan-2-one. As expected. this 

lipophilic trend 1s also seen in the octanol/saline experiments. 

Biodistribution data for CTc(1l0> (JrH"> .. (H,,,O>]"'+ are given in Table 

4 .4. and the gamllla camera images in Figure 4.1. Both the illlages 

and the dissection data show renal clearance (34% after 60 

minutes) with the lIlajority of the remaining activity in the 

muscles and carcass. There is sOllle clearance through the liver but 

this is not significant. Heart uptake is not significant either. 

Biodistribution data for [Tc(JrO) (ethyINH",) .. <H:zO)]2+ are given in 

Table 4.5. Initially there is very high blood and muscle uptake 

with the lungs and liver quite low. After 60 minutes this has 

decreased significantly through lIlainly renal clearance with little 

hepatobiliary systelll clearance. Again heart retention is poor. 

Biodistribution data for CTc(NO)(n-butyLNH:z> .. (H20»)2+ are given in 

Table 4.6. and gamma camera bages are shown in Figure 4.2. This 

conpound shows significantly more liver clearance than the 

analogous samples described above with sinilar high initial blood 

and muscle uptake. A large proportion of the activity remains in 
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the carcass at sixty minutes with mostly renal clearance of the 

complex. 

Biodistribution data for [Tc<NOl (t-butylNH,,) .. (H"O>]"+ are given in 

Table 4.7. and gamma camera pictures are shown in Figure 4.3. 

Again, rapid urinary excretion of this conplex, although little 

liver clearance is apparent, unlike the n-butyl analogue. There 

also appears to be some bone uptake of this complex, the backbone 

being clearly visible. 

These results are not unexpected given the similarity of the 

complexes and whilst it can be demonstrated that even small 

variations in the basic tetraamine complex produces different 

biological activity none of the complexes demonstrate the heart 

uptake sought. 

The structure determination of the trans-

aquonitrosyltetraamintechnetium diohloride crystal provided 

confirmation of the effectiveness of the preparation aethod. The 

Tc-)[-O linkage is almost linear (178.8(3)') and essentially the 

conplex conforms to C4V geometry. The extent of It bonding in the 

complex is reflected by the combination of a short Tc-If bend 

(1.714 (3)1.) and longer )[-0 bond (1.197 (4)1.). Together with the 

observed infra red absorption of v(lfOl at 1795cm- 1 this would 

confirm )[Q+. The Tc-OH" and Tc-NR. represent 0' bonding with 

Tc-O at 2.161(3)1. and averaged Tc-NH" of 2.163 (8)1.. The amine 

ligands in the equatorial plane are bent slightly away from the 
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nitrosyl and toward the coordinated water and this could well be 

as a result of the extent of the n bonding of the Tc-NO linkage. 
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CHAPTER 5 

SYBTHFBIS. CHARACTHRISATION AID BIOLOGICAL STUDIES 

OF THE TRlcm.oROIUIROSYL (ACEIYLACETQNATO>­

TBCHlETIUK(II) ANION 

5.1. Introduction. 

The reaction of [Tc(IlOlCl4 1- with acetylacetone was found to give 

the complex (Tc(!lQ) (acac) Ch 1- which was isolated as its 

tetraphenylarsonium salt. This complex has been fully 

characterised by I-ray crystallography and mass 

spectrometry. The former shows that one of the oxygens of the 

aeac is trans- to the nitrosyl which is essentially linear, 

although disorder in the crystal prohibits accurate Deasurements 

of the bond angle. The latter shows facile loss of a single 

chlorine which suggests that ligand exChange of this may also be 

facile. The ESR spectrum at room temperature shows the expected 

10 lines due to splitting by the technetium. At -196'C the 

spectrWll Day be modelled as having three g values, gx = 2.0107, 

gv = 2.02225 and g:z. = 1.9460. 
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5.2. Synthesis of the trich1grgn:fVQSyl 

Cac;etylnrzetonatg)1;ectmetitm CXX) anion. 

5.2.1. Synthesis of no carrier added [9_ To (l"O)(acao)CI:.]- . 

To generator eluant (1 m1) was added concentrated HC1 (lml>. The 

mixture was heated for 30 minutes. The resulting solution was 

cooled, diluted with water (11111>, mixed with a solution of 

hydroxylaminedihydrogensulphate (lm1, 2.310 and heated for a 

further 30 minutes. The resulting solution containing the species 

[Tc(JrO>Cl"l"- was cooled and acetylacetone (0.5ml, 5mH) added. 

Further heating for 30 minutes produced the [Tc<JrO> (acac)Cb]­

cation which was extracted into dich1oromethane (5m1> • 

Evaporation of the dichlorolllethane solution followed by 

redissolution in methanol:water (50:50) yielded the complex in a 

form suitable for HPLC. 

The reaction was monitored at each stage by the standard 

chromatographic methods. 

5.2.2. Synthesis of ClUTier added [99To(l"O> <acac)Cb]-. 

To an aqueous solution of allllllonium pertechnetate <1ml., 0.15mH) 

was added concentrated hydrochloric acid (lm1> and the mixture 

heated for 30 minutes. The product of the reaction is (TcClG12-

as the yellow allllllonium salt. The resulting solution was cooled, 

diluted with water (lm1> , mixed with a solution of hydroxylamine 
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in water Uml, 2.3)1), and heated for a further 30 minutes. The 

resulting green solution contains the species [Tc(JfQ)CL,Xl- (X = 

Cl-, H2O>. To this solution was added acetylacetone (O.5ml, 5mK) 

and the solution heated under pressure for a further 30 minutes. 

The product was extracted from the resulting red solution into 

dichloromethane (lOml> leaving the unreacted CTc(NO)CL,Xl- in the 

aqueous phase. Evaporation of the dichloromethane layer gave a 

red oily residue which was redissolved in methanol:water (80:20) 

(5n1>. Addition of tetraphenylarsonium chloride <o.02g in lml of 

methanol> followed by evaporation of the solution to a low volune 

gave a red precipitate. Recrystallisation of this red solid from 

methanol/water gave kite shaped plates suitable for X-ray 

analysis. 

5.2.3. Preparation of the CODplex :for biological studies. 

6.211g of the carrier added [ .... Tc(JlO)(acac)Ch][ (CeHs) .. Asl conplex 

was dissolved in ethanol:water (50:50, 2ml>. 
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5.3. Rffi111t,s. 

5.3.1. Paper chroIIatography. 

For the no carrier added complex. 

[Tc<lfQ) (acac)Chl-

5.3.2. Electrophoresis. 

R. in 

butan-2-one 

0.03 (2) 

R. in 

saline 

0.80(4) 

Both the carrier added and no carrier added complexes decomposed 

under electrophoretic conditions. 

5.3.3. HPLC. 

For the no carrier added complex, retention time on system X 

(Amersham) 4.0 minutes. 
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5.3.4. Infra-red spectnna. 

(KBr Disc) Absorptions at 1770cm-' for v (HQ) and 320cm-' for 

v (Tc-Cl) . other absorptions as expected for co-ordinated 

acetylacetone. 

1770(s), 1570(m), 1520(m), 1480(m), 1435(m), 1365 (m) , 1275(m), 

1180(m), 1160(m), 1080(m), 1020(w), 995 (m), 930(w), 895 (m), 

845(w), 785(w), 740(s), 685(s), 475(sh), 450(m), 320(m)cm-'. 

5.3.5. Analysis. 

Found (calculated for ~9H27N03C13TcAs) 

C 48.81<48.50); H 3.79(3.76); H 1.89(1.95) 

5.3.6. FAB- uass spectrum. 

The FAB- mass spectrum has a major ion at M/z =333 

with other lower mass ions at M/z = 298, 

"'/z = 269, 

.... /z = 262, 

.... /z = 233, 

.... 1'" = 204. 

The FAB mass spectrum is shown in Figure 5.1. 
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Figure 5.1. 

FAB- mass spectrum Of [Ic (!iQ) (acac)Cbl-

187 
188 

-.......-

8 

233 

6 

" 

2 

Mass 
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5.3.7. Electron Spin Resonance spectra. 

The ESR spectra of the complex in ethanol were recorded at 

ambient temperature (Figure 5.2.> and -195'C <Figure 5.3.). The 

g.v = 2.12 and a.v = 135 gauss were measured directly. Since the 

complex has a low symmetry the frozen solution gave a complex 

spectrtJ1l! which could only be resolved into its component 

parameters using the POWDER simulation program. 

The results are summarised in Table 5.1. 

The ESR spectra at ambient temperature and at -196'C are shown in 

Figures 5.2. and 5.3. The simulated spectrum from the POWDER 

program 1s shown in Figure 5.4. 

5.3.8. BiodiGtribution studies. 

The animal biodistribution data for C'''''Tc(lfO) (acac)Cl:.l- is given 

in Table 5.2. 
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Table 5.1. 

ESR Parameters fpr (Ic(NQ> (acac}Cla ]-

Parameter Value 

<g> 2.12 

<a> 94.0G 

g", 2.0107* 

gy 2.02225* 

gz 1.9460* 

a", 105.4G* 

ay 105.4G* 

az 258.4G* 

* values from the POWDER simulation program. 
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Table 5.2. 

Animal biodlstribution data for [~~Tc(HO)(acac)C!3J-

% injected dose/organ 

2 min. sacrifice 60 min. sacrifice 

mean S.D." Dean S.D." 

Xuscle 27.62 3.24 14.38 0.03 

Blood 3.57 0.00 2.03 0.08 

Kidney 0.76 0.14 1.07 0.47 

Bladder 0.83 0.35 12.48 1.91 

Lung 0.73 0.03 0.53 0.13 

Liver 3.16 0.64 8.27 0.72 

Spleen 0.27 0.00 0.21 0.00 

Heart 0.57 0.07 0.23 0.02 

Brain 0.10 0.00 0.05 0.00 

Tail 0.91 0.19 0.59 0.36 

Carcass and gut 62.10 4.44 60.74 3.21 

Counts/gram ratios 

Heart/blood 2.36 2.04 2.06 1.47 

Heart/nuscle 1.99 2.22 2.07 1.60 

Heart/ 11 ver 1.96 2.61 0.41 0.S7 

Heart/lung 1.13 1.11 0.63 0.84 

# = standard deviation of two animals 
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5.4. Crystal structure detentlnation pt the 

tetra.phenJlorngnium §ott pf the y:lcblQTon1t0l§71 

(ccet,1acetgnoto)tecbnetitlm(II) onign. 

The anion [Tc(NO>Cb(acac)]- has a distorted octahedral 

geometry with three chlorine atoms, a bidentate acac ligand and 

the nitrosyl trans to either of the eqUivalent oxygens. The 

other trans position is occupied by a chlorine atom resulting 

in a disordered structure. 

The analysis of the data proved a non routine problem because 

of the disorder. As chlorine and nitrosyl have a similar 

number of electrons differentiation was not possible from a 

Fourier map. However, the positions of the individual atoms 

were eventually determined through careful analysis of 

difference maps and the atoms refined isotropically with 

occupancy factors of 0.5. 

This refinement showed that the chlorine and nitrosyl Ugands 

opposite the oxygen atoms of the acac group were disordered 

with random reversal. Attempts to refine the structure in 

space group Pi rather than pi showed the same disorder. Full 

matrix least squares refinement was carried out with bonds of 

the disordered nitrosyl fixed at conventional values (Tc-N 1.69 

and N-O 1. 1n) . 
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Red crystals grown from methanol/water mixture proved suitable 

for crystal structure determination. A kite shaped plate 

crystal (0.31 x 0.19 x O.08mm) was mounted about a. 

The crystal structure data are as follows: 

Formula: [(CsHs)4As][Tc(NO)CI3(Cs H702»); 

Formula weight: Hr=717.5; 

Space group: triclinic, pi; 

Cell dimensions: a=10. 261(4), b=l1. 261(10), c=13. 686 (10)1, 

«=101.7(5), ~=91.9(5), ~=97.3(5)·; 

Cell volume: U=1532.9313 ; 

Z=2; 

Density: Dm=not measured, Dx=1.554gcm-3 j 

Radiation: A(HoK~)=0.71069!; 

/1=18. 17cm-' j 

F(000)=717.87j 

T=293K; 

R=0.076 for 2008 observed reflexions with I>3~(I).j 

Stoe Weissenberg diffractometer, sin9/A(0.61-'j 

lattice parameters by maximising fit of axial row reflexions in 

range sin9/A 0.1 to 0.4; 

3958 reflexions measured, 2008 with I>3~(I)j 

h 0 ~ 8, k -12 ~ +12, I -15 ~ +15; 

standard check reflexions on each layer with no significant 

changes; 

absorption correction applied, tmln=0.717, t m• x =O.866; 
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- ------------------------------------------------------------------------------------------, 

Tc and As positions found by Patterson and other atoms by 

successive difference-Fourier methods, refined by full-matrix 

least squares on F to R=O.076, wR=0.079; 

overall scale factor and inter-layer scale factors refined; 

all atoms anisotropic except disordered and H, unit weighting 

(based on weight analysis and rapid convergence of refineuent); 

20 H atoms in calculated positions, remaining H atoms omitted; 

max 6/u=-O.378, 6p excursions +0.9 to -1.0eA-3; 

Final atomic coordinates are given in Table 5.3., bond lengths 

and angles in Tables 5.4. and 5.5. respectively, atonic 

coordinates for the hydrogen atoms are given in Table 5.6. and 

anisotropic thermal parameters in Table 5.7. 

The numbering scheme of the atoms of the anion is shown in 

Figure 5.5. N(3), 0(3) and N(4), 0(4) refer to the disordered 

nitrosyls and Cl(3) and C1(4) to their respective chlorines. 

The numbering scheme of atoms of the cation is given in Figure 

5.6. , 

Observed and calculated structure factors (xl0) are given in 

Appendi x II 1. 
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Table 5,3, 

E1DAl pgsi11aDAl ~~~ma1a~s ~X1Q42 ~na lsotrgpiC 1ba~mal 
parameters (62 ) for [(CsH5)4As](Tc (NO) (acac)ClaJ 

B,.q=8IF (1 Is) (EUu) 

• isotropic thermal parameter=8TI2 u (atoms at half occupancy) 

x y z B.q 

Tc 10910(2) 3166 (2) 1944 (1) 5,3(1) 
As 4414(2) 8117(2) 2911 (1) 4,9(1) 
Cl (1) 9884(7) 4871 (5) 1685(5) 7,4(4) 
CH2) 11782(8) 1329(6) 2007(6) 9,8(5) 
CI(3) 13046(21) 4221(16) 2402(12) 5,6. 
CH4) 10390(16) 3426(14) 3584(10) 6,8. 
0(1) 11335(15) 2912(13) 458(9) 6,2(7) 
0(2) 9089 (13) 2101(11) 1514(10) 5,0(7) 
CO) 11178(26) 2289 (23) -1293(15) 7,3(11) 
C(2) 10600(22) 2280(18) -280(15) 5,2(9) 
C(3) 9407(28) 1592(19) -222(16) 6,8(11) 
C(4) 8684(23) 1520(18) 633 (16) 5,7(6) 
C(5) 7475(26) 641(21) 567(20) 7,4(12) 
C(6) 15818(22) 2590 (17) 8487(13) 4,8(9) 
C(7) 16921 (19) 3403(19) 8863 (14) 4,7(9) 
C(8) 17053(28) 3944(20) 9861(18) 6,9(11) 
C(9) 16003 (28) 3649(22) 10447(16) 6,8(11) 
C(10) 14839(28) 2829(22) 10094(17) 7,1(12) 
COl> 14771(23) 2276(20) 9089(16) 5,8(11) 
CO2) 12712(23) 8147(19) 3459(14) 5,1(10) 
C(3) 12028(26) 7085(20) 3663(15) 5,8(11) 
C(14) 10790(25) 7126 (21) 3970(16) 5,6(18) 
C(15) 10155(35) 8130 (30) 4095(18) 9,2(13) 
C(16) 10885(28) 9202 (22) 3882(18) 6,8(12) 
C(17) 12172(28) 9182(24) 3555(16) 6,5(11) 
C(18) 15405(19) 9714(16) 3064 (13) 4,0(9) 
C(19) 14900(22) 10588 (20) 2615(15) 5,8(10) 
C(20) 15544(26) 11752 (20) 2750(19) 4,3(12) 
C(21) 16790(26) 11991(19) 3231 (19) 6,5(11) 
C(22) 17319(26) 11094 (23) 3692(18) 4,6(11) 
C(23) 16618(25) 9971(17) 3592(16) 5,5(10) 
C(24) 14608(29) 2846(19) 6431(14) 6,9(10) 
C(25) 13784 (19) 3637(20) 7016(16) 4,7(10) 
C(26) 13046 (30) 4310(21) 6546(18) 7,7(11) 
C(27) 13024(26) 4169 (24) 5530(20) 7,0(11) 
C(28) 13717(32) 3409(27) 4961(17) 8,3(12) 
C(29) 14510(26) 2724(24) 5421(16) 7,3(11) 
1l(3) 12425(24) 4076 (31) 2282(27) 5,2* 
0(3) 13594(27) 4332(37) 2436(30) 7,3. 
I\(4 ) 10442(54) 3377(51) 3144 (2l> 10,6. 
0(4) 9805 (30) 3793(29) 3780(22) 6,6. 
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Table 5.4. 

Bond pi stances for [(CsHS}4As][Tc(NQ) (acac)Cl a ] 

Anion 

Tc-Cl (1) 

Tc-C1(2) 
Tc-C1(3) 
Tc-C1(4) 
Tc-N(3) 
Tc-11'(4) 
N(3)-0(3) 
}1(4)-0(4) 
Tc-O(l) 
Tc-0(2) 
0(1)-C(2) 
0(2)-C(4) 
C(1)-C(2) 
C(2)-C(3) 
C(3)-C(4) 
C(4)-C(5) 

Cation 

As-C(6) 
As-C(12) 
As-C(18) 
As-C(24) 
C(6)-C(7) 
C(7)-C(6) 
C(8)-C(9) 
C(9)-C(10) 
C(10)-C(11) 
C(6)-C(U) 
C(12)-C(13) 
C(13)-C(14) 
C(14)-C(15) 
C(15)-C(16) 
C(16)-C(17) 
C(12)-C<17) 
C(18)-C(19) 
C(19)-C(20) 
C(20)-C(21) 
C(21)-C(22) 
C(22)-C(23) 
C(18)-C(23) 
C(24)-C(25) 
C(25)-C(26) 
C(26)-C(27) 
C(27)-C(28) 
C(28)-C(29) 
C(24)-C<29) 
average C-C 

J.. 
2.385(7) 
2.372(8) 
2.36(2) 
2.29(1) 
1. 74(3) 
1. 71(3) 
1.20(4) 
1.16(5) 
2.06(1) 
2.08(1) 
1. 27 (2) 
1. 28 (2) 

1. 53 (3) 

1. 38 (3) 
1. 42 (3) 

1. 47 (3) 

1.91(2) 
1. 93(2) 
1. 92 (2) 
1.90(4) 
1. 37 (3) 
1. 37(3) 
1. 44(4) 
1. 43 (3) 

1.39(3) 
1.43(3) 
1. 39 (3) 

1. 35 (4) 

1.36(4) 
1. 42 (4) 

1. 41(4) 
1. 34 (4) 
1.40(3) 
1. 36 (3) 
1. 39 (4) 
1. 45 (4) 
1. 35 (3) 
1. 39 (3) 
1. 45 (3) 
1. 37(4) 
1.37(4) 
1.33(4) 
1. 41(4) 
1. 36 (3) 
1. 39 (3) 
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Table 5,5. 

Bond "ngles fpr [<CaBs) 4 'sHIn (J[Q) c"cac)C13 I 

Anion 

Tc-IH3) -0 (3) 
Tc-I[(4)-0(4) 
Cl (1)-Tc-Cl (2) 
Cl (1)-Tc-Cl (3) 
Cl (1)-Tc-Cl (4) 
Cl (1)-Tc-O(1) 
Cl (1)-Tc-0(2) 
Cl (1)-Tc-IH3) 
Cl (l)-Tc-J[(4) 
Cl (2)-Tc-Cl(3) 
Cl (2)-Tc-Cl (4) 
Cl (2)-Tc-0(1) 
Cl (2)-Tc-0(2) 
Cl (2)-Tc-IH3) 
Cl (2)-Tc-J[(4) 
Cl (3)-Tc-0(1) 
Cl (3)-Tc-0(2) 
Cl (3)-Tc-IJ<4) 
Cl (4)-Tc-0(1) 
Cl (4)-Tc-0(2) 
Cl (4)-Tc-11:<3) 
0(1)-Tc-0(2) 
o (1)-Tc-I[(3) 
o (1)-To-1[ (4) 
0(2)-10-1[(3) 
0(2)-10-11<4) 
To-0(1)-C(2) 
Tc-0(2)-G(4) 
C(1)-C(2)-C(3) 
C(2)-C(3)-C(4) 
C(3)-C(4)-C(5) 

158.6(33) 
152.1(47) 
172.6(2) 
97.5(5) 
93.0(5) 
86.8(5) 
86.9(4) 
92.1(12) 
90.6(20) 
87.8(5) 
92.0(5) 
88.1(5) 
87.7(4) 
93.3(12) 
94.2(20) 
89.8(6) 

175.3(6) 
93.8(17) 

178.7(6) 
89.7(5) 
91. 2(12) 
89.0(5) 
90.1(13) 

175.8(19) 
178.6(14) 
87.6(17) 

126.3(14) 
126.9(14) 
120.3(18) 
128.4(19) 
120.8(19) 
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Cation 

C(12)-As-C(18) 
C(12)-As-C(6) 
C(12)-As-C(24) 
C(18)-As-C(6) 
C(18)-As-C(24) 
C(6)-As-G(2'D 
C(7)-C(6)-C(1l) 
C(6)-C(7)-C(8) 
C(7)-C(8)-C(9) 
C(8)-C(9)-C(10) 
C(9)-C(10)-C(11) 
C(10)-C(11)-C(6) 
C(13)-C(12)-C(17) 
C(12)-C(13)-C(14) 
C(13)-C(14)-C(15) 
C(14)-C(15)-C(16) 
C(15)-C(16)-C(17) 
C(16)-C(17)-C(12) 
C(19)-C(18)-C(23) 
C(18)-C(19)-C(20) 
C(19)-C(20)-C(21) 
C(20)-C(21)-C(22) 
C(21)-C(22)-C(23) 
C(22)-C(23)-C(18) 
C(25)-C(24)-C(29) 
C(24)-C(25)-C(26) 
C(25)-C(26)-C(27) 
C(26)-C(27)-C(28) 
C(27)-C(28)-C(29) 
C(28)-C(29)-C(24) 

average C-C-C 

113.1(8) 
108.9(9) 
108.7(11) 
107.8(8) 
108.4(9) 
109.9(9) 
123.0(16) 
119.9(20) 
118.0 (2ll 
122.8(20) 
117.0(23) 
119.3(19) 
121.6(23) 
118.0(23) 
125.0(25) 
115.5(29) 
120.6(26) 
119.3(24) 
121.4(17) 
120.8(20) 
117.5(23) 
121. 4 (21) 
119.0(23) 
119.3(22) 
117.5(24) 
119.1 (2ll 
120.0(24) 
122.7(28) 
118.8(23) 
121. 6 (24) 

120.0(22) 
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Table 5.6. 

E11lll.1 pclOttiCllll.l PlII:IIIII!ltlltlii ~Xl!l42 lI.nd 1actI:cl!1Q theOlli:ll 
pata.m~~x:a ~A2~ fox: :tll~ h~tQieD a:tCD5 !:If 
[(G.;Hs)4AIOHTc (HQ) (lIoQIIc)Chl 

B=8Tf"u 

x y z B 

H(7) 17680 3618 8374 4.6 
H(8) 17924 4563 10178 6.5 
H(9) 16091 4087 11230 6.5 
H(10) 14058 2645 10574 6.8 
ROl) 13936 1614 8762 5.6 
H(l3) 12468 6254 3579 6.1 
R(14) 10270 6297 4126 6.5 
R(15) 9162 8116 4341 8.3 
R(16) 10447 10035 3977 7.3 
R(17) 12713 9996 3385 6.4 
R(19) 13988 10336 2159 5.8 
H(20) 15101 12461 2493 7.3 
H(2l) 17378 12867 3266 6.1 
H(22) 18258 11318 4113 7.4 
H(23) 16998 9281 3921 5.2 
H(25) 13751 3695 7811 5.4 
a(26) 12478 4953 6979 6.9 
H(27) 12421 4700 5179 6.8 
H(28) 13673 3316 4157 7.6 
H(29) 15053 2084 4963 5.8 
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Table 53. 

ADiagtrn~1Q th~mal par~m9te~* ~X1Q3, 6"1 fCI: 
[(CeH6 14AsHTo(NOl (acaclChl 

U11 U22 U33 U23 U13 U12 

To 97(3) 58(1) 48 (1) 6(1) -6(1) -21 (1) 
As 92(3) 54(1) 39(1) 8(1) -3(1) -17 (1) 
Cl (1) 122(6) 67(4) 92 (4) 2(3) -22(4) -8(4) 
Cl(2) 158(8) 62(4) 149 (7) 29(4) -49(5) -8(4) 
0(1 ) 114(12) 76(9) 47 (8) 8(7) -3(8) -33(8) 
0(2) 52(9) 62(8) 76 (9) 1(7) 15(7) -24(7) 
C(l) 122 (17) 112 (15) 44 (11) 23 (11) 14 (11) -6 (13) 
C(2) 84(15) 58 (11) 55(11) -1(9) -4 (11) -17(11) 
C(3) 144(18) 55(12) 58(12) 2(10) -3(13) -8 (13) 
C(4) 100 (16) 59(12) 59(12) 4(10) -16 (12) -36(11) 
C(5) 100(16) 63(13) 118 (16) -7(12) -16(13) -30(12) 
C(6) 86(15) 54 (11) 42 (10) 4(8) -20(10) -13 (10) 
C(7) 44(12) 83(13) 51 (10) 2 (10) 7 (9) -13(10) 
C(8) 125 (17) 63(13) 74(13) 3 (11) -19(13) -11 (12) 
C(9) 115 (17) 89(14) 55(12) 2 (11) 15(12) 21 (14) 
C(10) 130(17) 90(14) 57(12) 1 (11) -9(12) -35(13) 
C(ll) 72(15) 78(13) 69(12) 3 (11) 18 (11) -6(11) 
C(12) 97(15) 50 (11) 46(10) 13(9) -13 (10) -18(12) 
C(13) 75(16) 84 (14) 63(12) 1 (11) 11(11) -30(12) 
C(14) 63 (16) 71 (13) 80(13) -9 (11) 12(12) -24(12) 
C(15) 188(20) 110 (17) 52(12) -12(13) -29(14) -29(17) 
C(16) 91<17> 75(14) 92(14) 12 (12) 1(13) 12(13) 
C(17) 92(17) 92(15) 62(12) 25 (11) 2(12) -12 (13) 
C(18) 50(13) 51 (11) 51 (10) 7(9) 2(8) -19(9) 
C(19) 74(14) 79(13) 69(12) 30(11) -14(10) -2(11) 
C(20) 90 (16) 63(12) 115(15) 40 (11) 12(13) -22(12) 
C(21) 76(16) 52(12) 118(15) -9(12) 62(13) -13(11) 
C(22) 106(16) 69(13) 85(14) 3 (11) -19 (12) -18(13) 
C(23) 106(16) 35(10) 67(12) 2(9) -8 (11) -7(11) 
C(24) 181(18) 53(12) 29 (9) 7(9) -13(12) -26(13) 
C(25) 17(12) 80(13) 81(13) 21(11) 10(10) -16 (10) 
C(26) 161 (19) 63(13) 67(13) 11<11> -9(14) -3(14) 
C(27) 93 (16) 90(14) 84(14) 37(12) -3(13) -1(13) 
C(28) 142 (18) 122(16) 51(12) 31(12) -4 (13) 31 (15) 
C(29) 118(17) 111 (15) 49 (11) 22(11) 20(12) 37 (14) 

* The form of the anisotropic thermal parameter is given by 
exp{-21J2 (U"a*2h2 t ....... 2U,,"'b*c*kl+ .... )} 

- 133-



Fig]lre 5.5. 
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Figure 5.6. 
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5.5. Wscu§§ign. 

The preparation of acetylacetonato containing technetium complexes 

has been noted previously. J(azzi reacted ITclCsP- and 

TcX .. (FPh3)2(X = Cl-, Br-) with acacH and isolated a series of 

species including I TcCl .. (acac»)- and other technetium (IV) 

containing species with mixtures of chloride, PPh3 and 

acetylacetonato ligands (23). Interestingly the technetium <tII) 

conplex TcX(acac):z(PPh3) and TcX2(acac)(PPh,.)2 were also isolated 

depending upon the conditions eDployed (97). Davison, Jones and 

coworkers isolated Tc(acac)3 directly from pertechnetate reduction 

by sodium dithionite (111), However, ITc(IfO)(acac)Cbl- is the 

first example of a technetium (ID acetylacetonato complex where 

the lower oxidation state is being stabilised by the presence of 

the nitrosyl group. 

The infra red spectrum of the complex has a strong absorption at 

1710CD-' typical of the v(NO> stretching vibration for linear 

nitrosyls, which may be considered as 11'0+. The similar 

absorption in ITc(NO)Cl..X)n- varies between 1805cm-' and 

1195cm-' depending upon the nature of the trans ligand, X (160). 

The I-ray data of the triolinic crystal shows that the 

trichloro (acetylacetonato)nitrosyltechnetium (II) anion has a 

distorted octahedral geometry with two chlorides mutually trans 

and the other chloride and the nitrosyl occupying disordered 
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positions trans to the chemically equivalent oxygens of the 

acetylacetonato ligand. 

As described above (5.4.) the solving of the crystal structure was 

not staightforward due to the disordered arrangement. Final 

matrix least squares refinement was carried out with bonds of the 

disordered nitrosyl fixed at conventional values (Tc-IT 1.69 and N­

O 1.17A). This refinement showed that the chlorine and nitrosyl, 

while occupying the same geometrical position are slightly axially 

displaced C1(3)-Tc-OCal 174.7(6)-, If(3)-Tc-O(2) 178.1(12)- and 

C1(4)-Tc-0(3) 175.4(7)" 1f(4)-To-O(3) 170.5(11)". 

The bond angles for To-]«3)-0(3) and Tc-N(4)-0(4) are 154.0(30) 

and 155 (30) - respectively which is considerably different from 

that of [Tc(NO>CLdCIbOH)]- which has a bond angle of 175.5(10)0. 

The 1.r. vibration v(NO> of the famer is at 1770cm- 1 while that 

of the latter is 1805 cm-I. Both may be considered as NIJ+ 

instead of lTa-. The disorder and slight axial displacement of 

the two l1gands result in some loss of accuracy in the bond 

lengths and angles and detailed discussion of these is therefore 

not appropriate. 

The acac ligand bond distances and angles are comparable with 

those reported for other technetium complexes containing this 

ligand and the non-disordered chlorines have bond distances to 

the technetium which are unremarkable. 
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The FAB- mass spectrum of the complex (Figure 5.1.) has a major 

ion at M/z=333 due to [Tc(NO)(acac}Ch]- with the expected isotope 

pattern due to the 3 chlorine atoms. Fragmentation occurrs via 

the loss of 1 chlorine to M/z=298. The ions at M/z=269 and 262 

correspond to [H-CI-NO+H]- and [K-2Cl+H]- respectively. The other 

lower mass ions at 233 and 204. are due to [TcCl<acac}]- and 

[TcCb]-. The facile loss of a single chlorine indicates that the 

parent complex may readily undergo exchange of this ligand while 

loss of the acac group may be difficult. 

The electron spin resonance spectra of the complex recorded at 

ambient temperature is that expected with the signal split into 10 

by the 1="'/2 technetium nuclear spin (Figure 5.2.). The g .. v=2.12 

and aav=135 gauss were measured directly. The cODplex has low 

symmetry and the frozen solution gave a complex spectrum (Figure 

5.3.) which could only be resolved into its component parameters 

using the POWDER simulation program (Figure 5.4..). 

Several other technetium(11) nitrosyl coDplexes have been prepared 

and their ESR spectra measured. Kirmse and coworkers (65,71) 

reported the spectrum of Tc(]'fO)C13<PKe2Ph}2 which appears to have 

the two phosphines mutually trans. However it was assumed that 

their spectrum could be modelled as axially symmetric. The 

cODplexes [Tc(]'fO)Xs]'2- (X = halide, I'fCS-) were modelled in a 

siDilar fashion. The [Tc (lfQ}Cla (acac»)- is unusual since one of 

the oxygens of the acac ligand is trans to the nitrosyl and thus 

the spectrum cannot satisfactorily be Dodelled as axial. 
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The animal biodistribution data collected from the sampling of the 

carrier added complex showed only moderate heart uptake which 

washes out with time whilst liver uptake increases with time. 

Initially the blood and muscle activity levels are high but these 

clear. Significant urinary excretion takes place over the period 

of the distribution, but not as high as in the tetrachloro- and 

tetrabromonitrosyltechnetium(II) anions or the technetium (I) 

nitrosyltetraamine analogues. 
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CHAPTER 6 

SXBTHESIS. CHARACTERISATION ADD BIOLOGICAL STUDIES 

OF TWO TECHJE[IUJUI)JUTROSYI. CATIOllS 

THE Cm.QROBITROSYJ.-BIS- CDPPR>TH<jHHBTIUXCI> ADD 

Cm.OROllITROSYI.-BIS CDI ARS> TECHl"RTIUXC I > CATIOliS 

6.1. Introduction. 

Work by Deutsch's group has already denonstrated that technetium 

(IlI> cations of the type [TcL:.X",I+, where L = ditertiary 

pbosphines or d1arsines and X = Cl or Br, yield excellent images 

of the myocardium in dogs (25). Unfortunately in humans the 

Tc(III> complexes undergo reduction in vivo to the neutral TeUI> 

complexes which are not taken up by the heart. However, it has 

been found that the neutral complexes and particularly the bis­

diars complex are able to cross the blood brain barrier which 

makes them potential brain perfusion agents. 

In an attempt to produce similarly lipophilic technetium(I> 

cations containing the [!c-IIOJ"'+ core [!c(JIQ)CL.l- was reacted 

with dppe and diars. The complexes have been fully characterised 

by FAB+ mass spectrometry and, in the case of the diars complex 

X-ray crystallography. 
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6.2. Syntbesis at the chlorpnitrgs,.l-bis=(dppe)tooJ!netillll (J) 

cation. 

6.2.1. Synthesis at no carrier added (-Tc(1) arD> (dppehCll+. 

To 1 ml of generator eluant was added 1 ml of concentrated HCI. 

The mixture was heated in a pressure cooker for 30 minutes. The 

product of the reaction is sodium hexachlorotechnetate. The 

resulting solution was cooled, diluted with water (1nl>, mixed 

with a solution of hydroxylamine SUlphate (lml, 2.3)1) and heated 

for a further 30 minutes. The resulting solution contains the 

species [Tc(JrO>C4Il- (X=Cl-, H2O>. To this solution was added 

dppe (30mg, 0.075mM) and ethanol (1.0 mD and the nixture heated 

in the pressure cooker for 30 minutes. 

The reaction was monitored at each stage using the standard 

chromatographic procedures described above. 

6.2.2. Preparation at the no carrier added complex for 

biological studies. 

As prepared above the complex 1s 85% radiochemically pure. The 

complex was adsorbed onto a miUipere filter and eluted with 50:50 

ethanol:water to give a pure complex free of starting materials. 
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6.2.3. Synthesis of carrier added [""Tc(I)(IO)(dppehCl]+. 

6.2.3.a. J(ethod 1. 

To an aqueous solution of ammonium pertechnetate (lm!., 0.15m10 

was added concentrated hydrochloric acid (lml) and the mixture 

heated for 30 minutes. The product of the reaction is CTcCl"l"'­

as the yellow amnonium salt. The resulting solution was cooled, 

diluted with water (lml) , mixed with a solution of hydroxylamine 

in water (1ml, 2.3Hl, and heated for a further 30 minutes. The 

resulting green solution contains the species ITc(NOlCI"Xl- (X = 

CI-, H2O>' To this solution was added tetrabutylammonium chloride 

solution in water (lml, 75~l followed by dichloromethane (10 ml). 

The anion can be quantitatively extracted as the tetra­

butylammonium salt. The dichloromethane is evaporated off leaving 

a green solid. To this solid was added ethanol <20 ml) and dppe 

(120mg, 0.30mH) and the mixture refluxed under nitrogen for 4 

hours during which tille the solution becaDe yellow in colour. The 

solvent was evaporated to a small volume (3ml) and an equal 

volume of dichloromethane added. ! solution of sodium 

tetraphenylboron (250mg in Iml 50:50 dichloromethane:ethanol> was 

added until a cream coloured precipitate was obtained from the 

yellOW solution. The precipitate was removed by filtration, 

redissolved in dichloromethane and pale orange needles of 

ITc(NO> (dppehCIJ[ (C"H"),,Bl recrystallised by slow evaporation of 

the sol vent. 
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62.3.b lIethod 2. 

To an aqueous solution of ammoniun pertechnetate (1ml., 0.15mK) 

was added concentrated hydrochloric acid (1111) and the mixture 

heated for 30 minutes. The product of the reaction is [!cCI .. 12 -

as the yellow ammon1un salt. The resulting solution was cooled, 

diluted with water (1ml> , mixed with a solution of hydroxylamine 

hydrochloride (bl, 2.310 and heated for a further 30 minutes. To 

2111 of the resulting green solution containing the species 

(TcOrQ)CI4X)- (X = Cl-, H2O) was added dppe (60mg, 0.1511X) and 

ethanol (1.0 ml). The mixture was heated in a pressure cooker for 

30 minutes. A yellow solid resulted which was suspended in the 

aqueous solution. This yellow product containing the cation 

(TeGO) (dppehCll+ can be extracted into dichloromethane, 

precipitated as above (6.2.3.a. method 1) with sodium 

tetraphenylboron and allowed to crystallise. 

6.3. S;Jotbet5i§ of thB chlomni1;rrlQ"1-b:ls-(d1nm)teghnet1!1p(I) 

cation 

6.3.1. Synthesis of no carrier added [ ...... Te(l){IO)(d1ars>2Cll+. 

To 1 ml of generator eluant was added 1 ml of concentrated HC!. 

The mixture waS heated in a pressure cooker for 30 minutes. The 

product of the reaction is sodium hexachlorotechnetate. The 

resulting solution was cooled, diluted with water (111l> , mixed 

with a solution of hydroxylamine sulphate (1ml, 2.31D and heated 

- 143-



for a further 30 minutes. The resulting solution contains the 

species [Tc(![OlCL.X]- <X = Cl-, H20l. To this solution was added 

dial's (0.05ml, 0.16mIO and ethanol (1.0mI>. The mixture was 

heated for 30 minutes in the pressure cooker. The product was 

adsorbed onto a MilUpore filter and eluted with 50:50 

ethanol:water to give a pure product free of starting materials. 

6.3.2. Synthesis of carrier added ["'Tc(I> <ID> (d1ArshCll+. 

6.3.2.a Jlethod 1. 

To an aqueous solution of ammonium pertechnetate (lml., 0.15mK) 

was added concentrated hydrochloric acid (lml> and the mixture 

heated for 30 minutes. The product of the reaction is [TcCI,,]2-

as the yellow ammonium salt. The resulting solution was cooled, 

diluted with water (lml> , mixed with a solution of hydroxylamine 

in water <1ml, 2.3K), and heated for a further 30 minutes. The 

resulting green solution contains the species [Tc(NO)CL.X]- (X = 

CI-, 1b0l. To 2ml of this solution, deoxygenated with nitrogen, 

was added dial'S <0.05 ml, O.16m1!> and the mixture heated in the 

pressure cooker for 30 minutes. A yellow oil formed which 

extracted into dichloromethane. Bvaporation of the solvent yields 

a yellow solid. 
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6.3.2.b. Jlethod 2. 

To an aqueous solution of ammoniun pertechnetate (lml., O.15mK) 

was added concentrated hydrochloric acid Uml) and the mixture 

heated for 30 minutes. The product of the reaction is (TcCI .. J2-

as the yellow amnoniun salt. The resulting solution was cooled, 

diluted with water (lml> , mixed with a solution of hydroxylamine 

in water Uml, 2.310, and heated for a further 30 minutes. The 

resulting green solution contains the species (Tc(NO)CL.X]- (X = 

CI-, H2O>' Addition of tetrabutylammonium chloride solution (75'); 

in water) allowed extraction of the (Tc(NO>CI4X]- into 

dichloromethane (5ml>. This solution was deoxygenated with 

nitrogen and diars (0.2ml, 67mM) added. The solution became 

yellow-green on standing and yellow rhomboid shaped crystals 

formed on slow evaporation of the solvent. 

6.3.3. Preparation of the ClUTier added COlIIplex for biologiClll 

studies. 

4.3mg of the crystalline solid was dissolved in 50:50 

ethanol:water to give a solution which was used without further 

purification. 
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6.4. Rm;vlts. 

6.4.1. Paper chromatography. 

For both carrier added and no carrier added complexes. 

Conplex 

[Tc(I) (NO) (dppe)2ClJ+ 

[Tc(I> (NO) (diarshCIJ+ 

6.4.2. Electrophoresis. 

R. in 

butan-2-one 

0.73 (2) 

0.69 (3) 

R. in 

saline 

0.03 (2) 

0.04 (3) 

For carrier added and no carrier added preparations of both 

cations, the complex does not move under electrophoresis 

conditions presumably due to its insolUbility. 

6.4.3. HPLC. 

For the no carrier added preparation of £Tc <NO> (dppehCIJ+ . 

Retention time on system X (Amersham) 10.7 minutes 

Retention time on system X2 (Amersham) 12.6 minutes 
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For the carrier added and no carrier added preparations of 

!Tc(l) (NO) (diarshCIJ+ 

Retention time on system X (Amersham) 7.3 minutes 

6.4.4. In:fra-red spectra. 

For ITc<NO> (dppehCIJ+ 

(KBr disc) Absorptions at 1775ClR-' for v (NO>. Tc-CI low. 

For ITc(I)(NO)(diars)2CIJ+ 

(KBr disc) Absorption at lnOcm-' for v (NO). 

6.4.5. halysia. 

For ITc<NO) (dppehCll+ 

(calculated for C76H6.NOClTcBP4) 

C 70.31<71.28); H 5.57<5.32); Ji 1.37<1.09) 

For ITc (l) (HO) (diarshClJ+ 

(calculated for C36H6eNOClTcAs4) 

C 40.53(41.14); H 6.80(6.48); Ii 2.76(2.67) 
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6.4.6. FAB+ lIASS spectra 

[Tc(NQ) (dppehCll+ 

Kajor ion (M/Z ) 

Lower mass ions (M/Z ) 

The FAB Dass 

ITc (1) (NQ) (diarshCll+ 

respectively. 

960 

925 

562 

spectra for 

are given in 

6.4.7. Biodistribution studies. 

[Tc(1) (NQ) (diarshCll+ 

736 

706 

450 

CTc(NO} (dppe>::zCIJ+ 

Figures 6.1. and 

and 

6.2. 

The biodistribution data for the no carrier added preparation of 

[Tc<NQ) (dppebCll+ are given in Table 6.1. 

The biodistribution data for the carrier added preparation of 

ITc(1) 010> (diars}"Cll+ are given in Table 6.2. 

6.4.8 1 H IJIR of the carrier added. COIlplexes. 

The spectrum of the dppe complex shows broad, unresolved singlets 

at 2.95, 2.80, 2.50, and 1.70 ppm. 

The spectrum of the diars complex shows multiplets at 8.20 and 

7.80 ppm and poorly resolved multiplets at 1.95, 1.65, 1.40, and 

1.05. 
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- - - - - - - - - - -- - - ------------------------

Table 6.1. 

Animal biodistribution data for [""mIc(NQ) (dppehCll+ 

% injected dose/orsan 

2 min sacrifice 60 min sacrifice 

mean SoD." nean S.D." 

)[uscle 10.64 0.86 11.27 0.46 

Blood 34.72 6.01 6.13 0.83 

Kidneys 1. 91 0.16 1. '12 0.06 

Bladder 0.0'1 0.00 0.'19 0.08 

Lung 6.04 0.31 3.41 0.26 

Liver 41. 6'1 2.51 53.76 1.08 

Spleen 1.29 0.18 3.16 0.46 

Stomach 0.48 0.18 0.54 0.10 

S. intestine 1. 58 0.45 10.63 0.25 

L. intestine 1. 09 0.21 0.83 0.16 

Heart 0.63 0.11 0.47 0.03 

Thyroid 0.09 0.05 0.05 0.01 

Carcass 0.00 0.00 7.21 0.58 

Injection site 11. '19 15.54 2.34 0.45 

Counts/gram ratio 

Heart/blood 0.26 0.06 1.13 0.08 

Heart/muscle 6.08 0.6'1 4.53 0.33 

Heart/ 11 ver 0.1'1 0.03 0.10 0.00 

Brain/blood 0.02 0.00 0.03 0.00 

Brain/muscle 0.52 0.02 0.11 0.00 

# = standard deviation of three animals 
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Table 6.2. 

Animal bigdistribytipn data far [ggTc(NO)(diars)2C1]+ 

% injected dose/organ 

2 min sacriiice 60 min sacriiice 

mean S.D." nean S.D."' 

Xuscle 25.54 4.81 30.99 7.65 

Kidneys 8.80 1. 74 3.38 2.60 

Bladder 2.45 2.08 4.54 3.80 

Lung 0.66 0.23 0.08 0.01 

Liver 11.86 0.54 4.62 1.40 

Spleen 0.91 0.12 0.71 0.24 

Heart 1. 33 0.00 1.14 0.25 

Brain 0.06 0.09 0.07 0.01 

Carcass and gut 48.48 4.12 55.81 6.37 

Injection site 0.70 0.09 2.75 2.74 

Counts/gram ratio 

Heart/muscle 6.35 0.83 5.41 3.38 

Heart/li ?er 1. 40 0.08 3.13 0.05 

Heart/lung 2.68 0.40 19.42 5.18 

I = standard deviation of two animals 

• = standard deviation of three animals 

- 152-



6.5. 

6.5.1. 

Crystal stnxrture deterginotfcma. 

Attempted crystal structure detenaiDat1an of the 

chloroni trosy 1-bis- (dppe)tecbnetiUIII (1) cation. 

A fine needle shaped crystal was selected for the structure 

determination. FrOD the preliminary Veissenberg photographs it 

was found that the tetraphenylboron bis 

(bisdiphenylphosphinoethane)chloronitrosyltechnetium(I) 

[(c..IIs)",BJ[Tc(IJO)(C""H"",P .. >:'ClJ crystal is monoclinic, space group 

P2'/a, with cell dimensions of 0=25.75, b=24.21, c=10.97A, ]3=98.11'. 

However early in the solution of the structure it became clear 

that because of the s1Dllarlty, electronically, of P, Cl and NO 

that the structure was disordered. The technetium core was 

confirmed to be six co-ordinate but the ligands could not be 

resolved with the data collected from the crystal selected. 

6.5.2, Crystal structure determination of chlaronitrosyl-bis­

(diars)technetiUlll (Dchloride tetro.butyllmDonium chloride. 

The chunky rhomboid shaped crystals appeared suitable for X-ray 

analysis and after preliminary observation under a polarising 

microscope were passed to Birmingham University for a structure 

determination. 
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The compound crystallises in the space group C2/c and it is found 

that the nitrosyl and chloride are again disordered. The 

technetium is confirmed to be six coordinate with the two diars 

ligands in the axial plane and the disordered nitrosyl and 

chlorine atoms trans to each other. 

A summary of the crystal structure determination is described in 

AppendiX IV. 

6.6. ill6C"§§ipn. 

The preparation and biological distribution of technetium 

complexes with diphosphine and diarsine ligands has been well 

explored by Deutsch and his coworkers. Reaction of the ligand (L) 

with either [99TcXsl"- (X = Cl or Br) or [99mTc04]- leads to the 

series of complexes of the general formula [Tc<III)L",x,,]+. Where 

the ligand acts both as the reductant and chelating agent. 

[Tc<lfO)C14]- reacts with dppe or diars in ethanolic solution to 

give [Tc(l)(NO> (dppehCll+ and [Tc<I)(JlO> (diarshCll+ respectively. 

Infra red spectra of the complexes show strong absorptions at 

1775cm-' for the dppe complex and 1720cm-' for the diars complex 

which is typical of the v <lfO) stretching vibration in linear 

nitrosyls as seen in Table 1.3. 

Confirmation of the. linear nitrosyl is provided by the crystal 

structure of the diars complex which crystallises as 
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[Tc (1f0)(diars)2CllCl.[ (CAU.) "N]Cl. Due to disorder of chlorine and 

nitrosyl in the crystal the solution was refined by calculating 

the position of the nitrogen and oxygen atoms relative to a 

chlorine atom with occupancy factors of 0.5. 

Using this model, the Tc-:l-O bond angle is virtually linear 

(179.9·) and because of this detailed discussion would not be 

appropriate. However, the average Tc-As distance of 2.492(12)A is 

in close agreement with the comparable bonds in 

[Tc(III> (diars)2Cl:.l+ (2.512 (2» (106) and [Tc(diarshCl,,]+ 

(2.514 (S)1.) (21). The Tc-Cl bond length of 2.411<1S>A is slightly 

longer than those in the above technetium(III> complexes. This 

would be expected of a ligand trans to the nitrosyl and 

particularly where the ligands in the equatorial plane are 

competing for electron density from the technetium with the 

nitrosyl. Both the Tc-If backbonding and the chelating effect of 

the two diars ligands will be stabilising the complex in oxidation 

state 1. 

The As-Tc-As bond angle of 8S.1(1)· is also comparable with those 

reported for the above complexes (82.4 (1). and 83.5 (1). 

respectively) . 

Drtep diagrams of the complex cation and of both cations as 

positioned in the unit cell are given in Figures 1. and 2. of 

Appendix IV together with bond lengths and angles in Tables 1. 

and 2. respectively. 
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As noted above a combination of disorder in the crystal and poor 

quality data prevented a structure determination on 

[Tc(l) (ITQ) (dppehClJ[ (CsHs) .. Bl. However, during their parallel 

studies, Amersham International isolated and solved the crystal 

structure of the chloride salt (162) confirming, as expected, a 

slightly distorted octahedral geometry with the dppe ligands in 

the equatorial plane and the nitrosyl and chloride occupying the 

axial positions (Figure 6.3). 

The FAB+ mass spectrum of [Tc(I) <NO)(dppehCll+ has a major ion 

at M/z=960 calculated for (Cs"H .. eNOClTcP .. ) M/z=960 due to 

[Tc (NQ) (dppehCl]+ . Fragmentation occurs via the loss of one 

chlorine to M/z=925. The ion at M/z=562 is due to the loss of a 

dppe ligand to give [TcNO(dppe)Cll+. It would appear therefore 

that loss of the chloride ligand is facile and would be amenable 

to ligand exChange which would not be unexpected due to the trans 

labilising effect of the nitrosyl. 

The FAB+ mass spectrum of [Tc(l)(NOHdiars)"Cll+ has a major ion 

at M/z=736 (calculated for c".olb"As",NOCITc H/z=736). 

Fragmentation occurs via the loss of the nitrosyl to M/z=706 and 

the ion at M/z=450 is due to [Tc<NO) (diars)Cll+. 

The 1 H IIKR spectra of the complexes are complicated. The 

spectrum of the dppe complex shows broad unresolved singlets at 

2.95, 2.80, 2.50 and 1.70 ppm. as the protons of the ligand are not 

equivalent due to the positioning of the phenyl groups. 
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The diars spectrum shows clearly the two types of proton of the 

phenyl groups. However the methyl groups are not clearly resolved 

and appear as four multiplets around 2 ppm. 

The animal biodistribution data of the no carrier added 

[Tc(IfO) (dppe)2Cll+ cation shows that initially blood and liver 

values are very high although there does appear to be some heart 

uptake. This however could be largely due to blood pool. Over 

time the level of activity in the blood clears whilst liver 

activity increases and muscle uptake remains virtually the same. 

The lipophilic complex clears through the liver, hence the 

increase in activity in the small intestine and the heart/muscle 

ratio does improve over time. 

The biodistribution of the carrier added [Tc(NO> (diars>:'CI1+ 

CODplex also shows interesting results. InitiBny high liver 

uptake olears significantly and muscle uptake remains oomtant over 

the 60 minutes. The heart/lung and heart/liver ratios improve 

over time and genuine heart uptake of this complex is again 

observed. 

The presence of the Tc-NO moiety significantly alters the 

biodistribution of these complexes from their [Tc(III>L"hl+ 

equivalents as heart uptake and clearance from the blood and liver 

are not normally associated with these complexes. 
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In conclusion then lipophilic technetium (I) cations containing 

phosphine and arsine chelating Ugands can be prepared from the 

ligand exchange reaction of [Tc (IlO>Cl .. J-. The biological 

distribution of these complexes is found to differ from their 

analogous complexes where the nitrosyl is replaced by chlorine. 
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Cl 

F:lIP,re 6.3. 

The molecular structure Of the [Tc(I) (NO) <dppehCll+ cation. 

(Extracted from reference 163.) 



CHAPTER 7 

SIIfIHHSIS, CHARACTElHSATIQIf AI]) BIOLOGICAL STUDIES 

OF THClflRTIU1!: IfITROSIL COJIPI.RXHR OF 

1, lO-PBlU{6JTHROI.IlIE ABD 2,2' BIPYRIDUm 

7.1. Introd"c1i1QD. 

As noted in chapter 1, until recently very few low valent 

technetium complexes =ntaining phen or bipy had been reported. 

Taube has reported the only nitrosyl =mplexes 

lTc(lfO)(NH,,)(phen),,]"+ and [Tc(NQ) (Nib)" (phen)(IkO)J"'+(SO) but 

that area of work was not expanded. 

Depending on the reaction conditions the =mplexes 

[Tc(lfO)(phen)"ClI+, [Tc<NO)(phen)Ck] and [Tc(NO)(bipy)Cl",] have 

been prepared where the technetium atOll is in oxidation states 

(1). (ID and <ID respectively. The complexes have been 

characterised by mass spectrometry and the biological distribution 

of the neutral complexes studied 
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., .2. Synthffi1s of the C91IplUffi . 

., .2.1. Synthesis of carrier added [99Tc(1) <IQ) <phen>2ClJ+ • 

To an aqueous solution of ammoniU11 pertechnetate Om!., O.15mK) 

was added concentrated hydrochlorio aoid (lml> and the mixture 

heated for 30 minutes. The product of the reaction is [ToC4F­

as the yellow ammonium salt. The resulting solution was cooled, 

diluted with water (Iml> , mixed with a solution of hydroxylamine 

in water (1ml, 2.3]0, and heated for a further 30 minutes. The 

resulting green solution contains the species [ToOTO)C4X]- <X = 

Cl-, lkOl. Addition of tetrabutylammonium chloride solution (75% 

in water) allowed extraction of the [Tc(NOlC4X]- into 

dichlorometbane <5mI>. The dichIorametbane was evaporated off to 

leave a green solid which was redissolved in methanol (10ml> and 

1,10-phenanthrol1ne (54mg, 3m)() added. The lIixture was stirred 

until a dark green colour resulted. Slow evaporation of the 

solvent led to the formation of dark green crystals. 

., .2.2. Synthesis of DO carrier added [--Tc<n <IQ) (phen>",Cl1+ • 

To 1 ml of generator eluant was added 1 ml of concentrated HCl. 

The mixture was heated in a pressure cooker for 30 minutes. The 

product of the reaotion is sodium hexaohloroteohnetate. The 

resulting solution was cooled, diluted with water (lml> , mixed 

with a solution of hydrollylamine hydrochloride <lml, 2.310 and 

heated for a further 30 minutes. The resulting solution oontains 
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the species [Tc (HO)Cl .. Xl- (X = Cl-, H20). To this solution was 

added a solution of l,10-phenanthroline (lml, 80mK in 50:50 

ethanol:water). The reaction proceeds at room temperature over 

1.5 to 2 hours or after heating in the pressure cooker for 30 

minutes. 

'1.2.S. Synthesis at carrier added ( .... ToCI!) (IQ) <phen)Cla]. 

To an aqueous solution of ammoniUll pertechnetate (lm!., 0.15mJO 

Was added concentrated hydrochloric acid <1ml> and the mixture 

heated for 30 minutes in a pressure cooker. The product of the 

reaction is [TcCl&I"- as the yellow ammonium salt. The resulting 

solution was cooled, diluted with water (lmD, mixed with a 

solution of hydroxylamine in water <1ml, 2.3K), and heated for a 

further 30 minutes in a pressure cooker. The resulting green 

solution contains the species [Tc (II'Q)Cl"Xl- ex = Cl-, H2Q). To 

2ml of this solution was added l,10-phenanthrol1ne (33mg, 

0.18mK) and ethanol (lml>. The mixture was heated in the 

pressure cooker for 30 minutes. The reaction mixture. was allowed 

to cool undisturbed while the product crystallised out as dark 

green needles. 

1.2.4. Synthesis at no carrier added [' ..... To(ll> (IQ) (blpy)Clal. 

To 1 ml of generator eluant was added 1 ml of concentrated HCl. 

The mixture was heated in a pressure cooker for 30 minutes. The 

product of the reaction is sodium hexachlorotechnetate. The 
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resulting solution was cooled, diluted with water (1]11>, mixed 

with a solution of hydroxylamine hydrochloride (1ml, 2.3)[) and 

heated for a further 30 minutes. The resulting solution contains 

the species ITc (NO)CkX]- (X =Cl-, 1k0>. To this solution was 

added bipy (1.5ml, 0.1)[ in 50:50 ethanol:water) and the reaction 

allowed to proceed at room temperature for 2 hours. 

7.2.5. Synthesis at carrier added [-Tc(II) (IQ) <bipy)ClaJ. 

To an aqueous solution of ammonium pertechnetate (1m1., 0.15mK) 

was added concentrated hydrochloric acid (1m1> and the mixture 

heated for 30 minutes. The product of the reaction is rTcCl.J2-

as the yellow ammonium salt. The resulting solution was cooled, 

diluted with water <1m1>, mixed with a solution of hydroxylamine 

in water <1ml, 2.3K), and heated for a further 30 minutes. The 

resulting green solution contains the species rTc(JrO>C14X]- (X=Cl, 

H2O>. To 2ml of this solution was added bipy (32mg, 0.2mK) and 

ethanol (1m1> and the mixture heated in the pressure cooker for 

30 minutes. The reaction solution was allowed to cool undisturbed 

while the product crystallised out as green needles. 

7.2.6. Preparation at carrier added [''''Te (ID (IQ) (phen)Clal 

for biodistribution studies. 

3.6mg of the crystals as prepared above (7.2.3.) were dissolved in 

50:50 ethanol:water to give a solution which was not purified 

further before injection. 
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7.2.7. Preparation of carrier added ['"'"TcUl> <ID> <bipy)Cbl for 

biodistributian studies. 

3.3mg of the crystals as prepared above (7.2.5) were dissolved in 

50:50 etbanol:water to give a solution which was not purified 

further before injection. 

7.3. RffiUlts. 

7.3.1. Paper chrOllatography. 

Complex R, in R, in 

butan-2-one saline 

[Tc(NO) (phen)2Cll+ 0.85 (2) 0.89 (4) 

[Tc(NO) (phen)Cl31 0.54 (3) 0.73(5) 

[Tc<NO) <bipy)Cbl 0.82 (3) 0.85(4) 

7.3.2. Electrophoresis. 

The CODplex [Tc<NO) (phen)2CIJ+ moves a distance of 2.2CJJ per hour 

(2.68Vcm-2 ) towards the cathode. 

110 electrophoretic movement is observed for [Tc(NO> <phen)ChJ or 

[Tc<NO) <bipy)Chl 
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7.3.3. Infra-red spectra. 

(As KBr disc) 

[Tc(NO)(phen)2Cll+ has v(NO) at 1800cm-' and v(Tc-Cl) at 340cm-' 

[Tc(NO)(phen)C131 has v(NO) at 1770cm-' and v(Tc-Cl) at 330cm-'. 

[Tc(NO)(bipy)C131 has v(NO) at 1780cm-' and v(Tc-Cl) at 326cm-' 

7.3.4. Analysis 

[Tc(NO) (phen)Cl31 

(calculated for C. ",H .. 1l40ClsTc.HCl> 

C 31.3(31.8), H 1.8(2.0), N 9.7(9.3)% 

[Tc(HO) (bipy)C131 

(calculated for C.oHs Il30C13Tc) 

C 31.2(30.6), H 2.3(2.1>, N 10.5(10.7>~ 
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'l.3.5. FAD DaBS specb a. 

Jlajor ion 

N/z 

[Te (NQ) (phenhCll+ 524 

[Te(NO) (phen)Clal 414 

[Te(lfQ) <bipy)ChJ 434 

Lower mass ions 

M/z 

3'l9 

344 

309 

399 

320 

290 

The FAB mass spectra for [Te (110) <phen)ClaJ and lTe <NO) (bipy)ChJ 

are given in Figures 'l.1. and 7.2. respectively. 

'l.3.6. Biodistribution studies. 

The animal biodistribution data for [Te (NQ) (phen)ChJ and 

[Te(lfQ) <bipy)ChJ are given in Tables 'l.1. and 7.2. respectively. 
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l'lIble 7.1. 

Animal biodistr1blltiop data for [ .... Te (I1Q) <pMn)Cl:.l. 

% injected dose/organ 

2 min sacrifice 60 min sacrifice 

mean S.D." mean S.D." 

Muscle 22.83 5.35 17.02 0.99 

Blood 3.98 1.37 3.49 0.67 

Kidney 1.47 0.70 1.88 0.57 

Bladder and urine 0.50 0.47 14.17 1.64 

Lung 0.67 0.45 0.23 0.11 

Liver 0.16 0.03 0.46 0.26 

Spleen 0.21 0.07 0.23 0.03 

Heart 0.40 0.13 0.29 0.03 

Brain 0.08 0.03 0.04 0.00 

Carcass and gut 67.70 4.'12 62.20 0.96 

Counts/gram ratio 

Heart/blood 1.59 0.38 1.36 0.19 

Heart/muscle 1.99 0.47 4.68 4.53 

Heart/liver 35.14 17.06 10.63 5.60 

Heart/lung 1.55 1.16 2.57 1.11 

# = standard deviation of three animals 
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Table 7.2. 

Animal bipdistributipn data for [~9Tc(HO)(bipy)CL31. 

% injected dose/organ 

2 min sacrifice 60 min sacrifice 

mean S.D.* mean S.D." 

Muscle 24.17 18.95 3.76 

Blood 7.17 2.02 0.36 

Kidneys 2.64 1.08 0.24 

Bladder and urine 8.66 21.88 6.88 

Lung 0.45 0.10 0.03 

Liver 3.43 3.35 0.53 

Spleen 0.20 0.31 0.06 

Heart 0.32 0.30 0.05 

Brain 0.06 0.04 0.01 

Carcass and gut 52.92 51.97 5.21 

Count/gram ratio 

Heart/blood 0.99 2.12 0.92 

Heart/muscle 1.69 2.02 0.36 

Heart/liver 1.31 1.09 0.18 

Heart/lungs 1.30 4.13 0.87 

• = two animals only (poor injection in one of the three) 

# = standard devitatiou of three animals 

- 170-



'I A. Crystal structure - preJ1pflllU")" investfgations 

A suitable =ystal 

established that 

was selected for X-ray analysis and it was 

the bipyridyltrichloronitrosyltechnetium(II) 

(Tc(!fO) (C, olfa!(2)Cbl crystal is monoclinic, space group P2, /c, with 

cell dimensions of a=8.18, b=6.90, c=13.124A, jl=112.16·. 

The crystal structure was abandoned because of the poor quality 

of data from the crystal. 

7.5. w§G"6§ion. 

The reaction of rTc(NO)CI .. J- witll phen or bipy proceeds to either 

(Tc(I!TO) (phenhCll+, (Tc(!fO) (phen)CbJ or (Tc(I!TO) (bipy)CbJ 

depending on the reaction conditions. 

(""mTc(l!TO) <phen)"Cll+ is prepared in the presence of chloride with 

an excess of ligand relative to the technetium concentration. For 

the reaction to proceed on a carrier added scale It Was found 

necessary to remove excess chloride from the aqueous preparation 

or to start the reaction from solid ITc(l!TQ)CkJ[ (C .. H,,) .. IIJ. 

In aqueous high chloride concentrations the neutral species 

("""Tc(J{Q) (phen)CbJ and ["'''Tc(NO> (btpy)CbJ are formed even with 

forcing conditions (heat and pressure). 
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The FAB+ mass spectrum of [Tc<NQ) <phenhCll+ has a major ion at 

M/2 = 524 (calculated for C24H,sNsOCITc N/Z= 524) confirming the 

structure of the cation. 

The [Tc<NQ) (phen)CL:.l and [Tc(]fQ) (bipy)CL:.l conplexes have two 

possible configurations, (a) with the one of the nitrogens of the 

ligand cis to the nitrosyl or (b) trans as in the nitrosyl acac 

conplex described in chapter 5. 

]f0 NO 

~' c~/ , , , , , , 
Cl ---- •• - .•...••... ]f 

Cl 

/~-j-7.? 
:/TC~:/ .~ ____ Cl 

Ca) Cb) 

Evidence that a cis conplex is formed is provided by the FAB mass 

spectrum of [Tc(NQ) (bipy)CL:.l. This was obtained by dissolving 

the complex in pyridine and as a result the spectrwa shows a 

major ion at M/z=434 (calculated for [Tc(l(O) (bipy)Chpyl+). 

Fragmentation occurs by loss of chlorine to M /z=399 (calculated 

as [Tc(NQ) (bipy)ChpyJ), loss of pyridine to M/z=320 (calculated 
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for [Tc(NO> (bipy)ClJ) and loss of the nitrosyl ligand M/z=290 

(calculated for [Tc(bipy)Cll). 

The trans lablilising effect of the nitrosyl ligand has been 

observed in other cOIlIplexes and, given the chelating effect of the 

bipyridine ligand, it would not be unexpected that ligand exchange 

of the chloride opposite the nitrosyl would take place in solution. 

The spectrum also shows an ion at N/z=514 which may be 

attributable to a pyridinium salt of the complex. 

The FAB mass spectrum of [Tc(IiO> (phen)Chl has a major ion at 

M/:z=414 (calculated for C,,,,H,,lhOChTc M/z=414). Fragmentation 

occurs by the successive loss of each chlorine to M 1",=3'79 

[Tc<NO> (phen)Cbl, M/z=344 (Tc(IfO> (phen)Cll and M/z=309 

[Tc<NO> (phen)1. In addition there is for each of the above ions 

the corresponding ion through loss of the nitrosyl group. The 

fragmentation scheme is set out in Figure 7.3. 

The FAB mass spectrum of [Tc <NO> (phen)Chl suggests from the 

facile loss of the chlorine that this too may be trans to the 

nitrosyl with the phenanthroline ligand cis. 
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FiKJITEI 7.3. 

FAB mass spectrum - fragmentation ions (M/z ) of [Te(Io)(phen)Cl31 

-NO 
) [Te(phen)Cl"l [Te(NO) (phen)Cl"l-----~ 

414 384 

1 -Cl 

-NO 1 
[Te(NO) (phen)Cbll------~ ) [Te(phen)Cbl 

379 349 

1 ~l 
-NO 1 

[Te(NO) (phen)Cll-------') ) [Te (phen)Cll 
344 

1 -Cl 

[Te(NO) (phen)1 
309 

1 
-Tc-NO 

[(phen)l 
180 

314 
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The animal biodistribution data for the [Tc(/iQ) (phen)ChJ complex 

shows inital high muscle uptake which clears a little with time 

through the kidneys. There is almost no liver uptake and the 

level of activity in the blood does not clear. Heart uptake is 

modest. 

The biodistribution data for the [Tc (J[Q) (bipy)Cr,.J is slightly 

different showing higher blood uptake and more liver. Xuscle 

uptake is higher and the complex appears to clear more quickly. 

Again heart uptake of the complex is not significant. 

J[either complex shows significant brain uptake which may he 

expected of a neutral complex, however, this could be an 

indication that they are not lipophilic enough, or that the 

nitrosyl is causing this change in the biological activity. 

Without solutions of the crystal structures the configurations of 

the neutral complexes cannot be confirmed. 
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CHAPTER 8 

SYBTlffiSIS. CHARACTBRISUIOJI ,.lID BlQJ.(JGICAL SJ1IDIES 

OF THR Cm.OIlOI!HTIlosYI,TETIlA (t BUTU,ISOlUTRII.B) 

TBCHlIRTIUJHI) CATIOJI 

8,1. Jntrndllctian. 

The series of complexes of the general formula £Tc(CNR)"J+ have 

been well studied and characterised because of their potential as 

myocardial inaging agents. The parent compound where R = t-butyl 

is clinically the most advanced. Efforts to alter the 

disadvantages associated with these complexes, mostly high lung 

and liver uptake, have resulted in attempts to exchange ane or 

more of the isonitrile ligands for a different isonitrile or 

entirely different ligand altogether. 

Earlier efforts had resulted in the exchange of all six 

isonitrlles for another isonitrile but more recently mixed 

complexes of the fonnula [Tc(ClfR')k (ClIR2)G_k]+ where R' and R2 

may be t-butyl-, cyclohexyl-, or (ethoxycarbonyl>methyl- and k = 

o - 6 have been prepared on a carrier added scale at least (129). 
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The mixed isonitrile/diphosphine complex [Tc (ClrRl:;, (DEPEh]+ has 

been prepared on a no carrier added scale and has been tested in 

animals and humans for biological activity (83,84). 

Mixed isonitrlle/triphenylphosphine complexes have also been 

prepared and characterised and are descrIbed in more detail in 

chapter 1 (1.3.4). 

other studies of the reaction of [99MTc(CNt-butyl),,] with HO gas 

at various temperatures found that a mixture of products .;s 

formed. Biological studies in rats of each component of the 

mixture showed different biological distributions but none with 

significant heart uptake. One of the complexes produced good 

images of the gall bladder in a human subject. The same reaction 

was attempted with the cyclohexyl- and benzyl- isonitrile 

analogues, the latter showing some myocardial uptake in the same 

human volunteer (162). 

The nitrosyl/isonitrile complexes [Tc<J'Q) (CIrt-butyl> .. ]2+ and 

[Tc(lrO) (CIrt-butyl>:'Br2] have been prepared. The latter complex 

was prepared from [Tc(NO)Br4]- in an attempt to displace all four 

bromides by t-butyl isonitrile. 

It has been found here that the reaction of [Tc(NO)C14]- with t­

butyl isonitrile does undergo complete ligand exchange to give 

[TC(I) (NQ) (CJrt-buty1l4Cl]+. The complex has been characterised by 
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spectra. The biological distribution of the complex has also been 

examined. 

6.2. Syntbmis of the roJIp1ex. 

6.2.1. Synthesis of carrier added ["""TeCI> <IQ) CCIt-butyl>",Cll+ 

To an aqueous solution of alDlDonium pertechnetate (lm!., 0.15mK) 

was added concentrated hydrochloric acid <lml> and the mixture 

heated for 30 minutes. The product of the reaction is [TcCl,,]"­

as the yellow ammonium salt. The resulting solution was cooled, 

diluted with water (lml> , mixed with a solution of hydroxylamine 

in water Uml, 2.3K), and heated for a further 30 minutes. The 

resulting green solution contains the species [Tc<BO)CL.X]- (X = 

Cl-, lkQ). Addition of tetrabutylammonium chloride solution (751; 

in water) allowed extraction of the [Tc(NO)Cl ... X]- into 

diehloromethane <5ml). The dichloronethane was evaporated off to 

leave a green solid which was redissolved in ethanol (20ml> and 

t-butyl1sonitrile (0.055ml, 0.9mK) added. The mixture was refluxed 

under nitrogen for 3 hours undergoing a colour change from bright 

green through dark green to pale yellow. The reaction mixture was 

cooled in ice and sodium hexafluoroph06phate (lOOmg in lml> 

added. The white precipitate of tetrabutylammonium 

hexafluorophosphate was removed by filtration. The solvent was 

evaporated down to 10ml and the product crystallised as fine pale 

yellow needles on cooling. 
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6.2.2. Preparation of carder added ["'"Tc(l) <ID> <ICt-butyl>.Cll+ 

far biological studies. 

5.3 mg of the =ystals prepared at 8.2.1 above were dissolved in 2 

mls of 50:50 ethanol:water. No further purification was performed 

before injection of the complex. 

8.3. RemIts. 

6.:U. Electrophoresis. 

The cOlIlplex moves 2.0cm (8.'75VCD-') in 1 hour toward the cathode. 

6.3.2. IDfra-reci spectrum. 

(KBr Disc) Absorptions at 1765cm-' for v(JTOl • 2195cm-' for 

v(CJT). 

6.3.3. 'B nm. 

1.65 (singlet) ppm. 

6.3.4. FAB+ lI4S6 spectrum. 

The FAB mass spectrum (Figure 8.1.) has a major ion at HI", = 496 

and lower mass ion at M/z = 413. 
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8.3.5 HPLC. 

HPLC was performed under the following conditions: 

Hamilton PRP-1 column (150 x 4.1 mm), flow rate = 1.0 ml/min, 

gradient from 0.1M sodium acetate to 100% acetone over 17 min. 

Retention time: 8.1 min. 

8.3.6 Biodistributillll studies. 

The data for the carrier added animal biodistribution data for 

["''''Tc(I)(BO) (CBt-butyl>4Cll+ are given in Table 8.1. 
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Table 8.1. 

Animal biodistdbution data for ["'"'Tcm (NO)(CNt-buty1l4Cll+ 

% injected dose/organ 

2 min sacrifice 60 min sacrifice 

mean S.D." mean S.D." 

Xuscle 21.45 3.44 18.30 3.07 

Blood 0.40 0.66 

Kidney 2.60 0.81 1.13 0.58 

Bladder and urine 4.26 6.58 7.02 5.95 

Lung 0.64 0.40 0.12 0.09 

Liver 5.82 1.84 5.89 0.36 

Spleen 0.56 0.23 0.26 0.09 

Heart 1.09 0.28 1.37 0.28 

Brain 0.04 0.01 0.04 0.02 

Carcass and gut 63.14 4.02 65.76 2.66 

Counts/gram ratio 

Heart/muscle 6.19 1.73 8.98 2.95 

Heart/liver 2.58 0.20 2.97 0.34 

Heart/lung 3.34 2.35 26.02 20.69 

# = standard deviation of three animals 
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8.4. DiSCUssion. 

The reaction of [ic(NO)Cl,,]- with t-butylisonitrile in refluxing 

ethanol produces (Tc(NQ) (CNt-butyl>"ClJ~. There are two possible 

dispositions of the isonitrile ligands in the complex. Either all 

four ligands positioned meridionally with the chloride ligand 

trans to the nitrosyl or with an isonitrile ligand trans to the 

nitrosyl with the remaining three and a chloride in the equatorial 

plane. 

1 H HlIR spectrum of the complex shows a singlet at 61.65 

indicating that all of the isonitrlles are equivalent. The 

chemical shift compares well with that of the complex 

(Tc(NQ) (ClJt-butylbBr21 where two singlets are shown at 61.43 and 

1.47 in the ratio of 1~, and is as expected for the two types of 

isonitrile in that complex (axial and equatorial> (68). 

One strong C51i stretch is seen in the infra red spectrum at 

2195cm- 1 • The high frequency of the absorption relative to the 

hexa-kis-t-butylisonitriletechnetium(I> complex (2090 and 2045 

cm- 1
) is indicative of a lack of backbonding to the technetium 

which is already being stabilised by backbonding to the nitrosyl. 

This, together with the fact that only one absorption is seen also 

impl1es the isonitrile Ugands are pOSitioned meridionally about 

the technetium. The infra red spectrum of (Tc(NQ) (CNt-butyl)"Br2 1 

shows two C=IT absorptions at 2230 and 2160 cm- 1 , both at high 
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frequency, as expected, with the higher frequency absorption being 

assigned to the isonitrile trans to the nitrosyl. 

The FABt mass spectrum has a major ion at MIz = 496 (calculated 

for (C2oH",,,K,,CIOTc M/Z = 496). Fragmentation occurs via loss of 

a t-butylisonitrlle group to ITc(NO> (CNt-butyU"Cl]+ M/z = 413. 

This would not be expected given the evidence provided by the IR 

and NHR spectra as facile loss of the ligand trans to the 

nitrosyl is normally expected. However, the mass spectrum does 

confirm the presence of four isonitrile ligands. 

The animal biodistribution data show good heart uptake and 

retention. In addition none of the initial lung uptake associated 

with the hexa-kis-t-butylisonitriletechnetium(I) cation is seen 

and liver uptake is only moderate. 
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CHAPTER 9 

COlICLUSIQ1i 

A simple method for the preparation of [Tc(BO)Cl.I- as an 

alternative starting material for the synthesis of technetium 

conplexes has been devised. The preparation works quantitatively 

for both carrier added ['>1"Tcl and no carrier added [''''''"TcJ 

technetium concentrations starting from the readily available 

pertechnetate ion. The preparation is a two stage one proceeding 

first to the hexachlorotechnetate anion which, following reaction 

with hydroxylamine, produces the nitrosyl tetrachloride 

technetium <ID anion. 

The 1t acid character of the nitrosyl ligand stabilises the low 

oxidation state of the technetium by metal-ligand backbonding. A 

crystal structure determination has shown the anion to be six 

coordinate with the four chlorines positioned equatorially to the 

nitrosyl. The occupancy of the position trans to the nitrosyl 

depends on the environment of the anion as the trans labilising 

effect associated with such compounds has been demonstrated. 

The [Tc(BO>Cl.I- anion readily undergoes ligand exchange with a 

variety of ligands. The final oxidation state of the complex 

depends upon the nature and character of the replacement ligands. 
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Both technetium (D cations and technetium <ID neutral complexes 

have been prepared by the reactions described in this work. 

This potential for complel< variation gives rise to an great 

number of possible new radiopharmaceuticals containing the Tc-NO 

moiety where choice of size, shape and charge is important in the 

design of these agents. 

Biological studies in rats of the complexes prepared show that 

the presence ot the nitrosyl significantly changes the 

biodlstribution of the COmpl9l<98 where the coordinated ligand are 

diphosphines. diarsines or isonitrile. However, as most 

conmercial radiopharmaceuticals come in the torm ot a freeze 

dried kit which is reconstituted on the addition of generator 

eluant, in its present tonaulation the two stage reaction is a 

disadvantage. 

Regardless of this disadvantage, which could be overcome, this 

preparation of [Tc(JlO)C14J- provides a low valent alternative to 

the 0l<0- and diOl<o- cores conmon in the higher ol<idation state 

conpl9l<es of technetium which is readily amenable to ligand 

el<change both at carrier added and no carrier added 

concentrations. 
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CHAPTER 10 

FURTBRR WORK 

This project can now be developed in two directions. There is 

obviously a great potential to fully explore the cheIlistry of 

technetium nitrosyls and to prepare and characterise a vast 

range of complexes from ITcQlO)CL.l-. ''''Tc 1XR is not widely 

used and the technetium(I) complexes provide another opportunity 

for this line of research. 

However, many of the groups currently studying the inorganic 

chemistry of technetiun do so with one eye on the 

radiopharmaceutical chemistry and the potential application of 

their complexes for this purpose. 

As already mentioned the two stage preparation of ITc(IQ)Cl .. l­

is not ideal from a radiopharmaceutical point of view. Ideally, 

the reaction should be one step fron pertecbnetate. This project 

has aready been developed in this direction by Alnersham and 

their findings have been published (163, 164). However, forcing 

conditions and high concentrations of hydroxylamine are still to 

be overcome before a suitable commercial kit version of the 

reaction can be prepared. 
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APPENDIX I 
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ORSERVE.O AN 0 OlCULATEO STWCTt,iRE FACTCf($ FOR TC'IIOCL4 P"G<: 

H K L FC Fe H K L FO >C H K L FO Fe H K L '0 FC H K l ,0 , C 

0 2 0 2? 23 ' 4 10 0 24 ?3 -3 5 1 33 -34 -5 9 1 15 14 -3 , 2 7' 74 

1 2 0 43 -36 5 10 0 2~ -26 -2 5 1 10 -9 -4 Q 1 " -18 -2 3 2 " ;0 

2 2 0 e 1 8 6 10 0 24 24 -1 5 1 26 '2 -2 9 1 20 21 -1 3 2 1!',~ -179 

4 2 0 1 , 5 ,08 7 10 0 " -'4 0 5 1 5, -55 -1 9 , 1 2 14 0 3 2 53 -'A 
1 3 0 49 -44 2 1 , 0 1 5 -,3 , 5 1 40 -41 0 9 1 22 n , , 2 57 48 

2 3 0 66 -6' 4 1 , 0 ,2 -,2 2 5 '2' -'20 2 9 , 12 13 2 1 / 7? 67 

3 3 0 47 -45 0 P 0 37 -,~ 3 5 33 -33 4 Q 1 65 67 '$ 3 2 ,9 -f,6 

4 3 0 93 -0/ , 1 2 0 14 -14 4 5 60 -61 5 9 1 
" " 

, 1 2 141 no 
5 3 0 32 -3' 1 13 0 ,. -19 7 5 35 37 6 Q 1 6' 70 5 1 2 5~ -Sf 

6 1 0 '07 -1~ 5 -, 2 , 177 175 8 5 61 -58 -4 '0 , 1 , 18 6 1 2 35 38 

7 1 0 3' -37 -2 2 1 96 '·n -8 6 37 -~6 -3 10 1 , 7 -'e 7 l 2 " -, 2 

0 4 0 ,9 -26 -, 2 1 85 66 -7 6 1 2 7 -2 10 , 1 5 12 3 1 2 1 , 19 

1 4 0 77 -73 0 2 1 214 222 -4 6 23 -27 a le 1 4n '3 -8 , 2 50 50 

2 4 0 131 -124 , 2 1 29 33 -2 6 90 -'7 , ,0 , 30 '2 -6 4 2 39 'C 
3 4 0 74 -73 2 7 , , , 2 ,13 -, 6 44 -45 2 10 1 2' '3 -5 4 / 41 39 , 4 0 76 -74 4 / 1 11 " 0 6 60 -60 3 10 , 22 20 -, , 2 10Q 1('5 

i-> 5 4 0 9 -7 5 2 1 54 54 1 6 53 -55 4 ,0 1 1 , 17 -3 4 2 27 -22 
<!) 7 , 0 2S -25 -8 3 1 9 6 2 6 60 -61 5 10 1 2S'1, 10 -2 4 2 6? " <!) , 1 5 0 ,02 -99 -7 3 1 38 38 3 6 1 59 -6' 6 ,0 1 17 -14 -1 4 / " - 34 

2 5 0 42 -42 -6 3 1 n , 2 7 6 1 20 -24 7 10 , 21 '2 0 , 2 34 -31 

3 5 0 89 -85 -5 3 1 13~ ns 8 6 1 27 26 -5 " 1 23 ~5 1 4 2 27 25 

5 5 0 11 -,2 -4 3 1 82 82 -7 7 1 10 -17 -2 1 , 1 l' -19 , , 2 41 35 

7 5 0 ,9 -17 -3 3 1 ,82 1 81 -6 7 , 14 14 -1 11 , 34 35 4 , 2 69 -69 

8 5 0 29 31 -2 3 1 87 -% -5 7 1 24 -24 1 11 1 2' ?8 5 , 2 " ?7 

0 6 0 37 -39 -1 3 1 71 7l -4 7 1 ,2 11 1 11 , , ~ 15 6 4 2 51 -50 , 6 0 16 13 0 3 1 54 -51 -3 1 , 13 -73 -2 11 , n 26 7 4 2 P 1 3 

l 6 0 5< -55 , ; 1 40 31 -2 1 , 80 -Fl 0 , 7. 1 37 '9 8 , 2 5' -'6 

3 6 0 54 52 3 ; , 17 75 -1 7 1 /9 -15 1 n 1 1 5 -13 -8 5 2 23 11 

7 6 0 36 35 4 ; 1 74 -7, 0 7 , 13 , 2 , 11 1 1 3 11 -7 <; 2 " 45 

2 7 0 2? 23 5 3 , ,0 le 1 7 1 55 -58 1 1 2 70 66 -~ 5 2 lA , 4 

3 7 0 12 -12 6 3 , 64 -A' 2 7 1 54 55 2 1 2 14? 136 -4 , / 2~ -~5 

4 7 0 3' 39 7 ; 1 45 -45 3 7 , 33 -33 3 1 2 61 -60 -3 5 2 1 /1 1>1 

5 7 0 " 16 -8 4 1 18 23 7 7 1 25 26 , , 2 69 65 -2 <; 2 59 -S'i 

b 7 0 29 26 -7 4 , 32 32 8 7 1 ,9 19 -5 ? 2 35 31 - 1 5 2 76 76 

8 7 0 46 46 -6 , 1 28 25 -8 , 1 13 -1 2 -3 2 2 75 . 76 0 5 / 35 -14 

0 8 0 31 36 -5 4 , 34 32 -7 • , 21 -19 -2 ? 2 54 -51 ;> 5 2 94 -91 

1 8 0 34 -35 -4 4 , 50 49 -6 8 1 28 -;>8 -1 , 2 147 133 3 5 2 41 -, 3 

2 8 0 16 16 -3 4 , 31 -'0 -4 ~ , 41 -42 C 7 2 14 -11 4 5 2 34 -34 

4 8 0 31 31 -2 4 1 91 " -2 8 1 40 -40 , 2 2 ~2.s 218 6 5 2 " 1 2 

5 8 0 43 44 -, 4 1 53 -54 -1 8 1 11 -10 2 2 2 , 31 -1 ~1 7 5 2 !~ -; 3 

6 8 0 14 '2 0 4 1 41 '0 0 ; 1 51 -55 3 2 2 83 HO 8 5 / l' , 5 

7 B 0 21 .20 1 4 1 25 -3e 1 8 , 48 51 4 2 2 116 -1 n9 -3 6 2 37 30 

1 9 0 12 14 2 4 1 26 -22 2 8 , 52 -54 5 2 2 66 15 -7 6 2 1?: S 

3 9 a 1 4 13 3 4 1 '50 -14~ 3 " 1 40 40 6 2 2 39 38 -6 6 2 13 1 2 

5 9 0 32 32 4 4 1 20 20 5 B 1 42 41 -8 3 2 22 -:?3 -5 6 / 12 -11 
8 9 0 , 2 12 5 4 1 68 -66 7 8 1 26 27 -1 3 2 29 18 -4 6 2 31 32 

0 10 0 53 54 7 4 1 63 -63 -1 c 1 '2 -11 -5 ; 2 70 19 -3 6 , 57 -55 
2 10 0 26 26 -8 S 1 56 se -6 9 , 40 -40 -4 3 2 93 '9 -2 6 , 

" 12 



O~SE~VE.I) 6.NO CALC!Jlq~\) SHUCT\,;~E Ft:.t:TC~S FOR lClIlOCl4 P"Gf 2 

h , L Fe Fe H , L FO Fe H < L FO F C H , L FO FC H , L FO Fe 

-1 6 2 57 -53 -6 10 2 36 -~S -5 ? 3 , -3 -8 , 3 21 20 1 , 1 " -17 
0 6 2 40 39 -4 10 2 36 -35 -4 1 3 59 -\ 5 -6 \ 3 1> 1e 3 , 3 15 -16 

1 6 2 11 4 -117 -3 1 n 2 1 4 14 -3 2 3 36 -34 -4 5 3 6~ 62 4 R ~5 -36 
2 6 2 29 3' -2 , (I 2 37' -37 -2 ? 3 58 -54 -3 5 3 31 -37 6 • 1 34 -33 
3 6 2 10' -1(14 -1 1 ~ 2 33 ~2 -1 2 3 2Q -27 -2 5 3 1U4 98 < , 3 1 , -'6 
4 6 2 , 7 -18 0 , ~ 2 33 -34 0 , 3 " -39 -I 5 3 84 -'3 -; 9 3 2' -26 
5 6 2 1 (] , , 11 2 24 12 , 7 3 4; -38 c 5 3 45 50 -5 9 3 " 9 
d 6 2 2' -?1 4 , ~ 2 22 ?C 2 , 3 81 -65 , 5 3 63 -60 -4 9 3 " -58 

-0 7 2 25 74 5 1 n 2 21 23 1 '- 3 147 -143 2 I 3 96 1flO -2 9 3 50 -59 

-5 7 2 1 , , () 6 , ~ 2 2' 12 4 '- 3 123 119 3 5 3 34 - 37 -1 q 3 10 -1q 

-3 7 2 " -, 5 -3 1 , 2 1 1 -5 5 1 3 62 -62 4 5 3 21 12 0 9 3 34 -34 

-2 7 2 6? -65 -2 11 2 1 9 " 6 7 3 91 91 5 5 3 10 '2 , 9 2' " -1 7 2 58 -(I C -, 11 2 21 -~ 2 7 2 3 66 66 6 5 3 0 7 ? 0 3 26 -26 
0 7 2 64 -67 0 11 2 5 R 61 8 2 3 40 40 8 5 3 11 -12 4 9 1 41 -43 , 7 2 S' 5, 1 

" 
2 1? 1(i -P. 3 3 13 1 3 -8 6 3 64 05 6 9 3 ,3 -1 5 

I 2 7 2 91 -°2 2 1 , 2 37 '3 -7 3 3 4' -, 4 -7 6 3 21 " -7 10 3 25 -?4 
tu 3 7 2 3C 29 3 11 2 16 lC -6 , 3 H 2 1 -6 e 3 H, a -6 le J " -76 
0 4 7 < 37 -, 5 , 11 2 26 24 -5 , 3 56 -57 -3 6 3 36 38 -5 '0 "\ I' -28 
0 
I 0 7 2 2' -23 -, , 2 2 3' 32 -, , 3 77 74 -2 6 3 34 34 - 1 10 3 " -" 

a 7 2 14 -1 I 0 , 2 2 16 17 -3 ] J 7, -74 -I 6 3 6' M -2 1 n 3 " 14 

-8 R 2 1 p -, 6 1 ,2 2 40 '2 -2 3 '34 118 1 6 3 , 01 09 -1 1fl 3 41 -'7 
-6 P 2 44 -41 3 1 ~ 2 21 ?5 -1 1 3 1 2' -114 2 6 3 1 16 -117 0 111 3 ,9 1 9 
-5 8 2 " H -1 11 2 14 1 2 0 3 3 27 -27 6 3 39 le , ,0 3 29 -'2Q 
-4 8 2 4, -41 -5 n 3 SQ -51 1 1 3 107 100 4 6 3 37 - ,6 3 '0 \ 11, , 0 

-3 P, 2 4C -41 -3 n 3 26 >.7 2 1 3 6B 66 5 6 3 11 'e 4 10 3 10 '9 
-2 • 2 6r -59 -, n 3 163 -177 3 3 3 76 77 7 6 3 23 '4 6 ,0 3 21, 75 
-1 R 2 39 -36 1 0 3 ,sq -1~5 4 1 3 33 -35 S 6 3 3' -'H -5 11 3 '6 -16 

0 , 2 17 -19 3 0 3 32 -?6 5 ; 3 B' 18 -7 7 3 33 '3 0 11 3 17 -'9 , 8 2 17 -12 5 Q 3 /7 25 6 1 3 16 1 5 -~ 7 3 21 -74 1 11 3 l' '8 
2 R 2 11 17 7 n 3 19 1 6 7 3 3 67 .ss -5 7 3 37 l7 3 11 3 14 1 7 
3 R 2 3~ -3D -7 1 3 22 -23 8 1 3 23 -23 -, 7 3 1 3 -16 5 11 3 27 79 
4 R 2 14 1 5 -6 1 3 4' -44 -~ 4 3 21 -22 -1 7 3 6n -~o -, 1? 3 21 ?O 
5 • 2 3C -;0 -5 1 3 40 -41 -7 4 3 11 14 C 7 3 14 -10 1 11 ; l' 73 
6 3 2 34 35 -4 1 3 20 -:?1 -6 4 3 15 -16 1 7 3 53 - \' 2 P 3 17 , 9 

7 R 2 1 • -19 -3 1 3 6S -6' -5 4 3 46 45 2 7 J " 41 -/ " 3 14 16 
8 R 2 1 5 14 -2 1 3 lB -125 -4 4 3 Z3 -24 3 7 1 60 ... ~t. 0 13 3 2'1 70 

-7 9 2 23 -/1 -1 1 3 20 17 -3 4 3 111 173 4 7 3 1 1 11 , 
" 3 " 13 

-5 Q 2 66 -64 0 1 3 14' -,se -2 4 3 135 -118 5 7 3 39 - :9 -, 0 4 " 71 
-4 Q 2 19 2C 1 , 3 70 70 -1 , 3 83 76 6 7 3 1 4 '5 -6 n 4 47 50 
-3 9 2 3~ -39 2 1 3 67 -68 0 4 3 11 -11 7 7 3 46 -46 -4 0 4 2' -19 

-2 9 2 H -'6 3 , 3 66 74 1 4 3 6' 69 -8 • 3 19 '2 -2 n 4 64 67 
il 9 2 15 -17 4 1 3 127 -129 2 4 3 62 58 -7 R 1 " -12 0 0 4 g5 -208 
2 9 2 17 -20 5 1 3 61 ~2 3 4 3 ". 121 -6 R 3 35 '6 2 0 , , C7 -11 3 
3 9 2 ,9 18 6 1 3 n -12 4 4 3 30 31 -5 ~ 3 4~ -47 4 Q 4 M -70 
5 9 2 47 47 7 1 3 31 30 5 4 3 24 25 -4 ~ 3 4 9 49 6 0 4 2' -?S 
6 9 2 16 -15 B , 3 10 1 C 6 4 3 21 23 -3 R 3 41 -40 8 0 4 n -, 2 
7 9 2 3A 36 -7 2 3 75 77 7 4 ~ 2< -22 -1 R 3 2n -?1 -R , 4 20 -70 

-7 10 2 14 -, 5 -6 7 3 71 -69 8 4 3 30 30 -1 • 3 44 -45 -7 4 SO ,. 
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" , l Fe Ft h K l FO ,c H K l '0 , C H • L '" Fe " 
, l fO " -6 4 70 -72 -1 4 4 114 -113 1 7 4 35 -,5 -8 1 5 19 70 -5 4 5 6' -6Q 

-5 4 23 24 0 4 4 10 5 2 7 , 39 ,9 -7 1 5 40 -42 -4 4 5 45 -42 
-4 1 4 14 -13 1 4 4 60 -57 1 7 4 11 -1 1 -6 1 5 84 ~8 -3 4 5 80 -'0 -3 1 4 1 2 -15 2 4 4 97 97 8 7 4 31 -32 -5 1 5 32 -,3 -1 4 5 2' -?.I; 
-2 1 4 61 -61 3 4 4 20 -'0 -8 , 4 14 1 4 -4 5 25 >7 0 4 5 l' -16 
-1 1 4 14f. -143 , 4 4 S7 ,7 -7 .' 4 25 26 -3 1 5 32 29 1 4 5 7' -'9 

0 1 4 56 -66 6 4 4 4~ 4> -5 , 4 49 49 -2 1 5 H -6 1 , 5 10 -11 
1 1 4 S 3 -35 7 4 4 15 1 5 -4 ~ 4 20 -23 -1 1 5 131 -1 '4 1 4 5 34 33 
2 1 4 13 -8 8 4 4 15 11 -3 , 4 46 46 C 1 5 1'\ 3 , 4 5 10 11 
3 1 , n -6 0 -$ 5 4 2a 'C 1 4 35 35 1 1 5 80 -79 5 4 ; 3' , 3 
4 , 4 " 29 -7 s· 4 21 "?1 2 , 4 13 -, 1 2 1 5 " - ~g 6 4 ; 1? 14 
5 1 4 13f; -13 Q -6 5 4 12 -8 4 , 4 30 -32 3 5 35 33 7 4 5 61 AI 

-0 2 4 l' ,7 -4 5 4 1R , 5 5 R 4 20 -20 4 5 , 6 ; , ; P _1 3 
-7 2 4 6~ -63 -3 5 4 17 2e " , 4 30 -19 5 1 5 11 -11 -" 5 5 t4 -" -6 2 4 n 73 -2 5 4 2 0 "'::'6 7 , 4 2, ... ~ 3 6 1 S 11 -13 -6 5 5 2' -<I 
-5 2 4 106 -107 -1 5 4 1 2 1 C 8 , 4 B -13 7 1 5 2' -79 -5 5 5 2' -73 I -4 2 4 25 -23 0 5 4 P -11 -3 9 4 ,. -19 , 1 5 10 10 -4 , 5 64 -.42 t\) -3 1 4 64 -69 1 5 4 '57 156 -1 0 4 sa -50 -8 , 5 9 8 -, 5 5 ., 4 J 0 .... -2 2 4 5' SI 2 5 4 2Q 22 <) Q 4 27 26 -7 , I 1 • 15 -2 5 5 3'. -40 
-1 2 4 1 5 e -1"i 2 3 5 4 129 no 1 9 4 2~ -30 -4 2 5 4' -49 -1 ; 5 " '& 

0 2 4 16 -17 4 5 4 16 '6 2 9 4 ,q 17 -) 7 5 23 13 1 5 5 70 71 
2 ? 4 " 1 1 6 5 4 1 1 7 3 • 4 23 -,4 -2 2 5 B7 - '5 2 5 5 110 1n~ 
3 2 4 53 47 7 ; 4 40 42 4 • 4 21 -21 -1 2 5 6' -59 3 5 5 ) 1 32 
5 2 4 96 94 8 5 4 26 -26 5 9 4 64 -67 0 2 5 86 - '2 4 5 5 4; 44 
6 2 4 le 1; -8 I> 4 26 -78 7 9 4 3Q -29 1 2 5 139 -1 '5 5 5 5 2Q 19 
7 2 4 32 32 -7 6 4 31 32 -7 g 4 n -9 2 ? 5 1 1 -10 6 < 5 17 16 
$ 2 4 2? 2 1 -6 6 4 1 2 -12 -5 1C. 4 23 -23 3 1 5 83 78 8 5 5 6~ ~2 

-8 3 4 10 -. -5 " 4 1 Q 9 -1 10 4 22 -21 4 2 5 " -55 -7 6 5 )1 -33 
-0 J 4 54 -53 -4 6 4 ,. -18 0 10 4 2Q -23 6 7 5 41 -44 -5 5 5 2 0 -30 
-5 3 4 31 -18 -) !> 4 70 71 1 11'': 4 12 -13 7 , 5 33 - 31 -4 S 5 26 ?5 
-4 3 4 141 "'13R -2 6 4 31 3e 2 1 C 4 15 -14 -7 3 5 9 9 -) 6 5 27 -?? 
-3 3 4 6R 6. -1 6 4 81 " 3 10 4 10 -21 -6 3 5 1 7 -17 -2 A 5 " 4S 
-2 3 4 167 -161 0 " 4 16 17 4 10 4 32 -31 -5 3 5 " -53 -1 ; 5 14 -11 
-1 3 4 Of 69 1 6 4 3l '2 6 10 4 32 -J 2 -4 3 5 69 -68 U " 5 31 33 

1 , 4 • -1 1 2 " 4 02 62 -5 11 4 2Q -18 -) , 5 10 0 -, 05 1 6 5 10 -18 
2 3 4 5. 53 ) , 4 1? le -2 11 4 27 -27 -2 3 5 45 '9 2 6 5 1 Cl, 106 
) 3 4 57 56 4 " 4 33 34 0 11 4 20 -32 -1 3 5 R6 - '3 3 6 5 45 45 
4 ) 4 26 -30 5 I> 4 2n 71 1 11 4 24 -25 0 .3 5 32 - 31 4 " 5 26 17 
5 3 4 62 64 6 6 4 17 1> -1 1 ? , 29 -29 1 3 5 2' -23 5 " 5 n 10 
6 3 4 53 53 7 6 4 24 -24 1 1 2 4 1'\ -12 2 3 5 25 -19 7 6 5 " 1 3 
7 3 4 42 39 8 6 4 11 1 2 1 13 4 24 2J J 3 5 77 -77 -4 7 5 1 , -17 
8 3 4 47 45 -8 7 4 32 35 -7 0 5 104 11 1 4 3 5 25 70 -3 7 5 63 63 

-8 4 4 3C -u -6 7 4 )4 >4 -5 a 5 35 39 5 ~ 5 47 -47 -2 1 5 51 ,3 
-7 4 4 11 -10 -5 7 4 48 -49 -3 0 5 lC5 -102 6 3 5 20 10 -1 7 5 7~ 75 
-6 4 4 21 -20 -4 7 4 60 59 -1 0 5 76 71 7 3 5 17 -16 Q 7 5 14 1 2 
-5 4 4 29 -28 -2 7 4 ,. 51 1 0 5 11 -8 8 3 5 17 18 1 7 5 10' 109 
-3 4 4 68 -67 -1 7 4 48 48 5 0 5 12~ -127 -7 4 5 26 - 25 2 7 5 51 -51 
-2 , 4 11 0 114 0 ? 4 55 H 7 Q 5 9 -1 -6 4 5 2. -;>9 3 7 5 eo 77 
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H V, c fe Fe H ~ l fe Fe " < l '0 f C " < C fO 'C H " C '0 , C 

5 7 5 45 47 2 0 6 54 SO -2 4 6 106 -102 -5 8 6 52 -53 -4 7 2' -1' 
7 7 5 H 16 , 0 6 36 -H -1 , 6 <, 44 -4 • 6 .- 44 -3 7 33 , , 

-7 R 5 25 2' e 0 6 20 3e 2 , 6 3~ -H -2 • 6 56 55 -, 7 21 -14 
-5 8 5 22 22 -7 1 6 27 7.7 3 , 6 30 -'6 -1 • 6 33 ,2 -1 7 "n "3 -, " 5 16 11 -5 1 6 68 65 4 4 6 9 -8 C , 6 34 '6 0 7 13' 147 
-3 • 5 21 2u -4 1 6 3' 37 5 4 6 10 -0 3 • 6 33 33 1 7 10 11 1·') 4 
-2 • 5 43 43 -1 1 6 92 07 7 4 6 21 -19 5 8 6 52 53 2 1 7 57 03 
-1 e 5 41 43 0 1 6 16 1 1 8 4 6 4, 41 e • 6 10 - 21 1 1 7 61 -58 

Q • 5 3 ! " 1 1 6 28 25 -~ 5 6 21 -17 7 • 6 34 3' , 1 7 84 ,g 7 
2 • 5 40 41 2 1 6 10 -16 -7 5 6 30 -"\1 S • 6 12 -12 5 1 7 34 ... l:6 
3 , 5 27 -26 3 1 6 5 , 59 -6 5 6 3D -, U -7 9 6 10 70 , 1 7 20 1 8 
4 R 5 2!': 27 4 1 " 43 -'9 -5 5 6 25 -, 5 -5 0 6 51 51 • , 7 10 1 1 
5 , 5 H -47 5 1 6 30 H -4 5 6 32 -31 -3 0 6 61 53 -7 1 7 J7 -~5 

6 , S 30 '0 6 1 6 55 -53 -3 5 6 7. -~O -, Q 6 66 07 -, 1 7 " 44 
7 ~ 5 3' -,e -8 1 6 16 -16 -2 5 b 3, " , 0 6 34 '5 -5 , 1 0 1 1 

-6 ? 5 4C " -7 2 6 4~ ~9 -1 ; 6 82 -79 3 0 6 11 10 -4 > 7 15 74 
1 -4 ? 5 53 52 -6 2 b 1 2 -'2 0 5 6 31 32 7 0 6 14 -16 -3 2 7 24 70 

to -2 q 5 27 2' -5 1 6 3~ 29 1 5 6 '37 -133 -7 10 6 21 71 -2 , I 7'. 72 
0 1 Q 5 1 t 11 -2 2 6 34 32 2 5 6 37 "\7 -6 10 6 22 12 -1 7 7 1n "3 to 

4 9 5 17 -1;; -1 1 6 41 -37 3 5 6 64 -65 -5 10 6 12 14 D 7 I 41 47 
6 Q 5 54 -55 0 2 6 106 -105 5 5 6 ,. -16 -4 10 6 24 14 2 ? 7 74 76 
3 9 5 19 -19 1 1 6 25 22 7 5 6 " -, 2 -2 10 6 31 33 3 , 1 4~ 43 

-7 10 5 22 2? 3 2 6 44 -41 -8 6 6 17 -16 -1 10 6 25 -/5 4 ? 7 21 -'14 
-5 10 5 25 76 4 2 6 10' 99 -7 6 6 2Q -28 C H 6 4, " 5 2 7 51 47 
-3 10 5 16 10 5 2 6 105 -103 -\ 6 6 15 -16 5 10 6 34 - 36 6 1 7 67 -65 
-2 10 5 25 -7. 7 6 2 6 31 -31 -4 6 6 28 -19 -5 11 6' n 12 1 2 7 ? -, 0 
-1 10 5 31 12 7 1 6 67 -65 -3 6 6 17 -16 -1 11 6 1 • 18 ; 1 7 36 -',; 

U 10 5 ;' -,9 8 1 6 23 -:;l4 -2 6 6 17 -'6 0 11 6 34 -15 -~ 1 7 l' -1 1 
3 10 S 3C -10 -8 1 6 1 4 14 0 6 6 3! -40 2 11 6 31 - '!Z -7 , 7 14 15 
4 10 5 31 -31 -7 1 6 21 -~ 2 1 6 6 46 48 4 11 6 20 -1:1 -6 , 7 , , 1 8 
5 10 5 37 -10 -6 1 i. 29 la 2 " 6 65 -65 C 12 6 19 -/1 -5 1 7 07 65 
7 10 5 1 q -10 -5 3 6 17 -17 3 6 6 89 .7 1 12 6 23 -26 -4 1 7 31 11 

-2 11 5 2C 22 -, 1 6 41 44 7 6 6 36 36 1 12 6 22 - 24 -3 7 11 r, 119 -, 11 5 46 -47 -3 1 6 72 -71 B 6 6 17 , 6 -1 13 6 10 - >0 -2 , 7 66 -f-7 
0 11 5 1 2 1 3 -1 1 6 10 -12 -8 7 6 34 -14 0 n 6 14 -1; -1 3 7 61 <2 
1 11 5 4 l -46 0 3 6 34 -13 -6 7 6 3'- -32 1 n 6 1 8 -18 0 , 7 54 -4; 

3 11 5 27 -26 , 3 6 78 -'6 -5 1 6 2' 20 -7 0 7 36 - '7 1 1 7 '0 1 7 
5 11 5 2C -20 2 1 6 48 -47 -4 7 6 32 -32 -5 0 7 14 -12 2 3 7 30 -'4 

-2 12 5 12 -,4 3 1 6 14 12 -2 1 6 14 13 -3 C 7 '3 -50 3 1 7 3' 17 
~ 12 5 35 -37 I, 1 6 56 -56 -1 • 6 27 ?7 -1 0 7 124 1"\, 5 3 1 24 -n 
2 11 5 2~ -26 5 1 6 11 9 0 7 6 37 H 1 0 7 159 167 6 1 1 5"1 -01 
3 12 5 15 1 2 6 1 6 59 -59 1 7 6 " 1 3 3 0 7 136 134 I 3 7 41 -46 
4 12 5 21 -22 B 1 6 54 -54 2 7 6 I" 79 5 0 7 83 90 ~ 1 7 n -11 

-~ 0 6 14 14 -8 4 6 18 "20 I, 7 6 37 36 7 0 7 40 38 -8 4 7 14 14 
-6 0 6 62 68 -7 4 6 1 ~ 19 5 7 6 15 -, 5 -8 1 7 20 -22 -7 4 7 ,~ 1 9 
-4 0 b 7e -73 -5 4 6 45 -46 6 7 6 25 27 -7 1 7 56 59 -6 4 7 0 8 
-2 0 6 74 -71 -4 4 6 115 -111 8 7 6 22 22 -6 , 7 S -9 -5 4 7 11 1 2 

0 n 6 '90 203 -3 4 6 26 28 -6 g 6 30 30 -5 1 7 52 53 -3 4 7 5> -48 
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H K L FO Fe H K L Fa Fe H K L Fa Fe H K L FO Fe H K L FO Fe 

-2 4 7 85 '3 2 7 7 n 13 4 0 8 111 11 3 -4 4 8 64 61 -, • 8 17 -,6 
-1 4 7 2~ -33 5 7 7 1 1 11 6 0 8 23 22 -3 4 8 4~ 42 -4 • " n· -,2 

U 4 7 17 -14 6 7 7 20 -79 -7 1 B 56 -59 -2 4 8 3~ 3, -3 • 8 43 -41 , 4 7 1 .3 -,6 7 ? 7 30 31 -6 1 8 41 41 -, 4 8 24 ~4 -2 , 8 30 -30 
2 4 7 2' -26 3 7 7 1 0 ?C -5 1 8 58 -57 a 4 8 37 - 34 -, • 8 37 -36 
3 4 7 6' -69 -" R 7 n -11 -3 1 8 96 -96 1 4 8 20 '2 , , ~ 21 -71 
4 4 7 35 -34 -6 R 7 23 -23 -2 1 8 53 48 2 4 8 46 -43 4 , 8 2' 73 
5 4 7 51 -5' -5 , 7 3~ 33 -, , 8 n 16 3 4 8 50 46 5 , 8 20 -31 
b 4 7 49 -49 -4 , 7 46 -44 0 , 8 13. 140 4 4 8 29 -?5 6 • 8 36 H 
7 4 7 44 -43 -3 • 7 27 2~ 1 8 83 R2 5 4 8 16 -74 H • 8 21 24 
3 4 7 35 -36 -, R 7 B 33 2 8 59 62 6 4 8 71 -7, -7 0 8 2' -12 

-8 5 7 H , 5 0 , 7 2 ? -'4 3 8 21 75 7 4 8 17 -20 -; 0 8 31 -'3 
-7 5 7 " -16 , , 7 2< 23 4 8 0 -8 8 4 8 6' -f.2 -1 Q ~ 27 -?7 
-5 5 7 21 -19 3 • 7 33 '3 5 8 60 62 -7 5 8 3~ 34 4 0 8 21 21 
-4 5 7 21 -23 4 • 7 20 19 6 8 Q 8 -6 I 3 n '2 5 0 8 41 42 
-3 5 7 34 -35 5 R 7 3' la 7 8 2' 23 -5 I B 27 n 7 0 8 J? ' , 
-2 5 7 31 -10 7 , 7 1\ , 2 B , 8 0 , 0 -4 , 8 , 6 -'6 -3 , n 8 17 1 5 I 
-1 5 7 29 3' 8 8 7 , 3 14 -8 7 8 14 -, , -3 5 8 2' 21 -, , 0 e 3'- 18 

'" 0 5 7 6' -69 -5 9 7 1 2 -8 -6 2 8 36 -38 -, 5 8 4~ 41 3 ,0 '- 21 20 0 

'" 2 5 7 14C -14' -4 0 7 12 11 -5 ~ 8 56 57 , 5 8 26 -'6 4 , 0 8 27 15 
I 3 5 7 37 -30 -2 Q 7 4q 48 -3 2 8 , 1 , 1 ~ 8 2 5 8 59 -58 5 '" S 1 , 1 5 

4 5 7 5 , -50 0 9 7 5, 55 -2 2 8 14 -7 3 5 B 61 -<, 6 ,0 8 2< 25 
5 5 7 3t -16 , 9 7 ,6 -17 -1 ? 8 9~ 98 4 5 B " -43 -2 , , S 21 1 , 
8 5 7 3e -29 3 Q 7 16 16 0 , B , 19 , 1 0 7 5 8 20 -1, 0 " 8 43 44 

-8 6 7 3t -36 4 0 7 28 29 1 2 8 6~ 65 e 5 8 " 8 2 11 8 27 77 
-6 6 7 36 -36 6 0 7 34 ~3 2 1 8 14 16 -8 6 8 23 '3 4 " 8 19 17 
-5 6 7 1 1 6 -6 10 7 2, ,9 3 2 8 42 '.0 -t 6 8 24 ?2 -3 P 8. " 6 
-4 6 7 41 -46 -5 '0 7 14 , 5 5 2 8 20 , 9 -5 6 S 3:"l - ~2 -1 11 8 20 :'1 
-3 6 7 14 -17 -4 1 a 7 16 13 6 2 8 30 30 -4 6 " 22 '3 , " 8 " 1 9 
-2 6 7 32 -3' -3 11 7 13 1 5 B ~ 8 13 1 2 -3 6 B 34 - '2 3 , 2 8 23 21 

0 6 7 1 ! -15 -, 10 7 3, 12 -8 8 9 - ·3 -2 6 8 2' -18 4 " f , , -,4 
1 6 7 51 -51 1 10 7 30 3C -6 3 8 21 ~6 -1 6 8 23 -" -7 c 9 M -74 
2 6 7 2e 24 3 10 7 18 18 -5 3 8 5R 58 , 6 8 64 -{l4 -5 0 9 7< -<2 
3 6 7 49 -49 5 , a 7 20 24 -4 3 8 93 RB 2 6 B 41 -41 -3 0 9 63 -6' 
4 6 7 24 23 6 , 0 7 ,. -15 -3 3 8 28 ~6 3 6 6 61 - '59 -, n 9 13' -'H 
6 6 7 23 24 -5 " 7 25 ?6 -2 3 8 , Cl ,03 4 6 B 43 -42 , 0 ~ 6' -68 
7 6 7 1 5 -, 5 -4 11 7 , 4 , 2 -, 3 8 ,0 -10 5 6 8 41 -41 3 n Q 2< -75 
8 6 7 31 3' -3 11 7 11 14 0 3 8 84 8, 6 6 B 21 -";)2 7 n 9 " -16 

-8 7 7 1 3 -'2 -, 11 7 24 12 , 1 B 51 50 8 6 8 13 -13 -8 , 9 ,9 - 21 
-7 7 7 35 -37 5 " 7 13 -16 2 3 8 37 37 -8 7 B " -16 -, 1 ~ 24 -?6 
-6 , 7 21 24 -2 , 2 7 , 5 17 4 3 8 64 62 -5 7 B 24 23 -6 1 9 6' -65 
-5 , 7 50 -48 0 13 7 1 5 -'5 5 3 8 20 -21 -4 7 8 37 -16 -5 1 9 15 -'6 
-4 7 7 29 29 -8 0 8 39 -43 6 , 

8 24 -24 -3 7 8 " -9 -4 , 9 P -13 
-3 7 7 61 -63 -6 0 8 64 -67 7 3 8 44 -0 -2 1 B 3' - 29 -3 , 9 34 -29 
-2 7 7 4C -40 -4 0 B 51 45 B 1 B 11 -, , -1 7 B 54 -53 -2 ~ 61 -65 -, 7 7 24 -24 -2 0 B 11 -,3 -8 4 8 28 29 a 7 8 50 -59 0 9 17 -, B 

0 ? 7 1 5 " 0 0 8 52 50 -6 4 8 24 23 2 7 8 72 -73 , 9 4' 44 , 7 7 24 -:u 2 0 8 41 4~ -5 4 8 39 17 4 7 8 22 -70 2 9 21 -2' 
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-6 
-4 
-2 

'J 
2 
6 
5 

o 

9 
Q , 
Q 

9 
9 

- S 1': Q 

-3 1(' '" 
-1 1') 9 

J 1 G (J 

1 1.... Q 

4 F! 0 
6 1 r; 0 

-1 1 1 9 
o 11 Cl 

1 1 1 9 
3 11 0 
5 1 1 9 
o l' 9 
2 1 ~ c 
4 1( <; 

- e I: 10 
-6 r: 10 
-4 G 10 
- 2 ~ 1 Q 
a ("l llJ 
2 C 10 
4 ') 10 
5 "10 
l) 0 10 

- 8 10 
-6 10 
- 2 1 i) 
-1 1 10 
o 1 10 
1 10 
2 10 
3 10 
4 1C 
5 10 
6 10 
7 10 
8 , 10 

-7 2 1 C 
- 5 ? 10 
-4 ~ 1 C 

FO 

11 - 6 
17 -1"1 
2 0 -26 
5'.. -') S 
~) - ~ 5 
14 -1 1 
1 ~ 1 7 
(' ') , .) 
2·0) -75 
21 -~ 'J 
4 ~ -44 
2 ~ .) 7 
27 -;" 7 
2? ? 3 
1 q 1 Y 
10 1 b 
1/) -1::) 

21 2 2 
27 ? 9 
2"S ? 5 
111 ? lJ 
21 , , 
2? ? g 
1 ') 1 5 
2~ -) 1 
3? -'H 
71 -74 
91 - ~ 4 
95 -11}0 
91 -93 
36 -,7 
1 C; -1 6 
2? -? 6 
3Q -I. IJ 
1t. -17 
70 -~J 

4Q -1)4 
41 -G S 
l' -1 1 
6? -72 
5 ~ ; 9 
6' -(:. 3 
,.., 1 7 
11 -1 S 
10 !3 
32 -34 
47 -t. ,3 
14 13 

H !( L 

- 3 , 1 0 
-2 ? 1 0 
-1 ? 11J 

, ?, 0 

2 " 0 
'2 1 0 

t. , 10 
5 ? 1 0 
7 ? 1 0 

-.<;j ~ 1 0 
-6 ""I: 1 0 
-5 ~ 1 U 
- I. ""I: 1 0 
-3 1 0 
-2 "3' a 
-1 ~ 1 0 

C ,1 0 
1 '3 1 0 
3 3 10 
4 ,1 0 
5 3 1 0 
6 3 10 
8 3 1 0 

-~ 4 10 
- 5 t. 10 
-4 4 10 
-3 "0 
-< 4 1 0 
-1 G 10 

G 4 1 U 
2 "0 
4 4 1 0 
6 4 1 0 
7 4 1 0 
8 G 1 () 

-8 '5 10 
-6 \ 1 0 
-5 5 10 
-I. 5 10 
- 3 '5 10 

1 ') 10 
2 5 1 0 
3 5 1 0 
(, c; 10 

-7 6 10 
- 5 6 10 
-4 "1 U 
- 3 6 10 

41> -'6 
1 1 -8 
56 _1:;~ 

11 -11 
15 -14 
1 c lQ 
30 -40 
,.r; 43 
4.' 42 
25 -·n 
21 -)2 

2Q - ~IJ 
6(-, -":5 
511: ~9 
77 - 71 
61 ,t.l 
2~ -'5 
4 f1 45 

9 7 
2'i ?6 
31 ~o 
1"..0 'iD 
5 ~ 58 
1 1 -1 G 
1 a 17 

'" 42 11 -9 
9; rq 
21 - <4 
4' t.6 
7Q Ra 
51 4Q 
6n c;~ 

2! 19 
11 6 
1 " 17 
21 ?t. 
20 1~ 

2q ?9 
4" t.l 
94 c2 
1 Q - "0 
67 67 
17 -18 
21 '1 
31 13 
17 18 
,1 40 

- 2 6 1 C 
-1 f.", t.: 

:) A 1 C 

1 ,.." C 
'2 I, 1 C 
') Ale 
4 f) 1 C 
6 6 1 C 
7 1-. 1 C 

-8 71G 
-I') 7 10 
- '; 7 1 C 
-4 7 1 C 
- 2 7 1 C 

'J 7 1 C 
7 1 C 

2 7 10 
3 7 1 r. 
4 7 10 
5 7 1 C 
6 ? 1 C 
7 7 1 C 
1\ 7 10 

-8 .Q le 
-5 ~ le 
-4 SI 10 
-3 "10 
- 2 ~ 1 C 

J jl 1C 
2 '1C 
3 ~ 10 

" P, 1 C 
I) p 1 C 
6 .11 le 
7 9. 1 C 

-) Q 1 C 
- C. 0 1 C 
-1 Q 1 C 

.., le 
3 Q 1 C 
5 Q 10 

-5 1t; 10 
-410 le 
-5 11") le 
-2101C 

1) 1 ("I 1 e 
2 1 0 1 0 
4 1 r. 1 0 

Fe 

2' ? 3 
31 1) 0 
17 H 
11+ -12 
I, ., , 7 
4? -/, '5 
2? ? 2 
21 ? 3 
1 ~ -1 (, 
'3' "t 1 
P {,1 

24 -?" 
3·Q 7; S 
1/, 1 S 
n 15 
?~ -? 1 
2" -, 4 
20 -'9 
"2' -? 5 
11. 1 6 
2~ -? t1 
n 12 
2' -?"2 
17 1 4 

'" 1.2 
24 -,6 
21, ~ t1 
30 - ~ 7 
3~ -~4 

1 A -, 3 
1"': _1 3 
21. -23 
1!. -16 
n -9 
2:1 -, 1 
21 -;> ? 
l' -14 
S? -"i 5 
2 7 - ~ 7 
1 ? -1 3 
2l. -, S 
?'l _1 7 
1 7 -1 5 
1 I) -1 e 
2? -, 2 
35 -39 
14 -15 
14 -1 5 



I 
tu 
o 
(JJ 

03SERVE~ AND C'LCIJlATED ST~UCT~~E F!CTC~S FOR TC~OCL4 

H I(' L 

5 10 10 
-211 1e 

1 11 1 Q 
4 11 1 G 

-s l' 10 
-1 1 11 
- 5 n 11 
- ) ('. 11 

1 0 1 1 
:) f1 1 1 

n 1 1 
fl 11 

-,~ 1 1 1 
-1 1 1 1 
-6 1 1 1 
-', 1 q 
- 4 1 1 1 
- J 1 1 1 
-1 1 1 1 

U 1 1 
1 1 1 
2 1 1 
4 11 
5 1 1 
6 1 1 
8 1 1 1 

-:; 7 11 
-7 , 1 1 
-6 ~ 11 
-4 2 1 1 
-~ 2 11 
- 2 2 1 1 
-1 2 1 1 
o ? 11 
1 2 1 1 
2 7 1 1 
4 ~ 1 1 
5 2 1 1 
o 2 11 
8 2 1 1 

-6 ,11 
- 5 3 11 
- 4 '3 11 
- 5 3 1 1 
- 2 3 1 1 
-1 3 11 

, 3 1 1 
5 3 1 1 

FO 

1 4 1 3 
, S -1 S 
1 4 -, 3 
1 '5 1 8 
1? -1 [I 
67 73 
64 66 
37 'H 
3 ~ - 3 4 
91 -fI I. 

10 f- -1') c.; 
1 C; -2 Q 

2 (f ~ 0 
3 r: -"4 
3 A '37 
3 p -t.. U 
3 ~ ) 4 
1 3 -1 2 
8 fJ -'! 5 
27 -"; 2 
7 6 -7 f. 
3') -34 
9 1 -() ~ 
1 1 1 1 
4 f: -48 
1 P -17 
1 r -1 (l 
1 C ~ 
34 -3t.. 
67 -6 e 
4 ~ 48 

144 -142 
2') -24 
87 -Q4 
45 -47 
4 t.. -45 
25 -25 
, 1 1 5 
1 4 -1 3 
1 Q 1 b 
23 -24 
29 -ZB 
1 7 -1 6 
75 -73 
3! 39 
7:! -73 
41 -40 
41 -42 

" K L 

4 1 11 
5 3 11 
6 ,11 
7 3 11 
8 ~ 1 1 

-6 4 11 
-5 4 11 
- 2 t. 11 
-1 4 1 1 

r) 4 11 
1 4 1 1 
2 4 11 
:5 1 1 
S 4 11 
6 4 11 
7 4 11 

-(3 'i 11 
-6 '=' 11 
-4 ') 1 1 
- 3 'i 11 
-1 I 1 1 

2 "i 11 
3 'i 11 
4 5 1 1 
5 5 1 1 
6 'i 11 
e S 11 

-B IS 11 
-6 IJ 11 
-5 6 11 
-4 .1 1 1 
- 3 6 1 1 
-2 6 11 
o IS 11 
1 IS 1 1 
2 6 11 
3 ~ 11 
4 0 11 
5 6 1 1 
7 oS 1 1 

-8 7 11 
- 7 7 11 
- 5 7 1 1 
-I. 7 11 
-3 7 11 
-2 7 11 
-1 7 11 

o 7 " 

FO 'C 

1 3 1 C 
1? '17 
35 l8 
27 '3 
1 0:; 1 4 
13 -12 
34 -,3 
3/. -~5 

3f1 q 
2~ -? <: 
5~ 53 
SQ -~<; 

61 ,,1 
3" ~4 
2'} '3 
4q 4S 
41 -41 
3'1 -'9 
2~ ""0 
1 ? 1 1 
1 4 1 4 
71 71 
1 C; 1 5 
51 49 
1 ~ 1 e 
26 ?6 
32 32 
11 9 
2R ~6 

17 -15 
\3 51 
1 6 1 5 
2 7 ~ 4 
2" ~9 
2/. '4 
.4 ~ ~.3 
41 42 
1 5 14 
14 16 
1 t.. 13 
1 7 1 5 
1 5 1 4 
1 '7 1 7 
23 -?C 
25 23 
1 Q 19 
31 30 
1 4 1 5 

H , L 

1 7 11 
3 7 11 

- 3 q 11 
-7 ~ 11 
-4 <: 11 
... 2 q 11 

Cl ~ 11 
4 ~ 11 
5 q 1 1 
6 ~ 11 

-6 Q 11 
o ~ 11 
4 C 1 1 
6 <; 11 

-2 1'111 
,J 1 () 11 
5 1 ~ 11 

-1 11 11 
1 11 11 
3 11 11 

-2 1111 
n 1 2 11 
4 1? 11 

-I::. ~" 2 
- () ,., 12 
-I. Q 12 
-2 '1 12 

o r. 12 
4 .., 12 
6 rJ 12 

-8 12 
-7 12 
- 5 1 12 
-4 1 12 
- 3 1 12 
- 2 1 12 
-1 1 12 
o 1 12 
1 1 2 
2 12 
3 12 
4 1 12 
5 1 12 
6 1 12 
7 1 12 

-7 ? 12 
-6 I 12 
-4 , 12 

FO FC 

34 H 
2? ? 0 
11 3 
1? 13 
B ~ 5 
27 26 
27 21:\ 
15 1 1 
1 t.. -1 5 
16 1 6 
1 tS 1 .4 
2? -23 
13 -1 5 
2Q -~ 9 
25 -, 4 
12 - 9 
2? -21 
n -21 
16 -18 
14 -1 2 
14 -16 
14 -1 4 
1.4 -1 1 
3 'S ~ 7 
8 0 88 
3? 42 
16 14 
27 21 
49 -48 
25 -?7 
16 16 
42 46 
41 44 
19 -2 a 
36 36 
57 -51l 
3~ 31 
57 -59 
14 -1 3 
3·'1 -41 
1 tS -15 
313- -39 
37 -31 
24 -25 
11 -1 0 
10 7 
n 13 
22 10 

H , L 

-3 "2 
-2 '12 
-1 2 1 2 
o 7 12 
1 ? 1 2 
2 , 12 
3 ? 1 2 
4 ? 1 2 
5 ? 1 2 
7 ? 1 2 
e. , 1 2 

-8 1 1 2 
.. 5 ~ 1 2 
-! ., 1 2 
..... 2 1Ii 12 
-1 :. 12 

C 3 1 2 
1 3 12 
2 3 12 
.4 "' 1 2 
5 3 1 2 
6 3 1 2 
7 "3 1 2 
p. '1 2 

- e 4 1 2 
-() 4 1 2. 
-5 4 12 
-4 4 12 
-3 t. 12 
-2 4 1 2 
-, 4 1 2 

C 4 12 
1 4 1 2 
3 t. 1 2. 
4 4 1 2 
5 4 12 
8 4 1 2 

-7 '" 2 
-6 5 12 
-5 5 12 
-4 5 12 
-3 5 1 2 
-2 5 12 
-1 S 1 ~ 

C 5 12 
1 5 1 2 
2. S 12 
4 'i 1 2 

FC 

34 - ~2 
50 Cj8 
u 1 _ 04 

57 -IS 
5": -S5 
1? -12 
S? -~2 
17 17 
4':) -48 
2") -?5 
17 -15 
2? ?t. 
2": -'6 
1'; -15 
o -t.1 
1 1 -, 1 
6 q - 70 
2"< -'4 
41 -GQ 
)') - ~6 

1G 17 
2 ~ -;:» 
.3 (I l1 
2? -'3 
1 co - '1 
21 -;:>1 
2 ~ -'5 
7't, - (-.q 

2'1 -'9 
6'5 - "-02 
31 - ~1 

v; - ~9 

21 -? 2 
3 ~ -~1 

1~ -~ 
17 17 
27 '7 
27 -:>tS 
10 -19 
~ 1 - 41 
n -13 
26 -'2 
1 , 14 

lQ -'0 
1 7 17 
24 -;:>6 
23 22 
24 '4 

H !( L 

5 1 2 
6 'i 12 
7 S 1 2 

-,;; ~ 12 
-6 ~ 12 
- 5 r, 1? 
-4 ~ 12 
-2 .., 12 

) 6 12 
1 I: 1 2 
3 A 1 2 
5 ~ 1? 
7 I, 1 2 
8 '= 12 

- 6 7 12 
-4 7 12 
- 2 7 1 2 
-1 7 12 

:.1 7 1 2 
2. 7 12 
3 7 1 2 
4 7 12" 
S 7 1 2 
o 7 12 

-6 Q 12 
-') ~ 12 
-4 Q 12 
- 5 11. 12. 
- 2 2 12 
-1 9, 12. 

I} 11: 12 
1 ~ 1 2 
2 11: 1 2 
5 !; 12 
6 ~ 1 2 
7 p 1 2" 

R 12 
- -) c 1? 
- S 9 12 
-, c 12 
-2 lQ 12 
-1 10. 12 

o 1 C 12 
2 1 Q 1 2 
5 1 Q 1 2 
2. 11 1 2 
4 1 1 12 
1 17 12 

,0 , C 

~, ~G 

21'1 19 
2" ? 6 
1 ? _1 2 
21 -? 2 
21 , 1 
30 -1IiQ 

1A -16 
2 ~ - , 1 
5'7 A 0 
4" 41\ 
21 19 
1 p 1 5 
11 5 
1 ? -, 2 

" Y 
" 1 '" n 12 
2'i '1.6 
41. (.4 

2~ ?3 
l, 1 l. C 
1'i -1 3 
2~ , 8 
14 1 4 
1~ -15 
2? '22 
l' 8 
3'" ~ 5 
2f) 1 ~ 
10 ?C 
If) 19 
14 1 6 
"3t, ~4 

1 ~ -1 3 
1 ~ 19 
14 -12 
Po 1 '3 
21 ? 0 
34 ~ 4 
, ~ 1 7 
2' -(1 
21. 74 

" 7 20 -19 
1~ -16 
2/, -?1 
1 ~ -12. 



OSSE RVED Af~ 0 CALCULATE.D STI\tJCTURE FACTCQS '0 R TC'lOCLt. Pfl.Gl= ~ 

H K L ,0 Fe " < L fO Fe H < L FO Fe H , l '0 Fe H , L '0 F C 

3 P 1 2 21 -22 -3 4 1 3 59 -57 -4 1 0 1:1 1 4 1 6 7 ~ 1 4 21 -?Q 2 • 1 4 P 1 5 
-7 0 13 24 31 -2 4 1 3 17 14 -1 10 13 2< 26 8 , 1 4 2" -19 4 0 14 P " -5 ~ , 3 4 1 42 -, 4 13 64 -~3 , 

1~ 13 2' 23 -6 4 14 1 , 11 -1 G 14 i4 ? 1 
-J 0 13 17 2C , 4 1 3 6, -63 3 1'i 13 14 1 3 -5 I. 1 4 13 11 5 c 14 " 19 
-1 0 13 56 54 3 4 13 n -24 1 11 13 1? 1 1 -4 4 14 11 'u -3 1 n " " 1 5 

1 0 , 3 53 % 5 4 13 2' -23 3 11 13 21 -17 -3 4 14 2, 72 0 H~ , 4 14 13 
3 r '3 53 56 8 4 13 ,Q -16 -8 0, 14 '8 -, 9 -1 I. 14 16 1 " 4 1 n 14 1 ' 1 6 
5 0 , 3 17 14 -5 5 13 n -~c -6 0, 14 1 " -1 7 -1 4 14 :sn ~6 -4 11 " " 7 
7 0 13 " 14 -4 S 13 34 -31 -4 , 14 11 -1 1 C 4 14 3~ - '1 -2 11 14 " 1 5 

-7 1 1 3 31 34 e 5 13 37 -38 0 0 14 20 21 1 4 14 34 '"! -7 n 1 5 4' -1,4 
-6 1 13 37 36 1 5 13 10 1 Q 2 0 '4 60 61 1 4 14 4, -f,7 -5 c. 1 5 J- -~f 

-5 1 13 14 12 2 5 13 60 -59 4 C 14 87 "6 3 4 14 2' '0 -I ~ 1 5 3, -~2 
-4 1 13 27 2:9 4 C 13 20 -?9 6 0 14 27 24 6 4 14 24 -<3 -1 r 1 5 2, -i:' ; 
-2 1 13 37 17 2 5 13 14 13 -7 14 13 -16 7 4 14 1 C -17 l G , 5 3~ H 

U 1 13 44 46 -6 6 1] 1 7 -17 -6 14 I" 18 ~ 4 14 21 -'0 5 0 1 5 4i"! 41 
1 , 1 3 20 31 -6 ~ 13 2. -'?S -, 1 14 19 IQ -7 5 1 4 1 ~ 17 -~ 1 15 1 ; -1" 

tu 2 1 1$ 21 23 -4 6 13 l? -38 -3 1 14 23 -21 -4 S 14 26 - ,~1 -6 1 15 23 -24 
0 3 1 13 38 -38 -3 6 13 17 -la -2 1 14 17 16 -3 , 1 4 <' -'8 -, 1 1 5 " 1 5 
0> 4 1 1 l P H -2 6 13 3~ -38 -, 1 14 30 29 e 5 14 13 10 -4 1 1 5 l7 "'~6 

5 , , 3 49 -49 1 " 13 31 -30 0 1 14 n 36 1 5 H 46 -46 -3 1 5 2- '5 
6 1 3 1 • 1 7 2 ~ 13 30 30 1 1 14 25 78 2 5 1 4 1 7 18 -1 15 " -46 
7 13 2e -22 3 " , 3 21 -, 2 1 1 14 27 27 I 5 14 51 - 53 -, 1 1 5 " 25 

-8 2 13 1 9 1 9 4 6 13 20 17 I 1 14 45 46 5 5 14 50 -B 1 1 5 30 " -6 2 13 29 32 5 6 15 17 -16 4 1 14 17 -18 7 5 14 27 -';?7 l 1 5 39 40 
-4 2 13 42 45 5 6 1 3 24 25 5 1 14 47 45 -7 6 14 13 -14 4 1 5 31 53 -, 2 13 14 1 l S 6 1 3 13 11 7 1 ,4 29 30 -6 /, 14 19 '6 5 1 5 19 19 

0 1 ,3 1 3 -15 -8 7 , l 1 2 -13 -7 2 14 n 2 1 -5 6 14 3' - ~8 " 1 5 19 ze 
1 2 13 21 -21 -2 7 13 19 -19 -5 2 14 n 27 -4 " 14 13 12 8 1 5 14 17 
2 2 13 25 -24 -5 7 13 33 -31 -4 < 14 23 -23 -3 6 14 36 -~4 -7 2 1 5 11 -, 
4 2 , 3 It -26 1 7 13 1 5 le -3 < 14 50 50 -1 6 14 14 -15 -4 1 1 5 " 1 4 
6 2 1 3 33 -33 2 7 13 16 16 -1 1 14 46 H 1 " 14 23 -~5 -3 1 1 5 30 -27 
8 2 13 24 -22 3 7 13 1 0 19 0 2 14 27 30 2 " 14 1 ~ -19 -2 1 1 5 57 51 

-7 3 13 13 1 5 5 7 1 3 25 25 1 1 14 40 41 4 " 14 2> -19 0 1 1 5 5' oD 
-5 3 13 1 3 11 6 7 13 27 -n 2 2 14 13 14 e 6 14 2ry -19 1 2 1 5 24 24 
-4 3 1 3 1 R -19 2 2 13 27 ?2 3 2 14 13 1 3 -6 7 14 21 -?2 1 2 1 5 4' 45 
-3 3 13 29 29 -6 F 1 3 11 -,2 6 2 14 17 17 -5 7 1 4 1 ,~ '6 4 2 15 3' 32 
-1 3 ,3 37 -32 -5 " 13 1 < I, ~ 1 14 23 22 -4 7 , 4 3' - ~6 -5 3 1 5 11 6 -, 3 13 1< -20 -4 ~ 1 3 23 -Zl -5 3 14 23 ?3 -3 7 14 14 15 -4 I 1 5 11 c6 

0 3 1 3 55 -se -3 8 13 14 15 -4 3 14 44 44 -2 7 14 23 -13 -3 , 1 5 47 47 
1 3 1 3 30 -32 -1 R 13 25 25 -3 3 14 16 -1 5 0 7 14 32 - ~6 -1 , 1 5 5' 56 
2 3 13 17 -28 1 8 13 H 1 8 -1 3 14 57 5, 2 7 14 20 -n Q 3 1 5 13 1 3 
5 I 1 3 31 -30 3 8 13 17 1 2 -1 3 14 21 -21 , 2 14 1 3 -11 1 I 1 5 51 51 
6 1 13 16 -16 6 8 13 18 1 6 0 3 14 30 31 ~ 7 14 13 10 3 3 15 40 41 
7 3 13 42 -42 -2 9 13 40 38 , ~ 14 22 -20 -8 R 14 12 -10 5 3 1 5 2, 25 
8 3 1 3 13 11 0 9 13 40 42 2 3 14 29 28 -5 R 14 12 -13 2 .1 15 1~ 16 

-8 4 13 1S 16 2 • 13 14 14 4 ~ 14 20 ?2 -3 R 14 2' - :?8 S 3 1 5 " -11 
-6 4 13 11 9 4 9 13 16 1 5 5 3 14 14 -1 5 -1 R 14 3Q -78 -8 4 , 5 " -16 
-5 4 1 3 29 -30 6 q 13 11 9 6 3 14 13 -1 0 C 8 14 17 19 -7 4 15 11 13 



caSE RVE I) AN 0 C.AlCljlH~D SHUCTIJRE FflCTO~S FOR TC'lOCL4 PA.GE 9 

H < L Fe , C H K L F1 FC I{ , L FO FC H K L FO FC H < L ,n FC 

-5 4 1 5 34 3D -8 1 16 17 -16 5 , 16 23 -22 6 3 17 17 13 4 18 1< -13 
-3 4 15 49 46 -7 1 16 13 -13 7 6 16 14 -1 I 7 3 17 P 10 5 18 19 -17 
-1 4 15 2 , 20 -6 1 , 6 22 -21 -6 7 16 1 Q 17 G 4 1 7 11 -12 6 1 18 17 -13 

0 4 1 5 1~ 13 -\ 1 16 23 -23 2 ? 16 11 -1 2 1 4 17 33 36 7 1 18 11 -12 
1 4 1 5 11 -4 -3 1 16 44 -44 3 7 '6 16 -1 5 2 4 1 7 24 - 25 -4 2 18 1< 1 I 
2 4 1 5 le 39 -1 1 16 H -H 4 7 16 n -21 3 4 17 22 n -2 1 '" " 1 7 
6 4 15 1 2 -8 4 16 32 31 6 7 16 23 -22 5 4 17 21 '2 -1 2 " 3' -31 
7 4 11 23 -25 -7 2 16 17 -19 -\ ~ 16 1\ 1 2 7 4 1 7 13 1\ 1 , 18 3< -'6 

-3 5 1 5 H 16 -6 7 16 11 -1 1 -2 , 16 19 -1 3 -5 5 1 7 14 7 3 2 1 8 2, -74 
-6 5 15 2' 26 -5 , 16 21 "'?4 0 • 16 11 -18 -1 5 1 7 13 12 5 , 18 " -17 
-4 5 1 5 36 34 -3 2 16 1 8 -16 2 .' 16 18 -,0 2 5 1 7 24 73 7 , 18 11 -6 
-2 5 1 5 JP 17 -2 1 16 29 -?8 -3 9 16 14 -14 4 5 17 23 " -5 3 18 " -17 

0 5 1 5 21) 11 1 2 1 6 11 14 -1 9 16 3, -35 6 5 1 7 1 I 13 -2 3 18 24 -24 
3 5 1 5 11 2 3 2 16 19 ,1 1 < 16 11 -1 6 -6 6 1 7 20 ,0 0 1 H 27 - ?f. 
6 5 1 5 24 -22 5 2 16 23 <2 1 9 16 17. -9 -4 6 1 7 1 7 19 2 , 18 24 -?5 

1 3 5 1 5 19 -16 7 2 16 " 12 -3 le 16 13 -1 2 -2 6 1 7 19 14 4 3 1 8 15 -13 

'" -7 6 1 5 1 2 14 -8 3 16 2 1 -~c -2 1~ 16 11 -1 2 C 6 1 7 11 11 -, 4 18 " -1 5 
0 -5 6 , S lr " -6 ~ 16 11 -12 0 1 r, '6 " -19 1 , 1 7 17 14 -4 4 18 n -'2 .., 

-4 6 1 5 21 -18 -4 ~ 16 11 -le -5 r, 17 12 1 1 5 6 1 7 1 R 16 -2 4 18 n -11 
-3 6 1 5 19 21 -3 ~ 16 11 11 -1 C 17 17 -16 6 , 17 17 -17 1 4 18 2' -'J 
-2 6 1 5 11 1 1 -1 J 16 2q 27 3 0 17 36 -~ s· -5 ? 17 1~ 76 , 4 1 8 " 1 9 
-1 6 15 14 15 C ~ 16 20 2C 5 C 17 40 -3~ -; ? , 7 25 ,3 I 4 If IS -~s 

1 6 1 5 1> 1 5 2 ~ 16 16 13 -7 1 17 12 -12 -1 7 1 7 24 ,4 6 4 18 10 18 
2 6 1 5 29 -30 5 3 16 18 2C -5 1 17 17 -1 5 -1 • 17 '" 19 8 4 1 ~ l' 1 5 
4 6 1 5 1 , -19 6 ~ 16 17 1 7 -2 1 17 11 -1 1 -1 , 17 lP. -17 -7 5 18 " -1 J 
5 6 1 5 14 -14 8 3 16 24 15 -1 1 17 24 -23 C R 1 7 11 14 -5 5 H 2', -26 

-3 1 1 5 21 -18 -7 4 10 14 -14 0 1 17 12 -14 1 R 1 7 19 -19 -2 5 18 " 6 
-1 7 1 5 1P -19 -4 4 " 16 15 1 1 17 25 -15 3 R 1 7 16 -14 0 5 1 S 11 7 

1 7 1 5 18 -28 -2 4 16 ,. 17 2 1 17 17 -16 -2 Q 1 7 20 -16 5 5 18 10 18 
2 7 1 5 1 2 -14 -1 4 16 21 20 4 1 17 2, -19 C 9 17 27 -76 7 5 15 1 , 1 5 
3 7 1 5 26 -24 0 4 16 21 24 6 1 17 30 -,9 2 9 17 15 -15 -5 6 18 20 19 
5 7 1 5 21 -21 1 4 16 15 17 8 1 17 12 -14 -2 10 1 7 14 -10 -3 6 18 16 14 
7 7 1 5 1 2 -1 2 J 4 16 13 14 -8 2 17 14 -14 1 10 1 7 14 -13 -1 6 18 " 11 

-3 R 1 5 15 -15 -5 5 16 31 30 -6 2 17 15 -18 3 10 17 13 -14 1 6 16 2S 76 
-2 R 1 5 17 -1 6 -3 5 16 42 41 -4 2 17 16 -15 -8 0 18 n 13 2 6 18 " 12 

0 8 15 25 -:?4 -1 5 16 24 26 -3 ? 17 11 12 -6 n 18 27 27 3 6 18 24 ?2 
4 ?, 1 5 15 -1 3 1 5 16 41 42 -2 2 17 25 -22 -4 0 18 34 36 4 6 18 P 11 
6 8 15 1 8 -1 5 3 5 16 38 39 0 2 '7 23 -25 C 0 18 28 31 6 6 18 " 1 5 

-2 9 15 1 , -17 6 5 16 1 3 -13 8 2 17 15 15 2 0 18 13 13 -4 ? le 17 1 7 
-3 11 1 5 1 4 8 8 5 16 11 -8 -6 3 17 11 -8 4 0 1 8 29 -16 -2 7 1 8 20 20 
-1 11 15 13 1 3 -7 6 16 12 13 -5 1 17 16 -13 6 0 18 27 -23 0 7 18 20 73 

3 11 1 5 20 18 -6 6 16 11 7 -3 1 17 41 -40 -8 1 18 11 6 2 ? 1 8 14 14 
-6 n 16 32 -33 -4 6 16 IQ H -1 ! 17 20 2, -5 1 18 1 2 15 4 7 1 8 " 1 2 
-4 0 16 2e -19 -1 6 16 1 5 14 -1 ! 17 36 -38 -3 1 18 33 31 -1 8 1 8 16 1 6 
-2 0 16 4R -48 0 6 16 15 14 0 ~ 17 23 13 "2 1 18 25 ->.5 -3 9 18 " 8 

0 0 16 3~ -36 1 6 16 17 -17 1 3 17 16 -1 8 -1 1 18 24 22 -7 0 1 9 n 14 
2 0 16 3Q -29 2 6 16 11 11 2 ) 17 14 1 5 C 1 18 1 P; -19 -5 n H 17 76 
4 0 16 21 -21 3 6 16 32 - 31 1 ) 17 21 -20 2 1 18 21 -71 -3 n 19 21 17 

--------- - - - - --



OI3SE RVEf> ANO CPLCULATED STIt;UCTIJRE FACTCRS FOR· iC:-JOCL4 PAGE 10 

H K L Fe Fe H K L fO Fe H K l FO Fe H K L FO FC H K L FO FC 

-1 0 19 1 • 1 1 -1 • 19 23 -22 -4 1 20 16 14 4 6 20 P -8 2 0 22 1 < -13 1 0 19 21 20 1 4 19 21 -21 -1 1 20 12 1 0 5 6 20 11 13 -3 1 22 10 -16 j 0 19 12 1 5 -4 S 19 20 -27 0 1 20 1 1 12 -, 7 20 16 -15 -1 12 " -16 -7 1 19 11 14 -2 S 19 15 -14 2 1 20 12 1 2 -2 7 10 P -13 2 22 E 13 -4 1 ,. 20 20 0 S 19 13 -17 7 1 10 14 9 3 1 21 13 9 4 1 22 20 18 -2 1 19 H ,7 2 5 19 12 -11 -5 ? 20 17 1 5 4 1 21 14 12 -1 2 22 14 13 0 1 19 16 1 7 6 5 19 13 e -3 2 20 17 16 -; 2 21 18 17 1 2 22 21 1 9 3 1 19 1> -19 -5 6 19 13 -10 -4 1 20 17 16 0 Z 21 21 23 1 ? 22 21 1 7 5 1 19 17 -15 -3 ~ 19 14 -11 -2 1 20 19 1 7 2 2 ~ 1 18 18 -1 3 22 P 9 -6 2 19 15 1 3 4 6 19 13 15 -1 1 20 14 -11 4 2 21 1 < 19 2 3 12 20 18 -4 2 19 13 14 6 6 19 16 15 1 1 20 14 -1 3 -3 3 " 13 11 -2 4 22 20 16 -1 2 19 " 14 2 7 19 11 10 2 1 10 11 -7 -1 , 21 1~ 16 0 4 22 n 1 5 
0 1 19 19 -19 5 7 1 9 14 13 -4 , 10 11 -8 1 3 21 20 17 -3 5 22 " 1 3 
2 2 19 21 -23 -1 ~ 19 12 le -1 , 10 11 -8 J 1 11 11 9 -2 , ?2 1', 7 , 2 19 22 -?3 1 g 19 12 12 0 4 20 24 -25 2 , 21 12 12 3 ~ '2 12 -9 6 2 1 9 n -20 3 ~ 19 14 1 2 2 4 20 2" -28 -3 5 21 11 -g - 1 0 23 10 -17 I 8 1 19 1 2 -12 -2 9 19 21 18 4 4 20 14 -16 -2 6 2 1 11 -12 -2 1 n 17 -13 tv -5 3 19 11 1 1 0 9 19 17 16 -4 5 20 13 -9 1 6 ~ 1 12 1 2 3 23 1? 10 0 

-3 3 19 1 5 10 -8 0 10 11 -11 -2 5 70 11 -14 2 6 71 14 -13 -1 4 23 17 13 
(» 

-1 ; 19 n -9 -2 D 20 1 , 14 1 5 20 19 -1 8 -J 7 21 16 -12 1 , 23 11. 1 2 
0 3 19 17 -21 0 0 20 1 4 18 3 5 20 20 -17 -1 7 2' 1 15 -16 2 5 23 n 12 1 3 19 23 -24 2 0 20 20 19 5 5 20 17 -10 -2 ~ 21 12 -10 1 2 24 n -9 
3 3 19 1 5 -13 4 0 20 31 10 -5 6 20 1 7 -1 5 -2 o 22 17 -11 -1 ~ 15 1> 4 -5 4 19 1 5 -15 6 0 20 14 13 -3 6 20 15 -1 2 C 0 22 14 -16 1 25 n -12 -; 4 19 11 -15 -6 , 2D 11 13 
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oaSERVe:o ANO CAl COL A T EO STRUCTUR~ FACTORS FOR C,J!o1P0U~1) , P<\GE 

H ~ L FO FC H ~ L FO Fe H • L FO F C H K L FO Fe H K L FO Fe 

1 0 0 , 9 17 3 7 0 35 -35 3 0 , 4 - 1 -4 4 1 35 -35 2 7 I 4 -3 
3 0 0 30 -30 4 7 0 17 -16 4 0 1 50 49 -3 4 1 23 -23 3 7 1 3? -32 
4 0 0 71 71 5 7 0 30 30 5 0 I 23 24 -2 4 1 21 20 4 7 1 6 -5 
5 0 0 23 23 6 7 0 16 16 6 0 1 40 -40 -1 4 1 .6 44 5 7 1 27 27 
6 0 0 29 -29 0 ~ 0 56 66 7 0 1 n -I 2 0 4 I 27 26 6 7 I 1 7 17 
7 0 0 1 5 -16 1 ~ 0 8 8 -7 I I 23 23 1 4 1 18 -19 7 7 1 23 -23 
1 , 0 77 -80 2 g 0 30 -30 -6 I 1 28 28 2 4 1 50 -49 -6 R 1 ,. 19 
2 1 0 1 5 -13 3 8 0 16 -16 -5 1 1 '7 -1 6 4 4 1 ., 41 -5 , 1 21 11 
3 1 0 32 34 4 R 0 27 27 -4 1 1 63 -63 5 4 1 1R 18 -4 8 1 ,. -18 
4 1 0 40 41 5 8 0 17 16 -2 I 1 47 47 6 4 1 n -33 -3 8 1 " -17 
5 I 0 33 -33 6 8 0 9 -la -1 1 1 23 22 7 4 1 11 -11 -1 8 1 2' 18 
6 1 0 38 -38 7 g 0 12 -1~ 1 1 1 36 -16 -7 5 1 1 6 16 0 8 1 " 1 6 
0 2 0 61 -63 , • 0 21 -21 2 1 1 63 62 -6 5 1 30 30 1 8 1 n -13 
1 2 0 26 -2. 2 9 0 1 4 -15 3 1 I 56 54 -5 5 1 8 -9 2 8 1 26 -26 
2 2 0 41 -39 3 9 0 8 8 4 1 1 26 -15 -4 5 1 61 -M 4 ., 1 26 26 
3 1 0 48 48 4 9 0 28 28 5 1 1 39 -39 -3 5 1 7 -7 5 R 1 9 9 

5 2 0 43 -43 5 Q 0 , I -10 6 1 1 8 -s -2 5 1 64 6. 6 8 I 21 -21 
I 6 2 0 5 -4 6 Q 0 28 -28 7 , 1 28 28 -I 5 , 26 25 7 8 , 6 -7 

W 7 2 0 32 32 7 9 0 5 -4 -7 2 , 8 8 0 5 1 85 -85 -7 9 1 9 9 .... 
0 1 3 0 7' 71 0 , 0 0 41 -43 -6 2 1 4 -4 1 5 , 35 -33 -6 9 , 27 " I 2 3 0 5 5 I , 0 0 R -8 -5 2 1 48 -49 2 5 1 65 65 -4 9 1 .0 -40 

3 3 0 35 -37 2 , 0 0 20 20 -3 2 1 60 61 3 5 1 48 47 -3 9 , 7 -6 
4 3 0 26 -27 3 , 0 0 19 20 -~ 2 , ,6 14 4 5 1 34 -33 -2 9 , 44 44 
5 3 0 35 35 4 ,0 0 19 -19 -I 2 1 ,00 -10' 5 5 1 32 -32 -, 9 1 17 1 7 
6 3 0 26 26 5 10 0 22 -23 0 2 1 52 -50 7 5 1 24 24 0 9 1 51 -52 
0 4 0 155 '65 6 10 0 6 6 1 2 1 83 82 -7 6 1 9 8 1 9 , 23 -22 
1 4 0 14 15 7 10 0 18 1 B 2 2 1 52 5 , -6 6 1 9 -8 2 9 1 42 42 
2 4 0 66 -67 1 , 1 0 41 42 3 2 1 52 -53 -5 6 1 40 -40 3 9 1 29 29 
3 4 0 24 -14 2 I 1 0 5 5 4 2 1 27 -15 -4 6 1 6 5 4 • 1 24 -24 
4 4 0 53 53 3 11 0 27 -28 5 2 I 14 1 4 -3 6 I 48 48 5 9 I 20 -21 
5 4 0 20 20 4 , 1 0 11 -12 6 2 1 17 17 -2 6 1 8 9 6 9 1 5 4 
6 4 0 22 -22 5 1 1 0 21 21 7 2 1 R -8 -1 6 1 75 -74 7 • 1 15 15 
7 4 0 14 -1. 6 , 1 0 1 2 1 Z -7 3 1 27 -27 0 6 1 35 -34 -7 10 1 6 7 
1 5 0 49 -49 0 1 Z 0 2R Z8 -6 J 1 18 -1 8 1 6 1 58 58 -6 ,0 1 11 -, 1 
Z 5 0 19 -19 1 12 0 4 4 -5 3 1 24 24 2 6 1 39 38 -5 10 1 26 -26 
3 5 0 21 U 2 12 0 H -12 -4 3 1 39 38 3 6 1 37 -37 -4 10 1 8 7 
4 5 0 40 40 3 12 0 , 1 -11 -3 3 1 12 -1 3 4 6 1 2. -29 -3 10 1 30 ,0 
5 5 0 22 -22 4 lZ 0 I Z 12 -2 3 1 10 -, 1 5 6 1 10 10 -, 10 1 41 -41 
6 5 0 38 -38 5 1 2 0 14 14 -1 3 1 5 -4 6 6 1 20 19 0 10 1 1. -19 
0 6 0 56 -56 -7 0 1 5 -4 0 3 1 27 27 7 6 1 4 -4 1 10 1 31 31 
1 6 0 17 -17 -6 0 1 36 38 1 3 1 18 1 8 -7 7 1 25 "~4 2 10 1 26 25 
2 6 0 7 8 -5 0 I 35 34 2 3 1 20 -1 9 -6 7 1 1 1 -11 3 10 1 21 -21 
3 6 0 34 34 -4 0 1 44 -4. 5 3 1 44 -~ 4 -5 7 1 24 24 4 10 1 24 -23 
4 6 0 14 -14 -3 0 1 32 -31 5 3 1 35 34 -4 7 1 21 21 6 10 1 17 18 
5 6 0 35 -35 -2 0 1 33 32 6 3 1 17 1 7 -3 7 1 1 5 -15 - 6 , 1 1 • -9 
7 6 0 26 27 -, 0 1 57 58 7 3 1 27 -27 -2 7 1 8 -8 - 5 1 1 1 17 17 
1 7 0 56 57 1 0 1 26 -27 -6 4 1 32 31 0 7 1 11 11 - 4 , 1 1 16 1 6 
2 7 a 4 5 2 0 1 73 -71 -5 4 1 2Q 29 1 7 1 13 13 - 3 11 1 17 -,2 



OBSERVED AN' CALCULATED SrRUCTU~E FACTORS FOR COMPOlJ~D T P!'GE 2 

K K l FO Fe H K l FO Fe H K l fO Fe H K l fO Fe H K l fo Fe 

-2 11 1 10 -11 2 2 2 26 25 -7 6 2 17 -1 8 3 9 2 4 4 4 Q 3 23 -23 
0 T 1 1 11 1 1 3 2 2 42 -41 -6 6 2 22 -~ 2 4 9 2 26 - 26 5 0 3 3' -39 
1 1 1 1 12 12 4 2 2 31 -31 -5 6 2 I' T 8 5 9 2 22 -Z2 6 0 3 20 20 
3 1 1 1 22 -23 5 2 2 18 17 -4 6 2 26 26 6 9 2 16 16 7 0 3 33 33 
5 11 1 21 21 6 2 2 31 31 -2 6 2 41 -42 7 9 2 1 7 17 -7 1 3 5 5 
6 11 1 10 1 1 7 2 2 ?2 -22 -1 6 2 20 - 21 -7 10 2 10 -10 -6 1 3 32 -B 

-5 12 1 16 15 -7 3 2 21 -21 1 6 2 26 26 -6 10 2 20 -19 -5 1 3 P -1 1 
-4 12 1 8 -7 -5 3 2 32 32 2 6 2 4 4 -5 10 2 6 6 -4 1 3 24 24 
-3 12 1 15 -15 -4 3 2 1 2 12 3 6 2 41 -40 -4 10 2 23 23 -3 1 3 36 37 
-1 12 1 20 21 -3 3 2 44 -43 4 6 2 IS -1 7 -3 10 2 6 6 -2 1 3 42 -42 
o 12 1 10 1 1 -2 3 2 45 -44 5 6 2 20 19 -2 10 2 n -33 -1 1 3 56 -S? 
1 12 1 13 -14 -1 3 2 46 45 6 6 2 22 22 -1 10 2 19 -20 1 1 3 57 57 
2 12 1 16 -16 0 3 2 20 19 7 6 2 21 -20 C 10 2 1 2 12 3 1 3 49 -49 
3 12 1 8 8 1 ~ 2 20 -20 -7 7 2 17 -1 7 1 10 2 23 24 4 I 3 21 -76 
4 12 1 1 5 16 2 3 2 61 -63 -5 7 2 26 26 2 10 2 , -7 5 I 3 25 25 

-6 0 2 35 34 3 3 2 27 26 -4 7 2 15 14 3 10 2 l I - 31 6 I 3 21 1 I 
-5 0 2 I 3 14 4 I 2 40 40 -3 7 2 37 -37 4 10 2 6 -5 7 I 3 5 -5 

I -4 0 2 57 -57 5 3 2 15 16 -2 7 2 35 -34 5 10 2 17 I 7 -7 I 3 21 -? 2 
t\J -3 0 2 51 -51 6 3 2 17 -16 -1 , 2 3. 37 6 10 2 11 I 1 -6 2 3 1, -18 .... -1 0 2 100 101 7 3 2 1 1 -11 0 7 2 27 28 -5 1 I 2 20 20 -5 2 3 22 23 .... 

1 0 2 86 -H -6 4 2 29 29 1 7 2 25 -24 -4 11 2 11 11 -4 2 3 2" 28 
2 0 2 64 62 -5 4 2 9 10 2 7 2 44 -~ 4 -3 11 2 28 -28 -3 2 3 39 -40 
3 0 2 79 79 -4 4 2 44 -44 3 7 2 23 23 -2 11 2 24 -24 -2 2 3 84 -84 
4 0 2 24 -22 -3 4 2 37 -37 4 ? 2 30 30 -1 11 2 29 29 -I 2 3 32 32 
5 0 2 29 -29 -2 4 2 38 88 5 ? 2 5 6 0 1 1 2 23 23 0 2 3 67 68 
7 0 2 23 23 -1 4 2 69 69 6 ? 2 13 -13 I 11 2 19 -19 1 2 3 6 -6 

-7 1 2 25 25 0 4 2 H -43 7 7 2 6 -6 2 I 1 2 31 -31 2 2 3 55 -55 
-6 1 2 11 -1 1 1 4 2 63 -62 -6 8 2 19 18 3 1 I 2 16 16 3 1 3 7 1 
-5 1 2 36 -36 2 4 2 42 41 -4 8 2 25 -25 4 11 2 21 22 4 2 3 31 31 
-4 I 2 5 -3 3 4 2 61 61 -3 8 2 17 -17 6 11 2 11 - 11 5 2 3 I 3 
-3 1 2 50 48 4 4 2 15 -14 -2 8 2 42 42 -4 P 2 1 3 -13 6 2 3 19 -19 
-2 1 2 .3 43 5 4 2 23 -23 -1 8 2 32 32 -3 1 2 2 4 -5 7 2 3 9 -9 
-1 I 2 52 -51 7 4 2 19 19 0 8 2 19 -18 -2 12 2 20 20 -6 3 3 2' 28 

1 1 2 13 13 -7 5 2 23 23 1 8 2 32 -32 -1 12 2 14 14 -4 3 3 17 -16 
2 I 2 73 75 -6 5 2 16 -16 2 .8 2 16 1 6 0 I 2 2 7 -7 -3 3 3 H -16 
3 1 2 21 -19 -5 5 2 32 -31 3 8 2 35 35 I I 2 2 16 -16 -2 3 3 2S 25 
4 1 2 SO -48 -4 5 2 6 6 5 8 2 14 -14 2 12 2 4 4 -1 3 3 26 27 
5 1 2 26 -26 -3 5 2 39 39 6 " 2 7 -6 3 I 2 2 20 20 0 3 3 ; 3 
6 1 2 22 22 -2 5 2 21 21 7 8 2 13 13 5 12 2 9 -9 1 3 3 30 -30 
7 1 2 18 1 8 -1 5 2 34 -33 -7 Q 2 15 16 -7 0 3 33 34 2 3 3 14 -14 

-7 ? 2 25 -25 0 5 2 1 7 -17 ~6 9 2 14 -14 -6 0 3 9 -9 3 3 3 31 3 I 
-6 2 2 21 -2 I 1 5 2 7 7 -5 Q 2 20 -20 -5 0 3 32 -32 4 3 3 34 33 
-5 2 2 30 30 2 5 2 54 53 -4 9 2 8 8 -4 0 3 12 11 5 3 3 16 -16 
-4 2 2 21 12 3 5 2 4 -4 -3 9 2 22 n -3 0 3 39 39 6 3 3 26 -:?:6 
-3 2 2 16 -17 4 5 2 4l -42 -2 9 2 7 7 -2 0 3 40 40 -7 4 3 2Q 29 
-2 2 2 46 -45 5 5 2 28 -29 -1 9 2 15 -15 1 0 3 32 -30 -6 4 3 7 -7 
-1 2 2 12 -13 6 5 2 23 B 0 9 2 10 -1 0 2 0 3 33 33 -5 4 3 26 -26 

1 2 2 13 14 7 5 2 20 20 2 9 2 29 29 3 0 3 37 57 -. 4 3 • 7 



08SERVED AND CA.LCULo\ TEO st RUC TUR E FA.CTOR:S FOR tO~POUNC I PAGE 3 

H K L FO FC H K L ,0 FC H K L FO , C H < L FO Ft H < L FO Ft 

-3 4 3 33 32 1 7 3 16 -16 -. 1 1 3 12 -12 -3 2 4 13 -12 , 5 4 5 5 

-2 4 3 32 31 2 7 3 17 -18 -3 1 1 3 5 - 5 -1 2 4 5 5 I 5 4 31 31 

-I 4 3 ID -11 3 7 3 19 19 -2 11 3 12 11 0 2 4 25 25 6 5 4 4 -4 

0 4 3 22 -22 4 7 3 2" 29 -1 1 1 3 10 10 1 2 4 16 -17 7 5 4 20 -21 

1 4 3 25 -24 5 1 3 10 -10 1 1 1 3 1 3 -1 4 2 2 4 32 -32 -6 6 4 22 22 

2 4 3 27 ~8 6 7 3 24 -24 2 11 3 11 -1 1 3 2 4 1 2 -12 -5 6 4 R 8 

3 4 3 30 30 -7 R 3 20 20 3 11 3 14 , 4 4 2 4 35 35 -4 6 4 20 -20 

4 4 3 1R -18 -5 R 3 17 -17 4 11 3 20 20 5 2 4 4 -5 -3 6 4 ,. -I. 
5 4 3 32 -3 3 -3 8 3 21 20 5 1 \ 3 • -. 6 2 4 32 -32 -2 6 4 3 3 

6 4 3 16 \ 6 -2 S 3 23 22 6 11 3 17 -17 7 2 4 9 -8 -I 6 4 \ R 1 8 

7 4 3 28 28 -1 8 3 7 -6 -5 Il 3 11 -1\ -7 3 4 16 16 0 6 4 14 14 

-7 5 3 • • 0 8 3 17 -\7 -3 \2 3 n \3 -6 3 4 I. I. 1 6 4 24 -23 

-6 5 3 30 -2. 1 8 3 1 2 -1 1 - 2 12 3 1 R 1 8 -5 3 4 1 4 -14 2 6 4 24 -24 

-5 5 3 19 -18 2 8 3 20 20 -1 12 3 6 -6 -4 3 4 32 -32 4 6 4 27 28 

-4 5 3 25 26 3 8 3 1 S 17 o 12 3 15 -1 5 -3 3 4 9 • 5 6 4 • -. 
I 

-3 5 3 45 44 4 8 3 12 -12 2 12 3 16 1 6 -2 3 4 3? 31 6 6 4 25 -16 

l\) 
-2 5 3 42 -41 5 8 3 20 -20 3 12 3 S 8 0 3 4 54 -55 7 6 4 , - 5 

.... -1 5 3 60 -59 6 R 3 1 , '0 4 12 3 • -10 1 3 • 11 -11 -7 7 • 11 1 1 

l\) 0 5 3 23 23 7 " 3 18 1& 5 , 2 3 10 -, 0 2 3 • 35 34 -6 7 • 17 1 7 

1 5 3 60 60 -7 • 3 R 8 -1 0 4 H 13 3 3 • 25 25 -5 7 • 10 -10 

2 5 3 8 -9 -6 • 3 20 -20 -6 0 • 17 -1 7 • 3 4 '0 -'0 -4 7 4 30 -2. 

3 5 3 51 -51 -5 • 3 16 -15 -5 0 • 3. -40 5 3 4 20 -20 -3 7 4 7 6 

4 5 3 13 -13 -4 • 3 18 18 -4 0 4 21 20 6 ; 4 6 5 -2 7 4 33 32 

5 5 3 26 27 -3 • 3 33 33 -3 0 4 6~ 69 7 3 4 12 12 0 1 4 45 -45 

6 5 3 1 3 13 -2 9 3 26 -26 -2 0 4 6 -1 -7 4 4 1 5 15 1 1 4 ~ -6 

7 5 3 1 -7 -1 9 3 42 -41 1 0 4 82 S3 -6 4 4 1 5 -15 2 7 4 30 31 

-7 6 3 21 -21 0 • 3 15 16 2 0 4 10 9 -5 4 4 31 - 32 3 7 4 15 1 5 

-6 6 3 12 -12 1 Q 3 41 41 3 0 4 33 -33 -4 4 4 16 16 4 7 4 11 -1 1 

-5 6 3 22 22 2 • 3 7 -7 4 0 4 14 -1 4 -3 4 • 54 54 5 7 4 13 -13 -. 6 3 23 22 3 9 3 34 -34 5 0 • 30 30 -2 4 • 3 -3 6 7 4 5 6 

-3 ~ 3 34 -3. 4 9 3 5 -6 6 n 4 15 15 -1 4 4 58 -57 7 7 4 ~ 8 

-2 ~ 3 60 -58 5 • 3 19 19 7 0 • • -2 0 4 • 7 -6 -7 8 4 8 8 

-1 6 3 24 24 6 Q 3 7 7 -7 1 4 20 -21 , 4 • 63 62 -6 B 4 11 -1 1 

0 6 3 51 51 7 " 3 5 -5 -6 1 • 15 -16 2 4 4 " 11 -5 8 4 1 R -18 

1 ~ 3 5 -5 -7 10 3 17 -17 -5 1 4 20 20 3 • 4 24 -24 -4 ~ 4 10 11 

2 ~ 3 47 -47 -6 10 3 5 -5 -4 1 4 28 ?S 4 4 4 14 -14 -3 • 4 30 30 

4 6 3 28 2" -5 10 3 Ig 17 -3 1 • 14 -14 5 4 • 23 24 -1 B 4 31 -30 

5 6 3 7 8 -4 10 3 1 1 12 -2 1 4 27 -26 6 4 4 14 14 0 8 4 6 -6 

6 6 3 18 -18 -3 10 3 22 -22 1 1 4 16 1 6 -7 5 4 21 -22 1 g 4 B 33 

7 6 3 11 -1 1 -2 10 3 33 -33 2 1 4 34 -13 -6 5 4 10 -. 2 R 4 11 1 2 

-7 7 3 6 5 -1 10 3 14 14 3 1 4 34 - 35 -5 5 • 21 21 3 8 • 10 -1 1 

-6 7 3 23 23 0 10 3 30 30 4 1 4 9 8 -4 5 4 1R I. 4 B 4 13 -14 

-5 7 3 6 -6 2 10 3 30 -30 5 1 4 2. 29 -3 5 4 1 5 -14 5 8 4 1 2 1 2 

-4 7 3 13 -13 3 10 3 6 -5 6 1 4 4 -5 -2 5 4 19 -19 6 8 4 1 2 13 

-3 7 ; 6 -6 4 10 3 1. I. 7 1 4 18 -1. 0 5 4 38 31 -7 • 4 '6 -17 

-2 7 1 1 5 1 5 5 10 ; 10 10 -6 2 4 14 25 1 5 4 '8 17 -6 • 4 , -5 

-1 7 3 1 3 12 6 10 3 13 -13 -5 2 4 4 3 2 5 4 24 -23 -5 9 4 16 1 6 

0 7 3 6 6 -6 1 1 3 17 1 7 -4 2 • 23 -24 1 5 4 34 -35 -4 9 • 10 la 



oeSERVEO AND CAlCUL.~ TED STRUCTURE fACTORS fOR COr.,POUNO 1 P~GE 4 

H , L FO Fe H < L FO Fe H < L FO Fe H < L fo Fe H < L fO Fe 

-3 q 4 10 -10 -2 0 5 9 -9 -7 4 5 16 -16 0 7 5 U -16 -4 11 5 S 5 
-2 9 4 10 -10 1 0 5 30 29 -6 4 5 7 -8 1 7 5 8 7 - 3 1 1 5 9 q 

0 9 4 18 18 2 0 5 4 3 -5 4 5 16 16 2 7 5 25 24 -1 11 5 5 -5 
1 9 4 1 4 14 3 0 5 35 -H -4 4 5 26 26 3 7 5 10 10 0 11 5 11 -11 
2 9 4 11 -1 1 4 0 5 7 -6 -2 4 5 8 -B 4 7 5 12 -22 1 I 1 5 5 6 
3 9 4 25 -25 5 0 5 33 32 -1 4 5 14 -1 3 5 7 5 11 -10 2 1 1 5 17 17 
5 9 4 2.3 24 6 0 5 14 14 0 4 5 12 1 1 6 7 5 15 15 3 11 5 6 5 
7 9 4 1 5 -1 7 7 0 5 22 -23 1 4 5 26 25 7 7 5 11 11 4 11 5 16 -16 

-7 10 4 6 -5 -7 1 5 1 1 -11 3 4 5 29 -29 -7 8 5 10 -10 5 1 1 5 6 -6 
-6 10 4 14 15 -6 1 5 8 8 4 4 5 7 -6 -6 8 5 7 -7 -4 1 2 5 15 15 
-5 10 4 12 1 1 -5 1 5 27 28 5 4 5 28 27 -5 8 5 9 Y -2 12 5 9 -9 
-4 10 4 1 4 -1 4 -s 1 5 36 -36 6 4 5 1< 12 -4 8 5 la 20 -1 12 5 7 -7 
-3 10 4 21 -20 -2 1 5 7 -8 7 4 5 19 -19 -2 8 5 7 -8 0 12 5 10 11 
-2 10 4 5 4 -1 1 5 29 28 -7 5 5 13 -13 -1 8 5 10 -10 1 1 2 5 11 1 1 
-1 10 4 20 21 1 1 5 37 -37 -6 5 5 5 5 0 • 5 1 1 10 3 12 5 11 -1 1 

0 10 4 6 6 2 5 34 -34 -5 5 5 31 31 1 8 5 18 18 -7 0 6 17 -17 
1 1 10 4 24 -24 J 5 4 4 -3 5 5 40 -39 3 8 5 19 -19 -6 0 6 5 -5 

tu / 10 4 14 -14 4 5 27 26 -/ 5 5 9 -9 4 R 5 4 -4 -5 0 6 30 30 ... 3 10 4 7 8 5 1 5 4 3 -1 5 5 38 37 5 B 5 1 • 18 -4 0 6 19 '9 

'" 4 10 4 11 1 8 6 1 5 1 6 -15 0 5 5 21 20 6 8 5 9 9 -J 0 6 36 -36 
10 4 8 -9 7 1 5 9 -8 1 5 5 4< -41 7 8 5 11 -12 -2 0 6 31 - 31 

6 10 4 16 -16 -6 1 5 19 19 2 5 5 28 -28 -7 9 5 10 -1 1 1 0 6 20 -20 
-6 1 1 4 1 3 1 3 -. 1 5 49 -48 3 5 5 13 13 -5 9 5 23 23 2 0 6 2' -28 
-5 11 4 8 -8 -3 1 5 13 -13 4 5 5 21 12 -3 9 5 30 -29 3 0 6 1 7 1 7 
-4 11 4 22 -Z/ -2 2 5 37 37 5 5 5 4 -3 -2 9 5 8 -8 4 0 6 25 25 
-3 1 1 4 5 6 -1 2 5 24 24 6 5 5 13 -13 -1 9 5 28 28 6 0 6 , -8 
-2 11 4 26 26 0 2 5 45 -45 7 5 5 5 -5 0 9 5 15 15 1 0 6 , -8 

0 11 4 32 -32 1 2 5 24 -24 -7 6 5 6 5 1 9 5 30 -19 -7 1 6 5 5 
1 11 4 4 -4 2 2 5 26 26 -6 6 5 16 16 2 9 5 19 -18 -6 1 6 15 15 
2 11 4 23 24 3 1 5 19 19 -5 6 5 4 -3 3 9 5 1 1 1 1 -4 1 6 21 - 21 
3 1 1 4 9 1 0 4 2 5 14 -14 -4 6 5 40 -39 4 9 5 1 5 14 -3 1 6 11 -1 1 
4 1 1 4 11 -1 1 5 2 5 15 -15 -3 6 5 8 -8 5 9 5 4 -4 -2 1 6 21 21 
:3 1 1 4 10 -9 7 2 5 9 8 -2 6 5 31 30 6 9 5 , -9 -1 1 6 23 23 

-5 12 4 7 -8 -7 3 5 7 7 -1 6 5 1 R 1 8 -7 10 5 6 6 1 1 6 27 -'2.7 -. 1 2 4 7 7 -6 3 5 10 -10 0 6 5 36 -36 -6 10 5 11 11 1 1 6 5 - 5 
-3 12 4 1 5 14 -5 3 5 18 -18 1 6 5 22 -n -5 10 5 5 -5 3 1 6 27 27 
-1 1? 4 13 -14 -4 1 5 6 5 2 6 5 22 21 -4 10 5 25 -14 4 1 6 7 8 

0 12 4 6 -6 -J 3 5 21 21 3 6 5 19 19 -3 10 5 4 -3 5 1 6 13 -13 
1 12 4 16 1 6 -2 3 5 6 6 4 6 5 10 -10 -2 10 5 19 19 6 1 6 15 -15 
2 12 4 10 10 -1 3 5 12 -11 5 6 5 16 -16 -1 10 5 1 1 11 7 1 6 7 7 
3 12 4 4 -4 0 3 5 21 -21 7 6 5 10 10 C 10 5 21 -~2 -7 2 6 10 10 
4 12 4 1 1 -1 2 1 3 5 19 19 -7 7 5 5 4 1 10 5 16 -16 -6 2 6 10 -10 
5 1 2 4 5 5 2 J 5 32 32 -6 7 5 11 -1 1 2 10 5 13 12 -5 2 6 13 -13 

-7 0 5 19 -20 J 1 5 8 B -5 7 5 12 -12 3 10 5 16 16 -3 2 6 9 9 
-6 0 5 7 -8 4 3 5 26 -26 -4 7 5 7 6 4 10 5 5 -5 -2 2 6 11 1 1 
-5 0 5 20 20 5 3 5 10 -10 -3 7 5 12 11 5 10 5 14 -14 -1 2 6 2 1 
-4 0 5 29 29 6 3 5 16 16 -2 7 5 4 3 -6 11 5 8 -9 0 2 6 16 -16 
-3 0 5 4 -4 7 3 5 12 1 1 -1 7 5 4 -4 -5 1 1 5 Q -9 1 2 6 17 -11 



OBSERVEO 'N' CAl CUL a. TI=.:O STRUCTURE fACTORS FOR C~NlPOU~O 1 PAGE 5 

" 
, L FO Fe " < L FO Fe H K L FO F C H < L FO FC H K l FO FC 

2 2 6 19 19 -6 h 6 7 -7 6 9 6 1 3 -1 3 3 1 7 9 9 3 5 7 4 4 

3 2 6 14 1 , -5 6 6 1$ -15 -5 10 6 13 -1 , 4 1 7 1 1 -12 4 5 7 12 -12 
4 2 6 22 -22 -3 6 6 13 13 -3 10 6 13 13 5 1 7 H -12 5 5 7 q -8 
5 2 " 22 -22 -2 6 6 11 1 1 -2 10 6 10 10 -6 2 7 15 -15 6 5 7 , , 
6 2 6 10 10 -1 6 6 6 -6 -1 10 6 10 -1 0 -5 2 7 1 6 -17 -6 6 7 11 -14 
7 2 6 18 1 8 0 6 6 17 -16 0 10 6 14 -14 -. 2 7 9 10 -5 6 7 " -13 

-6 3 6 14 -I, 1 6 6 7 -7 2 10 6 15 1 5 -3 2 7 22 23 -4 6 7 9 9 
-5 3 6 6 -6 2 6 6 19 la 4 10 6 15 -15 -2 2 7 13 -13 -3 " 7 ,. 1 8 -. 3 6 21 21 3 6 6 7 7 5 10 6 8 -a -1 2 7 30 -31 -I 6 7 1< -1 1 
-3 3 " 15 1 5 , 6 6 20 -20 6 10 6 " 7 0 2 7 5 5 -1 6 7 26 -26 
-2 3 6 23 -23 5 6 6 16 -15 -6 11 6 10 -10 1 2 7 19 19 0 6 7 , 3 
-1 3 6 2' -24 6 6 6 9 9 -5 1 1 6 " -5 2 2 7 3 0 1 >\ 7 " 17 

0 3 6 14 ,. 7 6 6 14 14 -, 11 6 " 1 5 3 2 7 1R -18 J 6 7 16 -17 
1 3 6 25 25 -6 7 6 1 3 -13 -3 1 1 6 11 11 4 2 7 5 -. 4 6 7 6 -5 
3 3 6 2, -23 -5 7 6 7 -7 -2 11 6 " -16 5 '- 7 6 6 5 " 7 >\ 7 , J 6 4 -) -. r 6 20 19 - 1 1 1 6 15 -15 6 2 7 • 9 -5 7 7 7 8 
5 3 6 9 9 -3 7 6 15 1 5 0 1 1 6 12 1 2 -5 3 7 9 10 -, 7 7 , 3 
6 J 6 12 1 1 -2 7 6 21 -21 1 1 1 6 16 1 5 -, 3 7 6 6 -3 7 7 3 -2 

I 7 1 6 4 -4 -1 7 6 21 -20 2 11 6 4 -. -3 3 7 5 -5 -2 7 7 In -10 

'" -7 , 6 14 -I. 0 7 6 1 5 15 3 11 6 
" 

-13 -2 3 7 1 6 -16 0 7 7 12 12 .... -5 , 6 25 25 I 7 6 21 21 5 1 I 6 6 6 -1 I 7 , 3 1 7 7 
" 

14 ... 
-4 , 6 16 16 2 7 6 J -, -5 H 6 9 9 0 3 7 1 7 1 8 2 7 7 • -8 
-3 , 6 30 -29 3 7 6 18 -18 -, 1>- 6 , 5 1 3 7 15 15 3 7 7 13 -14 
-2 , 6 27 -26 5 7 6 8 7 -3 12 6 8 -8 2 3 7 I 1 -12 , 7 7 7 6 
-I 4 6 28 27 6 7 6 9 a -2 1 ? 6 9 -9 3 1 7 14 -14 5 7 7 14 1 , 

0 4 6 28 27 -7 ! 6 9 -9 -1 12 6 6 6 • 3. 7 8 8 -6 8 7 10 1 1 
1 , 6 14 -14 -5 8 6 15 16 0 12 6 11 I I 5 I 7 15 15 -5 8 7 5 4 
2 4 6 24 -24 -, R 6 10 10 2 12 6 10 -1 0 -6 , 7 1 5 15 -4 • 7 5 -5 
3 , 6 12 12 -3 8 6 17 -16 4 12 6 9 10 -, 4 7 6 -6 -3 8 7 8 -7 
4 , 6 21 21 -2 8 6 17 -16 -6 0 7 16 17 -3 , 7 7 -7 -1 8 7 13 13 
5 , 6 , 3 -1 , 6 1 5 14 -4 0 7 7 -8 -2 , 7 5 4 0 8 7 6 5 
6 , 6 7 -7 0 S 6 19 18 -3 0 7 7 -6 -1 4 7 16 16 I 8 7 8 -8 
7 , 6 8 -8 I , 6 5 -4 -2 0 7 5 5 0 , 7 , 8 2 8 7 9 -10 

-7 5 6 8 7 2 , 6 17 -16 1 0 7 11 -11 1 , 7 10 -10 3 8 7 In 10 
-6 5 6 13 13 4 8 6 15 15 2 0 7 16 -1 7 2 , 7 14 -15 • 8 7 12 1 2 
-4 5 6 17 -17 5 ·8 6 6 6 3 0 7 1 6 17 3 , 7 14 14 5 8 7 , -4 
-3 5 6 7 -6 7 8 6 8 -8 4 0 7 19 20 4 4 7 17 17 -5 9 7 10 -10 
-2 5 6 16 15 -7 9 6 6 6 5 0 7 8 -9 5 , 7 7 -7 -, 9 7 11 -12 
-1 5 6 la 17 -6 9 6 8 9 6 a 7 IQ -20 6 , 7 16 -17 -3 9 7 9 9 

0 5 6 6 -5 -, 9 6 11 -11 -6 1 7 6 a -6 5 7 8 9 -2 9 7 19 19 
1 5 6 2' -23 -3 9 6 4 -4 -5 1 7 13 -13 -5 5 7 14 -I. -1 9 7 In -10 
2 5 6 8 -8 -2 9 6 8 a -4 1 7 11 -1 1 -4 5 7 13 -14 0 9 7 19 -19 
3 5 6 25 25 -I 9 6 11 11 -3 1 7 10 10 -3 5 7 13 13 2 9 7 13 1, 
4 5 6 10 10 1 9 6 16 -16 -2 1 7 22 23 -2 5 7 25 25 , 9 7 9 -9 
5 5 6 14 -14 2 9 6 8 -a -1 1 7 10 -10 -1 5 7 14 -13 -4 10 7 7 7 
6 5 6 16 -16 3 9 6 18 17 0 1 7 23 -25 0 5 7 25 -26 -3 10 7 11 I 1 
7 5 6 9 8 4 9 6 10 9 1 1 7 9 -9 1 5 7 3 -2 -2 10 7 7 -7 

-7 6 6 10 10 5 9 6 I 1 -, 1 2 1 7 17 1 8 2 5 7 H 19 -1 10 7 lA -17 
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oeSERVEC AND C~lCULATeD sr~UCTURE fACTORS FOR TCNOACAC 

H K L 10FO 1CFC 

3 
4 
5 
6 
7 

-3 
-2 
-1 
o 
1 
1 
3 
4 
5 
6 

-6 
~5 

~4 
-3 
-2 
~1 
o 
1 
2 
l 
4 
5 
6 
7 

-6 
-5 
-3 
~2 
~1 
o 
1 
2 
3 
4 
5 
6 
8 

-6 
-5 
!3 
~2 
-1 

1 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
J 
3 
3 
3 
l 
3 
3 
3 
3 
3 
3 
3 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 

o 1220-1206 
o 449 -439 
o 407 375 
o 249 -194 
o 124 155 
o 112 -122 
o 943 -885 
o 1049 -950 
o 1509-1522 
o 9U 924 
o 880 -el2 
o 1533 1497 
o 837 ~08 
o 772 728 
o 194 203 
o 154 -176 
o 378 -'11 
o 555 -491 
o 100 52 
o 704 -617 
o 464 501 
o 106 83 
o 202 199 
o 484 462 
o 256 241 
o 204 -246 
o 431 -397 
o 143 -138 
o 441 -490 
o 167 -171 
o 300 )02 
o 1064 1012 
o 734 744 
o 144 148 
o 99 -113 
o 391 -419 
o 301 312 
o 1307-1264 
o 221 211 
o 450 -442 
o 324 330 
o 162 167 
o 124 -202 
o 122 124 
o 124 106 
o 519 -536 
o 958 -946 
o 913 ~H4 

H K L 10'0 10't 

2 5 
3 5 
4 5 
6 5 
8 5 

-3 6 
-2 6 
-1 6 
o 6 
1 6 
2 6 
3 6 
4 6 
6 6 

-5 7 
-4 7 

2 7 
3 7 
4 7 
6 7 

~5 8 
~2 8 
-I 8 
o 8 
3 8 
4 8 
5 8 
6 8 

~4 9 
-2 9 
-1 9 

1 9 
4 9 
5 9 
7 9 

-2 10 
;'1 1 0 
o 10 
1 10 

"5 10 
-1 11 

1 11 
0-12 

-2-11 
0:11 
1:'11 

-1-10 
0:10 

o 459 469 
o 230 244 
o 282 289 

g . ~~* ~~:~ 
o 260 -247 
o 411 431 
o 137 -114 
o 611 641 
o 697 73C 
o 551 591 

g m~m 
o 154 -166 
o 164.172 
o 639 ~667 
o 268 ~275 
o 486 -538 
o 116 -16 
o 347 203 
o 237 ;'250 
o 147 151 
o 440 -450 
o 221 238 
o 168 165 
Q 294 300 
o 379 ,368 
o 322 ;:334 
o 249 -244 
o 189 182 
o 145 128 
o 168,162 
o 234 -265 
o 245 -232 
o 168 143 
o 249 241 
o 240 239 
o 247 -265 
o 208 :231 
o 291 -;267 
o 278 -261 
1 237 -232 
1 260 -271 
1 197 !178 
1 196 177 
1 147 153 
1 277 251 

H • L 10'0 loFC 

-5 -9 I 
:4 ~9 1 
~2·9 1 

1 -9 1 
3 ~9 1 
8 ~9 1 

-6 -8 1 
-3 -8 1 
:2 ~8 1 
~1 ~8 1 

3 -8 1 
5 -8 1 

!.7 ~7 1 
!.S:'7 1 
-4 -7 1 
-3 -7 1 
!'Z!7 1 
:, ~7 1 

1 -7 1 
2 -7 1 
3;7 I 
4 -7 1 
6 -7 1 

:'7 -6 I :4 r6 1 
-3 -6 1 
-2 -6 1 
-1 -6 1 

o ~6 1 
1 -6 1 
2 -6 1 
3 -6 1 
5 !. 6 1 
6 .: 6 1 

-7 -5 1 
:6 -5 1 
,;,S;S 1 
-4 -5 1 
-3 -5 1 
:'2 ~S 1 
:1 ~5 1 

o -5 1 
1 -5 I 
2 -5 I 
3 ;;, 5 1 
4:5 1 
5 -5 1 
6 :.. 5 1 

199 230 
175 222 
UO 289 
252 -242 
267 :329 
150 -36 
182 186 
415 -473 
128 ~147 
442 -421 
236 269 

i~~ ;;~~ 
354 -353 
143 -147 
146 -122 
HI 381 
626 669 
465 436 
133 -118 m ;~g 
130 -161 
230 -236 
153 148 
516 554 
224 256 
568 588 
564 :-558 
104 -126 
536 -522 
184 -;196 
114 -178 
111 120 
160 139 
120 -112 
412 .. 411 
354 -361 
187 -189 

:~~ ;;~~ 
549 -562 
214 -245 
605 543 
488 499 
571 SS 2 
183 -186 
158 184 

H • L 10'0 10'C 

-6 -4 
:S "4 
.. 4 -4 
-5 -4 
~1 -4 
o -4 
1 -4 
2 -4 
4 -4 
5 -4 
6 -4 

:4 -3 
-3 -3 
-2 -3 
-1 -3 
o -3 
1 -3 
2 -3 
3 -3 
4 -3 

::6 -2 
::'4 -2 
-3 -2 
;2 -2 
-1 -2 
o -2 
1 -2 
2 "2 
3 -2 
4 -2 
5 -2 
6 -2 
7 ~2 

:'7 -, 
-6 -1 
-5 -1 
:3 -1 
:2 -1 

5 0 
6 0 
! 0 
1 1 
2 1 
3 I 
4 1 
5 1 

.7 1 
-6 2 

1 349 -322 
1 127 -130 
1 310 -B7 
1 298 -293 
1 155 -150 
1 719 773 
1 729 746 
1 1602 1603 
1 286 292 
1 188 -167 
1 223 -285 
1 1210 1164 
1 115 125 
1 823 848 
1 163 -142 
1 475 448 
1 1319-1221 
1 1071-1001 
1 550 -563 
1 793 -766 
1 553 467 
I 507 466 
1 30' -340 
1 239 -190 
I 1354-1363 
1 943 -991 
, 275 313 
1 124'-1198 
1 430 427 
, '94 191 
1 791 823 
1 238 293 
1 119 161 
1 347 -195 
1 284 162 
1 836 -441 
I 263 -148 
1 1068 -996 
1 609 -563 
1 88 104 
1 131 17; 
1 1341-1338 
1 511 -435 
1 297 -287 
1 897 782 
1 306 318 
1 143 141 
1 288 -140 

f'I\GE 

H K L 10FO 10FC 

-5 2 
-4 2 
- 3 2 
-1 2 
o 2 
1 2 
2 2 
3 2 
4 2 
5 2 
6 2 
8 2 

~ 7 3 
-5 3 
-4 3 
-3 3 
~2 3 
-1 3 
o 3 
1 3 
2 3 
3 l 
4 l 
5 3 
6 l 
7 3 

-6 4 
-5 4 
:'4 4 
~3 4 
o 4 
1 4 
2 4 
3 4 
4 4 
5 4 
6 4 
7 4 
8 4 

-6 5 
~4 5 
-3 5 
-2 5 
-1 5 

1 5 
2 ; 
4 5 
5 5 

1 234 ~139 
1 205 no 
1 289 -284 
1 176 174 
1 425 40l 
1 241 217 
1 1515 1446 
I 1073 1017 
1 360 296 
1 387 395 
1 l81 -318 
1 161 -233 
1 131 -216 
1 336 -338 
1 327 334 
1 133 149 
1 557 584 
1 147 -125 
1 573 -;63 
1 319 255 
1 1253~1170 
1 196 -182 
1 992 -981 
1 329 -305 
1 422 -375 
1 140 147 
I 241 l06 
1 97 SS 
1 345 290 
1 368 314 
1 541 -52; 
1 237 242 
1 592 ~571 
1 231 221 
1 101 67 
1 440 409 
1 381 347 
1 194 ZOO 
I 177 150 
1 107 -129 
1 388 ~~63 
1 359 -569 
1 673 -633 
1 99 107 
1 570 588 
1 521 519 
I 223 211 
1 225 -227 



OBSERVED AND ULCULATED STRUCTURE FACTORS FOR TCNQ.ACAC PA GE 2 

H • L 10FO 10FC H • L 10FO 10 FC H K l 10FO 10FC H K l 10 FO 10 FC H K L 10 FO 10FC 

7 5 1 351 -355 :'3:10 2 153 155 !7 ;4 2 255 ~306 4 ~1 2 763 -802 ~5 4 2 aa -197 
8 5 1 207 -238 -1~1 0 2 270 267 ~6 -4 2 362 -345 6 -1 2 540 -672 ~4 4 2 204 166 

-6 6 1 177 -187 0-10 ·2 185 -183 -s -4 2 197 208 -5 0 2 221 -233 -3 4 2 514 -524 
-4 6 1 172 -159 2-10 2 227 -216 ~4 -4 2 486 -471 -4 0 2 323 314 -Z 4 Z 415 -401 
~3 3~10 137 !134 

. , 
;2 0 2 1015 -697 • 2 6 1 161 169 Z :3 ~4 2 3ZZ 331 -1 4 679 -605 

:2 6 1 21C 210 :6 ~9 2 125 121 -2 -4 2 322 ~285 -1 0 2 404 472 1 4 2 146 103 
-1 6 1 296 281 -5 -9 2 290 297 -1 -4 2 426 444 0 0 2 1162-1361 Z 4 2 23~ 211 

0 6 1 636 618 o -9 2 ~~~ ~~~~ 
o -4 2 198 212 I 0 2 145 -167 3 4 2 603 610 

1 6 1 229 242 I ~9 2 1 ~4 2 302 307 2 0 2 160 -185 4 4 2 238 219 
2 6 1 IH 102 4 -9 2 264 285 3 -4 2 1279-1260 3 0 2 350 336 5 4 2 664 643 
3 6 1 499 -513 -6 -8 2 139 -138 4 -4 2 133 -122 4 0 2 135 -154 7 4 2 133 122 
4 6 1 132 -130 -5 -8 2 ~~~ ::~~~ 5 -4 2 516 ;565 5 0 2 363 365 8 4 2 201 -203 
5 6 1 369 -~5' ~4 ~8 2 ~8 -3 2 162 -175 6 0 2 387 343 ~6 5 2 118 167 

-4 7 I 155 156 -3 -8 2 251 -246 -7 -3 2 286 326 8 0 2 172 177 -5 5 2 231 -233 
-3 7 1 la -97 0 -8 2 502 .489 ~6 -3 2 146 -128 -2 1 2 1154-1101 -3 5 2 279 -272 
~I 7 I 251 -243 1 -8 2 342 -347 ~5 ~3 2 695 690 0 I 2 1124-1147 :2 5 2 286 261 

I 7 1 639 -664 2 ~8 2 339 349 ~4 :3 2 134 141 1 1 2 1090 967 -I 5 2 637 600 
2 7 I 273 -267 4 -8 2 128 139 -3 -3 2 720 719 2 I 2 743 730 1 5 2 719 737 

cv 3 7 1 289 -314 5 -8 2 1 ~ri t~!~ -2 ~3 2 601 -552 J 1 2 907 854 2 5 2 178 -206 .... 
0> 5 7 1 280 296 ~6 ~7 2 o -3 2 497 389 4 1 2 964 903 3 5 2 III 117 

7 7 1 313 316 ~4 -7 2 301 323 , !.3 2 1878-1876 6 1 2 230 266 4 5 2 535 -515 
-3 8 1 261 -272 -3 -7 2 174 176 3 -3 2 751 -711 7 1 2 286 -316 6 5 2 409 -398 
-2 8 I 128 174 -2 -7 2 905 926 4 -3 2 295 293 -4 2 2 456 -333 .7 5 2 241 -216 
~1 8 I 236 -217 =-, :7 2 218 227 5 ~3 2 147 167 ;3 2 2 292 340 ,4 6 2 112 100 

0 8 I 166 163 o -7 2 516 469 6 -3 2 468 537 -2 2 2 655 -584 -3 6 2 371 366 
1 8 1 233 228 I -7 2 166 -188 7 -3 2 112 216 -1 2 2 400 379 -2 6 2 1 51 110 
2 8 I 161 190 3 -7 2 256 :318 ~7 -2 2 518 ,294 I 2 2 484 -475 -I 6 2 552 514 
3 8 1 470 494 4 -7 2 210 -215 ;6 72 2 270·~141 2 2 2 439 456 0 6 2 284 -263 
4 8 I 145 182 -6 -6 2 227 216 _4 -2 2 291 -267 3 2 2 602 -557 2 6 2 650 -663 
5 8 I 300 317 -4 -6 2 309 302 -3 -2 2 738-774 4 2 2 519 -479 3 6 2 274 -298 
6 8 1 146 -162 -2 -6 2 mHH ~2 -2 2 ~~~ :~~ ~ 5 2 2 747 -669 4 6 2 158 -175 
8 8 1 115 -159 ~I -6 2 :., : 2 2 6 2 2 266 -215 6 6 2 JJl JJ5 
I 9 I 22! 232 o -6 2 o :2 2 190 196 7 2 2 128 -130 8 6 2 254 273 
2 9 I 158 -116 1 -6 2 284 -269 1 -2 2 299 323 -8 3 2 341 -212 -5 7 2 142 208 
4 9 1 238 -281 2 -6 2 483 ~492 2 -2 2 205 -153 -s 3 2 283 251 -4 7 2 187 -155 

3 ~6 2 m:.m • 2 338 :4 3 2 446 :3 2 119 91 5 9 1 140 -198 3 -2 349 378 7 
6 9 1 186 -184 4 -6 2 4 -2 2 252 287 :, 3 2 279 266 -2 7 2 299 -274 

-3 10 1 180 186 5 -6 2 225 266 5 -2 2 393 376 -2 3 2 589 562 0 7 2 396 -378 
0 10 1 331 -321 ~8 -5 2 181 127 6 -2 2 286 -309 -I 3 2 937 -836 1 7 2 364 -365 

;, 11 1 163 -153 :6 ~5 2 220 ,193 :7 ;1 2 343 ;243 0 3 2 217 214 2 7 2 268 288 
o 11 I 135 -137 ~5 :5 2 196 -181 ,5 -1 2 1103 -567 I 3 2 395 -407 4 7 2 348 ~83 

1 11 I 136 -134 -3 -5 2 217 -231 -3 -1 2 309 -189 2 3 2 141 -142 6 7 2 286 288 
2 11 I 129 141 -2 -5 2 756 :737 ~2 -I 2 866 871 3 3 2 692 -655 -4 8 2 223 -273 

.0 .. 12 I 261 226 :'1 ~ 5 2 486 488 ~1 ;, 2 1035 1078 4 3 2 120 -112 ~2 8 2 12~ 83 
- 3-1 I 2 149 -142 I -5 2 1212 1176 o -I 2 1049 1123 S 3 2 217 187 0 8 2 280 270 

0-11 2 131 146 2 -5 2 559 588 1 -1 2 1119 1185 6 3 2 187 164 2 8 2 444 461 
1-1 I 2 294 310 3 75 2 896 891 2 71 2 580 -571 7 3 2 422 436 4 8 2 130 130 
2:' I 2 131 105 4 -5 2 160 141 3 -1 2 212 209 :6 4 2 175 229 5 8 2 168 -178 

. -



OBSERVEO AND OL CULATED STRUCTURE ,HTORS ,OR TCNOACAC PI\GE 3 

~ K L 10fO 1CfC H K l 10'0 10'C H K l 10'0 10'C H K l 10'0 10 Fe H • l 10,0 10H 

6 8 2 251 -249 0 ~6 3 248 ,247 !2 ~1 3 556 531 ;2 3 3 506 -506 -2 9 3 129 -67 
-4 9 2 236 251 1 -6 3 489 -448 !1 -I 3 442 438 -1 3 3 139 109 0 9 3 233 -178 
-2 9 2 248 271 2 -6 3 766 765 0 -1 3 156 157 0 3 3 164 -153 1 9 3 21 7 -242 

0 9 2 151 137 3 ~6 3 221 .232 1 ~1 3 1212~1221 4 3 3 587 604 2 9 3 135 120 
1 9 2 208 -109 ~5 -5 3 328 -305 2 -1 3 148 145 5 3 3 264 250 -3 10 3 145 -119 
4 9 2 251 -283 -3 -5 3 323 -337 3 -1 3 213 -230 6 3 3 664 630 -1 10 3 243 -242 

-1 10 2 182 -172 -2 -5 3 360 .. 391 4 -1 3 78 -83 -6 4 3 274 -254 0 10 3 182 181 
~1 "5 !1 

, 
~149 0 10 2 156 -146 3 119 -102 ,6 3 86 86 ;5 4 3 130 -109 1 10 3 129 

3 10 2 195 197 o -5 3 546 558 -6 0 3 371 348 -4 4 3 670 -596 -2 1 I 3 179 171 
~2 11 2 197 -171 1 - 5 3 810 796 ~3 0 3 548 -372 -3 4 3 716 -672 0 11 3 208 205 

1 11 2 192 196 3 -5 3 473 469 -1 0 3 1620-1754 -2 4 3 381 -358 o 12 3 165 -129 
-1 12 2 186 181 4 ~5 3 271 :258 0 0 3 399 ,455 !1 4 3 120 -120 0-13 4 I 57 -82 
! 2~ 11 3 210 228 5 -5 3 118 122 1 0 3 406 -396 0 4 3 147 168 1-12 4 1 74 158 

0-11 3 415 372 6 -I 3 189 -237 2 0 3 227 -180 1 4 3 321 -334 - 3-11 4 180 180 
-4-10 3 191 209 -7 -4 3 274 -315 3 0 3 335 350 2 4 3 666 645 0-11 4 1 57 -150 
:2~1 0 3 143 166 =-.6 .;. 4 3 382 425 4 0 3 314 314 3 4 3 405 -368 I -1 I 4 182 -191 
-I-ID 3 227 -222 -5 -4 3 116 -158 5 0 3 333 359 4 4 3 217 253 3-1' 4 15Q -123 

I 0-' 0 3 184 -158 -4 -4 3 433 469 6 0 3 204 -217 5 4 3 301 -263 -1~10 4 275 -249 
tu 1:10 3 213 -216 :2 ~4 3 136 ,144 7 C 3 133 153 7 4 3 H3 -348 0-10 4 171 -136 ..... 
ID 2-10 3 258 -275 o -4 3 418 -405 8 0 3 137 -151 8 4 3 332 -336 1-10 4 213 -196 

-8 -9 3 177 170 1 -4 3 395 -424 -5 1 3 1087 -616 -3 5 3 360 354 4-10 4 185 193 
-6 -9 3 160 172 2 -4 3 1572-1515 -3 1 3 96 . -9 6 -2 5 3 748 719 -5 -9 4 159 -160 
:2 -9 3 174 -169 4 :'4 3 372 -342 !1 1 3 242 :233 C 5 3 894 840 ! 3 -9 4 272 -276 

o -9 3 193 -165 5 -4 3 110 141 0 1 3 1335 1318 1 5 3 338 -308 !2 -9 4 203 197 
1 -9 3 371 346 -8 -3 3 227 297 1 1 3 14361419 4 5 3 173 -189 o -9 4 163 137 
3 ~9 3 408 445 -6 -3 3 316 262 2 1 3 452 448 • 7 5 3 253 208 1 -9 4 '30 109 
4 -:09 3 172 156 ~5 ;3 3 401 388 3 1 3 553 533 ~6 6 3 137 176 2 -9 4 158 95 

-6 -8 3 139 -11 0 -1 -3 3 782 825 4 , 3 110 ~182 -4 6 3 336 346 3 -9 4 153 142 
-4 -8 3 180 -188 o -3 3 323 -326 5 1 3 179 -194 -3 6 3 169 -180 4 -9 4 152 -198 
~3 -8 3 240 229 2 -3 3 279 288 6 1 3 mun -1 6 3 301 -295 6 -9 4 , 5 5 -175 
-1 -8 3 471 469 3 :3 3 232 259 7 1 3 0 6 3 456 ~443 :. 7 -8 4 240 -204 

o -8 3 156 -170 4 - 3 3 653 621 ~7 2 3 1 6 3 470 -453 ~4 -8 4 320 363 
1 -8 3 222 202 5 -3 3 385 411 :6 2 3 306 -149 2 6 3 364 -388 ~2 -8 4 198 208 
4 -8 3 242 -270 6 -3 3 305 288 -4 2 3 199 -232 3 6 3 245 224 -1 -8 4 218 212 
5 -8 3 240 -325 -5 -2 3 469 -294 ~3 2 3 489 426 4 6 3 155 -193 1 -8 4 219 218 

~5 -7 3 344 357 :4 ~2 3 102'~1003 :2 2 3 347 310 5 6 3 234 223 2 -8 4 324 - 321 
-3 -7 3 463 464 -3 -2 3 280 269 0 2 3 421 -457 ~4 7 3 121 -134 4 -8 4 398 -390 
-1 -7 3 169 -168 -2 -2 3 577 -569 1 2 3 672 602 0 7 3 119 -96 -6 -7 4 315 332 

1 :7 3 223 -224 -1 -2 3 183 189 2 2 3 588 -610 , 7 3 553 568 -5 -7 4 139 11 8 
3 ,7 3 46e -446 o "2 3 311 .300 3 2 3 835 ;772 3 7 3 459 466 ~3 -7 4 131 88 
4 -7 3 183 214 1 -2 3 188 -183 4 2 3 599 "599 7 7 3 180 -189 :'2 -7 4 568 -588 

-7 -6 3 277 307 2 -2 3 452 -433 5 2 3 155 -190 -4 8 3 167 -165 o -7 4 38" -3S3 
-6 -6 3 187 -180 3 -2 3 439 -439 6 2 3 151 130 :3 8 3 245 232 1 -7 4 304 .323 
:5 -6 3 186 217 4 ~2 3 187 191 8 2 3 292 335 ;2 8 3 192 -178 2 -7 4 155 -142 
-4 -6 3 11 2 -101 5 -2 3 877 ~933 :7 3 3 328 197 -1 8 3 241 247 4 -7 4 190 194 
-3 -6 3 480 -494 6 -2 3 226 -248 -6 3 3 223 205 1 8 3 144 124 6 -7 4 162 179 
-2 -6 3 445 -462 -6 -1 3 499 -301 -5 3 3 327 328 5 8 3 298 -326 -6 -6 4 190 -H2 
:1 -6 3 665 -00 :3 -1 3 516 450 :3 3 3 388 398 :3 9 3 141 138 :5 -6 4 181 187 



OBSE RVED AN' CALCULATED STRUCTURE FHTORS fOR TCNOACAC PAGE 4 

H K L 10 fO 10ft H K L 10fO 10f( H K L 10 FO 10Fe " K L 10FO 10fC H K l 10fO 10fC 

;'4 -6 4 484 -531 6 ~2 4 121 ~135 4 2 4 306 -301 :2 7 4 278 259 -3 -6 5 159 157 

-3 -6 4 186 -159 8 -2 4 133 197 5 2 4 ItC? 370 0 7 4 541 528 -2 -6 5 286 271 

-2 -6 4 349 -363 -6 -I 4 487 260 7 2 4 209 247 I 7 4 313 328 -1 -6 5 577 602 

-1 -6 4 364 377 ;3 ~1 4 569 .. 552 -6 3 4 190 18b 2 7 4 272 256 0 -6 5 128 -107 
o ~6 4 129 125 -2 -1 4 140 -153 ~5 3 4 261 ~246 3 7 4 181 193 1 -6 5 511 497 

1 -6 4 321 31 4 -1 -1 4 432 ~446 -4 3 4 1 85 -169 4 7 4 212 -254 2 -6 5 223 -239 

2 -6 4 345 319 o -1 4 984-1026 :3 3 4 612 ;621 6 7 4 269 -257 -5 -5 5 3C2 310 

I -6 4 135 -160 1 -1 4 395 415 -2 3 4 426 -421 ~4 8 4 207 205 :4 -5 5 174 160 

5 -6 4 121 -158 2 -1 4 453 528 0 3 4 279 :252 0 8 4 276 -253 ~3 -5 5 643 677 

-8 -5 4 256 -240 3 -1 4 286 -256 1 3 4 361 315 2 8 4 471 -483 -2 -5 5 229 -223 

-6 -5 4 437 -404 4 -1 4 535 562 2 3 4 117 -100 4 8 4 203 -226 -1 -5 5 403 411 
~5 ~5 4 152 160 5 -I 4 97 144 3 3 4 888 880 :2 9 4 220 -215 0 -5 5 661 -641 

-3 -5 4 145 174 6 -1 4 437 483 4 3 4 183 189 C 9 4 238 -231 1 -5 5 478 -428 

-2 -5 4 273 282 -7 0 4 379 259 5 3 4 425 426 1 9 4 223 226 2 -5 5 625 -585 
o -5 4 652 619 -5 0 4 ~~~ !~~~ 6 3 4 124 97 0 10 4 131 106 4 -5 5 231 234 

1 - 5 4 476 -471 :4 0 4 .7 3 4 134 :179 :1 12 4 149 -131 6 -5 5 247 304 

I 2 -5 4 274 -275 -3 0 4 475 :508 -5 4 4 130 -165 C-11 5 385 -346 -7 -4 5 201 166 

to 3 -5 4 389 -357 -2 0 4 331 -366 -4 4 4 421 -420 -3-10 5 132 129 -5 -, 5 266 227 
to -7 -4 4 157 125 -1 0 4 1214-1235 ;3 4 4 357 337 -2-10 5 264 -301 -4 -4 5 497 -517 
0 -6 -4 4 200 206 0 0 4 75 ~25 -1 4 4 894 ,814 1~ 1 0 5 163 166 :3 -4 5 11 5 11 6 

-4 -4 4 57C teo 1 0 4 249 :257 0 4 4 330 -304 2-10 5 229 221 -2 -4 5 289 -295 

-3 -4 4 334 -320 2 a 4 641 720 1 4 4 229 229 4-10 5 136 120 1 -4 5 253 -236 

-2 -4 4 304 328 3 a 4 121 -103 2 4 4 g~ ~~~~ -6 -9 5 303 -301 2 -4 5 ~27 808 
:, -4 4 495 -sos 4 0 4 m:m 3 4 4 !4 -9 5 204 -203 4 -4 5 515 467 

o -4 4 173 -138 5 0 4 4 4 4 108 75 ::'3 -9 5 141 135 ~8 -3 5 135 -187 

1 -4 4 547 -525 7 0 4 140 -194 5 4 4 356 -348 1 -9 5 210 -204 -6 -3 5 547 -529 
4 -4 4 274 292 d 0 4 m!m • 7 4 4 180 -195 2 -9 5 193 213 -5 -3 5 415 -397 
5 -4 4 395 437 ~7 1 4 ~5 5 4 342 408 3 -9 5 297 -323 :4 -3 5 245 -263 

7 -4 4 113 194 ~5 1 4 307 -92 -4 5 4 170 195 4 -9 5 127 -123 - 3 -3 5 135 -165 

-8 -3 4 268 272 -4 1 4 401 326 -3 5 4 612 632 -7 -8 5 171 1 81 -2 -3 5 263 276 

-5 -3 4 707 -t83 -3 1 4 274 -261 -2 5 4 197 Z07 ;6 -8 5 131 118 -1 -3 5 201 -201 
~3 -3 4 754 -735 :2 1 4 927 997 1 5 4 461 :481 ~5 -8 5 222 243 o -3 5 881 883 
-2 -3 4 248 263 ~1 1 4 555 605 3 5 4 401 ;411 -4 -8 5 328 347 1 - 3 5 170 -182 

-1 -3 4 292 -265 0 1 4 ;~~ :m 4 5 4 3G8 296 ;2 -8 5 238 249 2 -3 5 522 478 
1 -3 4 642 t14 1 1 4 5 5 4 177 :165 -1 -8 5 309 -320 3 -3 5 352 -334 

3 -3 4 751 709 2 1 4 598 565 6 5 4 U2 255 C -8 5 270 290 4 -3 5 157 -142 

4 -3 4 91 -64 3 1 4 558 -532 7 5 4 140 183 1 -8 5 279 -264 5 -3 5 393 -404 
5 -3 4 125 109 4 1 4 310 -308 -4 6 4 122 -95 5 -8 5 132 134 6 -3 5 220 -246 

6 -3 4 312 -335 6 1 4 256 !260 :3 6 4 434 ;440 ;6 -1 5 194 214 :6 -2 5 412 197 

-5 -2 4 6H -488 7 1 4 196 203 -1 6 4 654 -619 ~5 -7 5 292 -288 -5 -2 5 281 277 

-4 -2 4 146 154 -5 2 4 105 67 1 6 4 262 -252 -3 -7 5 621 -647 -4 -2 5 875 874 

-3 -2 4 659 tOl -4 2 4 677 638 2 6 4 497 • 51 5 ;2 -7 5 229 -245 -2 -2 5 441 489 
~2 ~2 4 17C -153 ~3 2 4 333 !344 3 6 4 121 ;100 -1 -7 5 358 -359 ':'1 -2 5 365 -337 
-1 -2 4 677 t87 :2 2 4 520 498 6 6 4 246 -Z18 C -7 5 262 228 1 -2 5 369 "371 

1 -2 4 430 389 -1 2 4 530 527 8 6 4 213 -17 3 3 -7 5 271 . 268 2 -2 5 184 -194 

2 ~2 4 420 -458 1 2 4 342 343 -5 7 4 161 -Z60 .6 -7 5 137 -127 4 -2 5 436 -416 

4 -2 4 50' :530 2 2 • 84S 849 ;4 7 4 126 68 ~7 -6 5 225 "242 5 "2 5 193 194 

5 -1 4 307 -344 3 2 4 173 146 -3 7 4 164 -162 -5 -6 5 246 -236 7 -2 5 2C2 256 



OBSERVEO ANO C~LCUlATEO STRUCTURE FACTORS fOR TCNOACAC 

H I( l 10fO 1CFC 

-8 -1 
-4 -1 
-3 -1 
-2 -1 
-1 -1 
o -1 
1 -1 
2 -1 
3 -1 
4 -1 
5 -1 

-7 0 
~6 0 
~5 0 
-3 0 
-2 0 
~1 0 

o 0 
1 0 
2 0 
3 0 
4 0 
5 0 

,7 0 
-8 1 
-6 1 
-5 1 
-4 1 
~3 1 
-1 1 
o 1 
2 1 
3 1 
4 1 
5 1 

.6 1 
-7 2 
-5 2 
-4 2 
-2 2 
~1 2 
o 2 
1 2 
2 2 
3 2 
4 2 
5 2 
8 2 

5 394 
5 96 
5 492 
5 927 
5 760 
5 324 
5 316 
5 496 
5 22e 
5 206 
5 345 
5 392 
5 543 
5 512 
5 285 
5 200 
5 1514 
5 477 
5 1379 
5 11 5 
5 11 5 
5 20e 
5 155 
5 253 
5 335 
5 461 
5 290 
5 lQ3 
5 907 
5 584 
5 472 
5 201 
5 544 
5 101 
5 174 
5 302 
5 56e 
5 215 
5 258 
5 719 
5 70e 
5 104 
5 970 
5 535 
5 195 
5 522 
5 211 
5 216 

196 
-103 
-502 
-~54 

-eo4 
-363 

321 
-534 

224 
-226 

381 
-198 
-260 
-380 

250 
-222 
1569 

51 4 
1469 

100 
91 

-206 
-171 
-311 
-127 
-230 

278 
-114 
~25 

tl 2 
-484 
-191 
-522 

11 3 
-176 

297 
375 
249 

-289 
-703 
-t95 

88 
-936 

531 
194 
503 
212 

-223 

H • L 10'0 10'C 

C6 
-5 
:4 
~3 
-2 
:1 
o 
1 
2 
3 
4 
5 
6 

:5 
-4 
-3 
:2 
:1 

o 
2 
3 
4 
5 
7 
8 

-6 
-4 
-2 
o 
2 
3 
5 
6 

:4 
-2 
-1 
o 
1 
2 
5 
7 

-3 
-1 
o 
1 
2 
3 
4 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

192 ~214 
366 ;381 
292 ~281 
702 :698 
418.407 
237 -224 
435 438 
227 206 
375 401 
172 167 
138 -122 
124 ,101 
371 -364 
175 ~141 
408 385 
402 373 
557 535 
148 138 
320 -305 
665 -675 
125,119 
621 -619 
151 146 
176 160 
156 144 
190 221 
138 158 
563 :535 m E~g! 
394 410 
213 212 
155 .151 
321 -316 
199 -189 
330 295 
146 141 
573 557 
416 449 

~:~ !~;~ 
145 167 
206 215 

~~g ~~~: 
183 151 
352 -383 
124 -161 

H K l 10FO 10FC 

5 7 
-3 8 
:'1 8 

o 8 
1 8 
3 8 
4 8 

-5 9 
;3 9 

1 9 
3 9 

-1 10 
1:12 

!.3-11 
-1-11 
:1-10 
0~10 
1-10 
4-10 

-3 -9 
o ~9 
2 -9 
3 -9 

;7 ~8 
~5 ~8 
-4 -8 
-2 -8 

2 -8 
4 ~8 

;6 ~7 
-4 -7 
;3 ;7 
-2 ~7 

o -7 
1 -7 
2 -7 
3 ~7 
5 -7 
6 -7 

;5 -6 
-4 ~6 
:'3 -6 
-2 -6 
-1 -6 
o ~6 
1 ~6 
2 -6 

-6 -5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

198 ~167 
150 -125 
348 ;339 
168 -124 
346 -34 8 
140 92 
137 141 
132 ~126 
206 -217 
162 143 
296 296 
231 241 
171 ~135 
218 -232 
256 -259 
191 186 
182 184 
251 235 
121 -101 

~~~ ;~~~ 
267 -267 
208 -236 
192 175 
183 182 
156 -208 
324 -337 
260 211 
308 277 
210 -212 
224 -225 
305 -297 
253 264 
303 324 
170 -163 

;~~ ~;~~ 
126 -151 
143 -129 
141 108 
465 481 
273 286 
698 730 
133 -132 
268 288 
382 C337 
206 -184 
186 185 

H K L 10FO 10FC 

-5 -5 
:4 -5 
-3 -5 
':'2 -5 
-1 -5 

C -5 
1 -5 
3 -5 

.4 -5 
-5 -4 
-4 -4 
-2 -4 
:1 -4 

C -4 
1 -4 
2 -4 
3 :4 
4 -4 
5 -4 

.. 7 ~4 
-e -3 
:6 -3 
-5 -3 
-3 -3 
:1 ~3 

1 -3 
2 -3 
3 -3 
4 -3 
5 -3 
6 -3 

• 7 ~3 
~7 -2 
~6 -2 
-5 -2 
-4 -2 
:'2 ':'2 
:1 -2 
o -2 
1 ~2 
2 -2 
3 -2 
4 -2 
5 -2 
6 -2 
7 -2 

-7 -1 
-6 -1 

6 155 
6 214 
6 288 
6 472 
6 367 
6 682 
6 213 
6 400 
6 124 
6 360 
6 505 
6 103 
6 297 
6 249 
6 1076 
6 244 
6 475 
6 163 
6 146 
6 275 
6 145 
6 182 
6 298 
6 672 
6 316 
6 302 
6 342 
6 520 
6 174 
6 325 
6 179 
6 255 
6 283 
6 122 
6 644 
6 96 
6 491 
6 624 
6 479 
6 334 
6 382 
6 377 
6 529 
6 221 
6 266 
6 135 
6 375 
6 301 

-191 
236 

-324 
-478 
-404 
-703 
-213 

384 
-118 
-373 
-516 
-60 
303 
240 

1040 
242 
445 
166 

-167 
-64 
-90 

-160 
308 
673 
359 

-275 
-331 
-509 
-155 
-350 

177 
-60 
334 
158 
670 
126 

-465 
-647 
-468 
-347 

372 
-369 

514 
219 
266 
165 
218 

-151 

PAGE 5 

H K l 10fO 10fC 

-5 -1 
-4 -1 
:3 -1 
~2 -1 
-1 -1 
o -1 
2 -1 
3 -1 
4 ~1 
6 -1 

-7 0 
-5 0 
:4 0 
-3 0 
-2 0 
-1 0 
o 0 
2 0 
4 0 
5 0 
6 0 

-6 1 
-4 1 
-3 1 
: 2 1 
-1 1 
o 1 
2 1 
4 1 
5 1 

-4 2 
-3 2 
:2 2 
-1 2 

1 2 
2 2 
3 2 
4 2 
6 2 

.7 2 
-6 3 
-4 3 
-3 3 
-2 3 
o 3 
1 3 
2 3 
3 3 

6 281 -278 
6 454 -452 
6 753 -714 
6 177 -167 
6 535 -562 
6 819 e48 
6 227 234 
6 142 149 
6 128 -126 
6 266 -277 
6 417 -220 
6 126 -147 
6 417 410 
6 242 292 
6 9931062 
6 730 780 
6 602 639 
t 745 -739 
6 451 -448 
6 181 166 
6 209 -216 
t 373 295 
6 146 147 
6 371 372 
6 353 -377 
6 288 -310 
6 1200-1245 
6 934 -949 
6 185 163 
6 162 157 
6 423 -441 
6 102 33 
6 504 :511 
6 320 300 
6 730 759 
6 786 797 
6 654 628 
6 551 503 
6 158 166 
6 270 ~286 
6 226 ~245 
6 368 -374 
6 232 248 
6 469 431 
6 254 241 
6 318 -289 
6 157 161 
6 831 -829 



OBSERVED AN. U,LCULATED STRUCTVRE FACTORS FOR rCNOAC,H PA,GE 6 

H K l 10FO lCft H • L 10FO 10FC H K l 10fO 10fC H K l 10fO 10 Fe H K l 10FO 10Ft 

4 3 6 140 -132 -I -9 7 143 ~154 6 -4 7 191 -223 2 1 7 472 434 0 6 7 229 214 
5 3 6 4le -451 0 -9 7 236 :'218 .7 74 7 134 170 3 1 7 7B 779 1 6 7 239 "242 

-5 • 6 2.3 268 2 -9 7 275 ~285 -8 -3 7 152 107 4 1 7 137 107 3 6 1 259 -22, 
-4 • 6 371 358 3 -9 7 156 157 -6 -3 7 284 287 5 I 7 398 390 7 6 7 195 181 
~2 6 215 18' 5 :9 7 139 140 · . 7 560 553 7 224 ~232 ;4 4 -4 -3 6 1 1 7 143 122 
-I 4 6 332 -300 -4 -8 7 167 ~174 :3 :3 7 119 -85 @ 1 7 201 -225 -3 7 7 2Cl -199 

1 • 6 749 -706 -3 -8 7 236 -236 o -3 7 960-101 a -5 2 7 234 -253 -I 7 7 271 -251 
3 4 6 236 -230 -2 :8 7 326 -327 2 -3 7 844 7859 -4 2 7 205 228 0 7 7 35. -352 

~1 -8 ~3 • 5 4 6 22S 237 7 324 .295 4 7 313 -294 ~3 2 7 318 -381 1 7 7 128 -144 
6 4 6 252 272 o -8 7 225 -198 5 ~3 7 335 363 -2 2 7 281 300 3 7 7 199 179 
7 4 6 321 285 1 -8 7 303 285 7 6 -2 7 24B 298 -1 2 7 407 • 37 -2 8 7 130 -87 

-3 5 6 528 -500 ,3 ~8 7 295 294 -4 -2 7 350 -334 0 2 7 117 109 -1 8 7 166 150 
~2 5 6 251 -218 ~3 -7 7 576 607 ;2 !:.2 7 785 ~7H I 2 7 523 576 1 8 7 257 254 
~1 5 6 343 -339 -2 -7 7 160 119 -1 -2 7 156 -148 3 2 7 2.9 255 3 8 7 245 251 

1 5 6 317 296 -1 -7 7 480 470 o -2 7 346 -363 4 2 7 462 -457 -1 9 7 182 167 
2 5 6 126 133 o -7 7 113 .-62 1 -2 7 649 676 5 2 7 121 -105 .1-12 8 1 .3 la. 
3 5 6 520 51 5 2 ~7 7 162 ;136 3 !2 7 272 283 6 2 7 223 -200 -1-11 8 33, 301 

I 4 5 6 199 -224 3 -7 7 22B -213 4 -2 7 537 536 ~6 3 7 129 145 1-11 8 134 102 

'" 6 5 6 135 -163 5 -7 7 167 -193 6 -2 7 136 143 -4 3 7 151 196 -3-10 8 185 lB' 
[\) 

8 5 6 197 -178 -7 -6 7 178 153 7 -2 7 140 -162 -3 3 7 419 404 0-10 8 133 -126 [\) 
!5 129 -193 ~S ~6 412 416 · . 305 ~326 !< 1 181 6 6 7 ;6 ~1 7 3 -174 1-10 8 224 -213 
-2 6 6 136 145 -4 -6 7 161 156 -4 -1 7 381 ~396 0 3 7 396 -413 3-10 8 138 -13B 
-1 6 6 385 369 -3 -6 7 283 27B ~3 -1 7 320 300 1 3 7 159 -158 -4 -9 8 124 -140 

0 6 6 25B 248 -1 ~6 7 322 -331 -2 -I 7 110 87 2 3 7 782 -773 :3 -9 8 151 -163 
270 =285 · . 1 6 6 562 556 o ~6 7 .,.1 .,.1 7 779 837 ~ 3 7 395 -418 -2 -9 8 158 -165 

2 6 6 240 -235 1 ~6 7 584 ~580 o -I 7 506 544 4 3 7 127 -139 -I -9 8 216 -215 
4 6 6 253 -263 3 ~6 7 132 -149 2 -1 7 559 606 5 3 7 270 -252 2 -9 8 28B 2B9 
5 6 6 203 ~220 4 -6 7 200 17B 3 -1 7 62. -634 6 3 7 273 275 3 -9 8 18B 220 
6 6 6 189 -153 6 ~6 7 m ~1~~ 4 ~1 7 128 ~155 8 3 7 207 206 4 ~9 8 122 135 
0 7 6 36C -357 ~6 ~5 7 5 -I 7 .92 ;.92 ~5 4 7 218 239 -5 -8 8 205 -IB9 
1 7 6 326 -316 -4 -5 7 228 -Z35 7 -I 7 199 -226 -4 4 7 164 -183 -3 -8 8 166 -147 
2 7 6 320 -317 -3 -5 7 537 :546 ;5 0 7 183 193 ~2 4 7 375 -363 -2 -8 8 261 25B 
3 7 6 172 -190 ~1 ~5 7 332 -354 ;3 0 7 181 194 0 4 7 254 -233 0 -8 8 182 199 
6 7 6 253 247 o -5 7 368 392 -2 0 7 811 856 2 4 7 486 507 4 -8 8 186 -189 

-4 8 6 168 -173 1 -5 7 327 304 -I 0 7 519 -523 4 4 7 550 563 6 -8 8 151 -163 
-2 8 6 139 -150 2 ~5 7 585 ,578 0 0 7 83 ;100 5 • 7 174 158 -7 -7 8 136 -139 

2 8 6 2.3 259 6 ~s 7 172 ;191 1 0 7 608 -660 , ~ 4 7 312 2B3 !6 ~7 8 133 128 
0 9 6 165 165 8 -5 7 154 -116 3 0 7 347 -326 -4 5 7 294 -2B2 ~4 -7 e 393 401 

-2 10 6 154 149 -7 -4 7 174 -181 4 0 7 205 195 -3 5 7 143 -113 -3 -7 8 311 317 
0-12 7 160 -131 -6 -4 7 176 -192 5 0 7 ,.9 14' 0 5 7 603 578 -2 -7 8 129 132 
0~11 7 233 214 75 ~4 7 499 :'532 ,7 0 7 249 291 2 5 7 271 287 o ~7 8 201 ~ln 
2"11 7 164 170 -4 -4 7 244 247 -6 1 7 123 144 3 5 7 225 -209 1 -7 8 131 -114 

-2-10 7 280 299 -2 -. 7 400 408 5 1 7 HI -122 5 5 7 317 -297 2 -7 8 .38 -'13 
0;10 7 187 . 140 -1 -4 7 328 312 4 1 7 234 .,218 6 5 7 288 -240 4 -7 8 179 -172 
1-10 7 160 -136 o ~4 7 820 819 3 1 7 6B9 -714 7 5 7 16B -120 !4 -6 8 119 ~104 

;6 -9 7 237 235 1 -. 7 517 488 1 1 7 702 ~716 8 5 7 191 -144 -2 -6 8 535 -553 
-4 -9 7 155 183 2 -. 7 222 -218 0 1 7 169 -173 -4 6 7 240 275 -I -6 8 145 -149 
-3 -9 7 ISO -196 • -4 7 546 -530 1 1 7 330 -331 -2 6 7 H5 378 o -6 8 5 .. -542 



OBSERVE!) '"' OlCULATED STRUCTURE HCTORS fOR TCNOACAC FAGE 7 

H K L 10fO 10fC H K L 10fO 10fC H K L 10FO 10fC H K L 10fO 10 fC H K L 10FO 10FC 

I -6 8 264 252 4 -I 8 283 -263 I 4 8 484 483 ;5 -5 9 218 -246 3 0 , 570 547 
3 ~6 8 220 246 5 ~1 8 210 :,90 2 4 8 158 129 -3 ~5 9 226 186 7 0 , 147 ~ns 
4 -6 8 12S 74 8 -I 8 186 231 3 4 8 287 296 -1 -S 9 440 420 -6 1 , 114 -122 

-6 -S 8 143 -140 -5 0 8 210 190 6 4 8 184 -135 1 -5 9 345 333 -4 I 9 273 -280 
-4 -5 8 389 -420 -3 0 8 338 340 7 4 8 236 -203 2 ~5 9 484 -477 -3 1 , 319 346 
~3 -S 8 1 5 S 123 ~2 0 8 632 !641 ;3 S 8 H8 205 4 -5 9 131 -122 ~, 1 , 614 630 
-1 -S 8 432 449 :, 0 8 252 ~265 -1 5 8 474 451 5 -5 9 175 -165 I 1 , 491 508 
o -5 8 433 445 0 0 8 341 -310 1 5 8 126 149 -5 -4 9 144 205 3 1 9 296 -287 
I -5 8 527 486 I 0 8 200 -205 2 5 8 146 -137 -4 -4 9 159 -146 5 1 9 309 -260 
2 ~S 8 353 352 2 0 8 121 101 4 5 8 2Cl ;204 ~3 -4 9 160 205 ~5 2 9 279 312 
3 -5 8 148 -151 4 0 8 519 516 5 5 8 260 -24 I -2 -4 9 316 -310 -4 2 9 131 -140 
4 -5 8 121 139 6 0 8 383 365 -5 6 8 142 173 0 -4 9 544 -S38 -3 2 9 468 482 
5 -5 8 207 -225 7 0 8 130 ~106 0 6 8 190 -198 1 -4 9 318 -287 I 2 9 328 -369 

~6 -4 8 147 -147 ~7 1 8 124 92 I 6 8 359 ~355 3 -4 9 145 -106 2 2 5 272 -297 
-5 -4 8 204 211 -6 I 8 183 ;206 4 6 8 217 230 4 -4 9 284 278 3 2 , 444 -476 
-3 -4 8 188 168 -4 1 8 317 -326 -1 7 8 184 -168 6 -4 9 237 244 6 2 9 267 248 
-2 -4 8 215 214 -3 1 8 m !1;: 

0 7 8 133 157 -7 -3 9 160 189 -3 3 9 260 -270 
~1 ,:,,4 8 III 61 ~2 1 8 I 7 8 145 ~156 75 -3 9 152 126 ~, 3 9 170 ':"64 

o -4 8 196 182 :, 1 8 144 122 2 7 8 298 320 -4 -3 9 432 -429 0 3 , 118 103 

'" I -4 8 832 -798 0 1 8 394 391 0 8 8 191 174 -1 -3 9 170 -175 1 3 9 1 42 -144 

'" '" 3 -4 8 692 -709 1 1 8 405 398 0 9 8 140 -117 0 -3 9 357 344 2 3 9 398 404 
6 -4 8 117 129 2 1 8 815 849 0 ... 12 9 183 150 2 -3 9 633 636 3 3 9 134 161 

-6 -3 8 177 183 5 1 8 156 -132 2-11 9 173 -155 4 -3 9 538 517 4 3 9 325 337 
-5 -3 8 139 134 6 1 8 185 -181 :2~1 0 9 190 ~201 5 -3 9 160 -171 5 3 9 169 113 
~4 -3 8 186 226 8 1 8 161 !'21 -1-10 9 180 ~12S ~6 -2 9 283 -294 8 3 9 188 -155 
-3 -3 8 240 -219 ;4 2 8 174 187 0~10 9 228 -199 -2 -2 9 401 416 ~3 4 , 251 -268 
-I -3 8 478 -480 -2 2 8 503 529 -2 -9 9 152 -185 0 -2 9 364 386 -2 4 9 253 255 

1 -3 8 250 -255 0 2 8 367 390 1 ~9 9 194 186 1 -2 9 280 -295 -1 4 9 138 -165 
3 ~3 8 39C 402 1 2 8 ~g f~~; • 2 :'9 9 U6 244 3 -2 9 387 -371 0 4 9 303 311 
4 -3 8 246 229 2 2 8 -6 -8 9 126 -140 4 -2 9 307 -318 4 4 9 177 -179 
5 -3 8 409 424 3 2 8 306 -281 -3 -8 9 198 176 5 -2 9 297 -302 6 4 , 305 -272 

-7 -2 8 127 -173 4 2 8 517 -530 -2 -8 9 185 216 ,6 ~2 9 219 -219 -4 5 9 270 266 
::'5 ~2 8 435 -421 7 2 8 244 232 .,3 :'s 9 380 ~37 8 :6 -1 9 219 198 :3 5 ~ 133 119 
~3 -2 8 3H -391 -6 3 8 180 236 -5 -7 9 143 118 -4 -1 9 377 381 "1 5 9 177 1 51 
o -2 8 160 138 -4 3 8 378 341 -4 -7 9 264 259 -3 -1 9 143 -118 2 5 9 281 -281 
1 ,2 8 417 441 -3 3 8 148 ~164 -2 -7 9 1 56 180 ;2 -1 9 389 427 3 5 9 165 180 
2 -2 8 196 -173 ~1 3 8 292 !306 ~ I ;. 7 9 401 ~396 -1 -1 9 420 -405 4 5 , 203 -204 
3 ~2 8 444 461 1 3 8 In -214 o -7 9 12' 14 S o -1 9 252 -267 -2 6 , 266 -261 
4 -2 8 390 -388 2 3 8 300 !323 1 -7 9 353 ~333 3 -1 9 262 282 0 6 9 409 ~383 
6 -2 8 332 -344 3 3 8 207 193 5 -7 9 153 191 5 -1 9 451 445 1 6 9 191 171 

-7 -1 8 139 -202 5 3 8 399 366 -S -6 9 200 -218 7 -1 9 208 209 2 6 9 164 -189 
-4 -I 8 240 241 6 3 8 174 166 -3 -6 9 440 -439 -6 0 9 194 235 3 6 9 176 191 
-3 -1 8 260 282 7 3 8 192 176 o -6 9 171 162 -5 0 9 266 -290 0 7 9 152 141 
-2 -1 8 197 232 -5 4 8 144 -145 1 -6 9 269 256 -3 0 9 368 -374 1 7 9 194 165 
~ 1 -1 8 405 447 :4 4 8 mrm 3 ;6 9 153 139 ;2 0 9 538 -557 2 7 , 139 87 
o -I 8 3CC -333 -3 4 8 4 -6 9 139 -153 -1 0 9 153 -162 -1 9 9 158 -148 
2 -1 8 502 -538 -2 4 8 325 -320 6 -6 9 145 -155 0 0 9 274 -305 1-11 1 C 156 -130 
3 -1 8 307 -283 0 4 8 141 -158 -7 -5 9 170 -160 1 0 9 209 217 2-10 10 154 135 

~ 



OBSERVED AND ULCULATED STRUCTURE FACTORS ,OR TCNOACAC PAGE 8 

H K L 10FO 10FC H K L 10FO 10Ft H K L 10FO 1 OF C H K L 10 FO 10fC H • L 10FO 10FC 

3-10 10 171 119 -5 -2 10 192 197 ~1 5 la 342 ~331 2 -2 11 374 -312 2 -7 12 149 -134 
1 -9 10 194 113 :3 -2 10 403 456 • 1 

5 10 227 :242 J -2 11 291 270 0 -6 12 252 -246 
2 -9 10 130 -125 :, -2 10 118 145 -3 6 10 151 -141 5 -2 11 175 141 2 -6 12 199 -175 

-3 -8 10 215 200 0 ~2 10 239 -233 ,0 6 10 147 179 -4 -1 11 287 -257 -4 -5 1 2 221 -183 
-2 -8 10 2H -212 3 -2 10 486 :486 -2 1 10 143 138 :2 -1 11 391 -378 ~2 -5 12 338 -340 
~1 -8 10 142 152 ~7 -1 10 151 233 ~1 7 10 254 254 3 -1 11 127 97 1 - 5 1 2 191 204 

o -8 10 181 -163 -5 -1 10 189 206 0 8 10 201 -201 4 -1 11 1 51 146 -6 -4 1 2 2eo -211 
1 -8 10 121 -86 -2 -I ID 130 "152 .0-1 0 11 180 194 7 -I 11 152 ~138 -4 -4 1 2 147 -118 
2 -8 10 214 -182 ~1 -1 10 ~g: i~g ;-2 -9 11 135 139 ;6 0 11 155 -163 :3 -4 12 239 249 
6 -8 10 139 141 I -I ID -3 -8 11 137 -147 -3 0 11 245 241 - 1 -4 12 23. 230 

-6 -1 10 257 -10 2 -1 10 331 325 2 -8 11 124 -93 -2 0 11 199 234 o -4 12 319 295 
-4 -7 10 226 -221 4 -1 10 332 280 3 -8 11 215 259 -1 0 11 198 207 1 -4 12 145 124 
':2 ~7 10 -257 6 :'1 10 145 .,129 

•. , 
224 :214 230 257 -4 -7 11 C 0 11 246 2 -4 12 188 112 

2 -7 10 24C 216 ~5 0 10 180 -153 :'2 ~7 11 145 ~162 1 0 11 166 -187 3 -4 12 145 -133 
4 -7 10 273 248 -3 0 10 337 -338 -1 -1 11 197 194 3 0 11 409 -393 5 -4 1 2 221 -211 

-6 -6 10 140 -168 -2 0 10 251 251 1 -1 11 227 210 5 0 11 200 -205 -5 -3 1 2 1/7 194 
:2 -6 · , :5 ~2 -3 10 251 251 0 0 10 303 301 -5 -6 11 172 154 1 11 136 131 12 12. 142 

'" 
o -6 10 4H 433 2 0 10 346 344 !3 ':'6 11 445 432 :3 1 11 124 125 -1 -3 1 2 278 -303 

l\) 1 -6 10 124 -122 4 o 10 229 -225 -1 -6 11 340 372 -1 I " 324 -351 1 -3 12 297 -337 

"" 3 -6 10 125 -144 6 o 10 182 -185 0 -6 11 155 -126 1 1 11 400 -393 1 - 3 12 275 -276 
6 -6 10 136 -135 !-6 1 10 135 125 3 ~6 11 210 !174 3 1 11 ,.7 -194 ~7 -2 12 149 145 
8 -6 10 154 ~4 1 10 231 221 · . 143 163 !5 2 11 148 -173 -3-212 272 -213 -53 -1 -5 11 

-4 -5 10 384 371 -2 1 10 401 392 -5 -5 11 174 197 -3 l 11 HI -326 -1 -2 12 334 -343 
-2 -5 10 329 349 -1 1 10 m :~~~ ~1 -5 11 310 -305 0 2 11 141 153 o -2 12 177 114 
;, ~5 10 155 -144 2 1 10 o ;5 11 182 :116 1 2 11 210 236 Z -2 12 160 113 

1 - 5 10 41G -420 4 1 10 225 -214 1 -5 11 303 -298 2 2 11 196 224 3 -2 12 219 204 
4 -5 10 113 -97 5 1 10 160 134 2 -5 11 120 58 3 2 11 328 340 4 -2 12 149 130 
5 -5 10 263 271 7 1 10 251 239 4 -5 11 171 13 I 5 2 11 149 169 ,5-212 132 147 

;6 ~4 ;4 123 126 · , 154 ~140 la3 ~165 10 184 111 2 10 -5 -4 11 6 2 11 225 -190 -5 -1 12 
-5 -4 10 124 -104 -3 2 10 184 !220 !3 -4 11 2q6 -303 ~5 3 11 183 -224 ~3 -1 12 153 -120 
-4 -4 10 121 100 -2 2 10 188 -204 -2 -4 11 178 112 -2 3 11 154 110 -2 -1 12 267 219 
-3 -4 10 233 -260 0 2 10 ~~~ !~~~ -1 -4 11 246 -238 -1 3 11 169 184 -1 -1 12 236 243 
~1 ~4 10 228 ~212 2 2 10 o :. 4 11 386 396 1 3 11 232 205 1 -1 1 2 209 205 

o -4 10 257 -274 3 2 10 198 194 2 -4 11 362 360 2 3 11 171 -181 2 -1 12 135 -123 
I -4 10 392 374 5 2 10 135 141 3 -4 11 141 142 -3 4 11 111 111 4 -1 1 2 294 -252 
3 -4 10 297 307 -5 3 10 135 -102 6 -4 11 181 -110 -2 4 11 168 -130 6 -1 12 149 -133 
5 -4 10 172 141 ~4 3 10 276 !274 ~7 ~J 11 133 ~129 0 4 I 1 276 -296 -4 o 12 182 169 

-6 -3 10 161 -la3 ~2 3 10 212 :215 ~4 -3 11 247 263 2 4 11 194 -191 -3 o 12 269 211 
-5 -3 10 244 -273 -1 3 10 148 180 -2 -3 11 238 250 -2 5 11 263 -260 -1 o 12 232 201 
-4 -3 10 118 -135 0 3 10 120 105 -1 -3 11 218 .221 2 5 11 218 220 0 o 12 286 -311 
-3 -3 10 132 99 1 3 10 209 256 2 ;3 11 1t6 "'58 :2 6 11 142 113 2 o 12 136 ~ 343 
~2 -3 10 260 -263 2 3 10 208 226 4 ~3 11 350 -329 C 6 11 326 281 6 o 12 169 166 
"1 -3 10 535 537 4 3 10 226 217 -6 -2 11 231 250 1 -9 12 226 -195 -4 1 12 185 -114 

1 -3 10 495 492 5 3 10 240 ~235 -4 -2 11 120 86 -3 -8 12 165 -181 -3 1 12 122 -40 
3 -3 10 223 199 7 3 10 16q :150 ~3 ~2 11 180 154 ~1 -8 12 130 -135 ;2 1 12 442 -415 
4 -3 ID 309 -219 ;3 4 10 175 190 ~2 ~2 11 2e? -298 0 -8 12 124 100 0 1 12 182 -157 
5 -3 10 232 -221 1 4 10 240 -214 0 -2 11 329 -388 2 -8 12 261 230 2 1 I 2 140 156 
7 -3 10 134 -145 3 4 10 296 -331 1 ~2 11 145 153 -2 -7 12 312 307 4 1 1 2 265 278 



OBSERVED AN' C"LCULATED STRUCTURE fACTORS fOR TCNOACAC PAGE 9 

H < L 10FO 10FC " K l 10fO 10FC H K l 10FO 10FC H < L 10fO 10 FC H K l 10FO 1 OF C 

-6 2 12 132 -142 -3 -7 13 139 .139 1 :1 13 276 :292 0 -7 14 193 -177 1 -1 14 132 -133 
~4 2 12 2st -247 1 -7 13 264 -252 2 -1 13 130 -121 2 -6 14 141 1 51 2 -1 14 134 -119 
~2 2 12 145 11 0 3 -7 13 166 -158 3 -1 13 327 -306 -2 -5 I. 183 168 3 -1 14 129 -117 

0 2 12 333 345 -3 -6 13 ~:6 !~~! -3 0 13 126 ;116 o -5 14 213 223 ;3 0 1 4 141 -142 
1 2 12 217 185 :1 -6 13 !1 0 13 235 7216 1 -5 14 128 -101 -1 0 14 In -208 
2 2 12 311 310 -3 -5 13 185 :180 0 0 13 121 -155 :1 -4 14 277 -243 0 0 1 4 112 124 
·S 2 12 165 -173 o -5 13 236 220 1 0 13 166 -165 , -4 14 147 -161 2 0 1 4 23" 229 

-2 3 12 168 149 1 -5 13 188 178 • 3 0 13 146 136 2 -4 14 159 -133 -2 1 1 4 220 193 
1 3 12 293 ':"300 3 ~5 13 139 108 -3 1 13 166 :'160 ~3 -3 1 4 206 -lR5 0 1 14 305 279 
3 3 12 169 -173 :1 -4 13 155 147 !1 1 13 130 126 1 -3 14 220 215 0 2 14 151 -139 

-3 4 12 185 -174 .2 -4 13 219 -210 1 1 13 406 384 .3 -3 14 390 341 0 3 14 151 -161 
-I 4 12 205 -,01 -2 ~3 13 322 ~341 ~~ 1 13 290 282 ~3 -2 1 4 18R 147 1 -6 1 5 155 161 

0 4 12 155 -155 o -3 13 273 -269 2 13 219 179 -1 -2 14 354 337 o -3 15 1 75 184 
3 4 12 252 277 -1 -2 13 137 101 -1 2 13 318 307 1 -2 1 4 1 55 1 45 o -1 1 5 217 -216 

-1 5 12 152 139 o -2 13 235 223 0 3 13 142 ;126 .2 -2 14 15.' -12' 1 0 15 143 157 
!1 6 12 204 225 2 :2 13 330 314 1 3 13 265 ~258 -3 -1 1 4 215 237 0 1 1 5 136 141 o -9 13 148 -163 ~2 -1 13 373 382 ~1 4 13 193 -170 0 -1 14 153 -130 "1 2 1 5 191 -179 o -8 13 152 11 5 o -1 13 196 182 0 4 13 160 163 N 

N 
(Jl 



APPENDIX IV 

TUB CRYSTAL STRUCTURE OF Cm.0RqJ£ITROSYI.-8IS <0:: 

PIIEllYLErrn> 818- m UIRTHYI. ARS lIE > TEgDlBTHllH 1 > 

CHLORIDE. TRTRAHUTYI.AJ!J![OIUUJlCHLORIDij 

Thomas A. Hamor and Hilary J. Banbery, Department of Chemistry, 

University of Birmingham. 

Abstract 

[Tc(C,oH,.,As"hClBOlCl.(Jl<C .. H,,) .. JC1, )[r=1049.9, monoclinic, space 

group C 2/c, a=20.069 (5), b=13.249 (2), c=20.431(12)A, 1l"116.03 (5)', 

V"4881.4A3, z=4, D.=1.429gcm-", ).Q(oKlX)=0.'71069A, F(000)=361, 

R=0.084 for 2'703 unique observed reflexions. 

Experimental 

A crystal of size 1.0 x 0.2 x 02 mm was selected from the 

material for I-ray analysis. )[easurements were made on an Enraf-

Honius CAD-4 diffractometer with )[OKlX radiation. Lattice 

parameters were determined from the setting angles of 25 

reflexions (6 9-15). Intensity data were measured with ~20 

scans in the range 2<9<25', index range h -21 ... 23, k 0 ... 15, 1 -24.,3. 
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Three standard reflexions, measured every 2h, showed no 

significant variation over the period of data collection. 5363 

reflexions were scanned, of which 4301 were unique, Rlnt.=0.08, and 

2703 were considered observed CF}50'(F)J and Were used in the 

analysis. No absorption correction was applied. 

The structure was solved using Patterson and Fourier methods. 

The H atoms were placed in calculated positions, riding on their 

bonded C atoms. Coordinates for all non-H atoms were refined 

using full-matrix least squares on F values with weights 

w= 1 /0'''' <F) frOll counting statistics. H atoms of methyl groups 

were placed in calculated positions and refined subject to rigid 

group restraints. 

The non-H atoms of the CODplex cation and the tetrabutylammonium 

cation were assigned anisotropic thermal parameters. H atOlls 

were assigned one overall isotropic temperature factor (0.07'&''')' 

The weighting scheme used was w=1/(O''''<FltO.001F'']. The 

refinement was terminated When all shift/e.s.d. ratios were less 

than 0.02 and R=O.084, wR=0.116, for the 2703 observed reflexions. 

The residual electron density in a final difference map was within 

±1.28 eA-"', with all main peaks close to the technetium or arsenic 

atoms. 

Atomic scattering factors were taken from International Tables for 

X-Ray Crystallography (1974); computations were carried out 
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using SHELX <Sheldrick, 1978) and PLUT078 (]{otherwell and Clegg, 

1978) . 

Bond lengths and angles for the complex cation are given in 

Tables 1. and 2. respectively. Figure 1. shows the numbering 

scheme of the atoms in the complex cation and Figure 2. shows the 

relative positions of both the complex cation and 

tetrabutylammonium cation in the unit cell. 

Discussign 

The packing of the molecules shows disorder, the technetium atom 

lying on an inversion centre, with the nitrosyl and chlore-­

substituents becoming equivalent. Consequently the chlorine atom 

and nitrosyl group were indistinguishable on a Fourier difference 

map. A large peak at 2.4,\ from technetium was taken to represent 

the chloro- substituent. The positions of the oxygen and nitrogen 

atoms in the nitrosyl group were then calculated using the 

coordinates of the chlorine aton, and the known covalent radii of 

the atoms, such that the To-II-0 angle was close to 180·. 

Thermal parameters for all carbon atoms are high, and this can be 

accounted for by the disordered structure. Thus bond lengths are 

not accurate enough to warrant detailed discussion. 
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There is also evidence for disorder in the positions of the atoms 

of the tetrabutylammonium cation with some unrealistically high 

thermal vibration parameters. 
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Table 1. 

Bond distances for !Tc(NQ) (diarshCI1Cl.[ (C.!Ig).NlCl 

Tc-As(!) 
Tc-As(2) 
Tc-Cl (!) 
Tc-N(1) 
As(1)-C(12) 
As(1)-C(1) 
As(2)-C(21) 
As(2)-C(22) 
As(2)-C(6) 
Cl (1)-B(1) 

Cl (1)-0(1) 
B(1)-0(1) 

C(1)-C(2) 
C(!)-C(6) 
C(2)-C(3) 
C(3)-C(4) 
C(4)-C(5) 
C(5)-C(6) 

][ (lC) -C (1C) 
][(lC)-C<1D) 
C (lC) -C (2C) 
C(2C)-C(3C) 
C(3C)-C(4C) 
C(lD)-C(2D) 
C (2D)-C (3D) 
C(2D)-C(4D) 
C(3D)-C(4D) 
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A 
2.480(1) 
2.504(2) 
2.411(13) 
1. 979 
1.922(17) 
1. 935(21) 
1. 898(18) 
1. 896(18) 
1. 942 (16) 
0.434(13) 
0.730(13) 
1.158 
1. 411(20) 
1. 415(26) 
1. 299 (43) 
1. 466 (44) 
1. 386 (26) 
1.398(34) 

1. 512(36) 
1.445(38) 
1.188(39) 
1. 419(42) 
1.299(51) 
1.183(94) 
1. 594 (94) 
1. 967(3) 
1. 103 (82) 



Table 2. 

Bond angles for [Tc(!IQ) (dlarshCllClHC.H,,).IJlCl 

As(l)-Tc-As(2) 
As (l)-Tc-Cl (1) 

As(2)-Tc-Cl (1) 

As(l)-Tc-:tHl) 
As (2) -Tc-IH1) 
Cl (1)-Tc-IH1) 
Tc-As(1)-C(12) 
Tc-As(1)-C(l) 
C(12)-As(1)-C(1) 
Tc-As(2)-C(21> 
Tc-As(2)-C(22) 
C(21)-As(2)-C(22) 
C(22)-As(2)-C(6) 
Tc-Cl (1) -)1"(1) 
Tc-Cl (1)-0(1) 
If(l)-Cl (1)-0<1) 
Tc-ll'(l)-Cl (I) 

Cl (1)-!1 (1)-0(1) 
Cl(1)-OU)-!I(l) 
As(1)-CU)-C(2) 
As(1)-C(1)-C(6) 
C(2)-C(l)-C(6) 
C(1)-C(2)-C(3) 
C(2)-C(3)-C(4) 
C(3)-C(4)-C(5) 
C(4)-C(5)-C(6) 
As(2)-C(6)-C(1) 
As(2)-C(6)-C(5) 
C(1)-C(6)-C(5) 
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83.1(1) 
89.0(3) 
89.3(4) 
88.6 
88.1 

1. 3 (4) 
119.3(4) 
109.1(4) 
102.6(8) 
119.6(8) 
119.4(7) 
103.2(9) 
99.2(9) 
5.7(16) 

174.6(16) 
168.8(31) 
173.0(19) 

7.0(19) 
4.2(12) 

120.6(15) 
120.1(11) 
119.3(19) 
120.6(20) 
121. 4 (20) 
119.4(26) 
118.2(22) 
118.2(15) 
120.6(13) 
121.0(15) 



Figure 1. 

Molecular structure and atom nymbering: for the -6 ______ chlorpnitroeyl-bis-

(o=pheny]epe) bie (dimethylareipe)technetiym(I) catipn. 
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Figure 2. 

View of the complex catign and tetrabutylammopium cation 

in their relatiye positions in the "pit cell. 
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APPENDIX V 

PUBLICATIOlIS 

Synthesis and biological studies of the 
[9SMTclTetrachloronitrosyltechnetium(II) anion - an alternative 
low valent technetium starting material. 

C.T. Cheah, J.L. Newman, D.P. Nowotnik and J.R. Thornback, 
J. NucL Ked. BioI., 1987, 14., 573. 

Structure of the tetra-n-butylammonium salt of the 
tetrachloro(methanol)nitrosyltechnetium(II) anion. 

D.S. Brown, J .L. Newnan, J .R. Thornback and A. Davison, 
Acta. Cryst., 1967, C!3., 1692. 

The structure of the tetraphenylarsonium salt of the 
trichloro(pentane-2,4-dionato)nitrosyltechnetium(II) anion. 

D.S. Brown, J.L. lJewnan and J.R. Thornback, 
Acta. Cryst., 1988, Cli., 973. 

The synthesis and characterisation of the 
trichloronitrosyl(acetylacetonato)-teohnetium(II) anion, a novel 
technetium (II) complex. 

D.S. Brown, J.L. Newman, J.R. Thornback, R.N. Pearlstein, A. Davison 
and A. Lawson, Inorg. Chim. Acta., 1988, lli.ll., 193. 

Preparation of 99MTc radiopharmaceuticals 
European Patent Number 0 291 281 (1988) 
LA. Latham, J.L. lfewman and J.R. Thornback. 
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