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The Crystal Structure of Trisacetylacetonatochromium(III)*

By B.MOROSIN
Sandia Laboratory, Albuquerque, New Mexico 87115, U.S.A.

(Received 14 October 1964)

The crystal structure and molecular

configuration of

trisacetylacetonatochromium(lII),

Cr(CH3;COCHCOCH3)3, has been determined by X-ray diffraction techniques. The structure consists
of four discrete molecules linked together by van der Waals forces in a unit cell of P2;/c symmetry and
of dimensions @o=14-031, bo=7-551, co=16379 A, f=99-06°. Unusually large anisotropic thermal
parameters for one of the chelate rings appear to be associated with a lattice wave of large amplitude
rather than a slight disordering in the molecular packing along the b direction.

Introduction

Early crystal studies (Astbury, 1926) indicated that the
trivalent metal acetylacetonates may be grouped into
three isomorphous series. From cell dimensions and
space group considerations it appeared that the com-
plexes of aluminum(IIl), manganese(III), cobalt(III),
and chromium(III) and one allotrope of the gallium(III)
complex formed a monoclinic isomorphic set. However,
the structure determination of the cobalyIIl) complex
(Padmanabhan, 1958) and preliminary results for the
aluminum(III) and chromium(III) complexes (Shkol-
nikova & Shugam, 1956) differed with respect to the
molecular packing. Later Shkolnikova & Shugam
(1960) reported the crystal structure determination of
the chromium(III) complex with, however, a relatively
high discrepancy index (R =28-8). Together with Roof’s
(1956) results on the iron(IIl) complex, Forman &
Orgel (1959) found their infrared data for the chro-
mium, manganese and iron complexes consistent with
a Jahn-Teller distortion for the manganese complex.
In order to gain an insight to the nature or extent of
the distortion, the crystal structure of the manganese
complex was determined (Morosin & Brathovde, 1964).
During the refinement of the manganese complex it
became apparent that an error in the structure deter-
mination of the chromium complex had been made
by Shkolnikova and Shugam.

Experimental

Standard methods (Bryant & Fernelius, 1957) were
used to prepare the chromium complex. The compound
was purified by recrystallization and, subsequently,
vacuum sublimation. Crystals were grown by slow eva-
poration at room temperature from an acetone solution.

Equi-inclination Weissenberg photographs were ta-
ken with Cu K« radiation to verify the symmetry of
the lattice. The following cell dimensions were obtained
from a modified Picker diffractometer (AMo Ka;=

* This work was supported by the United States Atomic
Energy Commission.

AC19—9*

0-70926 A) equipped with a G. E. single-crystal orienter
and are compared with values determined by Astbury
(1926).

Astbury
ap, 14-0314-0-009 142
by  7-55140-005 7-62
¢ 16:37940-011 16:5
B 99-06+0-020 99-13°

Systematic absences of 0kO for k=2n-+1 and of A0/
for /=2n-+1 are consistent with the space group P2,/c.
With four molecules per unit cell, the calculated and
observed densities are 1:362 and 1-374 g.cm—3, respec-
tively.

Intensity data were collected with a Picker diffract-
ometer equipped with a G.E. single-crystal orienter,
a scintillation counter, and a molybdenum X-ray tube
employing balanced zirconium and yttrium filters. All
independent reflections permitted by the space group
in the sphere with sin 8/4 less than 0-5 (20 less than
45°) were measured by a fixed count (10" counts with
n>3, time > 10 seconds) technique. There were 1490
unique reflections of which 224 were considered to be
unobserved. No absorption corrections were applied
to the intensity data for the spherically ground (r=
0-03 cm; p=8-5 cm™!) crystal specimen.

Lorentz and polarization factors were applied to the
observed data. Structure factors were calculated with
Cr (Thomas & Umeda, 1957), C, O, and H (Berghuis,
Haanappel, Potters, Loopstra, MacGillavry & Veenen-
daal, 1955) scattering factors and Cr dispersion cor-
rections (Dauben & Templeton, 1955). Dispersion cor-
rections were included by the method of Templeton
(1955). Four reflections, 002, 200, 020, and 110 were
found to be considerably affected by secondary ex-
tinction and were omitted from all difference and dif-
ferential syntheses and in the calculation of R. Calcu-
lations were carried out on a CDC 1604 computer.

Determination of structure

A comparison of the observed and calculated structure
factorslisted by Shkolnikova & Shugam for their chrom-
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ium complex with the corresponding ones for the
manganese complex was made. This comparison, to-
gether with their reported discrepancy index of 0-288,
suggested that the crystal structure of the chromium
complex is probably more similar to that of the mangan-
ese complex than to the molecular packing proposed
by Shkolnikova & Shugam. Refinement to about R=
0-30 for the manganese complex (Morosin & Brat-
hovde) with a trial structure similar to Shkolnikova
& Shugam’s had led to an incorrect determination for
that crystal structure.

A three-dimensional Patterson synthesis was calcul-
ated. The general features of the synthesis were similar
to that of the manganese complex. With the slightly
different positional parameter coordinates for the chro-
mium and oxygen, a three-dimensional Fourier syn-
thesis clearly showed the parameter positions of all
the carbon atoms although for one chelate ring the
electron density distribution at several atomic sites
was elliptical rather than spherical. These parameter
positions together with individual isotropic temper-
ature factors were refined by several differential syn-
theses (Booth, 1946), corrected for series termination,
to a discrepancy index, R, of 0-11. For the numbering
scheme illustrated in Fig. 1, the isotropic thermal para-
meters for the three carbon atoms [C(12), C(X'1) and
C(X2)] which appeared with elliptical electron density
distributions were large (9-0, 10-8, and 9-4 A2, respec-
tively) compared with the average value of the other
carbon atoms (64 A?). A three-dimensional difference
synthesis was calculated. Anisotropic motion for seve-
ral other carbon atoms was evident; therefore, refine-
ment was continued with anisotropic therma param-
eters. Inclusion of hydrogen atoms as fixed atom
contributions (B=38-0) did not significantly change the
value of R nor positions of the methyl carbons. Since
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there is uncertainty as to the proper coordinates for
these hydrogen atoms because of the large anisotropic
motion of several methyl groups, the final refined struct-
ure (shifts <0-1o) does not include any contribution
from hydrogen atoms. The final discrepancy index,
omitting the four reflections strongly affected by secon-
dary extinction and unobserved reflections, is 0-066
(with no omitted reflections, R=0-074).

The final values of the positional and thermal para-
meters are given in Tables 1 and 2 respectively. Obser-
ved and calculated structure factors are listed in Table
3. The molecular packing arrangement is illustrated in
Fig. 2. The average estimated standard deviations
(e.s.d.) of the positional parameters calculated by the
method of Cruickshank (1949) are 0-0014, 0-0065 and

Table 1. Final atomic coordinates

Cr x y z
Cr 0-23771 0-26578 0-47071
o) 0-11258 0-33858 0-41152
0(2) 0-18055 0-18920 0-56564
0@3) 0-36548 0-19218 0-52550
0@4) 0-29698 0-34347 0-37596
O(5) 0-21717 0-02765 042352
0O(6) 0-25741 0-50286 0-51967
C(4) 0-30395 0-25276 0-31081
C(5) 0-23428 —0-02536 0-35347
C(45) 0-27410 0-08116 0-29743
C(x4) 0-34770 0-35068 0-24573
C(X5) 0-21023 —0-21721 0-33426
C(6) 0-33308 0-56527 0-56060
C(3) 0-43110 0-29259 0-56316
C(36) 0-41881 0-47041 058000
C(X3) 0-52800 0-20577 0-59184
C(X6) 0-32767 0-75494 0-59008
(1) 0-03285 0-31731 0-43459
C(2) 0-09222 0-18624 0-57122
C(12) 0-01789 0-23933 0-50880
C(Xx1) —0-05339 0-37613 0-37093
C(X2) 006938 0-11372 0-65401

Table 2. Anisotropic temperature factors

3

3
Anisotropic thermal parameters are of the form exp (—4 X Bijhshia*:a*;).
il

B B3 Bj;
Cr 4-794 4-627 3-485
o(l) 6-246 7-364 5-254
02) 5-489 7-315 4-509
0@3) 5112 5-123 5-337
0@4) 7-745 5-030 4-577
0O(5) 6-401 4-477 5157
0O(6) 6:550 5-001 4-713
C@) 5373 6081 4-061
c(5) 4-878 5-262 4-256
C45) 6:342 5-899 5-140
C(Xx4) 8-354 8-497 5-255
C(X5) 7-175 5-133 6-936
C(6) 7-363 5-653 3-895
C(@3) 5-294 7-309 4-398
C(36) 7-110 6-238 6-306
C(X3) 4-923 11-476 7-961
C(Xe6) 11-839 5-213 7-084
Cc) 6:240 14-890 6:471
C2 6:511 13-964 4-819
C(12) 5-679 30-443 6-772
Cc(x1 8-150 25-291 9-983
C(X2) 10-097 25-953 7-334

i=1j

By B3 B3
0-748 0-669 —0-138
2132 —0-838 —0-538
—0-050 1-249 —0-056
0-760 0-681 0-295
—0-192 1-543 0-063
—0-176 0-646 —0-387
1-299 0-573 —0-564
0-792 0-357 —0-483
1-246 —0:483 —0-800
0-353 0-633 —-0474
—1-188 2-248 0-150
-0-319 —0-550 —1-337
—0-371 1-399 —0-227
0-495 1-606 1-208
—0433 1-562 0-025
1-401 0-515 0-750
—0-225 1-582 —0-347
3-017 —0-685 —2:320
—1-298 1-934 —0-356
2:218 1-368 —1-854
7-838 —3:212 —3-833
—6-253 4-570 0:-176
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Table 3. Observed and calculated structure factors

S8ERRS YREEAT YRRN YARTGE4R-R VEIRASATAE VESRIIAFE O 8° 357883 SFINEGE RINCFT o TRGORRTES DEINTVIL FARIRRT ARHAY ARERA AKZE SRTVAFER ARCEATYY 2REEAL Syams
§ %31 1243%Rg (RERAT 3 8 K 394373 mMzM4.za.« mﬂa&.;qa..mmmnmam K L] um. is uun g% naga i 58188 i fEoeR 3 FIRAT ARARY ATRIR 18R wn a§e8 wm k8TRg H 12 ha ]
B 383 ~EAERRY ~IRRSR L UGY CGRTASRRERA _SRARIEIAT (REAMPART BQUARRT LARATN LBRFEAT (IWABT A8 _BI2GTRSY (AR8LIRIA NRRAAE oRIAT ~BEAA «IR L2IREAND LQRFRSER (REEAE [ERay
name Yonnman Fonnne donn danmenoron Tanmsnoren Fanminore Tavmsnor fannen Yonnnen Tonuns Foun Tanmsnore Yavmsner Yaamsne Yonom Yonan Fonn danmener Yanmsnor Fanmsn foaans
§ (TIRIRT 16TV HAMIGARAITN ANRARMIEIIST IPSIRRIMIFT TYLIASLRAN IPURETAT FYSRLF AVAFHGETR AYgRey asgezay 3 3 =83y 2 L TIRRARILT TREROLT NCAFIFEY 9RYS
4 e Agns sxgs YhagEezn Vennpanzs Yeaggrpng Yan s o £98RTY L N5%D S KEIRD Sea e Y sors YER2RES L9mRSsz Sn

§ LURENER ~PIE LRRNABRRIRA LARPASEEROT [BSGNRAEESN [ALARFEEGL LISERECAT LEeR [SneARRy 7eagies -o389Su LKsBS LRGSIRi3ORf LRTEFNRGRS JREYNSIPT JMRZRER o3ngaiit LRAER
m donnman Bonn Yanmsnoroagy tannsboroogy Yanmsrersog Tanmsroroe Tanminore Yanmsn Jonamenor Yoannsne Yonnman Jonan daumsnorong Tannsmoron Tannsmoro Yanmsno Yoanmine Youan
§ TREJIANT TORRGTER TER TRRANSRISTI (BRRSETAT (TGRSR TTRATOMR RRRNT TRILASNNSRS TRGigRNios; THIPALOEREY TRAESUTHE TERISIY AIGSLEROCE ITAIERESYT ANGRRSeR ARIERsEE

3 - Pl o u - Y- oEoa A n o = A e - I3 ’S o = @ 3 o arym hl o o
B IFBIAYR ~RIXRLRY 2T ~ERRGRIAIRT ~FARASATIT -RGLETREX LARZIRAX ~IEFTT L AZRNTHRRART PRTRIINAAT ~SRRREFESLE LHALTIVER ~RNRSRE oLEAIRAINA 3TIDRRART SRIFAFRYR _FERIBAR
" wranoroo Janmimor Yan Yoannsnoron Yonansnoro Yonnrnsnor Yonnmane Fonamas A nmsnoroogs Yanmsnorongn A wmeroroog Tanmenore Yanmeno Yornmsnore foanmimors Yonnminor Yonnmane

T
o
1
2
3
I
1
2
3
I
3
6
1
8
9
1
n
2
1
2
3
.
s
6
1
8
9
10
1
2
1
2
3
I
]
€
1
8
9
10
u
1
2
3
.
s
6
7
8
9
1
1
2
3
IS
5
6
1
8
1
2
3
.
3
6
°
1
!
B
6
7
8
9

g Morumsnoroog Sonnmanoron Nomnmsnors Nomamino Nonnm Nanmenoro

§ BESTEE (26°8°F TARETCRABYYRET TERRQYSEYFRRON 1UHER4IREANE TGNARSIEFACY TRMENRANEA 1REe3 TOENERY TETRYIBSIRNRT T3 §RIF3 TRAGTRRITATE THRRTIISNNT IERIEENF
A" Al A
§ AERROT GARSITS [XARESIRNEGPAS BERLAEIFEREAS 4SISYANSRERE LARRWAIECARE [UDESSRNASN LANSGACENL RERGAR ~QTIEEERSVARY ~AYRESICIEII ~AREATAIAGRS LREAPRRTET ~EEEAERTH
n wawero Jomnman Ynmsnoroogann Sanmsnoroagayn Senmsvorong 8 Yanmsnoroogy Yaaneneroog Fanmenoroo Yanmene Yoanmanorsogy Y nmenornogy no..z:uss..avm toarmanoron Tonamanor
§ 7 TAREERASTA (SUYBRES TEAZRAROIRRGAT TIEEETRSRRITT TEROLLARATST TATETARLTOL THIRNI{RIN TRIRGR (AIRARITAMAICE [SNRRNEIYINET (RIREEIRNGYSE (FURRFRRNERE [ASAgIcend R
K ~RF5RERR% ©9aRFRES 4 RERZIARTSNI h#”&u,mw,n RRIR A MIREGRRER L”.» SRRES8Y hnnwmﬂnu q o22RTER oTHMEB FRARRRAS ~BERISTIBER ~382ERES ARD ~G FYRRRPRE ~JARIRAZIERY w
AREFRRIR AEFRET L g T (AEEIRASX - ML " §383 \AEeRRR 2ARTER K% FERAE ~ZBFARRIBE AZBBRRRER] ~AERS 3 ~2ARILRESELY
w g Jonnmsnero donamens Yivmenoroagana 2amandroogay Tannanoroagy Tanmenoroag Tanmrneroa Tanmene Jonnmenorocoggy Yorwnsworoagsy Y vrsnoroogy no:z\...ss..avm toanmenorno Yom
§ RESLRE (AVORVES (RS “eqnAZgUeSaRes TENGANSATRARSY VETIEREITGOR TERSTRSEOESE TAJRARRARCE THSEAFIURH TOSILTES TT TARISMETINATA THRRTINANNRAS TREGETEIISIYE TEpEOFeTESR
3
§ REAZGA «255R84T oo ASEEARTRAIAAT LGORESATERENE SAFREPYRERGSE ~ASRTAPEREED JERIFIPORCE -ESANGRAER oSMRERES T -GASYIATSETNTL AARSOERIARIE CAPYARAFASMAT LR7RPEGEEH
o mavors Younmano Mo nlz\.nsévn?muuu nxz:nssvaomuun n....)nssruvmun Y nrsnoroagy Yaamsnoroag Yanmrnaroa Fanmsaon T % inmsnoroagay no..z...uss..Bun dounmanoroogy Tonumsnoron
g 9330 gn T CESTIAREENSTAT TRNANGGRESET ERACHR SEITEERNENIT TROGEEERLTIT Sogy
§ 88T ~58 ot oFSAEATESAINAT ~RBAAURERARRY ~NRERRAINARRSRT ~NGIRSRAREAIA L SRIRGARLIYD ~TRE
n mewo Soa Ba Yo unmsmornagy Yonnminaroogay nolensswno.muu ..u..zlh.:.109wu Y nqrenoroag Yomw
§ "3gYE23ATEERe SESRREIRRAYY TPASMAARRARY SRERREMEMT TRe (AEEREARTISER (RECGIYREETID (ARERTEGARTS TRRMMRIEAER A%
§ .35885335538RS ~§MESEEERRAE ~FRIARAENARE ~ROEBRRANR o22mER ~BIRBITINONET WBERATHEIRIITY SEREFRERAARE LANERFARLAT <22
= Yanmsmorvogang onnminoroaggy Yenmenoroogy Yonamenerong Faanenoren Jounmene Yaw .—ox:nssvasmuu 2 inranoroagay uu.....:a.é..uvmu bo)axuscrsvm 2 nranoroo Yoo




134

0-015 A for Mn, O, and C, respectively. (The e.s.d.
value along the b axis for C(12), C(X1) and C(X?2) is
0017 A).

Anisotropic thermal motion

Because of the large values* obtained for the aniso-
tropic thermal parameters (Table 2) of several atoms,
in particular C(12), C(X'1) and C(X2), it was considered
desirable to obtain some experimental evidence, if pos-
sible, to distinguish between thermal motion and a dis-
ordered packing of molecules. Patterns involving
streaks between reciprocal lattice points or large isol-
ated diffuse spots or areas on Laue photographs which
vary strongly in intensity with temperature are known

* The thermal parameters, Bj;, have the units A2, hence the
corresponding root mean square (r.m.s.) amplitude of displace-
ment might be better for comparative purposes. Bi;’s of 3:5,
7-0, and 30-0 would correspond to r.m.s. amplitudes of 0-21,
0-30, and 0-61 A, respectively. Simple crystal structures, such
as the hexagonal-packed metals of Cd and Zn, show r.m.s.
displacements along a and ¢ which approach ratios of 2:1
(International Tables for X-ray Crystallography, 1962).

THE CRYSTAL STRUCTURE OF TRISACETYLACETONATOCHROMIUM(III)

to indicate the existence of large-amplitude high-
frequency thermal waves in the solid (Lonsdale, 1959).
Therefore, photographs, employing the Laue technique

QC(XS)
C(36) ) ci6)
01(6)

~C

C(X3)
c(3)

o(3)

C(X2)
0(2)
c(2)

e P
0(4) c(12)
cl4) % @om o
Cc(X4) 0 b
(8) cix1)
c(45)Q>__ c(5)

OC(XE))

Fig. 1. Labeling scheme for
trisacetylacetonatochromium(I1I).

Fig. 2. Molecular arrangement viewed along b, axis. Chromium atoms near y=4} are denoted by double circles; those near
y=4% by a single open circle.
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both with unfiltered Mo and filtered Mo K« radiation,
were taken at room temperature and in the range —35
to —65°C along the a* and c* axes. The well defined
patterns of diffuse spots in the room temperature Mo
Ko photographs disappeared at the lower temperature;
however, the patterns were reproduced when the crys-
tal was returned to room temperature. This indicates
that the thermal parameters, though large, are probably
real and that the ‘smearing’ of the Fourier syntheses at
the atom sites of C(12), C(X'1) and C(X2) is due to
thermal motion rather than to a disordered packing
of the molecules in the lattice.

Discussion

Soon after the structure determination of the mangan-
ese(IIT) complex appeared (to which was appended
a note added in proof concerning the chromium(III)
complex), the redetermination of the cobalt (IIT) com-
plex (Pfluger, 1964) and the determination of the
rhodium(III) complex (Morrow, 1964) became known
to us and established the same molecular packing for
all these compounds. These results appear to corro-
borate the earlier crystal studies of Astbury which
indicated these compounds formed a monoclinic iso-
morphic series.

Tables 4 and 5 list the intramolecular bond lengths
and bond angles, respectively, for the molecule (e.s.d.
by the method of Cruickshank). There do not appear
to be any values which are significantly different from
the averages. In Fig. 3, the average values of these
intramolecular bond lengths and angles are compared
with those for the manganese complex. The average
metal-oxygen distances of the two compounds are
significantly different (difference ~ 100), and, although
the difference between the average values for the C-O
bond distances cannot be considered significant, the

Cr

Fig. 3. Average intramolecular bond lengths for the chromium
and manganese complexes.
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C-O bonds of the chromium compound appear to be
shorter than those for the manganese compound. The
carbon—carbon distances of the two complexes are in
agreement with each other. The 1-39 A ring C-C bond
distance lies between the single-bond (1-54 A) and the
double-bond (1-:33 A) values. This partial double bond
character is consistent with the expected delocalization
of n electrons in the chelate rings.

Table 4. Intramolecular bond lengths

Average
Cr-0(1) 1-943 +£0-007 A
Cr-0(2) 1-942
Cr-0(3) 1-951
Cr-0(4) 1-958
Cr-0(5) 1-956
Cr-0(6) 1-959
1-951 A
o(H-C(1) 1-244 +0-016
0(2)-C(2) 1:255
0(3)-C(3) 1-272
0(4)-C(4) 1:282
0(5)-C(5) 1-271
0(6)-C(6) 1-252
1:263
C(1)-C(12) 1:393 £ 0-021
C(2)-C(12) 1-396
C(3)-C(36) 1:384
C(6)-C(36) 1-:390
C(4)-C(45) 1-:366
C(5)-C(45) 1-398
1-388
C(1)-C(x1) 1:530 £+ 0-021
C(2)-C(X2) 1-539
C(3)-C(X3) 1-513
C(4)-C(X4) 1-502
C(5)-C(X5) 1-506
C(6)-C(X6) 1514
1-517

The oxygen—oxygen separations in the octahedron
surrounding the chromium ion are listed in Table 6.
This octahedron is very much more regular (the 2:786 A
average intrachelate O-O separation mightbe consid-
ered possibly significantly different from the average
interchelate O-O separation of 2:751 A) than that
found for the manganese(III) complex (the correspond-
ing distances are 2-805 and 2-596 A, respectively). Pre-
liminary results on the redetermination of the iron(III)
complex (Iball & Morgan, 1964) indicate that this
octahedron is also regular. The regular environments
about the chromium and iron, but not manganese,
complexes are in agreement with the infrared data for
the respective compounds (Forman & Orgel).

Fig. 4* best illustrates the large anisotropic motion
of one of the chelate rings, in particular carbon atoms
C(12), C(X1) and C(X2). The ellipsoids, whose prin-
cipal axes are proportional to thec root mean square
thermal displacement along the axes, represent atoms
and are drawn to scale with respect to the interatomic

* This figure was drawn at Oak Ridge National Laboratory
on a Cal Comp x—y plotter with computer code OR TEP
written by Dr C. K. Johnson.
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Table 5. Intramolecular bond angles
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O(1)-Cr-0(2) 91:66 +0-6°
0O(3)-Cr-0(6) 90-67
0(4)-Cr-0(5) 90-95
Cr-0O(1)-C(1) 126-51 +0-9
Cr-0(2)-C(2) 12675
Cr-0(3)-C(3) 126-41
Cr-0(4)-C(4) 126-49
Cr-0(5)-C(5) 127-50
Cr-0(6)-C(6) 127-84
O(1)-C(1)-C(12) 12570+ 1-0
0(2)-C(2)-C(12) 124-87
0O(3)-C(3)-C(36) 124-69
0(4)-C(4)-C(45) 125-19
O(5)-C(5)-C(45) 12414
0O(6)-C(6)-C(36) 123-81
Table 6. Oxygen—oxygen distances found
in the octahedron about the metal ion
O(1)-0(2) 2-786+0-013 A O(1)-0(5) 2:754 A
0O(3)-0(6) 2:781 0(3)-0(4) 2:731
0(4)-0(5) 2:791 0(2)-0(6) 2:750
O(1)-0(4) 2-735 0(2)-0(3) 2-770
0(4)-0(6) 2-771 0O(3)-0(5) 2:746
0O(6)-0(1) 2-764 0O(5)-0(2) 2:742

separation. Preliminary results on the cobalt(III) and
rhodium(IIT) complexes also indicate anisotropic mo-
tion of this particular ring. The packing arrangement
of the molecules requires this particular chelate ring
to be stacked directly above itself along the b axis.
Hence, the shorter intermolecular (nearest neighbours)
separations (Table 7) for C(X1), C(12) and C(X2)
involve the C(X2"), C(12") and C(X'1"), respectively,
which are translated § of a unit cell b by the 2, axis.
This type of molecular packing allows this chelate ring
sufficient freedom to oscillate (in unison with its sym-
metry related members) with a large amplitude. The

C(1)-C(12)-C(2) 12406 +1-0°
C(3)-C(36)-C(6) 125-61
C(4)-C(45)-C(5) 125-60
O(1)-C(1)-C(X1) 11398 +1-0
0(2)-C(2)-CX(2) 114-46
0(3)-C(3)-C(X3) 11592
O(4)-C(4)-C(X4) 11479
0(5)-C(5)-C(X5) 11495
0(6)-C(6)-C(X6) 11636
C(12)-C(1)-C(X1) 12023 +1-0
C(12)-C(2)-C(X2) 120-66
C(36)-C(3)-C(X3) 119-38
C(45)-C(4)-C(X4) 120-01
C(45)-C(5)-C(X5) 12090
C(36)-C(6)-C(X6) 11983

Fig. 4. Perspective view for trisacetylacetonatochromium(III)
along co axis. Atoms are represented as ellipsoids with prin-
cipal axes proportional to the root mean square thermal
displacements along the axes. Only two molecules per cell
(those contained between z~ —0-25 and 0-25) are included.
The second set (z between ~ 0-25 and ~0-75) are related
to the illustrated set by the ¢ glide and their inclusion would
only serve to obscure the drawing.

Table 7. Intermolecular (nearest neighbour) distances and angles
Intermolecular distances (A) for each methyl carbon are followed in parentheses by the C(i)-C(Xi)-C(intermolecular) angle (°).
The C(7)-C(Xi) intramolecular bond distances are shown after each methyl carbon atom. The numbers preceding the atom
involved in the intermolecular contacts refer to the following positions:

1x,14y,z

2x, —1+y, 2z
31—x,1—yp,1—2z
41—x, —y,1—z

C(x1) 1:530 C(X2)
5 C(12) 3-493 (80) 6 C(X1)
6 C(X2) 3-716 (79) 5 C(X1)
5 C(X2) 3-868 (113) 7C(X4)
5 C(X6) 4112 (119) 7 C(45)

11 C(X2) 4188 (100) 7 C(X1)
5 C(X1) 4-641 (53) 9 C(X5)
1 C(X5) 4907 (75) 2 C(X6)

C(X4) 1-502 C(X9)

11 C(X3) 3-858 (142) 2 0(4)

11 C(36) 3877 (112) 4 C(X3)

10 C(X6) 3-893 (147) 2 0(1)

11 C(X2) 3.951 (77) 2 C(X4)

1 C(X5) 4-157 (83) » 2 C(X6)
3C(X3) 4-449 (96) 12 C(X2)

11 C(X6)

2 C(X1)

5—=x,1=-y,1-2z
6—x, —y, 11—z
Tx, 3=y, 3+z
8x, 13—y, }+z

9x, —t—y, ++2
10 x, 13—y, —%+2z
11 x,4-y, —%+2
12 x, _%_y’ -—%-}-Z

1-539 C(X3) 1513
3-716 (106) 4 C(X5) 3-676 (153)
3-868 (65) 4 C(45) 3-748 (163)
3959 (89) 7C(X4) 3858 (67)
4-109 (95) 4 C(X6) 3-861 (106)
4-178 (156) 3 C(36) 3-880 (77)
4-435 (134) 4 (CX3) 4302 (92)
4762 (75) 2 C(X6) 4-403 (78)

3 C(X4) 4-449 (96)

1:506 C(X6) 1514
3-555 (143) 3 C(X3) 3.861 (77)
3-676 (74) 8 C(X4) 3-893 (158)
3-900 (147) 5 C(X1) 4-112 (85)
4-157 (136) 1 C(X5) 4-251 (76)
4-251 (79) 7 C(45) 4-389 (74)
4-435 (148) 1 C(X3) 4-403 (132)
4:559 (98) 7 C(X5) 4-559 (105)
4-907 (136) 1 C(X2) 4-762 (133)
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other two chelate rings are arranged in the crystal in
such a manner as to prevent the existence of a similar
lattice wave or mode. The reproducibility of the dif-
fuse patterns with temperature cycling together with
the packing arrangement suggest the interpretation that
the large anisotropic temperature parameters arise
from the thermal motion rather than a slight disorder
in the molecular packing is correct.

The author wishes to thank Dr C. K. Johnson (Oak
Ridge National Laboratory) for plotting Fig. 4 and
for his comments concerning anisotropic thermal mo-
tion, Drs F. H. Kruse (Los Alamos Scientific Labora-
tory) and J. M. Stewart (University of Maryland) for
their assistance with computer codes, Drs H. Mont-
gomery (Canadian Services College, Royal Roads) and
J. R. Brathovde (N.S.F.) for their suggestions and
stimulating discussions and Mrs B. Schneider for her
assistance in data collection.
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Diffraction by a One-Dimensionally Disordered Crystal.
I. The Intensity Equation

By J. KAKINOKI AND Y. KOMURA

(Received 6 August 1963 and in revised form 15 June 1964)

The intensity equation I(¢)= Nspur VF + Z (N —m) spur YFQ™ + conj. for X-rays diffracted by a one-

dimensionally disordered crystal has been solved by three methods, viz. (i) by using the inverse matrix
(1-Q)-1, (ii) by diagonalizing Q by the similarity transformation OQO-! and by using the solutions
of a characteristic equation det(y1—-Q) =0 and a set of simultaneous equations with respect to

b,’s, Zb”y, Bn=spur VFQ™ (mn=0, 1, -
=1

roots and coefficients of the characteristic equation without solving these equations explicitly. These
methods should be applied to the problem only after the order of matrices has been reduced to lower
order by considering the symmetry character involved in the matrices.

Explicit expressions are given for three cases, namely the case of different thickness, that of equal
thickness, and that of displacement stacking faults. In the case of displacement stacking faults, the
three-dimensional Patterson function is given with respect to the distribution of origins of layers.
The result is compared with that obtained by Allegra.

—1), and (iii) by using B and the relation between
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Introduction

The intensity of X-rays diffracted by a one-dimension-
ally disordered crystal such as SiC, CdBr,, Cdl,, some
alloys of the Laves phase, many other alloys and metals
showing the stacking faults between cubic and hexa-

gonal close-packed structures, and some kinds of anti-
phase domain structures and minerals, has been studied
by many researchers, for example, Wilson (1942, 1943),
Hendricks & Teller (1942), Zachariasen (1947), Jagod-
zinski (1949 qa, b, ¢, 1954), Méring (1949), Paterson
(1952), Kakinoki & Komura (1952; 1954 a, b), Gevers



