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Abstract 

Accurate X-ray intensities of a PtP2 crystal were 
measured with the multiple-diffraction effect avoided 
by using the ~b rotation of the crystal around the 
scattering vector. The results were compared with 
those of a measurement made without avoiding the 
effect. The extinction parameters were more isotropic 
and the peaks of the deformation density were 
significantly smaller when multiple diffraction was 
avoided. In the measurement made without avoiding 
the effect, the number of structure factors affected by 
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more than 1% was 403 from 936 reflections meas- 
ured. Of 272 strong reflections with sin0/A < 0.6 A -  1 
and Fob s > 200, 27 reflections were affected by more 
than 1%. These facts, as well as the smaller R values, 
indicate that the multiple-diffraction effect cannot be 
neglected in electron-density studies of crystals 
including heavy atoms. To assess the intensity fluc- 
tuation calculated in the present study, the intensities 
of 200 reflections were measured at intervals of 0.5 c 
from 0 to 180 ° in ~0 and compared with the calcu- 
lated values. The variations of the measured and 
calculated intensities with ~ correspond to each 
other, which indicates that the present method can 
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be used effectively to identify the reflections affected 
significantly by multiple diffraction. 

Introduction 

Many accurate measurements of electron densities 
have been carried out with careful consideration of 
the extinction effect while multiple diffraction (MD) 
has been neglected in most cases on the assumption 
that it occurs rarely. The probability of two reflec- 
tions being located on the reflection sphere at exactly 
the same time is small if a well collimated incident 
beam with little energy width illuminates a very small 
crystal with no mosaic spread; however, since these 
conditions are not fulfilled, MD actually often occurs 
when the time lag between the two reflections touch- 
ing the reflection sphere is small. We call the reflec- 
tion that we are measuring the primary reflection 
and the reflection that touches the reflection sphere 
at approximately the same time the secondary 
reflection. 

The intensity variation resulting from MD was 
formulated by Moon & Shull (1964) and was further 
modified to take into account the time lag (Tanaka & 
Saito, 1975) for a small crystal perfectly immersed in 
the incident beam. The time lag is defined in the 
following section. Tanaka (1978) applied the method 
to the electron-density study of N,N'-diformylhydra- 
zide. The number of reflections affected in more than 
1% of their structure factors was 62, of 4532 reflec- 
tions, and the deformation densities calculated from 
reflections before and after the correction for MD 
showed a little difference. We have recently studied 
the electron densities of crystals including heavy 
atoms: BaC1F (Kodama, Tanaka, Utsunomiya, 
Hoshino, Marumo, Ishizawa & Kato, 1984) and PtP2 
(Tanaka, Kumazawa, Maruno & Shirotani, 1994). In 
all these studies, large peaks remained on the resid- 
ual density maps around the heavy atoms after the 
analysis of orbital functions and anharmonic vibra- 
tions, indicating that errors of unknown origin still 
exist in our intensity measurements. The present 
study was undertaken to establish the method of 
intensity measurement at O with minimum MD 
effect and to show the importance of the effect in 
accurate intensity measurements of crystals including 
heavy atoms. A program was written for this pur- 
pose. The method was applied to the intensity mea- 
surement of a pyrite-type crystal, PtP2. The results 
are compared with those of a refinement performed 
using the intensities measured with the conventional 
method. 

Theoretical 

1. Intensity variation caused by multiple diffraction 

This was first formulated by Moon & Shull (1964) 
and was modified by Tanaka & Saito (1975) as 

follows: 

A l l / I  l = ( 4 r r )  - 1 Q o  , ~ [ - g o l , o i ( Q o i / Q , , , )  To  
i 

- go,:l ,(Qi, /Qol)T,  

+ g,,,:,,(QoJQo,)(Qa/Qol)T,]. (1) 

where the suffix 0 indicates the incident beam from 
the source and the suffixes 1 and i ( > l )  indicate the 
primary and ith secondary beams, diffracted by the 
planes H0~ and Ho,, respectively. The geometrical 
relations and the notation of the planes are the same 
as those in Fig. 1 of Moon & Shull (1964). The suffix 
(j indicates that the beam i acts as the incident beam 
to the plane H 0 = Ho / -  Hoi and is diffracted as the 
beam j. To, TI and 7",. are the absorption-weighted 
mean path lengths defined by Becker & Coppens 
(1974a) of the incident, primary and secondary 
beams, respectively. AI~ is the variation of the 
primary-beam intensity I~ due to MD. Qo is the 
integrated reflectivity per unit volume of the crystal. 
gO:k~ is a constant relevant to the diffraction processes 
tj and kl  in which the effect of the time lag on AI~, 
the difference between the primary and secondary 
reflections, is taken into account. The explicit form is 

go: .... = (po/rlo)(p .... /rl,,,,,) 
2 ~ ~ 2 x f[Ko/(2rlo)-,Km,,/(2rlm,, ) ], (2) 

where K,j is the constant that transforms the rotation 
angle of the crystal to that of the Bragg angle 0. The 
term P0 is the polarization factor of the diffraction 
process ~j and rh; is expressed in terms of the full 
width at half-maximum (FWHM) x 0 of the reflection 
H o as 

rlo = xkJ(8  In 2) 1'2 (3) 

and 

f ( a ,  b) = [~'/(a + b)] 1/2 exp [ -  ab/(a + b)(2]. (4) 

The parameter s r expresses the time lag in terms of 
the rotation angle of the crystal, i.e. the crystal needs 
to be rotated by ~r for the secondary reflection to be 
positioned exactly on the reflection sphere after the 
primary reflection had been exactly on the reflection 
sphere. 

The first term in (1) corresponds to the diminution 
of the primary beam owing to the decrease in inten- 
sity of the incident beam caused by the secondary 
reflection i. The second term also indicates the 
diminution of the primary beam, which is diffracted 
again by the Hog- Ho, plane towards the direction of 
the secondary beam i. The third term gives the 
increase in the intensity of the primary beam by the 
opposite process to that in the second term. For 
crystals with heavy atoms, values of Qo are large so 
the intensity variation caused by MD is expected to 
be significantly enhanced. MD is expected to be one 
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Table 1. C o ' s t a l  data  at 298 K 

Space group Pa3 
a 5.69485 (4) A 
V 184.691 (4) A 3 
Z 4 
D, 9.260 gcm 
# (Mo Ktr) 781 cm L 
F(O00) 372 

of the main sources of error in the structure-factor 
measurements of crystals including heavy atoms. As 
pointed out by Moon & Shull (1964), the error can 
be comparable with that caused by the extinction 
effect. 

2. Peak - shape  approx ima t ion  

Since All  in (1) depends acutely on the FWHM 
defined in (3) and since the FWHM can also be 
utilized for the discrimination of the effective second- 
ary reflections as described in the following section, 
the value of the FWHM of each reflection is neces- 
sary for the evaluation of Al l .  In the MXC3 four- 
circle diffractometer (MAC Science) used in the 
present study, the continuous-scan method is 
employed for the measurement; however, the diffrac- 
tometer actually measured intensities with the step- 
scan method and the number of counts ni of each 
step is stored on a disk. An n~ normalized to the 
counts in 1 s was used to calculate the parameters 
that express the Gaussian-type peak shape described 
as  

ni = 2a exp [ - b(wi - too) 2] 

+ a exp [ - b(toi - too - tot2)2], (5) 

where i runs from 1 to N, the number of steps, too 
and too + tol2 are the to angles at the tops of the 
peaks of Kal and Ka2 radiations, respectively, and 
toi is the to angle of the ith step. The factor 2 is 
applied to take the intensity ratio of 2 to 1 of the 
Kal and Ka2 radiations into account. The FWHMs 
of the peaks of the two radiations were assumed to 
be the same and a symmetrical peak profile was 
assumed. The parameters a and b were calculated by 
the least-squares method. Xol in (3) is calculated as 

Xol = (4 In 2)1/2/b. (6) 

Experimental 

Crystals of PtP2 were synthesized under high 
pressure, 2.5 GPa, at 827 K (Shirotani, 1982). The 
crystal data are summarized in Table 1. In order to 
calculate accurately the orientation matrix of the 
crystal, 20 angles of 173 reflections with 20 ranging 
from 61.85 to 84.24 ° for Mo K a l  radiation were 
measured after adjustment of the incident-beam path 
at the optimum position. Since the linear absorption 

coefficient is very large, a crystal was shaped into a 
sphere with diameter 0.10 mm by the Bond (1951) 
method as improved by Kato (1975). 

1. M e a s u r e m e n t  of in tegra ted  intensit ies of 200 with 
4' scan  

The structure factor Fobs(200 ) of the PtP2 crystal 
was measured from 4' = 0 to 4' = 180 ~ at intervals of 
0.5 ~. The fluctuation of the structure factor, 6Fi, 
caused by the ith secondary reflection is calculated 
using (1). Since the Gaussian function has a long tail 
at each side of the peak, the initial criterion 

< XOI Jl- Xoi (7) 

is necessary to identify the ineffective secondary 
reflections that erroneously make !6F, I values too 
large. As in the previous study (Tanaka & Saito, 
1975), reciprocal points are assumed to have finite 
sizes instead of the surface of the reflection sphere. 
An isotropic peak profile is also assumed in (7) and 
the Xoi calculated by the least-squares analysis of ni's, 
given by (5), measured on the horizontal plane is 
used. The second criterion is expressed in terms of 
6F,, F and its statistical counting error o-F by 

16F~I > o'F or ~6F, > 0.001IF (8) 

If a secondary reflection fulfils conditions (7) and (8), 
it is judged effective and ~SF, is summed as 

A F =  Y aF,. (9) 
i 

The unscaled value of Fobs(200) at each 4' is illu- 
strated in the upper curve of Fig. 1 with the factor C 
defined in the lower curve by 

Fc,,r = ( 1 + AF/Fob.OFob.~ = CFoh.~, ( 1 O) 

where Fcor is the structure factor corrected for MD. 
The numbers of significant secondary reflections that 
fulfil the criteria are shown in Fig. 2. It is evident 
that MD cannot be completely avoided at any 4' 
position. Since the unit cell of the PtP2 crystal is very 

Fobs "° t f 12°C 4 8 0  1 .18  

450  

430  I . 1 4  

420  1 ,12  

410  

3.0 t ilO. 
3 7 0  1 .04  

3 6 0  
1 02 

~50  

3 4 0  t ~ " -  ; ; . . . .  ; " , -  . • . . I 1 0 0  
0 3 0  60  90 120 150 180 

~V( ° ) 

Fig. I. Observed structure factors Fobs(200) measured at 0 = 0 to 
180" at intervals o f  0.5 '~ (upper curve) and the calculated 
correction factor C (lower curve). 
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small, it can be concluded that MD cannot be 
avoided in general. Therefore, the problem we 
should consider is whether the intensity variations 
caused by MD are significant or not compared with 
errors from other sources, such as statistical counting 
errors. 

2. Intensity measurement with multiple diffraction 
avoided 

The intensity measurements made with MD 
avoided [experiment (I)], as well as the conventional 
ones [experiment (II)], were carried out using the 
MXC3 four-circle diffractometer. Intensities of 
reflections with 20 up to 150 and 130 ° were measured 
in experiments (I) and (II), respectively, employing 
an w--20 scan with scan speed 2 ~' m i n - l i n  o9. The 
total numbers of reflections measured in (I) and (II) 
were 2125 and 1712, respectively. The strongest ten 
reflections and all of their equivalent reflections were 
measured to correct for the anisotropic extinction 
effect. The two measurements were made using the 
same crystal under the same conditions except for 
the 20 range. The experimental conditions are sum- 
marized in Table 2. 

The program IUANGLE was originally part of the 
machine-control program system used to calculate 
the four angles for the intensity measurement. It was 
modified by SK and KT to calculate the intensity 
fluctuation due to MD at each ~b angle, and supplies 
the most appropriate four angles to the diffractom- 
eter. Experiment (I) was carried out with the fol- 
lowing procedures. 

(a) The present method requires a set of structure 
factors or Q0~ values of independent reflections 
before the measurement. Q0~ values were calculated 
using the atomic parameters determined in the pre- 
liminary measurement. 

(b) After the orientation of the crystal was 
determined, the itensity variation AI~ due to MD was 

Table 2. Experimental conditions 

Crystal shape Spherical 
Diameter 0. I 0 mm 

Scan mode co 20 
Receiving slits 

Vertical 1.5 
Horizontal 1.5 

20 range 
Experiment (I) (MD avoided) 0 155 

Range o f h  - 8  15 
Range of  k 8--15 
Range o f l  - 8  15 

Experiment (1I) (MD not avoided) O- 130 
Range of h - 8  14 
Range of k 8-14 
Range of  / - 8 14 

No. of significant reflections (F > 3trF) 
Experiment (I) 986 
Experiment (ll) 865 

No. of  reflections used (20 < 130) 
Refinement (Ia) 919 
Refinements (Ib) and (lib) 823 
Refinement (IIa) 873 

No. of independent reflections 
Refinement (la) 267 
Refinements (lh) and (llh) 249 
Refinement (Ila) 255 

calculated using (1). The calculations were carried 
out separately for Ka~ and Ktr  2 radiations and the 
corresponding results are designated AI~ and AI~2, 
respectively. The total intensity variation was calcu- 
lated with the following equation by assuming the 
Kal and Kte2 radiations to be incoherent: 

All = ~(2Alll + Air 2). (11) 

(c) The calculation of AI, was continued with ~, 
shifted by 1: until AI~I/I1 became less than 0.002 
and the intensity was measured. If this condition was 
not fulfilled after 360 ° of ~b rotation, !Air! was 
calculated at intervals of 0.1 ~ at both sides of the 
with the minimum IAI~l. The intensity was mea- 
sured at the $ with the smallest IAI, l among the 
further-divided 4' angles. 

(d) Some areas of reciprocal space cannot be 
scanned and are here referred to as the blind regions. 

• g 20 

!10  IIII LIIII IIII IIILILItlLIIII,,LILI,II L ,llLILII till [ II1[[11111 Ill i,ill t ILIII IIIllf, i Illlllllll ,,ll,lllllltEiiii, !1 Ilfll fllllll 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 10 20 30 40 50 60 70 80 90 

Fig. 2. Number of significant secondary reflections at ~, 0 to 90 :~ at intervals of 0.5 ~. ~ / ( " )  
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Table 3. Multiple-diffraction effect on PtP2 crystals 

For all the observed 936 reflections 
Number of reflections with 6F> ~rF: 327 
Number of reflections with AF> trF: 340 
Number of reflections affected more than x%: 

x 10 5 1 0.5 0.1 
A (6F/F) 17 45 281 568 922 
B (AF/F) 30 59 353 454 653 
A and B 17 44 231 404 653 
A or B 30 60 403 618 922 

For 272 low-order (sin0/A < 0,6 ~, ') and strong* (Fobs > 200.0) reflections 
Number of reflections with 6 F >  ~rF: 69 
Number of reflections with AF> crF: 65 
Number of reflections affected more than x%: 

x 10 5 ! 0.5 0.1 

A (6F/F) 0 0 12 60 184 
B (AF/F) 0 0 21 46 138 
A and B 0 0 6 22 138 
A or B 0 0 27 84 184 

* M a x i m u m  Fob, = 393.3 for 200. 

Table 4. Fractional coordinates and thermal 
parameters (]~-2) and type-I extinction parameters 

Multiple  di f f ract ion was avoided for  da ta  sets (Ia)  and  (Ib) and  
not  avoided for  da ta  sets ( IIa)  and (lib). 

(Ia)  
Pla t inum 
u~a 0.00195 (2) 
U~2 - 0.00010 (3) 

Phosphorus  
x 0.38952 (9) 
U,, 0.00304 (8) 
U,2 0.00010 (14) 

Type- I  anisot ropic-ext inct ion pa rame te r s  
gll 
Z22 
Z3~ 
ZI2 
Z~ 
Z23 

R 
R. 

(Ib) (IIa)  ( l ib)  

0.00195 (2) 0.00199 (2) 0.00202 (2) 
-0.00009 (3) -0.00014 (4) -0.00011 (4) 

0.38952 (9) 0.38950 (I 1) 0.38950 (10) 
0.00319 (9) 0.00316 (10) 0.00330 (10) 
0.00002 (14) 0.00013 (17) 0.00013 (17) 

0.00197 (10) 0.00198 (10) 0.00200 (12) 0.00220 (12) 
0.00224 (22) 0.00228 (22) 0.00289 (30) 0.00293 (29) 
0.00203 (12) 0.00204 (! 1) 0.00259 (16) 0.00267 (16) 

-0.00018 (12) -0.00018 (12) 0.00011 (15) 0.00013 (15) 
-0.00016 (9) -0.00016 (9) -0.00029 (I1) -0.00011 (12) 

0.00014 (15) 0.00013 (15) -0.00012 (20) -0.00013 (19) 

0.0122 0.0114 0.0142 0.0130 
0.0133 0.0126 0.0158 0.0146 

The blind regions were specified in the replaceable 
subroutine BLIND for the MXC3 diffractometer. 
The angles used in the measurement were calculated 
by taking the scan range and the width of the 
receiving slits into account. 

The effects of MD on PtP2 intensities calculated in 
experiment (II) are summarized in Table 3. 

Refinement 

The crystal structure was refined with the two sets of 
intensities measured in experiments (I) and (II) for 
reflections with 20 < 130 °. If more than half of the 
equivalent reflections had structure factors smaller 
than 3~r(F), all the equivalent reflections were taken 
as insignificant and were deleted. The set of reflec- 
tions selected in this way from those measured in 
experiment (II) is called data set (IIa). Data set (IIa) 
is the one usually measured with no consideration of 
the effect of MD. Some of the high-order reflections 
measured in experiment (I) have only a little room 
for ~b rotation because of the blind regions and MD 
could not be avoided. Reflections were judged to be 
affected by MD if [6F~ and [AFI in (9) satisfied 
one of four conditions: (a) IAFI>6o'F, (b) 
16F'/IFI > 0.1, (c) iAFI/IF > 0.1, (d) IF:; > 
100.0 and IAFI/IFI>O.O1. Condition (d) was 
added to eliminate the strong low-order reflections 
affected by MD. For strong reflections, the fluc- 
tuation of 1% in F is still larger than 3~r(F). Since 
the extinction effect is prominent in only a limited 
number of strong low-order reflections, the extinc- 
tion parameters calculated by the least-squares 
method without condition (d) are affected signifi- 
cantly. The set of reflections thus obtained from 
experiment (I) is called data set (Ia) and is almost 
free of the effects of MD. To compare more precisely 

the effects of MD on the intensities measured in 
experiments (I) and (II), data sets (Ib) and (IIb) were 
prepared from only those reflections existing in both 
data sets (Ia) and (IIa). 

Scattering factors and anomalous-dispersion terms 
of platinum and phosphorus were taken from Inter- 
national Tables for X-ray Crystallography (1974). 
Refinement with the assumption of a type-I aniso- 
tropic extinction effect gave lower R factors than 
refinement with the assumption of a type-II effect. 
The final atomic parameters, those of type-I aniso- 
tropic extinction (Becker & Coppens, 1974a,b, 1975) 
and R factors are listed in Table 4.* The refinements 
were carried out with the program LINKT80, coded 
by KT. The deformation densities are shown in Figs. 
3(a) and (b). Further analysis of the electron density 
of PtP2 will be published elsewhere (Tanaka, 
Kumazawa, Maruno & Shirotani, 1994). 

Results and discussion 

Fig. 1 clearly shows the Fobs(200) are affected by the 
anisotropic extinction effect, which makes Fob s vary 
gradually with qJ, and by the effect of MD, which 
makes the variation of Fobs with ~ sharp. The corre- 
spondence between the two curves in Fig. 1 is quite 
high since the decrease of Fob s everywhere corre- 
sponds to the increase of C in (10); however, their 
values do not seem to agree very well with each 
other. The reasons are that (1) is based on (9) as 
formulated by Moon & Shull (1964) for a flat-plate 
crystal with low absorption and extinction effects 

* Lists o f  s t ructure  factors  for  the four  refinements have  been 
deposi ted with the British Library  D o c u m e n t  Supply  Centre  as 
Supp lemen ta ry  Publ icat ion No.  S U P  71511 (33 pp.). Copies  m a y  
be ob ta ined  th rough  The  Technical  Edi tor ,  In te rna t iona l  Un ion  o f  
Crys ta l lography ,  5 A b b e y  Square,  Chester  CH1 2 H U ,  England.  



KIYOAKI TANAKA et al. 251 

and that the energy transfer among the secondary 
reflections is neglected in the present method. There- 
fore, the present method was used as a practical and 
effective measure to judge the occurrence of MD. 

The parameters a, b and Wo in (5) were determined 
for each reflection by the least-squares method with 
the program TEST,  coded by MT. They are listed in 
Table 5 for 200 and 10,0,0. The peaks of 10,0,0 are 
split into those for Kal and Ka2 radiations. The 
mean values of these parameters for all the reflec- 
tions having peak shapes clear enough for the 
parameters to be evaluated are also listed in Table 5. 
FWHMs calculated from the measured peak shapes 
are used in the subsequent calculation of All. For the 
other reflections, the mean value of 0.230 "~ was used. 
The reliability factor Rp = ~ n i ,obs  - -  n i , c a i c : / ~ n i , o b s  for 

".~ !, ', t': .' : ....:>? .: ........... ~. 3-- .._-- _ _ .  ~ .  " 4 - " . _ . .  . , ' -  

- - 7 ~ \  - - .  , ~ i , ~  . , / .  / , \ . \  ~. ) _ -  

~ . ~ - . ~ -  \ , " ~ "  t ' .  \ . : ,: . . . . . . . . . . . .  ~ ' .  ~ ~ ~ . 

h%\h.\ \'-\ . " ' .;:~?------ ~\ C-"~~ - " 

..... -.. .... , y(~ cz) ~.--..--. ". J. , I < , .,... ~ , ,.. O'/xc.__3)\\-.~ -_ ..... 
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(b) 
Fig. 3. Deformat ion densities on the plane defined by the threefold 

axis and the line from platinum to the nearest-neighbour 
phosphorus (a) after refinement (Ia) (MD avoided) and (b) after 
refinement (IIa) (MD not avoided). The contours  are at inter- 
vals of  0.2 e A 3. Negative contours  are broken lines and the 
zero contours  are dash-dotted lines. 

Table 5. Parameters o]'peak profiles of 200 and 10,0,0 
and the mean values calculated from the parameters o f  

all the re[lections with clear peak shapes 

h k l a b w,,( ) F W H M  ( ) Rp 

2 0 0 713 43.7 0.620 0.252 0.117 
10 0 0 107 42.2 0.663 0.211 0.096 
Mean value 43.0 0.683 0.230 

each reflection was approximately 0.1. Most of the 
discrepancies come from the non-coincidence at both 
sides of the peak. After use of the measured FWHM 
and elimination of the secondary reflections with (7), 
all the C values less than 1.0 in (10) disappeared and 
the coincidence of C and the fluctuation of Fobs(200)  

was improved. 
The effect of MD in experiment (II) is summarized 

in Table 3. About 36% of reflections are affected by 
MD more than their estimated standard deviations 
(e.s.d.'s). For low-order strong reflections with 
sin0/,t < 0.6 A l a n d  Fobsl > 2 0 0 ,  the ratio is still 
as high as 25%. Since All/l~ in (1) is proportional to 
Q0~, the effect of MD becomes larger in general as 
the crystal contains heavier atoms. The range of the 
ratios of Q values in (1) is also larger. This is the 
reason why 60 reflections were affected by MD in 
more than 5% of their structure factors. The R 
factor in the present study is 0.012 for refinement (Ia) 
and the number of reflections affected by M D by 
more than 1% is 403 from 936 observed reflections. 
These facts indicate that MD cannot be neglected for 
crystals including heavy atoms and should be 
avoided as far as possible. 

It is very interesting to compare the parameters 
determined in refinements (Ia), (lb), (IIa) and (lib) in 
Table 4. The x coordinate of phosphorus and most 
of the thermal parameters except Ull of phosphorus 
agree within their e.s.d.'s. Since a significant number 
of the low-order reflections are affected by M D, the 
refinements of the two sets of intensity data mea- 
sured in experiments (I) and (II) are expected to give 
different extinction parameters. In fact, the type-I 
anisotropic extinction parameters Z22 and Z33 are 
significantly different. Refinements (Ia) and (Ib) give 
almost isotropic extinction parameters, that is, Zll, 
Z22 and Z33 are almost equal within their e.s.d.'s and 
off-diagonal parameters are very small. It becomes 
evident that MD affects significantly extinction 
parameters and thus electron-density maps. 

Deformation densities produced after the 
refinements with data sets (Ia) and (IIa) are shown 
in Figs. 3(a) and (b), respectively. Discrepancies 
between the figures are quite clear and the differences 
between the observed and calculated electron densi- 
ties are in general smaller in (a) than in (b). The 
peaks @ on the Pt -P  bonds in (a) and (b) are 1.6 and 
2.2 e A-3 in height, respectively. The heights of the 
peaks (~) at the bisecting position of the two lines in 
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(a) and (b) are 1.3 and 1.5 e A 3, respectively. The 
position of the peak in (a) is slightly shifted towards 
the threefold axis compared with that in (b). The 
t rough_@ on the threefold axis is as deep as 
- 1 . 6  e , /k  3 in (b), but is shallow in (a). The height 
of the peak @ on the axis in (b) is 0.9 e A-3,  while 
the height at the corresponding position in (a) is 
0.4e A 3. The depth of the trough at platinum is 
-2 .1  e A 3 in both figures. Since the differences 
between (a) and (b) are caused by MD, these parts of 
the electron density in (b) cannot be fully represented 
by models of electron-density distributions or of 
thermal vibrations. Therefore, the intensity data that 
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(b) 

Fig. 4. Deformation densities on the same plane as in Fig. 3. (a) 
After refinement (Ib) (MD avoided) and (b) after refinement 
(IIb) (MD not avoided). The countours are as in Fig. 3. 

S T R U C T U R E - F A C T O R  M E A S U R E M E N T S  

are not affected by M D should be collected or the 
effect of MD should be corrected for before analyses 
of electron densities, atomic orbitals and thermal 
vibrations. 

Deformation densities of the refinements of data 
sets (Ib) and (IIb) are illustrated in Figs. 4(a) and (b). 
These data sets are composed of the same number of 
reflections with the same indices. The heights of the 
peaks (~  on the Pt-P bonds in (a) and (b) are 2.3 and 
2.6 e A -3, respectively. Peaks (~) at the bisecting 
position have heights of 0.9 and 1.4 e ,~,- 3 in (a) and 
(b), respectively. The troughs (~) on the threefold axis 
in Fig. 3(b) do not exist in Figs. 4. The troughs at 
platinum in Figs. 4(a) and (b) have depths of - 2 . 5  
and -2 .1  e A-3,  respectively. Very weak high-order 
reflections, which are affected by M D much more 
appreciably than low-order reflections because of the 
larger ratio of Q values in (1), can hardly remain in 
both data sets as significant, so the differences 
between the two parts of Fig. 4 are not as prominent 
as those between the parts of Fig. 3. However, the 
results of the measurements avoiding MD still show, 
in general, smaller peaks and troughs. 
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