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Table 5. V-O bond lengths (A) and V-O-V bond
angles (°) in M,V,0; structures

(V-0,5 (V-0 V-O-V

Mn,V,0,° 1-69 1760 180
Cd,V.0;° 1-692 1-757 180
Zn,V,0,° 1-697 1-751 151
BCu,V,0,%* 1-693 1770
aCu,V,0, 1-702 1-743 147-8
Ba,Vv,0,° 1-687 1-820 1237

1-688 1-823 1256
SerZO';! 1-69 1-81 122

1-71 1-81 124
Pb,V,0, 1-692 1-817 122
Co,V,0;" 1-694 1-849 117:6
Ni,V,0;" 1-692 1-846 1171

a Dorm & Marinder (1967). b Au & Calvo (1967). ¢ Gopal &
Calvo (1973). d Mercurio-Lavaud & Frit (1973b). ¢ Hawthorne
& Calvo (1975). f Baglio & Dann (1971). g Shannon & Calvo
(1973). h Sauerbrei, Faggiani & Calvo (1974).

* The table of atomic positions in this paper seems to con-
tain errors. The values used here are those reported by these
authors.

Table 5 summarizes the average bridging and ter-
minal V-O bond lengths and V-O-V bond angles in
the series of divalent metal ion divanadates. As the
V-0O-V angle increases the average bridging V-O bond
length, {(V-O,), decreases. The average terminal V-O
bond length shows no systematic variation. All anions
with V-0O-V bond angles of less than 148° have strong
interactions between the divalent metal ion and the
bridging oxygen atom. Therefore, these structures
seem to fall into two groups based upon this character-
istic. In the case of Mg,V,0, (Gopal & Calvo, 1974)
one side of the anion has a long, but significant, inter-
action with a fifth oxygen atom (V-O=2-440 A).
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Despite this, the structure is closely related to the
thortvietite-like series of compounds. Many of these
divalent metal ion divanadates show polymorphic
transition. For example, Angenault (1970) has re-
ported an orthorhombic phase of Zn,V,0, which is
likely to be isotypic with that of «Cu,V,0,. Further
studies of these polymorphs seems desirable.

This research has been supported by a grant from
the National Research Council of Canada.
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Abstract. (4-CH,C4H,),Sn, tetragonal, 14, a=
13-819 (8), c=6-406 (4) A, Z=2, D,=1-31, D,=1-32
g cm™3 (by flotation in aqueous KI solution). The
structure consists of discrete molecules which have
crystallographic 4 symmetry. The methyl group is
rigidly involved in the intermolecular structure. The
final R value is 0-035.

Introduction. The title compound was prepared from
the reaction of anhydrous tin tetrachloride and 4-
methylphenylmagnesium bromide in ether/benzene
solution. The purified compound was isolated from the
crude reaction product by Soxhlet extraction and re-

crystallized from benzene as long colorless glistening
needles. From indexed Weissenberg photographs the
systematic absences A+k+/=2n+1 confirmed the
body-centered tetragonal lattice found by Ismailzade &
Zhdanov (1953). Cell parameters were determined by a
least-squares refinement of the carefully measured
angular settings of 12 reflections on a Picker FACS-1
automated diffractometer. The refined values given in
the abstract compare with a=13-50 and ¢=6-36 A
reported by Ismailzade & Zhdanov (1953).
Three-dimensional intensity data were collected on
the same diffractometer with zirconium-filtered Mo K«
(A=0-71069 A) radiation. The details of the data col-
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Table 1. Positional and thermal parameters (x 10%)
The thermal parameters are in the form exp [— (A2fu1 + k%22 + 12833 + 2hk f12 + 211 B13 + 2kif23)).

X y z Bu
Sn 0 0 0 36 (2)
C(1) 327 (4) 1265 (4) 1814 (10) 43 (3)
C(2) 1145(4) 1818 (5)  1353(12) 51 (4)
C(@3) 1372 (5) 2641 (5) 2506 (16) 57 (4)
C4) 805 (5) 2950 (5) 4164 (12) 64 (4)
C(5) —10(5) 2398 (5) 4650 (27) 56 (3)
C(6) —244 (4) 1588 (5) 3459 (12) 49 4)
C() 1061 (6) 3845 (6) 5396 (31) 88 (5)
Table 1 (cont.)
X y z B
H(2) 1608 1603 77 46
H@3) 2010 3050 2100 56
H(5) —465 2600 5945 46
H(6) —897 1194 3829 42
H(74) 582 4432 4973 8-0
H(7B) 1792 4062 5027 80
H(7C) 1009 3708 7048 8-0

lection have been previously described (Karipides,
Forman, Thomas & Reed, 1974). The crystal had ap-
proximate dimensions 0-13 x 0-14 x 0-26 mm and was
mounted along the longest dimension (c¢). 645 inde-
pendent reflections out to 50° in 26 were measured in
the 6-20 scan mode. All reflections collected had
I>o(I) and all were retained for use in the structure
determination and refinement.

The space group /4 was initially assumed and
subsequently verified by the complete solution of the
structure. The crystallographic symmetry requires the
tin atom to be at the origin. The non-hydrogen atoms in
the one independent 4-methylphenyl group were found
from a difference Fourier map phased by the tin atom.
After a convergent isotropic refinement using the tin
and carbon atoms the ring hydrogen atoms were
introduced by placing them in theoretical positions
assuming the C-H bond (length fixed at 1-08 A) bisects
the calculated C-C-C angle. The locations of the
methyl hydrogen atoms were determined from a dif-
ference electron density map and repositioned at the
experimentally observed orientation so that the C-H
lengths equaled 1-08 A. All hydrogen atoms were as-
signed the isotropic temperature factors of the carbon
atoms to which they were attached.

The structure was refined by full-matrix least-squares
calculations assuming anisotropic motion for the tin

ﬂll ﬂ33 ﬂlZ ﬂlS 523
36(2) 218(2) 0 0 0
42(2) 219(18) 33 —6( 13 (7)
62(4) 287(21) —11(3) 24(8) —30(8)
68 (5) 441 (29) —19(4)  26(10) —36(11)
55(4) 349 (27) 34 —-9(8) —38(8)
65(4) 375 (56) 9 (3) 3(12) —11(12)
55(4) 291 (21) —1(3) =—2(8) 1(8)
95(6) 632(81) —5(4) 12(17) —127(23)

and carbon atoms. The hydrogen atom parameters
were not varied. The quantity minimized was >w(|F,| —
|F,|)* where the weight applied to each observation was
taken to be 1/0%(F) where o(F) was determined as
described previously (Karipides, Forman, Thomas &
Reed, 1974). New hydrogen positions were calculated
after each least-squares run. The final refinement
resulted in a conventional R value, >(|F,]| — | F /2| Fyl,
of 0-035 and a weighted R value, [Dw(|F,| —|F.)?¥
Sw|F,|*1*2, of 0-036. The final standard deviation in an
observation of unit weight was 1-13.

The atomic scattering factors for neutral tin (cor-
rected for 4f’ and 4f'') and carbon were taken from
Cromer & Waber (1965) and Cromer (1965). The
hydrogen atom scattering factors were those of Stewart,
Davidson & Simpson (1965). In addition to local
programs for the IBM 370/165 computer, the fol-
lowing programs or modifications were used: FORDAP
(Zalkin, 1974, unpublished), ORFLS and ORFFE
(Busing, Martin & Levy, 1962, 1964), ORTEP (John-
son, 1965), PLANET (Smith, 1962). The final atomic
positional and thermal parameters and their standard
deviations are given in Table 1.*

Discussion. The structure of tetra-(4-methylphenyl)tin
was carried out to obtain an accurate description of
the role of the methyl group in the molecular packing
and the conformation of the aryl ring (Karipides, For-
man, Thomas & Reed, 1974). A qualitative two-
dimensional structure of the title compound based on

* The table of structure factors (10|F,] and 10|F.|) has been
deposited with the British Library Lending Division as
Supplementary Publication No. SUP 30724 (4 pp.). Copies
may be obtained through The Executive Secretary, International
Union of Crystallography, 13 White Friars, Chester CH1 1 NZ,
England.

Table 2. Bond distances (A) and valence angles (°)

Sn—C(1) 2:147 (6)
C(1)-C(2) 1-396 (8)
C(1)-C(6) 1390 (9)
C(2)-C(3) 1-392 (10)
C()-Sn—C(1) (£5z) 1144 (3)
C(1)-Sn—C(1) (y%2) 1070 (2)
C(6)-C(1)-C(2) 1164 (6)
C(1)-C(2)-C(3) 121-8 (4)
C(2)-C(3)-C(4) 1220 (6)
C(3)-C(4)-C(5) 117-3 (8)
C(4)-C(5)-C(6) 120:3 (11)

C(3)—C(4) 1-387 (11)
C4)—C(5) 1395 (10)
C(5)—C(6) 1392 (12)
C(@)—C(7) 1:510 (13)
C(1)—C(6)-C(5) 122:8 (7)
C(3)—C(4)-C(7) 121-3 (8)
C(5)—C(4)-C(7) 121-4 (9)
H(74)-C(7)-H(7B) 107-9 (10)
H(74)-C(71)-H(1C) 109-7 (12)
H(7B)-C(7)-H(7C) 109-1 (12)
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Fig. 2. A projection on the ab plane of the (4-CH;CsH,).Sn
unit cell.

only 58 hkO reflections has been reported (Ismailzade
& Zhdanov, 1953), but in that account the atom z
coordinates and, hence, the details of the structure were
not determined.

Interatomic distances and angles are given in Table
2. A view of the molecular structure and the atom-
numbering scheme are presented in Fig. 1. The projec-
tion of the unit cell on the ab plane is shown in Fig. 2.

The structure consists of discrete molecules with
crystallographically imposed 4 symmetry. The ob-
served Sn-C(1) length, 2:147 (6) A, compares well with
the 2:14 (1) A found in tetraphenyltin (Chieh & Trotter,
1970; Akmed and Aleksandrov, 1970) and 2-126 (8) A
in tetrakis(pentafluorophenyl)tin (Karipides, Forman,
Thomas & Reed, 1974). The aryl-methyl bond distance,
C(4)-C(7), is 1-510 (3) A, in agreement with typical
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values previously observed (Baenziger & Schultz,
1973). The aryl ring is planar; the equation of the unit-
weighted least-squares plane fitted to the seven carbon
atoms is —0-5411X+0-5617Y—0-6259Z —0-0155=0.
The average deviation of the seven carbon atoms from
this plane is 0-009 A with the largest being 0-013 A.
The tin atom is also in this plane (—0-008 A displace-
ment). However, the phenyl ring does deviate substan-
tially from idealized Dg;, symmetry in a manner that has
been previously documented for similarly bonded aryl
groups (Churchill & Veidis, 1972; Churchill & Kalra,
1974).

The 4-methylphenyl ring plane makes an angle of
51-2° with the xy plane which compares to 44° esti-
mated by Ismailzade & Zhdanov (1953). The plane
formed by the atoms H(74)-C(7)-C(4) makes an angle
of 74-8° with the planar aryl ring which along with the
dihedral angles H(74)-C(7)-C(4)-H(7C), 121-3°,
H(7C)-C(7)-C(4)-H(7B), 120-3°, H(7B)-C(7)-C(4)-
H(7A4), 118-4° specifies the orientation of the methyl
group.

The crystal structure can be expressed succinctly in
terms of the angular parameters previously defined
(Karipides, Forman, Thomas & Reed, 1974). The
rotation (p) of the molecule about the ¢ axis measured
from the a axis is — 14-5° while the rotation (a) of the
aryl ring plane about the Sn-C bond axis measured
from a vertical plane through z is 49-3°. The C(1)-Sn—
C(1) (%pz) valency angle (d) is 114-4°. The crystal
packing differs from that found in tetraphenyltin which
crystallizes in space group P42,c and has p=7-4°, a=
57-5° and §=110-8°. The difference in packing is due to
the extensive involvement of the methyl group in the
intermolecular structure of the crystal. All three methyl
hydrogen atoms [especially H(74)] are involved in
close H---H interactions and are: H(74)---H(74)
(-7?7 1 _yaZ)> 2:25 A, H(7B) : H(S) (%_ya%_x9%_z)’
2:79 A; H(7C)---H(S) t—y,1—x,3—2z), 2258 A. In
comparison the shortest H. - - H distances not involving
methyl hydrogen atoms are H(2)---H(6) (y,%,2),
275 A; HQ)---HQ2) G—x,4—y,3+2), 274 A. The
shortest C---H non-bonded distance is C(6)- - - H(6)
(y,%,1—2z), 2-81 A. These close contacts involving the
methyl hydrogens require the methyl group to be
rigidly oriented in the lattice.

Grateful acknowledgment is made to the donors of
the Petroleum Research Fund administered by the
American Chemical Society and the Miami University
Undergraduate Research Committee for support of
this work. We thank Mr R. H. P. Thomas for prepara-
tion of the compound.
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Zr14Cus; and Hf;4Cus; with GdAg;.¢ Structure Type
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Abstract. Hf,,Cus,, hexagonal, P6/m (No. 175), a=
11:18 (1), ¢=8235 (5) A, U=1782:8 A3, Z=1, F.W.
5739-4, D,=10-69 g cm~3, F(000)=2487. Counter
technique, absorption correction, direct methods,
least-squares refinement. R=0-085 for 568 reflexions.
Zr,Cus; (a=11-25 (1), c=8-275 (10) A) and Hf,,Cus,
are isotypic with GdAg; .

Introduction. In the Cu-rich part of the system Hf-Cu
the phases HfCu, and HfCus of unknown structure
have been reported recently by Perry (1974). Phases
of the same composition were found in the system
Zr-Cu (Perry & Hugi, 1972).

Samples of composition HfCu, and ZrCu, were pre-
pared by arc melting the component elements under
purified argon atmosphere (Hf 999 %, Zr 99-9%, Cu
99-999%). The alloying of Cu with Hf or Zr leads to an
appreciable increase in hardness. It was possible to
isolate small single crystals of ZrCu., and HfCu_,
(~40 pm diameter). Precession and Weissenberg
photographs showed that the two compounds, later to
be described by the formulae Zr,Cus, and Hf,,Cus,,
were isotypic and that they crystallized with a hex-
agonal cell with Zr,,Cus,: a=11-25 (1), c=8-275 (10)
A; Hf,Cus;: a=11-18 (1), ¢=8:235 (5) A.

As there were no systematic extinctions and the
crystals show low hexagonal Laue symmetry, the pos-
sible space groups were P6, P6 and P6/m.

A structure analysis was performed on the HfCu.,
single crystal. 568 non-equivalent intensities were meas-
ured on a Philips four-circle automatic diffractometer
with graphite-monochromatized Mo Ko radiation. Cor-
rectionforabsorption[u(Hf,,Cus)=734cm~Jwasmade
(de Meulenaer & Tompa, 1965). The structure was

solved by direct methods with the program LSAM
(Main, Woolfson & Germain, 1972). The E map
showed that the proper space group was P6/m, and it
also allowed 14 Hf atoms and 48 Cu atoms to be
located. A Fourier map showed three further Cu atoms
distributed at random over six sites. The true composi-
tion of this compound is therefore Hf,,Cu;, with a cal-
culated density of 10-69 g cm™>. The final positional
parameters refined after applying anomalous dispersion
corrections (International Tables for X-ray Crystallog-
raphy, 1968) and using the least-squares program in the
X-RAY system (1972) are given in Table 1.* The scat-
tering factors have been generated with analytical

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publica-
tion No. SUP 30719 (6 pp.). Copies may be obtained through
The Executive Secretary, International Union of Crystallog-
raphy, 13 White Friars, Chester CH1 1 NZ, England.

Table 1. Positional parameters for Hf ,Cus, with GdAg;.,
structure type.

Space group P6/m (No. 175). The temperature factor is given
by the equation T=exp [—2x%. 1072U (2sin /)3 .

x y z U[A?

2HE(1)  2(e) 0 0 03114 (7) 02 (1)

6Hf(2) 6(j) 0-1138 (4) 0-3893 (4) 0 0-7 (1)

6Hf(3) 6(k) 04712 (3) 0-1417 (3) 3 0-4 (1)

2Cu(l)  2(o) Y % 0 0-7 4)

4Cu(2)  4(h) % % 0-:2931 (14) 03 (2)

6Cu(3) 6(k)  0-0611 (10)0-2403 (9) 3022

12Cu(4) 12(/) 0-1914 (7) 02651 (7) 0-2365(8) 07 (2)
12Cu(5) 12(/) 0:4942 (7) 0-1163 (7) 0-1520 (8) 0-5(1)
12Cu(6) 12()) 0-1044 (6) 0-4373 (6) 0-3296 (8) 04 (1)
3Cu(7) 6(7) 0-1146 (26) 0-1352 (26) 0 19 (5)



