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AB STRACT 

has been prepared. A three dimensiona l X-ray. structure analysis of 

the complex showed tha t it had cis geometry. The dihedral angle 

between the two square planes is 157.1°. The un i t cell is ortho­

rhombic, space group Pbca. The cell dimensions are : a= 23.389(5) A, 

b = 28.351(7) A, c = 8.154( 2.) A., V 11· ·":' 5407( 2) .B.3 a t 23±2° C. ce· 

Positiona l parameters and anisotropic .t empe r a ture fac tor s of the non-

hydrogen atoms of the mo lecule were refined by the l eas t-squares 

method. 

Reac tion of Me
3

SiSPh with [Pd 2 (µ-:-C::l) ,2 (PPh
3

) 4 ](BF4) 2 y.ieJldad 

[Pd 2 (µ -Cl ) (µ.:..SPh) (PPh
3

) 
4

) (BF 
4

) 
2 

which was charac t erized by 31P (1H} 

, . NMR t echnique s. Rea ctions of Me
3

SiSPh with [M2 (µ-Cl ) 2 (PE t 3) 4 )(BF4) 2 

(M = Pd or Pt ) under the same reac tion conditions yielded a 1:1 

has been s tudied using NMR and X-ray diffrac tion techniques. The 

31 1 195 1 2 
P{ H} and Pt{ H} NMR spectra are report ed . The J(Pt-Pt) 

· coupling constant fall s within the range 452-484 Hz . The 1J(Pt-P) 

coupling constant is 3201 Hz , which is simila r to the value obtained 
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n PEt
3 

or P Pr
3

. The asymmetric unit of the crystal is one half of the 

molecular formu l a. The unit cell is monoclinic , space group C2/ c . The 

cell dimensions at 23 ±2°C are : a= 15 . 447(2) A, b = 18 . 033 ( 3) A, 

c = 26.505(5 ) A, B = 96 . 73(2) 0 and Vcell = 7332(2) A
3

. Full-matrix 

least squares r ef inement converged a t R = 0. 0545 . 

G. ~lJ. 

R. M. Clements 
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CHAPTER I 

INTRODUCTION 

Sulfur i s known to form s t able chemical bonds wi th almost all the 

transition metals. Despit e this fact, transition metal-sulfur complex 

chemistry has not, until very recent ly, been an act ive field of 

res earch . The ligands concerned in this work have sulfur as a donor 

atom . These have not been investiga ted . as extensively as the ligands 

whose donor atoms are carbon, nitrogen , oxygen or phosphorus. With the 

growing interes t in biological and industria l sulfur containing 

cata lysts , it i s r ap idly becoming popular to study transition metal 

complexes containing metal-sulfur bonds . 

Complexes containing RS 2-and S ligands are known to exist in 

biologica l systems . Rubredoxins and ferredoxins contain r edox centers 

composed of sulfur and iron atoms, whose struc tures are shown in 

Figure 1 . The two- iron and four-iron clusters contain two-fold and 

three- fold bridging sulfide ligands , respectively . The MoFe
3
s

4 
cluster 

s/ I " S / SXs / 
I s"- s I '-- Fe I / ...--S /s, / I )<FEX'1e 

/Fe..___5 
Fe ,_,fe s,,.... s " 

/ -------s 
"'-s "'I / s / \ s Fe 

I --s \ / I 
.,,.S 

Rubredoxin Two-Iron Fer r edoxin Four-Iron Ferr doxin 

Figure 1 . Iron-sulfur centeres found in r ubredoxin and ferr edoxin 



of FeMo cofactor i s believed to be the active site of nitrogena s e s . It 

is a cuba ne type cluste r similar to the four-iron f erre doxin redox 

cente rs . Ma ny FeMo cofac t or mode l sys t ems s uch as t he exampl e shown in 

Figure 2 have been inte ns ively stud i ed .
1

' 2 , 3 

Figur e 2 . A Mo-Fe-S cluster in a FeMo cofactor model of ni t r ogenase 

Hydrodesulfurization is an important r eaction in the purif ica tion 

of petroleum produc ts . It involves the hydrogenolysis of organosulfur 

compounds in which hydrocarbons and hydrogen sulf ide are formed(l) . 

RSH + H2 

RSR + 2H
2 

RSSR + 3H3 

RH + H2S 

2RH + H2S 

3RH + 2H2S 

(1) 

2 

A commonly used hydr ogenolysis ca t alys t is s ulfided mo l ybdenum a nd 

cobalt suppor t ed on alumina . 4 ' 5 In the most accepte d ca talytic reaction 

me chanism, the organosulfur compound is coordinated to the vacant site 

on the molybd enum ion. The sulfide ligand s on the ca t a lyst surf a ce 



react with mo l ecular hydrogen to form hydrosulfido ligands . The 

hydrogenolysis reac tion then occurs be tween these adsorbed specics . 6 

3 

To v eri fy the above reaction mechanism and to syn thesize homogeneous 

cata lysts, the reactivity of molecular hydrogen and coordinated sulfide 

ligands needs to be s tudied . The first example of such a reaction to 

form hydro s ulfido ligands ~rom mole cula r hydrogen and coordinated 

sulfide ligands has been report ed r ecently . Methyl-subs tituted cyclo­

pentadienylmolybdenum complexes of the type [(CH
3

)n(C
5
H

5
_n) Mo S

2
]

2 

reacted with hydrogen and gave a dimeric complex with hydrosulfido 

ligands, of the type [(CH3 )(C
5

H
5

~n)Mo(S)SH]
2
.' 

Transition metal ions Pt(II) and Pd(II) are class B or soft metals8 

and form stable complexes with higher atomic n~mber e l ements. They strongly 

bond with sulfur which is large and polarizable . 9 The r e l atively gr ea t 

polarizability of sulfur causes the coordinating abilit ies of sulfur 

· iO 
ligands to depend on their permanent dipole moments . There is ano ther 

property of sulfur which explains the stability of metal-sulfur bonds. 

Sulfur has low-energy cl-orbitals which allow it to accept some TT­

electrons from the metal. This TT-back dona tion contributes to the 

further strengthening of the bond . 

A number of Pt(II) and Pd(Il) complexes containing sulfur donor 

1 . d h b d h . 11 •12 Th' h · 1gan s ave een reporte up tot e present time . is t esis 

inc ludes the structur e elucidation of merca ptide brid ged, s ulfide 

bridged and tetrasulf ide complexes . In all the complexes investiga ted, 
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the bond angles about sulfur are approx imately tetrahedral, which 

suggests that the sulfur can be roughly described as sp
3

. Mercaptide(p l, 

three-fold bridging sulfid e and polysulfide ligands have one, one and 

two lone pairs per sulfur, resp ectively . All the M-S-M bond angles 

lie between 80° and 96°, which is smaller than the tetrahedral angle, 

allowing the lone pair to occupy a larger space . This is attributed to 

the large steric effect of a lone pair and to the incomplet e involvement 

of the s-orbital in the hybridization. The trans influence of sulfur 

l igands can be determined from t he analysis of the bond l ength of a 

given metal-ligand bond. The cis and trans influence of sulfur ligands 

is reflected also in NMR d.ata . Of the two major NMR parameters : 

chemical shifts and coupling constants, the latter ha s been widely 

used in bonding studies . Coupling constants give dir ect information 

about metal- ligand a bonding , but only the possibility of indirect 

information on the TI-back bonding . Insufficient da ta are available for 

us to reach any conclusion about metal-sulfur bonds at this stage . 

However, this thesis presents some useful informa tion on the subject . 



CHAPTER II 

SYNTHESES AND CHARACTERISATIONS 

II-A. Syntheses 

II-A-1. The Mercaptide Bridged Dinuclear Complexes of Pt (II) and Pd (II) 

Ethylthio-bridged complexes of the type [M2Cl2 (µ-Cl)n (µ-S Et ) 2_nL 2] 

(M=Pd13 or Pt
14

, n=O, l and L=tertiary phosphine) have been obtained in 

the past by trea tment of neutral dimers of the type [M2cl2 (µ-Cl)
2

L2] 

with ethanethiol . The corresponding phenylthio-bridged Pt(II) complexes 

have been prepared from the reaction of neutral dimer with thiopheno115 , 

NaSPh
15

, LiSPh16 or Me
3

SiSPh . 17 The use of Me
3

SiSPh seems to be the 

most convenient route for the chloride bridge substitution with SPh 

and gives the h{ghest yield . We have prepared [Pt
2
c12 (µ-Cl ) (µ-SPh)L 2] 

n and [Pt2c12 (µ-SPh ) 21 2] (L=P Bu
3 

or PEt3 ) by the reaction of trans-

[Pt2c12 (µ-Cl)2L2 ] and Me3SiSPh . Some attempts to substitute the chloride 

bridge of monophenylthio-bridged complexes with a diphenyl phosphido 

group were made so as to investigate the correlation of the NMR 

parameters with the Pt-P-Pt bond angles . The 31
P{

1H} mm analyses of 

the mercaptide bridged complexes are described in Chap ter II-Band the 

X-ray structure analysis of cis- [Pt
2

c12 (µ-Cl )(µ-SPh)(PEt
3
)il in Chapter 

III-A-1. The r eac tivities of Me3SiSPh towards cationic complexes of the 

t ype [M2 (µ-Cl) 2L4 )(BF4) 2] (M=Pd or Pt, L=PEt
3 

or PPh
3

) were also studied. 

The monophenyl thio-brid ged cationic complex [Pd 2 (µ-Cl)(µ-SPh ) L4](BF4) 2 



was isolated and analyzed. 

Results a nd Discussion 

The monophenylthio-bridged complex cis-[Pt
2
cl2 (µ-Cl)(µ-SPh)L

2
) was 

formed readily by the reaction of tra ns-[Pt
2

c1
2

(µ-Cl)
2
1

2
) and an 

equivalent molar quantity of Me
3

SiSPh in dichloromethane at room 

n 
temperature . When L was P Bu3' 2.3 molar equivalents of Me

3
SiSPh were 

required to form the corresponding monophenylthio-bridged comp lex . The 

complex is stable both in s olution and in the solid state . The 31P{
1

H} 

NMR spectrum is shown in Figure 4 and the NMR parameters are listed in 

Table 1. The 
31

P{
1

H} NMR ana lysis agreed with the X-ray structural 

6 

studies and t he complex was found to exist exclusively as the cis isomer. 

It was suggested that there should be some correlations between the 

Pt-P-Pt bond angles of diphenylphosphido-bridged complexes and the 

31
P{

1
H} NMR paramet ers.

18 
It was of interest to us to prepare a series 

bridging ligand other than -PPh2 . We chose -SPh for -X since mercaptide 

(2) 

bridges were expected to be significantly more sta ble than chloride 
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brid ges
19 

and to a llow the sub s titut ion of the chloride bridge i n 

We have made s everal at t empt s t o subs titute the chloride brid ge of 

r eact with: equiva l ent amount s of PPh
2
H, PPh

2
H i n t he presence of p­

toluidine , a mix ture of NaOEt and PPh
2
H or Me

3
SiPPh

2
, in dichloromethane 

all at low t empe r atures. All the r eac tions gav e mi x tures of many 

complexes . One of the ma i n produc ts was c i s -[Pt(PEt 3)(PPh2H)C~, 

suggesting tha t the re was a Pt-S bond c l eavage . It is known tha t ha logen 

bridged c ompl exes of Pt( II ) are readily c l eav ed by ter tia r y phosphine 

whe r eas the cor respond ing thio-bridged complexes a re stable to s uch 

r eactions .
11 

However, the a bove observa tions i ndicate t ha t the monothi o­

bridged c omp l exes seem t o have much more uns t ab l e Pt-S bonds tha n do 

dithio-br idged compl exes . It s eemed to us tha t Me
3

SiPPh
2 

was the bes t 

r eagent for int r oducing a diphenylphosph ido- bridge , but there were 

technical diff icultie s using this r eagent . It i s very mo i sture s en s itive 

and forms PPh
2
H on r eact i on wi th a tr ace amount of ~at er . It wa s 

technica lly impos sible to carry out the r eac tion of the monophenylthio­

br id ged compl ex without t he presence of any PPh2H i mpur ity . 

The neutra l dime r [P t
2
cl

4
L

2
] r eacts with 2.7 mo l a r equiva l ent s of 

Me
3

SiSPh a t room t emperature to give trans-[Pt
2

c1 2 (µ-SP h)
2
L2]. No cis 

. 31 1 
isomer was de t ected by P{ H} NMR . The s ame produc t wa s obta ined from 



the reaction of the monophenylthio-bridged complex with one molar 

equivalent of Me
3

SiSPh (3). 

8 

The reaction of Me
3

SiSPh with cationic complexes of the type 

[M2 (µ-Cl) 2L4](BF
4

) 2 (M=Pd or Pt, L=PPh
3 

or PEt
3

) was examined under the 

same condition.sas the preparation of cis- [Pt
2
c12 (µ-Cl)(µ-SPh ) L2] . A 

monophenylthio-bridged complex was obta ined when N=Pd and L=PPh3 (5). 

When L=PEt
3

, a one to one mixture of diphenylthio-bridged comple~ 

(3) 
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I 2• 

Ph I 

I 
+ ! 

Et/\lq' /'Et) ] Etf '\ /S\ ;PEt3 
Cl PES I 

si "" / I 
I\ J\ P\ Pt .. 

Pt"" I I \ 
Et3P Cl FE~ E~P S FEt.3 Cl/ FE~ 1 

Ph 
. ~:i)°lo ~ :i) °lo 

( 4) 

[ r 
Ph .. 

E LJ\ /0 \ /FEt3 Et3P\ 1s\ /FEt.3 E3P"" /Cl 
Pd Pd SI Pd Pd .. /Pd"'-I \ I \ E~P/ \S/ \FEt

3 Etf Cl PEt3 Cl PE~ 
Ph 

~SC)¼ ~ :i) °lo 

r C r r Phj\ }~ /p~ r P~P\ 1 \ /PPhJ . 
R:l Pd SI Pd /R:l ( 5) 

P\rf \( \pp~ I ' ' P'3P Cl PF h3 

Si = 
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II-A-2 . The Sulfide-Bridged Trinuclear Complex, [M3S2L6]x2 

The complexes [Pt
3

s
2 

(PHe 2Ph) 6] x2 , where X=ClO 4-, BFL
1 

or BPh4 

had been synthesized by Chat t and Mingos19 from the reaction of 

cis-[PtC1
2

(PMe
2

Ph)
2

] with sodium sulf ide in ethanol, and later trea tment 

with HClo
4

, NaBF
4 

or NaBPh
4

, respectively. The yield was very low, about 

12%,and the structure was not fully characterized prior to this work 

We carried out a reaction of cis- [PtC1 2 ( Ft:-1e 2Ph) 2 ] with lithium sulfide 

in the presence of excess BEt3 and obtained a high yield (85%) of the 

Analogous complexes of nickel and palladium wer e reported in recent 

20 21 
papers. ' Complex [Pd

3
S

2
(PMe

3
)

6
](BPh

4
)

2 
was isolated accidentally 

when a solution of [Pd (PMe
3

)
3

H](BPh4)
2 

in acetone was stirred in an 

atmospher e · of carbonyl sulfide, cos .
20 

The same complex was also 

obtained from the reaction of H
2

S and [Pd(Me CN)
4

](BF
4

) 2 in acetonitrile 

in the presence of PMe
3

, followed by anion replacement by NaBPh4 . The 

t he palladium compound during the investigation of H2S reactivity 

towards trans ition metaJs. The nickel complex was formed by bubbling H
2

S 

21 through an ethanol solution of Ni(BF
4

)
2
• 6H

2
o in the pres ence of PEt

3
. 

The stabil i ty of trinuc lear complexes of the type [M
3

s 21 6 ]x2 (M=Pt, 

Pd or Ni; L=tertiary phosph:ine; X=bulky anion is due mainly to the 

favourable geometry of M
3

s
2 

units. The molecular structure of the 

related complexes is described and discussed in Chap ter III-A-2 . Ana lysis 

31 195 
Of the P and Pt NMR spectra are described in Chapter II-B. 
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Il-A-3 Polysulfide _ Complexes of Pt(II) Containing a Pts4 Ring 

Polysulfide complexes of transit ion metals contain one or more 

heteronuclear rin~ consisting of one metal and two or more sulfur atoms . 

Metals such as Ti, V, Mo , W, Co, Rh, Ir, Ni , Pd, Pt, Cu and Ag are 

known to form such complexes, and a recent review by Schmidt and 

22 Hoffmann provides the references to the work done in this field . The 

only known polysulfide complexes of Pt ( Il) are those containing Ms 4 or 

Ms
5 

rings , 19 • 23 whereas polysulfide complexes containing 11s 2 , MS
3

, MS 4 

or MS 5 rings exist for other metals . Al though much research has been 

done on platinum pentasulfide complexes , very little has been done on 

the tetrasulfide comp l exes . 

There are only three tetrasulfide complexes of Pt (II) which have 

. 19 19 26 b een isolated : [ (PPh
3

)
2
PtS

4
], [(dppe) PtS

4
] and [(tol) 2PtS 4 ] , 

wher e dppe=P h
2
PcH

2
cH

2
PPh2 and tol=tris-p-tolylphosphine . The first two 

complexes were prepar ed by Chatt and Mingos by treating Pt O complexes 

[Pt(dppe) 2] and [Pt (PPh
3

)
4

] with six mo l ar equiva l ents of elemental 

19 sulfur. However , when the same reaction was repeated with [Pt(PPh
3

) 2] 

or [Pt(PPh3) 3] as starting material, a polymeric complex [Pt (PPh3) 2S]n 

was obtained.
24 

The reaction of cis- [Pt C1 2(PPh3 ) 2 ] with sodium sulfide 

also gave the same polymeric substance . 24 It seem possible that the 

produ c t ' from the reaction of [Pt (PPh
3

) 4J with elemental s ulf ur was a 

mixture of t he tetrasulfide and polymer ic complexes . This could be the 

cause of the discrepancies in the melting points of [(PPh
3

) 2PtS 4 ] 

report ed by two different authors : 138-140°C~9 and 167-168°C
25 

(the 

melting point of [Pt(PPh3) 2s ]n is 246°C 
24

). Beck et al . l a t er reported 
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that tetrasulfide complexes were more conveniently made by the reaction 

of tris(pentasu l fido)platinate or bis(pentasulfido)platinate with 

tertiary phosphines (6). 25 

[Pt(S
5

) 3 ) 2-
+ 5 PR

3 
. 2-

[Pt (S
5

) 2) + 5 S=PR
3 

[Pt (S
5

) 2) 2-
+ 7 PR3 [Pt (PR

3
) 2s

4
] + 5S=PR

3 
( R = Ph, tol or PR3 = 1 / 2 dpP<? ) 

(6) 

The infra red spectrum of the tetrasulfide complex [(dppe ) PtS
4

] 

prepared by this method was reported to be ident i ca l to that reported 

by Cha tt and Mingos . 25 We followed the method by Chatt and Mingos to 

make this complex and attempted to determine its molecular structure by 

X-ray diffraction techniques (refer to Chap t er III-B-3 ). 

t 
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II-B . NMR Re sults and Discus sion 

31
P NMR is a powerful t echniqu e f or inves tiga ting tra nsition me t a l­

pho s phorus complexes . Most of the complexes used during this research 

provided sufficient structural informa tion in their 31P NMR s·pectra . 

195 When a molecule ha s more than two platinum a toms, the · Pt NMR t ech-

nique become s important . Iri such a molecule , the interpreta tion of 
195

Pt 

NMR spectrum is significantly less complicated than that of the 31P NHR 

in Chapter II-B-2 illustrates such an example . 

A chara cteristic f eature of the NMR spectroscopy of platinum 

complexes arises from the presenc e of the magne tically a c tive i s otop e 

195
Pt (I=½) with natural abundance 33 . 8%. This complica t e s the sp ectra 

derived from polynuclea r complexes of platinum . A polynuclea r complex 

of platinum exists as a mix ture of several magnetic isomers called 

isotopomers which differ in kinds and number of platinum isotopes within 

the molecul e . The isotopomers are chemically equivalent but magne tically 

non-equivalent. Each isotopomer gives a spectrum characteris tic of its 

spin syst em. An exp erimental spectrum is the sum of these. spec tra from 

isotopomers, but in practice only those with high natural abunda nces are 

observed . To ana lyse the spectra of polynuclear complexes , we have to 

consider the spin system of each natura lly abundant isotopomer, then 

the sum of these spectra has to agree with the experimental spectrum. 

The natural abundance of magnetically active 31P ( I=½) is 100%. In 

31
P NMR spectra, the resonance of a platinum-phosphorus complex is 
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flanked by satellites which arise from the coupling between 
31

P and 

195Pt. The 31p NMR spectra of pa lladium-phosphorus complexes are much 

simpl er than thes e , because there i s no palladium i sotope with I=½ and 

hence no coupling to phosphorus i s observed . The fine structure arises 

only from phosphorus-phosphorus couplings . 

The spectrum of (dppe ) Pts
4 

i s simple since i t involves only one kind 

of phosphoru s and one me t al . It is a first order spectrum with a singlet 

· 1 
at o=-9J·lppm f l anked by satellites with J(Pt , P) =.2805Hz. The NMR 

spec tra of dinuc l ear and trinuclear complexes have some non-first order 

character . Their interpretations are describ ed in de t ail in the follow-

ing chapt ers . The ana lyses were simplif i e d by making one assumption 

based upon abundant experimental da ta29 ; namely that one-bond platinum-

phos phorus coupling cons t ants a r e large and positive with values about 

3 to 4 KHz. 



II-B-1 . 31 p NMR Spectra of Mercaptide Bridged Dinuclear Complexes of 

Pt (II) and Pd(II) 

The dinuclear compl exes of Pt(II) have three isotopomers shown in 

Figure 3 along with their relative abundances. Isotopomer I contains 

two non-active platinum isotopes (I=0), isotopomer II one of each iso­

tope ( I=0 and I=½) and isotopomer III two active isotopes ( I =½ ) . The 

~A/ 
/PtVPr~ 

l.3-B2% 

"195A / 
Pt Pt 

/V~ 
1..1.-75¼ 

I I 

',95Pt~95 / 
Pt 

/ "'-/ "" 11-L.2¼ 

I I I 
Figure 3 . Isotopomer s and their natural abundances of dinuclear 

Pt (II) complexes . 
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calculation of natural abundance of each isotopomer is shown be low (7) . 

I. 

II. 

0.662 2 
X 100 = 43 . 82 

(0 . 662 X 0 . 338 X 100) X 2 = 44 .7 5 

III. 0.338
2 

x 100 = 11.42 

(7) 

These isotopomers hav e the same chemical shifts , but the patterns of 

their sp e~tra are not identical . All the three isotopomers can be 

observed in the exp erimental spectra, yet III has much smaller natural 

abundance and hence smaller peaks than the other two . The spectrum from 

I appears only as a singl e t for one kind of phosphoru s , because there 

is no coupling between phosphorus and platinum ( I=0) . The spectrum from 

II is the most important of the three, as its peaks are i n t ense and 
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contain platinum-pho sphorus coupling information . The spin system of II 

and III are AA ' X and AA ' XX ', respectively . The procedure involved in 

the spectral analysis is summarised in a monograph by Abraham . 
28 

Sufficient structura l informa tion was obta ined for dinucl ear 

comp lexes of Pt(II) by applying a first order analysis . The spectra 

obtained for the dinuclear complexes were sufficiently simple tha t 

further de tailed analysis by computer simulation proved unnecessary . 

The 
31

P{
1

H} NMR parameters of the mercaptide bridged complexes relevant 

to this research are lis ted in Table 1 , and those of chloride bridged 

complexes used as starting mat erials in Table 2 . The spectral analysis 

of each mercaptide br idged complex is described i n detail as follows . 

The spectrum of the title complex is shown in Figure 4. The largest 

peak in the center (o=-130 . oppm) is the singlet from I . The satellites 

arise from II whose spin system is AA ' X. The l ar ger satellites arise 

from one-bond platinum-phosphorus coupling , 1J(Pt-P) =3962Hz, and the 

satellites close to the central peak from thr ee-bond platinum-phosphorus 

coupling, 3J (Pt-P ) =36Hz . The 1J(Pt-P) coupling constant is much closer 

to trans-[Pt
2

c1
4

(PEt
3

)
2

] (3831Hz) than to trans-[ Pt
2
cl

2
(µ-SP h)

2
(PEt

3
)

2
] 

(3181Hz) , indicating the phosphine of the title complex is trans to 

chlorine r ather t han to sulfur . The satellites at 3962Hz apar t are 

significantly more intense than those at 36Hz apart . This is du e to the 

over l apping with the spectrum from III . The spin syst em of III i s M ' XX ', 
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but appear only as a simple doublet with 1J (Pt-P)=3962Hz . The coupling 

between two phosphorus atoms through four bond s is very small and does 

not appear on the spectrum. This feature is commonly observed when two 

phosphorus atoms are cis to each other . 30 

The experimental spectrum (Figure 5) contains fine structures from 

· II and III.. One-bond metal-phosphine coupling of II is measured directly 

from the spectrum as the separation between the two satellites furthest 

1 . from the center ; J(Pt-P) =3 181Hz . The other phosphorus of II which is 

h b d f 195P . 1 h 1 l t ree on s away rom t gives resonances c ose tot e centra peac 

with 3J(Pt-P)=52Hz . They are furthe r split by remote coupling with a 

4 phosphorus, J(Pt-P)=llHz . The smallest satellites separated by about 

3100Hz are due to III . 

The spectral interpretation for the title complex (Figure 6) is 

spectrum, spectra from I and II are seen clearly, but not that from III . 

1 
The coupling constants measured from the resonance pattern are J (Pt-P)= 

3 2 2881Hz, J(Pt-P)=l9Hz and J (P-P)=7Hz . 



18 

The cationic palladium complex (8) gives a non-first order spectrum 

(Figur e 7). The four phosphorus atoms are magne tically non-equivalent 

and the spin sys t em is AA ' XX ' . The fine structure i s der ived from the 

coupling between four magnetically non- equiva l ent phosphorus nuclei. 

The pa tt ern of the spectrum resembles the theoretically obtained 

31 2 4 . 
spectrum. In theory , J(P-P) and J(P-P) can be ca l culated from the 

spect rum, but there is no unique solution for these parame ters . 

(8) 



31 L_ 
Figure 4. P{7i} NMR spectrum of [Pt2c13(SPh)(PEt3)2]. 
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Figure 5 . 31 1 
P{ H} NMR spectrum_ of [Pt

2
cl

2
(SPh)

2
(PEt

3
)

2
] . 

~~~~ 
N 
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Figure 6. · 31i,{1ii} NMR. spectrum of [Pt2(SPh) 2(PEt3)4](BF4) 2, 

N ...... 
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Figure 7 . 



Table 1. 31P{ 1H} NMR Parameters for Dimers Cont a ining PhS-Bridges 

6 (ppm) 1J (Pt-P) (H z) 

cis- [Pt 2cl2 (µ-Cl ) (µ-SPh)(PMe3) 2J -16LL 5 3967 

cis- [Pt 2c12 (µ-Cl)(µ-SPh)(PEt 3) 2J - 130 . 6 3965 

cis- [Pt 2c12 (µ-Cl)(µ-SPh) (P~r3) 2J -139 . 7 3%0 

cis- [Pt 2c l 2 (µ-Cl )(µ-SPh) (P~u3) 2J -138 .7 3939 

trans- [Pt2c12(µ-SPh) 2 (PMe
3

) 2] -158 .7 3157 

trans- [Pt2cl2 (µ-SPh ) 2 (PEt3) 2] -129. 1 3181 
n trans- [Pt 2c12 (µ-SPh ) 2 (P Pr3) 2] - 138 . 2 3156 

[Pt 2 (µ-SPh) 2 (PEt3) 4J( BF4) 2 - 124. 8 2881 

[Pd 2 (µ-SPh) 2(PEt3) 4](BF
4

) 2 - 115 . 8 

[Pd2 (µ- Cl)(µ-SPh)(PPh 3) 4](BF4) 2 -103 . 8, -107 . 9 

31 1 Table 2 . P{ H} NMR Parameters for Chloro-Bridged Dimers Used as 

Reactants 

trans-[Pt 2c12 (µ-Cl )(PEt
3

)
2

] 
n trans-[Pt 2c12 (µ-Cl)(P Bu

3
) 2] 

[Pt
2

(µ- Cl)
2

(PEt
3

)
4

](BF4)
2 

[Pd 2 (µ-Cl) 2 (PEt 3) 4J( BF4) 2 
[Pd2 (µ-Cl ) 2 (PPh3) 4](B~4) 2 

* Reference 17 . 

6(ppm) 

-129 . 3 

-137. 2 

-121.3 

-92 . 6 

- 101. 8 

l J (Pt-P ) (Hz) 

3831 

3814 

3582 

, 

23 

* 

;~ 

-;'\ 

·k . 
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Il-B-2 . 

The trinuc l ear complex [Pt
3
s

2
(PMelh)

6
](BEt

4
)

2 
has four isotopomers 

IV to VII shown in schematic diagrams (Figure 8), along with their 

natural abundances . In the diagr am , the comp l ex i s viewed from above 

the plane of the Pt
3 

ring to simplify the drawing. The six phosphorus 

atoms occupy positions above and below the plane of the ring . 

p p 
\ I 
Pt 

p-p(J "'Pt-P 
I \ p p 

29.01% 44 . 44% 

IV V 

~ p 
195pf' 

~ 
P- Pt 195Pt-P 

I \ p p 

22 . 69% 

VI VII 

2+ 
Figure 8 . Isot6pomers and the ir natural abundances of [Pt3s2L6] . 

The relative abundances of t he isotopomers were calculated below ( 9), 

using the natur al abundances of magnetically act i ve and non-active 

platinum isotopes as 33 . 8% and 66 . 2%, r espec tive l y . 

IV . 
3 0. 66 2 X 100 = 29 . 01 

v. 2 
(0. 662 X 0. 338 X 100) X 3 44 . 44 

2 ( 9) 
VI. (0. 662 X 0. 338 X 100) X 3 22.69 

VII . 
3 

0. 338 X 100 = 3 . 86 
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In the experimental spectra, the isotopomers IV, V and VI are detected , 

but VII has too small a natural abundance to be significant . The 

spectral fea tures of the first three i s otopomers were studied and 

a ss i gned individually to analyse the 31P and 
195

Pt spectra . The 

analysis was simplif ied by making two assumptions . Firstly , one-bond 

platinum-phosphorus coupling constants are about 3 to 4 KHz . Secondly , 

for this complex , f our-bond phosphorus-phosphorus c_oupling constants 

are much smaller than three-bond platinum-phosphorus couplins constants 

and are not resolved . The spectrum of each relevant isotopomer was then 

simulated using the computer program PANIC (Parame t er Adjus tment in NMR 

by Itera tion Calcula tion) produced by Bruke r Spectrospin (Canada ) Ltd . 

The 31P{ 1H} NMR spectrum of the trinuclear complex is shown in 

Figure 9 . As explained in Chapter II-B , it is necessary to consider 

each isotopomer separately. The interpre tations of the isotopomer 

s pectra are as follows . 

Isotopome r IV has all the six pho s phorus atoms attached to 

magne tically non-ac tive platinum (I=O), and gives a spectrum which 

consists of a singl e t . This resonance is the largest signal in the 

center of the exp_er imental spectrum at -157. 68 ppm . The multiplet 

feat ures of t he experimenta l sp ectrum arise from V and VI . The pattern 

due to Vis particularly inten se because it is the most a bundant 

isotopome r (44 . 44 %). The spin system of V is AA ' A"······ · A""'X. All 
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the P nuclei are magne tica lly non- equivalent because each nucleus 

195 s ees Pt and other phosphorus nuclei differently . Applying the assumpt-

ion described earlier that 
4
J(P-P) is zero , the spin system is r educed 

to a pseudo first order A
2

A1

4
x typ e . The mo s t intense signals in the 

195
Pt satellites labe l ed a are due to P of V with one-bond pla tinum-

a 

phosphorus coupling of 3201 Hz . A l arge r esonance of Pb appear s as a 

doublet very close to the r esonance from IV, due to the coupling with 

195 
h · h · h b d (3 ( ) 25 ) I VI h Pt w ic is t ree on s apart J Pt-P = Hz . sotopomer as a 

spin system AA ' A''·····A''' '' XX ' which is simplified to A
2

A1

4
xx ' by 

using the assumption. The resonan~es labelled bin Figure 9 are due to 

VI . The spectrum from VI is non-fir s t order. It involves the coupling 

between two platinum nuclei separated by two bonds . However, it i s very 

2 
diff icult to calculate J(Pt-Pt ) fr om this spectrum . This va lue was 

195 . 
estimated from the Pt NMR spectrum, which will be discus sed in the 

next section. The spectra of V and VI were ~imulated from these coupling 

constants (Figure 10) . It is clear tha t super-imposition of these two 

spectra gives a satisfactory simula tion of the expe rimental spectrum . in 

Figure 9 . 

The 
195

pt{
1

H} N1:1R spectrum of the trinuclear complex appears much 

31 simpler than its P NMR s pec trum (Figure 11) . The fine structures are 

derived from the coupling be tween the metal a nd phosphorus nuc l ei. As 

31 for the ana lysis of the P N1:1R spec t rum , it is assumed tha t the 

phospho rus-phosphorus coup lings are much sma ller thafi metal-phosphorus 
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and metal-metal couplings and are not resolved in the experimental 

spectrum. 

The 
195

Pt NMR spectrum is a super-imposition of the spectra from 

V and VI. The spectrum from VII is not detec table in this scale because 

of its low natural abundance . The peaks labelled a in Figure 11 belong 

to the spectrum from V. The one-bond metal-P coupling of Vis pseudo 
a - -

first order . The triplet is due to the coupling between the platinum 

and two equivalent phosphorus nuclei P . In a strict sence, those two 
a 

phosphorus nuclei are magnetically non-equivalent (see the last section), 

but they are chemically equivalent and coupled to each other and hence 

give a simple triple t. The s eparations between the lines of the triplet 

differ by 2 Hz, and the ave rage of the two gives 3201 Hz which is the 

same as the value obtained for 
1
J(Pt-P) coupling constant obtained fromthe 

31 P spectrum. Each signal is further complicated by three-bond metal-

phosphorus couplings. This is detected only as a broadening of each line . 

The central line is larger than expected from the first order analysis 

in which the triplet should have an intensity ratio 1 : 2: 1. This feature 

indicates the triplet of V overlaps with the spectrum from VI. The 

peaks l abelled bin Figure 11 are from the spectrum of VI which contains 

the metal-metal coupling information. As it wa s mentioned in the last 

section, the spin system of VI is A
2
A1

4
xx•, and non-first order analysis 

is required for this spin system. The separations between three pairs 

of b ' s are 483 . 9 Hz, 452 . 1 Hz and 468.4 Hz, from left to right of the 

spectrum. This l a r ge irregularity is due to the inaccuracy of the plotting. 

The first step in solving this probl em is to consider that the platinum 
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nucleus couples with two adjacent equivalent phosphorus atoms to give a 

triplet which is further split into doublets by the coupling between 

the two non-equivalent platinumS. The two-bond platinum-platinum coupl­

ing cons t ant is then somelvhere between 452 Hz and 484 Hz . This crude 

analysis was proved reasonable, when it was tested by simulation of 

the spectrum using PANIC . The spectrum of VI was simulated with an 

estimated value of 2J (Pt-P t) =480 Hz . The simulated spectra (Figure 12) 

agree reasonably well with t he observed spectrum (Figure 11). The same 

value for the 2J (Pt-Pt) coupling cons tant was used to simulate the 

31 P spectrum of VI in Figure 10, which also proved the validity of the 

analysis . 

The coupling mechanism is known to depend on the s-coefficients in 

29 the polarizability term. .The parameters J (Pt-P) and P-Pt bond length 

are believed to have some correlation. Considering this , it seems 

reasonable to expect a source of metal-metal bond information in the 

parameters 1J (Pt-Pt ) and 
2

J (Pt-Pt ) coupling constants of polymeric 

platinum complexes . A recent review by Pregosin summarizes research 

done in this field.
32 

Theoretically speaking, the degree of metal-
• 

metal interactions should be reflected in the size of coupling constants . 

However , it was found tha t there is no direct relationship between 

J (Pt- Pt ) parameters and platinum bond distances which are obtained by 

X-ray techniques . The reason for this lies probably in the nature of 

metal ·-metal bonds. Unlike pl atinum-phosphorus bonds where the s 

character of pho.sphorus is important for the bonding , metal-metal bonds 

involve significant degrees of p and d characters . The relation between 
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the coupling mechanism and p- or cl-coefficients is not known at the 

present time . 

Conclusion 

1 
The size of J (Pt-P) coupling constant is related to the number of 

covalent bonds on sulfur for complexes in which phosphine ligands are 

trans to sulfur atoms. When the sulfur ligand has two covalent bonds, 

1
J(Pt-P) is about 2600-2800 Hz : [ (dpp e )PtS

4
] , 2805 Hz; [Pt 2s2 (PMe2Ph)

4
], 

26 79 Hz 33 . If . t he sulfur ligand has three covalent bonds , the value 

is significan tly larger and falls between 3100 Hz and 3200 Hz, for both 

triply bridging sulfur ligand and alkylthio-bridging ligand : trans-

3201 Hz. The only known platinum complex with sulfur having four 

chemica l bonds is thio e ther bridged complex [Pt 2Br 4 (SEt2) 2J20 , and the 

thioether complex containing terminal pho sphine ligands has not been 

isolated. 
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Figure 9 . 31p{ 1H} NMR spectrum of ·[Pt3s2 (PMe2P~) 6 ] (_BEt4) 2 • 

a: spectrum from V; b: spectrum from VI. 
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V. 

Figure 10. The simula~ed 31P spectra for V and VI . 
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195 1 . Pt{ H} NMR spectrum 
of [Pt3s2(PMe2Ph) 6](BEt4) 2, 

a: spectrum from V; 
b: spectrum from VI, 
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VI. 

___,JJ'-----------1 
v. 

195 
Figure 12 . The simulated Pt sp ectra for V and VI. 
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EXPERIMENTAL 

1 . mm 

solution in 10 mm tubes using Nicole t TT 14 and Bruker WM250 NMR 

spectrometers operating at 53 . 54 MHz for 
195

Pt and 101.27 MHz for 
31

P 

nuclei . The chemical shifts of 
31

P spectra were measured relative to 

· · 195 
trimethylphosphite . The Pt spectrum was taken without a reference, 

placing the chemical shift of the most intense line close to zero. 

Negative chemical shifts indicate upfield from the r eference, adopting 

the most popular chemical shift convention of the present time . 34 The 

l 
H NMR spectra were measured relative to tetramethylsil ane using a 

Perkin-Elmer R32 (90MH z ) spectrometer . 

Spectra l simulations were made using the computer program PANIC 

produced by Bruker Spect rospin (Canad a ) Ltd . 

2 . Preparations of Me
3
SiSPh and Me

3
SiPPh

2 

Both trimethylthiosilane and trimethyldiphenylphosphinosilane are 

unstable to oxygen and mo isture . Diethyl ether and t e trahydrofura n were 

dried over potassium in the presence of benzophenone as an indica tor, 

and were distilled under nitrogen just prior to use. Tert-butylchloride 

and trimethylchlorosilane were dried over 4 A molecular sieve and were 

distilled under nitrogen . Thiophenol was dried over 4 A molecular sieve 
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and was degassed by fr eeze-and- thaw technique. Glasswa re was dried in 

an oven and then by hea ting with flame und er vacuum . All the manipulat-

ions were carried ou t under a n itrogen atmosphere . 

Clean dry magnesium turnings (5.35 g , 0.22 mol) were stirred with 

1,2-dichloroethane (1 ml) in dry ether ( 200 ml) for 10 min und er a 

nitrogen atmosphere in a 1 liter round -bottomed flask fitted with a 

dropping funnel and a condenser. A solution of PhBr (21 ml) in ether 

was added dropwise to the magnesium through the dropping f unnel over 

a period of 3 h. The r esulting brown solution was refluxed for 20 min 

to ensure completion of the r eac tion. Benzene thiol ( 20.5 ml) was add ed 

dropwis e to the PhMgBr solution without removing the unreacted magnesium 

turnings , maintaining the reflux caused by the heat of reaction at a 

reasonable rate. The r esulting mixture of pale yellow solution and gray 

solid was r ef luxed for 3 h during which the solid changed its color to 

white . To the susp ension of PhSMgBr in ether was added a solution of 

Me
3

SiCl ( 25 . 2 ml) in ether (5 ml ) slowly . The reaction mixture was 

r ef luxed for 3 h. The pale yellow solution of Me3SiSPh was separated 

from a whit e solid . Some more Me
3

SiSPh was ex tracted from the solid 

with ether~ The solvent was r emoved by distillation under nitrogen 

press~re . Pure Me 3SiSPh (36 g , 98.7 %) was obtained from the distillation 

of the residua l oil at 0. 3 mmHg (b. p. 40-43° /0. 3mmHg ; 1H Nl-ffi: · o 0. 3 ppm 

(singlet), o 7.4 ppm (multiplet) ). 
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Lithium metal (0.55 g , 0 . 08 mol) was added to a solut ion of PPh3 · 

(10 . 5 g , 0.04 mo l) in dry THF ( 25 ml) in a thre~-necked, round-

bottomed flask equipped with a condenser . An exothermic reaction took 

place and the solution was stirred for 2 h to give a mixture of LiPPh2 

and LiPh . Ter t-butyl chloiide was syringed slowly into the mixture to 

remove LiPh . A solution of Me3SiCl (5 ml) in THF was added dropwise to 

the LiPPh2 solution to give a pale yellow solution of Me
3

SiPPh2 . The 

product was separ a ted from t he solvent and byproduc ts by filtra tion 

followed by low-pressure distilla tion . The lite r ature quot es the boil-

35 ing point of Me
3

SiPPh2 as 126-127° / 1 mmHg . However , the fraction 

collected within this range contained PPh2H impurity whose boiling 

point is 112-113° / 1 . 5 mmHg36 ( 31P{ 1H} NMR : Me
3
SiPPh2 , o -196 . 4 ppm; 

PPh2H, o -180 . 2 ppm) . 

3 . Preparation of Mercaptide Bridged Complexes 

To a solution of [Pt 2c14 (PEt
3

) 2 ] (0 . 5 g , 0. 65 mmo l) in' CH
2

c1
2

(20 ml ) 

was add ed Me3SiSPh ( 0 . 119 g , 0 . 65 mmol) in CH2c1
2

(3 ml) . The mixture was 

stirred for 15 hat room temperature . No change in color was observed . 

The so l ution was dried in vacuo to give a yellow powder which was wash­

ed well with ether and was recrys tallised from cu 2c12 to give yellow 

needles of [Pt2c13 (SPh)(PEt3}2]( 0 . 474 g, 86 . 5 % yield) (m. p. 248-249°, 

31 1 1 
P{ H} NMR : o -130 . 6 ppm, J (Pt-P ) 3965 Ilz; Found : C, 25 . 78 ; H, 4 . 05, 
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A solution of [Pt2cl4 (PnBu3) 2] (0 . 2 g, 0 . 21 mmol) in CH
2
cl2 (8 ml) 

was stirred with Me
3

SiSPh (0 . 08 7 g, 0.48 mmol ) in CH2c12(8 ml) for 2 h 

at room temperature. The solution was dried in vacuo to give a yellow 

oil . The product was recrystallised from CH
2

c12/ ether system to give 

n 
yellow crystals of [Pt2c13 (SPh)(P Bu

3
) 2J(0. 181 g, 85 .7 %)(m. p . 141-

1420 , 31p{ 1H} NMR : o - 138 .7 ppm , 1J (Pt-P ) 3939 Hz) . 

To a solution of [Pt
2

cl
3

( SP h) (PEt
3

) 2J( 0 . 47 0 g, 0 . 56 mmol ) in CH2c1 2 

(15 ml ) was added 1 . 3 molar equivalents of Me
3

SiSPh(0 . 133 g) dropwise . 

The reaction mixture was stirred for 3 hat room temperature . The 

product was recrystallised from CH2c1 2 to give yellow crystals of trans-

31 1 1 
[Pt 2cl2 (µ-SPh ) 2 (PEt

3
) 2]( P{ H} NMR : o - 129 ppm , J (Pt- P) 3181 Hz ). 

A solution of Me3SiSPh (0 . 33 g , 0 . 18 mmol) in CH 2c1 2 (3 ml) was adde~ 

dropwi se to [Pt2c12 (PEt3) 4J(BF4) 2 (0 . 197 g , 0; 18 mrnol) in CH2c12 (5 ml). 

The mixt ure was stirred for 14 h at room temperature . The solution was 

dried i n vacuo to give a white oil which was then dissolved in MeOH 

(8 ml) and ether (8 ml ). Hexane was added to t he solution until a very 

small amount of precipitation started. The system was allowed 

to s t and in a deep-freezer over n ight to give white crystals which we~ 
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separated from the solution , washed with hexani and dried . The recrystal-

lization from CH
2

c12/hexane gave white crystals of [Pt2 (SPh) 2 (PEtj ) 4 ] ­

(BF4)2(73 mg, 32.6 %)(m.p. 278-283°, 31P{ 1H} NMR: o -124 . 8 ppm, 
1
J(Pt-P) 

2881 Hz; Found : C 34 . 41, H, 5 .7 6 . c
36

H70B2F8P4Pt 2s2 r equires C, 34 . 45; 

H, 5. 63) . 

Subsequent work-up of the solution separated from the solid yielded 

0 
1 

-130.9 ppm, J(Pt-P) 3508 Hz). 

To a solution of [Pd2cl2 (PPh
3

)
4

](BF
4

) 2 (0. 300 g , 0.20 mmol) in 

CH 2c1
2

(20 ml) was added a solution of Me
3

SiSPh (0. 049 g , 0.26 mmol) in 

CH2c1
2

(3 ml), which was then stirred for 16 hat room t emperature. The 

solvent was removed in vacuo to give an orange solid which was dissolv-

ed in CH
2

c12 (30 ml ) and ether (30 ml). To the syst em was added hexane 

(10 ml), which was then kep t in a deep-freezer for three days to give 

orange hexagonal plates of [Pd 2Cl(SPh)(PPh3) 4 ](BF4) 2 (0 .268 g, 85.2 %) 

31 1 (m.p. 212-215°, P{ H} NMR : o -103 . 8 ppm, -107 . 9 ppm; Found : C, 58.44; 

To a solution of [Pd 2c1
2

(PEt
3

)
4
](BF

4
) 2 (0.12 2 g , 0.13 rnmol) in 

CH 2c1 2 (4 ml) was added a solution of Me3SiSPh(0 . 024 g , 0 . 13 mmol) in 

CH
2

c1
2

(3 ml), and the reaction mixture was stirred for 15 hat room 
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temperature. The solvent was removed to give an orange oil which was 

then dissolved in methanol (? ml) and ether (7 ml) . Hexane was added until 

precipitate just started to form . The system was kept in a deep-freezer 

overnight to give a mixture of orange solution and orange crysta~of 

[Pd 2 ( SPh) 2 (PPh3) 4](BF4) 2 (65 mg , 30 %)(m.p . 224 . 227° , 31p{ 1H} NMR : 

o -115 ppm , Found : C, 38 . 85 ; H, 6 . 59 . c
36

H
70

B
2

F
8

P
4
Pd

2
s

2 
requires C, 

40.13 ; H, 6 . 56). 

The removal of the solvent from the solution gave an orange oil 

which was recrystallized from CH 2c12/ether to give yellow crystals of 

trans-[PdC1 2 (PEt
3

) 2]( 46 mg, 67.5 %). 

The experiments were carried out under dry N2 . Lithium sulfide wa s 

prepared from elementa l sulfur and LiEt
3

BH . Sublimed sulfur was obtained 

from Matheson Coleman & Bell and LiEt
3

BH from Aldrich as 1 .0 M THF 

solution; both of which were u sed without further purification. 

To a slurry of sulfur ( ll8 mg) in THF was a dded LiEt3BH(8 ml ) drop-_ 

wise to give a clear yellow solution of Li
2

S. The solution was stirred 

for 15 min to ensure compl e tion of the reaction . The Li2S so lution was 

added dropwise to a suspension of cis-[PtC12 (PMe2Ph) 2] (2 g) in n i trogen 

pur ged Et0H (70 ml). The mixtur e was st irred for 3 h at room t empera ture 

to give a yellow solution and yellow sol id . The solid was filtered off 

and washed with wa t er and EtOH . The product was recrystallised twice 

from CH2cl2/ EtOH. Air-stab l e pa le yellow crystals of [Pt
3
s2 (PMe2Ph) 6]-
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(BEt
4

)
2 

were obtained(l.811 g ; 85 %)(m. p . H?-150°, 
1

H mm.: cS 1.65 ppm 

31 1 triplet of double ts, cS 7.5 ppm broad peak; P{ H} NMR: cS -159 ppm 

multiplet, 1J(Pt-P ) 3199 Hz ; Found : C, 44 . 3; H, 6 . 0; S, 4.2. c 64H106P6-

5. Prepara tion of [(dppe) PtS4 J 

To a solution of [Pt (dppe ) 2J(260 g) in degassed benzene (lO ml) was 

added elemental sulfur(49 mg ) in benzene (5 ml ) und er nitrogen . Orange 

solids precipitated out after a few minutes of stirring . The mix ture 

wa s stirred for½ hat room t emperature . The orange solids were filter­

ed off , washed with a small amount of tolu ene, and dried . The air stable 

produc t was r ec r ystallized from CH
2

c12/ Me OH to give orange needl es of 

platinum complex (m. p. 280-28L1, 31P{ 1H} 1'.TMR : cS - 91.1 ppm, 1 J (Pt-P) 2805 

Hz ; Foud: C, 41 . 9; H, 2 .99. c 26H24P2Pts 4 requires C, 41.43; H, 3.21). 

The product is not likely to be the t e trasulfide platinum complex , 

beca use the discrepancies of the elemental analysis results are too 

l arge ( see a lso the X-ray studies of this product in Chapter Ill-B-3). 



Table 3. Mercaptide Bridged Complexes of Pt(II) and Pd(II) 

I 
C H 

Molecular Formula Color Anal. (Cale .) Anal. (Cale.) . 

[Pt2c13 (SPh)(PEt3~2] pale yellow 25 . 78(25 . 67) 4 . 05(4.20) 

[Pt 2c13 (SPh)(PBu3) 2] 
I 

yellow 

[Pt2 (SPh) 2(PEt3) 4](BF4) 2 white 34 . 41(34 . 45) 5 .7 6(5 . 63) 

[Pd2 (SPh) 2 (PEt3) 4 J( BF4) 2 
I orange 38.85(40 . 13) 6 . 59(6 . 56) 
,1 

(Pd 2Cl(SPh)(PPh3) 4](BF4) 2 

I 
orange 58 . 44(59.32) 4 . 05(4.16) 

J lp { 1H) NMR 
Melting 1

J (Hz) ·. Point o (ppm) 

248-249 - 130.59 3965 

141-142 -138 .70 3939 

278- 283 -124 . 83 2881 

224- 227 - 115 . 75 

212-215 - 103 . 77 

- 107 . 88 

Yield (%) 

86 .5 

85 . 7 

32 . 6 

30.0 

85 . 2 

~ 
t-' 



CHAPTER III 

X-RAY DIFFRACTION STUDIES 

The st ructure of complexes cis-[Pt
2
c12 (µ-Cl)(µ-SPh) (PEt3) 2], 

[Pt
3
s

2
(PMe 2Ph)

6
](BEt

4
)

2 
and [(dppe ) PtS

4
] were investigat ed using single 

crystal X-ray diffr ac tion technique·s . The structure of the first t wo 

molecules were solved , bu t that of the last complex remained unsolved 

due to crystallographic problems . The structure analyses were done by 

methods which wer e standard in Dr . G. M. Bushnell ' s laboratory. These 

t echniques along with the instrumentation are described in Chapter Ill-

B. 

III-A . Description and Discussion of the Structures 

The crystal struc ture consists of a discrete dinuc lear entity of 

the formula given in the ti t l e . The asymmetric unit is one molecule 

whose structure is presented in Figure 13 and it s schematic diagram 

in Figure 14 , along with the numbering system u sed elsewhere . All the 

hydrogen atoms are excluded from the drawing . Table 4 lists the bonded 

interatomic distances and Table 5 the bond angles . The results ofthe mean 

plane calculation are shown in Table 6 . The coordination around each 

platinum atom is almost square planar . The platinum-p latinum distance 

is 3.828 A. The mq l ecule has a cis configuration which agrees with the 
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results obtained from the dipole moment meas urement
15 

and 
31

P{
1

H} NMR 

(Chapter II-B-1). The bond angles Pt (l)-S(l)-C(l) and Pt(2 ) -S (l)-C(l) 

are 109.0( 9) 0 and 104.8(10) 0
, respective ly . These values show that the 

sulfur atom of phenylthio-bridge is approximately t etrahedral with the 

lone pair of e l ectrons occupying the fourt h position . The Pt ( l ) -S (l) ­

Pt(2) bond angle is 95 . 6 (3) 0 which is much closer in value to the square 

planar angle than to the tetrahedral ang l e . This arises from the 

geometric requirement to join t wo square planes of platinum atoms. The 

dihedral angle between the t wo least squares coordination planes is 

157.1° . This indicates that the Pt
2

c1
3
r

2
s unit is not p l anar but bent 

by 22 . 9° , du e to the tetrahedral bridging sulfur . The phenylthio-

group is cis to triethylphosphines , though such a geometry is not 

expected from the minimum steric effects be tween these bulky groups . 

One of the reasons for the stability of this structure is explained 

in t erms of trans-influence of the ligands abou t the platinum atom . 15 

Groups of high ·trans- influence in trans position to each other introduce 

configurational instability into the molecule . Both s ul f ur and phos­

phorus have considerably high t r ans-influences than chlorine . The cis 

geometry which has low trans inf luence chlorine rather than phosphine 

t rans to sulfur is favoured i n t erms of this effect. The benzene ring 

of phenylthio-bridge is almost perpend icula r to the plane of the 

Pt 2cl
3

P2s unit so as tb minimi ze steric hindrance . 

The average bond distance be tween platinum and chloride (bridge )is 

2.418(9) A which is very close to the valu e 2.40 A obtained for 

37 
[Pt (µ-Cl ) 2 (PEt

3
)

4
] (BF

4
)

2
. The introduction of sulfur into the two-
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platinum-two-bridging ligand ring does not seem to affect Pt-bridging 

chloride bond leng ths . The average bond distance between platinum and 

t erminal chloride is 2 . 313(10) A which is significantly shorter than 

the Pt-Cl(bridging) bond distance . This is expected as bond lengthe-

ning is associated with bridging . However , such an effect seems 

negligible or absent in Pt-S(bridging) bonds of the title complex. The 

average value of Pt-S bond lengths is 2 . 279(8) A. This is simila r 

to tha t of the 

2 . 23(5) A, 38 
and much shorter than the average Pt-S(bridging) distance 

of cis~[Pt
2

(µ-SCH 2Ph) 2 (SCH2Ph) 2 (PMePh
2

)
2
J: 2.351(4) A.

39 
The average 

Pt-S(terminal) distance of the last complex is 2.330(5) A, which is 

longer than the Pt-S(bridging ) distance of the title comp l ex. It might 

be argued that it is due to the higher trans influence of bridging 

sulfur compared to bridging chloride . However, the complex cis-

[PtC12 (st6H4c~ 2J which has s ulfur trans to chlorine has the average 

Pt-S distance of 2 . 285(7) A.
49 

The two PEt
3 

groups are arranged in such a way as to minimize the 

steric crowding . This causes the s l ight distortion of the square planar 

bond angles about platinum . Each PEt
3 

can be described as a W-shaped 

unit having a L-shaped unit attached to the center approximately 

perpendicular to the plane of the W. The W-shaped unit, consisting of 

C( l4 ) , C(l3), P(l), C(l5) and C(l6), is approxima t ely perpendicular to 

the square plane of Pt(l), avoiding the steric hindrance with Cl (l). 

This causes the L-shaped unit consisting of C(ll) and C(l2) to come 

close to the phenyl group . This steric crowding makes the S(l)-Pt (l)-
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P(l) angle to be widened to 95 .3 ° , and the Cl(l) -Pt ( l ) - P(l) angle 

to clos e to 88 .6 ° . The strain free Cl(l) leaves the Cl (3)-Pt (l)-Cl(l) 

angle(90 . 8°) very close io the square planar angle. In the other PEt3 

group, the W-shaped unit C(24)-C(23)-P(2)-C(25)-C(26) is arranged in 

such a manner as to minimize the steric crowding with t he phenylthio­

group, allowing the S(l)-Pt(2 ) -P ( 2) angle ( 90 .4 °) to remain close to 

90 ° . The atorn (21) interact s sterically with Cl( 2) which r esults in 

an increase of the Cl(2)-Pt ( 2)-P (2) angle to 95. 9° , and a decrease of 

the Cl( 2)-Pt(2)-Cl(3) angl e to 88 . 2° . 



I 
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Figure 13 ,· Molecular structure of cis-[Pt
2

c1
3 

(SPh) (PEt
3

) 
2
]. 
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Figure 14. Schematic Molecular Structure Drawing of 
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P( 1) 

Cl (1) 



Atoms 

Cl (l) -Pt(l) 

Cl (3) -P t ( 1) 

P(l) -Pt (l) 

S(1) -Pt(l) 

C(ll) -P(l) 

C(l3) -P(l) 

C( 15) -P(l) 

C( 2) . -C( 1) 

C( 3) -C (2) 

C(4) -C(3) 

C(l) -S(l) 

C ( 12) -C ( 11) 

C(l4) -C(13) 

C( l6) -C(15) 

TABLE 4. 

Interatomic 

Dis tance 

2.305(10) 

2.421( 9) 

2.218(11) 

2.276( 7) 

1.798(48) 

1.977( 50) 

1. 809 (52) 

1.391(36) 

1.416(39) 

1.414(43) 

1. 761(25) 

1.520(72) 

1.477(75) 

1.561 (71) 

distances ( A). 

Atoms 

Cl( 2) -Pt (2) 

Cl( 3) -Pt(2) 

P(2) -Pt (2) 

S(l) -Pt (2) 

C(21) -P ( 2) 

C( 23 ) -P(2) 

C(2 5) -P(2) 

C( S) -C (4) 

C( 6) -C(5) 

C(6) -C(l) 

C(22) -C(21) 

C(24) -C(23) 

C(26) -C(25) 

Distance 

2 . 331( 9) 

2.415( 8) 

2.210( 8) 

2.282( 8) 

1.879(37) 

1. 812 (34) 

1.819(30) 

1.401( 42) 

1.416(39) 

1.399 (3 6) 

1.528(47) 

1.631(45) 

1. 506 (43) 

Estimated standard deviations are given in parentheses. 
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TABLE 5 I 
49 

Bond angles ( 0) • 

Atoms Angle Atoms Angle 

(a) Angl es at platinum, 

Cl (3) -Pt(l) -Cl(l) 90,8 ( 4) Cl(3) -Pt ( 2) -Cl(2 ) 88,2( 3) 

P(l) -Pt(l) -Cl(l ) 88, 6( 4) P(2 ) -Pt(2) -Cl(2 ) 95,9( 3) 

P(l) -Pt (l) -Cl(3) 178 . lf 4) P( 2) -Pt(2) -Cl (3) 175,5( 3) 

S( l) -Pt(l) -Cl (l) 173,2( 5) S(l) -Pt( 2) - Cl(2) 173, 8( 3) 

S(l) -Pt(l) -Cl(3) 85,5( 3) S(l) -Pt(2) -Cl(3) 85,5( 3) 

S(l) -Pt(l) -P(l ) 95 ,3( 3) S(l) -Pt( 2) -P (2) 90. 4( 3) 

(b) Angl es at chlorine and sulfur, 

Pt(2) -Cl(3) - Pt(l ) 88,6( 2) Pt( 2) -S(l) -Pt(l) 95,6( 3) 

C(l) -S(l) - Pt (l) 109 . 0( 9) C(l) -S(l) -Pt(2) 104. 8(10) 

(c) Angles at phosphorus . 

C(ll) -P(l) -Pt(l) 113.3 (18) C(21) -P ( 2) -Pt(2) 113. 8(11) 

C(l3) -P(l) -Pt(l) 108,0 (1 6) C( 23) -P (2) -Pt ( 2) 116,6(12) 

C(13) -P(l) -C(ll) 110,1(21) C(2 3) -P ( 2) -C(21 ) 105.0 (1 5) 

C( 15) -P (l) -Pt(l ) 111.6(17) C( 25 ) -P ( 2) -Pt (2) 112,5(10) 

C(1 5) -P(l) -C(ll) 106.0 (22) C( 25 ) -P (2) -C(21) 105,3 (16) 

C( 15) -P(l) -C(l3) 107.7(24) C( 25) -P (2) -C (2 3) 102,3(15) 

(d) Phenyl ring carbon angles, 

C(2) -C(l) -S(l) 116 ,2(21) C(6) -C(l) -S ( 1) 122,2 (21) 

C( 6) - C(l) -C(2) 121.5( 26 ) C(S) -C(4) - C(3) 121. 7(32) 

C(3) - C(2) -C(l) 121.7(28) C( 6) -C(5) -C(4) 120.4(31) 

C(4) -C (3) -C(2) 11F.,4f::?Q) C(5) -C(6) -C(l) 117.6(28) 

( e) The triethylphosphine carbon -angl es , 

C(12) -C(ll) -P(l) 113, 8(4 1) C( 22 ) - C( 21) -P ( 2) 114,8(25) 

C(l4) -C(l3) -P (l) 109,1(43) C(24) -C (2 3) -P(2) 111.6(22) 

C(l6) -C(l5) -P(l) 111. 2( 42) C( 26 ) -C(25) -P(2) 113,1(22) 

Estimated standard deviations are given in parent heses , 



(a ) Plane Def initions 

Plane Atoms 

1 Pt(l), Cl(l), Cl(3 ), P(l), S(l) 
2 Pt(2), C1(2) , Cl(3 ), P(2), S(l) 
3 C(l)-C(6) 

Descrip tion 

Square plane of Pt(l) 
Square plane of Pt(2) 
Benzene ring 
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(b) Coeff icients of Equa tions of Least- Squares Planes Through Sel ec t ed 
Sets of Atoms: Ax +· By + Cz = D (A) 

Plane A B C D X ·-k 

1 -0 . 0243 -0 . 9994 - 0 . 0234 -3 . 5347 209.8028 
2 0 . 3429 -0 . 9262 -0.1568 -2 . 1178 37 . 1790 
3 0.9193 0 . 2790 - 0. 2776 3 . 9739 2 . 69% 

-1, x2 . Ii <Pi21o2 <Pi)) where P . i s the perpendicular dis t ance of 
l 

from the plane . 

(c ) Perpendicular Distances of Atoms from the Planes 

Plane Atoms and Dis t ances 

1 Pt(l), 0 . 002 (1); Cl(l), -0 . 168(14); 
(14); S(l), -0.056(9) 

2 Pt( 2), -0 . 001(1); Cl(2 ), -0.009(9) ; 
( 9); S(l), -0 . 008 (8) 

3 Cl (3) , 0 . 121(9); S(l), 0 . 071(7) 

Angles be tween normal s to t he planes : 1,2 
2 , 3 = 84 . 24 ° 

Cl(3), 0.027(9); p (1) ' 

Cl (3), 0 . 033(9) ; p (2)' 

22 . 93°;1;3 = 107. 14°; 

a tom i 

0.051 

0 .038 
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2+ 
The ca tionic complex [Pt3s2 (PHe

2
Ph)

6
] and the two anionic 

molecules BEt 4 ex i s t a s separ a t e ent i tie s in the c r ysta l . The mol ecula r 

structure is shown in Figure 15 along with the number ing s ystem us ed 

elsewher e , and the schema tic diagr am in Figure 16. The inte r a tomic 

distances , bond angl e s and the r esults of mean plane calcula tion are 

listed in Table 7, Table 8 and Table 9, resp ectively . The structure of 

the cationic complex is best described a s three dis torted square plana r 

cis-PtS2P2 moie ties combined toge ther by sharing the two sulfur atoms. 

These plane s ar e arranged in such a way as to achieve the min imum 

interactions . The angl e be tween the s quar e planes of Pt(l ) and Pt(2) is 

121.8° and tha t be tween the s quare plane s of Pt(l) and Pt(l ') is 116 .4°. 

The cent ra l core made up of three pla tinum and two sulfur a toms shows 

trigona l bipyramidal stiucture . The three metal atoms occupy the three 

equa toria l ap i c e s and the two sulfur atoms the axi a l apices . There is a 

two-fold symme try axis passing through Pt ( 2) and the midpoin t of Pt (l) ­

Pt (l ' ) . The asymme tric unit is one ha lf of the formula . The Pt3 triangle 

is i soscel es and the me t a l-me tal dis t ances are 3.18 2(1) A, 3 .182 A and 

3.108(1) A. The Pt ( l)-Pt(l ') i s the s hor t e st of these three . The t wo 

sulfur atoms are bound equa lly to the thre e metal s . The S-P t-S angl es 

are 79 . 0(1) 0
, 79.0(1) 0 and 79.6(1) 0 which ar e sha rp er than the s qua r e 

planar angl ~ 90°. This causes the widening of P-Pt-P bond angl e to 96.9 

(1) 0
, 96 . 9(1) 0 and 103.0(2 ) 0

• All the P- Pt-S angl e s r emain close to 90° . 

The X-ray diffraction studies of the analogous complexes 

. 20 21 
[Pd 3s2 (PMe3) 6] (BPh4) 2 and [Ni

3
s2 (PEt

3
)

6
](BPh4) 2 wer e r eported 

I 
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previously . Their structures are very similar to that of the title 

complex . Each complex has the central unit M3s2 consisting · of a metal 

triangl e capped with triply bridging sulfur atoms above and below the 

plane of the triangle . Structural similarities and differences of these 

complexes are discussed below . 

The central metal triangl e of the nickel analogue is equilateral 

with a mean Ni-Ni distance of 2 . 91( 2) A. On the other hand, both 

platinum and palladium trinuclear complex have non-equilateral tri­

angles . The three Pd-Pd distances are 3 . 011(2) A, 3.178(2) A and 

3.144 ( 2) A. The Pt-Pt distances are described earlier in this chapter . 

In both cases, one of the three distances are significantly shorter 

than the other two du e to weak crysta l packing forces. The triangle 

of platinum has higher symmetry than that of palladium. The average 

metal-sulfur dis tances of the nickel , palladium and platinum complexes 

are 2 . 15(6) A, 2 . 33(2) A and 2 . 37( 3) A, respectively . This trend as 

well as the me tal-metal distances reflect the sizes of these metals . 

The M-S-M and S-M-S bond angles determine the shape of the M
2
s

3 
unit . 

Their mean values are very similar for all the nickel , palladium and 

platinum complexes: The M-S-M and S-H-S bond angles for nickel, palla­

dium and platinum complexes are : 84.9(1 . 0) 0 arid 77 . 4(1) 0
, 83 . 3(2) 0 

and 79.2(3) 0
, 83 . 3(1 ) 0 arid 79 . 3(1) 0

, respectively . The phosphor us 

atoms which protrude from the central :t-1
3
s2 unit are situated above 

and be low the plane of the M
3 

triangle . The average S-M-P bond angles 

for nickel , pa lladium and platinum complexes are 90 . 0 (1. 9) 0
, 91. 6 ( 2) 0 

and 89 . 8(1) 0
, r espectively . They remain very similar to hhe square 



planar angle . The S-M-S bond angl es are sharpened in order to form 

a geometrically favourable M
3
s2 unit. This is compensated for by 

making P-M- P bond angles obtuse . The mean P-M-P bond angles of the 

nickel, pa lladium and platinum complexes are 98 . 0(1.6) 0
, 97 . 4(2) 0 

and 100(2) 0
, respective ly. 
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One of the most interesting point s of discussion about the M
3
s

2 

structure is the degree of the metal-me t al interactions within the 

metal triangle . The three complexes mentioned above are believed to 

20 21 19 40 
have no metal-metal bonds. ' . ' ' The degrees cif metal-metal 

interac tions can, in principle, be estimated from the. interatomic 

distances, provided those of s tructura lly related compounds are compared. 

The rema inder of thi~ discussicin involves whether the titled platinum 

complex has significant metal-metal inte ractions . 

There are a number of complexes which have similar structural 

feature s to the title complex. The complex [Ni
3
s

2
(c

5
H

5
)

3
] has the 

average Ni-Ni distanc~ of 2 . 81 (5) A.41 , and believed to have weak metal-

metal interac tions . This distance is appreciably shorter tha n Ni-Ni 

(10) has strong me t a l-metal interactions and three equival ent me tal-

42 . 
metal bond distances are 2 . 452 A. The enneacarbonyl complex 

[Fe
3

(C0)
9
s2 ](11) has a V-shaped metal frame rather than a me tal 

triangl e . The average Fe-Fe bond length is 2.60 A a nd the distance 

between the non-bonded iron atom is 3.37 A. The thr ee iron atoms are 

bound by two triply bridging sulfur atoms with an equa l dista nce of 2.23 A. 



The rrethoxy bridged rhodium complex [ Rh
3 

( diph os )3( OMe ) 2 ] PF 
6 

has 

! s~ . 
---CoCp 

~ / 
CpCo \/),cocp 

s 

(10) (11 ) 

similar geometry ; theRh-Rh dist ance is 3 . 06 A. 43 
The shortest bonds 

of Pd
3
s2 and Pt

3
s

2 
are 3 .01 A and 3.11 A, respective ly, which lie 

within the same range as the Rh-Rh bond distance. There is little 

differenc e in the a t omic sizes of the second and third transition 

series of the same group and of the neighbouring groups owing to the 

lanthanide co~trac tion. The outer electroDs are imperfectly shielded 

from the nuclear charge by t he intermediately situa ted 4f electrons 

and the change in the number of outermost electrons contributes very 

l ittle to the size of these atoms . The bond distances of d
8 

electron 

systems Rh(I) and Pt(II) in a similar structural environment can 

thus be expected to fall within the same range . However, metal-metal 

54 

distances obtained in va rious dimeric platinum complexes containing 

. 44 45 
formal metal-metal bonds a re in t he range 2 . 47 A and 2 . 70 A. ' and 

formal platinum-platinum bonds greater than 2 .7 0 A have not yet been 

46 
reported . Considering t h is evidence we have reached the conclusion 
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that there are some metal-me t al interact ions in Pt
3
s2 uni~but they 

are not strong enough to be considered formal me tal-me tal bond s . It 

might be inte resting to see the correla tion of this result wi th 195Pt 

NMR data in the future when two-bond platinum-'p l at inum coupling 

mechanisms are well und ers tood; refer t o Chapter II-B-2 . 

The PMe
2

Ph groups have distorte d tetrahedra l geome tries in order 

to place bulky phenyl groups away from the central Pt
3
s2 core . The 

average Pt- P- C(methyl ) angle is 116. 6° , and the average Pt-P-C(phenyl) 

angle 111.3°. They are significantly greater than the t etrahedral angle~ 

thus causing the average C(me thyl)-P-C(phenyl) angl e and C(me thyl)-P­

C(me thyl) angl e to decrease to 103.9° and 102.6°, r espective ly. The 

phenyl ring plane numbered 4 in Table 9 is approximately parallel to 

the l eas t squares coordina tion plane of the three pla tinum. atoms . The 

phenyl ring planes 3 and 5 lie 64. 2° and 69.3 ° from the plane of the 

metal triangle, resp ective ly. 

The tetrame thyl borate has the average C-C distance of 1~541 A. The 

C-B (l.658A)is longer because the covalent r adius of boron(0.88 A) av 

is larger than tha t of carbon(0.77 A). The boron is tetrahedral(the 

average C-B-C angl e is 109.5°), but the ethyl carbon a dj acent to the 

boron is dis torted due to the steric crowding (the average C-C-B angle 

is 114.8°). 
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TABLE 7 i 59 

Interatomic dis tances (A). 

Atoms Distance Atoms Distance 

Pt ( 2) -Pt(l) 3.182( 1) Pt(l) -Pt(l ) 3.108( 1) 

S(l) -Pt(l) 2.372( 3) S(l) -Pt ( 2) 2. 358( 3) 

P( 1) -Pt (l) 2.278( 3) P( 3) -Pt(2) 2. 265( 3) 

P(2) -Pt (l) 2.264( 3) 

C(ll) -P (l) 1.813(15) C(21) -P(2 ) 1. 819 (14 ) 

C(l7) -P(l) 1. 866 (13) C( 27) -P ( 2) 1.810(16 ) 

C(l8) -P(l) 1.849 (1 4) C(28) -P (2) 1. 849 (1 4) 

C(31) -P(3) 1.833( 13 ) C(38) -P(3) 1.832(15) 

C(37) -P (3) 1.839(13) 

C(l2) -C ( 11) L40Lf(21) C(l 4) -C ( l3 ) 1.400(2lf) 

C(l6) -C ( 11) 1.413(21) C( 15) -C (l4) 1.406(25 ) 

C(l3) -C(l2) 1.392(2 2) C(l 6) - C(1 5) 1.437(21) 

C(22) -C(21) 1.396(18) C(2 4) -C ( 23 ) 1.488(24) 

C(26) -C(21) 1.395(17) C(25) -C ( 24) 1. 363 (23) 

C(23) -C(22) 1.372(22) C(26) -C(25) 1.362(21) 

C(32) - C(31) 1.372(21) C( 3lf ) -C(33) 1.397(29) 

C( 36) - C( 31 ) 1.401( 20 ) C( 35) -C (34) 1.334(31) 

C( 33 ) -C (3 2) 1.435(26) C( 36) -C(35) 1.415(22) 

C( 1) -B(l) 1. 639( 20) C( 5) -B(l) 1.661(24) 

C(3) -B(l) 1.656 ( 21 ) C(7) -B(l) L 67 5( 23 ) 

C( 2) -C(l) 1. 522 (20) C(6) -C(5) 1.597(23) 

C(4) - C(3) 1.511(23) C( 8) - C(7) 1.533(21) 

Estimated standard deviations are given in parentheses . 
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TABLE 8\ 60 
Bond angles ( 0) • 

Atoms Angle Atoms Angle 

Pt( 1) -S(l) -Pt(l) 81.9( 1) Pt( 2) -S(l) -Pt(l) . 84.6( 1) 

S(l) -Pt (l) -S ( l ) 79. 0( 1) S(l) -Pt(2) -S(l) 79.6( 1) 

P( 2) - Pt (l) -P(l) 96. 9( 1) P(3) -Pt(2) -P ( 3) 103.0( 2) 

P(l) -Pt(l) -S(l ) · 90.8( 1) P(2) -Pt ( l ) -S( l) 172. 2( 1) 

P( 3) -Pt ( 2) -S(l) 168 .2( 1) P( 2) -Pt (l) -Pt (2) 126.8( 1) 

P(l ) -Pt(l) -Pt(2) 124.2( 1) P(3) -Pt (2) -Pt ( l ) 122.0( 1) 

Pt( 1) -Pt ( 2) -Pt (l) 58. 5( 0) Pt(2) -Pt(l) -Pt (l') 60.75( 0) 

C(ll) -P(l) -Pt(l ) 112.1( 6) C(18) -P(l) -Pt (l) 113. 7( 5) 

C(l7) -P(l) -Pt(l) 120.7( 5) C(27) -P(2) -Pt(l) 116. 2( 5) 

C(21) -P (2) -Pt(l) 111.2( 4) C( 28 ) -P(2) - Pt (l) 113.8( 6) 

C(31) -P(3) -Pt(2) 110. 5( 4) C(37) -P(3) -Pt(2) 112 .1( 5) 

C(38) -P(3) -Pt(2) 123.3( 5) C(27) -P(2) -C(21) 103.2( 7) 

C( 17) -P(l) -C( 11) 103. 8( 7) C(28) -P(2) - C( 21 ) 106.9 ( 6) 

C(l 8) -P(l) -C(ll) 104.2 ( 7) C( 28 ) -P (2) -C ( 27) 104.6( 8) 

C(18) -P (l) · -c(l7) 100.5( 7) C(38) -P (3) - C(31 ) 100. 8( 6) 

C(37) -P(3) -C(31) 105.5( 7) C( 38 ) -P(3) -C(37) 102.8( 7) 

C( 12) -C( 11) - P(l) 120.~(13) C(22) -C(21) -P(2) 116. 8(10) 

C(l6) -C( 11) -P(l) 116.9(12) C(26) - C(21) -P (2) 121. 5( 11) 

C(3 2) -C(31) -P(3) 121. 2( 12) C(3 6) - C(31) -P(3) 116.0(12) 

C(l6) -C( 11) -C(l2) 122.2(14) C(lS) -C(l4) - C(l3) 119.7(18) 

C(l3) -C(l2) -C( 11) 116.8(16) C(l6) -C(l5) -C(l4) 118. 5(18) 

C(14) - C(l3) -C(l2) 123.5(17) C(l 5) - C(l 6) - C(ll) 119.3(16) 

C(26) -C(21) -C(22 ) 121. 7(1 4) C(25) -C ( 24 ) -C(23 ) 119.2(17) 

C(23) · -C(22) -C ( 21 ) 119.5(15) C(2 6) - C(2 5) -C (24) 121. 5(16) 

C(24) -C(23) -C(22) 118.3(16) C(25) - C( 26) -C(21 ) 119.8(ll1) 

C(36) -C(31) -C(32) 122.8(13) C(35) -C (34) - C(33) 121.8(20) . 

C(33) -C(32) -C(31) 116.9(18) C(36) -C(35) -C (3 4) 120.2(23) 

C(34) -C(33) - C(3 2) 119.9(20) C(35) -C (36) -C(31) 118.3(19) 

C(3) -B( 1) -C(l) 111. 2( 12) C(7) -B(l) -C(l) 109. 5(12) 

C(5) -B(l) -C(l) 106.2(13) C(7) -B(l) - C(3) 107 .6(13) 

C(5) -B(l) -C(3) 108.3(12) C(7) -B(l) -C(5) 114~1(13) 

C(2) -C(l) - B(l) 116.5(12) C( 6) -C(S) -B(l) 113.7(15) 

C(l1) -C(3) - B(l) 115.2(13) C(8) -C(7) -B(l) 113.2(13) 
Estimated standard deviations are given in parentheses. 
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(a ) Plane Def initions 

Plane Atoms Description 

1 Pt (1), S (1), S (l'), p (1), p (2) Square plane of Pt (l) 
2 Pt(2), S (1), S (l'), p (3), P(3 ') Square plane of Pt (2) 
3 C(ll), C(l2) · ·•·•C(l6) Phenyl group attached to p (1) 
4 C(21), C(22) • • • • ·C( 26) Phenyl group attached t o p (2) 
5 C(31), .C(3 2) · • · · •C(36) Phenyl group attached t o P (3) 
6 Pt(l), Pt(l'), Pt(2) Me tal triangl e 

(b) Coefficients of Equa tions of Least-Squares Planes Through Selected 

Sets of Atoms: Ax + By + Cz = D (A) 

Plane A B C D X ·;',: 

1 0 . 0603 o. 8496 -0.5239 6.0712 L19.58 98 
2 0.0841 -0.0000 -0. 9965 -5 . 9734 351. 7717 
3 0. 5111 -0 . L1827 -0.7112 -8 . 4480 0.9474 
4 -0.9121 0.074 2 -0.4033 -7.3540 1. 7 439 
5 -0 . 3499 -0 . 935L1 -0 .0517 -9.17 53 1. 73 28 
6 -0.9947 0.0000 -0.1026 -7.5853 0.0577 

* x2 I.(P. 2/ o2 (P.)) ,~her e P . i s the perpendicular dis t ance of a tom i 
l l l l 

from the plane . 

(c) Perpendicula r Distances of Atoms from the Planes 

Plane Atoms and Distances 

1 Pt(l), 0.000(1); S(l ), 0 . 010(3); S(l'), -0.0H'JO).; 'l'(l), , 0.013 
(4); P ( 2), 0.013 (4) 

2 Pt(2), -0.000(0); S(i), -0 .027(3); S(l'), 0.0 27 (3); P(3), 
-0.030 (3) ; P (3 '), 0:030 (3) 

3 Pt(l), 0 . 502 (1); Pt (l'), 2 . 864(1); Pt(2), 3.023(0); P(l), 
-0 .069(3) 

4 Pt(l), - 1.247(1); Pt ( l '), -0.291(1); Pt( 2), -0 .97 5 (0); 
P( 2), -0 .006(4) 

5 Pt(l), -4.540(1); Pt(l ' ), -4.492 (1); Pt( 2), - 1.919(1); 
P(3), 0.026(3 ) 

6 Pt(l), -0 . 000(1); Pt (l'), -0 . 000(1); Pt(2) , -0.000(0) 

Angles be tween normal s to the planes : 1 ,2 = 58 . 19 ° ; 1,3 ·= 90.38° ; 
1,4 77 . 33° ; 1,6 90.36°; 2,5 = 88 .73°; 2,6 = 88.94°; 3,4 = 102 . 43°; 
3,5 = 71 . 97 ° ; 3,6 = 115.81°; 4,5 = 74.30°; 4,6 = 18 . 45°; 5,6 = 69 . 31° 
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III-B . X-Ray Experimental 

The t echnologica l aspect of X-ray crystallography is described 

47 · 
explicitly in a book by Stout and J ensen . A routine work used for this 

research is summarized below . 

Crystals sui t able for X-ray analyses were obtained by solute diffus­

ion technique. A compound was dis solved in dichloromethane in a small 

tube . An equivolume of hexane or ethanol in which the substance is 

ins oluble was placed very carefully on top of the CH2cl2 solution 

to form a double l ayer . The s olvents were allowed to mix by diffusion 

overnight . Crystals suitable for single-crystal X-ray diffraction 

studies were chosen using a polarizing microscop e . Crystals had sizes 

be tween 0. 3 mm and· 0. 8 mm, and all of these had well def ined edges. 

They were bright under the microscope and extinguished completely at 

cer tain angles when they were rotated about an axis norma l to the 

polarizing material . Crystals were used without shaping . 

The space group s and cell constants of the crystals were determined 

by photogr aphic techniques using a Weissenberg camera . Crystals were 

mounted either in capillaries or fastened on glass fibers by shellac 

in alcohol . It was mounted on the X-ray camera in such a way as to align 

the axis of rotation parallel to one of it~ well def~ned edges . A 

rotation photograph of the crystal was t aken a~d the alignment of the 

rotation axi s to one of the crystal axes was ensured . An a ligned 

rotation photograph consists of straight l ayer lines which are per­

pendicular to the axis of rotation . In this photograph , t wo-dimensional 
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reciprocal lattice plane is condensed into a one-dinens ional laye r 

line . Each line is made up of the projection of reciprocal lattice 

points. The spacing of lines give the length of the unit cell along the 

rotational axis . This unit cell calculation was done using the formula 

(12), 

n 1t r = 
(12) 

where r is the unit cell length, A the wave-length(Copper K has A~ 
a 

1 . 542 A), y the distance on t he film from the zero to the n'th layer 
n 

lines and R the true film r adius (57.3 mm) . Other cell constants 

and the space group were obtained by the . analyses of zero and first 

layer Weiss enberg photographs. In the Weissenberg technique, a s lotted 

screen was used to select just one layer line . As the crystal is rotat-

ed, the film is moved back and forth past the slot so as to record the 

reflections occuring at different times a t diff erent points on the 

film. The We issenberg pho tograph is interpreted as a distorted 

photograph of a reciprocal lattice section. Two axes on the photograph 

appear as straight lines . Indexing of the reciprocal l a ttice lines was 

done by comparing the zero and first l ayer photogr aphs, The camera is 

constructed so that 1 mm of film trans lation is equal to 2° . The 

diffraction ang l e 0 was obtained from the distance between two spots 

on the axis which are equally separated from th e center line . Two unit 

cell lengths which were not obtained by a rotational photograph were 

calculated from the values 0 using the equation (13). The separation 

between the two axes on the photograph gave the a ngle between the two. 
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d 
2 sin0 

( 13) 

Zero and first order. precession photographs were taken to provide 

an undistorted picture of the reciprocal lattice cell . In this tech­

nique, a film i s allowed to precess as the crystal precesses so as to 

keep the plane of film always parallel to the reciprocal lattice plane . 

Both Weis senberg and precession photographs were used to determine 

the space group. Careful comparison between the zero and fir s t order 

photographs provided information about the systematic absences. This 

is more clearly seen in the precession photographs but a wider range 

of the reciprocal lattice is covered by Weissenberg photographs. The 

systematic absences indicate when the structure has symmetry elements 

involving translation such as glide planes and screw axes . One or more 

possible space groups were assigned according to the diffraction symbol .. 

The density of crystals was obtained by a flotation technique . Crys­

tals were suspen:ded in a mixture of liquids of known dens ities. The 

weight of the liquid mixture was weighed in an accura tely ·calibrated 

bottle . The density of the liquid which is same as that of the crystals 

was calculated from the equation p = M / V. The mass of the unit cell 

was then obta ined from the dens ity , and the volume of the unit c ell 

calculated from the cell constants. The formula , M = pNAVcell was used. 

The mass per asymmetric unit was calculated by dividing M by the number 

of asymmetric units given for t he space group. This value was 

compared to t he theoretically obtained molecular weight of 
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the compound. The density was also used for the calculation of the 

linear absorption coefficient, which is the measure of absorption of 

X-rays by the crystal. The linear absorption coef f icient for radia tion 

of specified wave l ength A, µtis calculated using the formula(l4), 

(14) 

where pis the density of the crystal and P the percentage of 
. n 

element E in the molecule . Absorption produces errors in X-ray data~ 
n 

This reduces the total diffracted intensity and drifts the center of a 

record so that 26 appears slightly larger than the actual size . 

The unit cell was determined by studying _the geometrical 

features of the diffrac tion by the crystal as has been summarized 

above. The arrangement of atoms in the cell was determined from the 

intensities of the diffraction maxima. The intensity data- were collect-

ed with zr..,.filtered Ho-K radiation(A = · 0 .71069 A) on a . PDP-11 computer 
. a . 

controlled Picker four-circle diffractometer . The interisities were 

measured by _the direct counting of the diffracted photons. The diffracto-

meter provides us with more accurate intensity data than does the film 

method . The four-circle diffrac tometer .has arcs phi(t), chi(x), omega(w) 

and two theta(26), which are used to adjus t the orientation of crystal. 

The x and t arcs were ad justed to bring de s ired reciprocal l at tice 

points into the equatorial plane within the sphere of re f lection 

defined by the source, crystal and detector . A 6/26 scan me thod was used 

to obtain desired intensity information . The crystal was rotated at a 

speed which is slow enough that a reasonable number of quanta were 
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diffracted and detected . During the rotation, the reciprocal l attice 

point was carried from the outside t6 the inside of the sphere of 

reflection. The scan wa s carried out with a number 6f steps of 0 . 01° 

in 20 counting for 0 . 25 sec per step . The peak counts were obtained by 

subtracting the background from the scan counts. : 

The conventional crystallographic calculations were performed using 

the computer program SHELX-76 which uses scattering factors from Inter-

48 
national Tables for X-ray Crystallography . Raw· intensity data were 

converted to observed structure amplitudESby data reduction and 

numerical absorption corrections were performed . Systematic absences 

were rejected and equivalent reflections were averaged out. The ~rystal 

structure u as solved by the heavy-a tom method. The first s t ep in the 

structure solution was based on the determination of the positions of 

pla tinum atoms . These positions were compared and agreed with the major 

peaks in the Patterson synthesis . A three-dimensional Fourier synthesis 

computed with the phases of the platinum atoms gave the positions of 

phosphorus and s ulfur atoms . Several cycles of full-matrix least-squares 

refinement led to smaller values of the residual ind ex R: 

R = L I IF I - IF I I! LIF ! , where IF I and IF I are observed and calc-o C O' 0 C 

ulated structure factor amplitudes . The function minimised was 

factor calculations and Fourier synthesis revealed the positions of the 

remaining non-hydrogen atoms . Each atom was refined with an 

individual isotropic thermal parameter . Some atoms were later refined 

anisotropically . No hydrogen atoms we re located . Severa l cycles of 

refinement was performed until small and consistent R values were obtained . 
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Crystals were obtained from dic hloromethane solution of the title 

complex. The crystals were mounted in capillaries . Preliminary photo­

graphic data showed that the crystal belong to t he orthorhombic system 

15 
with systema tic extinctions consistent with the_ space group Pbca-D2h 

(No. 61) . Unit cell dimensions at 23±2°C are a= 23.389 (5) A, b 

~.351(7) A, c = 8.154(2) A, a= 8 = y = 90°, V -~ 5407(2) A3 and 
cell 

Z = 8· p ' calc 

(flotation in CC1
4

/CHBr
3
); M = 842.021. The crystal was mount ed along 

c-axis. The intensities of 2590 reflections were measured with Mo-K 
a 

radiation . An absorption correction was applied to this data (µ= 104.04 

-1 3 
cm , crystal volume 0.0064 mm, transmission factors 0.11-0.58). 

Two platinum atoms were located from a Patterson synthesis. A 

three dimensional Fourier synthesis computed with the phases of the 

platinum atoms gave the positions of phosphorus and sulfur atoms . 

Platinum, phosphorus and sulfur atoms were treated anisotropically . 

The final refinement converged to values of Rand R of 0.0915 and 
w 

0.0833 , respe ctive ly. The final values of the positional and temper-

ature parameters are given in Table 10 and anillsotropic t emperature 

parameters in Table 11. Selected intermolecular distances are listed 

in Tab l e 12. 
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TABLE 10 I 68 

Fractional atomic coor dinat es and. t emperature paramet ers. . I 

Atom x / a y/b z/c ff 
eq 

Pt (l) 10384( 6) 12030( 5) 33820(15 ) 669( 6) 

Pt(2) 23868( 6) 14320 ( 4) 21362(13) 472( 5) 

Cl(l) 597( 6) 1255( 5) 5903( 12 ) 152( 7) 

Cl (2) 3215( 4) 1617( 3) 3591( 10) 76( 3) 

C1(3) 1968( 4) 1168( 3) 4682( 8) 73( 3) 

. P(l) 181( 5) 1211( 5) 2221( 11) 101( 5) 

P(2) 27 22 ( 4) 1638( 3) -294( 9) 60( 3) 

S(l) 1532( 3) 1230( 3) 980( 8) 46( 3) 

C(l) 163( 1) 65( 1) 25( 3) 43( 7)' 

C(2) 149( 2) 57( 1) -138( 4) 70( 9)' 

C(3) 157( 2) 13( 1) -213( 4) 77(10)' 

C(4) 183( 2) -23( 1) -115( 4) 86( 11) ' 

C(5) 194( 2) -16( 1) 52( 4) 81(10)' 

C(6) 188 ( 2) 30( 1) 123( 4) 72( 9)' 

C(ll) 20( 2) 114( 1) 3( 6) 124(16)' 

C(l2) -38( 3) 108( 2) -75( 8) 173(22)' 

C( 13) -19( 2) 182( 2) 27 9( 6) 130(16)' 

C(l4) 14( 3) 221( 3) 207( 8) 221( 30)' 

C(l5) -27( 2) 74( 2) 299( 6) 138(17)' 

C(l6) 0( 3) 25( 2) 264( 8) 196(2 6)' · 



C(21) 336( 2) 204( 1) -19( 4) 

C(22) 369( 2) 209( 1) -180( 4) 

C(23) 223( 2) 193( 1) -168( 4) 

C( 2lf) 192( 2) 238( 1) -81( 4) 

C(25) 296( 2) 113( 1) -150( 4) 

C(26) 339( 2) 83( 1) -61( 4) 

Estimated standard deviations are given in parenthes es. 

. n 
Coordinates xl0 where n = 5,4,4,4,3 for Pt,Cl,S,P,C. 

Temperature parameters xlOn where n = 4 for Pt and 3 otherwise. 

U = the equivalent isotropic temperature parameter. 
eq 

* * U = 1/3 EiE.U .. a.a.(a .• a .) 
eq J J.J i J 1 J 

Primed values indicate that n. is given. 
1S.O 

69 
83(10)' 

90( 11) I 

76(10)' 

91(11)' 

67( 9) I 

82(10)' 



TABLE 11 J 70 

Anisotropic temperature parameters ( A2). 

Atom Ull u22 u33 u23 u13 u12 

Pt(l) 502(10) 1133(12) 373( 8) 55( 7) 38( 7) 222( 8) 

Pt(2) 507(10) 542( 8) 367( 8) -14( 5) -34( 6) 31( 6) 

Cl(l) 103(11) 308(17) 45( 6) 23( 7) 19( 7) 71(11) 

Cl(2) 70( 7) 93( 6) 66( 5) -5( 4) -18( 5) -11( 5) 

Cl(3) 76( 7) 110( 6) 33( 4) 8( 4) 0( 5) 13( 5) 

P(l) 63( 8) 194(11 ) 45( 6) 4( 6) -4( 6) 29( 7) 

P(2) 78( 8) . 65( 5) 36( 5) 2( 4) 3( 5) -2 ( 5) 

S(l) 37( 5) 64( 4) 38( 4) -7 ( 3) 0( 4) 3( 4) 

Estimated standard deviations are given in parentheses. 

. U values xlOn where n=4 for Pt and n=3 ot herwise. 

2 *2 * * T = exp-2n 2 (u11h a + ••. + 2u23klb c + •.• ) 
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Selected intermolecular distances ( A). 

Atoms 

C(2l1) ••• Pt(2) 

C(4) ••• Pt(2) 

C( 2) ••• Cl(l) 

C(ll) ••• Cl(l) 

C(l2) ••• Cl( 1) 

C(21) ••• Cl(2) 

C(22) ••• Cl(2) 

C(4) ••• Cl(2) 

C(l2) ••• Cl(2) 

C(l3) ••• Cl(2) 

C(2) •• • Cl(3) 

C(3) ••• Cl(3) 

C(23) ••• Cl(3) 

C(25) ••• Cl(3) 

C(4) • • • Cl(3) 

C(5) ••• Cl(3) 

C(25) ••• C( 5) 

Di stance 

3.919 

4 .121 

3.613 

3.506 

3. 596 

3.940 

3.840 

3.945 

4.019 

3.931 

3. 796 

4.044 

3.715 

3.885 

3.933 

3.900 

3.695 

Sym 

- 3 

4 

1 

1 

1 

-3 

-3 

4 

-4 

-4 

1 

1 

1 

1 

4 

4 

4 

Tx 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ty 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Tz 

0 

-1 

-1 

-1 

-1 

0 

0 

-1 

1 

1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

The symmetry positions are for the second atom . 

They are defined : 1 = x,y,z; 2 = 1/2 + x ,1/2 - y, - z; 

3 = -x, 1/2 + y, 1/2 - z ; 4 = 1/2 - x , -y, 1/2 + z. 

A negative symmetry position denotes inversion. 

The translations (T) are applied finally. 



72 

Suitable crystals of the title complex were obtained from CH 2c1
2

/ 

EtOH . Capillaries were used to mount the crystal. The crystal 

was assumed to belong triclinic system from the preliminary photograph­

ic analysis and the i ntensity data were collected on this assumption . 

More accurate measurement of the c ell dimens ions from the diffracto­

meter revealed tha t the crys tal was in fact monoclinic space group C2 / c- / 

cih(No. 15). The indices were converted to the monoclinic sys t em using / 

the I Niggli matrix. The cell parameters were : a= 15 . 447( 2) A, b = 

18.033(3) A, c = 26.505(5) A, a= y = 90 ° and S = 96.73(2) 0
• Other 

3 
crystal data at temp erature 23°C were as follows : Vcell = 733 2 ( 2) A ; 

Peale= 1 . 569 g / cm
3 

for c 64H106B2P6Pt3s2 ; pobs = 1.568 g / cm
3

(flotation in 

CC14 kn-xyl ene); M = 17 32 . 393 . The asymmetric unit was a half molecule . 

The intensities of 7289 r eflec tions were measured and an absorption 

correction was applied (µ = 62 . 22 
-1 

cm crystal dimensions 0.37 x 

0 . 46 x 0 . 38 mm , t ransmiss ion factors 0.04 8-0.160). 

One platinum atom was loca t ed and the first cycle of full-matrix 

least squares refinement yielded R = 0.580, and gave the positions 

of another platinum and phosphorus atoms . Severa l cycles of refinement 

by means of the program SHELX l ed to a fina l Rand R values of 0 . 0545 
w 

and 0 . 0536 , respec tively . The fractional a tomic coordina tes and 

t emperature parameters are listed in Table 13, and anisotropic t emper­

ature parameters in Table 14 . Se l ected intermolecular distances are 

given in Table 15 . 
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Fractional a t omi c coordina t es an<l tempe r a ture parame t ers . 

Atom x/ a y/b z/c u eq 

Pt(l) 50ll19( 3) 6474 2( 3) 3087 2( 2) 524( 2) 

Pt(2) 50000( 0) 49346( 4) 25000( 0) 488 ( 3) 

S(l) 5983( 2) 593 9( 2) . 2558( 1) 51( 1) 

P(l) 6158( 2) 6894( 2) 3633( 1) 62( 1) 

P(2) 3944( 2) 6935( 2) 3511( 1) 64( 1) . 

P(3) 3846( 2) 4152( 2) 2455( 1) 62( 1) 

C(ll) 6598(11) 6180( 8) 4072( 5) 77( 6) 

C(l2) 7415(10) 6269( 9) 4359( 6) 87( 7) 

C(l3) 7685(12) 5706(11) 4701( 6) · 105( 8) 

C(14) 7184(15) 507 6(11) 4772( 7) 111( 9) 

C(l5) 6357(1 4) 499 5(10) 4493( 7) 109( 9) 

C(l6) 6058(11) 5561( 8) 4133( 5) 87( 7) 

C(17) 6031( 9) 7711( 7) 4049( 5) 79( 6) 

C(l8) 7102( 9) 7195( 9) 3314( 5) 89( 6) 

C(21) 4004( 8) 7941( 7) 3554( 5) 64( 5) 

C( 22) . 4283( 9) 8315( 9) 3142( 6) 79( 6) 

C(23) 4339(10) 907 4(11) 31 52( 7) 101( 8) 

C(24) lill7(11) 947 0(10) 3612( 9) 112( 9) 

C(25) 3872( 13) 9069(10) 4008( 6) 99( 8) 

C(26) 3811(10) 8317( 8) 3987( 5) 78( 6) 

C(27) 2837( 9) 6771( 9) 3226( 6) 98( 7) 

C(28) 3969(12) 6580( 8) 4167( 5) 97( 7) " 
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C(31) 3137(10) 4387( 8) 2939( 5) 71( 6) 

C(32) 2311(11) 4656(11) 2807( 6) 102( 8) 

C(33) 1800(13) 4807(13) 3214(11) 144(12) 

C(34) 2153(18) 4682(12) 3717(10.) 132( 12) 

C(35) 2968( 18) 4439(11) 3834( 8) 145(12) 

C(36) 3485(12) 4261( 9) 34lf4( 6) 104( 8) 

C(37) 3153 (10) · 4223( 9) 1844( 5) 85( 6) 

C(38) 3955(10) 3148( 8) 2548( 6) 95( 7) 

B(l) 4694(12) 2032( 9) 812( 5) 74( 7) 

C(l) 5229(11) 2309( 9) 347( 5) 92( 7) 

C(2) 5782(12) 3004(10) lf44( 6) 117( 8) 

C(3) 4092(10) 2711( 8) 1007( 6) 90( 7) 

C(4) 3379(12) 2994(10) 615( 7) 116( 8) 

C(5) 5442(12) 1802(11) 1288( 6) 113( 8) 

C(6) 5048(14) 1432(10) 1758( 6) 121(10) 

C(7) 4021(11) 1338( 8) 608( 6) 91( 7) 

C(8) 4500( 11) 654( 9) 437( 6) 106( 8) 

Estimated standard deviations are given in parentheses . 

Coor dinates xlOn where n = 5,4,4,4,4 for Pt,S,P,C and B. 

Temperature parameters 
n 

xlO where n = 4,3,3,3,3 for Pt,S,P,C, and B. 

u = the equivale~t*isotropic temperature parameter . 
eq 

u 1/3 E.E.U .. a.a.(a .• a.) eq 1 J 1] 1 J 1 J 

T = exp-(8n 2u sin 20/A2) 
-iso 
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Anis ot ropic t empera ture pa rame ters ( A2). 

Atom Ull u22 u33 u23 Ul3 Ul2 

Pt(l) 583( 4) 566( 4) 438( 4) -33( 2) 122( 3) -7( 2) 

Pt (2) 548( 5) 519( 5) 416( 4) 0( 0) 134( 3) 0( 0) 

S(l) 45( 2) 59( 2) 51( . 2 ) 3( 1) 10( 1) 3( 1) 

P(l) 66( 2) 70( 2) 51( 2) -5( 2) 7( 2) -8( 2) 

P(2) 71( 2) 70( 3) 55( 2) -8( 2) 22( 2) 1( 2) 

P(3) 67( 2) 63( 2) 59( 2) -10( 2) 21( 2) -10( 2) 

C(ll) 106(13) 67(10) 61( 9) 1( 8) 23( 9) 23( 9) 

C(l2) 75(11) 107(13) 74(10) -2(10) -13( 9) 33( 9) 

C(l3) 102(14) 115(16) 97(13) -7(12) 1(10) 41(12) 

C(l4) 147(19) 101(16) 88(1 3) -12(11) 24(13) 20(13) 

C(l5) 125(16 ) 124(16) 78(1 2) -5(11) 12(11) 7(12) 

C(l6) 148(15) 60(10) 55( 9) 13( 8) 18( 9) 29(10) 

C(l7) 91(10) 58( 9) 85(10) -36( 8) 0( 8) -11( 7) 

C(l8) 71(10) 110(13) 85(10) 6( 9) 8( 8) -30( 9) 

C(21) 65( 9) 73( 9) 55( 8) -9( 8) 11( 7) 2( 7) 

C(22) 74(10) 69(11) 94(11) 19( 9) 8( 8) 1( 8) 

C(23) 75(11) 100(1 5) 124(15) 6(1 2) - 8(10) -16(10) 

C(24) 96(1 3) 78(13) 154(18) -22(1 4) -19(12) -8(10) 

C(25) 144(16) 84(14) 72(11) -5(10) 20(10) 5( 11) 

C(26) %(11) 67(11) 72(10) -19( 8) 0( 8) 0( 8) • 

C(27) 61(10) 119(13) . 117(13) -31(10) 32( 9) -13( 9) 
-

C(28) 156(16) 79(11) 63(10) 8( 8) 48(10) -17(10) . 



TABLE 14 (continued). 

C(31) 

C(3 2) 

C(33) 

C(3 4) 

C(35) 

C(36) 

C(37) 

C(38) 

B( 1) 

C(l) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) 

73(11) 

65(11) 

98(1 5) 

153( 22) 

202(2 5) 

138(15 ) 

86(10) 

120(13) 

104(13) 

116(13) 

149(16) 

91(11) 

lll(llf) 

145(16) 

191(21) 

102( 12 ) 

130(15) 

70(10) 

133(15) 

97(15) 

109(16) 

101(13) 

111(12) 

48( 9) 

71( 12) 

100(12) 

98(13) 

86( 11) 

100(14) 

139(16) 

119(16) 

62(10) 

72( 12) 

75(11) 

116(13) 

174(23) 

166(2 2) 

146(19) 

81(12) 

54( 9) 

129(13) 

49( 9) 

66(10) 

112( 13) 

95(11) 

136(15) 

57(10) 

54(10) 

111(13) 

116(14) 

-5( 8 ) . 

-39( 11 ) 

-53(1 9) 

-27(15) 

15(13) 

15(10) 

-17( 8) 

-8( 9) 

7( 8) 

-4( 8) 

-19(11) 

-2( 9) 

-3(1 2) 

-4(10) 

11( 9) 

-14( 9) 

-12(10) 

Estimated standard deviations are given in parentheses . 

n U values xlO where n=4 ,3,3,3,3 for Pt,S,P,C, and B. 

2 2 * 2 * * T = exp-2 n (u11h a + .•. + 2u 23klb c + .•• ) 

37( 8) 

45(10) 

38(17) 

104( 20 ) 

117(19) 

49(1 2) 

-4( 7) 

62(11) 

15( 9) 

30( 9) 

22( 9) 

13(12) 

16(10) 

20(11) 

20(10) 

15( 11) 
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-15( 8) 

-16(10) 

-11(13) 

-27(15) 

45( 16 ) 

3(11) 

-10( 9) 

-17( 8) 

10(10) 

-14(10) 

-52(12) 

30( 9) 

17 ( 11) 

14(12) 

-12(13) 

-5( 8 ) 

-11( 10) 
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Selected intermol ecular distances ( A). 

Atoms Dis t ance Sym Tx Ty Tz 

Pt( 2) ••. Pt ( 1) 3.182 2 1 0 0 

S(l) ••• Pt(l) 2.370 2 1 0 0 

S(l) • •. S( 1) 3.017 2 1 0 0 

P(2) ••• S( 1) 3.3 68 7. 1 0 0 

P(3) ••• S(l) 3.234 2 1 0 0 

C(27) ••• S(l) 3.282 2 1 0 0 

C(31) ••• S ( 1) 3 .1+41 2 1 0 0 

C(3 2) ••• S(l) 3.720 2 1 0 0 

C(37) ••• S(l) 3.658 2 1 0 0 

P(3) ••• P( 3) 3.545 2 1 0 0 

C(38) ••• P( 3) 3.849 2 1 0 0 

C(35) ••• C( 2) 3.636 2 1 0 0 

C( 15) ••• C( 4) 3.646 2 1 0 0 

C(32) ••• C(23) 3.541 2 1 -1 0 

C(37) ••• C(24) 3.601 2 1 -1 0 

C(37) ••. C(25) 3 . 647 2 1 -1 0 

C(38) ••• C(38) 3.267 2 1 0 0 

The symmetry positions are for the second atom. 

They are defined : 

A negative symmetry position denotes inversion . 

The translations (T) are applied finally. 
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III-B-3 . X-Ray Ex per imet1tal of [ (dppe)PtS 
4

] 

Thin needle crystals of the t e trasulf ide complex were obtained 

The crystal was mounted on gl ass fibre by 

shellac in a lcohol . Sys tematic extinctions observed in photogr aphic 

data indicated the·presence of glide planes a long c and along a axes . 

15 
This is consistent with the space group Pbca ~ D

2
h (No . 61) . The cell 

parameters are : a = 15 . 238 (8 ) A, b = 18 . 463 (8 ) A, c = 19 . 868 (12) A. , 

a= 8 = y = 90°. Other unit ce ll dimensions are Vcell = 5589 . 52(7 ) A3 

and Z = 8 · p 
' c a l c 

g / cm
3

(flota tion in CC1
4

/ CHBr
3

) ; M = 721 .7 53 . The intensities of 3427 

r eflections were measured . 

One plat inum atom was loca t ed from a Patterson synthesis. The first 

structure factor calculation and Fourier synthesis by means of SHELX 

gave R = 0 .7 66 . THe positions of two sulfur and t wo phosphoru s a toms 

coordina ted to the pla tinum in a square planar fa s hion we r e obta ined. 

Subsequen t calculations lead to the minimum R value of 0 .24 , but it 

failed to locate all the four sulfur atoms . Ano ther attempt to solve 

the structure was made us ing the computer program MULTAN- 78 , but 

it also failed . 

Afte r the completion of this work, the first crystal structure of 

a compound with a 

Dudis and Fackle r .
27 



EPILOGUE 

The chemistry of platinum-sulfur complexes offers a n extensive 

scope for research. Three struc t ural ly interesting complexes were 

investigated in this research work using two powerful t echniques : 

X-ray c rys t al l ogr aphy and nuclear magne tic r esonance spectroscopy . 

79 

The corre l a tion of X-ray da t a with NMR data is of grea t theor etical 

interes t . It is recognized tha t meta l - ligand o bonding is related to 

coupling constants through the s orbita i contributions t9 the bonding . 

X-ra y crys t a llogr a phy currently gives accura t e bond l engths . Elec tron 

density maps are obtained also a nd there is a promising future f or 

the precise d e t ermination of electron cloud distributions. Accumulation 

of X-ray and J\11-fR da ta enables us to approach a thorough understanding 

of the rela tionship be tween thes e t echniques . The metal-metal i nter­

actions in polynuclea r complexes present a paticul ar l y challenging 

aspect of this type of work, the understanding of which will provide 

informa tion on the extent of metal-me tal interac tions at interatomic 

di s tances on the bord er line be t ween bonding and non-bondi ng . 

The platinum-sulfur complexes might become of practical impor t ance , 

in tha t polynu c l ear platinum-s ulfur complexes are interest ing models 

for homogeneou s ca t a l ysis . The ultimate aim is to prepare complexes 

which und e r go redox reactions without changing their chemical composi­

tion . The three me t a l and two triply bridging ligand units arranged in 



a trigonal bipyramidal fashio n pos sesses atructural stability which 

might be useful in this way . A complex containing such a structural 

feature s eems a reasonable system f or fut ure catalytic research . 

80 
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APPENDIX I 

Observed and Calculated Structure Factors for cis-[Pt
2
c1

3
(SPh)(PEt

3
) 2] 



UBSERVED ANO CALCULATED STRUCTURE FACTORS fOR ClS•C(MU•Cl) 0 (MU•SPH)CPTCLPET3)2) PAGE 

H K L FU Fe H K L FO Fe H K L FO FC H K L FD FC H K L FD Fe 

0 0 2 565 •568 0 14 1 212 196 1 2 b 4h 4H 1 10 1 161 153 1 18 4 174 •173 
0 0 U I 3 • 6 0 l ti 2 21:l 8 • 2 H b 1 2 7 3 l 8 3 ?. 5 1 1 0 2 t 9 4 2 0 1 1 1 8 5 1 'J 4 l 3 ~ 
0 U t, 1 C/ H l 9 4 0 1 4 3 6 1J 6 IJ 1 3 l 1 C/ O 2 0 0 t 1 O 3 r; B 6 o 1 l 9 2 q 2 C/ o 
0 2 2 1:18 : 94 0 14 4 214 215 1 3 2 \9:S 1% 1 10 £1 2~S •?97 l 19 4 90 •H9 
0 2 3 ·aH1 40t O 14 5 61 •43 1 3 3 lbl •164 1 10 5 27 15 1 ?O l 68 bO 
0 ? 4 71 •11 0 IH h \Oh .-ton I 1 4 ? OH •224 I 10 6 ?19 ?31 l 20 2 110 •QI, 
0 I ~ lbl lhl O lb O 16 5 174 1 3 S · 3~ ?5 1 10 7 154 1~2 1 20 3 lh4 •160 
U ·2 7 14H •1~3 U lb t 190 •IH6 1 3 b ?S •31 1 11 1 34 ~? 1 20 4 l'j7 147 
U 4 0 140'1•1538 0 lh 3 /13 208 1 3 7 100 94 l 11 · 2 lb7 173 1 20 5 119 109 
0 a 1 1 7 5 l 13 q O 1 6 · a 1 2 C/ • 1 2 'J . 1 4 t 1 1 8 1 1 3 1 I t 3 8 0. • 7 7 1 r. 1 . 1 3 3 a 1 
0 U 2 4i2 464 0 lb 5 153 •14J 1 4 2 60 •hl 1 ll 4 146 •147 l 21 3 · 74 •78 
0 4 3 153 •174 0 lb 6 73 8?. l 4 3 49 •54 1 11 7 60 63 1 2c. 1 S8 -4, 
0 4 4 10 14 0 18 0 68 •b6 1. 4 4 110 •115 1 12 1 184 1H3 1 22 2 120 •lOQ 
0 a 5 2q 27 0 18 1 i4 •27 I 4 5 1UI 196 I 12 3 1qo -191 1 2? 3 159 155 
0 4 b 1~S •171 0 18 2 222 218 1 4 6 213 213 1 12 4 qq 103 1 22 4 103 94 
0 4 I bO •60 0 18 3 1J4 •122 1 4 7 104 •104 1 12 5 263 2h6 I 23 l 32 •14 
0 6 I H 5 8 9 0 ~ 0 l 8 q 1 ll 9 • 1 3 7 I 5 1 · l fl b I R O 1 l ? 6 · · ?. 4 4 0 1 ;.> 3 2 2 2 • 3 q 
0 b 2· 274 •277 0 18 5 105 9R 1 S 2 S9 -~q 1 l? 7 \64 •166 I 23 4 SO SJ 
0 t, 3 219•i.'2 ~\ 020 0 40 •32 1 5 3 263-275 113 I 133 115 124 2118 101 
0 b 4 !SI 1~7 0 20 1 !Ob \04 1 5 4 106 116 1 13 2 38 •43 1 24 ~ 73 bb 
0 b 5 1?4 •l2R O 20 2 118 •110 I 5 5 21 33 1 13 3 183 •lH9 l ?5 1 43 •30 
0 6 6 48 •44 0 20 3 150 •144 1 5 6 46 30 1 13 4 40 ~ 4/ 1 2S 3 30 39 
0 6 7 lb7 lbq O 20 4 153 136 1 5 7 111 100 1 13 5 69 66 l 26 1 ?7 27 
0 ti O 1006 991 0 20 5 12S 112 1 . 6 1 203 •193 1 13 6 50 ill 1 26 2 3a 32 
0 8 l 407 -3dH O 22 0 55 .5 -~ 1 b 2 125 -114 1 14 1 79 •B 1 27 1 ?.3 •5 
O 8 2 362 -364 0 22 1 47 •49 l 6 4 1U8 196 l 14 ? 2?.2 •21 8 2 O 2 124 108 
0 8 3 215 21S O 22 2 120 -118 1 6 5 100 100 1 14 3 37 33 ? 0 4 266 •257 
0 8 4 67 •73 - 0 22 j 144 145 . I b b 144 •158 1 14 4 234 236 ? 0 b 54 ~1 
0 tl 5 bb •63 0 22 4 92 81 1 b 7 ?62 -~267 1 14 · 5 95 •97 2 I O 583 -508 
0 8 b 102 99 0 ?4 0 63 •bl 1 7 1 75 •77 1 14 6 2?1 •21q 2 1 1 400 ~373 
O tl 7 77 70 0 24 l 9 •S t 7 2 212 •21Q 1 I~ I 28 •42 ? 1 2 155 141 
o 10 o ?44 •239 o 2a i 157 1n2 1 7 3 100 102 1 15 2 159 •161 2 ·1 3 81 -10 
0 10 I 55 8 -53q O 24 J 72 ht I 7 4 16A 168 t 15 3 SS 6 3 2 1 4 152 144 
0 10 2 2b9 277 0 2h U 2? 31 1 7 6 QS 33 l 15 4 133 124 2 . 1 5 131 137 -
0 10 5 4Q ~q O 2h 1 11~ 10& · 1 7 / 99 •K7 1 15 6 25 6 2 1 6 119 •110 
0 10 4 · 161 ~IU2 1 0 2 274 23~ I H 1 73 -8~ 1 \t, 1 89 •97 2 I I 141 •139 
0 10 5 101 97 1 0 4 89 lOg · 1 R 3 140 146 1 16 2 94 H7 2 2 1 ~q2 310 
0 1 0 t, 9 2 9 O 1 O 6 2 7 O • 2 4 0 1 1:i , 4 ?. 0 l ?. 1 l 6 3 2 :s 1 2 2 9 2 2 2 9 h - 9 5 
0 10 7 130 •124 l 1 l 118 •116 l 8 5 272 •282 1 16 4 .1S3 •157 2 ? 1 135 · •150 
0 12 0 529 -503 1 1 2 107 94 1 8 b 130 •133 l 16 ~ 218 ~222 ? 2 4 70 65 
0 12 1 290 286 1 I 3 216 213 I 8 7 159 158 · 1 1h 6 43 Jh 2 2 5 193 187 
0 12 2 202 198 1 1 4 l',lj •165 \ 9 1 113 •1':i6 l 17 I bh -55 2 2 t, 43 11 
0 l~ 3 293 •287 l 1 ~ 26 ~41 1 9 2 52 51 1 17 3 125 132 2 2 J 10 -h2 
0 1~ . 4 125 121 l t 7 94 •97 t q 3 240 239 1 17 4 28 •40 2 3 0 712 •bH2 
0 1/ S 154 150 1 2 1 47 . •58 1 9 4 67 ~68 1 17 5 29 -51 2 5 1· 398 39h 
0 12 6 99 •103 1 2 i 43 •~4 1 9 5 55 •53 1 18 I 84 74 2 3 2 131 12~ 
0 12 7 37 -3? 1 2 4 113 •114 1 q 6 34 •?1 1 1H 2 · 196 188 2 3 . 3 2b -3~ 
0 l~ 0 194 185 l 2 -- ~ 223 •230 1 9 7 99 •103 1 18 3 117 •113 2 3 4 148 l~b 

( 

ex:, 

°' 
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O~SERVEO ANO ChLCULA TED STRUCTURE FA CTORS FOR CIS•((MU• CL) . CMU~SPH)CPTCLPETl)2) PAGE 2 
H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC: 

2 3 s 115 - 11 q 2 q 6 ":, 7 - 57 2 11 0 166 - 152 3 1 . 2 'j 0 32 3 8 5 2 05 2 1 3 2 3 t) 171 -174 2 9 I 95 .. 104 2 17 1 1 :Sb .. 12 U .s I 3 93 b2 3 8. b 1 0 1 108 2 3 7 1 1 3 1 I 0 2 10 0 533 5 16 2 1'/ 3 S7 •(:,6 3 1 s 104 97 3 8 7 17b • 171 2 u 0 299 .30 1 2 I 0 l 7 !, 89 2 17 4 3ll lJ3 3 1 7 76 62 3 9 1 lb3 173 C. 4 l 231:, • 244 2 10 a 3~1 - 337 2 17 5 12 1 11 o 3 ? 1 lJ8 7 ll65 3 q 3 153 • 1S9 2 IJ 2 ?.Hll • 272 2 10 .s 2 I.I • co 2 17 6 ?. 4 • ?. 7 J 2 ?, 37 31 3 q ':i 108 120 2 I.I 3 1-7 5 193 2 10 ,, . 162 I 7?. 2 18 0 2lJ(J 232 3 c 3 686 • 681 3 q 6 26 - 10 
2 IJ I.I 2.6:S 280 2 10 ', 11.111 11.111 2 18 1 1~3 • 15tl 3 2 4 H8 70 3 9 7 52 :, 9 
2 I.I 5 28 12 2 11 u 1.139 • IJ0S 2 18 2 2711 • 259 3 2 5 361 360 3 10 l 16 I 16£! 2 Q b 49 -,1 2 11 1 234 no 2 u; :s 1?. 1 115 3 ? b s·u • 51 3 1 0 2 7 lJ - 77 
2 4 7 Q 1 2 5 2 11 2 97 96 2 I I:\ 4 ll2 89 3 2 7 91 - 18 :~ \ 0 :~ £124 . /J tJ 0 
2 'j 0 39:i : 376 2 11 1 1 f} .. 55 ?. 1 U s 25 II 3 3 1 1n - 1n 3 10 4 173 179 2 . 5 1 4S0 · 4:i8 2 11 I.I 173 173 2 19 0 176 •ltd 3 :\ 2 21 -n 3 I 0 5 1 I 7 122 2 5 2 130 • 13H i' 11 ', 1'-l - HIJ 2 l 9 1 56 5LI 3 3 3 6(1 - ':lo 5 10 6 1133 - 1cn 
2 5 5 - ,82 1:,7 2 11 6 1 tJ 5 • 1 ll 4 2 19 :; 38 ?.2 3 3 lj 91 138 3 1 0 7 CJ 1 7 2 5 lj 8U · • 90 2 11 -, IJ2 3b ?. 1 9 . ll us rn . 3 3 5 H • /31:, 3 1 l 1 36 3LI 
2 'j 5 1 q(j - 20 u 2 12 0 H4 • BH 2 1 q 5 . v, - ~~ 1 3 3 6 -25 3 11 2 12U • li:'5 2 5 b 77 17 2 12 1 450 • 4Ll3 2 20 0 tllo •1 76 3 3 7 IJ I • 7 1 :S I 1 3 .3 q ll 0 
2 /s 7 1 I 8. t J q 2 12 2 32 • £11 2 20 1 ?11 • 193 3 4 1 118 ~111 3 1 t u 90 en 
2 t, 0 5':>3 - 555 2 12 3 c'H8 3 0', 2 20 2 .190 79 3 4 · 2 :~ 9 CJ .. I.I I 2 3 11 6 75 -,n 
2 b 1 36H • 36?. 2 12 4 . 55 '-19 2 ?. 0 3 139 1 31 3 4 lj 590 6lH 3 1 l 7 611 • 6? 
2 6 2 2uu 2'12 2 12 5 58 • b?. 2 20 I.I bq - 67 3 ii 5 132 • 13H 3 12 1 ., 8 - 54 
2 6 3 . li?9 1 Q /.l 2 12 6 so • 47 2 20 5 5 7 • 5 .1 :~ LI 6 153 • 155 3 12 ?. 251.l -21Jq 
2 6 4 125 • 13£1 2 12 7 40 •1 4 2 21 0 6LI IU 3 lj 7 101 10 1 3 Ii:' 3 68 73 2 6 5 . 191 -200 2 13 0 290 270 2 21 1 82 . Bb 3 s 1 18:i - 181 3 12 (j 209 215 2 b b ' 13 - 12 2 13 1 286 273 2 21 3 60 0?. 3 5 ·2 118 • Ul 3 12 5 18\ - 1<n 2 b 7 30 23 2 13 2 3?. • 31+ 2 21 4 20 • 34 3 5 3 1 1 9 121.1 3 12 b 21 •19 
2 7 0 1:,49 bU9 2 H :s 86 I; 6 2 ?.2 0 i'>6 -1n 3 s 4 26 - 6 3 - U 1 too - 110 
2 ., 1 2 Q '5 • _2U 3 2 13 .LI bl:\ - 75 2 22 1 18 ':, 16 '> 3 s s 79 · • 8S 3 U 2 SB 53 2 7 2 61 • 66 2 13 'j 11:l0 • 182 2 22 2 · 1511 145 :~ 5 7 6 i' - 51 3 13 3 93 102 · 2 7 4 167 - 1713 2 13 t, · tJ 13 4 1 2 n 3 127 • 125 3 6 1 3 ,~q • 341 3 U 'j 119 - 114 2 7 5 9H I 0 'j 2 1 tJ 0 H2 •3 711 2 22 a . 1.18 - tJ B 3 6 ?. 33 LI 1 . 3 13 6 U3 - 56 
2 1 6 161 lbb 2 I LI t (16 tl6 c 23 0 /J (j 52 3 6 3 516 606 3 1 ll 1 77 - I, 8 2 7 ., 6U • 6 5 2 14 2 3LIU 356 ?. 2 3 1 1c; •to 3 6 . ll 133 • 142 3 l U 2 H9 n r, l:! u 1 29 - 131 2 1 u :s 65 • 67 2 23 ll '>3 • 58 3 6 5 ?.60 •271 3 1£1 3 2ll3 2 IJ t 2 13 1 4 /3 0 11 7 ', 2 1 /J (j 16 -~ • 1 t, 9 2 24 0 17'1 1£19 3 . 6 6 14 ll 1 LI 7 3 l lJ 4 1 i? II - 1 3 0 
2 H 2 IS!:1 17S 2 I tJ 5 11.L • l0II 2 24 1 8 1. 77 3 b 7 39 4/j 1 1 lJ 5 31 - 12 2 . ii 3 ?.UlJ • 256 2 1 Q (> 2H 29 2 2lJ 2 tll/3 • 166 3 7 1 50 • 38 3 1 tJ ,, 2()0 203 2 H 4 160 - 165 2 15 0 3Q .S Bl 2 2LI 3 4 4 • 55 3 7 ? 186 . 1 H9 3 I ':i 2 · l 2 1 11 fl 2 8 5 . 3 r, - i:s 2 1 S 1 130 • 127 2 25 1 30 •4lJ 3 7 .3 36 110 3 15 3 50 -5 lJ 
2 l:! t, 7 H 79 · 2 1 ', 4 lLI~ • 14?. 2 2':> 3 10 .. 3 6 3 7 4 67 '!"79 3 15 I.I 7 II • 83 2 i; I 40 • ?. 5 2 15 5 'i l tJ 9 2 26 0 l 8 :s 0 3 7 5 Ll2 3H 3 15 lj 38 -19 
2 q 0 IJSU • tJ20 2 15 b . 1? I 1 1 ll 2 26 1 168 · t<H 3 7 6 40 42 3 15 6 37 49 
2 9 1 Ut7 • 40o 2 lb u 177 168 2 27 0 2 9 · .. 37 3 7 7 81 80 3 16 2 10£1 qq 
2 q 2 10 3 1 1 1 2 1 b 1 336 320 . 3 0 2 · 446. ll23 3 8 ) 95 q ·s 3 16 3 9A - <n 
2 q 3 n •95 ' 2 16 2 102 • 95 3 0 lJ 715 • 697 3 6 2 351 · 364 3 16 4 s11 · .. ~o 
2 q 4 7H 76 2 1 & 3 206 - 2 12 3 0 6 190 177 3 8 3 48 • 59 3 16 5 ns 131, 
2 q 5 223 231;; 2 16 5 60 t,1, 3 1 1 . ?. 0 • 32 3 t! Q IJ0q • 43b 3 lb b 60 • bl 

00 
-...J 
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O~SERVEU ANO CALCULATED STHUCTURE FACTORS FOR CIS•((MU•CL).CMU-SPH)CPTCLPET3)2) PAGE 3 
H K L Fll FC H K L FO FC H K L FO FC H K L FO FC H K L FD FC 
3 17 1 £13 30 ll 3 0 13£1 -122 £1 q 3 11 7 123 £1 16 s 3A -1n 5 2 3 3211 310 3 1 '/ 2 50 ,.,~o /J 3 2 95 I O 1 Q q 4 107 113 4 16 6 87 -7 •.; r, 2 4 85 •71 3 l 7 s 8b -75 ll 3 3 21.1 2S I.I 9 5 58 b9 4 17 0 .86 91.1 5 'i! 5 . 1.131 •!JOH 
5 1 7 5 85 8 S (J -~ 4 178 1 t, t, 4 q 6 hi.I .. b 1 I.I 1 7 1 1ll9 •lll5 5 2 b ob LIO 
3 17 b . -21 22 Q 5 '5 215 •209 £1 q 7 S:1> •67 ll l 7 ·.~ rn n 5 2 7 1'10 137 3 1 ti 1 30 18 4 3 t, HI •78 ii 1 0 0 48<./ •407 4 1 7 5 s :~ 54 5 .s 1 1£12 •128 3 18 2 ~d . •'j 3 . (J 3 7 51 45 4 1 0 1 'iH 64 4 1 8 0 298 -2 rn i:, 3 2 431.1 -005 3 l H 3 73 •6/J 4 11 0 143 •134 Q 10 2 ~i7 325 Q 18 1 246 226 5 3 3 521 498 
J 18 ll 6~ 60 Q II 1 225 216 I.I 1 l) 3 206 206 4 1 H 2 2b3 2b9 s 3 4 ·336 323 3 I 8 5 5'., . •'.,9 Q II 2 201.1 203 £1 1 0 4 1,1 -u,;:, 4 18 3 30 - .3 2 ':, 3 5 128 •12'., 
J 19 1 3 11 29 4 q 5 171 •loij ll 10 5 rhO •261 4 1H ll (d -so 'j .s 0 35 15 3 19 2 :rn •41 ll (I II 481 .. c.;oo ll 10 6 33 -1.l 4 1R 5 68 •61 5 ll · I 192 18 r; 
3 l l/ · 5 14 3 1 Q LI b 221.1 2511 ll 10 7 bH C,3 Q ]9 0 11.18 •137 5 4 2 2 '-i I.I 2 (I', 
.S 19 4 HO. 70 4 (j 7 . 28 •II LI 1 1 0 1 'it, • 1 q 3 4 19 2 1 1 8 119 5 4 3 121 •126 
J 20 2 23 •7 I.I s 0 20 5 204 4 I 1 1 77 •()9 4 t C) 5 :io 12 'i 4 ll 274 -291 3 20 .s 60 56 4 5 1 213 23 ll 11 2 162 1 ':, 1 £1 20 0 ?. !:I /J 21.19 5 ll i; 11 q 1 2 '5 
5 20 '., 71.1 .. 7 IJ 4 'i 2 42 3£1 · 4 1 l 3 /.Jf\ 112 4 2 0 1 223 2 1 LI 5 4 b 215 2 08 3 21 3 2U 31 (I 5 3 7l/ • <./ 1 Q 11 5 50 -'i3 4 20 2 16(1 •152 · 5 4 7 59 -6 fl 
3 21 u .5 b -21 4 s 4 176 •178 IJ 11 6 53 •60 ll 20 3 98 -H9 5 5 1 92 -100 3 22 2 4/J lo q 5 . S 121 •131 4 11 7 ';,1 34 . 4 ?. 0 5 33 21.\ 5 5 2 361J 35 <1 5 22 5 (j 0 . •1.14 u 5 b <J!:I 97 I.I 12 0 2U3 ?.?.9 Q 21 1 105 96 s 5 3 299 H2 ~ 2?. 4 19 •lb I.I 5 

., 67 67 4 1 ~ 1 £150 1.133 4 21 3 75 •74 s 5 4 286 •285 3 23 1 2£1 1 6 I.I b 0 41.lU a 3/J ll 12 2 29 21 4 22 0 166 lSb 5 'i 5 128 .. 122 :s n 2 18 •16 4 6 l 73 -65 I.I 12 3 ?.13 -?.19 (j 2? 1 2 117 •222 5 · 5 b . 7 0 58 S 23 (j 113 - u Ii ll t, 2 206 -20~ 4 1 2 4 1 7.2 • 1 77 4 22 2 .139 •136 5 5 7 ~5 -bO .5 24 2 '.,O •33 4 b 3. · 336 •347 /~ 12 5 36 20 .4 2c 3 8 2 7", 5 b 1. 70 66 3 25 1 24 2<./ I.I b IJ 11m 143 4 1 2 6 1'J7 143 4 n (I 1 u, 1 1 lj 5. h 2 118 •122 3 25 · 2 1 i' . _., Q b . "i 311<) 3<;5 4 13 0 100 •108 LI 23 ? 71 •75 'j b 3 r.01 -2tO 3 26 . l 23 -5 4 6 t, 1!! 1 6 4 D 1 1 18 1 21 4 23 3 1 0 \ ll 5 6 u 211.1 2?.l 3 2 t, 2 3U 1 1 I.I b l 92 •97 4 13 3 105 •109 4 21.1 0 23!:I -212 lj b 5 3 111 , 319 (I 0 i'. 326 •301J 4 7 0 92 ll'f 4 13 LI 113 -1n LI 2 (I 1 117 -110 s b 6 10?. -105 4 0 IJ b 1?. ',81 4 7 1 30 2?. /J 1 3 'j ":i2 •53 I.I ,?(J 2 . 1 75 163 5 t, 7 Q 5 •9<./ (I 0 b 28'-, -262 IJ ., 2 23R •226 4 1 'J 0 380 3 LI 1 4 2/J 3 35 :s £j 5 7 1 179 1n LI 1 0 ll/4 •17tJ /J 7 s 25 ·15 4 1 ll 1 198 •1!19 ll 25 0 25 .. :_n 5 ., 2 21.8 2 35 (J l 1 '; 3 _,, () IJ 7 (J 90 •92 4 14 ?. 33i -338 tJ 25 1 63 •64 ':, 7 3 537 .. ~l.ib 4 1 2 27 5 u 7 5 134 13 6 LI l I~ 3 IJ 3 - :$1 4 26 0 57 ... (13 . . i; 7 u 3 0 0 -307 q 1 3 /9 q2 IJ 7 6 84 79 4 1 (I II 106 100 4 26 1 2 0 3 172 'j 7 5 I 0£1 l O \ (I 1 4 1/5 110 LI 7 7 'JO • 41 LI 1 U ~ 157 1':i2 5 0 2 us g -1.104 5 7 6 tJO . •3', 
4 1 r · 21J 2 <'211 4 8 0 51 ~Ll9 4 15 0 Hb U5 5 0 Q 392 383 5 7 7 1 5 -11 :J 
LI 1 b 1S2 •lit (I 8 1 ,Sc,9 •582 ll 1 S l 62 68 5 · 0 b 253 -2S3 5 8 l 2oe- -200 
LI l 7 72 •Ll!I 4 8 2 7E\ •/9 4 15 2 192 •187 5 1 1 309 ~1>9 5 8 2 124 .. 1 30 4 . ?. 0 255 •21 l 4 8 3 2£18 ?. 5 3 4 1 ':i i; 15 21 5 1 2 408 •365 5 8 3 15b 168 4 . ?. 1 208 •177 LI ti LI 3?£1 .Bo 4 1':i b (, t 51J 5 1 3 c;os •471.1 <; 8 4 1 6 7 1 77 4 2 2 . 89 H9 4 8 ~ 32 •21 4 lb 0 312 •?.15 5 1 IJ BS ~26 5 8 5 192 •198 
ll 2 3 St.16 525 4 8 b 191 •19£1 4 1 o 1 3713 •3b9 5 1 5 128 10.7 5 H, b I':,~ •170 4 2 4 b .S •52 4 8 7 25 · -b 4 16 2 87 · 84 5 1 7 bll 40 5 8 1 13';; 1 ?.7 
(I 2 5 · £123 •40?. I.I q 0 24 io 4 lb 3 1133 173 5 2 I 14 •28 5 9 1 1 ':> 1 15U 
4 2 · 7 . DO 13:S 4 q 1 121 •114 4 16 II b0 1;9 5 2 2 (13 40 5 9 2 256 •2S.b 

(X) 
(X) 



UOSENVED A~O CALCULATED STRUCTURE FACTORS FOR C1S • ((MU•CL ) .(MLJ - SPH)CPTCLPET3)2) . PAGE 4 

H K L. FO fC H K L FO F'C H K L FO FC H K L FU FC H K L FU FC 
5 9 3 2Q4 • 258 5 17 . 4 51 liq 6 2 7 155 135 6 q 2 100 q 3 b 1 6 ?. 31 2 8 
5 9 q - 237 245 5 1H - 1 67 6 l 6 ~~ I qq • BS 6 9 3 ,n 35 6 16 3 ltd • lbl 
5 9 5 73 .80 'j l H 2 98 q;, 6 3 2 1 1 ?. •95 6 9 4 175 - 178 6 16 lJ 112 12? 'j 9 6 Y,J -. - 35 5 l ll 5 ,_, l • IJl 6 3 3 CO IJ • 19?._ 6 9 5 12S -120. 6 lb 5 1 ll 2 1 ll 0 
5 9 7 be 70 5 1 H /J 10 ..S •1 07 6 3 /J ?.46 • 22 I b 9 6 lOl/ I 05 6 16 6 95 · • Hb 
5 10 1 IJ 3 IJ8 5 1 8 - 5 .S9 3 fl 6 3 5 268 2lJ8 6 9 7 'j5 51 6 1 7 0 3ll • i'9 
5 10 2 176 172 'j 1 9 1 6 1 • IJ9 6 5 6 150 1 51 6 10 0 291 295 b 17 1 l l/ 0 !HR ':> 1 0 .s . 80 9 0 5 1 CJ 2 105 • 10/J 6 :~ 7 I. ..s • 17 b 10 1 2% 297 6 17 3 5 5 • '-i2 
5 10 4 2ll3 • 2SIJ 5 19 :s 1 / 16 6 4 1 f\7 - /5 6 I 0 2 190 • 199 6 1 7 lJ 72 - t;q 
5 10 5 150 • 155 5 19 4 75 . bO b (j 2 491.J • IJ6 7 6 10 :\ 121 • I c' £1 6 1 7 s 36 • ':i3 
5 10 6 1 Q I 1 .3 IJ 5 19 5 3 ', · .. 10 · b 4 3 153 157 6 10 4 2 3£1 2£1 7 6 18 0 1 70 1 '> 9 . 5 1 0 7 26 . q 7 5 20 1 lb 21 6 4 (J in 54 6 10 i; 107 - 117 b l R 1 33 • IJ 7 
5 1 l 1 12 1:l - 130 5 20 I !:I 1 ... 73 ·o q 5 106 • 99 6 10 6 99 -92 6 1 !l 2 158 • 165 5 1 l 2 19£1 • 191 5 20 3 101.j • 110 6 (J 6 1 llb 138 6 l 1 0 132 1.32 6 18 3 67 65 'j 1 l 3 1 9?. 197 '., 20 /J 57 S<, 6 4 7 30 22 6 1 1 1 68. 62 6 \ fl /J 112 106 
5 I 1 4 1 9?. ?01 S 20 ', 99 96 6 5 0 36 - ,:,q b 11 2 17'-i - 179 6 18 5 104 - 102 
5 l l1 5 H3 - 89 5 21 1 ell • 25 6 i; 1 1 0/l - 105 6 1 1 3 152 -1 ',9 6 19 0 2 40 235 ', 1 1 b_ 98 90 5 21 2 21.1 12 (> 5 2 101 - !OS 6 1 1 (J 101 - 109 6 19 ?.. 116 • 126 5 12 1 76 7 '; ', 2 t .S 9lJ 9t 6 5 3 101 .. c13 6 11 5 105 1 0 6 6 19 ..s 37 • IJ7 ', 12 2 1 8 2 3 5,21 4 1 2 .. 1 6 s 4 ?. 2 7 ?.1 9 6 l t 6 71 66 6 19 IJ 1 7 - 22 ', 12 3 ·192 • 208 5 22 I 2b • 31 6 5 5 I '52 I 'J 1 6 12 0 198 199 6 19 5 :s 2 18 
5 1?. 4 2'., - sr; 5 2?. 2 49 • U 7 6 ., 6 131 • 138 6 12 1 2 'jlJ · - 258 6 20 0 106 · 113 'j 1 2 '., 1 '] 2 200 ', 22 5 90 79 6 5 7 6?. · • 41~ 6 12 ?. 180 •1136 6 20 1 1 0 ':i •11?. 
5 1?. 6 '69 17 5 22 IJ ll6 5 0 6 6 . 0 208 - 2110 6 I ?. 3 206 219 6 20 2 79 p, 7 
', LS 1 79 • 8?. '.:> 2 3 2 H2 7 5 6 6 I 51 6 •492 6 12 4 102 - 100 6 20 3 84 7lJ 5 13 2 99 95 5 24 l 1 0 ... p, 6 6 2 78 ~ IJ 6 1?. s 128 -- l.So 6 20 4 q I • fl 4 
5 13 3 19 l 19 1 5 2/J · 2 H 1 65 6 6 3 ?65 2"/ 4 6 1? h 1 0 lJ 107 6 . 21 1 t £Jl/ • 1 4 6 
5 13 4 1\'! - 117 5 ?iJ 3 IJ8 28 b 6 IJ 199 • 207 6 13 0 91 99 6 21 3 'j 5 57 
5 13 5 34 - n ':> 25 2 36 6 - 6 6 5 12 3 · 154 . 6 \ 3 1 21!•?.11 6 2 2 0 ae - q lJ ':j I 3 6 I:, 7 IJ 'j · 5 2 6 1 .~2 23 6 I) 6 SH 65 6 t3 2 43 • '55 .6 2?. 1 13 I I 3 l . s I 4 I 98 - 100 b 0 0 3q1.1 • li:'5 6 0 7 uo - 1.~o 6 13 3 32 43 6 ?.i'. 2 57 . 62 '., 1 IJ 2 1 70 - 166 6 0 2 ',35 489 6 1 O· 68 • 69 b 13 £1 12 .S 131 6 22 3 74 - 7'} 
5 1 lJ IJ 198 209 6 0 4 65 • 59 6 7 1 !:l6 • 50 6 13 r; 74 78 6 22 (j 67 - 57 
5 14 5 52 39 6 0 6 150 • 1£18 6 7 2 198 1 CJ 0 6 13 6 . 5/J - 52 6 23 0 l':i8 - 141 
5 14 6 17LJ • 16:S 6 1 (J 3 3 20 6 7 3 11-13 1H3 6 14 0 231 - 227 6 2:S 1 .S2 3/J 
5 15 1 6 0 · SH 6 1 1 88 · - 15 "6 . ., 4 1 I 1 11n 6 14 l 109 .. 1 0 9 6 23 2 76 HO 
5 1 5 2 12b 126 b 1 2 51 4 IJ 6 7 5 199 • ?. 0 3 b 14 2 217 227 6 24 0 l 1 b 1 l 6 
5 l ', .s 65 • 66 b 1 ..s 139 1 r. 9 6 

., 
6 li?O •120 6 . 111 3 1/J - 10 6 24 1 tJ3 ,n 

S t5 4 11 2 - 1.IH 6 1 u 2"5<; -no 6 8 0 472 - 438 6 14 IJ 1';3 • 157 6 2£1 2 llo • lltJ 
5 15 5 72 72 b 1 5 . 2 48 • 231 6 8 1 17?. 170 b 1 IJ 5 135 134 6 24 3 38 • 27 
5 15 6 72 -7 4 b 1 6 15 3 1S7 6 . 8 2 300 312 6 14 6 92 q I 6 2'5 0 59 c, 7 
5 l t, 1 28 • 28 b 1 7 59 2b b tl 3 262 •250 b 15 0 208 - 202 b 2 5 1 101J qq 
', I 6 2 . 5 7 47 , b 2 0 24 3 2 0- 1 6 8 IJ 8 .S2 6 15 2 183 187 6 ;> 'j 2 \ 2 - 1?. 5 1 b · 3 17 6 181 b 2 1 550 U9t:, 6 0 5 1 35 1 £14 6 15 3 aq 92 6 26 l 122 • l 12 
5 1 b . 5 134 •1 37 b 2 ~ b3 • 56 6 . 8 6 13 q • 141 6 1 ~ 4 49 60 7 0 2 262 • 236 
5 17 l 52 IJ7 6 ?. 389 • 35'9 b 8 7 2H •50 6 15 s 60 • 56 7 0 4 43 1R 
S 17 2 IJ 4 - • I 9 6 2 IJ 6 9 72 6 q 0 18 - 3 6 6 15 b 6 0 • 59 7 0 b 2.S5 2 23 
5 1 7 3 1 16 • 11:S 6 2. 5 1.S4 • 12'1 6 9 1 164 181 6 16 ~ 2 00 208 7 1 1 18£1 172 

00 
\0 



UtiS~RVt~ AND C~LCULATE~ STRUCTURE FACTORS FOR CIS•CCMU•CL),CMU•SPH)CPTCLP£T3)2) 
H K L FU FC ti K L FO · Fe H K L FO FC H K L FO FC 
·1 1 2 i:>8 - 8 7 8 3 23b •2LIR 7 16 2 ?lt •221 8 2 s 18 23 
7 1 3 '::i 7 38 7 H u 19 IHI 7 t6 3 221 •229 8 2 b 53 8 
7 1 ti 5~ -~q ., 

H 5 198 200 7 16 II 1 {1 1 159 f3 2 7 r;t, -1u 
7 1 :, IJLI •b~ 7 R t, 1 R 1 I U?. 7 16 ~ lb5 fl19 0 .\ 0 J :~3 ?.i\3 
7 1 b ~5 7 1 l I:\ 7 92 .. 87 7 1 7 1 1 ?.l 1211 B 3 l 398 •3':13 
l 1 7 31 .s 7 7 9 1 79 78 7 17 -~ 7H -89 8 :s ?. 2111 -213 
7 2 1 7 u •71 7 9 2 81 9?. 7 17 Q 7h •lb 8 ·3 3 121 Io 7 
7 2 i! · 101 •95 ., q 3 11'.> •l!H "f I 7 lj ll 7 77 II -~ LI . 1., -&3 
7 2 3 209 · 207 ., 9 II 110 .. 1113 7 1ll 1 115 •1?.1 8 3 5 58 67 
7 2 lj 5 7 _ SB 7 q 5 S!J 15 7 1 B 2 1;,1 -12s 8 3 6 16U 1 b lJ 
7 . 2 5 1 i3 1 1 lJ 7 9 o 103 9(1 . 7 18 .s 2 0 u 205 8 3 7 13S •I.SO 
7 2 t, b2 - :n 7 10 l . JLI S • 14 8 •. 7 18 4 1 U 1:1 150 B Q 0 c;a .. 1rn, 
7 2 7 288 •271 7 10 2 c'Ll3 •2'>1 7 1H 5 !:l7 •91 u 4 I 1 c? 1 1 1 1 
7 3 1 tf:d •15?. 7 l O . 3 252 i:'SU 7 19 1 28 36 8 4 2 421 407 
7 3 3 144 .. 13u 7 10 ti 276 279 7 19 2 . 7 /.J .. 7':, B 4 ' 117 .. 110 
7 3 4 t, u •bO 7 10 ':, 3 ', 14 7 19 3 19. •22 8 4 II 92 .. 811 

~ . ~ 5 134 12, 7 10 6 127 •12H 7 19 4 62 · 61 8 Q 5 72 62 
I 9', -77 7 11 1 39 • 2 H ·7 19 5 211 31 8 4 6 88 •63 

7 Q 1 155 •lt1t3 7 11 2 1U6 •139 7 20 1 2 I -2 Q 8 Q 1 51 -7 
7 q i:' 273 c r, ~ 7 l 1 ..i 74 •68 7 20 2 160 lh3 8 5 0 IJ3~ •39?. 
7 LI 3 1 'H; 192 7 11 4 49 46 7 20 3 131., 1311 ti 5 1 26B -2 119 
7 !.I 4 Q:; •33 7 11 5 1 ?.l 1?2 1 20 4 · 132 • 13H B 5 ?. 33/ 317 
7 /J s 126 .. 132 7 1 1 6 tl II Ii 4 7 21 1 10t1 •87 8 5 ~ 32 33 
7 ti 6 233 •21 8 7 12 1 6/ : 10 7 ?1 3 .H 52 8 5 c; 199 lf H> 
7 IJ 7 · u9 42 7 12 · c 265 2 8 2 7 21 Q 19 1 7 8 ~ 6 119 -1111 
7 s l . 210•20LJ 7 12 :s 269 2B4 7 22 1 63 69 8 ~ 7 137 •124 
7 5 2 6?. -63 l 12 LI 154 .. 157 7 22 · 2 i; l'j 73 8 6 0 195 19 l 
7 5 .S 51 6?. 7 12 s · ?o9 .. 21£1 7 ?.?. 3 164 •15?. 8 6 I 519 515 
7 'i LI 55 6?. "/ 12 b 

1g1 -~~~ 7 23 2 71 61 tl 6 2 127 .. 136 
7 ., ':, 111 211 "/ H 1 7 ? Lj I 30 27 8 b 3 143 .. lt15 
7· 5 b 1?.I •120 I 13 2 28 •3U 7 ?. 4 2 107 •105 H 6 . Q 173 1 7 2 
I ~ 7 2LJ ,.lH 7 13 3 1 0 Q 100 7 25 l 4 IJ 4LI 8 6 5 71 -77 ., b I 'j H 73 ., 13 LI 88 90 II 0 0 1n9 ll3b 8 6 6 lj t, •30 
7 b 2 221 20/ 7 I 3 5 39 .. Q2 8 () 2 633 •',91 8 (:, 7 18 1 7 ., b 3 25~ •2ll 7 7 13 6 04 • Q 5 8 0 ' /J 1n 168 H l 0 239 •232 
7 b l.j ?.U9 •2':il 7 1 u 1 167 180 8 0 (:, I 1 7 b! 8 7 1 376 . 3h5 
7 b 5 87 •HQ 7 1 u 2 ms 193 Ii 1 .. 1 IJ97 · Ul3 H 7 2 32 IJl 
7 6 b C/5 87 7 1 Q 3 212 •22 I 8 1 2 360 •309 8 7 3 120 -111 
7 t, 7 2 41. 230 7 14 4 c.SI •23 tl 8 · 1 3 11 t •95 8 7 IJ . 75 65 
7 7 1 l:lO 99 7 1 a 5 '::iO ~3 8 l 4 6U ,. U 6 8 7 5 1 5 • 21 ., 7 i' 122 123 7 I 4 b 14b 14;.> 8 1 ., 1IJ9 •137 8 7 b 11.\0 •1H2 
7 7 3 IH 96 7 15 1 . 27 · •23 8 1 6 151 l IJ 9 8 7 · 7 103 103 
I 7 q .B ., 7 15 2 1 OU 104- 8 1 7 · 137 · 133 H 8 0 279 2tHI 
7 7 · 5 117 •115 7 1 5 3 47 3q ti 2 0 165 •139 8 8 . 1 172 •\t.12 
7 7 b 53 311 7 15 II 72 .• l I 8 2 l' . 6U5 .. 591 8 {l 2 ·,08 •.:S23 
7 7 7 83 11 7 15 5 85 •97 8 2 ?. 52 . ,rn 8 8 3 213 219 
7 8 l 202 200 7 15 t, 74 75 8 2 3 260 257 8 8 Q 4(1 18 
7 8 2 252 •251 7 16 1 65 60 8 2 4 61 .•53 8 8 5 105 •lOb . 

H K L 

8 8 · o 
8 9 0 
8 9 1 
B 9 ?. 
f3 9 u 
8 q 5 
8 9 (:, 
8 10 0 
8 l 0 1 
8 10 2 
8 10 3 
8 10 Q 
H 10 5 
H 10 b 
8 11 0 
8 1 1 1 
8 11 2 
8 1.1 3 
8 11 4 
H 1 l 5 
8 11 6 
8 12 0 
8 12 l 
8 12 2 
8 12 3 

· 8 1?. 4 
8 12 5 
8 I 2 6 
8 15 0 
8 13 2 
8 1 3 · 3 
8 LS (j 

8 LS 5 
8 13 b 
8 1 II 0 
H 14 1 
8 l LI ?. 
8 1 ti 3 
8 14 LJ 
8 1 /j 'i 

. 8 I IJ b 
8 15 1 
H 15 ?. 
8 1 ':, 3 . . tt 1 ':i q 
8 15 ':, 
8 16 1 
B 16 2 

PAGE 5 

FO FC 

81 7U 
233 226 

91 100 
211 •206 

/J 5 ?8 
18<1 •173 

70 bl 
252 -?',3 
311 -3?3 
16?. 1 7 6 

42 UH 
lb3 •17LI 

70 6U 
'B 3U 

11 7 132 
197 •2 07 

54 C-,4 
1 0 7 10'; 

R3 • 83 
53 53 

1H5 18U 
1135 •199 
226 ?. ti ?. 
168 173 
1c.;5 •lolJ 

7 I 13 
81 89 
Bo • 63 

193 •lt'.3 
120 1 I 8 

70 •75 
63 •b9 

1 Q ':i IS5 
116 .. LJ I 

272 2 7 5 · 
13b 130 

· 197 -199 
.Hl 38 

1 0 7 109 
97 •C/5 
19 •?.Q 
92 95 
21J •29 
93 •98 
88 96 
21 -21 

197 •198 
39 •21J 

),,J 

0 

'-0 
0 
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. UB~ERVEU AND CALCULATED STRUCTURE FACTORS FOR CIS • ((MU•CL).CHU• SPH)(PTCLPET3)2l PAGE 6 

H K L FU· FC H K L FO FC H . K L FU FC H K L FO FC H K L FO FC 
l:l 1 b 3 1 1 1 125 q 2 7 1 i'.?. 1 l 1i q 11 5 102 •99 1 0 0 4 23n ,.21.J 7 . \ 0 7 .5 bl • 4 1 
8 lu <J 115 • 111 q 3 1 HS 12H 9 11 b % 52 . 1 0 0 6 297 j) /j lj 1 0 7 6 I.J 7 24 
!:l 1 (J 5 l..l {) • !:l 'j q 3 2 c1':, 276 q 12 ?. 102 109 10 1 0 317 .. ?.H5 1 0 8 0 11,9 \HS 
H 11 0 .90 90 q .s .3 7!, - 76 9 12 :\ 12½ •117 10 1 1 261.J •?H7 I 0 tl 1 2b3 2b3 
!:l 17 2 ·22 •3H q 3 ll <d . • l j () 9 12 ll 50 • 115 10 1 i' 285 2/J7 1 0 /j ~ 50 39 
H 17 .3 90 Hb 9 3 5 Bil • l <.J 9 12 ':, 1 I 9 11 9 1 0 l 3 l 1 1 106 I 0 8 3 1 ll 7 - \ 4 £J 
8 1 7 'j 1 17 -126 9 3 6 113 - 10 1 9 12 6 · h 'i 58 1 0 1 4 5~· -ur; 1 0 R u 1 B • 1 39 
15 1 tl (J I B • 1 b9 9 3 · I 20& 20() C/ u 1 81 96 1 0 1 5 11 - 3 I 0 8 6 2 ~ 0 2:n 
fl 11:l 1 35 -~ 9 . 4 2 IJ O 2 ..S 8 3 9 13 2 IJ () • 43 10 1 6 £J IJ • 2() 1 0 9 0 295 • 292 
l:l l H ? 1 Hl 145 q 4 ·.S 84 -- B3 q u 3 225 .. 240 1 0 1 

., H - 7 1 0 9 2 252 262 
B 18 3 74 • 83 q LI 4 2HO • 2 7 IJ · 9 13 4 66 • 7 3 1 0 ?. 0 136 C)\ 1 0 9 . ..s 411 25 
l:l 1B ll ' 11:l .. 5 3 9 4 5 63 / 1 q D 5 74 82 I 0 2 I H'~ •94 1 0 9 4 /j 5 • 93 
8 1 lj 5 · 79 7H 9 4 6 . ?.Ob 15b q 1 .3 b 6?. 73 l 0 2 · 2 57 -S5 .1 0 9 'j r, 0 58 
l:l 19 . 0 ·7 2 • !:ll q ti 7 l ."i •b ~ . I/ 111 1 61 63 1 0 2 .\ 21,0 .. 2uo 1 0 9 6 so .. 1?. 
13 14 1 32 - q I/ lj . 1 . 11 0 120 q 14 .s 4 rj • 43 1 0 2 4 SH 32 10 1 O 0 340 349 
8 \9 2 3£1 3 1 9 5 2 lo9 • 171J q 1 IJ 4 114 1 I 2 Io 2 5 263 252 1 0 1 0 \ 116 •132 
8 19 ll . 101 • lUR q 5 3 ?.06 • i?06 q 14 1- ?6 8 I 0 2 b 34 12 1 U Io 2 ?.22 •231 :, 
8 ?. () 0 72 70 q 5 b 217 r. 1 0 q 15 1 ?t, 18 1 0 ? 7 1'-i6 •151 1 0 1 0 ; lj I •44 
ti 2 O 1 12h 13?. q ., I li:>9 125 9 15 ?. . IHb • ?.06 1 0 3 0 178 • lbn I 0 IO IJ 9c. IHl 
11 ;.> 0 c ' bl:l • t,t, q b 1 ?..Sb · 227 q 15 .s 1 7 9 18 3 1 I.I I II .Hlh 10 10 5 1 /J 5 162 
ti 2 0 .s ol -60 9 0 ?. 36 - 27 C/ l 5 IJ 1 ll ll 1 61J 3 2 1 7 ll 167 . I 0 1 0 6 59 . IJ 'j 
13 20 LI lb -,q q 6 3 22'; - 2211 q. 1 S 5 b3 63 1 0 3 3 99 • 105 1 0 1 1 0 23 21 
8 21 2 15 • h q 6 4 i 39 129 9 1 o 1 26 - 2. 10 :i ti '5 I •41 1 o 1 l 1 259 272 
l:l 21 :s ' lb - 76 9 b 5 . 196 un 9 16 2 35 • Qb 1 0 3 

, . r, 3 :H I 0 l 1 :; 1 .S O - IB . ,) 
8 22 0 1 1 9 103 q b b 63 •'12 9 lo ..s 6Q · 75 1 0 3 b 31 · • 1 0 1 0 1 1 4 £JI - lb 
B a 1 71 • 89 9 7 1 116 • 1?.7 9 16 /J r, 6 •26 1 Q 4 0 60 - 5?. 1 0 1 1 5 23 2/J 
13 .?.2 I. 72 - 59 g 7 2. 229 · 2'40 9 1 b 5 106 •97 l 0 LI l 203 •1 93 1 0 1 1 b 58 - 35 
13 2?. 3 U . 19 I/ 7 3 53 IH 9 17 1 n2 •1Q4 1 0 4 3 76 83 1 0 12 0 1o3 • 17 1 
13 23 ?. IJ 7 - .so q 1 /J l:l2 8 /J 9 17 2 £12 47 I 0 4 4 19 !l 193 1 0 12 1 c<J9 -321 13 zq 0 75 • 79 q ., s q 0 9;.> 9 I 7 .s 173 180 1 0 · ll '> 39 - 6 1 0 1 2 3 1 IJ2 1 'j 0 
8 c /J 1 3'1 -IJ 3 9 H I 4 lj - ~s 9 t 7 4 31 4~ 1 0 /J 6 ?.96 • ?.87 1 U l ?. ti 50 bO 
8 Ill 2 lUB 9b 9 H 2 261 • ?.611 . q l 1 5 JO?. • 111 1 0 5 0 3',2 31:,1 I 0 12 s 45 • ., ;s 
/j 2'j 0 bo • 56 9 8 3 101 1 U ;:> 9 18 1 ll5 - 32 10 5 1 123 I 12 10 12 b lhS •lbn 
C/ 0 ~ 3 }J 5 • /J 1 O 9 8 tJ l':;9 t 57 9 18 2 26 - 10 1 0 5 2 342 •32 H 1 0 1 3 0 21 1J 2 O <.; 
9 0 , /J 5;,o 30'i C/ fl 5 103 - 103 9 I B ~\ 3b • 26 10 5 3 43 • t,9 1 0 1.\ 1 102 • 10H 
9 () t:, 230 .. [qq 9 8 6 113 • 11H q 1/j 4 65 -u. I 0 5 ll 15 U 61 10 13 2 124 •144 
9 i 1 1:,/J - 196 9 I/ 2 7tJ 92 9 19 2 141 157 1 0 5 b 66 18 1 0 13 3 .S 7 47 
9 1 2 275 251J 9 9 .s 258 269 9 19 4 13tl • 13b 10 6 0 21.j 1 -2:.s,1 1 0 \ 3 4 9 /J 9/J q 1 3 1 i; 1 J'/':i q q 4 55 S t 9 20 1 hO • 4.., 10 b 1 53 43 1 0 1.i 5 47 . •IJ 7 q l 5 1:,4 22 9 q s 53 •SU q 20 2 1 7 · •IJ 10 6 2 20ll 201 1 0 11.J 0 355 -370 

. 9 1 b 195 • 1!.i2 q q h lbij .. I /0 g ?. 0 3 I 0 .. 3 0 I 0 b 3 1 77 110 I 0 1 (j 1 l £17 l 4 6 q . 1 1 179 - 18 1) 9 10 3 124 125 q 20 ii 41 SU lO b 4 90 -87 1 0 1 11 2 203 213 q 2 l U32 • 3 7 4 9 IO 4 154 - 1 34 9 21 1 . 123 12 2 l 0 b 5 197 • 20! 10 14 :s 12 - 10 
9 2 ~ 5£1 515 ' 9 10 5 113 • 106 9 21 2 4 11 • 36 · I 0 b b 1.12 •29 1.0 1 IJ · ll 76 · -7u q 2 3 344 334 9 10 b . 132 129 9 21 3 124 •139 10 .., 0 btl S5 10 14 5 90 • 99 q ?. ll 30 - 33 9 11 2 250 · 2~1 9 23 1 . 23 • 11 10 7 1 387 • 38:S 10 15 0 113 • llll 
9 2 5 285 • 263 q H 3 .35 -20 q ?. :.s 2 105 •118 10 7 3 132 . 128 10 15 1 116 •122 
9 2 b 30 29 9 11 (j 12.S • 127 1 0 0 0 37 80 10 7 . 4 66 ' 57 · 10 15 2 18 82 

I.O 
I-' 
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USStRVED ANO CALCULATED STRUCTURE FACTORS FOR CIS•((MU•CL).(MU-SPH)(PlCLPET3)2) PAGE 7 

H K L f-"ll Fe H K L FO FC ti K L FO FC H K L FO FC H K L FU FC 
1 O I 5 3 Io 4 103 1 1 ~ I.I £11.j 35 1 1 1 \ ?. 113 135 12 2 3 1 7 1 1 31.1 1 ?. 1 0 3 51J llO 
1 0 1 5 (J lb '."~8 1 I 2 

. .., 
207 l 95 · 1 1 1 l 3 118 • 130 12 2 5 so •2B 12 10 IJ 39 •72 

1 u I o 0 JIU 16 7 1 1 2 6 IJ 3 .. 31 I l . 11 IJ IJ(J - IJ~ 1? 3 0 150 •123 l 2 1 1 0 278 •31h 
10 I b 1 ~30 r. lJ 6 l 1 3 1 7':J e, 7 l 11 5 111:l 12 :5 1 ?. 3 1 1:10 •(,8 t ?. l 1 1 bl •75 
1 \) 1 b 2 C/1 •107 11 3 2 200 205 1 1 1 1 b 12 •H'.::, 12 3 3 135 128 1 2 1 l 2 1 77 21 7 
10 lb j ll)rl -112 1 1 .s 3 21.13 •239 1 1 12 2 2oe -2u1 12 ~ IJ 86 45 t?. 1 1 3 121 1 ,5 
10 lb 4 2U •8 1 l 3 IJ 111 7 • l 4 6 I 1 1 2 3 IJ 0 8b 12 3 5 ll\8 •195 1 2 11 IJ 2b 38 
10 lo ~ \q 16 l 1 .i '., 1 4 / 159 1 I 12 4 9\ q 0 12 3 6 205 •1 90 1 2 1 1 'j 119 •123 
1 ll 1 7 0 121 :• 11 5 1 1 3 · h 43 59 H u 5 107 •\19 12 IJ 0 190 •2 UIJ 1?. 1?. 0 1-16 R 
1 0 1 7 1 q I 106 1 l IJ 2 41JI> •438 1.3 1 1:19 1111 12 IJ 1 12 -~ 1 1 l 12 l 2 1 8 ,, 12 ~ 
IO 1 7 2 39 4 lj 1 l IJ 3 IJ6 IJ 1 11 13 2 9o •1 08 1 ?. lJ 2 195 2 0 '; Ir. 1 2 3 90 •115 
1 0 1 7 3 80 •92 1 1 4 (j 22 I 227 · l I 15 3 4l1 .. 114 \ 2 ,, 3 70 •71 12 12 I.I r;o -2 0 
10 1 7 IJ 4 4 •46 1· l 4 5 Ed •6 11 I 1 u I.I 1? 1 \?. 6 12 IJ lJ 'Hi -s 4 \ 2 12 5 h ·1 n 
\ 0 l 7 ':, 1;,7 54 1 1 . /J b 100 -73 l l 1 11 1 lOb •l21 12 s 0 ~1 • 64 1 2 1 3 0 !39 •94 
1 O 18 0 2.?H 221:\ 11 5 1 1 U 9 187 11 1 4 3 106 112 12 5 1 21 I ?09 l ?. l 3 1 261J 322 l O \ 8 1 156 •164 11 ., 2 212 •209 H 14 IJ 1.\3 ... 9 6 12 ~ 2 l 1~ 9 147 12 13 2 27 51 
10 11.l 2 l~l •15?. 11 5 3 181 •162 11.1 5 28 -7 12 5 3 I 9 57 12 1 3 3 4 I~ •SH 
l O 11:l 3 /8 7H 11 5 q 15/ loS 1 1 15 1 b~ •92 12 5 4 102 •109 12 13 4 100 •112 1 0 I H II S.5 51 11 5 5 49 /q 11 15 3 l.l 1b 12 5 5 11.12 •11.16 12 13 5 70 •ld IO l l/ 0 125 1 3 Cl 1 1 5 6 15'1 •l'lh I 1 l '> 4 4(:, •26 12 s b 167 1 l 4 1 ?. 1 ll 0 1.58 11:, t, 
1 0 19 1 313 32 11 b 1 194 •11./9 1 I l 'j 'j 70 •t,2 12 6 0 1 IJ IJ 150 . 1 2 1 IJ ?. IJ H -87 l \J 19 2 51.1 •"lb 11 6 ?. 2':i ?.9 1 t 16 ?. 114 P,'j 12 6 1 186 191 I 2 14 4 69 911 
1 O l tJ 3 32 -33 1 1 b 3 308 3 -0 9 11 1 6 3 tJ 7 •58 12 b 2 123 •130 12 l lJ 5 23 1 2 10 19 u n n 1 1 b u II t; • o5 1 1 \b 5 . 84 91 12 b · 3 89 -99 12 15 1 . 3.5 32 10 2 0 0 18 0 •I Hl l l b 5 151.1 •1£1, l 1 1 7 3 16 .§l 12 6 - lJ 41.1 IJH 12 15 3 75 •911 
1 0 2 0 l . lS':J •lo 8 1 1 6 b U 7 76 1 1 ll 4 63 12 6 b I.I 'j -2 3 12 15 5 b7 7?. 1 U 20 2 1 1 '> 12 LI 11 7 l 1.13 •52 11 1 8 1 61 · 74 12 7 0 291 312 1 ?. 1 6 0 4., •63 10 20 3 69 . 11 1 l 7 2 21J', •2 43 11 18 3 2:~ . - 11 0 1 ?. 7 l 78 89 12 16 1 7 !, - ~5 
1 0 ?. 1 1 67 •7b t1 7 3 200 202 1 t lH I.I 76 7 IJ 12 ., 

2 11n • l'i7 12 16 2 4 5 lJ b 
I O ?. 1 3 7P, 85 1 l 7 IJ 9 b 106 11 1 9 1 21 ?.2 12 7 3 12'1 •1 ln\ 12 lb 3 6 1 95 1 O 2?. 0 12'., -135 1 1 ., 5 168 •167 1 1 1 9 2 I 7 ?. I.I l 2 7 4 oO • HlJ 12 1 7 0 II 8 7 II 1 0 c' I, I 1 5 / I '• b . 1 l 7 I:) '50 50 11 19 lJ 4 B ':,':, 12 7 5 I 4 IJ 150 12 17 3 6~ 107 
10 r.2 2 t,5 s ., 1 1 8 2 .Su t, 3SS 11 2 0 2 57 •55 12 I 6 1 5':> 162 1 2 1 7 4 79 76 10 22 .5 Sb •6/ 1 I IJ 5 lOS •95 I 1 20 3 'ih II 0 12 H 0 t.l (, 94 12 1 H 0 '5 6 - 8 , · 
1 0 r..) 0 HO ·-90 1 1 8 4 16'.> •16?. 1 l 2 1 2 12 ?. 1 ?. B 1 122 •13? \ 2 113 1 51 78 10 c3 2 6h c; q 1 l 8 'j 105 l l IJ \ l 22 1 /Jp •28 12 8 2 111B . •166 12 18 2 IJ6 62 1 1J 2 q 0 129 12"/ I 1 9 1 152 •1S7 12 0 0 122 301 12 H ·s 71 95 12 l 8 3 3.5 -s, 
1 0 211 1 . 70 67 1 1 9 2 · l 4 ll l ':i I 12 0 2 2111 •2 .)lj l 2 ll (j I.lb :n 12 1 H II 74 -72 
1 I 0 2 47-s 4 33 11 q 3 80 92 12 0 1-1 65 H 4 12 H 5 . 51J · •60 12 19 0 19"/ •237 
1 l 0 IJ 231 •2~ H 1 1 9 I.I 159 •151 I 2 0 6 19 •2lJ 12 q 0 102 99 12 19 2 123 l 5 IJ 
I l 0 6 91-1 79 11 q 5 · 111 • .50 · l 2 l 0 43 •30 12 9 1 . 268 •.) 12 12 1 9 3 l 7 26 
1 1 1 3 237 2?. 7 1 l 9 b 13?. 1-3 0 12 1 l · 21 •92 ·12 9 2 90 -1 07 !2 20 0 t, 13 81' 
l I l IJ 168 •153 11 1 0 1 I II .S 1~6 .12 1 4 IJ7 98 12 . 9 II 1 \ '-I DLI 12 20 1 23 39 
1 1 1 'j lbO •11.19 l 1 10 3 20b •217 12 1 5 tH5 184 12 q 5 B9 Hh 12 20 ·2 t,Q •"/0 
11 1 b l lJ l 1 lJ 3 1 l 1 o 4 qq .q 1 1 2 . 1 b 191 •188 12 q 6 12b •130 1?. 2 0 s ':i8 •65 11 · c' 1 :so 0 285 1 10 · 5 qo 87 12 2 0 4t, . •25 12 10 0 . 11.1a .. un 12 21 1 143 1 7 'j 

· .1 l 2 2 3~! .jgg . 11 10 b 122 -121.1 -12 2 1 346 ·•304 · 12 10 1 . 92 · •92 12 21 2 ?. 3 •19 
11 2 5 11 11 1 56 7q 12 . 2 2 · · 42 2Q 12 10 2 1 0 :S 127 12 22 1 58 •HI.I 

'° N 
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fHiH Kvrll 11 111, CAI.C\ .I LI\IF.U Sli<l l(luPF. I-ACln1rn Frrn C I s - ( p, l 1 - C: L ) • U 1 I I - s p II ) ( p T C L p f T .n 2 ) Pi\GE p, 

H K L r:u . rC ► 1 K L f- (I F C H K '- ~ 1. 1 ~c H I< L FO fC · H · K L FO 1-C 

12 23 u 1 n O 113£1 13 10 ? "6/J IO 7 t (I 3 5 105 77 1£1 1? , 60 •6':i \ 5 () /J ~q -~?. 
1 .s u 2 1 ':i H 1o7 1 3 1 0 3 90 -111 1 (I 3 h 7 I .. !. t, 1 ll 1 3 1 :i () -LI<; 1 5 q 5 7h 7 I~ 
1.S 0 b 200 •186 1 3 I 0 lJ lOH -li-''j I 4 4 0 45:5 Q Oll lLI 1 3 ?. 713 ... 1 11 I '> t 0 I 72 -SQ 
1 .5 1 2 2 !JU -i>':i2 I .\ I I 1 4q •l2H \ 4 LI \ CJ 6 -79 I I.I 13 4 '-,4 H7 \ S 1 0 3 5o t; 0 
1 3 1 3 1 lj r, - ?. l 6 1 3 1 I 2 59 •73 1£1 4 2 3 0 11 - ?.7 7 1 4 1 /~ 0 63 -62 1 ', 1 0 4 "/6 .., 7 
1 .s 1 £1 120 130 1 3 11 .s \2L\ 1 b lJ I LI LI 3 IJ9 H 11.1 14 4 6?. - (\ 2 15 10 5 2CJ 32 
13 . 1 '.', H?. lc'9 1 -~ I I IJ c I - I ;.> 1 (l 4 LI ~3 -~1 l 4 1 i.; 0 23 -63 I 5 1 I 1 ;,4 "S9 
1J 1 <, 12\/ -121, 1 .) 1 1 ':i !.13 -122 I 'l /J ':i i:' 1-1 •24 1 4 1'> 1 7?. •l/ 0 I ':i 11 ~ ?IQ •? Or, 
I -~ . <. 5 1 '13 -lb () l.~ l?. I ', l/ 71 \ 4 II (, \I? 1n . ] IJ IS ? ':i I 17 1 .., 11 5 IJo -2 ~ 
1 3 2 5 /:1 1 : -65 1 S I?. 2 513 •BK 1 IJ 5 0 ?'-;9 i-'56 1 11 1S ~ I r, 7 1 1 ':i \ 1 /J I l/ S pq) 
l 3 · 2 b I 6 32 1 3 12 3 137 -1':iP. 1 II ':, 1 . 190 19? 1 4 15 4 H8 -1on 15 12 \ 1 2 .y:; 
13 5 1 11 lJ • 130 1 3 12 4 60 4q · 14 5 2 ?l:l':i •280 14 16 0 IB •lJ 7 \5 12 2 6Q b7 
1 :s 3 i! ·22q •205 13 12 5 qq 1 1 q 1 (J 5 3 n2 •411 111 1 b 1 46 'j 7 l S 13 I 71 •b2 
1 3 3 3 ?.':JI 257 13 13 1 71 •105 \ LI 5 4 (,6 72 14 16 2 60 23 15 13 ? -~ b .. 7 
l.S 3 4 100 106 H 13 - 3 20 -2 I lj . 6 0 f.15 -B9 14 \6 :~ /J 1 • b ll 15 \ 5 3 2 ll 1 2?0 
1 3 :s 5 I 611 • l 4 O 13 I 3 4 1 n .. n5 1 (J b 1 306 -321 14 lo 11 •5q 38 1 5 I 3 4 77 66 u .!3 b 36 • bl \:SH 5 ~~ -1~~ 

14 6 2 1 0 ':i .94 14 1 7 0 69 - 8 (J 1 5 I 4 ? 6S 31:\ 
1 S lJ 2 I 711 • I 66 13 1 IJ 2 14 6 3 1 r, 73 14 1 7 l 19 76 l5 14 .S q3 - 7 lJ 
1 3 4 5 9(/ - 64 I 3 14 3 q,, 

1 1 4 I 4 6 s 137 t:So 14 17 ? 4'-1 c ti 15 14 ll ?9 •57 
l .S II lJ 31-l 26 13 ]IJ 4 12 3 l lJ? \ lJ 1 0 1 ?3 IO ll 111 I 7 \ ',I:, •1 07 I ':i 1 5 I 30 -39 
1 3 4 . ':, 31 SH I 3 15 3 ~3 -112 1 £1 7 I 2h .\ •279 1 /J 18 l 20 2/J- 1 5 \ '::i ?. 1 77 1 h fl 
1 3 4 6 1 6 :s l',9 U 1 '> 4 lj 6 .,2 1 lJ 7 2 'j :s -Vi 14 1 q 0 /lQ 7 6 1 <; 1 6 2 6? •/4 
1 3 s 1 1~ 2 -199 13 16 I 53 -79 1 /j 7 3 137 1 'J 8 14 lQ 2 35 -8"i 15 16 3 56 -43 
13 , 2 246 257 13 16 2 4':i 17 1 4 7 4 n8 -2 6 1 ll 2 0 0 l 'J IO 15 17 1 ':iO t, (l 
13 5 3 11 3 11 3 1 5 I 6 I.I 30 -73 I IJ 7 5 5 'j •63 . 1 11 2 0 ? 3H ll 15 I l 3 217 •\Rl 
l .S 5 4 1 tl 4 -1 8tJ 1 3 1 7 1 SH 5 6 I 'I ti 0 26 0 • ?97 14 2 t 0 ?. 9 -27 I 5 · 1 ~ \ 46 -s 9 
i3 ..., 5 b 1 . •Ill:, 1 3 l 7 ?. 70 - fj Q 111 H 1 9'} l 2 3 14 c?\ 1 72 - 79 1 5 19 ?. ll lJ -117 
1.3 ':, I:, 1 SH 125 I 3 1 7 . 4 - .5 0 62 1 4 8 2 150 I 81 1 5 0 4 lj (, -2 0 15 20 1 41 -42 
15 b 2 74 -65 13 18 2 6ll 102 I 4 8 3 75 •4lJ 1 ':i 1 ~ 30 •74 16 0 0 6Q -s) 
1.S 6 .s '/ IJ 1 1 o u 18 3 3' -9~ 1 4 8 4 "i3 511 15 3 4 BO IB 1 b 0 lj 72 H2 
1 S 6 !j 95 l/ 7 1 5 l 9 :~ ;>q 4 0 1 4 9 0 201 •?.lJ 4 1 S 3 s H l 73 \6 1 0 279 2SQ 
l i t, 5 61 3£1 1.s 20 2 .I 7 ·77 14 9- \ . ~b -Sl \ 5 lJ 2 7 lj HA I 6 1 1 27 3 23'::i u t, 6 85 • 7 8 1 II 0 0 501 -4hl l 4 q 3 36 -IQ 1':i 4 4 3H 9 16 l 2. 2'11:1 •24R 

l ~ 7 1 \/ b 106 1 (J 0 2 30() 27H llJ q 4 103 •Ile 15 , \ 27 -2 :s 16 1 3 52 •90 '{ i? lb?. 1H9 14 0 4 39 70 \ /J 9 5 611 115 15 5 3 l 8 1J 196 l 6 1 s 6 () •65 15 ., 3 2117 -2?.3 14 0 6 16 7 - 1'15 14 10 0 92 l O 1 15 5 4 69 b 1 I t, 2 0 81 -(IF,, 
l 5 7 4 t,(J •60 14 1 0 2';?. - 25 t 1 /J \ 0 1 166 205 15 5 5 2H -2LI 16 2 2 54 1.14 
1 .s ., 5 . 1 4 7 153 1 4 l 1 196 -2'~S 1 /~ 1 0 2 {l 3 - 1 \ IJ lS 6 \ 49 94 \6 2 3 96 H8 
13 ., 6 'j 0 -39 I q 1 6 50 12 14 1 0 I.I v~ ~9 15 6 I.I S 1 •.Hl \6 2 4 4 1 b 
1.S 8 2 I ?.7 145 1 £1 2 1 469 ll58 1 /J 10 5 · t/5 •121 1 c-; 6 5 61 - 7?. · 1 6 2 s 104 •103 
I 5 !l 5 11"1 1 4?. 14 2 2 ?8 - 41 14 1 l 3 10:~ •131 15 1 2 1 'iB 17LI H, · ..s 0 2'-ib 2?1 
13 Ii (j 3 !3 • /J2 14 2 4 54 16 I ll 11 LI 37 IH 15 7 4 123 •137 I 6 3 1 312 •2 8 5 
15 R ':, 110 •109 \ LI 2 5 16h •176 114 11 5 o7 70 15 7 . 5 · 77 -97 1 6 3 2 157 •146 
1 3 q 1 118 U8 14 :~ 0 245 •?.20 I ll 12 0 10, 1 £18 15 8 ?. . 22 · •B6 16 3 :s U3 127 
l 3 q 2 175 -207 14 3 t 31 7 317 1 '-I 12 1 64 -en ts 8 3 lj 8 •31-l \6 3 4 28 •4!1 
13. 9 :s 3H •56 l LI 3 2 159 16 6 1 lJ 12 2 i:J9 •85 1 5 II 5 45 61 l 6 3 5 36 16 
l .S 9 ll 164 168 14 3 3 160 IP12, . 14 1 c 3 37 7b 15 q 1 ' 20 . 60 lb 4 0 10 1 72 
1 :s I/ 5 (12 -10 14 3 4 37 .. z3 14 12 4 . iLI •3b 15 q :s 2.32 •215 16 4 l 107 78 

\0 
w 
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UBSERVED ANU CALCULATED STRUCTURE FACTORS FOR CIS • ((MU • CL),(MU-SPH)CPTCLPET3)2) PAGE 9 

H K L FD Fr: ~i K L FO FC II K L F(J FC H K L FO FC H K L FO FC 

16 4 .'S 47 - 2?. . 16 14 2 101'1 -101 t7 10 ,, 50 . 3 18 q 1 139 137 19 q 3 . 75 7 /J 
Io ll 4 121 - 109 Io 1 I.I 3 I.I 3 • 33 17 11 2 HO 72 18 9 2 l'TO 1 51.1 1 q 1 0 ?. 61, • 58 
I b 'i 0 3-r •?. HS 1 t, 1 ':i ~ l 6 9. 1,0 1 7 1 l -~ 3 'i 30 18 9 3 2·~ 19 19 10 3 3 I 'i 

. 1 6 5 1 l 4 - 155 16 15 17 • 6?. t '/ l l 4 49 • 53 18 l 0 0 6?. (j 1 \ 9 1 I 1 'j 7 59 
lb ', 2 2 <n 2b5 I 6 1 ':i 3 73 • 60 17 12 2 121 l 11 . 1H 10 I 72 - 72. \ 9 1 1 2 7Q IJ6 
1 6 '5 3 6() 2 8 1 6 16 0 111. -110 l 7 12 3 . \ 3 q 1H 1. 0 ?. 69 • (>IJ 19 12 1 . 18 - u~ 
\6 5 u IJ9 -24 lh lb 1 113 -1 t 1 7 13 2 3 2 

.,. ., 18 t o .3 18 - 22 · 1 9 12 2 4 I 17 
I 6 ., r; 1? 13 12 I 16 I b 2 4/ 5(1 1 7 \ .S 3 H9 • !LS 18 1 l 0 l HI 115 20 0 0 2 10 2 0 1 
\l.l t, 0 1 II I · I 3 11 . 1 h 1 h 3 S2 IJ ,, I 7 1 1~ I ~I.I ':ii.I I H 1 I I 137 1 ?. (J 20 1 0 'i 'j . (J c; 
lo 6 1 . bi:' - 11 1 t, 1 l 0 1 5 ·3 132 1 7 11.J 3 11~ - 101 113 1 l 2 !Ill • 10 11 20 ?. 0 7 c; (J ll 
16 t, 2 105 - Bt 16 1 7 1 76 •6t, 1 7 15 1 l 7 •\5 1. 8 1 l :s 136 • 135 20 ? l 133 • Pi! 
I 6 6 3 . 67 •Q2 16 1 7 c 65 .. 60 17 \ 5 2 t-,t, •74 · lH I?. : 0 82 -71 20 3 0 53 -1?. 
lo b 5 102 1 0 I 1 b l H 0 1 B •I 10 17 lb 2 51:1 • 59 111 l ?. I · c,o '"il \ ?. 0 ll 0 2 0 0 - 19b 
lb 7 0 1':i3 - 139 l 6 1 H 1 9ll 713 18 0 0 cm 92 lH t2 2 59 ll9 20 (~ 2 S2 'd 
l b 7 l ·so :~ ?19 1 6 19 () B9 • '17 lH 0 4 ~R • l0H 1 H I ?. 3 53 ll5 20 5 0 H4 .. 7 (j 
I t> 7 2 II ll Sil 1 7 0 ·c 2':>t! - ?.36 [13 1 4 U, •l':i7 I ti 1 3 0 1 IJ Q 1 l 4 20 ~ 1 1 9 29 
16 7 3 11J9 - 11l 7 1 7 0 4 2 69 2 ':i? 1 8 2 2 27 - 25 1H 13 1 205 - 1l1Q 20 5 2 bH I 2Ll 
l b 7 q 1 ?. 4 105 I 'f 1 4 137 !.i9 I 8 ?. 4 u l 6 18 1 :s 2 \OH - 109 ?. () 6 0 107 • 72 
lo H 0 nil - 3 i; 1 7 I 5 1 2 ?. 110 18 3 0 H Sc? I!;\ Ill 1 7 IJ 7 I~ ?. 0 b 1 1 ll 0 1 4 \ 
lb ~ 1 \13 - 15':i 17 ?. 1 bl .. ., ' 18 3 1 75 70 lA I IJ ?. 72 SH c? 0 7 0 79 53 
1 t) e c! ':,9 B 1 7 2 .s 3?.6 300 18 3 ?. 35 , ?. lo 15 0 25 .S • 2 1 0 ?. 0 7 1 111 107 
16 8 3 42 36 1 7 ?.. 'j 140 - 136 I 8 3 3 1.n - 1a?. 18 15 l 11 0 • cl 7 20 7 2 29 -,8 
16 /j q 102 91.l 17 3 3 117 · 112 18 3 4 l?.6 • 124 lH 16 0 92 1:1 :s ?. 0 8 0 226 2 0 0 
I b 9 0 30 ll 26 7 I 7 3 4 69 .., 0 1 8 4 0 90 - 96 18 1 6 1 · sq IJ6 20 H 1 27 34 
1 fj q 1 40 B 1 7 3 5 134 • l/JO l !:\ 4 l 42 - 31 19 1 l 97 - 103 20 q 0 104 n 
16 q 2 ?.?. l • 209 1 7 IJ 2 22h 2 0 -1 I 13 Q 3 . ?. 9 15 1 9 I .\ , 7?. 206 ?O . q 1 n • Rl 
1 6 q 4 .\4 45 1 7 IJ 4 2117 -t!29 lR /J 4 1 I 9 1 2 /J 19 I 4 1Q6 - 209 ?.0 9 2 125 - \llJ 
16 1 O 0 166 - 1 % 1 7 (J s ?4 20 \8 ':i . 0 1 0 IJ 89 1 9 ?. 3 Sil - ', 0 ?O 10 0 8 3 61 
1 6 1 () 1 C/9 Hl 1 7 5 2 39 /;,6 1 H 5 1 91 • 75 19 ~ I 92 100 2 0 1 0 1 1:B - 111 lo 10 2 I 21 1 l ll 1 7 5 .S 5 1 -q l 8 .., 2 1 71.1 - 1 66 . 1 9 :~ 2 130 L~5 20 1 0 2 26 q 
I b I fl 3 78 73 1 7 c; 4 115 ~102 1H 5 :~ 97 • 7B lQ 3 .'\ 185 - 222 ?. 0 1 1 0 132 - 112 
lb 1 0 " Ub 1 7 1 7 · b 1 I 1 0 l O 'i 1 A 5 4 160 1S4 19 3 IJ 160 •1b9 · . 20 1 l 1 tH, • 7H 
l h 1 1 0 75 50 11 C, 3 242 .. 237. 1R 6 0 24 ,. ?. 0 19 4 ? 56 3 20 12 0 17?. -1uq 
1 6 1 1 1 ?. '.;b •231.l 1 7 7 · 2 I.I 3 • 49 l 8 b . 1 t,IJ 60 19 I.I 3 52 40 ., 20 1 ?. 1 52 -3) 
lo 1 \ . :s 122 ! 06 I 7 l J 11 0 • C/1 18 6 2 .~4 IJ? 19 5 1 90 73 21 0 ? 70 t:,ll 
16 1 I I.I 1 H1 • 13'.-i I 7 7 I.I 18 5 p~ 6 I.I (J ~ - h 1 Q 5 ?. 172 .. 171 . 21 11 2 'i9 • 7 u 
lb 12 ll 70 76 1 7 8 1 ~2 27 · 18 7 0 IO 1 •99 19 5 , 163 •151 ?. 1 5 1 ?. 8 . 45 
16 12 l 1 1n 122 17 8 2 17\ • lot 18 7 1 137 • lib 19 b 1 4~ . - ·s . 21 9 t 40 - u 2 
16 1 ?. 2 27 - ·s 6 1 / I;\ .s 43 -q 18 ' ?. 51 . 35 19 6 2 . 'iS · 7 0 22 0 0 1 I 0 - 6 ; 
16 12 :s IJ9 • 53 1 7 8 4 2 04 185 11:l 7 3 \</4 181 19 6 3 5\ I 6 . ?. 2 1 0 306 •271 
lo 1? (J 76 - 73 1., 9 1 I 1 •2 6 1 H ., 4 .5h n 19 7 I 75 - 93 ?. 2 1 1 219 - co2 
lb I 3 0 21Jb • 219 l '/ 9 2 4 /J • ll-7 tH ti 0 61 57 19 7 2 50 • b'5 22 2 l 3 q . IJ 1 
lb 13 I 1 7 34 1/ q 3 ., p. . 6 t \LI 8 I 67 50 1 q 7 '. 2 20 t! 0 1 2?. 3 0 2o3 - 2??. 
16 IJ 2 150 137 1 7 q . 4 108 H 7 tH B 2 58 •52 19 8 l 72 . 3h 22 -~ .I 2':,t 227 
lb 13 3 UH -,o 1 7 10 1 11 7 • 9'1 \H u 3 t:,7 • 33 ! q 8 3 72 • 77 · c2 · IJ 0 <n 71 
l b 13 4 41 •31 1'/ 1 0 r. 62 •10 I 8 13 4 110 - 1ot1 19 q l b1 . - 62 ?.2 4 l 6 1 • 13 
I b I Ll 0 U6 123 l'7 1 0 3 1 7 u 169 · l H 9 0 lt;;1 .. 123 19 q 2 136 1 IJ 1 ?.2 5 0 289 2r;2 
lb 14 1 913 • 9b \Cl 

+" 
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IS 

OBSERVED AND CAL CUL ATED STRU CTURE FACTORS FOR (PT3S?CP(r.H1) ? (~hH~llhl (A(r.?H"il/J}? Ptir:F 

H K L FO FC H K . L FO Fe ~ K L FO Fr. H K I Fn Fr. H K I Fn Fr. 

•14 0 ?. 158 - 15q -13 3 1 1 34 • i'f, - 12 2 1 h c; 1 a q • t 1 1 1 1 QI •lt)h - 1 1 c:; ,, 7, hp. 
•14 0 IJ qq qq - 13 3 1 2 1hh lo? -12 2 t"1 lhll •1hQ - t 1 , ;:, na - n, _, 1 

'-i " 
. , /J 

• 14 0 b 22 . 111 - 1 3 3 13 1R -10 -1 2 4 1 c; n <ih •1, I .. I , c; 1 1 ;, .. , 1 . t:; 1/J ;:, IJ • IH 
• 14 0 8 ·-77 - 74 - 13 3 14 ;:> 6 •?U - 12 lJ ? /J? 'IJ • 11 1 a . 1R 7 1 c7c:; • I 1 ., I t; I 1 lJ • 1 1 tJ 
-11.1 0 \ 0 11 5 1 1 F\ •13 c; 1 147 t /Jn - t?. /J ' '" - (1 1 • 1 I I c; lJ 1 ?H • 1 1 c; 1 h ;:, I.. ';:, • 14 2 1 112 • 105 - 1 3 <; 2 b?. - .1, P, - 1 ?. . 4 4 c;? IJH • t 1 1 h All • CJ n - 1 I c; I 7 1H7 I HO 
• liJ 2 2 37 . 3, •13 5 3 q7 •\01 .. l 2 lJ c; 1 h -I' • 1 1 1 7 1'R • 1'h • 11 7 1 17 I I 
• 1 4 ;:> 3 RlJ an -u t; 4 1? I 1 ?I.I • 1 2 I.I h 1hR .. p, t) • 11 1 H ?Q ?C'/ • 11 7 ;:, ;:,;:,;, . ;:;,n 
• l'l 2 4 40 4 7 -n i; s " -1, - 12 il 7 q7 ~Q •11 1 Q 1 ' .. 1 'I • 1 1 7 ·, c; f, • ll9 
- 11.1 ?. 5 26 th • 13 c; 6 1?8 •\?.A - 12 IJ H ?RI '?lh • 11 1 1 n n - ;> C) - 1 I 7 u I I 7 I O A 
- t I.I 2 h fl 2 • BU • t.S · 5 7 1??. l?n • 12 4 q iun • IIJO - 1 I I I I 7 p. - [ \ (J -11 7 c; o, ~ C) . 
•lll ?. 7 107 • 10Q -1 3 c:; 8 Q 1 q, • ·12 4 to ? 11 •211 - 11 I 1? en F\7 - 11 7 f, '1 1 ll 
• 1 4 2 8 Ub 130 - 1 3 5 9 158 • 15U - 1? 4 11 QI HCJ • 11 1 1' ll 1 ,,., • 1 I 7 7 qq • flQ 
• 14 2 q 170 16Q - u c; 1 0 HO •A;:> - 1 ?. 4 1 ;:, 1 ;,, 1?7 . - 1 I I Ill \h', •ltn - 1 1 7 p. 7;:, .. 7;, 

·• 1 IJ 2 10 154 • 14(, • t:S 5 11 9 q n • 1 2 LI n 1 7 .. p • 1 I 1 I c; h0 (, c; - I 1 7 q hh hC:. 
• 14 14 1 50 5 t, -u ~ 12 HB A7 •12 4 1 4 ,,,. • /JI •11 1 1.h ?lh ??, -1 I 7 Io qn Q 1 
• 14 14 ?. 1 1 u - 13 7 1 ?I , q - I ?. 4 15 ,., • H - 11 I 1 7 17,:;; .17c; - 11 7 11 1!7 -uq 
• 14 IJ 3 ,5 7 -s, •I..S ., 2 ?. 0 ll •? I 1 • 12 · 4 I h lJQ -c; 0 .. 1 , I 1R ??? . ;,?7 • 11 7 1? ;, q I 1 
- 14 4 4 81 80 • I 3 . 7 3 n ;:, - 12 6 1 1hP. lhh - 1 I I , Q 15/J l'i() - I 1 7 1,. C,A f.., 
• 14 lj ~ 50 33 • 13 7 4 1.24 1 ;,;, - 12 h ;> !RI .. 1 p. c; • I 1 ,. 1 h'i . .. 7;:, - , 1 7 , u ,;,c., - 1 ;:,;:, 
- 1 IJ 4 b 1 6ll • lh?. • \3 7 5 ??. R - t,? 6 3 h7 •ht - 11 ,. ;:, 40 /Jll - 1 I 7 1 c; <; f, - c; c; 
• 14 (j 7 30 2f\ • 13 7 6 ,3 -, • 1.? 6 ll 1'll 137 .. , 1 ' 

,. hll h c; • 1 1 Q I 77 - 7 c; 
• 14 4 H 2,?. l 211, -t3 7 7 3q -u ;, •12 6 t; ;> /J ' - 11 ' /J P."\ ., lJ • 1 1 q ;, '1 • s A 
• 14 (j 9 81J •7R • I 3 7 8 H - 17 - 12 b h ;:,o .-r,c; - 11 ,. c; ,o .. ? p. • 11 Q .. ', ,. u;:, 
- I' 1 1 110 • l0R - 13 7 9 ll lJ fl 1 -12 t, 7 p. q R1 _, 1 ,. h ;,c.;1 .. ;>r;;, - I 1 q /j Q U qr.; 
- 13 I 2 137 • 13? -12 0 2 ?.65 • 26t; - 12 6 f\ 5h - 5 ;> • 11 ' 7 c; Cl - lJ () • I 1 · Q c; 1 n · h F\ 
• 13 1 3 91 9U • \2 0 ,, 189 IHO • 12 t, Q 10(, • 10ll - 11 ,. A ;>Qc; "\ 0 h - I 1 q h 1c;;:, . 1uc; 
- 13 1 IJ q5 8Q - 12 0 6 I •?.A • t2 t, 1 0 'q 3 c; • 11 ,. q . "I c; n - I 1 4 7 \Q;> • IHn 
- 13 1 5 40 - 31, - 12 0 B 11?. •10h -12 6 11 \P. ,,., • 11 .. 1 () . ;,-;,-, • ?\IJ • 1 1 q A I 7 'i 1 h I 
- 1 5 l b 3q • 2h - 12 0 1 0 ,oo 107 - 12 h 1? ? q . ?7 • 11 ,. 11 \? -"\,; - 11 Q Q ;J7,7 ;:, ;, ', 
• L~ t I BO - fq • I.? 0 12 18 1 fi • 12 b ,,. n ;:,q • 11 ' , ? 1 '-i i\ 1 "7 - I 1 Q 1 0 I/\ ? "' 1 hQ 
- 13 l 8 ?. 5 -?. 9 •t2 0 14 1ld - 1hO •12 6 , u 'IQ .. q 'i _, 1 ,. ,,. ,c.; _,., 

- 1 1 Q I I 11..IJ -1 lJQ 
- 13 I q 155 157 -12 0 16 ?S'S ?hi - I?. 8 1 en •CJH -11 ,. 1 lJ hlJ •hlJ • 1 1 q 1 ;> 1 ,H I;.,;:, - n 1 10 1 l · 1 u - 12 ?. 1 17ll •1RIJ • 1 2 8 2 117 :- t /Jt; -11 ,. 1 c; c; 1 1,n -11 q 1,. 

;:, ' IR 
• 13 1 11 11 2 • ·1 l ·~ - 12 2 2 75 -11 .. t 2 8 1· ?1 tQ . • 11 ' 1 h IH, - 'i (l • 1 I 11 I pp. 1 ;:,;:, 
-13 1 1 2 48 s, • 12 ;:> 3 1?0 I ?1 -12 8 u 91, p, q -11 1, 1 7 t;h - hi - , 1 11 ;> ,n • I p. 
• 13 1 I 3 24 .. 3 • 1 ?. ?. 4 90 85 -12 8 5 no 7? .. , 1 "1, 111 A q QO • I 1 11 1, P.7 •HI 
• 1 3 1 1 /J 119 • 11f\ •12 ;, $ 2b - 1 7 . • I 2 8 6 51\ - ii p, • 1 I c; 1 IQ? 19A ,. I 1 11 IJ ,; u ,; o 
• 15 3 1 96 • 10? • 12 2 6 107 • IO'i -12 8 7 1hll • lnO ... I 1 c; ? hQ - 6c; • 1 I 11 'i 'c; '" :- I 3 3 2 2?. 1 c; • 12 ?. 7 1 O I .qq - 1?. R p, H 3? •11 c; ,. IUQ • 107 .. I I I I h 1 u n - 1 ;,,q 
- 15 3 3 58 5lJ •\2 ? 8 1 ?.7 1?.7 -12 R 9 1 Qt; 1R7 _, 1 c; ll Ac; '>A - 1 \ 11 7 r.; 1, u;,, 
-\3 3 LI 47 3q -1 2 2 q 151 ' 1 .., c; - 12 H 10 ?, •?.H - 11 c; c:; 1 c; _., 

- I 0 0 ;:, c; n n - ll q ll 
• 13 3 r; 1 8 ' - 12 ;, 10 140 - 147 -12 H I 1 1 UQ • \ IJ;:> .. I 1 , f, q11 -101 · - 10 () · £1 ;:,nr-, ;:,07 
-13 ·.s b 122 • 121 • Ii? ?. l1 . 9b • 9?. - 12 10 t ;>h If, .. , 1 c; 7 1 c;;:, 1,:.;, -10 0 h ,c; . -,A 
- 13 :s 1 4 7. - 37 • i2 ;, 12 1 ,s 1 "A •12 10 · ;, a? . Ll4 •I 1 , R I oc:; IO;> -10 0 A 5 1 ., 
... 13 "\ 8 25 9 257 • \2 ?. 13 ?R ... ? IJ • 12 10 ' ;:, lJ . ,;:, • 11 c; Q 1q;;, •1Q7 - I 0 . 0 I 0 ;:,Q • •K 
- 13 3 9 SIJ 47 • 12 ;, 1 4 94 • 9/J • 1 2 10 ll ,~ c; ,fl . - 1 \ , 1 o 1?£1 -120 -10 0 , ;:, 1 ti Q , c; p. 

•13 :S 1 0 2 b b •2b7 • 12 2 · 1 5 11b 1~;, - 12 10 lj 4 9 5 1 ... 1 \ , 1 1 \ -~ 0 l ln - 1 0 0 I IJ ;:,nu - ;:,nr-, \.D 

°' 



OBSERVED ANO CALCULATED STRUCTURE FACTORS - FOR CPT3S~CPtCH3)2(~f..H~,,~, (A(r:?HS)ll);) PAr.F ;:, 

H K L FO FC H K L FO Fe; H K L FO F. r. H I( I Fn Fr. H K I Fn Fr. 

: • 10 0 16 29U 307 •10 l, 7 7?. h' •IO 12 A 7 p. 70 .q c:; ,., ·r.,., .,, .q Q I c:; I ;:,a I •.7 
-10 o 1e · 365 - :me; -10 b 8 1oq -101 •9 1 t 1% •3h'; .. 9 c; 7 1 c; q 1c;7 .q Q If.. ;:>IJ ')fl, 
•10 0 20 ?. 5 5 260 •tO b q 117 •117 - 9 1 ;, ,qc; •40 0 .q c:; R Qq qa .q 9 17 I, 1 .i;:iq 
•10 2 1 2Jlj •2£10 •\O fi 10 .. 29 ?U .. q 1 3 8"~ R c; .q c; q ?. 0 I -?0'1 .q I t I 1 ,IJ I') I, 
-10 2 2 ·, 101 -100 -,o b l 1 65 h1 .q 1 4 ;>09 ?th .q c; 1 n 109 .,c;c; . .q \, ;, 1-,;:, -"" -10 2 .3 · 13 7 Ill? •10 6 12 27 II •9 1 5 , c::;o 155 .. q c; 1 I t"\7 

1 '" 
.q 11 ' 10A • q A 

-10 2 . lj 1H 1fla • 10 6 13 an 1.10 •9 1 i, q7 •10') .. q c; , ;:, 1 O, 11 0 •Q I I lJ QO p. ;, 
-10 2 s 12 1 12, -10 6 14 75 - 7,, •9 1 7 nR •24? .q c; n n :~ a .q 11 c; \/~ 'Q 
-10 2 . 6 . 247 •257 •10 6 1 S 157 •15/J .q l 8 ;p, . IJ'i - q c; , ti ?'i -,;, .q 11 " IA, •IIJA 
-10 2 ' 7 , 23Q •2Q1 • l 0 b. 1 b I b I . 1 6 I . ··.9 1 q ;,o;, ;, t 0 .. q c; I c; 1c;7 -tc;Q •Q 1 I 7 f..lJ c;,, 
•10 2 8 , 221 2 3 ;> -10 b l 7 \1.16 . ti.Ill .q 1 1 0 R'~ .. q' .q c; I A c; ti c;' . .. q 1, A ?~/J ') c; 7 
•iO 2 q 21ll 221 • 10 t, 18 ; l 1H • t 9c; .q l 11 11c; •11? .q c:; 1 7 ?I.IA i' lJ 7 .q 1, Q 11,1 .. ,an 
•10 2 l 0 : 186 •189 •\O 8 1 . 113 •114 .. 9 1 I;> 1c;o . 1c;, .. q c; 1 A All •91 ··•· .q 1 I IO ;, R 1 .;;, c;' 
•10 2 11 : 116 -121 .. •10 8 2 12.3 •l?.1 .. 9 l I 3 c; q t, c; .q c; 1 Q IA1 •1AI • q I 1 I I . R, 70 
-10 , 2 12 156 161 •tO 8 3 28 t 8 •9 1 t 4 I% •?07 · .. q c; ;> 0 Ah g;, .q t I 1;> I f.. c; I llA 
-10 2 13 1 6 1;> •10 8 ll 1 42 137 . .. q 1 15 . Qt, IJ7 .. q 7 I "' •h1i . .q I 1 1' c; 1 IJ n 
-10 1 2 l ll 11.15 •lll9 •10 E\ s 62 c;,, .. q 1 u, ;>Ah ,no .q 7 , ;nc; .-;,p,7 • q I 1 1 ll '\Q .,q· 
-10 2 15 87 q3 .. ,o 8 6 83 •79 .q 1 I 7 1r;,; ·-1c;1, -q 7 ' 3h •IJ 0 .. q " I t OQ I O~ 
-10 2 t 6 . 11 0 120 •10 A 7 196 •1A7 .. q l tl\ ?70 •;:>P.1, .q 7 ti 1 c; Q , c; lJ .q n , 11,;:, _,c;i; 
•10 2 1 7 . 182 -1qo • t O . 8 8 20 ... ;:,-;, •9 1 , q tr;;> t c; P. .q 7 r:; qi; q;:, .q n ·, H;;> .7,:;, 

. - 10 2 18 £13 • Q t -10 8 9 263 ?. ti q .g 1 ;>O I 71 -1 7Q .q 7 ,, c; 0 /J IJ .q 11 IJ , ·n I ;, 1 
-10 2 19 137 · 14h •10 8 10 28 ;>; .q 1 ?t ;> 0 •?h •Q 7 7 tlh •IOA .q n r.; " ,c; 
• 1 0 · 2 20 Q2 37 •10 8 11 165 .. ,c:;p, .q 3 t l, IJ •bi' .. q 7 A lhh •1hO .q n I... "' - ·aq 
-10 " 1 , 189 200 •10 A 12 SR 5 I • q 3 ? tnC:, th7 .q 7 Q c; lJ IJ;;> . .g n 7 ,7 'l, c; . 
-10 " . 2 72 7 lJ· •10 E\ 13 28 ,a .q 3 3 . r;,; 'i h .q 7 1 0 tAA 1A1 .q n A c; 1 .. {J, 
-10 q 3 bQ -n •10 8 1 ll 147 •15? .q 3 " 159 170 •Q 7 11 IJA .. tn .. R 0 ;, t;OIJ .c;np. 
•10 " . u 8 1 r; •10 8 15 78 7? .q 3 5 A .. q .q 7 I ;> 1 ') 7 •A 0 II ;> ',, ?/JO 
-10 " 5 77 •81 •10 8 16 164' 158 .q 3 6 1Uh •35A .q 1 n 'iA c; IJ •A 0 I,, I, 0 - 7 c; 
-10 4 6 176 •181.1 -10 10 1 23 ?. I.I •9 3 7 AQ : •E\, .• q 7 \ IJ 17, -11,c; ,. A 0 A ,., ' • f.. A 
-10 " 7 127 13;> -10 10 2 lo .. q .. q 3 A 1 c; q 1h7 -CJ 7 I t; IJ? •IJA •A n 1 0 l,IJ ,, c; 
•IO · lJ 8 305 31' -10 10 3 \ 7 . IJ .q 3 q 1 q1 · 1 Q4 ,.q 7 1h ?ll 7 ;> '\A •A 0 I') Q c; QQ 
-10 4 9 52 -5;> -10 10 I.I ' 6g bh .q 3 10 ;>q;, •1iOt .. q 7 17 . 1 Q -11 •A 0 Ill ;;,11, .;;,;,o 
•JO lJ 1 0 271 -27q •10 10 . 5 1 0 -7 .q 3 It 141 •1 /Jo -Q 7 t A ;,,;t, .;;,37 .. p, 0 1,... ,OQ ,n 
-10 4 1 1 31 29 -10 10 b 197 •l7h .q 3 t;> 1qc; 20? .. q 7 \ Q . c;1 tn .. P. 0 I A 1£Jll .. ,C:.IJ 
-10 ll 12 154 15 El -10 10 7 74 -5/J .q 3 t3 ;,o I ;, .q Q I 1 Oh •Q7 • A o ;;,o ;;, c;;:, ;;, c;,, 
•10 lJ 13 7 •6 •\O 10 8 . 338 ?.Qa .q 3 !4 All •E\9 .. q Q ;, 'ii -4;> • A 0 ;>-;, 7, .7;, 
•10 " 14 26 - •2?. •\0 10 q 91 81 .q 3 15 30 . 3A .q q ' 7A 71.1 •R ;, , ,aq .,au 
-10 LI 1 5 52 .. s;, •10 10 10 . 336 •301, .q 3 t 6 70 •70 •Q Q I.I 11 7 t n -R ;, ;:, HO •HO 
.. 1 0 I.I 16 qo -87 -,o 10 11 75 •67 .q 3 1 7 4;, .. /J "l, •Q q c; h t c; - p. ?. ' 1 1, I 1 A 
-10 /J 1 7 11 ll 11 c; • 10 10 12 178 1 6 h .q 3 18 110 ·· 1oq .. q q n IQA •l6A •A ;> IJ ;> , c; ;;,11, 
•10 q 18 66 7? -10 10 n 30 19 .. q 3 19 \ I 7 · .q q ·7 1"1,1, •11 Q • A ;> c; I £17 I c; 1 
-10 Q 1 q 113 •115 -10 12 l 143 130 .q . 3 ?O ?O •h .q q A ;, 0' 1 E\ 1 .p, ;, n ?J../J .;,7c; 
•10 h 1 160 17 '\ -10 12 2 99 .q, . . · . • q ., ?.1 , , 1, ' 2, •Q g Q ?n4 2;0 •A · ;, 7 '"' .. -z,71, •10 b 215 •21A • l O 12 3 123 •10Q •9 5 l ;,q;, 30'.\ . •Q q 1 n 1A7 •17Q •P. ;, A ;, a, '? r::, 7 
•10 b 3 123 •12£1 •10 1?. . ll . 130 . 11A .q s 2 .too -102 .q Q t I !Rt •l6A •A ;, Q , IJO . ,r::,c; 
•10 b Q 77 t,q •10 12 5 27 . , ?.O .q 5 3 187 •tAP. .,q Q Ii> · 1'A "' •A ;> I 0 ,,,., -;>IJ 7 
• 10 · b 5 65 l,P, •10 12 b l?.6 •I 10 .q 5 /J 'I, '.\4 .q g " . 1 A •10 : .. A ;> t I ;,1.1<; .-;,c-,c;• 
~10 b b 51 5'i • 10 12 7 87 75 .q 5 t; v; •35 .q q \ I.I 7 ll •7;> j. A ;, 1, ILIA 1,\ 1 I.O 

:I --.J 

!: ,, 
,· 
I 
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UHSERVED ANO CALCULATED STRUCTURE FACTORS FOR (PT3S?(P(CH3)?Cr.nH'il)nl CB(r.?H'i)IJ)? · P Ar~F i; 

H K L · FO FC H K L FO Fe H K L FO FC: H K I FO Fr H K I Fn Fr 
•8 2 13 /JS 4 t, •8 t, 17 t56 I ~/J •81?. ' B 10Q to;, •7 ' 1' /JO . ,;, -1 7 , I, 'UlR ,n 'i 
.. 8 2 t (J 111, •1?.t .. 8 t, 1 tl ??R •??.Q •8 12 q t 4'i "'I 3H 

_., 
' 1 IJ 'i 0 .i;;, -1 7 , 7 1 I, -n 

•8 2 15 I tJ1 I tJQ -!l b lg \09 •IOA • A 12 t 0 1,<; ·•t,O ... 7 ' , c:; ?R t n -1 7 IR ,n;:, .. ;,q ~ 
• !l ?. 1 6 1.05 108 •8 t, 20 175 1 71-, -8 12 , 1 tit, 7 p, -1 '> 1 h q7 •r'/Q -7 . 7 1 q 1 h 
- !:l 2 17 177 •184 "'!l 6 2 t' ?. IJ 3/J ... s l?. 1 ?. <; R ht •1 1, 1 7 /J 7 •tJ9 -7 - 7 ;,o ;:,p; ;, 1 R 
-8 2 18 37 -37 -8· fl 1 ?.o, -tC)t •R 12 

1 ' 
t;Q i:,7 •7 ' 1 A 1n F\ h -1 7 ?I I I -1 •8 ?. l q 1 21 127 •8 8 2 159 •IU0 -13 I tJ 1 1, H \ \ _., 

' 1 CJ 
;, 1 ?U - 7. q I ;,nu -?nh -n 2 20 C, CJ ht, •8 R :s 1 0 '\ 9(J •fl I IJ ? 1 7 /J • t 1,4 -·, ·, ?O ? q ?n -1 9 ;, It 'i .. 4q 

-8 2 21 1f, l n - 8 H 4 ?. 0 7 111 ·, •8 l'J ) ;,1, •A ... 7 '?1 ;:, , ?H 
_., 

Q ' qr.; q<.:; 
•8 2 22 qq :•9'i •8 ' 8 5 65 c.; /J •8 t 4 (J 91\ 91 -1 ' n l?ll •1?1 -1 q /J 1\/J 11\ 
-8 IJ J, 2?.2 229 .. 8 8 b SH •'i6 . -13 14 5 h1 h IJ -1 ' ' ;, ' f,;:, • 71 -7 9 c; q n QO 
•8 IJ 2 1 0 I l O t - •'3 8 7 ?.19 •?.01 -8 14 b ;r; I.I •7 r; · 1 409 tJ 19 -1 Q h ;:,;,<; .;:,oc; 
-8 lJ 3 135 •13? .. 8 1:1 " . H •17 •A 14 7 1 Io ~., c; . -7 'i ;, \7.0 •171.1 -., q 7 ;,o, .. 1q1 
-!:l IJ 4 116 1 I 9 •8 8 9 n2 · ;:, 4 c; •1 1 1 ;.,<;c; •;>IHI •7 c; -~ 11-17 •Ill? -., q p, ? ? (, ;> 1 n 
-8 4 5 Q 0 •110 •8 . 8 1 0 1£1 I 4 •7 1 ?. ·nA •3 \II •1 . 'i {J 1S7 1"i1, -7 g q ;, p, q ;, h;:, 
•!3 4 0 282 •28R •8 8 1 1 us •1?.q -1 1 ' no 131, •1 c:; c; f,,0 - f,;, . -1 q 10 ;:>1)7 •lll7 
-8 lJ 7 76 a, •8 ii 12 /j 7 ~n· -1 l IJ ;:>?? ??.P. .. 7 c:; h ;:,r.,7 .. ;:,c;q -7 9 1 I 1 1,1; -1 lJ 1 .. 8 ,, 8 36'j 36, -8 I} 1 3 22 q .. 7 1 t; . 'i 9 I, c; •7 c; 7 11,n I h;, -7 q , ;:> ,u 1 ;,,,, 
• 8 ti 9 'j 1 •UlJ •8 8 14 161 .. 1c;n -7 1 6 lJ 7 .. IJ q -1 'i R ;, ;:> h ;,,o -1 q 1 -~ ,. (, ,c; 
•8 (J 10 3LJ5 •31.1~ •8 8 1 ~ 1 t 2 106 •1 1 7 n, • ?ii u •7 'i q ? /J 1 .. ,> lJ 0 •7 Q 111 <;Q - c;q 
•8 4 l 1 69 n •8 8 16 t 77 UH •1 1 8 . £JO •4, ... 7 'i 1 0 ;:>V~ •??..7 -7 9 1S RR C/1 •8 4 1~ 2 'i 1 2SS •8 8 l 7 17?. •170 . -1 l q ;:>88 297 •7 'i 1 I 1 7 P. t 77 •7 C/ 1 h 1 h 1,. 
-8 IJ 13 36 31 -8 8 18 136 •12H .. 7 1 1 0 I Ii 14 •1 'i 1 ;:> \RO 1 7 ll · -1 C/ 17 11,;, .. ,,..,. 
-8 ll 1 'J I 6 •I? .. 8 R 19 12 1 1 t 7 •7 1 1 t ?40 •?.'itJ •1 c:; 11, ~A 1, IJ -1 9 I p, ;:>1, ?A 
- tl . ll 1 '..i 122 •l!R •tl I 0 1 lJ (J ?.3 •1 \ , ? 1,;:, h~, -1 'i 1 4 1r.;1 -tc;o .. 7 q IQ 1" 1 ?R -8· II lb 72 •71 -8 10 2 ?2 \ 0 •7 1 \1, ;> 1, ;,q •7 'i Ii:; 1QO •19P. -7 11 I I/\ t, 190 
• 8 IJ 1 7 1 lJ 1 11.l 9 •8 10 3 ?. 1 c; •7 1 14 17C:, •tFl? •1 'i 1 A , P,(,- 11-\ 7 -1 1, ,;> 'll ;:,q 
•8 CJ 1 8 . 3 }! 41, • 13 10 (J . r,?. IH -1 1 1 c; 1 c; h 1 I, (J •7 'i , 7 ?IJ lJ ?'.Jf, . -7 , 1 ' 1 1 lJ • 1 I 0 
- 1:\ 4 19 1/JS •ltJt; • 8 1 0 s 4:S -~h .. 7 1 Iii ;:, ', c; ?h7 -1· c; IR qp, •Qh -1 \ 1 lJ 71, 7 tJ 
• H £1 20 q 12 -8 10 b ?,£1.; •?11.1 •7 1 1 7 HQ •141, -7 'i , q !QC/ -?07 - 7 , , 'i '0 1 7 -8 4 21 50 5? •8 IO 7 . r:;;, _,,,, _ . ., 

1 18 ?IJ9 •?Sh -1 'i ;:, n 9/J IO? • 1 · I 1 h I 7;:, ,. 1 n IJ 
•8 4 22 128 •129 • 8 1 0 8 ·~s 1 3 3t; •7 \ 19 10;:, 1 n, •1 c:; ;, I hlJ h;, -7 1 \ 7 a;:> tJ 1 • H b 1 lHIJ 1 9 ', •8 10 9 38 1 ':i ' •7 1 ?O th? 1/,' -1 c:; ;, .., !?CJ •13U -1 I 1 R ;:> -~ , ;>1;:, 
-6 b e 320 •33?, •8 I 0 10 . 317 •?.11, -7 1 ? l \ ~ •?.5 •7 7 1 ?Q •1h -1 1 1 Q 70 - 1,, 
-5 b 3 156 •16?.. •8 1 0 1 1 Sn •49 •7 1 n · l,Q • ll 1, •1 · 1 ;:, Lill, •lilt; -7 11 1 0 ?10 •1llh •8 b ·. LI 1 tJ 0 137 •8 1 0 12 17 l) 17, -1 1 ?. 3 l,;., •hq ' •1 7 ,. (JC/ 1,Q -7 11 11 IJ H t; , 
,..5 b 5 (J 1 4 1 •o 10 13 37 t t -7 3 1 ll1 •3n -7 7 /J 1 q R I RI .. 7 11 1 ;> 1;, 1, 1 ;> 0 
•8 b b 28 15 -8 1 0 ·1 4 1 • l !J .. 7 3 ?. 1 0 II 1H •7 7 t; \ 0 1 h •7 1 \ n {J () ;:> <; 
•H 6 7 136 1 3 I •8 1 0 15 ?b 1 'i .•7 :~ 3 ?i, ... , ' .. 7 7 h I'\ -t; -1 I t 1 /J Q .. ;:, I - a b 8 77 •80 •8 10 lb . 7 4 •71, -1 · 3 4 t lJ 7 t /j 'i .. 7 7 7 Q'i -11, -7 11 , c; IOQ •107 
-8 b 9 .· 187 •18? -8 10 1 7 1 3 -1 3 5 1oq 10R •7 7 R 101 •QQ -7 I l 1 I, "-1.l - r; 0 •8 f? 10 85 8q -8 12 l \ q 5 19 I •7 3 h 1/Jt; •,/JI, •7 7 Q 7 'i 7 t; •1 \' 1 1 4 1, \., 7 
•H b 11 74 n -~ 1?. 2 110 •107 •7 3 7 1C,O •ISH •1 7 , 0 q;., Rt:; •7 11, ;:;, ;,o;, .;,n;, .~ b 12 41 3q •8 \~ · 3 1-IJ \ - 1 :~1, • 7 3 fl 49h c; \ f, •7 7 1 1 htJ •6-~ -1 , ,. ., 1;,q •1'0 
• 8 b 13 lJ ll 31.1 -6 12 4 127 10B -., 3 9 Vi? lnO •T 7 i;:, . c;c; r.;" •1 Ii, u 1 1 7 1 1 IJ 
•8 6 1 IJ 181 •177 •8 12 5 50 3R •1 3 10 ll9A •'ilO . .•7 7 1,, n 1 H •7 11, c; 1? 71 · •8 6 15 1~5 •152 •ti 12 b 14?. •1?.R •7 3 t t t 61.1 • l li'i •7 7 14 ?4? •?ll? •1 " 

,., p, 7 . 
•8 6 1 o . 260 260 •8 12 7 B7 76 •7 3 12 ?bb · ?.78 -1 7 1 c; ?t I q •1 n 7 ', ',, \D 

co 



OBSERVE D AND CA LCULATED STRUCTURE FACTORS FOR (PBS?<PCCH3)?.(r, t, H<;) H) Cf:l(C:?H'i)ll)? 1-'hr.F lJ 

H K L FO FC H K L FO FC H K L FO FC H K I. FO Fr H K I Fn F i. 

- 7 1 3 8 77 - 73 •6 ll 2 2 9 !R - 6 8 c; 10H \ 09 • h 1 ;> 1' u9 IJ7 .. , -,, Q ?Q , h 
.. 7 H q 33 .. 2t; '" 0 ll 3 \79 - 171-l • 6 13 t, % .. ?. "i .. 1, I;:, I U ?h - 3? .. t; ' I 0 'i9A - h0/1 
- 7 1 3 1 0 lJ ll . in • 6 ll 4 ~2 ll 319 - b 13 7 ;> 7, - ?.bh • b 1 ;> 1 'i 1"i0 • l'iO - 'i -,, 11 c; Q .. c; 7 
- 7 1 3 11 . 20 • 18 •6 ll 

,. 
ll /J 76 •6 u fl 79 7A - h p 1 h 'J n c.,,-, .. , 

' I? ;> 77 ;:,7 ;, :> 
- 7 1 3 I 2 '26 18 • 6 ll 6 LJ':-d .. lJ57, • 6 !\ q ;, h? ?.t.;7 - h 1 ll I -,, I .. ;, 0 - C, ' 

,..,, p.? A;> .;.7 1 3 1 .5 B 68 •6 ll 7 \ ! I 11 c, - 6 B 1 0 I ~ 1 .. 12'i • h I /J ;, "?? h .. ;, -~'i - <; 3 1 lJ ;, q -;, ;, 
- 7 I 5 1 7 1 - 61J • 6 4 H 4 V:i 4 ', t • 6 · 8 t 1 1 7 0 .. 170 • h I IJ -~ /J /J • I.HI . - c; -,, I c; 1c; - 1 I • 7 1 5 2 81 - 80 • 6 · ll q 231J • ?2 1l - 6 8 1 ?. qc; p, h .. f, 1 (J (J t 1 () 11 h - 'i -,, , ,., ,-,, , _, , ;, 
•7 1 5 5 113 1 h • b 4 10 50 1 • 'icl • 6 8 t T, h1 c;, -(, 1 (J t; qo 90 - t; ' 1 7 1 I c; .. 1 1 h 
- 7 1 'j /.I 76 7 -r, •b 4 1 ·1 \76 1 7P, - 6 fl t 4 1 IJO • t rn • h 1 ll (, ?, I q .c.; -,, I A ,, 

'I, 
- 7 15 5 83 77 • b 4 12 H9 3 I() . • 6 8 t 5 t I 'I 120 • h 1 ll 7 I?;> •11/J . c; ' IQ 101 1 0 I 
- 6 0 2 I.J 8 3 • 488 • b 4 .13 \':,9 lh? • 6 8 \6 . 1h7 169 • f, I lJ 11 P, /J • H I . c; -,, ;> o (Jc; 1)7, 
- 6 0 4 282 293 • 6 lj 1 ll 116 • 1 0 7 ._ 6 H I 7 \hO •l r.;IJ · • h 111 Q t 11 11 0 - '-i 1 ?I 1 ' • o 0 6 1 4 I/ 1 61 - 6 lj 15 ,:'12 • ?.14 • 6 8 t 8 ?l,? • ?'>8 • 6 1 ll 1 0 h? c; 0 - c; -,, ;, ;, I /J 7 - 1 u 1-1 
• b 0 8 3 56 .. 368 .. 6 (J 16 ?. H • 10 • 6 !l 19 IOfl 106 - l, I il 1 I qc:; - Q(J - c; -,, ;, , IJ(J _,, n 
•6 p 1 () 34ll 31J I • 6 ll l '/ 1 ?. 0 1 ?.;> - 6 8 ? O I c; /J 1 'i Ii • h 14 I ;:, 19 ?7 - c:; 1 ?/J ;, ? IJ ;:i ;,-i, 
- 6 0 1 2 20 1 IJ • 6 ll lB ?. 2 1c; • 6 8 ? 1 n • \R .. c; t 1 ;;> IJh • ?11-\ - c; t; 1 lJ HQ IJ 1,c.; 
• b 0 1 4 31JO -3 ':iO • b 4 19 9 il • 100 • 6 1 0 I :rn • 31 - c; 1 ;, , 1n - 3 ?o - <; c; ? ;>1,Q •? IJO 
- 6 0 16 3S5 36? - 6 IJ 20 /jl) /J 0 - 6 10 2 11R L;R .. c; 1 ' ? 1? ??7 - c; <; ..,, ;,,c; - ?? ? 
• 6 0 18 2:,'; • 25? • 6 4 2 l ?. q .3 4 ... 6 1 0 3 17 --~' -c:; 1 (J ;,;, -, ;> 3c:; - c; <; (J IJ r; 7 IJ ;, 1 
- 6 0 20 127 133 • 6 /J ?. 2 167 - 16R • 6 1 0 (J 67 c; 7 .c:; 1 'i 1 c; - 'i 0 - c; c; 'i I 0 -" - 6 0 22 61 • :, i -6 lJ 2j 1 • h - 6 10 5 I lh 101 - c; 1 ,., h IJ c; (J - c; 'i f,, -;,qq - ?Qi-, 
•6 0 2 1.1 213 - "ti 7 • 6 6 I :mo 270 •6 10 h ;,7-i, • ?6t; _., 

1 7 :1.06 • 310 . c; c; 7 1, 0 (J ? q;, 
• 6 ?. 1 2 <J l •2 f\8 • 6 b 2 454 • ll1A - 6 1 0 .7 Io, .. 9 /, -r.; I H ;, :n • ?lJPi -, c; n ,o' ,n;, 
- 6 2 2 178 • 169 · • b b 3 183 • 170 • b 1 0 II ? HQ ?RO •'i I Q IJ 1 ;> 4?? - 'i c; Q ,7q - ,17 
•b 2 3 1 1J l l ':i:; • b b 4 2R'i ?.M • 6 t 0 q 7;, n - s 1 1 0 1 9 P, ? OU - c, · 'i 1 0 ;,,c; .;,,n 
- b 2 4 72 77 - 6 6 5 IO I -<n • h 1 0 t 0 ??9 - ?.18 -c; 1 11 1 hh - 171 - C, 'i 11 ? IO ? 1 I 
•6 2 5 10B 111 • 6 b 6 1/J/ • 14? • 6 1 0 11 10, "'. lOO • 'i 1 1? 1 q - 17 - C, c; 1? ;, , q ;.,·n 
- 6 ?. t, 177 • \91 . - 6 6 7 228 ?. ?. 0 - 6 1 0 I? I Ill\ , /J 4 -c:; 1 n "\q . - :rn - c; 'i 1' IJ q IJQ 
- b 2 7 271\ •2 8? • b 6 8 43 4;> - 6 1 0 1:; ,H '!, 7 ... c; 1 1 IJ ? ·v - ?.31 - r.; c; I IJ ? Q7 • ?QA 
- 6 2 e 245 2 55 • h 6 9 11n - 16 1, -6 1 0 l 4 14 • ?h -c:; 1 1 C, ? 7? ? I\' ... r.; 'i 1 'i ? ? Q - ?? ' • b ;> 9 4 s ·s 470 - 6 b 1 0 13 -7 - 6 l 0 1 5 (J 7 •41 .,. c:; 1 1 /, ? hQ ? c.; I\ - c; c; I n 1 q? 1 Q;, 
- 6 2 10 3113 • 3B • 6 6 1 1 63 66 - 6 1 0 16 107 • !OP. . - c; 1 I 7 ;:,07 • ?11 _., c; 1 7 ? 71\ ;,71-, 
- 6 ?. 1 1 317 · 5?7 .. b b 12 11 S 1 I 4 .. 6 1 0 1 7 ?h 211 ... , 1 \H ??fl • ? ?. t, -'-i t; 1 R 1 I c; • 1 I 7 
• 6 2 12 16 <; 17? - 6 b 13 36 3?. - & 10 I Ii D? 133 - c; 1 1 Q I, q 71 - c; c; 1 Q 17 CJ -1Fi? 
-6 2 13 49 • 4<; • 6 b 14 3'i5 • 356 • 6 10 19 1 t, R - c:; 1 ;:,o t ;9 1 4 ? - c; c; ;, 0 1;,c:; , ?CJ 
- 6 2 11.1 51 •':,\ • b 6 1 5 85 • 89 - 6 12 ! . ?BR · ?QI - s 1 ?I ? P. -n - c; c; ? , h1 c; II 
'"0 2 15 2 1 I.I 21? • b b 1 b 31n 3ll 1 • 6 · 12 ?. 7 ;, • 7h -, I ;,;, 7") - f,P, - c; c.; ?? 17 , - 1 7 0 - o 2 16 38 /J O .. c, b 1 7 18ll 18 ? - 6 12 s Pn • \HlJ . - ,:;; 1 ;> ..,, c; 0 - lJ P. - 'i c; . ;:, ' htl ,., c; 
- t, · 2 1 7 2 09 •2 14 • 6 b 18 cRll •2 Hn - 6 11 ll c;o in -c:; , la ?O • lh ·- t; 7 t ;> 'i , , 
• 6 ?. I 8 HO • 85 . • 6 6 19 17 9 •17 7 - 6 12 5 ;> i.J --~ (, - c; -,, 1 H - u \ - 'i 7 ;> lJ70 . (J(-,t; 
·-6 2 19 1 3ll 1 3 h • 6 o ~o 21 7 ?. \ <; • 6 12 6 ?.h • 9 .c; ' ? . r:,p, c; 7 . - c; 7 ' P.7 KIi 
-o 2 20 130 1 3 1 - 6 b cl · H 40 - 6 12 7 10 ? to? - i; ' ' ? 1 • JQ - 'i 7 (J ,01 ;,~o 
• b 2 r.1 16 1 .) • IJ • b 22 113 • 111 • 6 12 R hi h? .. c; ' 4 14 () 1 ?. ' .. c; 7 c.; IJh -', • b 2 2 2 h3 •7?.. .. b 8 1· ~Hij = ~~~ • o 12 q bA • 7?. -c; ; c; 1 1? tOQ • c; 7 h 71-, - 1-11 
• b 2 2.-S 100 . qq • b 8 •b 1?. to b? .. 1,1-1 -~ ' " ~q ·\ • 1QH - c; ., 7 , 0 t; • Q 7 
• 6 2 2 ll bS n .. b 8 :s \ 1R 1 ?i? • 6 1 2 11 Uh 1)3 .c:; ' 7 n i.; - 15 0 .. c; 7 p, OR • LJIJ 
• 6 q l 2 6 1 26 5 •u . ll I.I 169 lb O •b 12 12 1 1 14 - c; ' R 7 0 5 710 .c:; 7 Q 10, 1 (\'li 

I..O 
I..O 



---. 
): 

OHSERvrn AND CALCULATED STRUCTURE FACTOR S FOR (PT3S?.CP(CH3)?Cr.nHS11h1 (R(C: ? HS)ll)? PA(;f c; 

H K L FO F C H K L FO Fe H K L FO Fr: H K L r:n Fr. H K I Fn Fr 

- 5 7 1 0 26 19 - 5 11 1 b . 87 • 87 · - 4 2 q i:;3;:, 530 - /J h H ,,. -,;:, • ll 1 0 11 V, • lP. 
- 5 7 1 1 1oq -t ou .. 5 l 1 17 167 -1 b ,> - 4 2 1 0 \IJ9 - ·~/Jr, -li h q 11n - 11J1J - a 1 0 1;:, 1 7 7 1 fl c; 
-5 7 12 105 11 0 . - 5 11 18 79 fl IJ - '-4 2 11 ?69 •?n9 • IJ I, 1 0 10;, 107 - a 1 0 n t.; P, i;,;:, 
• ':i 7 13 ll 0 - 27 ... 1:, 13 1 11J5 1 IJ {, -a 2 12 ?lQ ? 1 , .. ll h 11 1 0 fl 10? -IJ 1 0 1 (J ? q . ;:,, 
- 5 7 1'1 2-':iO • 2U9 • ':i 13 2 ?3R •249 - 4 2 n (i,. • /,0 • IJ I, 1? 1 HIJ l 7 t:J -IJ 1 () I c; H7 • t\U 
- 5 7 15 69 7 5 •5 13 .s 1 0 b • I l 1, • lJ 2 1 /J in - /J ., - IJ i, ,,. Q -?c; - /J 1 0 I 1-, 101, • 1 0 £J 
• 5 7 16 3 SH 35<; - 5 13 £1 Ub 51· • IJ 2 15 ;:>Qt, 291 - u Ii 1 a '1/J - :~10 - u 1 () I 7 1 c; 1 n ) 

' - 5 7 1 7 1' q ... 5 13 5 68 7 ? - 4 2 \ 6 YI II, - a I, tri 1"i6 • 1119 - a I 0 1 fl q, q I -s 7 18 398 • IJ(l4 , -':, 13 6 67 59 - 4 2 1 7 1,0! •?911 • 4 I, 1 {, ;1-, IJ '",/, 7 - IJ l 0 1 Q ,.,. - ;, c; -s 7 19 21' . • 40 .. 5 13 7 1R ?IJ • IJ 2 1R u H .. , fl - 4 I, l 7 ? 1h ?17 • IJ 10 ?O 'Hl - 1,(J - 5 7 ?. 0 ?. s lJ 25\ _ ., 13 8 65 -1,1, . •4 ? 19 1 tJ l 19'1 - u I, \A '1 -~ - , 1 ,Ii •IJ 1? I 1,V, 1,1, \ -s · 7 21 20 25 -s I 3 9 bO •':,7 •4 ?. ?. 0 97 qq • IJ f, 1 Q 111 - 1?.o - 4 I;, ;, 71-, • HO 
•5 7 22 n • '!h .. 5 13 1 0 42 IJ I · '-' 2 ?I · bh .. l, 0 "!' IJ ,, ;,o ;, () 0 ' 20 n - a I;:, ,. 11,c; _ ,,., 
• S q 1 288 •.$ 03 -s 1 ~ 1 1 l l • ll 2 ??. 10h • 10R • IJ I, ? , ;, q 30 - u 1 ;> IJ t.;fl h? 

. .. 5 9 2 29 1 IJ ... 5 13 1 2 14 • r; • 4 2 i'3 QIJ •9A •IJ I,;,;, P,/, - qi' • IJ 1? c· lllJ - c.. c; l 
• 5 q 3 37 5? -s 13 13 S') Sn • 4 2 ?U 1 l ~ 1 11\ • IJ h ;, ' ·, 3q • 4 12 I, 1 - 1 ,, _., q 4 90 Ba - 5 13 14 78 , .. ac; - IJ 2 ~5 169 I 71 - 4 p, 1 i> ,19 - 2?.C) • IJ 1i' 7 1H 1 /J 7 
- 5 q 5 20h 200 - 5 13 15 · 106 .. \OR • 4 ll I ?hlJ ;; ?. f\ • 4 H ;, Vl 1 - ,su - u I;> ll 11 ? P, -s q b no - 211, -', 15 1 123 - 1~1 • 'I /J ? 1 7 • Ii' .. 4 f\ ' 1 7 'l I II n •4 1? Q 1 o ·, • , 1 n 
• S q 7 2 85 - 201 -s 15 2 99 - 107 - 4 4 3 1 r; 5 • 111 I, • IJ p, IJ 11,4 15;:> -u I;:> 111 /,Q - 7 /J 
-s ' q 8 252 ?. 4 3 - s IS 3 I 8 2 1 -4 4 . 4 ;.> 7 1 ?6H .. IJ p, c; 1 H, !71, - IJ 1 ;> 11 IJ/\ i:.;, 
•5 q q 21J 3 2°1J6 - 5 15 /J 1 26 l ? Q .. q 4 , 1n .I OQ - 4 fl I, ;>Q . - 17 -IJ I;> 1 ;:> h? l,U 
- 5 </ 10 ?.llb • 2/J6 - 5 IS 5 1 0 '.\ lo 1, • IJ IJ 6 'i 1 q • IJ/11, • 4 fl 7 J/J /J • 3 c; 1 - IJ , ? 1,. II <; lJ\ 
•5 9 11 171l - 17 6 • !) lS 6 h5 - 70 .. 4 4 7 6, n "!' IJ f\ fl p,;, F\ IJ - a I;> 1 /J 'i " - c; 7 - s q 1?. 16R l 7?. -s 15 7 1 b I • 16'i .. /J IJ 13 7 p,c; 7 h?. .. IJ f\ Q 31,4 :n1 -IJ 1? I c; 1 ·,q - , /J;., 
• 5 9 13 fl H 9? •5 15 8 4S 41, - 4 4 q :na • 328 • IJ p, Io I IJ I •l3n - IJ ' 1 ?. 1 I, /JI, 1-, 7 - s 9 1 4 3 7 . • 3 l • 5 I 5 q 146 150 • IJ ll Io tJ t, c; • II 6 I •IJ H 1 I ;no .. ;,y, - 11 1 ;> 1 7 1R7 1 q7 
- 5 q 1 ':, 3?. 3 1 .. , 15 1 0 ' IJ3 • IJ7 • 'I 4 1 1 1 SI I IH • 4 p, 1;, !(1,. 1 h, • IJ I LJ I c;u • /JI - s </ 1 b 1 IJ - 4 0 2 331 - :n1 .. 4 4 1? i' fl l i'75 • 4 R n ,7 ll ? - a I IJ ;> ·;, 11, .. ;>i, ;:, 
• ':i 9 1 ' 14S • 141 • 'I 0 4 325 3 1Jq • IJ 4 13 HB P,1, • Q . H I IJ 1? 1J •l?.IJ • IJ 1 £1 ,. I 7 . ;.,, 
-s q 18 26 .. 2 ?. -4 0 6 'H9 ?. RI • IJ 4 14 10 ? •106 • IJ H I c; no t3q - IJ I IJ /J ' 7Q <in -s </ 1 q 1 1 6 1 2 ?. - 4 0 8 ?. 9 2 • 3 1 -~ • 4 IJ 15 17 ? •1 '10 •IJ H 1,., i' I h 2\1, - u Ill i; Hh Fi;> - s 9 2 0 c3 1q , .. 4 0 I 0 300 306 • IJ IJ 16 I\ ;> - 82 - IJ H 17 11,0 • l 6 n • II l U " 

, 1 I, • r:; 11 1 ?3 0 ??..7 - IJ 0 1 ?. 64 - 1,1, •4 4 1 7 1 'i 1 I 4 fl •/J H 1R ;>41, - ;>IJl} •II 1 IJ 7 10;:, - In,1 
.. 5 1 ! r. 1 2 '> I 21J - u 0 14 ~67 • \S7 • 4 4 1 13 IJ7 47 •IJ p, 1 Q 77 74 •IJ 1 4 H c;' - c; <; -s I 1 5 16 'l •1 63 • 4 0 16 485 IJS6 • 4 4 I q (,Q •h l - a p, ?O 1S6 tt11l • ll I IJ q p, h p, q ·~ 11 4 H1 85 • ll 0 18 3.18 • 301 - 4 IJ 20 IJ5 46 • IJ p, ;, I I 7 - u I u 1 n t.;Q LJ q 
- s 11 s 36 • 3 3 -4 o 20 102 Q(, • ll 4 ?I h IO •4 fl ;>;:> I, 7 - 1a • ll I IJ , , Q c; . qq 
- s 11 6 l h O • 16, •4 0 22 74 - 71 • 4 4 ;, ;, 1 7 6 •16A • 4 1 o 1 n SQ • ll 1 IJ 1;, ,;, ,., 
- s 11 7 b I 60 - 4 0 2 4 1 • ?.q •4 IJ 23 1 ;>;> ' - u 1 0 ;, 19/J 2 0 H -a 1 IJ n lJ u U7 
- 5 1 1 B 183 1.83 - 4 2 1 S91J - ,us -4 4 2/J ;, ,;, ?.?. ;> ' •/J I 0 -~ QO .. qp, - IJ , u 1 IJ ,,,. -1 17 
-s 11 q 1 • 21 ... u 2 2 109 • 1? l . /J b 1 ?6 ? ?.HR - u tn LJ 91, 9'i -u , I, l 74 - 7 p. 
- 5 11 1 0 1 27 - 122 - 4 2 :s 2£19 237 • 4 6 ?. 5;,1, • 51? •4 10 c; 1 ll 0 1 :H, - u I 1, ;, 1' 

_ , 1 
• 'J 1 1 1 1 1 b 20 • 4 2 IJ b4 bh •4 b 1 ??'\ • ?.07 • IJ 1 0 (, ? t,Q • ?7' • IJ 1 ,, ' ,7 1 ,, 
- 5 11 1 r. 9b 100 .. 4 2 5 u £1 • 15 . q b 4 7,q 7 · 1HC-, . •IJ 1 0 7 1\R .. 140 • ll 1 h /J Q c; tno 
.. 5 11 13 IJS H •ll ? b 32 1 • ?. 9t .. lJ b 5 no .. 1 10 • IJ , () R "Vh B l •ll 1 I, c; c; q 1,0 
• 5 11 1 IJ 3q ... 3 7 • 4 2 7 417 .. ,1 0 0 • 4 b b 126 - 121 · • ll l 0 q 89 H7 •4 11, h 1 c; q ., c; c; 
-s 11 15 12 0 • 1 1 8 .. q 2 8 378 371J • Q 6 7 ?O b 187 . .. 4 10 10 n;, • 23fl •IJ 1 n 7 11 h •1 1 7 I-" 

0 
0 



0 

UBSERVEO AND CALCULATED STRUCTURE FACTORS FOR (PT3S2(P(CH3)?(~hH"il)h1 CIHC:?.H<i J lJ l?, PAr.F h 

H K L FO Fe H K L FO Fe H K L FO FC H K I. FO Fr. H K I Fn Fr. 
.3 ! 1 1/Jl •135 .. 3 3 ?. /j ?.70 ?6/J •3 7 ;q t.;H •"iR -, n A 71 •71 .;, ;> 1 h 1 /JIJ , IJP. 
•3 1 2 ti09 • olh •3 :~ 25 46 h/J .. 3 q 1 1Rq •lflO 

_, , '\ Q i'h -3;, -;, ?. I 7 ,,,, -;>Q7 
•3 1 3 270 274 .. 3 5 l IJ 15 an - :s q ;, H •?H - \ 1 ·, 1 0 '/h 7c; -;, ? I H ,h - u ;> 
•3 1 IJ Ll 42 UlJIJ -3 , ~ HO .,35A .. 3 9 3 u;, 40 .. , n 11 f, 1 r; R -? ;, 1 q ? ,c; ?!'1 
• 3 1 5 bO •/Jh .. 3 , :s . J lU •3?7 .. ) q lJ II Q R7 .. , n 1? ?.7 H -;, ?. ? 0 1 u 1 1 ,1, 
.•3 . 1 h . 1.;1;1 s,, -.s r, IJ ?. 7 0 2 7 IJ -3 9 5 17S 1 7? 

_, 1 ·, n 17 2r, -? ? ?I ·1,q -H 
• 3 1 7 375 •3 h9 -.s s 5 75 60 -3 9 6 ? ;>q • 2 /j 2 -3 n 10 10'-i •IIH -? 2 ;>;> 1 h, • I h lJ 
•3 1 8 119 103 .. 3 5 6 ?.'i 7 •26 l -3 9 7 ?H7 •'\00 .. , n Pi 11/J -11, -;, 2 -;, ·1, , , ' _, ;,, 
•3 l q 346 . 35c; -3 s 7 IJ IJ 7 IJ ~h -3 9 8 n;, ?H6 -, n \h 1 9 fl ~· 0 '7, -;, ?. ;, lJ I 7 \ 176 
•3 1 1 0 9 H -3 5 fj 215 ?.1 q -~ 9 9 ,nc, 3?1 -, 1 c; 1 1\? -110 - ;> 2 ?'i 1 h q 170 • .s I 11 11q •17?. .. 3 5 q ?.96 -? 81'\. .. ·s 9 t 0 ;>t;ll •?. 6/J 

_, 1 c; ;> 91 •8t? -;, IJ 1 71 Q/, 
• .S 1 12 1 0 ll 100 .. 3 S 10 202 •191 -3 9 1 1 ?IJO •?. 1.JH - ' 1 c; ' 1. 1h -;, IJ ;, f, 7 Fl 
.3 l 13 5,9 Sh -3 5 11 108 1 \ lJ -3 9 1?. 170 179 •'\ l "i IJ qq 1 0 ·1, -? lJ ' c; Q -'i 7 
•3 1 1 ll 2ti3 •2119 .. 3 5 12 ·e/JH 2 :\5 -3 9 1 3 b ;> bl - ' , r; c; 90 IHI -? IJ I.J , 114 1 IJQ 
•3 1 l 5 239 230 .. 3 5 13 . I . 1 0 -3 9 1 /J 7 r, •7/J ~, 1 c; h '1 .. '0 -;, /J c:., 7U <; 7 
•3 1 l 6 3113 36?. -.s 5 1 LI 113 -to, •3 9 15 1 (l"; qq • 3 1 'i 7 Pi7 -1711 -;, ll h <:, /J , .. c; 1 7 
•3 11 17 2131> •283 .. 3 5 15 ?.Llf\ •2£19 • :s 9 16 1n IJ3 - 3 , c; R /JR 11/J .. ;, /J 7 ?O, , q c; 
• 3 1 18 33.3 •315 •3 5 lb l O?. lOU -3 9 17 1 I 7 • l l \ -3 t, q 1 8'i lf lfl .. ? ii p, n;, H hOt:; 
,3 1 I q 1H2 l 131J .. 3 s lt HO 30h -3 9 113 7 •R -, 1 c; t 0 ?1.J • 311 -;> IJ q 1 1, c; -1 '7, Q 
•3 1 cO 221:l 2cR •3 ~ 117 •l?.O -3 q 19 7r:., 7 /J -, I c; \ 1 11, -1n - ;> IJ 1 0 /J/,Q •IJh 1 
•3 l 21 r.;7 •bS .. 3 r, 19 215 -21'J -3 9 ;,o <;q ':i2 -, \<; 1? r.;c.; SH - ;> IJ , , c; , lJ P. 
•3 l 22 9 I.J .. qq •.S S 20 11 6 123 •3 q ?. 1 IO I h .. ;:, 0 ;, h7', •700 -;> II 1;:, 1Hn IRS 
•.3 1 ?. 3 122 •120 •3 - 521 , 32 :~, .. , 11 I 30ll 301 •? 0 lJ 116 I 111 -;, IJ I' ,1 -';, •3 1 2 <I 1 •14 -3 5 22 87 •90 • 3 1 l ? lJ t in •? () h lf.11 -11-,c; . •? /J 1 /j I h •IR 
•3 1 25 1U3 \4/J -3 5 23 90 Hh -3 11 3 1P.O •1H9 -? 0 p, 60 •SR -;, ll 1 c:., hQ -1, 
•3 3 1 13/J •118 •3 5 21J bb 64 -3 1 1 II 89 93 •? 0 1 0 17 n -? I.J , f, 1?.h -1?1 
•3 . 3 2 53 -3, '!" 3 · 1 1 61 5q -3 11 'j 3\ -n •?. 0 1;, 1 c; tJ I 1,0 -2 IJ 1 7 ;> 'i '7, ;:, /J Q 
•3 3 3 lo.S 1 5?. -3 7 2 542 •538 · •1 l 1 6 ?'\h •?tJh -;, 0 1 /j IJ01 -3 n -;, IJ , p, q H 1 o o 
•3 3 4 36 -2:, .3 1 .3 37 •:H -3 11 7 9R 10:; -;, 0 1 h CjRO "i 4 7 -? 4 IQ \9tJ .. ,qo 
•3 3 ':, 167 153 - 3 7 4 ?75 ?..1"!, •3 11 H ?6? ?. l:l?. - ? 0 \ R "i9C/ •'iRH -? /J ;, 0 1 7 ;>' ,3 3 6 SOo •IJC/Q .. 3 7 ':, ?b I 6 • ·.\ 11 q 11, -12, .. ;, o ;,o ' 360 3 c;, -? IJ ;> 1 ?7 ,o 
•3 3 ., 293 -n -~ -3 ., 6 1 0 .q • 3 l I 1 0 . 187 •1 9/ ·? 0 ?;> IJ -~ • 4 p, -? IJ ;> ;> 1 ?O •I?, 
•3 3 H 702 61113 -.s 7 7 11 5 •99 .. ·3 1 1 t l IJ5 r, 0 -;, 0 ?/J hR • (,? -;, II ;,, 71-, h7 
•3 3 q 1 ll b t.rn -3 7 8 22b •2'? .. 3 11 1?. H l h 1 r, 0 -;, ;> , RlO •73R -;, /J ?a 1 R 7, , f\ £J 
.3 3 to t,'j 7 •5',IJ -3 7 9 t 7 u tB t .. 3 11 n 87 90 -;, ? ;, ?h ~ •21.J? -? h 1 ,;, , '0;, ,3 3 11 165 •l6 1J .. 3 7 1 0 IO I 10;> -3 1 1 t 4 ?.? -:n ;.. ?. ;, ' '\Pi -~ \ h -? h ;, lJ <; '} - IJ (, ' ,.s 3 -12 4 'J 7 11/J \ -3 ., t 1 122 •1?.3 -3 1 1 lS 108 •\t5 -? ;, lJ '0 /J 3'0, -;, " ' ;>IJ'i •?U'i 
• .) 3 13 66 •68 -3 7 12 Sl 5':i -3 11 I h lJ2 •lllJ .. ?. ;, i; ?. 'i, ?"ii •? 6 4 1 P," 11' 7 
•3 3 14 so .. 5?. .. 3 

7 l3 52 56 • '\ 1 1 1 7 1 ll h 1':i? - ?. ;, h Cj?.1, • 119, . .-;, (, ., 'i -~ - "n •:S :s 15 89 . 8 q .. 3 7 4 257 •?60 .. 3 1 1 1. 8 ?t 2 .\ - ? ? 7 \/,o •J IJP. - ? h h ?? ;, H 
. •3 3 16 100 •89 .. 3 7 15 21 -2/J • 3 1 1 I 9 12U •126 -? ;, R ;>5;> 2, 7 -;, h 7 , {, 7 I hlJ ,3 3 17 100 -n •3 7 16 39?. tJ O /J •3 13 1 tn 161 •? ;, q lJ I c; :~qn •? h p, ?11 - ;, , 1 

•3 3. 1 8 I 1 1 107 -3 7 1 7 1 •8 - -~ u ?. n, -?.2? -?. ;, 1 n Vlll •3o0 -? h Q ;,o;, .. ;,n, 
• 3 3 1 9 64 67 • 3 7 lH 31b •31R •3 1.3 3 Qt; .. q 3 .. ;, ? 11 ;,c;g .. ;,,i:; -? 6 1 O lJH Sh 
's 3 20 . 35 •37 -3 7 19 18 7 • 3 13 4 81 R5 .. ;> . ;, 1.;, 'lih7 357 •? h 1 .\ l?U 1 ;>7, 
•3 3 21 l 0 •15 •3 7 20 191.1 192. -1 13 5 ::n 20 .. ;, ? n . ;, 9 37 •? h , ;, h, 7;, 
•3 3 22 143 •136 .. 3 7 . 21 1 t lJ -3 13 6 r. IJ .. a .. ;, ? I IJ ?OIJ •195 •? h I' 1;>, 1,IJ 
'l 3 i3 . 1 .. 1 q •3 7 22 S1 •5? •3 LS 7 . 16 l7 -~ ;, 1 c; 241 230 -? h I a 1, o -.t, 1 

f-' 
0 
f-' 



j' 
/. 
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OOSERVE D A~ D CAL CULATE D STRUCTURE FACTORS F OR (PT3S?(P(CH3)?(~hH51)6l (R(C?HS)412 · PAr.F 7 

H K L FO Ft H K L FO Fe H K L FO FC H K L FO F" r: H K I. FO F r. 
• 2. 6 1 5 243 -2 51' -2 10 18 23 23 - 1 1 4 . :n1 301 • 1 5 ;, 'i 4 • Sh ... , 9 ' 1 'i II 1 lJ 0 
- 2 6 16 ?.86 28R - 2 10 Jq 13 - 21 • 1 1 5 4 4 I 409 • 1 ., -~ , 7R ... mo • I 9 ll I 7 h 1r-c; 
• 2 6 1 7 220 2-2 5 .. 2 10 20 44 4 I - 1 1 h :no •319 . -1 'i 4 t,9 f, 0 -1 q C, /J 1 ,c; 
• 2 b 18 2-82 •277 • 2 l 2 1 290 297 • 1 1 7 ,?b • 3011 • I c; c; h4 .. 7 0 - 1 q h ?-,, - ?9? 
• 2 6 19 110 •111 • ?. 12 2 111"/ ,-\4J - 1 I 8 ~o 85 • I c; I, 7h ' • 7 IJ • 1 9 1 ;>c;R . ;>Jc; 
• 2 b 20 I tl 4 138 • 2 Ii? 3 190 .. 188 •1 1 9 18? 7., 3 O -1 'i 7 l,b'i 36£1 .. I q H i'<Jh '?,;> 0 
- 2 b 2 1 :,9 49 -2 12 4 155 16h • 1 1 1 0 134 • 119 • I c; R 9U 9h • I 9 9 '?, h4 7., q ;> 
- 2 b 22 lb • ?.? • 2 12 5 ~u 47, • 1 I 11 1 B • 131 _, 'i q 7., S 8 • 7, (, <, • I 9 I 0 ;>7c, - ? 41> 
- 2 b 25 24 I c:; • ?. 1? 6 1?8 .. 137 •1 1 I ?. ;,-i.,q ?. 0 fl - I c; I o ?7R - i?HO • 1 C) , 1 ;:>7., -~ . ;, IJ 4 
- 2 8 1 311l .;.30, •2 1?. 7 178 190 .. l 1 1 3 I 1c; - 1 I, 11 1HH 201 • 1 9 I? 1 l h I H 7 
-2 ii 2 4~6 • 446 .. 2 12 8 6~ r,q - 1 1 l U :OB • 3114 -, c; i;, q p, 9 H • I 9 n 7., ;> .. ;, n . 
- 2 8 3 6q 61 - 2 12 q 211 • 2H "!' 1 l 1 S 9? 103 • 1 'i 1 ' 7£1 ()9 • I q I u 1 ?1 -1?7 • 2 8 4 22ll · 23tJ • 2 l? 10 107 ·dlh •1 1 16 lJ24 407, • 1 c; 1 l.l ?. ll ?O ... I q 1 '-i 1 £17 1 C, 0 
-2 8 · 5 1 91 204 -2 12 11 86 9?. • 1 1 l 7 ?.66 .. ?7?. . .. 1 c; I c; . ?19 - 23/J •I q If, ll c; c;;> 
.. 2 8 6 7 1 . • 6? • 2 12 12 1 I 8 12, • 1 1 1A £J 32 •4?.0 • I c; \h 7., 7 j/', • 1 9 1 7 1 l, 7 • I ti 1 
• 2 8 7 298 '" 31/J · • 2 12 1 3 66 74 • l 1 19 ;> 2/J ?.4 I · • 1 Ii 1 7 :n 1 3?£1 - 1 9 1 A I 1 1 
•2 H l.l 26 •27 • 2 I? 1 4 104 • lfl9 - 1 1 20 7., I. ?. 307 . • I . c; tR ', H .. b f\ - 1 9 1Q c; (J c; R 
• ?. 8 q 350 368 •2 12 1~ 160 - 169 • 1 1 ?. I 1 - 17 .. 1 c; 1 9 ?.t-,, .. ;,r,lJ - 1 9 ?o H llh . 
- ?. 1:1 1 0 26 I 9 • ?. 1 2 16 11 6 1 25 - 1 1 22 118 • l '.Sb • \ ·, 20 RO 79 - 1 9 ? I ;> Q ;> () 
• 2 8 1 1 2LJ5 • 26\ .. 2 1?. 1 7 17H 18?. • 1 1 23 17? '" 171 --1 'i ;> I 7q 7? - 1 t I 1 I <:/U 1 QLJ 
- 2 8 12 1 0 .S 109 - 2 1?. 1 8 89 • 103 • 1 1 2ll I ?.7 • I c:, ;:>;> :rn • 113 - 1 1 1 ;:> h7 _., 1 
• 2 H 13 67 67 • 2 l lJ l . 27 ?.£1 • 1 1 cS 1 U 1 1 ll H • I c; ? , 8 £J H:-\ .. I 11 ' 1 ;> 7 • l?h 
• 2 8 14 235 • 21-11 - 2 14 2 221 • 2?.'i • 1 3 1 ;:>1;<; •?":,7 • .\ c; ?4 UlJ j1 - 1 1 I u 1 lJ fl 1 <; 7 
• 2 1:1 15 1 I 8 121 .. 2 11-1 3 21 •5 - 1 3 2 ?9? 299 ,. I 7 1 r::., 7 • uO -1 I l '-i hi h? 
• 2 8 16 218 222 - 2 14 lJ 8?.. Bh • 1 :s ) ?. \ 21 • I 7 ;> V'iO • j'ih .. I 11 h ?7H . ;>Qn 
• 2 · H 1 7 1 40 • 15?. .. 2 14 5 ~l 2A • 1 3 4 14 7 1 51 .. 1 7 l, 7 lJ •11.1 • I · I 1 7 Q7 10, 
•2 8 11.l 1 23 • 1 2 1 • 2 1 ll b 1 • 1 1 - 1 . 3 5 n - ? 1 . • 1 7 4 tR9 189 - 1 11 P, l.1-1£1 II?() 
• 2 8 19 66 7 \ • 2 14 7 11B • 1?.6 • l 3 6 63t; •63? . - 1 7 c; ? OU 200 - 1 11 q 1QlJ • ?On 
- ?. 8 20 /j lJ q 1 - 2 1 tJ 8 84 -1n • 1 :s . 7 77 • 78 . • .1 7 f, UR 41'\ - 1 11 I 0 (JI ? • UIJ ;> 
- 2 8 2 1 21 lb - 2 1 £J 9 119 1?.5 - 1 3 A c;;> 0 (j 97 .. I 7 7 mo • lllh - 1 1 1 11 70 1,' 
-2 8 ?.2 1 00 • 95 .. 2 14 1 0 · 78 77 .. 1 1 9 ?OR ?.1 7 • I 7 H ;i:;o -2 uo · - I l I I;> t 7 ;> I~ o 
- 2 10 1 45 Sil - 2 14 1 1 06 • 91 - 1 3 10 (J ~ I • IJ 18 -1 7 9 ?. ':i 30 .. I 1 1 17., 71 7R 
- 2 10 2 50 (j 0 • 2 1/J 1 i'. 19 19 • l 3 \ I \?.h ,. 1?.3 • I 7 Ill 1Ro I 9 l. - t 11 I IJ ;:>7., - ;> q 
• ?. 1 0 3 55 • 5?. -2 111 13 qq /J;, -1 3 12 11 ?. ?..92 • I 7 1 I £19 - 5? -1 I 1 I c; 1;>? - 1,0 
• 2 10 ll 112 11 O .. c 1 £J 1 1, 125 •131 .. , J 13 qr; •H7 .. 1 7 1;> 14 -10 -1 \ I 1 I, ?h q 
.. 2 1 0 5 '.:iB '.:i l - 2 t 4 1 ':, l I 18 • 1 3 14 t,H •!US .. , 7 11 Dh l ~ c; -\ 11 17 1?4 l\r, 
- 2 10 6 337 • 358 • 2 16 1 74 • 7 I -1 3 15 95 8 9 -1 7 14 2 21 -2 3? • 1 1 1 1 H ;,, . -,a 
- 2 10 7 115 • 11'7 • 2 1 b 2 1 ? - 1 3 16 10 9 • 100 - 1 7 1 'i Rh • HI\ • I 1 I \ Q '{"(, - f\ 0 • 2 10 ~ IJbtJ IJ9:S .. ~ 16 3 5 • JI; • 1 3 1 7 5 , - i;;?. -\ 7 1 h ~OH 301' - 1 U - I 1 'i ' 1 c; 0 
• 2 10 9 1 27 13 t • 2 l 6 4 b n - 1 3 18 180 169 - 1 7 17 ?9 - 2, . - 1 I' ;, ? 7h - ?77 

·-2 10 10 3f.9 • (115 • i' 1 6 5 10 3 98 - 1 3 19 '.H, ?. 9 -1 7 Ip, ?hll • 26R - 1 \ j "l, l?"i _ , ;>7 
• 2 1 0 1 1 73 .. 7p, -2 16 b 97 • 9-7 .. 1 3 ?O ??. -2, • I . ., 19 ?H lJ -~ -1 " (J 1 Hr, t q_ I 
• 2 10 12 192 20? • 2 l h 7 146 · -ltJA -1 3 ?I U2 :,A .. 1 1 ·;, n . l?H 1?.? - 1 n i; In - I, 
- 2 10 13 7 , 7 • 2 16 8 1~2 1 IJA •l 3 n 1"/h • 166 • 1 ., ?. 1 ? h 3 c; -1 n h c:;o - <; "l, 
• 2 10 llJ 1 1? • 2 lb q 167 l 7.0 • 1 3 ?3 I · - 2U .. 1 7 ;,;, ;>. l, • i>. ll • l 13 7 ?O . 11 
•2 · 1 0 15 10 • 9 • 1 1 1 57R •5 7?. • 1 3 21' ?6? . 26 2 -1 · 7 ?., Hh • 8? • I \7., p, 4, • Qt-, . 
• 2 10 l n 72 •73 - 1 1 2 7~6 . •7 28 -1 :S 25 • 12 i:,o -\ 9 1 ?. 2t, • 21A • I n ' Q "HI - ;>,., 
-2 10 1 7 1 2 .. 1 1 3 157 139 • l s 1 ' (JQt, 44 0 •1 . Q ;> ' l ti • 11 IJ • l 13 1 0 h I hi 

I-' 
0 
N 



OBSERVED AND CALCULATED STRUCTURE FACTORS FOR . (PT3S?(P(CH3)?(r~Ht;))hl cnrr.;,Hi:;1a1;, 

H K L FO FC H K L FO Fr: H K L FO Fr. H !< I F fl Fr. 

-1 1 3 11 IJ 1 IJ, 0 2 13 1.1 ?I'\ 0 6- 1 0 hh n 0 t n 1 t lJ h -t; 7, 
-1 13 12 lllJ 5 ,9 0 ;> 1£J 2, 3 .. nq 0 b 11 pq q7, 0 1 0 1;, ;,;,r:; ;>7, 7 
-1 1 5 13 3h 37 0 ? 15 lhh 1h? 0 6 1? , 7 .. , 7, 0 1 0 n ? , -1n 
-1 l3 1 /~ • .1 f- I •167 0 ?. 1 h . I \0 \?q 0 6 n ·1q IH 0 I n 1 ll , c; •lf\ .; 1 1 3 15 I:\'; -94 0 2 1 7 310 •3 Pl 0 6 I u n;, -1??. . 0 t n t <; 1 H ?h 
•I 13 1 o 21'7 217, 0 2 18 113 •"iO 0 h 15 ?IJ? •? ll lJ n , 0 lh <; c; -<; /J 
-1 15 1 77 -77 0 ;, 19 I CJ 6 \ 9;, 0 t, I h lj 1 , '0 C, 0 1 0 , 7 lj;,> 1 IJ 
•1 lS 2 92 .qq 0 2 20 92 HC? 0 6 I 7 19? \,99 0 , 0 I A ;:> <; ?? 
• 1 l ', 3 1 3/J 0 . 2 21 2 1 ?.7 0 6 \ 8 ?ht, •?h? () 1 n 1 Q ;>t -30 

. -1 15 (I IJ2 27 0 2 22 169 •lht; 0 b I <I I 1 0 .. I OB 0 10 ?O r.; 0 r::,7 
-1 1 5 5 6h 6? 0 2 23 1113 •12? 0 h ?O 1 IJ 1 1 5 IJ 0 1? 0 1 Q 7 1 l/ c; 
-1 15 6 1 -10 0 2 24 160 I 63 0 6 ?\ (, 'i 61 0 1;, 1 ;, rn ?IH\ 
- 1 15 7 192 •20?. 0 2 25 11n 1 'i 0 0 6 ;,;, 1 Q .. 1? 0 1? ;, ?11 -?.1Q 
-1 l 5 8 38 I q 0 4 0 ?.88 •?'ih 0 6 ?3 -~c; IJ c; 0 t ;, 1, I f\ f, • 1 fl 4 
"' l 15 q 223 231J 0 4 1 70t 6/J 0 0 H 0 101i 100 0 I;, IJ ;>1() ;>;:> <; 
- 1 11 s 1 0 2?. •2R 0 4 2 ?36 ?1? 0 8 1 ?llh •?.6? 0 t ;> . c; 7? 7R 
•1 1~ 11 11J6 .. 14'1 0 lJ 3 170 •16? 0 8 ? ;>()IJ '!200 fl 1? h 1 ·, h • 1 IJ 7 
-1 1 5 12 32 4 l 0 II lJ H3 l ~ 1 0 8 7, v, 7,4 0 t;, 7 1/P, ?00 
• 1. 1 7 1 ' <-i8 6?. 0 4 5 1148 •41 9 0 8 4 ?P, 7 307 0 1;, fl 117 1 ;,7 
... 1 1 7 2 b ', Sf\ 0 4 6 3H, •31n 0 H 'i 1 li? 1 lJ 0 n 1? q ?11 ~??.h 
-1 I 7 3 72 "'06 0 4 7 ?et;, ?O"i 0 8 6 1'1 -11J4 0 t ;;> 1 0 f\ 0 •11 H . 
• 1 17 4 23 •7 0 4 8 6 \ ,, 5 qq 0 . 8 7 1il 7 ·YB n t ;, 11 p.;, p. h 
-1 1 7 5 , 95 95 0 4 9 1?.A •1?1 0 8 f\ 7H -F,' 0 1;, 1? tOQ 1 ? 'i 

0 0 2 1066 •921 0 lJ 1 0 499 •IJ8h 0 8 9 1 1n (I?;> 0 1? I ~ H/J 9(J 
0 · 0 lJ 11 8 1 00 0 I.I 11 /19 60 0 . A 1 0 i:;9 nl 0 1? r a tAQ .. 171, 
0 0 6 87 .. IHI 0 ll 12 159 1 h1 0 8 \ 1 ?\h •?.?h 0 I;, ,c; tH7 .. ,qQ 
0 0 8 214 •16n 0 IJ 1 3 58 •'iO 0 f\ 1? t ljlj 1H n 1? 1 h 11,Cj I 7> Q 
0 0 1 0 98 •97, 0 4 1 lJ uo ;> 'i 0 H I 3 ;> 4 l'i 0 t ;> 17 1C:,9 1 71 
0 0 1 2 237 214 0 I.I 15 106 . ... 9(, 0 8 1 IJ ?7>0 •?3B 0 t? 1 P. 1 Or.J • I ?O 
0 0 1 lj 466 •IJ4n 0 4 16 HI I • I 7 'i 0 A 15 no 1q 0 t /J 0 . ?7 -~ ?Ht; 
0 0 16 5<11 51 I 0 4 1 7 21n 211 0 8 16 ?O;> 21 I 0 t 4 1 ,;, ·n 
0 0 18 579 •570 0 4 IU 107 I O t, 0 H I 7 16/l •171 0 1 IJ ;, ?Oh •?.01 
0 0 20 330 3?6 0 4 19 l<I/J • 1 U 0 8 I H l?'i •117 (). , (J ' 17 V 
0 0 ?.2 Sb •3h 0 a 20 3.?. · q 0 8 19 99 1 0£J 0 · I IJ lJ 111 I ?h 
0 0 .24 so -s1 0 . 4 21 ;.i~ 1 c; 0 8 ?O q7 91J 0 t £J t; 3H ,;, . 
0 2 0 3H 8? 0 /j 22 1.50 •l?h 0 B ?1 t'/ t I n t IJ f, . ?CJ . . ;, I\ 
0 2 1 sn -aq ·~ 0 IJ 23 37 5?. 0 8 ?.2 h7 •71 0 1 4 7 t;>, -130 
0 2 2 28/J •27? 0 4 2/J 195 l 9 c; . 0 10 0 7,;> •?A n 1 ll f\ t;, 1 - 1 ?. /J 
0 2 3 21 ?h 0 h 0 61 IJ S?h 0 10 t q •£1 0 1 IJ q 1 0, 11? 

· O 2 4 51,H 561 0 b 1 ,H ll'14 0 10 · 2 ?O .. 1 I . o 1 4 t 0 c; ;> r:,7 
0 2 5 14 1 12 c; 0 6 2 18 1J •17A 0 10 -~ I. fl n n t IJ 11 101 • t 1 0 
0 2 b IJ27 •£120 0 6 3 199 • 19.fl 0 1 0 lJ 1 lJ f\ 156 0 1 IJ , ;:> ·"' 3A . 
0 . 2 7 516 -1rna 0 6 ll 01 7 P, 0 1 0 5 I, · 16 0 t 4 n ti r:, 4 fl 
0 2 8 IJ25 395 0 b 5 · 109 10? 0 l 0 h 121 •Vl5 0 1 IJ 1 lJ \?/\ •\7,1' 
0 2 q 432 388 0 b b BS l,IJ fl 0 1 0 7 1 I? •121 0 H, 0 ;:> 1. -Iq 
0 2 10 31b •290 0 b 7 98 I 1 ti 0 1 0 I\ lJ 1 r; c; I q o t 1, 1 c; u •l, ·~ 
0 2 1 1 !61 •159 0 b 8 17?. •17/J 0 10 q 1·H 1 4 c; 0 11, ;> t;IJ IJ c; 
0 2 1 l 20~ 234 0 b 9 272 •276 0 10 10 lJC,fl .. 4q; o tn ' Vi · •?.7 

H K I 

0 1 h lJ 
0 1 h r; 
0 1 h h 
.0 1h '1 
0 I h A 
0 1 h Q 
I I (1 

1 \ , 
. 1 \ ? , I ' \ 1 /j 

1 1 c; 
1 1 (, 

1 1 7 
I I p. 
1 1 q 
1 \ 1 0 
1 1 t I 
1. 1 , ;> 
1 \ 1' 
1 I ,.u 
1 1 t c; 
1 1 1 I, 
1 , t 7 
1 1 , p. 

1 1 IQ 
I 1 ?O 
1 I ? 1 
1 1 ?? 
t 1 ? , 
1 I ?IJ 
1 1 ;> 'i 
I 7, n 
1 1 1 
I ·4 ? 
1 7, 1, 
I -,, {J 

1 1 "i , 
' h , 7, 7 

1 lj p, 
t 1 q 
I . 7, t (l 

1 1 1 t 
I ?, 1 ., 
1 ' 1 l, I 1, t ti 
t ' . 1 c; 

PAr~F p. 

i:·n Fr 

1 1 n 
1 OH 1 n h 

77 -7 <-; 
1/JCJ -tC.IJ 

1 ' ' 
1, 1 

1 C:..h 1h, 
p, (J (j 7/H/ 
<; <; , - i:., c; ·~ 
(.,t;,;;> -h<;<i 
;, Cl() ;, n n 
h?C/ A? o 
l! I iJ 1J n n 
?O\ •1Qn 
;>c; ~ .;><;Q 
t 1 7 1 (lh 
/J f\ -~ C07 
1-;,n -101 
;,,r::, .;;>,h 
;>Ht, ? h n 

H - 1 r:, 
;,p. 7 -?(,<; 
1 ;;>(J 1;, 1 
,h? ·< ll Q 
?t;h •?IJ ~ 
,?7 .,;>1 
I 7 IJ I /\ n 
1cn 1 P.A 

;,o -,A 
70 •71 

t 11 _, 11 
1 q ;, /J 

t /j' , IJ 1 
177 .;><Jh 

'ir.J -on 
(J;> IJ <; 
?? •1A 

30? ' (\ C) 
h ·o - ', 7 

uc.;, - /J hh 
I OQ -1?, 
" t; 1, h "<? 
;, p, 7 ;,71, 
IJ7Q •IJ/..Q 
IQR -17A 
"t.09 ,01 

t - t c; 
-~Q •IJ/J 
QCj H 1' . 

.---
0 

--s~ 

f-' 
0 
w 
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OBSERVED ANO c,LCULATED STRUCTURE FACTORS FnR CPT3S?fP(CH3)?(r1,Ht;llhl (R(r.;>HC,14)? PAr.F q 

H K L FO FC: H K L . FO Fe H K L FO Fr. H K I Fn Fr. H K I Fn Fr. 
1 3 16 102 -101 l 7 l lJ ?52 .;,c;4 1 l l 1 7 thR mi, ;, 0 ? 0 I RQ I H ll ;, 4 ;,o f,f, <; R 
1 3 17 122 •llh l 7 l~ 20 •?, 1 1 1 1R I IJ H ;, f) ?? I c; •?I ;, /j ;, 1 · 1 r, 1 ;, 
l 3 I 8 12/-1 · 11 7 1 7 16 125 1?, I 1 l 1 9 1 1 O -11 4 ? 0 ?4 00 •?h ? IJ ? ;, 1c;t; _,r.,c, 
1 .S 19 ·• hlJ 65 1 7 1 7 . 1 •17 l 1 3 0 ?b? ?71J ? ? 0 1 n -1n1 ? IJ ? ,. I 1 ;, 
1 3 20 1 0 •IJ 1. 7 18 338 -3;a l 1 3 I I -p; 1?Q ;> ;, I IJ?IJ -3 8 ? ;, IJ ?IJ ;, I Fi ? I 1, 
1 3 21 7 1 £J l 7 19 1 P, I I .S ? . . ;,1,1 -;,n ;> ? ;, ;,o, •191 ? h 0 Fi I I c; c; /J 
1 3 "?.;, 155 -150 1 7 20 187 190 1 l 3 3 109 •!On ? ;, ,. . n, 1 Vi ;, (, 1 ,;,n ;:q, 
l 3 ?3 IJ5 .,5R 1 7 21 q 11 1 n 4 1 llH 14R ? ;, IJ Al ?t;() ;, h ;, c; ;> ? • c; I ii 
1 ~ ?4 211 211 1 7 22 31J •IQ 1 1:~ c; 1 • fl ;, ;, c; ,;,, l?IJ ? (, ,. ?7? .;>r.;,7 
t 5 0 26/J 21R 1 q · o ?Q ?.? 1 1 3 0 I h - c; ? ? h ? ,;:, •?IJ 1 ;> (, IJ 1 f,,. I 7 I 
1 <; 1 70 IJ 650 1 q 1 l'31J -tt;;, 1 1 3 7 IJ h llR ;:, ;, 7 /JO 7 • IJ O /J ;, (, <; IJIJ -u, 
1 5 r. 119 •106 1 9 2 3?. •?f, 1 l3 H 7 c; .. ., ?. ? ;, ii 1,77 ""H { Q ? h f, 7 ?n 
1 ,, :s 316 •31? 1 q 3 <; 2 r.;7 1 1 3 9 17 •V-i ;> ;, Q lJ ', I ll I~ <; ? h 7 ;, IJ 7 ;>t;,f, 
1 5 IJ 1 6 ., 14 7 1 9 IJ 17 0 1 R 1 1 LS 1 0 . 7 c; 77 ;, ;, 1 0 3 h , • ·nR ? (, " I -';, 1 Cj 5 32 -21 1 9 s 5S 61 1 13 11 ,? •?9 ;, ;, 11 ;,ci q .;n;u ;, f, q I •; H • .1 /-. 9 
l 5 6 148 •147 . 1- 9 6 ?.I? •?.27 1 13 1? "' 67 ;> ;> I;, ;><;q ?ll'i ;> (, Hi Q ll q P, 
1 s 7 310 320 I q 1 28b •31? 1 13 t 3 bO h7 ? ? 11, ?? •I? ;, h 11 lJ P, u I 
1 5 8 236 240 1 q 8 ;,qo 310 1 13 1 IJ 1;>q -1rn ? ;, 1 lJ 1 0, .. 1 OlJ ;> I, I;:, h<:/ 71 
1 5 q 319 •32R 1 9 q ;22 ViO l H tt, 7c; .. fi 0 ? ;, 1 c; 

? " 
;> 1 7 ;, (, 

I ' 
QO '-IU 

1 S 10 207 •?09 1 q 1 0 2htJ •?An I~ 1 n 1n 1 fl lJ ? ;, 1 I, I, /J 71 ? h I u ?1-11\ -?Q1 
l 5 11 236 23h 1 q 11 l 8? • I ti ti 1 15 0 1 1? Hfl ;:, ;> I 7 ;>He; •?hQ - ? (, 1 c; 11,Q -1117 
1 5 12 73 7, 1 9 12 t53 I ht 1 1 S 1 91 -en ;, ? IA /Vi •/J 1 ? I, 1h \ c; t; ,. /J f, 
1 'i 13 h7 67 1 q 13 1 /J I 15 2 Qh •9Q ? ;, IQ lhO Is-,, ;, h I 7 1 f, c; I h' 
1 5 I 4 1ltl •11, 1 Q 1 4 98 -10, 1 1 ':i 3 Uh lll ;, ;, ?o 78 7P. ? I, IP, ;:>q;> -;> ~ ;> 
1 ':i 15 2 H3 •275 1 q 15 1 I 9 1? 1 1 1 ':, 4 '-ih c:.;;, ;> ;, ;, 1 ?, ?7 ;, h 1 q 1 1n .. , ui. 
1 ~ lb 1 0 7 1 0 fl 1 q 16 37 Y; 1 IS 'i q<.; q7 ;, ;, ;,;, q I • 9 0 ? h ?O ?Cl? 1 QI 
1 5 1 7 ?..7 4 2b? 1 q 

1 ' 
I.B •117 1 1S h 1 .. I 1 ;, ;, ? 1 q, 

•</IJ " ? f, ? I I ;,7 
1 . S U3 81 •81 1 q 18 1 l, 1 1 5 7 1 I,(, - 1.7c; ? ;, ?lJ 1 0 0 IO 1 ;, h ? ;, P, ~ • 7 1\ 
l 5 19 218 •206 1 9 19 7S 7, 1 15 8 ;,p, ?. c; . ;, IJ 0 PO •?hPi ;> h ?, P, ;> ~? 
1 5 20 127 121 1 q i:10 hi t-, b 1 15 q 1 f\9 . I 95 ;:, (l 1 ;,;n ?7Q ? R 0 ,n ., ;, 1 
1 5 21 2 r; 30 1 q 21 ~ 1 ·q l 15 10 '' •?7 ? lJ ? ?Q7 ?77 ;, H 1 ,If\ .;,cm 
1 5 22 q' - q c; 1 11 0 50 'ih I I 5 1 1 . 111, •119 ;, a . ,. 11 0 • 1 O<; ;> fl ;, ?;>I, •?IJ() 
l ., n 8 7 8 7 1 I 1 1 ?22 ;:>19 1 1 'i 1? /IC) ll t ;, lJ IJ 19 8 1 97 ;, A ,. ()f, q, 
1 S 2/J b 7 8 c; 1 1 l ?. ? H • ;> 1 1 17 0 97 •99 ~ ll c; 10? - t/ 0 . ? R LI 11-1 4 1 Q;> 
1 7 0 5 6 5 510 1 11 :~ 13~ .. D9 1 17 1 l, ll 7' ;> IJ (, c;;:,o -i::.. nu ;, P, c.; 171, 17;> 
1 ., 1 7? -61J 1 I 1 4 1_74 1 fl 1 t 17 2 1-,q 71 ;> . (J 7 1? o . I? I ? R I, /J 0 •lJI, 
1 7 2 390 •39\ . 1 11 5 IJ 5 IJ Q 1 17 3 hO . •b"T, ? /J f\ 'i?I' c;' c; ;> fl 7 '?P,Q _,, 7 . 
1 7 3 t 10 •107 1 1 I 6 21JH •2hq 1 1 7 4 ,fl . ?7 ;> /J Q .140 -1'i? ;> fl R ;> c., ;,o 
1 7 4 229 2 3 c; 1 1 l 7 66 7, ?. 0 0 111,t/ fl91 ;:, /J 1 0 "'1? -,11, ;> Fl Q ' ,n <,hf, 
1 · 7 s 214 211, 1 1 l 8 J?./J v,a 2 0 ;, h'i1 •711 ? IJ 11 1 1 'i 1?;> ? P, 1 0. ?7 .. ;, c; 
1 7 6 513 60 1 11 9 1h3 •170 2 . 0 4 4., /\ 480 ? il 1;, ,n :r, I;, ;, (\ 11 ? 0, •?In 
1 7 7 126 •140 l 11 10 ~12 -:nq 2 0 h A1 81, ? /J I°' 7P, ·r I ;:, R 1;> .1 I I . 1 l'R 
1 7 8 22 3 •2?.IJ 1 t 1 11 72 7? 2 0 R ?hP. •?.Rt ;, IJ 1 ti I .. I., ;, p, I' 7 c; 
l 7 q 134 1 IJ 3 . 1 11 12 15 ., 170 2 0 I 0 Q, . QO ;, ll \ c; 11h •13Q ;, R I IJ lfiQ •1AO 
l 7 1 0 1aq 2cu l 11 u '5/J 5h 2 8 1;, 1 0 '\ f\h ;, IJ 1,., 10, -10, ? f\ I t; I I IJ I I C, 
1 ., I 1 122 •12, 1 1 51 •/J7 2 14 ,!lo ., r:; ,1 ;, ti 17 1 ,c; I /J h ? A 11-, IQ 7 I 1-1 h 
1 ., 

12 2b 20 1 1 l 15 14/J .. l';c; ?. 0 \h 41c; IJ O 4 . -;, ll 1R ,u ll () ? R 17 I 4 c; • I lJ "i 
·1 7 13 /J 8 ·-So l 1 l lb ln -1-;, 2 0 18 , ti 1, •<S 4_? ;, a 1q 7 p. .. 7-; ;, f\ 1 A ;> 1 I .';)()f, 

t-' 
0 
~ 
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ODSERVEO ANO CALCULATED STHUCTU~E FACTORS FOR (PT3S?CP(CH3)?(~hHc;1)fil CIHC:?.Hc;)ul? PAr.F 1 0 

H K L FO FC H K L FO Fe H K L FO Fe H ~ I. FO Fr. H I< I rn Fr. . 

2 8 t 9 Q9 100 2 1 IJ b B '" 3 3 5 . , c; lJ 1. 3A ' 7 c; ·uo - :rn ' .1 , q r;a .. c;A 
2 H 20 13!1 129 2 14 7 en .. 93 3 3 I, 31-1<1 - :.mt. ' 7 f, c;;> no , I I Io 17A •11:i7 
2 H 21 1 7 1 lJ 2 14 B 91 •9lJ 3 3 7 In/\ •\fl\ ' 7 7 QO .. qq , 11 11 I r:., 1 p, 
2 10 0 143 •132 ?. 14 q 89 q 1 3 3 8 r:.,79 ':,84 ' "\ 7 A p, IJ • 9 I ' 11 I? 1 o, 10h 
2 10 1 1 6 -10 2 1 IJ 10 41 £1? 3 3 9 1 013 !Oh ' 

., Q I 'Q 1 IJ £1 "\ 11 n 1 q ;:,i; 
2 1 0 - 2 . £lb 4 4 2 1 4 1 l 78 • 8 I 3. 3 I 0 C:,Qq •£,0, ' 7 1 n 1 Q ?.9 , 1 1 t/J ;:, c; .,, 
2 10 3 16 B ? l/.1 12 £j? 4 (, 3 3 11 LIH .. LI p, ' 7 11 Hh •HQ , 11 I t; 119 •1.?ll 
2 l 0 IJ 11 7 121 2 1 IJ 1 3 41J in 3 3 I? ? 1' .? 1 n ' 7 1? I 1 LI I 1 7 1 1 I 1" Q"\ .. Q' 
2 1 0 5 87 9h 2 14 1 4 1t7 •1\R 3 3 n 7 IJ 7 ', . ' 7 n 1 f, -n ' 11 1 7 17h 1 71 
?. 1 0 b 305 -3:n 2 16 (i 31.1 •IJ, j . 3 14 ?, 31 ' 

., Ill ;>IHI •?IJIJ ' 11 1 A QO R" 
2 10 7 123 -12<1 2 16 1 71 -10 3 3 1 c; I.) I, :rn ' 7 1"i £JI H , n 0 ?Ht; ;, Q;, 
?. 1 0 l;j 3HO 401\ ? 16 2 31 ?. c; 3 :~ t Ii !!B •/Pi ' 7 I h ·n1 1?£1 1 11 1 lf\7 1 A;> 
2 1 0 9 6 (j b, 2 lb 3 1 l I 3 3 17 104 •10? 7, 7 1 7 1 7 ·rn, 7, 11 ;, ;,,;1;, .;,,·rn 
2 I 0 1 0 301 -31<1 2 I b 4 (,IJ 6P, 1 3 1 !', ;>' ?1 ' 7 IH · Vi1 . ·;117, 1 I 1 ' toe; -10;, 
?. 1 0 11 78 •Bb 2 I b 5 13 \ 87 3 1 19 6H 67 1 7 19 1 •th 1 I 1 LI f,' i-, n 
2 10 12 1511 167 2 . I b b 109 .. 101 3 3 ?O . £1 c; 311 "\ 7 ;, n ?. 0 I 197 ' I -~ t:; I A ;:,n 
2 1 0 1 ..s 4 fl 50 2 16 7 tB •14;> 3 3 ?. 1 1-\ ?O ..,, 7 ?1 I •I-\ 1 11 Ii 10 . ,n 
2 1 0 I 4 21 ... 1 ?. 2 16 H 1113 t4;> 3 :.s ?. 2 1?7, •1 IS ' 1 n CjQ .. r;, 1 11 7 ;, c; 19 
2 1 0 15 1 .. (, 3 I 0 VIJ 291 3 3 ?3 'i \ .c;q ' q n H 1 (j ' I' I\ 71 - (-, 1-, 
2 10 1 I, HR •QO 3 1 .l ·n1 •189 ~ i; 0 1A7 171 ' Q I ;,07 •?.OA 1 1 l, Q ·p -4, 
2 10 1 7 20 21 3 I 2 ?. n .;,qr; 3 .5 I -~p,) 1 !\ l.j 1 9 ? 1sn -1110 . ·\ n 1 o Ill-, /J 7 
2 1 0 18 105 10(, 3 I ..s 398 417 3 5 ;:> ,o;, •)O? 1 Q ' ? c; p, 

' 1 ' 
11 '' 

.;,,., 
2 1 0 1 9 37 • 2 7 3 1 I.I n 9 fl 3 5 ·, 1SH •lfiQ 1 Q LI 1n I ;, Q '1 1 -~ ,::, 11 . 1 !J 
2 10 ?O l -IJ 3 1 5 :B 3Q 3 r; /j ;, fl ., -~ l 4 ' q c; 1<n · ?01 1 1, n 1-,t-, Ac; 
2 I 2 Q 169 1 Ii S 3 1 6 13b •121 3 r.; 5 (\ 'I •84 1 Q f, 111 -1ac; ' I 1 I II H, ,.,R' 
2 1 2 1 290 3 0 S :s 1 7 31r; •316 3 5 I, ,lt, -11'i 1 9 . 7 ,,,,:; .. ;,,q~ 7, 11 1 c; RU -x fl 
2 12 2 183 -186 3 1 H 1'J9 .. 1,1 3 5 7 ;qr; ?41 ; 9 n ?hll i'H? 7, 1 c; - n f\1 fi 7 
2 1 2 3 16.3 •165 3 1 q tl 3 I 4 .1A 3 5 13 ?h, n, 1 q Q i>\1 ? ,, 1 1 1 'i 1 1;,1-, -1,1 
2 12 I.I 98 l O 1 3 I 1 0 \23 1 11.1 3 5 - 9 1,c;u •V:il\ 1 Q 10 ;:>O ~ •211 ' I c; ;:, 1 ,, -11 1; 
2 1 2 5 23 •1'3 I t1 ?. ~H •?.ll 1 3 ':, 1 0 1 ll IJ ,.1 ll Q 1 . q 11 1 IJS .. I IJI-\ ' 1 r.:; ' '' . l'i 
2 12 6 91J -10~ 3 1 12 '/9 79 3 5 11 ;,3n ;, :~ 4 1 q I? '? -~ 1 ? c; ' I c; /l QR Qt; 
I 1 2 7 1 £J 5 156 3 l 13 6\ •,Ii 3 'j 1? ;:,;.,o ?.? ·~ ' Q 1 -~ . 7q 71, ' 1 c; r.; IO 7 1 n c; 
2 12 8 107 l 1 S 3 1 1 IJ ?.36 •2?.0 3 5 , ' 91 A 'i 7, 9 I IJ IJ i •3h ' 1c; h h? -f, 7 
2 l ?. 9 }?7 •131 3 1 15 ?. .S 4 ?. ' 1 3 5 14 ;,rn •?81i 1 g I c; I.JU iJ f, ' 1 c; 7. l'iQ •IAH 
2 1 ?. 1 0 ·55 •36 3 1 lb ;>t,O ?. 4 7 3 . 5 15 ;,;ir.; -;i;n '\ (} 1(, I c; 7, 1 c; Fl • I f, ?7 
2 1 ?. 1 l II LI e, 7 3 \ l / 19h •l /1 /J 3 5 16 1c;q I 6 Ci ' Q ,., 1 Iii -lhh ' 1 c; 'I 1 <; ll lf'IO 
2 12 12 lJ 0 37 3 1 18 203 •\99 3 i; I 7 ? 4 I, ?ll? :~ 9 rn I 4 • 1 £J 1 1 c; IO -~ c; -uo 
2 12 13 63 . 6 I, ..s 1 19 66 ht -~ i; 1 R . Rr; .. gr.; ' 9 IQ 107· 107 -~ 1 r; 11 ,oc; -110 
2 1 ?. 1 IJ 75 •flll 3 1 20 106 I o "\ 5 19 1 ,R • I hi '\ q ?O ?7 ;:, I lj 0 (l '7 I ,1n 
2 1?. 1 5 179 •H3Q 3 1 21 -~o •:°\lJ .5 5 ?O I, 1 1?. 3 , 11 n t /JO •I ·n ll 0 ;, n1 ·, -non . 
2 \2 16 p, 7 q;, 3 1 22 IJ ', • i1 ') . 3 5 ?1 . 31 37 1 1 I 1 ·;o q 'i O II ll 0 IJ ll I\ ' 

iJ q <; 
2 12 l 7 · 179 187 3 1 23 4-'.I • IJ I :; 5 n 1llf, •Ill? '\ 11 ;, P.7 Hf, u 0 f, ;:, i; ' ;,r; I 
2 \ 4 0 ?. 6 3 271 3 1 2 1! 1 •l? 3 5 ;:, '\ r;;:, r,c; ' I I ' 

1 ,o __ , 3? 4 0 R c;1n .c:;17 
2 1 ll 1 41) -3~ 3 '\ 0 . LI 1 - :;9 3 7 0 7CIQ 71l7 '\ 11 II 101 1 () ,, 4 0 1 (I 11;:, 1;,1 
2 1 11 2 220 •211J 3 3 1 457 ... 1.10;, 3 7 I I.I I .. ' , 11 c; ?1 • 17 lJ 0 1;:, in _, /l 
2 14 3 2 8 ,. 1 I 3 3 2 :rn ?7 3 7 ?. . 6 0 3 •'i l,H ' 11 f, ;:,o, -211 Ii 0 I a ?HO •?7Q 
? 14 I.I 1 0 5 1 0 I 3 . 3 3 IJll IJ II . 3 7 1 '\(, 30 '\ 11 7 h'l, _ 61 4 0 1 f, ,q ,,1 
2 t 4 Cj 87 87 3 -~ . 4 ? ?.?. 197 3 7 lj I 9 q 19', 1 I I p, ?O-, . ? 11.1 /j () I fl ;:>u;, •?l.JO 

1--' 
.0 
V, 
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08SE~VEO AND CALCULATED STRUCTURE FACTORS FOR (P13S?CPCCH3)?(r.AH'illnl CfHC:?J,t;)u)? PAr.F 11 

H K L FO Fe H K L FO FC H K L FU Fr. H K I Fn Fr H K I Fn rr: 
4 · 0 20 86 R? 4 4 22 1513 -11J8 IJ 10 a 91.J 9\ lJ \ h ' ·n ?1.J C, 1 ?1 . ;,u 1 n 
ll 0 22 3?. - lie; LI 6 0 '56-, · <;1,11 LI l O 5 1 n 1 ,n lJ t f, /J q 1 en c; ';,;, IIC, - 11,; 
Q ?. 0 . ?.39 ?.1 £, ll 6 1 vso ~II 9 ll 1 0 h ;,90 -,oti IJ 1 h e; (J 1 lJF'I c; e; n 1?/-1 , ;, 7 
4 2 1 ~12 -.StlS q 6 . 2 609 •hOH IJ 1 O 7 CJ h .. qc; /J , I, I, \/JO -Ur., c; c; 1 , q" '<; IJ 
Q 2 2 76 - 84 ll h 3 156 •liJO 4 1 0 H ?',l, ?h1 'i 1 0 /J(J() IJO? C, c; ;, ,,,, -?QCJ 
4 . 2 3 155 16) LI 6 4 ?.h 8 ?. 9 ;> 4 1 0 9 fl 9 HR 'i 1 1 1 <; , • 1 /J c.; c; 'i ' ltl, -17P, 
IJ . 2 4 1 ?. 9 1 15 a h :, lbn • 164 4 10 1 0 \qo -190 'i 1 ;, _ ?91 •)10 c; c; I.! "I., I, t; l, c; I, 
4 2 5 179 1 7 lJ 4 h 6 !VJ •117 II l 0 11 · fl IJ -92 c; 1 ' 

, ;, 0 3?0 c; '-i r.; 1 I? 
4 ?. 6 1911 •20h 4 6 1 1UH 14R 4 1 0 1;:, no nh 'i 1 /J I.J7 c;q c.; c; I, , , 1-1 . 7.,;,7 
4 · 2 7 462 • 1J6? 4 6 8 20 . •?.O Q I 0 H B\ Ht; c; 1 t; ?7 - ? ·, t; ', 7 ;,1-1"' ~ "c; 
/j . 2 8 ,I.I 25 ll20 4 6 q 165 •167 4 10 I IJ ;, I IJ . "i 1 . ,., 70 f,Q C, c; f\ ;,;,,q, ;,·D 
4 ?. q ,3S 1 37? 4 6 1 0 1 '5 •I\ () 1 0 15 1 4 • l? C, \ . 7 111.1 • Vh 'i c; q ~HO -?HI 
ll 2 1 0 2ll5 •2S?. 4 6 11 (,:\ 6"1., 4 10 1 h 11? .. 107 c; , P, 109 - 107 c; c; 1 n 1 RO - 1 II 1 4 c' 1 1 210 • 22;:> 4 b 12 20 ·1 2 to · 4 1 0 1 7 9 •h 'i 1 q ';, H :, LI 9 c; <; 1, 1 /Ju · 1 U A 
4 I ;, 12 91 87 4 b u 1 o 9 4 Io 1 8 1 ?7 j?O c; 1 1 0 1 I£, 11, <; 'i 1 ;;> ?nil ;,1,f-, 
LI 2 I .3 113 •111\ 4 · b 14 313 • 311.J 4 1 2 0 Rh Rh 'i , 11 1q1 . ;,o ·, c; C, , "I., lJh (JQ 
LI 2 1 4 · 31 • B I.I b 1 S 108 .;10R 4 1 ?. 1 '/J 9 3 (JR c; , , ;;> r; 7 ', F\ 'i ,. , lJ I HQ -l ~R ' 4 2 15 249 21.l? 4 6 1 b H5 'HU I~ 12 2 1R • 74 c; 1 1' h/J • 60 'i c; 1 i; ?rlQ • ?f'!R 
4 ?. I h . ?. 8 1q 4 b 17 1 (,(j 1 n 4 1 2 3 lo, • 1h0 r.; 1 1 a 19;, .. Jqo c; c; I h I ?'-i l?O 4 2 1 7 171 • 169 4 b 1H ;.~t.;2 • 2118 iJ t 2 lJ hO S'i c; 1 1 c; 1 9Q 1 97 c; . 'i 1 7 ? ;, H ? ') II 
4 2 18 88 • 67 4 b 1q 12?. • 121J 4 1 2 <; 4;:> · • LI Fl . , , 1 h 2"i ? ;:>11q c; C, 1 R () 1-1 - q1 
4 2 1 q H2 7R (j h 20 I 7a 171- () 12 6 H • ?. l c; , \ 7 1,n • 12H i; "i 1 Q 170 -lf,Q 
4 2 20 ' 65 81.J " b c.\ H ?5 4 12 7 100 101 c; 1 1 H 1 h q • I t, c; c; <; ? () q c; <n 
4 2 21 9 5 4 8 0 IJ 7-q ll b 1 4 12 H ',9 59 i:; 1 19 · 6 f, l, ll c; 'i ,, 1 '1 ?9 · 4 2 n 77 • 71 " H 1 20Q - 200 4 l 2 9 <;7 • l,4 c; 1 ? n 1?1 1;, ,;; 'i 7 0 hOh /,, ' I.I 2 2.3 9 2 - 9 1 " 8 2 3111 .. :u, 4 1 2 t 0 lJU -'I\ 'i 1 ·;,1 "1.,(1 - ?7 c; 7 1 · au "I.,;;> 
4 lJ 0 77 • 70 4 8 3 C) 3 Ru 4 12 1 1 i:;o c;, c; 1 ?? lJ? - 41 'i 7 ;, IJ()I, . tJ ;> ;, 
4 4 1 3 38 281, 4 P, I.J 93 9 /J /j 1 2 1 ?. 19 - 11 c; "I., () 1;,, -1 11~ c; 7 ' 1 0 I.I G /.., 
4 4 2 24 - 27 IJ 8 s 166- I 7 1 4 1?. t 3 "l.,q 4/J 'i ' 1 90 •9\ 'i 7 lJ ;, 7 (j ? 7 (, 4 lj 3 2 16 .. 19? I.I 8 h 57 -,8 4 1 2 1 £1 I"! •?1 r; ' ;;> hh c; q 'i 7 c; <;Q - c; c; (j 4 LI 3'S7 320 a H ( ?7 ' • ?8F. 4 12 15 1 41~ - 1110 c; "I., ' 

, 
- IJ 'i 7 h 1 O - 11-, 

IJ 4 5 65 6 c; ll R 8 107 111 /J l 2 1(, IJ 1 lJ 0 'i ' (j I 7 7 19? 'i 7 7 11 7, - 1 1 1 lj 4 b 555 • 564 Q 8 q ?. 5 7 ?7/J 4 \ lj 0 ? hn ?.7h C, ' c; RC, 117 c; 7 I\ 7Q • 7 tJ. 4 4 7 I 7 8 lb? I.I 8 1 0 t 31\ • 1 ·q I~ 1 ll 1 b? . •h'i c; ·, h 4 1, - 4 ' -~ 'i 7 q 1 7,(1 1, 7 
4 ./.J 8 5 0 6 ';,!7 lj 8 1 1 152 .. J'iH 4 t /J ;i ;,oo .. ,en c; ' 7 147 - 1<;7 <; 7 1 0 1' •1Q 
4 4 q 293 "' 2911 4 8 1 ?. 90 91 4 14 3 7 1 •75 <; 1 H h 1 7 l,?lJ c; 7 11 7"1, - 7 IJ 
4 4 1 0 45q •478 q 13 13 18 ?. () 4 1 ll IJ HO 8?. c:; 't, q 1.1 t:j 1 ?I, c; 7 D Q() ll? 
4 4 11 10b lOQ 4 8 1 IJ 12 :~ - 1?. c:; £1 14 i:; \ ?Po 1 ?.1 'i 'l, 1 0 IJ9h • 'iOr, c:; 7 , -~ ? I, - ;, q 
4 4 12 317 31R 4 8 15 10<; IO LI 4 l ll h Vi ?8 r.; . ' 1 t ', h - c;q c:; 7 14 ? £11 .;, 'l,i, 
4 IJ u 101 107 " 8 lb 1QO 1 H IJ 4 l Cl 7 94 •137 c; ' \? ? 1 {, ? ? 0 "i 7 1 "i ,o 'l,(1 
4 4 14 BS • US 4 R t 7 15 3 •\ 'it IJ t ll R (,? •hS c; -~ n 7 1 7'~ c; 7 1 h ,o ;, . ;, qc; 4 . 4 15 1qa • 195 4 · 8 1!1 1<:/9 -1-9 ;) IJ 1 I.I 9 <.? ? qc; c:; "I., 11.J (j() IIH c; 7 17 t 7 • h 
4 /J 16 51 .. /J IJ q A 1 q \00 97 IJ 1 4 1 0 c.; /J IJ7 c:; ' 1c; . 1 l h t:j 7. 1 A ? 7'i . ;,<;P, 
4 4 17 118 11 b 4 6.2 0 12 1 1 \ c; 4 I ll 1 1 71 • 75 . . 'i ·t, 1 I, 77 -71 'i 7 1 Q 1 1 
4 4 18 14 15 q 10 0 ?. 1,n .. 2-9 \ I.I 1 ll t ?. '" 3R 'i ' . \ 7 'i II -so c:; 7 ?O 1 c:;1, 1 'i , 
4 iJ 19 72 • 7? 4 1 0 1 2q •() 4 1u 0 ,o • 31 c; 

' If\ 
;, c.; IA c; q 0 ;i? -,u 

4 .4 20 47 38 q 1 0 · 2 109 \OR 4 16 \ IH • I.J9 'i 'l, 1 Q n ? p, c; q 1 ;, P, 0 -? "·, 4 4 21 15 3 I 4 10 3 !OS • 105 4 16 2 ?. .\ • 5 c:; °' ? O 1 n ln "i q ;> 1 1 0 

r-' 
0 

°' 
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OBSERVED AND CALCULATED SlfWCTURE FACTORS FOH (PT3S?(P(CH3)?(rt,H'5)1h1 (fl (C?.H'i) /J)? PA(;F , -;, 
H K L FO FC ti K L FO Fe H K L FO F r: H I<. I FO Fr. H K I i:-n Fr. 

5 q 3 2, -n 5 15 1 104 •!Ot b /J 7 1 "lfl 159 I, R ,:, (\1, fl £1 I, 1 £1 q 1n, . 1 n 1 s q /J 9 1 87 5 1 ':i 2 I 11 • 1 I c; b /J B 4 ·H, IJ /JI, E, f\ n ;n, ? 7 1 0 IJHQ IJ (J , 
5 Q s -.n1.1 21 I 5 p; 5 1 •/J 6 (l q , ?. 1 •\2"7, h /1 1 /J lbO •l'i7 · 7 1 1 17h -1~/\ 
5 q 0 1813 .. 191 5 15 (J % 9 p. h IJ 1 0 "l,tJC) • ~97 f, H 1 r.; 11 IJ 1 1 'i 7 1 -;, -i,q7 -110<; ':i . 9 7 ?38 •25? · 5 15 5 111 lOR 6 /J t I ?Fl 23 h fl 1 I, 1 c; /1 · I c; 1 7 1 'l, ? P. , u 
5 q 8 227 "31 5 15 6 8 ll - ., I, 6 /J 1? . 189 1H? I, fl 1., 1ll7 -nQ 7 , /J l?h 1 i;' 
5 9 9 1Qt\ 206 5 1 S 7 I/JS •lt;? 6 · IJ 13 h7 (, 3 h A 1 H p·~ -12? 7 1 c; A 1 f4 u 
':, q 10 1/:IH '"1117 5 1, 8 52 ,R 6 4 I 4 ? IJ •?. IJ h to 0 1 q/, _, 9, 7 I h 'l, <; •'\R 
5 9 1 1 l £1':i • 1 IJt b 0 0 3bh 3114 b 4 I 'i 1 Ml .. 1 Oo h 1 0 1 q IJ 7 1 7 1-,, 7 _, IJ H 
5 q 12 . Ul I 31J b 0 2 lJ \ 3 .;.4_Q 7 b l.j I b . 1 •? 0 h 1 0 ? 1'1 I 3 iJ 7 I A , 'l, • 1 7 
':i 9 13 56 c;?. b 0 a I 913 ?. O'i h /J 1 7 11 (, nc; I, 1 0 -,, 70 - 'I I, 7 1 Q .:>o, ? 1 7 
5 q l(J l.l l • 2 (j b 0 () 94 1 1? b /J 1fl . (, 8 63 t, 1 0 4 /11 fl I 7 1 1 0 <; lj •/, h 
5 9 15 76 81 0 0 6 ?. II 5 •?. ':i 8 6 ll 1 q 107 •l07 f, , 0 c; c; 1 5£1 7 1 1 I 1 I.IA • 1 h 0 
5 9 16 25 • 1 R b 0 10 I 3 \ 1 l.j c; 0 4 20 3, ?b f, 1 0 h ? h i •260 7 \ 1? qc; q p, 
5 9 I 7 · 14;> •13R b 0 12 hO 'it; 6 4 ?1 9 ;:>Q I, , 0 7 IIQ •4Q 7 \ I ~ " I q 
5 q 18 ?5 

_,, 
6 o· 14 205 .. ;,to 6 6 (l a c; p, IJ /, i:; I, 1 0 B ?h1 ? t; fl 7 I 1 II 1 f'. i' -1Q O 

5 1 I 0 174 .. 177 6 0 lb 311 31, 6 6 t ?h-,, 2bl h 10 q 77 f, 7 7 \ , C, 1,;1 /\ ll 
5 1 l 1 c"IJ 0 2:n b 0 11.3 212 .. no b 6 2 tJ 1 fl •Hl h 1 0 , 0 ;>;>-,, -?. ?.7 7 \ I I, ??IJ ??H 
5 1 1 2 75 7?. 0 0 20 16, 160 6 6 3 , , 1 ., i O 7 h 10 11 IJ c; •3H 7 I I 7 1c;i; .11,n 
5 1 1 3 t49 -11n 6 2 0 I 7? I c; A 6 6 (j ?59 2r;1 (, , 0 t ;> I? I 11 Q 7 I 1 A ;> n c; - -;, n 11 
5 l l lj 56 SS 6 2 · 1 353 •15? 6 b 5 9R .. % h 1 0 1' ? I q ., 1 , q 1 ;:> ,, , ,o 
5 1 1 ~ 7 • h t, 2 ,! 131 •l?.S 6 6 b 7R . -h"f h 1 0 1 IJ ? ll Vi 7 1 ?n 1 IJ c; 1 'l, 7 
5 l I 6 l 6 I ·• l 6 3 6 ?. 3 lhh 1 H, 6 6 7 I IJ9 I ll t, h 1 n 1 ,, 1 I, --,, n 7 -~ (l 1 1 7 .;. 1 ;> <; 
5 l 1 7 5 I 57 b ;, 4 7b 9(1 (:, (, R R1, -77 I, 1 0 1 I, 7? -t,,; 7 -~ 1 '' - u q s 1 I H 1S:S l 5 'f 6 ?. 5 198 ?. i'4 6 6 q 11,u .. I f'-4 h 1 ;> () . 114 , , , 7 -,, ? 1 1 I 
5 I 1 9 S 1 •Sh 6 ? b I 89 .;, nc; 6 6 10 . ?? ;,q . h 1? 1 ?hO ;, c;' 7 ' ' . 41 - '/1 5 1 I l 0 lOR •109 b 2 7 :,i 5 •34IJ 6 6 11 q, 90 h I? ? 107 •10? . 7 -~ IJ 1 c; f, 1 7 n 
5 1 l l l 19 •14 b ? H ?59 ?. I, P, 6 6 12 1?? 11 Q h 1-;, . ' 1 0 I -100 7 ; <; ·rn ;> c; 
5 I I . I ?. '-I (J 91 6 2 9 ; I 1 3 'c; 6 . 6 \ 3 7? ·n . h I? a 1' 1 I c; 7 -~ I, ~c;c., _,q fl s 1 1 1 3 3' .H t, ?. 10 1hl;i •IH"~ h t, 1 /J 177 •170 I, 1 ;> c; ?7 -?7 7 ~ . l 1'i/1 _,71, s 1 I I /J r. h -Ic; 6 ?. 1 1 ?0 /1 -?. 1 6 6 h 1 c; 1 11 7 • 1 IJ ll h 1? h /J I, -in 7 ' I\ -~,,fl , 14 t, 
5 1 l l 5 'I'] -9? 6 ?. 12 lh I "/ P. 6 6 16 ,,,, 1 ;, u ;, h ·1? ., C/9 en ., 

' 4 1 7 7 1 7 R. 
5 l 1 lo 68 • 6 4 6 ?. 13 Vj · -30 6 6 1 7 1114 BR f, 1 ;:> fl 3? 3 /J 7 -~ 1 0 -~ ;:> /, - ''" 5 u 0 2'79 297 b 2 14 110 -1011 6 6 1H ?'?? •i' 11 (, ,;, Q I Ofi •1th 7 ,, 11 7 fl - f4 <; 
5 l 3 1 154 . l IJ7 b 2 15 151 J':,q b b 19 1? •7?.. f, 1? 1 O I,? •l,? 7 ,, 1;., 1 P.h 1fq 
5 1 -~ 2 1 <J 1 •190 6 ? 16 49 c;;, b 6 ?O 117 1?5 I, 1 ;::> 1 \ II? /Jc.; 7 ,, q ? , 'i 
5 13 .s 91 •85 6 2 1 7 16S •16tJ b 8 0 "l,/JR -~hO t, 1 ;> t;> h ~ t.; ll 7 3 1 4 c; 1 - lJ c; , H ll IJ IJ l j I t, ;, Ill s ~ - , I .6 b 1 ;::>t;() .. ;.,u;, h 1? - H h7 (, n . ., -~ 1 "i tJ <; IJ iJ 
'j 1 3 5 I ?b 6 2 1 <J 130 . I ;>c; '6 H ;, ?01 -?,? t, 1? 1 (J /J 1 - 4 1 7 7, 1 h 7 r, -., .., 
5 l 3 6 r; lj . ':i q b 2 20 6S h q b 8 3 1h, I I,\ h \ £J () ;:,•;o ;::>4;:> . 7 ' 1 7 ;n; - -~ 'i .. 5 13 '/ 1 7 1 7 t, 2 21 1 I I, 6 8 4 en p. 7 h 1 U 1 n -?.? 7 . 7, 1R qq qq 
';j n 8 57 •58 6 4 0 87 •8 ·; b 8 r; 1?9 . IB h 1 /J ? IQO •191 7 ' , Q 11 ?Ll 
'; 13 9 B •18 6 · 4 1 2b 0 ?Sb b 8 . h n •?.8 I, 1 /J . \ s 7, .. 5;, 7 '.~ ?O ?;:> 1, 
5 13 l 0 /JIJ a i 0 ll i:' ?. p, . ?i, b R . 7 ;,r.;1 •?')? . h 1 ll II 7 1! 7 I ., r· f) ,. -;, ~ 1-;,' ' 5 13 1 1 1 ".'I I t, 4 · 3 1 I:, I -ro.:> b 8 f\ c; r.; Ci 0 t, 1/J t.; 7L 7' 7 c; I ,., c; qc; 
~ \.S l 2 15 l 9 6 4 ll 180 · \!\P, b H q ;:>,H ??? h 1 /J • (, I H \ I\ 7 i; ;, · 1 /J t, • 1 h h 
5 1 .S 13 71 65 b 4 5 4/~ 4c; b 8 10 7,Q -~o h 14 7 10? .qq 7 c; ' 17\ .,1'7q 
5 l ':i o · 109 lOQ 6 . 4 b 3'/7 •HS b 8 1 I 1.1K •1H t, 111 R 4Q •4fl 7 c; a I 'i o 1 i; F, 

I--' 
0 
-...J 
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OBSERVED AND CALCUL~TED STRUCTURE FACTORS FOR 
.. 

(PT3S?(P(CH3)?.(r1,H~))n) (R (C:?.Ht;) (J) ;:> P r.r;F n 
H K L FO FC Ii K L FO Fe H K L FO FC: H K I. FD Fr. H K I Frl Fr. 

7 5 5 48 •aq 7 q l lJ 39 •ll7 8 2 c; 1S7 177 R h HI p. 7 •R~ R \ a 1 19 ;>7 ., 5 6 146 •15?. 7 9 15 107 100 8 ?. b ;,c;a •?71 A i-. 1 t; 1'7 •LS7 R Ill ;> IU', •1 1Jt; 
7 t.; 7 ?. 0 7 21S 7 9 1(, /J 7 8 2 7 ?H'1 •·H4 H (, 1 A , C-..4 \Sh A 14 ,, -:>n - <; 
7. i; 8 1R() 1 7 a 1 11 0 40 -% 8 2 8 Hn ;>l)q R h \1 1 IO 111 P, 1 ll 0 H? 1 t, 
7 5 q 1% -191 7 11 1 179 175 8 2 q ;> lJ q ?oO R H n ;> () 0 \qq q I n /JO H IJ" I 
7 5 1 0 143 •141 7 11 2 15 •f,, 8 ?. \ 0 llih •\77 R R 1 11n •17H q I 1 ?'-i !J -;>ht; 
7 5 11 7 1 6 fl 7 l 1 3 1 0 -~ •99 8 2 1 \ 1 0 i, • I O l, fl R ;, ? 11 •? 0 II q I ;, ,, ' .. ,,o 
7 s 12 69 6/J 7 1 1 IJ HO 6R 8 2 \?. 178 1B I.J R H ' <.;q (JQ q I .. ?7 - ;, 'i 7 5 13 IJ 5 49 7 l ! 5 3 ll 15 8 2 \3 1 \h H R /J 1 /J 9 1 ~ Q 9 1 /J ;>oq ??P. 
7 5 14 27 •2Q 7 11 6 171 •\7, 8 2 I £I 1;,-; -111 R R c; 1?7 1 I c; 9 , c; 1 O c; 1 h 1 
7 5 15 1£13 •Ill\ 7 1 l 1 q 3 9ll 8 2 I 5 100 11? H P. I, ' n - <, 7 q I I, r:;o .r:;,1 . 
7 ';; 16 63 bl 7 11 8 220 ?. \ q 8 2 1 b V in H H 7 ??O -.19H 9 t ., 1 -~ 7 -1 CJ q 
7 5 17 2 Q/j 197 7 1 1 9 . 10', -101 8 2 I 7 197 •i'O? p, 1' H . Rh •7'i q 1 H ·n ,IJ 
7 <; 11:1 75 •75 7 1 l 1 0 200 •191 8 2 18 13 .. 27 R f\ Q ?1 /, !9? q 1 Q PO 1 1 q 
7 5 19 130 •128 7 1 1 1 1 /Jb £11 8 2 19 107 106 8 H IO n 1n CJ l 1 n 7? -7 "I, 
7 7 0 439 /J3R 7 1 1 12 93 - 89 8 ll · o \t;? •\ll? A fl 11 1'7 -1 9 9 I , 1 AH •HO 
7 7 1 ?.9 -21 7 I 1 n 3 fl ·rn 8 4 t ;,n ?.?.9 R H t ;, 7, 7 /.J q 1 I? 1 1 ;> , 111 
7 7 2 332 •3?.o 7 11 1/J 22 •?O 8 ll ?. ?7 ?. .) 1' R n ;>;, .. q 1 I' 1 /, 
7 7 3 36 -3?. 7 13 0 2?.9 221 8 4 3 bl •",Cj H H I u 1'i0 .,;.13A q 1 1 IJ I 7 "? • 1 AO 
7 7 /j 182 1&0 7 13 1 155 1sn 13 ll u 1 I 'i 11 A A H \ c; q\ HI 9 I \ t; Q -~ Q') 
7 7 5 U7 5 I 7 1 3 2 189 .. 177 n 4 5 . ;>o •!6 H R , I, \ /J 0 1 i'7 q t \ h ;> 1)h ;>I;, 
7 7 b ?. 3 1A 7 u 3 80 • 7 A A I.I (-, ?11 •?IJ? 8 1 0 0 hC/ • 6 I q 1 1 7 1 ;:,q • 1 "I,, 
1 7 7 :i 'j -ss . 7 13 /J 109 109 ' 8 /J 7 /\? 91 R 11) \ ?, I u q 1 1 H 1H"l, •11'> 6 
7 ., 8 172 -16;> 7 1 .3 5 1 IJ I 7 8 /J B ,;,1, BH H I 0 ;, 1n ?9 q . 1 n ?O? .;>01-
7 7 q /J <; 31, 1 I 3 b 11 -; 8 lJ 9 lJ q • CJ c; A \ 0 .. ., "I, -n q .. , ;, F\ -,n 
7 7 10 1 I b 1 0 q 7 1 ) I . 23 ?O 8 4 1 () ;,c.;u •?S'i . R 1 n /J 9 c; l/1 q ·; ;:, HO 1--0 
7 7 11 52 •IJIJ 7 13 8 hH •b 1 8 /J 1 1 7 •19 R 1 O r:; -~ I -n q .. .. 1 H ,h 
7 7 12 /JI H 7 13 q lj2 •:H 8 /J 1? 'i /I t,7 A 1 n f, ;,·n •? I? 9 ' lJ 1 CJ 'i 1 <; 7 
7 7 13 42 47 ~ l 3 1 0 ?6 2, 8 lJ n ?I -?.1 f\ 1 0 7 (, .. -c; :, q -~ t; HJ 1 n 
7 7 1 /J 183 •17? l ':i O· 106 100 8 /J 1 £1 I -11 H 1() H 1?7 301 q 1 h ;>P.;> -11n 
7 7 lS 6 -1 7 ic:; 1 62 .. c; ;> 8 lj 1':i (,~ -<,, H 1 0 q c,;;, [l 7 q . ' 7 q /J - p. 7 7 7 16 2r,2 239 7 15 2 71.J •78 A /J 16 7'-i -n H 1 0 , n ;,qc; •?hC/ 9 1 11 ?h7 ? P. I, 
7 7 1 7 12 •lt, 7 15 3 15 ? 8 lJ I 7 1?? \ 1 9 H 1 0 11 ?. 1 -n q · 1 q A 'i H ,., 
7 7 18 1H'5 .. 171 8 0 · o 619 64H 8 ll 1 IJ 'i? Sh n 1 n \? 11 I 107 Q -~ 1 0 ?)7 -;>,1 
7 q 0 3 8 -2<; 13 0 2 ;6?. •3 HR 8 6 0 1(,1 17?. H 1 0 l 1 ;>n -t; 9 1, 11 iJ n .. ,q 
7 q 1 16:i •156 A 0 4 1 :\ h lSb 5 6 I 1 t, ' l"lb R 1 0 1 ll 7 1 .. q ' , ? 1 r:;;, 1 c:,~ 
7 q 2 24 -10 8 0 t, c:,7 •5\ 8 6 ? n -~ -;,,o A t;, n I ;:,o I ?n . 9 .. , "I, ;, -~ - 1 r:; 
7 q 3 !:\ 4 8b 8 0 H 29 ?. q 8 b 3 1? -~ • I 3 t H 1? 1 !Rh 1 7 'i q -~ 1 /J ,;:, -, ' 7 q IJ 112 11 fl 8 0 10 LIO . - r..;7 8 (, I.J (, 7 r,, H 1? ? 1?1 •IOH q 1 , c; i;;;:, f,O 
7 9 s 100 9£1 8 0 12 95 1 O?. 8 6 5 ?, ?. \ R ,;, ' 1?7 -12, g 

' t I, R 1 •7Q 
7 . 9 6 190 •tfn 8 0 1 ti 188 •197 8 6 6 t,5 66 8. I? 4 1 oq 10, q 3 1 7 ,H • ~ r; 
7 q 7 2215 -209 8 0 lb ?. Hr. ?. q 0 8 b 7 117 9?. 13 1? r:; t c; l n q , 0 1 lJ , 1'7 
7 q 8 203 · 188 ' 8 0 18 29a · •?.M 8 0 8 l IO • 101 H 1;, I, qq -100 · q c; 1 ;:, •~ n ;, c; I, .. 7 .· 9 9 232 219 8 2 0 ?. q ,,.\ . . 8 t, q IS '.{ •14?. H 1? 7 109 10h q c; ;, AQ • h;, 
7 9 10 157 •14fl 8 2 1 123 - :nc; 8 6 10 ?ll t 7 H 1? 8 RI 7H q . ., 

' qi; -1 n t, 
7 q 11 101 •97 8 2 2 \09 ~109 R 6 11 n 43 H I;:, Q 1'i7 •Ill? q . c; /J 1 /, - .1 Q 
7 9 12 129 12<; 8 2 3 bl h1 8 6 1? ;>"1, \ 1 II I? 1 0 Ht •hh q 'i t; h7 -hQ 
.7 9 13 38 •33 8 2 4 2J8 2b0 8 b 1 3 79 7 c; 8 HJ 0 187 17'1 q c; i, 

. '" - -~n 
f-J 
0 
co 
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OBSERVED AND CALCULATED STRUClURE FACTORS FOR 

H K L FO FC H K L FO FC H 

q 5 7 179 1 8?. 9 11 7 h'i i; R 1 0 q ', 8 126 12h q 1 l 13 ?,9 2?6 1 0 
9 r-; 9 143 •14?. q I 1 9 11 0 •9tl 1 0 q 5 10 · ·."/7 .. 130 9 11 1·0 20/J •177 I 0 q <; 1 1 7 '> Jq 9 L\ 0 I H l 17? I 0 
9 ., 12 46 40 9 13 1 \ 1 2 9 8 I 0 
9 s 13 30 3' q n ?. 1t,-\ -11,0 1 0 q ':, 1 IJ 27 •23 9 13 3 77 •t,5 I 0 
9 5 15 154 -11n 9 13 4 105 1 I 1 1 0 
9 5 16 15 19 q 13 5 \ b c; IO q 5 1 7 1 5 ':i 145 1 0 0 (l 51J3 SRO I 0 
9 7 0 290 2 q?. 1 0 0 2 366 •31\(, 1 0 
q 7 1 bl, •67 l 0 0 .4 . 63 9h l 0 
9 7 2 11:19 •l<H 1 0 0 0 1 11.1 1 0 
9 ., ~ 92 .c13 10 0 l.i 29 -n l 0 q 7 4 103 1 0 ll 10 0 1 O 17 n 1 0 
9 7 5 1 1 3 109 1 ll 0 12 - 7 II n I 0 
9 7 6 . 65 57 1 0 0 1 IJ 18!3 •19(1 l 0 
9 7 7 36 •43 1 0 0 16 ;,35 22CJ . l 0 q 7 8 144 •ltJ O 1 () 2 0 2H 2' I 0 
q 7· q 35 40 I 0 2 1 ?28 -2,1 I 0 q 7 10 81 8 I 1 0 2 ? 4 .\ •IO 0 1 0 
q 7 1 l 6 /j •70 1 0 ?. 3 103 107 IO 
9 7 12 n 16 1 0 2 4 1 7 4 19? I 0 q 7 13 62 63 1 0 2 5 bO 63 10 q 7 1 (l 1LJ5 -136 1 0 2 b l6LJ •18;> I 0 q 7 15 1 -2,::; 10 2 7 In .. 184 I 0 q 9 0 'j 7 1 (J 2 u I 4?. IS8 10 
9 q 1 84 •79 1 0 2 9 1 <; 7 163 1 0 q · 9 2 63 •57 1 0 2 10 · 11'-i -1?.? lo q q 3 10b 1 0?. t O . 2 11 62 •hR 1 0 q q 4 147 135 1 ll 2 12 103 108 10 
q q 5 H 31-1 1 0 2 D 22 -•26 1 0 q q b 153 •137 10 ?. 1 4 "U. •71 I 0 q 9 7 n1 •193 10 2 15 I 14 1? 1 10 q q· 8 l9U 174 t 0 2 lo 'j 3 49 10 q q 9 227 201 1 0 IJ 0 0?. .. qt 10 
9 9 10 175 •157 lO (j 1 133 t IJ '\ 1 0 q · q 1 1 126 .. 118 1 0 4 · 2. bO 6? 1 0 q 9 12 10 ti 96 10 IJ 3 22 -18 l 0 q q D 19 •lQ l 0 (j /J 64 6t:; 1 0 q 1-1 0 52 5~ 1 0 4 s · b?. .. 57 1 0 q 1 1 1 11 b 107 . 1 0 IJ b un -1n \ 0 
q 1 1 2 4 £j -47 10 4 7 104 11/J 1 0 
q 11 3 78 -79 10 lJ ' 8 " ?.27 ?.Vi 1 0 
9 l1 (j 90 8 q I 0 £j 9 !.1 .6 •'-I':' \ 0 
9 1 'j 21 q \0 LI 10 176 •179 1 0 
9 11 6 197 •189 10 4 11 61.1 65 . 1 1 

(PT3S?CPCCH"S)?.(r,;HS1H,1 (n(C:?.HS)IJ)i' 

K L FU FC H K '- FO Fr. 

4 1 ?. RQ 93 11 1 1 1 f, II • 1 7 P. 
IJ I 3 I 7 . -1 ti 11 1 ;, ??h •?tlh 
4 14 ',)7 n 1 l 1 ' r, 7 'i () 
4 1 c; (,8 •h0 11 , lJ I -~6 I lJ ·, 
(, 0 ?51 2"i I 11 1 c; 7S n 
b l 1SR lh9 1 I , h r, ·, -c;t, 
I, i? 17? •174 I 1 1 7 IO? •II 0 
I:) ,, 101> •!Oh I I 1 f\ ?? -, 
b IJ hO b I 1 I · I q 1 0 ~ l 1 o 
b 5 C, .q 11 1 1 0 ? t 1 \ 
6 h 0 q (,IJ 11 1 11 1:,7 -60 
6 7 41 Rh 11 1 .1? 'i c; 0\ 
b 8 l.jq .. t;? I t 1 n IJt:; •40 
t, q 9h •C/2 \ 1 1 t ll 1?? •11R 
6 1 0 ll ll lJ 7 1 t ' 0 98 .. ,o, 
b I I 'i 4 51 1 1 ' 1 8' -c;;:, 
6 1?. ? 'i 2 I 1 I ' ;, . ?ll ?.7 
b D 68 'i 7 I 1 ' ' 

,, ;, :n 
6 1 LI 100 •CJ?.. 1 l ' /J IO, · l O II 
H 0 13J 13B 11 ' 

., 1 ll i;, 
H 1 106 •109 11 ' h 17H •] Rt, 
u ?. t 4? •Ill I l 1 3 7 '/, -3'i 
8 3 ?. 0 15 1 1 ' 13 ?ln ? ~u 
/j lJ n1 I 3 t I 1 ' 9 . ?h ?. h 
H i:; 913 qt, I l . ' Io ?.I? •?2, 
B b /l \ •3tl 1 I 'l, 11 t 'l, • 1 LI 
8 7 I 7' •161 1 t 'l, I ;, In o 9h 
8 8 ·s 11 •7 I I · ' n ?1 •?R 
ll q ?.OH 193 1 1 ' I u 1 Io 
8 1 0 ?IJ •th 11 ., n c; <; hO . 
u 1 1 I 3 ~ • .I 21 1 I c; I ?01 ;> 1 IJ 
8 \? t,q · t,7 I I c; ? 5C'I .. 'i 4 

1 0 0 ,;, •3?. 11 c; ' 91 .. q? 
1 0 I ?9 ?. <, 1 I 'i LI (, I, (,q 
10 ?. ?. 1 .. 1 I 

' 1 
<; c; 70 •6f\ 

1 0 ~~ to • 1 I I 1 c.; h 1 I I "!" 1 Qq 
1 0 4 11' 101 11 i; 7 \ n \ ?7 
10 5 1-j h . c; ' I 1 c; p, 99 . C/Q 
l 0 6 ~o-; •177 11 c; q 1£J9 •l'i?. 
l 0 7 81 • 7 1 . 1 t c; 1 0 h, •h"i 
1 0 B 107 ?. t:; lj H ., 11 qc:; B, 
1 0 q t;Q ll 2 It c; 1? n hO 
1?. 0 1 0 c; 96 11 r:; " ·rn ,a 
\2 I I c; l 136 I t 7 n ;,;>; ?. 3' . t ?. . ?. IOQ .. q q t1 .7 1 1 n 1 /J 
12 . :~ ,n •HJ l 1 7 ;, ?.09 •?.14 
12 IJ . qi; Qh I 1 7 ' ,1 -,~ 

1 · 0 n, ?.% 11 7 · 4 q9 0~ 

H K I 

11 7 c; 
1 I 7 h 
11 

. ., 
7 

11 ., 
I\ 

11 7 9 
11 7 1 0 
I I 7 11 
1 I 9 n 
1 I 9 I 
1 I q ? 
, t 9 ' , 1 q ti 
11 q t; 
11 q h 
1 I q ., 
1, C) fl 
11 1 I 0 
11 11 1 
1 I , .\ ;, 
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OBSERVED ANO CALCULATED STRUCTURE FACTORS FOR 

H K L FO FC H K L FU Fe H 
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