
R.  B. R O O F ,  J R . ,  D O N  T. C R O M E R  A N D  A L L E N  C. L A R S O N  705 

in the  oc tahedra  can be determined by  reference to a 
d iagram of u rany l  bond length vs. fract ional  valence 
given by  Zachar iasen (1954). The line relat ing these 
two quant i t ies  appears  to have  a slight curvature ,  and 
thus  the equat ion of this  line might  reasonably  be a 
quadrat ic .  I n  a least-squares  f i t  of a quadra t ic  to the 
da ta ,  the  coefficient of the  X 2 te rm of the  quadra t ic  
is small  and  does not  deviate  s ignif icantly from zero. 
This indicates t h a t  a s t ra igh t  line m a y  f i t  the da t a  as 
well as or be t te r  t h a n  a quadrat ic .  In  fact ,  a lower 
var iance  is obta ined with a least-squares fit  of a 
s t ra ight  line to the  d a t a  t h a n  with a quadra t ic  and,  
therefore,  the l inear funct ion is to be preferred for 
the  representa t ion  of the data .  

F rom the coefficients of the linear fi t  it  is possible, 
by  s t ra igh t forward  s ta t is t ical  techniques,  to relate a 
bond length with a s t anda rd  devia t ion to a fract ional  
valence with  a s t anda rd  deviation.  In  Table 4 are given 
the in tera tomic  distances and the associated f ract ional  
valences.  

Table 4. Interatomic distances and associated 
fractional valences in UO2(0H)2 

Interatomic Fractional 

Atoms distances valences 
U-2 O([) 1.82_+0.05 .~ 1.50_+ 0.18 

-2 0(2) 2-24+0.06 0.71 _+0.16 
-2 0(2) 2-43 _+ 0-06 0.35 _+ 0.14 

The sum of the f rac t ional  valences for the six bonds 
is 5.12 +_ 0.39. The question now arises as whether  the 
number  5.12 is s ignif icantly different  from the normal  
valence of 6-00. By  utilizing the s tat is t ical  t tes t  a t  
the 95% confidence level, t = 2.45 for a popula t ion of 6. 
Then, 2 . 4 5 × 0 . 3 9 = 0 . 9 6 ,  and  5 . 1 2 + 0 . 9 6 = 6 . 0 8 .  Thus 
a t  the 95% confidence level there is no significant dif- 

ference between the  empir ical ly  derived valence and  
the  normal  valence. 

I t  has come to our a t t en t ion  t h a t  Zachar iasen 
(1963) has devised an  improved expression for the  
effects of secondary extinction.  The ra t io  Zaeharia-  
sen's formula /Dawson 's  formula  is 1.00 for 2 0 = 0  °, 
1.02 for 2 0 = 3 0  ° and  1-11 for 2 0 = 4 5  ° . For  M o K a  
in tens i ty  da ta ,  where s t rong reflections occur only a t  
low values of 20, it  can be seen t h a t  no significant 
difference should occur in the s t ruc tura l  pa ramete r s  
regardless of which formula  is used. Zachar iasen 's  
formula  applied to the  d a t a  of the  present  paper  
resul ted in no effective change in the parameters .  
This indicated t h a t  it  would not  be worthwhile  to 
re-examine the  Mo d a t a  of UF4 and UMoC2 in the light 
of Zachariasen 's  new formula.  
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The Crystal Structure and Molecular Configuration of 
Trisacetylacetonatomanganese(III)* 

BY B. MOROSIN AND J. R. :BRATHOVDE 

Sandia Corporation, Albuquerque, New Mexico, U.S.A. 

(Received 19 April 1963 and in revised form 25 July 1963) 

The crystal structure and molecular configuration of trisacetylacetonatomanganese(III) has been 
determined by X-ray diffraction techniques. The structure consists of discrete molecules linked 
together by van der Waals forces. The distortion of the octahedral configuration of oxygen ligands 
about the manganese atom appears to be the result of altered oxygen-metal-oxygen bond angles 
rather than of a Jahn-Teller  mechanism. 

Introduct ion  

The depar ture  f rom regular  octahedral  configuration 
for the  case of nine 3d electrons, i.e. copper(II)  corn- 

* Work was performed under the auspices of the U.S. 
Atomic Energy Commission. 

pounds,  is well documented  (Griffith & 0rgel ,  1957). 
However,  p robab ly  because of chemical ins tabi l i ty ,  
only a few examples  of s t ruc ture  de terminat ions  for 
the  t rans i t ion  elements wi th  four unpai red  electrons 
are available.  These consist of simple halide com- 
pounds of Cr II (Tracy, Gregory,  Lingafel ter ,  Dunitz ,  
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]~/Iez, Rundle, Scheringer, Yakel & Wilkinson, 1961; 
Tracy, Gregory, Stewart & Lingafelter, 1962; Jack & 
iYIaitland, 1957) and MnF8 (ttepworth & Jack, 1957). 
In addition to fluoride ions, the t r ivalent  state of man- 
ganese can be stabilized by organic chelating groups. 
Trisacetylaeetonatomanganese(III) ,  Mn(CsH702)~, is 
an example of such a bidentate molecular complex. 

Ear ly  crystal studies (Astbury, 1926) indicated the 
Mn complex to be isomorphous with several other 
t r ivalent  metal  acetylacetonates, including tha t  of 
chromium(III).  Recently, the crystal structure deter- 
mination of the chromium complex appeared (Shkol- 
nikova & Shugam, 1960). Together with Roof's (1956) 
results on the iron(III) complex, Forman & Orgel 
(1959) found their infrared data  for the Cr, Mn and 
!~e complexes consistent with a Jahn-Tel ler  distor- 
tion for the manganese complex. Unfortunately, their 
results do not in any way indicate the nature or extent 
of the distortion from octahedral symmetry,  and it  
therefore seemed desirable to obtain structural evi- 
dence to clarify the extent of the Jahn-Tel ler  mechan- 
ism in trisacetylacetonatomanganese(III).  

Experimental 
Crystals of trisacetylacetonatomanganese(III) were 
grown by  slow evaporation at room temperature from 
an acetone solution. The complex was synthesized by 
allowing an acetylacetonate solution to react with 
freshly prepared manganese(III) hydroxide (Mellor, 
1937). 

Equi-inclination Weissenberg photographs were 
taken with Cu Ko¢ radiat ion (2= 1-5418 A). The fol- 
lowing cell dimensions were obtained from rotation 
and zero-level Weissenberg photographs, a camera 
cassette standardized with NaC1 (a0 = 5.6387 A) being 
employed, and they are compared with values deter- 
mined by Astbury (1926): 

A s t b u r y  

% ---- 13-875 ___0.015 14.1 
b 0 ---- 7 . 4 6 7 + 0 . 0 0 7  7"68 
c o = 16.20 a + 0 . 0 2 5  16.5 

= 98.42~ -+ 0"020 99.4  ° 

Systematic absences of 0k0 for k = 2n + 1 and of hOl 
for / = 2 n + l  were consistent with the space group 
P2i/c. With four molecules per unit cell, the cal- 
culated and observed densities were 1.406 and 1.427 
respectively. 

Two sets of partial  three-dimensional intensi ty data  
were collected. 

The first set of data  was obtained by visually estim- 
ating unintegrated equi-inclination Weissenberg pho- 
tographs and consisted of hO1 through h41 and hk0 
through hk2 nets taken with Cu K s  radiation. No 
absorption correction was applied to the crystal speci- 
men of nearly rectangular cross section (0.17 x 0.24 
ram) just under the 'ideal' optimum cross-sectional 
diameter of 0.29 mm (Buerger, 1942). 

The second set of data  was collected by means of a 
General Electric XRD 5 diffractometer with molyb- 
denum radiation and y t t r ium and zirconium balanced 
filters. The 20 scan technique with a 100-second pre-set 
counting time was used to determine 1047 unique 
reflections, of which 249 were considered to be un- 
observed. Absorption corrections were eventually cal- 
culated for the plate-like crystal specimen (/ /=9-22 
em -i ; 0.2 x 0.5 x 0.5 ram). 

Lorentz and polarization factors were applied and 
structure factors calculated using Mn (Thomas & 
Umeda, 1957), C, O, and t I  (Berghuis, Haanappel,  
Potters, Loopstra, MacGillavry & Veenendaal, 1955) 
scattering factors and Mn dispersion corrections 
(Dauben & Templeton, 1955). Four reflections, 200, 
020, 110, 002, were found to be considerably affected 
by secondary extinction and were omitted from all 
difference and differential syntheses and in calcula- 
tion of R. Calculations were carried out on a CDC 1604 
computer. 

De t e rmina t i on  of s t r uc tu r e  

A Patterson synthesis on hO1 of the first set of data  
was obtained with Beevers-Lipson strips and yielded 
x=0.237 and z = - 0 . 0 3 7  as the probable coordinates 
for the heavy atom. In order to contain the whole 
molecule within one quadrant,  the coordinates for 
manganese were translated ¼ along Co (which is al- 
lowed for the hO1 projection of P21/c). The resulting 
heavy-atom Fourier sjmthesis revealed the probable 
orientation of the three acetylacetonate rings; how- 
ever, calculations were set aside rather  than proceed 
with the laborious strip technique. 

With the availabili ty of the necessary computer 
codes, a three-dimensional Pat terson synthesis was 
calculated. Unfortunately, since the heavy atom lies 
close to a-all0, atomic positions were obtained for the 
molecule which corresponded to tha t  of the trans- 
lated manganese of the hO1 projection. The resulting 
three-dimensional Fourier synthesis of course had the 
general molecular configuration which was expected 
since it  was introduced by the calculated structure 
factors; however, refinement by  the differential syn- 
thesis technique (Booth, 1946), corrected for series 
termination, resulted in high and unreasonable tem- 
perature factors. (R at  this stage was approximately 
0-30.) The eye estimation of the intensi ty data, ra ther  
than the interpretation of the Patterson synthesis, 
was the first item which came under suspicion. This 
became quite apparent after the second set of data  
was collected and the resulting three-dimensional 
Pat terson synthesis was found to be very similar to 
tha t  calculated with the eye estimated data. The 
balanced filter data were intuit ively considered to be 
superior to those collected from the films and were, 
therefore, used in all remaining calculations. 

A three-dimensional Fourier synthesis with the cor- 
rect positional parameter  coordinates for the man- 
ganese and oxygen clearly showed the parameter  post- 
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t i ons  of a l l  t h e  ca rbon  a toms .  Before  t h e  obse rved  in- 
t e n s i t i e s  were  cor rec ted  for  absorp t ion ,  these  para-  
m e t e r  posi t ions ,  t o g e t h e r  w i t h  i n d i v i d u a l  t e m p e r a t u r e  
factors ,  were re f ined  b y  severa l  d i f fe ren t ia l  syn theses .  
The  r e s u l t i n g  d i s c r e p a n c y  factor ,  o m i t t i n g  u n o b s e r v e d  
re f lec t ions  as wel l  as t h e  four  re f lec t ions  s t r o n g l y  
a f fec ted  b y  s e c o n d a r y  ex t inc t ion ,  was  0"09 (wi th  no 
o m i t t e d  ref lect ions ,  R- -0 .16) .  A t  th i s  po in t  in  t he  
r e f inemen t ,  t he  i n t r a m o l e c u l a r  bond  d i s t ances  for t he  
a c e t y l a c e t o n a t e  l igands  were  cons idered  i ncons i s t en t  
w i t h  chemica l  knowledge  (for example ,  C-C s ingle  
bonds  v a r i e d  f rom 1.47-1.54 A). A t h r e e - d i m e n s i o n a l  
d i f ference  s y n t h e s i s  was  ca lcu la ted .  A s s u m i n g  a C - H  

Tab l e  1. Hydrogen atomic coordinates (B = 7.0) 

x y z 
H(12) -0.04715 0.21425 0.51776 
H(36) 0.47320 0.54311 0.61472 
H(45) 0.28590 0.03100 0.24136 
H(Xl l )  --0.11113 0.35709 0.38891 
H(X12) --0.04039 0.30018 0.31201 
H(X13) --0.03333 0-51627 0-35498 
H(X21) 0.00090 0.11790 0-65694 
H(X22) 0.10748 --0.00789 0.66537 
H(X23) 0.11090 0.21452 0.70055 
H{X31) 0-57880 0.28823 0.62223 
H(X32) 0.55278 0.14970 0.53519 
H(X33) 0.51121 0.09360 0.62907 
H(X41) 0.35806 0.28436 0.19311 
H(X42) 0.30931 0.47756 0.23060 
H(X43) 0.42485 0-40120 0.27544 
H(X51) 0.22279 -0.24501 0.27516 
H(X52) 0.13299 -0-22113 0.33940 
H(X53) 0.25136 --0.28629 0.38222 
H(X61) 0.38602 0.80194 0.62528 
H(X62) 0.30329 0.83706 0.53483 
H(X63) 0.26300 0.75696 0.62568 

bond  d i s t ance  of 1.085 A a n d  o r i en t ing  m e t h y l  g roups  
to  give t he  bes t  over lap  b e t w e e n  h y d r o g e n  a t o m s  a n d  
areas  of h igh  e lec t ron  dens i t y ,  pos i t iona l  p a r a m e t e r s  
for t he  h y d r o g e n  a t o m s  (Table  1) were ca lcu la t ed  a n d  
inc luded  as f ixed  a t o m  con t r ibu t ions  (B= 7.0) in  al l  
s u b s e q u e n t  r e f i n e m e n t  cycles.  

O n l y  a s l igh t  i m p r o v e m e n t  on the  i n t e r a t o m i c  bond  
d i s t ances  was ob ta ined .  Therefore ,  in  order  to  r emove  
a n y  possibi l i t ies  of s y s t e m a t i c  errors,  i n t ens i t i e s  were 
cor rec ted  for absorp t ion ,  a n d  d ispers ion  correct ions  
for m a n g a n e s e  were  i n t r o d u c e d  (Temple ton ,  1955). 

Tab l e  2. Final atom coordinates and isotropic 
temperature factors 

x y z B 
Mn 0.24181 0.27001 0-46873 4-083 
O(1) 0.12346 0.34002 0.40811 5-994 
0(2) 0.19461 0.19383 0.56447 5-943 
0(3) 0.36597 0.18904 0.51898 5.417 
0(4) 0.30228 0.35685 0.38036 5-749 
0(5) 0.21893 0.03713 0.42711 5-646 
0(6) 0.25156 0.50025 0.51410 5.633 
C(1) 0.04243 0.31655 0-43218 6.022 
C(X1) - 0.04336 0-37463 0.36829 8.439 
C(12) 0.02627 0.23990 0.50747 7.768 
C ( 2 )  0.10200 0.18631 0.56896 5.544 
C(X2) 0.07883 0.12117 0.65398 7.865 
C ( 3 )  0.43052 0.29192 0.55901 5.182 
C(X3) 0-52542 0.20095 0.58875 7.044 
C(36) 0.41500 0.47009 0.57968 6.333 
C(6) 0.32913 0.55984 0.55800 4.616 
C(X6) 0.32080 0.75550 0.58874 8-521 
C(X5) 0.20850 --0.20568 0.33581 7.565 
C ( 4 )  0.30846 0.26333 0.31259 5.485 
C(X4) 0.35364 0.36056 0.24766 6.737 
C(45) 0.27600 0.08934 0.30067 6.142 
C(5) 0-23534 - 0.01304 0.35373 4-700 

© 

oj 
Fig. 1. Molecular arrangement viewed along the b 0 axis. 
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The resulting refined s t ruc ture  (R = 0"088 ; shifts 
<0.1  a) differed only by  several hundredths  of 1 A 

in a few of the carbon a toms from t h a t  in which no 
corrections had  been included. At  all l a t t e r  stages of 
the  ref inement,  with or wi thout  corrections, the octa- 
hedral  envi ronment  about  the  manganese  remained 
dis tor ted and  the var ia t ion  of the ca rbon-carbon  single 
bond remained  large. 

The final values of the position and thermal  para-  
meters  are given in Table 2 and  observed and  cal- 
culated s t ruc ture  factors in Table 3. The molecular ar- 
r angement  is i l lus t ra ted in Fig. 1. The average esti- 
ma ted  s t anda rd  deviat ion of the  positional para-  
meters  calculated by the method  of Cruickshank (1949) 
are 0.0017, 0.0075 and 0.012 )k for Mn, O and C 
respectively.  

D i s c u s s i o n  

From magnet ic  susceptibi l i ty studies (Jar re t t ,  1957), 
the electronic configurations of the  acetylacetonates  
of Cr IH, Mn HI and  F e m  are known to be of the  high 
spin type  (i.e. m a x i m u m  number  of allowed unpaired 
3d electrons). Therefore i t  is predicted (Dunitz & 
Orgel, 1957) t h a t  the  Mn m complex, susceptible to a 
J ahn-Te l l e r  mechanism, might  dis tor t  its immedia te  
octahedral  configurat ion to four shorter  and  two longer 
(or two shorter  and  four longer) meta l - l igand  bond 
lengths as is character is t ic  of Cu H, Cr H and  Mn H 
compounds. However ,  it  should be pointed out  any  
other  distort ion which destroys the cubic s y m m e t r y  
of the immedia te  envi ronment  of the meta l  ion would 
also be acceptable  (e.g. CuCl~- and C u B r ~ - i o n s ,  
Morosin & Lingafelter,  1960). Using the number ing 

Table 

Mn-O(1) 1.861 
Mn-O(2) 1.860 
Mn-O(3) 1.893 
Mn-O(4) 1.880 
Mn-O(5) 1.875 
Mn-O(6) 1.868 

0(1)-c(1) 1.255 
0(2)-c(2) 1.299 
0(3)-c(3) 1.282 
0(4)-c(4) 1.315 
0(5)-c(5) 1.298 
0(6)-c(6) 1.280 

C(1)-C(12) 1.395 
C(2)-C(12) 1.396 
C(3)-C(36) 1.396 
C(6)-C(36) 1.367 
C(4)-C(45) 1.379 
C(5)-C(45) 1.336 

C(1)-C(X1) 1.522 
C(2)-C(X2) 1.539 
C(3)-C(X3) 1.497 
C(4)-C(X4) 1.490 
c(5)-c(x5) 1-503 
c(6)-c(x6) 1.553 

4. Intramolecular bond lengths 
Average m.d. 

A 
e.s.d. 

1.872 0.010 0.008 

1.288 0.015 0.014 

1.378 0.018 0.017 

1.517 0.021 0.017 

Table 5. Intramolec/ular bond angles 
O(1)-Mn-O(2) 97.75 _+ 0.6 ° 
O(3)-Mn-O(6) 96.65 
O(4)-Mn-O(5) 96.72 

Mn-O(1)-C(1) 123.93 _+ 0.8 
Mn-O(2)-C(2) 122.16 
Mn-O(6)-C(6) 123.06 
Mn-O(3)-C(3) 123.40 
Mn-O(4)-C(4) 123.00 
Mn-O(5)-C(5) 123.40 

O(1)-C(1)-C(I 2) 126.52 +_ 0.9 
O(2)-C(2)-C(12) 126-50 
O(3)-C(3)-C(36) 124.86 
O(6)-C(6)-C(36) ! 27.06 
O(5)-C(5)-C(45) 124.87 
O(4)-C(4)-C(45) 123.87 

C( I)-C(12)-C(2) 122.74 _ 0.9 ° 
C(6)-c(36)-c(3) 124.37 
C(5)-C(45)-C(4) 127.52 

O(1)-C(1)-C(X1) 113.32_0.9 
O(2)-C(2)-C(X2) 113.71 
O(3)-C(3)-C(X3) 114.04 
O(4)-C(4)-C(X4) 114-62 
O(5)-C(5)-C(X5) 112.41 
O(6)-C(6)-C(X6) 114.15 

C(12)-C(1)-C(X1) 120.12_+0.9 
C(12)-C(2)-C(X2) 119-69 
C(36)-C(3)-C(X3) 120-95 
C(45)-C(4)-C(X4) 121.51 
C(45)-C(5)-C(X5) 12"2.64 
C(36)-C(6)-C(X6) 118.79 

scheme i l lus t ra ted  in Fig. 2, Tables 4 and 5 list the  
bond lengths and  bond angles respectively,  de termined 
with the indicated es t imated  s t anda rd  deviat ions 
(e.s.d.). In  Table 4, it  m a y  be noted t h a t  the  averages 
of the deviat ions from the mean (m.d.) of the C-O 
and  ring C-C bond lengths appear  to be sl ightly larger 
t h a n  the e.s.d. (Cruickshank).  This is consistent with 
the  results  of other  invest igat ions (Jacobsen, Wunder-  
lich & Lipscromb, 1961; King,  1962; Smith,  1962). 

) 

Fig. 2. Labeling scheme for trisacetylacetonatomanganese(III). 
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Table 6. Intermolecular (nearest neighbor) 

C(XI) 1-522 

5 C(12) 3.50(82) 
6 C(X2) 3.74(82) 
5 C(X2) 3.81(115) 

II C(X2) 4.08(102) 
5 C(X6) 4.13(118) 
5 C(X1) 4.65(55) 
1 C(X5) 4.78(76) 

distances and angles 
C(X2) 1.539 

6 C(X1) 3.74(105) 
5 C(X1) 3.81(69) 
7 C(X4) 3.89(91) 
7 C(45) 3.99(98) 
7 C(Xl) 4.08(158) 
9 C(X5) 4.47(134) 
2 C(X6) 4.57(74) 

T R I S A C E T Y L A C E T O N A T O M A N G A N E S E ( I I I )  

~ 187 

C(X3) 1.497 

4 C(XS) 3.72(152) 
4 c(45) 3.75(165) 
7 C(X4) 3.78(70) 
4 C(X6) 3.84(106) 
3 c(36) 3.85(76) 
4 C(X3) 4.14(93) 
2 C(X6) 4.37(79) 
3 C(X4) 4.39(96) 

c(x6) 1.553 

3 c(x3) 3.84(76) 
8 c(x4) 3.84(156) 
5 c(x1) 4.13(89) 
1 c(x5) 4-18(78) 
1 c(x3) 4.37(130) 
7 c(45) 4.41(74) 
7 c(x5) 4.52(105) 
1 c(x2) 4.57(137) 

C(X4) 1-490 C(X5) 1-503 

11 C(X3) 3-78(143) 20(4) 3.55(140) 
10 C(X6) 3-84(145) 4 C(X3) 3.72(74) 
11 C(36) 3.86(110) 20(1) 3.83(150) 
11 C(X2) 3.89(78) 2 C(X4) 4.17(134) 

1 C(X5) 4.17(82) 2 C(X6) 4.18(80) 
3 C(X3) 4.39(96) 12 C(X2) 4-47(149) 

11 C(X6) 4.52(98) 
2 C(X1) 4-78(140) 

Intermoleeular distances (in A) for each methyl carbon atom 
are followed Lrl parenthesis by the C(i)-C(Xi)-C(intermolecular) 
angle. The C(i)-C(Xi) intramolecular bond distances are shown 
after each methyl carbon atom. The numbers preceding the 
atoms involved in the intermolecular contacts refer to the 

following positions 

1. x, l ÷ y , z  7. x, ½--y, ½+z 
2. x , - - l + y , z  8. x, 1½--y, ½÷z 
3. l - - x ,  l - - y ,  1--z  9. x, --½--y,  ½÷z 
4. l - -x ,  --y, 1--z 10. x, 1½--y, --½÷z 
5. --x, l - -y ,  1--z 11. x, ½--y, --½+z 
6. --x, --y, 1--z 12. x, --½--y, --½+z 

The somewhat higher discrepancy between m.d. and 

e.s.d, for the ring carbon-methyl carbon C(i)-C(Xi) 
may be explained by considering the nearest neighbor 
interactions. Table 6 lists these interactions together 
with the angle formed between the bond direction and 
the particular intermolecular (nearest neighbor) dis- 
tance. I t  may be noted that the shorter C(i)-C(Xi) 
(i=3, 4, and 5) bond distances are those directed 
(angle greater than 120 ° ) towards the closer nearest 
neighbors (less than 4.0 A, which may be taken as 
twice the expected radius for a methyl radical). The 
interactions at right angles to C(X2), C(X3), and 
particularly C(X5) explain the very small departure 
from the chelate plane of these atoms. 

In Fig. 3, the average values of the intramolecular 
bond lengths of three acetylacetonates are compared 
and found to be in acceptable agreement with each 
other and with the expected delocalization of ~ elec- 
trons resulting in partial double bond character in 

Table 7. Oxygen-oxygen distances found in 
the distorted octahedron 

O(1)-0(2) 2.802 O(1)-O(5) 2.616 
0(3)-0(6) 2.809 0(3)-0(4) 2.610 
0(4)-0(5) 2.805 0(2)-0(6) 2.591 

O(1)-O(4) 2.589 0(2)-0(3) 2.591 
0(4)-0(6) 2.605 0(3)-0(5) 2.603 
O(6)-O(1) 2.579 0(5)-0(2) 2.580 

Mn 

"~~1"9 0 
Cr 

~ 1 . 9 5  Fe 

Fig. 3. Average intramolecular bond lengths for 
the chromium, iron and manganese complexes. 

this type of chelate ring. The 1.875 A lVln-O bond 
distance may be compared with the mean value of 
1.95 + 0.01 J( and 1.90 _+ 0-03 A, respectively, reported 
for the iron(III) and chromium(III)* complex. Forman 
& Orgel's infrared study, corroborated by other in- 
vestigators (Nakamoto, McCarthy, Ruby & Martell, 
1961; Lawson, 1961) suggested that the Mn m ion, 
having only one electron in the two anti-bonding eg 
orbitals, would distort its octahedral environment 
and attain both the weaker iron-oxygen-like bonds 
and the stronger chromium-oxygen-like bonds. The 
spectral studies did, in fact, indicate a close resem- 
blance of the MnnI in/rared spectrum to the super- 
position of the spectra of the Cr ~u and Fe m complexes. 

It appears that within the estimated standard de- 
viati0ns of this structure determination, the Mn-0 
bond distances are not significantly different. 

A more detailed analysis of this structure does 
reveal an interesting distortion from octahedral sym- 
metry of the oxygen surrounding the manganese 
atom. The oxygen-oxygen distances forming the edges 

* I t  should be pointed out, however, that investigators 
should be cautious in using the chromium(III) data in any 
quantitative manner since the reported /~ of 0.288 appears 
to be the result of an error in the structure determination. 
Together with several other transition metal acetylacetonates, 
this structure is currently being reinvestigated. 
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of the octahedron are l is ted in  Table  7. Three of these 
dis tances are s ignif icant ly  different  from the  other 
nine.  Fig. 4 shows a view of the dis tor ted octahedron 
down the only remaining  threefold axis af ter  the re- 
mova l  of cubic symmet ry .  The amount  of ' twist '  of 
the  upper  t r iangle  formed by  0(2), 0(3), and 0(5) 
re la t ive  to the lower t r iangle  (0(1), 0(4), and  0(6)) is 
approx ima te ly  7.5 ° . 

0(4) 

Fig. 4. Distorted octahedral environment in trisaeetyl- 
acetonatomanganese(III) viewed down the remaining three- 
fold axis. The upper face of the octahedron, formed by 
O(2), O(3), and O(5), is rotated approximately 7.5 ° from 
the position required for a perfect octahedron (small dash) 
as is found in the iron(III) complex. 

This distortion, however, m a y  not be the resul t  of 
a J a h n - T e l l e r  mechanism.  The shorter Mn-O bond 
distances compared wi th  the  F e - 0  bond distances,  
where theoret ical ly  and exper imenta l ly  an  octahedral  
envi ronment  is found, suggests t ha t  i t  is energet ical ly  
more favorable to re ta in  the wider 'bi te '  ( 0 - 0  dis- 
tance equal  to 2.80 A) of the b iden ta te  r ing t han  to 
preserve cubic s y m m e t r y  as the meta l -oxygen  dis- 
tance  is decreased. The average O-Mn-O bond angle 
of 96.9 ° is consistent wi th  the 2.80 A 0 - 0  separat ion 
and  the 1-875 A M n - 0  bond distance. I t  is also inter- 
est ing to note tha t  this  2-80 /~ 0 - 0  dis tance is re- 
t a ined  even when the me ta l -oxygen  dis tance is in- 
creased to 2.40 /~ (Matkovid & Grdenid, 1963). 

The distorted octahedral  coordination found about  
the  Mn atom appears to explain  the infrared absorp- 
t ion spectra irrespective of whether  a J a h n - T e l l e r  
mechanism is operative. The behavior  of the  absorp- 
t ion bands  between 200-900 cm -1 suggest t ha t  the 
t ransi t ions  arise from a coupling of v ibra t ional  modes 
including tha t  of me ta l -oxygen  bending ra ther  t han  
a pure me ta l -oxygen  vibrat ion.  Thus the two types  
of O - M n - 0  bond angles (96.9 ° and  87.8 °) compared 
wi th  the  single 90 ° 0 - F e - 0  bond angle resul t  in  the  
appearance of two different  bands  in  the Mn m com- 
plex for each band  found in the spectra of the F e m  
complex. 

£Vote added in p r o o f . -  We have redetermined the 
crystal structure of the chromium(III)  complex 
(R=0.07) .  The molecular packing is essentially iden- 
tical with tha t  of the manganese(III)  complex rather  
than  tha t  proposed by Shkolnikova & Shugam (1960). 
In  addition, discrepancies between the interatomic 
bond distances and atomic coordinate positions listed 
in Roof's determinat ion of the iron(III) complex have 
been found. 
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