328

Support for this research by the National Science
Foundation (GP-38022X) and Vanderbilt University
is gratefully acknowledged.

References

CULLEN, D. L. & LINGAFELTER, E. C. (1971). Inorg. Chem.
10, 12641268,

HARROWFIELD, B. V., DEMPSTER, A. J., FREEMAN, T. E., &
PiLBrROW, J. R. (1973). J. Phys. C: Solid State Phys. 6,
2058-2065.

HARROWEFIELD, B. V. & PiLBrOW, J. R. (1973). J. Phys. C:
Solid State Phys. 6, 755-766.

JonnsoN, C. K. (1965). ORTEP. Oak Ridge National Lab-
oratory Report ORNL-3794.

LeENHERT, P. G. (1975). J. Appl. Cryst. 8, 568-570.,

Acta Cryst. (1976). B32, 328

THALLIUM LEAD HEXANITROCUPRATE(II) AT 295K

MILLER, P. T., LENHERT, P. G., & JOESTEN, M. D. (1972).
Inorg. Chem. 11, 2221-22217.

REINEN, D., FreiBer, C. & Reetz, K. P. (1972). J. Solid
State Chem. 4, 103-114.

TAkAGI, S., JOESTEN, M. D., & LENHERT, P. G. (1975q).
Acta Cryst. B31, 596-598.

Takagl, S., JOESTEN, M. D. & LeENHERT, P. G. (1975b). J.
Amer. Chem. Soc. 97, 444445,

TAKAGI, S., JOESTEN, M. D. & LENHERT, P. G. (1975¢). Acta
Cryst. To be published in 1976,

Takacl, S., JOESTEN, M. D. & LENHERT, P. G. (19754).
Acta Cryst. B31, 1968-1970.

TakaAGl, S., JoesTeN, M. D. & LENHERT, P. G. (1975¢).
Acta Cryst. B31, 1970-1972.

Takacl, S., LENHERT, P. G. & JoesTeEn, M. D. (1974). J.
Amer. Chem. Soc. 96, 6606-6609.

WEBER, K. (1969). Acta Cryst. B25, 1174-1178.

ZACHARIASEN, W. H. (1968). Acta Cryst. A24, 212-216.

3,4-Benzopyrene (A New Refinement)

By JoHN IBALL, SHEELAGH N. SCRIMGEOUR AND DouGLAS W. YOUNG
University of Dundee, Dundee, DD1 4HN, Scotland

(Received 8 September 1975; accepted 12 September 1975)

Abstract. C,,H,,, monoclinic, P2,/c, a=4-535 (5), b=
20-40 (2), c=13-49 (1) A, f=97-0°, D,,=1-351, Z=4,
D,=1-351 g cm~3. The structure determined by Iball
& Young (1956) has been refined to an R of 0-069 for
1165 observed reflexions. The molecule is almost
planar (deviations less than +0-04 A) and, as expected,

has two short bonds (1-342 and 1-352 A) in the
‘K regions’ of the two phenanthrene nuclei.

Introduction. The structure of the monoclinic form of
3,4-benzopyrene was described by Iball & Young
(1956) but since the coordinates weie based mainly on

Table 1. Final atomic coordinates (< 10%) and temperature factors ( x 10%) (e.s.d.’s in parentheses)
T=exp [— (A?by1+k2by; +12bss + hkbyy + kibys + hiby3)] .

X y z bu by, bis b ba bss
CQ) 1172 (20) —747 (4 962 (6) 601 (51) 31 (19 11 (28) 24 (2) 0 (6) 49 (5)
C2) —823 (19) —1231 (4) 719 (6) 553 (50) 46 (20) 17 (28) 28 (3) —1(6) 46 (5)
C@3) —1597 (18) —1691 (4) 1456 (6) 461 (44) 35 (18) 44 (26) 23(2) —18 (6) 58 (5)
C@4) —3687 (20) —2198 (5) 1223 (7) 533 (51) 26 (21) 26 (31) 30 (3) =350 75 (6)
C(5) —4338 (22) ~2622 (5) 1959 (7) 729 (60) —59 (23) 111 (34) 30 (3) —-11(8) 77 (1)
C(6) —2939 (21) —2577 (4) 2922 (7) 629 (53) -4 (21) 135 (31) 24 (2) -6(7) 83 (6)
C(D —857 (19) —2078 (4) 3172 (6) 534 (46) 33319 111 (26) 24 (2) 3(6) 60 (5)
C(®) 619 (21) —2013 (5) 4169 (7) 688 (56) 54 (22) 102 (31) 28 (3) 12 (7) 64 (6)
C©9) 2603 (20) — 1535 (5) 4419 (6) 666 (54) 61 (21) 38 (29) 29 (3) 12.(7) 49 (5)
C(10) 3357 (19) —1063 (4) 3690 (6) 462 (45) 48 (18) 26 (26) 26 (2) ~1(6) 48 (5)
C(11) 5359 (19) —575 (4) 3936 (6) 518 (49) 44 (20) —24 (29) 28 (3) -8(7) 56 (5)
C(12) 6078 (19) -113 4 3217 (D) 512 (48) 27 (19) 54 (29) 21 (2) -7 (6) 67 (6)
C(13) 8156 (21) 398 (5) 3496 (7) 550 (51) 39 (21) 36 (32) 28 (3) -19(7) 78 (6)
C@14) 8876 (22) 853 (5) 2814 (8) 649 (55) —10 (23) 114 (34) 28 (3) —-19 (8) 95 (7)
C(15) 7478 (22) 817 (5) 1834 (7) 733 (57) -9 (22) 181 (33) 23(2) —-5(8) 92 (7)
C(16) 5460 (21) 337 (4 1548 (7) 666 (53) 52 (21) 147 (29) 26 (2) 1(7) 65 (6)
Cc(17) 4686 (19) —148 (4) 2225 (6) 529 (46) 47 (18) 73 (26) 23 (2) 0 (6) 51 (5)
C(18) 2603 (18) —666 (4) 1953 (6) 484 (45) 38 (18) 23 (25) 23(2) 0 (6) 48 (5)
C(19) 1930 (18) -1112 (49) 2676 (6) 448 (43) 53 (16) 19 (24) 24 (2) —1(6) 38 4)
C(20) —157 (18) —~1624 (4) 2444 (6) 445 (39) 47 (17) 66 (23) 22 (2) 2 (6) 48 (4)
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two-dimensional Fourier maps the molecular dimen-
sions were not very accurate. New diffraction data
have been collected from equi-inclination Weissenberg
photographs (Cu K« radiation). The crystals tend to
be twinned, but by splitting the crystals parallel to the
needle axis it is possible to obtain small fragments
which are not twinned. No corrections have been made
for absorption (u=5-95 cm~!). The unit cells of both
the monoclinic and orthorhombic forms were first
described by Iball (1936) but the structure of the
orthorhombic form has not been determined.

The atomic parameters of Iball & Young (1956) for
the C atoms were refined anisotropically by block-
diagonal least-squares calculations. Calculated po-
sitions for the H atoms were included in the structure
factor calculations but were not refined. The weighting
scheme was yw=1/{1 +[(|F,| — F*)/G*]*}"/* with values
of 20 and 15 for F* and G* respectively. The scattering
factors were taken from International Tables for X-ray
Crystallography (1974) and the final R was 0-069 for
1165 observed reflexions.* Atomic parameters are

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publica-
tion No. SUP 31373 (9 pp.). Copies may be obtained through
The Executive Secretary, International Union of Crystallog-
raphy, 13 White Friars, Chester CH1 INZ, England.

Table 2. Atomic coordinates for hydrogen atoms
(% 10%) and isotropic temperature factors

x y z B(A)?
H() 189 —43 43 4-49
H(2) —176 —129 3 4-50
H(4) —462 —225 46 5-50
H(5) —599 —296 188 5-50
H(6) —366 —288 349 5-00
H(8) -33 —231 469 5-00
H(9) 373 —148 509 4-50
H(11) 649 ~57 464 4-50
H(13) 913 39 425 5-00
H(14) 29 121 303 5-50
H(15) 831 115 140 5:50
H(16) 468 33 79 5-00

Fig. 1. 3,4-Benzopyrene: the numbering system and deviations
(A x 10% of the C atoms from the mean plane.
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given in Tables 1 and 2. Bond lengths and angles are
given in Table 3 and intermolecular contacts in Table 4.
The numbering system and deviations from the mean
plane are shown in Fig. 1.

Table 3. Bond lengths (A) and bond angles (°)
(e.s.d.’s in parentheses)

C(1)-C(2) 1352 (12) C10)-C(11) 1-361 (12)
C(1)-C(18) 1423 (11) C(10)-C(19) 1-444 (11)
C(2)-C(3) 1-441 (12) CUD-C(12) 1418 (12)
C(3)-C(4) 14412 (12) C(12)-C(13) 1-425 (12)
C(3)-C(20) 1417 (11) C(12)-C(17) 1-410 (11)
C(4)-C(5) 1375 (14) C(13)-C(14) 1374 (14)
C(5)-C(6) 1-378 (13) C(14)-C(15) 1-397 (14)
C(6)-C(7) 1-402 (12) C(15)-C(16) 1364 (13)
C(7)-C(8) 1-433 (12) C(16)-C(17) 1-418 (12)
C(7)-C(20) 1415 (12) C(17)-C(18) 1-436 (12)
C(8)-C(9) 1342 (13) C(18)-C(19) 1-393 (11)
C(9)-C(10) 1-446 (12) C(19)-C(20) 1-419 (11)
C@)—C()—C(18) 1218 (8)  C(11)-C(12)-C(17) 120-1 (8)
C(1)—C(Q2)—C(3)  121-4 (1)  C(13)-C(12)-C(17) 119-5 (8)
C2)—C(3)—C(4) 122-5(7)  C(12)-C(13)-C(14) 121-4 (8)
C(2)—C(3)—C(20) 117-6 (1)  C(13)-C(14)-C(15) 1188 (9)
C(#—C(3)—C(20) 1199 (8)  C(14)-C(15)-C(16) 121-1 (9)
C3)—C(4)—C(5) 1198 (8)  C(15)-C(16)-C(17) 121-9 (8)
C(H—C(5)—C(6) 1216 (9)  C(12)-C(17)-C(16) 117-3 (8)
C(5)—C(6)—C(7) 1196 (9)  C(12)-C(17)-C(18) 1189 (8)
C(6)—C(N—C@B) 1211 (8)  C(16)-C(17)-C(18) 123-8 (7)
C(6)—C(7)—C(20) 120-7 (8)  C(1)—C(18)-C(17) 1224 (7)
C(8)—C(7)—C(20) 1182 (8)  C(1)—C(18)-C(19) 118-0 (7)
C(N—C(8)—C(9) 121-7(9)  C(17)-C(18)-C(19) 119-7 (7)
C®)—C(9)—C(10) 1213 (8)  C(10)-C(19)-C(18) 120-5 (7)
C(9—C(10)-C(11) 121-8 ()  C(10)-C(19)-C(20) 118-0 (7)
C(9)—C(10)-C(19) 118:9 (7)  C(18)-C(19)-C(20) 1216 (7)
C(11)-C(10)-C(19) 119-3 (8)  C(3)—C(20)-C(7) 118-2 (7)
C(10)-C(11)-C(12) 121-5(8)  C(3)—C(20)-C(19) 119-8 (7)
C(11)-C(12)-€(13) 120-4 (8)  C(7)—C(20)-C(19) 121-9 (7)

Table 4. Intermolecular distances <3-5 A (e.s.d.’s
in parentheses)

0] X, ¥, 2

an 1+x, y, z
C(10)-C()" 3-480 (12) A
C(12)'-C(19)" 3-493 (12)
C(14)'-C 7" 3500 (13)
C(18)'-C(3)" 3-489 (12)
C(20)'-Cc(17)1 3:458 (13)

The equation of the mean plane of the C atoms is
0-7704X —0-59537Y —0-22693Z — 0-8638 =0 (X is pa-
rallel to a, Y parallel to b and Z perpendicular to a
and b).

Discussion. 3,4-Benzopyrene is a very potent cancer
producing compound and was first isolated from coal
tar by Cook, Hewett & Heiger (1933) who synthesized
it. The crystals used in the present investigation were
prepared from this original sample. The structure of
the molecule is now in agreement with expectation.
There are two so-called ‘K regions’ of phenanthrene
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in the molecule (bonds 1-2 and 8-9) and both are
short, 1-352 and 1-342 A respectively.

Although the molecule is approximately planar it is
not as planar as some other aromatic condensed ring
hydrocarbons; for example chrysene has a maximum
deviation of 0-02 A (Burns & Iball, 1960). There is
overcrowding due to the H atoms attached to atoms 1
and 16 and this is relieved mainly by the slight twisting
of the molecule so that atoms 1 and 16 are on opposite
sides of the mean plane (separation normal to the
plane, 0-044 A) and there is no undue lengthening of
the bond 17-18. In many similar compounds this
kind of bond is greater than 1-46 A.

Acta Cryst. (1976). B32, 330
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Copper(IT) Formate-Urea—Water (1/2/2)

By HipekO KIRIYAMA AND KATSUKI KITAHAMA
The Institute of Scientific and Industrial Research, Osaka University, Yamadakami, Suita, 565 Japan

(Received 27 June 1975; accepted 2 September 1975)

Abstract. Cu(HCO,),.2(NH,),CO.2H,0, monoclinic,
P2,jc, a=8275 (4), b=8-346 (3), c=8-018 (3) A, =
96:36 (5)°, Z=2, D,=1-862 (3), D,=1-869 g cm™3,
The crystal consists of the same kind of copper form-
ate layers, [Cu(HCO,),],, as in Cu(HCO,),.4H,0,
between which urea and water molecules are held
together by unique hydrogen bonds.

Introduction. Crystals suitable for X-ray studies were
prepared from an aqueous solution of copper formate
and a large excess of urea, at room temperature. The
(100) plane is a pronounced cleavage plane and cor-
responds to (001) in copper formate tetrahydrate
(hereafter abbreviated as CFTH).

Weissenberg and precession photographs showed the
symmetry of monoclinic P2,/c (systematic absences:
70! with / odd and 0k0 with £ odd). A blue 0-1 mm
cubed crystal was mounted on a Rigaku automatic

four-circle diffractometer. The lattice parameters
were determined from setting angles of the diffractom-
eter with Mo Ka, radiation (A=0-7093 A). Intensity
data were collected on the same diffractometer by use
of Mo Ko radiation and of the w-26 scan technique.
The scan speed was 1°/min in 20 and background
intensities were measured for 10 s at both ends of
each scan. A total of 1701 reflexions were observed in
a region of (sin §)/A<0:72 A-!. Corrections were
made for Lorentz and polarization factors, but not for
absorption (u=21-05 cm~!) and extinction.

The positions of all the non-hydrogen atoms were
determined by the combined use of Patterson and
Fourier syntheses. After four cycles of least-squares
refinement the R value dropped to 0-063 (R=3||F,|—
|F||/2IF,)). A difference Fourier map computed at
this stage showed the positions of all H atoms. Further
refinements with anisotropic temperature factors for

Table 1. Final positional parameters ( x 10°) and thermal parameters (A? x 10%)

Estimated standard deviations are given in parentheses. The anisotropic thermal factors are of the form
T=exp [—3(Fa**By;+ . . . +2kib*c* By)].

X y zZ B,
Cu 0 0 0 216 (1)
C(F) —161 (2) 2680 (2) 2342 (2) 215 (8)
C(U) 6307 (2) 468 (2) 3620 (2) 163 (7)
O(1F) —644 (2) 2050 (1) 972 (1) 254 (6)
O(2F) —531(2)  4057(1) 2758 (1) 263 (6)
o) 5426 )  —190 (2) 2430 (2) 275 (6)
o(w) 2795 (2) 950 (2) 246 (2) 197 (6)
N(1) 6303 (2) 2030 (2) 3868 (2) 302 (8)
N2 7307 (2) —411 (2) 4662 (2) 342 (9)

-BZZ B33 BlZ B13 BZ3

78 (1) 73 (1) 19 (1) -5Q) 2(1)
138 (8) 117 (7) 40(6) —32(6) —12(6)
208 (8) 179 (¢ —15(6) 19 (6) —8(6)
123 (5) 116 (5) 36(5) —31(4) —38(4)

95 (5) 102 (5) 18(4) —10(4) —18(4)
227 (7) 213(5) —28(6) —76(5  —36(5)
245 (6) 224 (6) 7(5) 4.(5) 5(5)
173 (D) 374 (9) 2(7)  —121(7) 9(7)
172 (D 316 (8) 24(6) —123(6) —30(6)



