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The crystal structure of the tetraphenyl-lead has been 
refined by X-ray analysis. Four parameters defining 
the position of one phenyl ring in the cell (molecular 
symmetry 4) have been systematically varied to the 
minimum value of the R factor. The Pb atom has 
tetrahedral valence angles and the plane of each phenyl 
ring is rotated by about 30” about the Pb-C bond, 
whose length is 2.19+0.03 A. In this conformation 
each phenyl ring is perpendicular to the phenyl ring 
related to it by a diad axis, and makes an angle of 
about 60” to both the other two rings, thus being co- 
planar with the Pb-C bond of one of them. This 
molecular conformation is compared with that of tetra- 
phenyl derivatives of C, Si, Ge and Sn. 

Introduction 

As a part of a program of research on organo-lead 
compounds, the crystal structure of diphenyllead- 
dichloride has been recently found’,2 to consist of 

polymeric chains, , ‘Pb< 
Cl, 

,I%<, in which the 
fl1 

Pb-C distance appears to blather short.3f4 
Particularly noteworthy would therefore be the 

comparison with the covalent tetraphenyl derivative, on 
which a preliminary crystal structure analysis was 
previously carried out by other authors.5t6 

More recently, the crystal structures of the tetra- 
phenyl derivatives of Si, Ge, Sn and Pb have been 
also reported.‘-“’ However, the analysis of the lead 
compound was based on packing considerations and 
on an assumed Pb-C bond length larger than 2.30 A; 
the precise value, as well as the atomic coordinates, 
the structure factors and the R values. were not 
reported. 

It seemed therefore worth-while to re-determine the 
crystal structure of tetraphenyl-lead, also for a reliable 
comparison of the Pb-C bond length in this compound 
and in the diphenyl derivative. 
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Experimental Section 

Long transparent single crystals with square cross- 
section were obtained by slow evaporation of a 
tetraphenyl-lead solution in acetone at room tem- 
perature. 

Cell parameters were accurately measured and the 
space group P42,c = L)A confirmed by Weissenberg 
(CuKa radiation, Ni filter) and precession photographs 
(MoKa radiation, Zr filter, ~=20”); zero and upper 
layers including hhl reflections, were examined. 
Present results are compared in Table I with the values 
reported by previous authors; physical and crystallo- 
graphic data are collected in Table II. 

Table I. Pb(CaHs), crystal data from present and previous 
works, Values in brackets have been calculated by using data 
reported by other authors. 

a (A) c(A) v (A’) L d obr Ref. 

12.06 6.50 1.74 
12.23 6.454 1.745 65 
12.03 6.55 949 1.74 7-10 
12.092 6.589 963 1.771 1.750 Present 

work 

Table II. Physical and crystallographic data of Pb(CaHs), 

MM.pw. 
= 515.61 
= 227.X 

Crystallographic system: Tetragonal 
Space group P42~ = D& 
a = 12.092~0.003 a 

; 
= 6.589 f 0.002 B, 
= 963.4 A’ 
- 2; 

L = 
F(000) = 492 

1.750 (by flotation) 
d C.IE = 1.777 g cm~’ 
lJ.c”K. = 175 cm-‘; Ku& = 100 cm-’ 

Seventy independent hk0 reflections, nut of 96 
possible, and 38 h01 out of 59, were observed and 
integrated intensities obtained with a recording micro- 
densitometer; correction for non linear behaviour of 
the .X-ray films used (Ilford Industrial G),“~” and for 
usual Lorentz and polarization factors were applied. 

(11) M. Mammi, R. Bardi and S. Bezzi, .4cto Cryst., 16, Al49 (1963). 
(12) H. Morimoto and R. Uyeda, Acta Crysf., 16, 1107 (1963). 
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Structure refinement. The two Pb atoms in the 
unit cell are arranged in a body-centered lattice at the 
special positions (O,O,O) and (l/2 ,I/2 ,Y2) and contribute 
to reflections with h+k-tl = 2n only, while each 
phenyl ring occupies one of the eight general equivalent 
positions. Structure analysis required therefore 
‘determination of the coordinates of six carbon atoms. 

The centrosymmetric ab projection was refined first; 
a Fourier synthesis calculated with the 54 reflections 
with h + k = 2n, whose positive sign is required by the 
heavy atom contribution, showed the phenyl ring 
position roughly as reported by previous authors. 
These coordinates were used to allow for carbon atoms, 
and the residual R factor decreased from 0.11 (for 
reflections with h+ k=2n only) to 0.076, including 
all observed reflections; an overall isotropic tem- 
perature factor B=2.50 A2 was used. Refinement of 
x and y coordinates and temperature factors was then 
carried out by Fourier and AF syntheses. 13*14 

The overlapping of atoms on the non-centro- 
symmetric ac projection did not allow the z coordinate 
of each carbon atom to be refined independently with 
the usual techniques (see Figures 1 and 2). 

Figure 1. Tetraphenyl-lead: difference electron density projec- 
tion on the ab plane. Countours are at intervals of 0.4 eA-*; 
negative countours are broken and zero countour is omitted. 

A regular hexagonal arrangement of the phenyl ring 
was therefore assumed (C-C= 1.397 A), and its 
position in the unit cell defined by the following 
parameters: 

(1) a = angle between the PbC& direction and the c 
axis (2a = C,(I)PbG(III) = valence angle ; see 

Figures 1 and 2); 

(2) w = angle between the ring plane and the 
C,(I)PbC,(III) plane (this defines the rotation of the 
phenyl ring about the PbCG direction); 

(13) W. Cochran, Acfa Crysf.. 4, 81 (195.1). 
(14) W. Cochran, Acto Crysf.. 4, 408 (1951). 

Figure 2. 
UC plane. 

Tetraphenyl-lead: electron density projection on the 
Countours are at intervals of 2 eA-‘, the zero line 

being omitted and the 2 eR--’ countour broken. For Pb atom, 
intervals are of 2 eA-’ up to 10, and then of 10 ,A-‘. 

(3) d = Pb-C bond length; 

(4) cp = angle between the b axis and the projection 
of the PbGC4 line on the ab plane (this defines the 
rotation of the whole molecule about the c axis). 

The observed good agreement between the experi- 
mental x, y coordinates of carbon atoms and a regular 
ring projection on the ab -plane, allowed preliminary 
values for the above four parameters to be calculated. 
Each of them was then varied systematically by steps 
in a short range and the corresponding R values 
calculated for hk0 and h0f reflections. For instance, 
in Figure 3 the R value are plotted us. d, keeping the 
other parameters fixed at their best (final) value. 
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Figure 3. Residual R factor as a function of the Pb-C bond 
length, d (white circles: hkd reflections; black circles: h01 
reflections). 
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By interpolation, a minimum R value was found at 
a=55.8”, w=58.9”, d=2.19 8, and (p=7.5”. The 
corresponding atomic coordinates are collected in 
Table III; final difference synthesis on ab projection 
is shown in Figure 1. 

For the Pb atom, the isotropic temperature factor 
B=2.50 A2 was used for hk0 reflections and 
B=4.17 AZ for hOl’ reflections; an overall value of 
3.80 A2 was applied to carbon atoms. 

Table III. Tetraphenyl-lead: atomic coordinates 

x/a y/b z/c 

Pb 0.0000 0.0000 0.0000 

:: 
0.0195 0.1483 0.1868 
0.1068 0.1556 0.3247 

C, 0.1192 0.2503 0.4439 
C, 0.0444 0.3375 0.425 1 

:: 
- 0.0428 0.3301 0.2871 
- 0.0553 0.2355 0.1679 

Secondary extinction was found to affect the hk0 
intensity data by using the approximate relation 
proposed by Housty and Clastre; 15 the value a =-3.10m6 
ee2 was found and applied, the twelve strongest reflec- 
tions being thus appreciably corrected. No secondary 
extinction was observed to affect the h01 reflection 
intensities. 

Observed and calculated structure factors of hk0 
and h01 reflections are listed in Tables IV and V, 
respectively; the residual factors are R( hk0) = 0.054 
and R(hOl) = 0.05 1, including observed reflections 
only. Scattering factors by Forsyth and Wells’6 were 
used and allowance was made for anomalous scatter- 
ing of lead atom.17 Calculations were performed with 
the aid of an Olivetti Elea 6001 computer using the 
programs by the Centro di Strutturistica Chimica de1 
C.N.R. ‘* 

Table IV. Tetraphenyl-lead: observed and calculated MO 
structure factors (X 10). Half the minimum observed intensity 
value was given to unobserved reflections, which are marked 

(15) I. Housty and J. Clastre, Acfa Cryst., 10, 695 (1957). 
(16) I. B. Forsyth and M. Wells, Ada Cryst., 12, 412 (1959). 
(17) “International Tables for X-Ray Crystallography”, Vol. III, 215, 

Kynoch Press Birmingham, England (1962). 
(18) C. Panattoni and E. Frasson, Ric. Sci., 32, II-A, 376 (1962). 

Table V. Tetraphenyl-lead: observed and calculated ho1 
structure factors (X 10). Half the minimum observed intensity 
value was given to unobserved reflections, which are marked 

0 

102 

0 

-82 

Results and Discussion 

The phenyl ring lies on the plane 0.8126x+ 
0.5793y-z= o which forms angles of 54.9”, 65.8” and 
44.9” to the yz, xz and xy planes, respectively. Inter- 
molecular distances shorter than 4.00 A are observed 
only between atom Cd and the atoms Cd and Cs at 
(X-y; 1/2-x; ‘/z +z) (3.76 and 3.86A, respectively). 

Standard deviation for the valuesof a (55.8”), w 
(58.9”) and rp (7.5”), estimated on the basis of Cruick- 
shank criteria19s20 is about + 1”; it means that observed 
differences of the Pb valence angles from the tetrahedral 
value (CI(I)PbC~(III)=2a= 111.5’; CI(I)PbCI(II) = 
108.4”) are not significant. Previously reported values 
of cp were 0” ’ and 5.5’.” The angle w=58.9” cor- 
responds to a rotation of the phenyl ring about the 
Pb-C bond by an angle $= 3 1. l”, measured from the 
position in which the plane of the ring makes a 
minimum angle to the xy plane (i.e.. 35”16’ in the case 
of exactly tetrahedral bonds). 

The molecular conformation may be described by 
the angles $TCJ = &‘xJ = 89.9” and ~7x2 = ~E$Q = 
$7~~ = &rccl = 59.9” between the planes of the 
rings, numbered as shown in Figure 1. This confor- 
mation, shown in Figures 4 and 5, is quite different 

Figure 4. View of the tetraphenyl-lead molecule along the 
Pb-C, direction. 

(19) D. W. I. Cruickshank, Acta Crysl., 2, 65 (1949). 
(20) D. W. J. Cruickshank and A. P. Robertson, Acra Cryst., 6, 698 

(1953). 
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from that described by Zhdanov and Ismailzade, who 
reported values of 50.5” 7*9 and 50”+3” lo for the 
angle $, obtained on the basis of geometrical calculation 
of the “best” intermolecular distances between 
hydrogen atoms. 

Figure 5. View of the tetraphenyl-lead molecule along the 
intersection of the planes of two perpendicular rings. 

The tetraphenyl derivatives of Cp Si,9*‘O GeP Sn9J0 
and Pb, crystallize in the same space group, their a and 
c parameters vary rather regularly with the covalent 
radius of the central atom M, and their orientation in 
the unit cell (cp angle) is nearly the same, as shown in 
Table VI; however, the reported 3/ angles for Si, Ge, 
and Sn fluctuate irregularly in between the two extreme 
values of 55” and 31.1” observed for the C and Pb 
compounds. 

Comparison is made more evident in Figure 6, where 
the phenyl rings, projected onto the ab plane of their 
unit cells, are shifted in such a way that all the CI 
atoms and all the C&o-M lines are made coincident. 
For Si, Ge and Sn, the phenyl rings were drawn using 

so 

i Y” 
Pb Ge C 
?I I 

60 

so 
40 
30 i 
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Figure 6. Tetraphenyl derlvatlves: projections of the phenyl 
rings on to the a6 plane. The position of all the C, atoms and 
all the C, to central atom lines have been made coincident. 
Distances between horizontal bonds of the rings are the cosJl 
projection of the phenyl ring width, as shown by the angular 
scale on the left. 

compound (6~30”) would still be possible for all the 
other derivatives, except for tetraphenylmethane, and 
it has been already proposed by Yokoi for tetraphenyl- 
silane.= By shortening the M-C, bond length d, the 
intramolecular distances are shortened too; the most 
significant of them, collected in Table VII for the 
structures with the two extreme $ values (Pb and C), 
are observed between hydrogen atoms. By decreasing 
d in the Pb conformation ($=31 .l”), the Van der 
Waals contact of 2.4 W24 would be reached first by the 
Hz(I)-Hs(IV) distance, at a d values of about 1.8 A, 
so that the same conformation is allowed for the Sn, 
Ge and even for the Si compound (d= 1.87 A). On 
the contrary, for d= 1.47 A (tetraphenylmethane), the 
Hz(I)-H6(IV) distance would be 2.17 A and the 
molecule changes its conformation increasing the $ 
angle to 55” (observed distance, 2.37 A). 

The result which we were mainly concerned with, 
is the Pb-C bond length, d=2.19 ii (a= _+0.03 A>. 
The Pb covalent tetrahedral radii is 1.44+ 1.46 Az4.” 

Table VI. Comparison of molecular and crystallographic parameters of tetraphenyl compounds with different central atoms 

Central atom C Si Ge Sn Pb Pb 

:(A, $1 55 37 52.5 42 50 31.1 
10.87 7.5 11.30 8 11.60 7 11.85 7 12.03 5.5 12.09 7.5 

c(A) 7.23 7.05 6.85 6.65 6.55 6.59 
Tetrahedral covalent radii (A) 0.77 1.17 1.22 1.40 I.46 1.46 
References 21 10 9 10 10 Present 

work 

the reported x and y coordinates calculated by 
geometrical analysis’,” and assuming regular hegaxonal 
rings?’ For Si and Sn compounds, the carbon atom 
positions localized on the Fourier maps” are shown 
by white and black circles, respectively. 

Indeed. the molecular conformation of the Pb 

(21) H. T. Sumsio” and D. McLachlan Ir., Acla Crysl.. 3. 217 (1950). 
(22) The z coordinates for the Si and S” compotmds are not reported, 

while for Ge they are wrongly coupled, ~loms C, through C, being given 

the z cordinates of atoms C, through C,. We also note that the two 

carbon atm” positions marked by an X in Figure 6. reported for the 
Sn compound.‘0 are clearly inconsistent with any regular hexagon and 
have been corrected in the drawing to the best agreement with the other 
ring-positions. 

Table VII. Intramolecular shortest contacts, calculated assum- 
ing C-H=l.lO A. (For molecule numbering, see Figures 
1 and 2) 

H~(I)-HI(III) 
HI(I)-H,(III) 
H,(I)-Hs(lV) 

Pb C 

4.56 A 2.55 8, 
4.28 3.91 
2.76 2.37 

Present work Ref. 22 

(23) M. Yokoi, J. Chem. Sot. Jopun, 73, 822 (1952). 
(24) L. Pauling, “The nature of the chemical bond”, Cornell University 

Press-Ithaca, New York (1959). 
(25) M. Lister and L. E. Sutton, f’rans. Farad. Sm., 37, 393 (1941). 
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and that of the carbon atom may be assumed 
0.76+0.77 A, even in a bond from an aromatic ring.26-2s 
Calculated Pb-C distance is therefore 2.23 A, that 
should be reduced to 2.17 8, by applying the correction 
for difference in electronegativities.29 

The same result (2.16 A) is obtained by increasing 
the C-C,i”, value of 1.47 8, found in tetraphenyl- 

(26) F. A. Keidel and S. H. Bauer, Ann. Rev. Phys. Chem., 4, 236 
(1953). 

(27) L. Pauling and L. 0. Brockway, Am. Chew?. Sot., 59, 1223 
(1937). 

(28) A. Hargreaves and S. Hasan Rizvi, Acla Cryst., 25, 365 (1962). 
(29) V. Schomaker and D. P. Stevenson, /. Am. Chew. Sot., 63. 37 

(1941). 

methane,21 by 0.69 A, correspondent to .the difference 
between covalent tetrahedral radii of Pb and C.24 By 
the same way, the Si-Cring value of 1.87 A found in 
tetraphenylsilaneB should be increased by 0.29 A, 
giving Pb-C=2.16 A. The shorter Pb-C bond 
length determined in the crystal structure of diphenyl- 
lead dichloride (2.12 AI’s2 seems therefore due to 
resonance of the coplanar phenyl rings. 

Finally we note that the rather surprising difference 
in the distances to central atom, between C(CH& 
(1.54 A)27 and C(C,HS)~ (1.47 A),” is not observed 
between Pb(CHj)d (2.203 AJ4 and Pb(GH5)4 (2.19 A). 
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