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Fig. 5. Projection along the b-axis showing the methyl contact
region. Non-equivalent hydrogen—hydrogen distances (in A)
less than 3-0 A over the methyl gap are given.

The hydrogen-hydrogen contact distances over the
methyl gap (Fig. 5) give a more informative picture
of the packing of the methyl-group planes than the
carbon—carbon distances discussed. The shortest dis-
tance is 2-62 A, somewhat longer than the shortest
lateral hydrogen—hydrogen contact between the
chains, which is about 240 A.
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The Crystal Structure of Monoaquobisacetylacetonatozinc

By H. MoNTGOMERY AND E. C. LINGAFELTER
Department of Chemistry, University of Washington, Seattle 5, Wash., U.S.A.

(Recetved 18 May 1962)

The crystal structure of monoaquobisacetylacetonatozine [Zn(C,H,0,),H,0] has been determined
by three-dimensional methods. The cell dimensions are @ =10-48, b =5-37, ¢=10-94 A, £ =93°48",
space group P2;, with Z = 2. The structure is made up of discrete molecules, containing 5-coordinate
zinc with a coordination configuration intermediate between tetragonal pyramidal and trigonal

bipyramidal.

Introduction

Lippert & Truter (1960) have recently published
a determination of the crystal structure of mono-
aquobisacetylacetonatozine, Zn(CsH70z)z.Hz0. Since

we had an independent structure determination in
the final refinement stages at the time we learned
of their work, and since there appeared to be some
significant differences in the results, we have com-
pleted our determination.
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Experimental

Monoaquobisacetylacetonatozine crystallized from
benzene, ethanol or benzene—ethanol mixtures in
needles. The unit cell dimensions were determined
from rotation and zero level Weissenberg photographs
about the needle (b) axis using Cu K« radiation with
superimposed reflections from a sodium chloride
crystal (ap=>5-6387 A) for calibration. In addition,
zero, first and second level Weissenberg exposures and
zero level precession photographs (Mo K«, A =
0-7107 A) were taken to establish the space group.
The results were:

ao=10-489+0-01, bo=>5-370 + 0-005,
co=10-935+0-01 A, f=93°48"+9".

The space group was P2, or P2;/m (0k0 present only
for k=2n). Calculated density for two molecules per
unit cell 1-522 g.cm—3; observed density 1-51 g.cm~3,
A further set of calibrated rotation exposures about b,
using iron radiation (1=1-9373 A), were taken to
confirm the value of by (bo=>5-373 +0-005 A).

The intensities for the four levels (20! to A3l) were
recorded on Kodak medical X-ray film, using multiple
films, in a Nonius integrating Weissenberg camera.
Considerable difficulty was found in obtaining a
crystal that would last through the series of exposures.
The intensities were measured photometrically and
corrected for Lorentz and polarization factors but not
for absorption.

Determination and refinement of the structure

To carry out a structure determination, a choice
had to be made between the two space groups P2;
and P2;/m. After experiments with models, the space
group P2; was selected, since it proved very difficult
to fit any reasonable model in the cell in a P2;/m
arrangement. This choice was confirmed by the sue-
cessful determination of the structure. Calculations
were carried out for the A0l projection first, using the
heavy atom technique. Because of the short b axis
all atoms were clearly resolved and accurate x and z
coordinates were obtained. With the aid of these
coordinates, the zinc and oxygen y parameters were
derived from a three-dimensional Patterson function
The first triple Fourier summation clearly showed all
the atoms except one, and the structure determination
was carried out by a series of difference (F,—F,)
syntheses until the reliability index R was just below
0-10. In the difference maps anisotropy showed
strongly in the zinc and oxygen peaks and a change
was made to a least-squares cycle of refinement to
allow the use of three-dimensional anisotropic tem-
perature factors for these atoms.

The calculations for Fourier summations were
carried out on an IBM type 650 computer, with
programs devised by Brown, Lingafelter, Stewart &
Jensen (1959). The least-squares refinement program
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of Busing & Levy (1959) was run on an IBM type
709 computer. The Hughes weighting scheme was
used and 2w(|Fo|—|F¢)> was minimized. Atomic
scattering factors for zinc were from Thomas & Umeda
(1957) and for the other atoms from Berghuis, Haan-
appel, Potters, Loopstra, MacGillavry & Veenendaal
(1965)

Table 1. Final atomic parameters

xzla y/b z/c B
Zn 0-0892 0-0000 0-2156 *
O(1) 0-0757 —0-2717 0-0904 *
0(2) 0-1961 0-2675 0-1410 *
0(3) 0-2507 —0-1235 0-3107 *
0O(4) —0-0144 —0-1198 0-3517 *
0O(5) ~0-610 0-2122 0-1577 *
c(2) 0-3746 0-4640 0-0583 3-78
C(3) 0-4678 —0-1889 0-3708 4-03
C4) —0-1584 —0-1246 0-5127 2-98
C(5) —0-2346 0-5040 0-1733 372
C(22) 0-3203 0-2755 0-1400 2-54
C(23) 0-4021 0-1200 0-2125 3:04
C(33) 0-3667 —0:0596 0-2929 2-50
C(44) —0-1139  —0-0261 0-3936 2:23
C(45) —0-1822 0-1704 0-3354 2:68
C(55) —0-1530 0-2806 0-2246 2-17
C(23) H(1) 0-5035 0-1810 0-2143 +
H(2) 0-4100 0-6500 0-0900 t
c@) { H(3) 0-3300 05000  —0-0100 +
H(4) 0-5000 0-4300 0-0400 T
H(5) 04600  —0-3750 0-3500 +
C(3) { H(6) 04300  —0-1600 0-4400 +
H(7) 0-5500  —0-1500 0-3500 +
C(45) H(S) ~0-2600 0-2560 0-3840 +
—0-2800 0-3800 0-0900 T
C(5) H(IO) —0-1800 0-6700 0-2000 +
H(11) —0-3700 0-5240 0-2300 +
H(12) —0-1800 —0-1400 0-5200 +
C(4) { H(13) —0-1700 —0-3250 0-5600 1
H(13) —0-1200 —0-0500 0-5500 +
0Q) H(15) 0-0400 —0-2250 0-0100 +
H(16) 0-1600 —0-4000 0-0800 T
* Anisotropic. See Table 2.
T B=2-50 used for all hydrogen atoms.
Table 2. Final anisotropic temperature factors
(x10%)
U U Uss Uy Ui, Ups
Zn 262 3-29 3-08 0-09 0-59 0-03
O(1) 5-02 4-36 2-69 0-16 0-25 0-07
0(2) 2-47 3-11 496 —010 1-19 0-70
0(3) 2:58 519 4-33 —0-35 0-49 0-57
0(4) 2:-83 4-82 3-14 0-80 1-01 0-69
0(5) 3-37 3-81 2-82 1-42 0-78 0-68

Hydrogen atoms were located by examining the
AF maps at distances about 1:05 A from the carbon
atoms and 0-95 A from the water oxygen atom.
A self consistent set of atomic parameters was chosen.
Hydrogen positions were not refined and no great
accuracy can be claimed for them. The final reliability
factor B was 0-072 (1060 reflections). The results of
the analysis are given in Tables 1, 2, and 3.
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Table 3. Comparison of observed and calculated structure factors
(x10)

k 2 F Fe A b & F, F: Cosa swma | A & AR 2 Fo
212 194 6 7 195 95 1
2 538 786 6 - 122 119 -1 ° 24!
347 3%3 6 53 s0 ia
12! 8s 3 208 199 =1 - 98
22 250 6 3 [ - 1 9
18 107 & 173 171 - -1 - 30
3s 374 6 S 107 - ! 144
3 33 ® 158 165 - -1 - 129
183 176 & -21 15 4 62
1 108 89 6 9 93 - 220
1 140 1%0 3 4 75 - 189
1 94 101 & £ 58 - 193
1 79 86 7 321 290 - -~ 88
871 748 7 3 66 - 10
338 379 7 - 482 a9 - -~ 13
- 430 495 7 200 20 - -7 21
49 609 ? - 175 18. -4 2
- L3 53 7 ] -l 84 - K - 60 .
29 3i0 7 -3 a3 o3 -8 83 o
- 40 456 7 4 o 000~ L4 - t10 .
a 10 7 8 3 000~ -6 1 38 M
- 5 63 7 3 3z 0 7 -1 &8 .
s 1 95 ? - 239 21 000~ - -1 1] i
-3 39 38l 7 180 17 0 1722 187 M
6 Y 1 7 - 149 144 000 = - 7 71 .
-6 a £y ? 103 9 0 12 119 :
7 29 287 7 - s 2 000= ; 12 129 -
-7 26 263 7 103 108 000~ - 18 149 M
13 121 7 - 291 279 00 -1 13 125 M
- 10 106 7 109 1 000= 1 -. 13! 134 .
29 22% 7 - 1 5 00! -1 141 134 .
- 12 133 4 1 7 E! +00f 1 -. 1 104 .
H ~2 17 7 1 164 17 ©0000~- -1 H 12 120 .
-1 15 131 7 1 o L *00 1 -3 22 237 M
1 16¢ 171 7 -1 -22 *991 =1 & 1 129 «98.
LR S B T S 308 F :
=8 as *0C - 99
-1 bod 0 213 191 - = - 233 233 93
1 108 120 - aa8 ada . - 32 Ay «92
-1 39 6 99 102 . - - 34 68 .81
130 7 - 72 7% . - 8a 86 .92
a3 7 - -28 a e = 127 128 <95y
- 68 0 -3 383 367 . 3 66 «98
338 381 H i . - -4 156 151 IS
- 263 227 - 183 1 I3 3 17 161 +90
247 234 -29 . -3 - e 134 P2
- 178 170 - 2 . - 6 18 188 o921
233 238 143 1 +00i - - 7 73 +821
- 28 248 - 230 2 +0000— -7 8 -3 <97,
61 3¢ -28 31 %0000~ - 12 121 +929)
-2 408 313 - =29 23 *00! 17 166 <95
s 269 253 184 176 20000~ ~! -4 136 126 e
-¢ -22 8 - 148 143 1e00 s -3 As o5
T 182 189 3 ba . - by -5 14 160 .92
-7 323 329 - -27 . 0000~ H (3 188 138 *9B
298 301 1 106 117 #0000 -1 -6 14 138 *93¢
- 253 253 -1 23 1 o - H b4 31 38 9796
183 148 1 2 o -1 - t 102 951
= -28 11 217 194 . H L 97 5,
1 88 78 - 233 2 . - -1 ~ 127 119 4
-1 131 128 13e 1 . H ! = 3,
1 66 64 - 263 26 . - s = 1 ] 102 74
-1 140 139 3 12 10! i - . 8 H 177
1 ~24 31 -3 148 13 . be - 92- - 188 184
-1 a1 57 a 237 236 . N 98 86
1 s6 a7 -a 19¢ 20 . : . i- - - 33
-1 28 . S 135 13 . - &t 1 138
179 182 -5 i 3 o : 13 - 98
281 2e8 6 133 13 +0000 : - 2- 63
- ‘598 654 -¢ 202 2 +00C0= . e 1 -a 128 128
3:0 306 ? 60 #0000~ 4 e [ =31 S
- 56 I3 - 59 S «00¢ Y 9 1 -s S 84
a9 als - 1 G 9846 1 6 68 87
- 13 108 - 193 1 M o 9661 - 1 -6 101 114
170 153 - 5 1 - ~8 H -28 13
3 -4 324 306 -t 3 100 - : k4 52~ - 128 122,
s 409 407 107 125 - -7 1990~ =32 4l
- 300 268 196 193 . a8 7 A 137 136
376 356 - 103 10 - A - 13 108 - 1 18
! 3% e 2 3 - - 18 196 -31 27
153 133 - 123 12 - . - 1 102 - 102 89
- -26 27 k] 113 11 - - 1 B 31 3 114 122
277 2% L0 -3 30 a - A -1 18 138 -3 3 23
- 364 408 R -28 1 - . : 14 187 3 o 3
98 90 - 74 & - -1 -3 19 - 143 125
- 178 185 E 162 17 : ! X 26 - 40 32
1 123 128 -3 a3 8 . -1 13 124 - 120 127
-1 62 39 6 o2 s . -13 32 32 1 51 $2
i 57 66 -6 175 174 - s o 312 213 3 - 72 28
-1 17t 181 ] 7 92 10 - s 1 272 287 1 - 1 13
i -23 s 0 -7 98 10 -1 31 224 ° 1 196 233
-1 ~-25 1a o 2% s - 2 23 238 2 251 294
1 7 82 0 - 93 11 -2 19 191 3 §30 221
-1 104 119 4 ~f 182 18 3 18 183 . 25% 405
a 31 332 175 18 ~3 24 276 s 335 361
. az 397 -28 1 o 4 33 330 Fe Tes 2%
. 13 ja2 - -28 - b 23 24 hd 246 264
- i 17 178 19 . - s 1t 108 f2e 2%
a - 27 274 - 28 s 140000~ ~s 24, 248 178 112
s So 558 -2¢ 99 6 22 213 ' lae i
. - et ia - -27 2 #0000 ~6 26a 274 1 Be b33
. a 24 233 94 100 140000 7 98 86 12 125 123
- -a 37 383 -26 26 140000 -7 148 141 i -1 H
a s 39 364 1 65 1400« 100 95 138 157
- -5 4 2] -t . 70 *00 -~ 172 169 1 3 403
a 6 -2 o -18 29 e - 134 8s 12 - 51 s
3 -6 a2 4sa - 4 43 . -~ by 1 °7 1 2 2 199 218
a 7 203 216 3 10% - t R as to2 -2 303 379
- -7 160 131 - 123 139 . - -1 13 143 o2 r 198 196
- 8 228 231 o 129 147 1 1t 119 1 2 -3 ns 418
. -8 262 239 1 4 3 -1 3 32 - 23 216
- b aa 1 -1 T 1 (2 59 -. 203 200
. -9 22 2 2 13 192 -1 13 11 Py 188 t78
. 10 21 2: -2 3 a1 7 62 -3 a0 533
- -10 <z 3 -2 38 287 & 285 293
- i 2 -3 18 13 - 2¢ 69 -e 169 164
N -1 20 195 . 1 13 13, 27 7 291 300
- 12 9 1 -a - 1 ~ 19 J8 2, 1 -7 177 179
a -12 bt s 2 27 50 \ 8 189 187
-13 3 3 -5 ) 11 ~ 26 58 2 -8 163 156
0 221 2 o 8 20 O 3 3 18a 1%
1 23 2 bt 7 - 27 62 84 -9 97 8%
-t a 3 -1 1 12 188 83 N It 30 M
2 33 30 . 2 100 113 ~ 138 A1 iz -10 176 174
-2 ™ az <00 -2 -17 \ 208 8a a3, I 125 124
3 33 241 +00 -3 149 18 - 237 18 *30 -1t a2 Jo
-3 12 78 «00 3 487 » 119 22 6 12 82 27
a 18 161 +9000- 2 as 53 - 88 85 3 Rt %3 18
-a 1s 143 0000~ 3 . a7 154 155 7 15 35 3
5 36 337 40000— K] 49 a28 ~ 179 182 7 <9823. -13 37 3
-5 17 1 +9CC0~ H 19 o8 e 739 i K o 182 138
6 =2 49699 3 ] 323 ° by 159 188 2 1 305 355
-6 33 3 . ? & S ! 133 89 3 -1 289 355
7 2 2 . 8 23i 253 -1 193 189 a 2 274 295
-7 3 M 9 13 143 3 80 82 0e3 -2 97 s
8 154 1 K 10 18 19 - 180 148 [ya2 3 330 388
-8 13 H . - 11 1e 14 -1 89 96 61 -3 390 512
S o . - 12 19 10 302 98 o4 a age 235
-2 22 256 : " 13 12 11 227 25 001 -a 2n e
10 17 191 . - o 26 0 7 - 160 31 298 E 139 17
-10 —2 0 et - 1 409 33 k4 194 76 *089 -9 166 179
11 5. r3 : -1 272 38, 7 - 337 .8 076 o 293 j 34
—-11 34 151 . 2 400 45 ? 3 294 90 *509. -8 2te 219
12 7 a M -2 439 7Ce 4 -3 107 83 <07 k4 173 158
-12 7 8 . 3 398 4S8 7 - -0 s <30 -7 06 3
-13 9 88 . - -3 224 230 7 - 272 284 W21 8 239 238
° 3 307 . - - 181 169 7 176 164 <08 -8 179 Tae
1 13 118 o - 4 366 a1s 7 - 213 214 <99 9 108 102
-1 24 227 . - 5 239 233 7 127 121 i3 -5 192 18
2 27 273 N 11 -8 157 164 ? - -4 49 10 138 147
-2 6. 375 1 1 s 33 Jle 7 1 126 117 -10 195 191
3 16 139 -¢ 340 359 Tt -7 184 173 1 148 144
-3 28. 2758 7 138 157 7 140 132 =11 £ 1
. 24 230 - -7 84 78 7 ~ 118 103 12 -22
-a 10. 92 - 8 302 31a 7 8s 8a -12 133
s 30 202 - -8 118 103 7 - 194 194 -1 92 3o
-5 16, 149 - 9 118 92 7 1 107 103 o 116 93
o 3 16 199 -9 193 182 7 =t 39 3 1 98 499
& -8 83 62 10 219 201 7 = 143 158 -1 379 406
2 350 363
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Table 3 (cont.)

A kR £ Co € toia  Siha 7 &k L [
3 -2 2 291 +9960 A L L Fo Fe
3 3 4 45 «9629  +2070~ 9 2 -4 180
3 -3 2 35 *7815- 329- 9 2 5 121 4 3 -4 62 72
3 - 3, 34 «9959 00096 4 2 =5 94 . 3 S 145 160
3 -4 2 384  ,9180- 3697 9 146 4 3 -5 20 206
E 1 1 e9116- 4110 9 -6 178 4 3 o6 191 177
3 -~ .8 *4360 2 as 4 3 -6 S, 3
19 2 «9766~ 2313~ 4 -7 80 4 3 7 129 120
3 - 2 2 9969 #0878~ k4 8 90 4 3 -7 18. 169
1 1 09912~ #1235- ? 2 -8 124 . 3 8 8 79
3 - 4 3 9740  «2624 9 2 -9 81 4 3 -8 128 120
3 15 1 «7779 «6824 19 o 148 a 3 9 134 127
3 - 12 1 09906~ 1731 19 1 171 & 3 =9 8¢ 76
3 3 9969 0971 10 -1 169 a 3 10 -17 9
3 3 7 1679~ 9388~ 1o 53 4 3 -10 106 101
1 14 13 1.0000- 0203 10 -2 200 4 3 11 97 113
E -1 14 13 8417 #5893 10 130 4 3 -11 2 17
1 63 «8794- <4671~ 19 -3 -29 4 3 -12 11 123
E -1 1 *9966 «0288- 10 28 5 3 o 11 104
3 1 8 ©9988 «0847 10 ~a 195 S 3 1 20 189
-1 1 «9942- o1702- 10 H 139 5 3 - 34 403
3 -1 1 124 09776~ +2015 10 -5 150 S 3 2 136 13a
. 2 303 ¢9294- ¢3961- 10 6 -2 S 3 -2 26 20
4 2 275 09984~ 20659 10 -6 155 S 3 3 71 65
- - 2¢ 298 994 e1404 10 7 80 S 3 -3 25 2%6
4 190 197  «0019 10000 10 -7 162 5 3 4 20 199
e - 271 299  +999 «0014- 10 -8 al 5 3 -a 13 124
4 3 272 279 48004  +5995- 11 o 153 5 3 s 52 a7
. - 199 193 1 1 107 5 3 -S 222 222
4 4 180 163 11 -1 a9 S 3 6 22% 238
4 -4 3a0 403 1 2 133 k3 3 -6 19% 186
4 5 150 151 1t -2 139 5 3 7 84 73
4 - 154 184 1t 3 79 s 3 -7 9! 87
e i:8 99 11 -3 76 s 8 13 137
4 - 230 236 1 4 51 S -8 20 199
4 0 67 11 -4 162 S 9 8 82
4 - 174 170 it 66 S -9 2 30
“ 86 87 11 -5 139 S 10 8 86
4 -8 72 59 11 -6 75 S -10 10 113
4 71, 66 11 -7 26 S 11 70 7%
4 -9 86 72 12 83 S -1 66 58
e 10 132 119 12 1 37 6 (<] 60 52
4 -10 -29 12 -1 74 6 1 209 214
4 1 -24 12 2 96 (-3 -1 1 197
4 =1 138 127 12 -2 83 6 3 2 - aa
b 1 11 106 12 29 6 -2 8 81
4 -1 39 37 12 2 -3 125 6 3 151 159
s 257 265 12 2 -4 a3 6 -3 8! 71
S 1 S84 a8 12 2 -5 123 6 . -20 13
S -1 %3 Sa o 3 1 315 6 3 -4 201 192
3 2 220 201 9 3 2 203 6 3 93 a7
S -2 310 322 Q 3 3 227 3 -5 8 71
K 221 207 o 3 a 267 6 3 147 140
S -3 119 108 o 3 5 289 6 -6 250 2351
S 4 -27 5 o 3 & 189 6 3 7 81 76
Ed -4 293 308 o 3 7 133 6 3 -7 68 12
S S 202 198 o 3 8 186 4 3 8 151 161
s -5 295 303 o 2 9 89 6 3 -8 177 173
S 6 -30 20 o 3 10 1n 6 3 -9 87 87
S -6 96 84 [} 3 1 122 6 3 9 -16 9
5 7 163 150 [} 3 12 63 6 3 10 66 90
E -7 192 179 1 3 ] 219 6 3 -10 67 77
S 8 -30 20 1 3 1 369 6 3 -1 78 83
El -8 a6 as 1 3 - 198 703 o 60 31
S 9 154 150 1 3 2 115 4 2 1 184 184
S -9 157 147 1 3 -2 287 7 3 -1 112 98
El 10 120 110 13 3 353 72 2 9a 87
S5 -10 30 30 1 3 -3 aa 7 -2 152 198
5 1t 87 77 1 3 a 227 7 3 202 211
5 -1 136 130 1 3 -& 241 7 -3 96 86
S -12 64 58 1 3 3 301 7 3 - 62 a6
6 o 320 340 1 3 -5 118 T 3 - 192 195
6 1 -26 16 ! 3 3 311 7 S 172 174
6 -1 71 66 13 -5 297 7 -5 90 81
04 2 361 J8s 1 3 7 176 7 3 3 36 3s
-4 -2 211 209 1 3 -7 102 7 -6 185 187
6 3 135 128 3 8 172 7 7 95 96
3 -3 281 296 3 -8 171 7 3 =7 100 99
3 a 210 209 3 9 a8 7 3 8 95 102
6 -4 78 69 3 -9 156 7 3 -8 131 129
3 E 208 196 3 10 90 7 3 9 -13 2
6 -5 263 296 3 -10 76 7 3 =9 113 118
6 6 s6 50 1 3 11 85 7 3 -10 a1 27
3 -6 32 16 3 -t 124 3 [+] 179 187
& 7 169 153 12 72 3 1 146 140
4 -7 206 206 -12 62 3 -1 a9 42
6 8 76 & o 62 3 2 141 145
& -8 138 129 1 2%0 3 -z 298 293
6 9 181 130 -1 100 3 3 153 168
& -9 158 198 3 2 130 3 =3 144 136
& 10 -23 12 -2 280 3 - 118 107
6 -10 196 110 3 3 30% 3 -a 149 167
6 1 94 105 3 -3 73 3 S 133 150
(3 =11 128 108 3 . 110 3 =5 106 130
6 -12 96 102 3 -4 203 3 6 19 29
7 o 169 151 E S 243 3 -6 108 92
7 1 178 159 3 -3 102 R 70 80
7 -1 176 173 3 8% 3 -7 131 131
7 2 281 284 3 -6 33 3 8 72 73
7 -2 125 95 3 .7 193 3 -8 3a 25
7 3 63 58 -7 253 3 -9 132 131
7 -3 179 163 8 120 3 o] 189 193
? 4 57 262 3 -8 22 9 3 1 -20 20
7 -4 170 185 3 9 60 9 3 -1 113 11%
7 3 97 78 3 -9 205 9 3 2 136 152
7 -5 218 219 3 10 96 9 3 -2 118 122
7 6 1as 115 3 -10 -19 9 3 3 a8 86
7 -6 72 T4 2 3 1 24 9 3 -3 103 101
7 7 118 110 2 3-1 110 9 3 4 95 91
7 -7 189 178 2 3 12 S5 9 3 -a 21 30
7 g 65 58 2 3 -12 a7 3 3 2 78 1:33
- 157 148 3 3 339 3 - 1
7 2 9 81 81 3 3 ? 3, < 3 & 72 o4
72 -9 109 107 303 151 ;3 -0 26 30
7 2 -10 185 153 3 3 2 299 9 3 7 76 78
8 2 o 194 180 3 3 -2 2a2 9 3 -7 113 117
8 1 184 17 3 3 3 123 ? 3 -8 25 a3
8 -1 132 12 3 3 -3 161 10 3 2 91 95
8 2 108 8 3 3 - 233 12 3 1 103 104
-2 64 a 3 -a Taa e 3 -1 128 1324
3 2006 19 3 s a9 10 3 2 116 118
-3 219 20 3 3 -5 169 10 3 =2 27 a7
a 219 21 3 s 119 10 3 3 17
-4 =21 3i 3 -6 29 10 3 -3 139 144
s 96 7. 3 7 183 10 3 4 107 113
-5 193 17 3 -7 177 10 3 -3 18 27
6 168 15 3 8 -21 io 3 S 35 a5
-6 103 9 3 3 -8 5 ¢ 3 -5 78
7 81 70 3 3 9 130 10 3 6 64
-7 82 7 3 3 -9 16% ¢ 3 -6 52
8 99 10 3 10 60 10 3 -7 =54
-8 149 14 3 -10 95 11 3 0 a6
-9 -2% 3 11 71 11 3 100 1
-10 164 13 3 ~11 29 i3 - 113 1
143 12 3 -i2 98 i 32 s3
1 139 12 a o 260 1t 3 -2 3
-1 150 12 4 1 198 11 3 3 90
> 1 7 a 3 = 382 1 3 -3 153 147
9 -2 127 9 a3 2 212 113 e 78
4 187 18 4 3 -2 223 11 3 -a 124 114
9 -3 122 10% 4 3 3 79 11 3 -s Sc
9 3 141 135 4 3 -3 284 123 o4
A 3 a 238 12 3 - 70

AC16—49
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Discussion

The main features of the structure are as described
by Lippert & Truter (1960). Differences in detail are
primarily due to errors in their determination * To
facilitate comparison we have adopted their notation
for the several atoms (Fig. 1).

\ 44 o
N

o(1)

c(3)

e

o)

c(45) / Zn\ C(23)
e ‘@ e NONEE
cs) @)

Fig. 1. Numbering of the atoms.

The bond lengths and angles, with their estimated
standard deviations (Jeffrey & Cruickshank, 1953)
are given in Table 4.

The five oxygen atoms coordinated to the zine ion
appear to be all at the same distance, 202 +0-02 A.
The arrangement of the oxygen atoms is intermediate
between tetragonal pyramidal and trigonal bi-
pyramidal, although somewhat nearer to the former.
A comparison of the two models is shown by the
bond angles in Table 5. The angles for the tetragonal
pyramidal model were calculated with Zn-O distances
of 202 A and with the Zn atom 0-41 A above the
base plane.

The mean deviation of the bond angles is 2-9°
from the tetragonal pyramid and 10-5° from the
trigonal bipyramid. If a bipyramidal model is used in
which the trigonal symmetry is not required (:.e.
symmetry Cs rather than Cs,) the mean deviation
of the 7 symmetry-fized angles is 6-4°, while the mean
deviation of all angles (taking the deviations in the
equatorial plane to be zero) is 4-5°. The most obvious
and important deviation of the molecule from the

* Note by Mary R.Truter and E. L. Lippert: We are
grateful to the authors of this paper for pointing out that
in Lippert & Truter (1960), the angle f is quoted as 93-6°
whereas the structure factors quoted correspond to f=86-4°.
The refinement has been repeated with this error corrected
and an empirical extinction correction has also been applied;
the fractional coordinates do not differ significantly from those
published and only for two values of y (for C(3) and C(44))
js the difference between our corrected results and those in
this paper greater than twice the standard deviation. The
effect of the correction of B (and a change in b, to 5:376 A
by a new Straumanis determination) is to alter the bond
lengths round the zinc atom significantly but neither the
general stereochemistry of the molecule nor the dimensions
within the f-diketone have been changed significantly.
Revised values of the Zn-O bond lengths are 2:00-2:02 A
for all bonds including that to the water molecule. The
arrangement of the five ligand atoms about the zinc is essen-
tially unchanged, that is it can be regarded as a distorted
trigonal bipyramid or as a distorted tetragonal pyramid.

THE CRYSTAL STRUCTURE OF MONOAQUOBISACETYLACETONATOZINC

Table 4 Bond lengths and angles in zinc
acetylacetonate monohydrate
Estimated standard deviation in parentheses

Bond lengths (A) Bond angles (°)

Zn-0O(1)  1-999 (0-02) 0(1)-Zn-0(2) 1049 (0-8)
Zn-0(2) 2026 (0-02) 0(1)-Zn-0(3) 97-5 (0-8)
Zn-0(3)  2-038 (0-02) 0(1)-Zn-0(4) 104:9 (0-8)
Zn-0(4) 2005 (0-02) 0(1)-Zn-0(5) 100-3 (0-8)
Zn-O(5) 2011 (0-02) 0(2)-Zn-0(3) 88-5 (0-8)
0(2)-C(22) 1-303 (0-048) 0(4)-Zn-0(5) 88-0 (0-8)
0(3)-C(33) 1-290 (0-048) Zn-0(2)-C(22) 127-3 (1-3)
0(4)-C(44) 1-270 (0-048) Zn-0(3)-C(33) 1265 (1-3)
0(5)~C(55) 1-301 (0-048) Zn-0(4)-C(44) 129-3 (1-3)
C(22)-C(23) 1-404 (0-058) Zn-0(5)-C(55) 125-2 (1-3)
C(33)-C(23) 1-373 (0-058) 0(2)-C(22)-C(23) 123-3 (1-8)
C(44)-C(45) 1-404 (0-058) 0(3)-C(33)-C(23) 1255 (1-8)
C(55)-C(45) 1-400 (0-058) 0(4)-C(44)-C(45) 1227 {1-8)
C(2)-C(22) 1-488 (0-064) 0(5)-C(55)-C(45) 125-4 (1-8)
C(3)-C(33) 1-487 (0-064) C(22)-C(23)-C(33) 126-8 (2-1)
C(4)-C(44) 1-508 (0-064) C(44)-C(45)-C(55) 125-1 (2-1)
C(5)-C(55) 1-556 (0-064) 0(2)-C(22)-C(2) 1167 (2-2)

0(3)-C(33)-C(3)  115:6 (2-2)

0(4)-C(44)-C(4) 1187 (2-2)

0(5)-C(55)-C(5) 1152 (2-2)

Table 5. Bond angles in Zn(acac)z. H2O

Tetr. Trig.
pyr. bipyr.

Angle Actual model Diff. model Diff.
O(1)-Zn-0(2) 1049 1017 32 120 151
O(1)-Zn-0(3) 97-5 101-7 4-2 90 75
O(1)-Zn-0O(4) 1049 1017 3-2 120 15-1
0O(1)-Zn-0(5) 100-3 1017 1-4 90 10-3
0(2)-Zn-0(3) 88-5 87-8 0-7 90 1-5
0(2)-Zn-0(4) 150-1 156-7 6-6 120 30-1
0(2)-Zn-0(5) 85-0 87-8 2-8 90 5-0
0(3)-Zn-0(4) 89-4 87-8 1-6 90 0-6
0(3)-Zn-0(5) 162-0 156-7 5-3 180 18-0
0O(4)-Zn-0(5) 880 87-8 0-2 90 2-0

tetragonal pyramidal model is the deviation of the
basal set of four O atoms from planarity, atoms O(3)
and O(4) lying 0-1 A above and O(2) and O(5) lying
0-1 A below their mean plane.

The two acetylacetone groups are nearly planar,
but not coplanar, each group being tilted about 12°
from normality to the Zn-H>0O bond.

This investigation was supported by the U.S.
Public Health Service under Grant A-2241.
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